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Preface

The possible harm ful effects of endocrine- 
d isrupting com pounds in  the environm ent 
are attracting considerable attention both in 
the Netherlands and internationally. These 
substances can affect horm onal systems 
in  a m anner that has adverse effects on 
the exposed organism  or on its offspring. 
This includes effects on embryos, gonads 
and reproductive behavior that can even­
tually lead to reduced reproduction and 
deterioration -  no t only in  quantity bu t also 
condition -  o f a population. A disruption of 
horm one balance resulting in reproductive 
problem s is considered an im portan t 
reason for negative effects on a num ber 
o f anim al populations in a variety of 
contam inated locations.

T he H ea lth  C ouncil o f  th e  N e th e rlan d s  shares 
th e  c o n ce rn  ab o u t th ese  en d o c rin e -d isru p tin g  
co m p o u n d s , an d  ad d resses  th e  is su e  in  its re co m ­

m e n d a tio n s  ‘Hormoonontregelaars in ecosystemen’ 

(E nd o crin e-d isru p te rs  in  ecosystem s -  in  D u tch  
language). T he  C ouncil th e re fo re  p roposes th a t 
re se a rc h  in to  th e  o ccu rren ce  o f  th e se  en d o crin e  

d is ru p te rs  in  su rface  w ate r a n d  in to  th e  p o ten tia l 

effects on  w ater o rg an ism s sh o u ld  be reg a rd ed  as 

a p rio rity . T he  C ouncil also p o in ts  o u t th a t a tr ied  
a n d  te s ted  ap p ro ach  does n o t, as yet, ex ist in  the  

N e th e rlan d s  o r e lsew here  fo r system atically  

m e a s u r in g  th e  effects o f  th e  o ccu rren ce  o f  

e n d o c rin e  d is ru p te rs  in  th e  aqua tic  en v iro n m e n t 
o n  aq ua tic  o rg an ism s in  th e  field . It also  states 

th a t su c h  m o n ito r in g  sh ou ld , fo r now , take 

th e  fo rm  o f  an  iterative p rocess o f  co opera tion  

b e tw een  d isc ip lines, w ith  a step-by-step  m e th o d  
to  reveal w h ich  ap p ro ach  is m o s t effective.

A n in itia l s ta r t tow ards m o n ito r in g  th e  effects 

has b een  ca rried  o u t fo r a lim ited  g ro u p  o f  

en d o c rin e -d is ru p tin g  co m p o u n d s . T h is co n ce rn ed  
(xeno-) e s tro g en s  an d  th e ir  effects o n  fish  as ta rg e t 
a n im a ls  in  th e  p e rio d  1 9 9 9  -  2001  in  th e  large- 

scale base lin e  stu d y  ‘N ational investigation into  

the occurrence and  effects o f  estrogenic compounds in  
the aquatic environm ent’ (D utch  acronym , LOES). 
(Xeno-) e s tro g en s  a re  n a tu ra l o r syn thetic  

su b s tan ces  th a t s im u la te  th e  fem in iz in g  effect 

o f  n a tu ra l fem ale  sexual h o rm o n e s  due  to th e  fact 
th a t they  b in d  to th e  e s tro g en  recep to r. T he  m a in  
focus th ro u g h o u t th e  LOES p ro jec t w as w h e th e r 

f ish  p o p u la tio n s  in  th e  N e th e rlan d s  are  su b jec t to 

e stro g en ic  effects as a re su lt o f  th e  p resen ce  o f  
(xeno-) e s tro g en s  in  aqua tic  sys tem s. T he  p ro jec t 
investiga ted  th e  p re sen ce  o f  a n u m b e r  o f  (xeno-) 

e stro g en ic  su b s tan ces  in  ra in w a te r, in  biologically- 

trea ted  m u n ic ip a l an d  in d u s tr ia l w astew ater, an d  

in  a variety  o f  e n v iro n m e n ta l co m p a rtm en ts  
(w ater, su sp en d ed  m a tte r , s e d im e n t a n d  biota) in  

fre sh  a n d  m a r in e  su rface  w ater. E strogen ic  effects 

on  an d  th e  p oss ib le  d is ru p tio n  o f  th e  rep roductive  
capab ilities o f  f ish  co llected  in  a field  stu d y  w ith  
specific b io m ark ers  w ere  also  investiga ted .

In  o rd e r to su b s ta n tia te  th e  poss ib le  causal 

re la tio n sh ip  be tw een  observed  effects in  w ild  fish  

an d  exposu re  to e s tro g en ic  co n ta m in a n ts , su p p le ­
m e n ta ry  tes ts  w ere  ca rried  o u t in  th e  labora to ry  

an d  in  th e  field . In  th e  laboratory , in  vitro an d  

in  vivo b ioassays w ere  ca rried  o u t to d e te rm in e  
p o ten tia l an d  c u rre n t effects. F ish  w ere  also 
exposed  fo r a c e rta in  p e rio d  o f  tim e  to surface  

w ate r an d  bio log ically -treated  m u n ic ip a l 

w astew ater a t a n u m b e r  o f  (suspect) locations.

* Balt Verboom played an important rol in the biota sampling 

programme; sadly Balt died in 2000 while preparing another field 

trip. His unique expertise was highly appreciated and will be greatly 

missed by many of us.
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A c o m b in a tio n  o f  s im u ltan eo u s  su b s tan ce  an d  

effec t-o rien ted  re se a rc h  w as ca rried  o u t w ith  th e  
objective o f  a c q u ir in g  a b e tte r  idea  o f  w h ich  o f  
th e  effects observed  cou ld  be exp la ined  by th e  

p re sen ce  o f  th e  co n cen tra tio n s  o f  (xeno-) 

es tro g en s  m easu red .

T he  LOES p ro jec t w as in itia ted  an d  m an ag e d  

by th e  N ational In s titu te  o f  In lan d  W ate r 

M an ag em en t a n d  W aste  W ate r T re a tm e n t (r i z a ) 

a n d  th e  N ationa l In s titu te  fo r C oastal an d  M arine  
M an ag em en t ( r i k z ) ,  b o th  p a rt o f  th e  D irectorate- 

G en era l o f  Public  W orks a n d  W ate r M an ag em en t 

(R ijksw aterstaat). C hem ical sam p lin g  a n d  analysis 
w as co o rd in a ted  by r i z a  w hile  th e  b ioassays an d  
b io logical effect s tu d ies  on  fish  w ere  th e  re sp o n ­

sib ility  o f  r i k z . O th e r p a rtic ip a tin g  in s titu te s  

in c lu d ed  th e  N ationa l In s titu te  o f  P ub lic  H ea lth  

a n d  th e  E n v iro n m en t (r i v m ), th e  D u tch  reg iona l 
w a te r a u th o rity  ‘Wetterskip Fryslân’ in  co m b in a tio n  

w ith  th e  D u tch  F o u n d a tio n  fo r A pplied  W ate r 

R esearch  (s t o w a ), as w ell as several un iv ersities  
a n d  con su ltan cy  g ro u p s . T he  fu ll lis t o f  p a rtic i­
p an ts  an d  th e ir  tasks in  th e  LOES p ro jec t can  be 

fo u n d  in  th e  tab le  on  page 7.

T he  LOES p ro jec t is closely linked  to certa in  
E u ropean  pro jects th a t a re  fu n d ed  by th e  E uropean  

U n io n , in  p a rticu la r th e  ‘C om m unity  Programme o f  

Research on E nvironm ental H ormones and  Endocrine 
Disrupters’ (c o m p r e h e n d ).

In  ad d itio n  to th o se  m e n tio n e d  in  th e  table, th e  

au th o rs  w ou ld  like to th a n k  all o th e r o rg an iza tio n s 
(inc lud ing  a n u m b e r  o f  D u tch  w ater boards) an d  
ind iv idua ls w ho w ere  in  any  sen se  involved in  th is 

stu d y  fo r th e ir  co n tr ib u tio n , creativ ity  an d  e n th u s i­

a sm  in  th e  rea liza tio n  a n d  success o f  th e  LOES 

p ro g ram . T h is w as partly  w hy th e  LOES study, 
o rig inally  o f  a lim ited  scale, w as able to grow  

to  b ecom e a large-scale base lin e  stu d y  to w h ich  

a g rea t deal o f  sc ien tific  study  w as linked  an d  

te s ted  fo r th e  firs t tim e  in  p rac tice . T he  ‘Stichting  
Toegepaste W etenschappen’ (The D u tch  T echno logy  

F o undation ) do n a ted  fu n d s  to su b p ro jec ts  in  th is 

sc ien tific  in v es tiga tion . In te re s t an d  co opera tion  
w as n o t lim ited  to w ith in  D u tch  n a tio n a l b o u n d ­
a ries, how ever. In  th is context, w e w ould  like to

th a n k  A. Scott o f  c e f a s  Low estoft, u k  fo r p rov id ing  

th e  flo u n d e r an tibody , a n d  J. G iesy  o f  M ich igan  
State U n iversity , E ast L ansing  fo r p rov id ing  th e  
g o ld fish  an tibody . U n o c a l  a n d  T ran s  C anada 

In te rn a tio n a l a re  acknow ledged  fo r th e ir  coopera­

tio n  in  sam p lin g  in  th e  vicin ity  o f  th e  oil p la tfo rm s.

In  th e  LOES p ro ject, each  in s titu te  w as re s p o n ­

sib le fo r p a r t o f  th e  p ro jec t re la tin g  to its specific 

expertise . W ork sh o p s w ith  th o se  d irectly  involved 

took  p lace a t reg u la r in tervals fo r ex chang ing  ideas 
on  th e  te s t s tru c tu re , log istics a n d  ev a lua tion  o f  

th e  m e a s u re m e n t re su lts . T he  fina l re p o r t was 

d raw n  u p  u s in g  th e  in d iv id u a l su b -rep o rts  fro m  
th e  various in s titu te s . T he  d ra f t fin a l re p o r t th a t 
w as co m p iled  w as su b m itte d  fo r c o m m e n ts  to a 

consu lta tive  co m m itte e  an d  th e se  co m m en ts  w ere 

d iscu ssed  w ith  th e  various in s titu te s .
T he  g ro u p  m e m b e rs  in c lu d ed  B.J.A.M . H arin g , 
M .E.J. van  d e r W eijd en  (M in istry  o f  H o u sin g , 

Spatial P lan n in g  an d  th e  E nv ironm en t),

C.J. van  L eeuw en, J.H . C an to n  ( r i v m ), H . Kraaij 
(D u tch  F o u n d a tio n  fo r W ate r B oards), M. T a lsm a 
(s t o w a ), J.P. van  D alen  (M inistry  o f  T ran sp o rt, 

Public  W orks an d  W ate r M an ag em en t), R. Laane, 

K. W u lffraa t ( r i k z ) ,  W .P. C ofino a n d  K .H . P rins 
( r i z a ) .

T his fina l re p o r t describes th e  objectives, 

m e th o d s , re su lts , co n c lu s io n s a n d  re c o m m e n d a ­

tions o f  LOES. T h is re p o r t is w ritten  in  E ng lish  so 

th a t in te re s te d  parties ab road  can  b en e fit fro m  th e  
D u tch  re su lts  an d  so th a t a sc ien tific  d iscu ssio n  

on  th is  su b jec t can  be h e ld  in  th e  fu tu re . T he 

su m m a ry  h as also b een  d raw n  u p  in  D u tch  
b ecause  it  focuses specifically  on  D u tch  policy 
a n d  th e  D u tch  w a te r au th o ritie s .

Chapter 1 p re se n ts  b ack g ro u n d  in fo rm a tio n  an d  
an  in tro d u c tio n  o f  th e  na tion -w ide  LOES pro ject. 
A pp roach  an d  se tu p  o f  th e  study  a re  described  in  

chapter 2. T he  re su lts  o f  th e  ch em ica l analysis an d  

in  vitro po tency  m e a su re m e n ts  in  en v iro n m en ta l 
sam p les can  be  fo u n d  in  chapters 3 and 4 re sp ec ­
tively. Chapter 5 describes th e  b io logical re sp o n ses  

an d  effects in  fish . T he  chem ical, in vitro  an d  

b io logical data  have b een  in teg ra ted  a n d  s ta tis ti­

cally analyzed  in  chapter 6. Chapter 7 describes 
case s tud ies  in  w h ich  th e  w eig h t o f  ev idence fo r



a p oss ib le  cause-and-effec t re la tio n sh ip  be tw een  

th e  re p ro d u c tiv e /e s tro g en ic  effects in  w ild fish  

p o p u la tio n s  a n d  th e  exposu re  to en v iro n m en ta l 
p o llu tan ts  is d iscu ssed . Chapter 8 p re sen ts  a 

g en e ra l d iscu ss io n  o f  th e  overall f in d in g s , follow ed 

by th e  g en era l co n c lu s io n s a n d  reco m m en d a tio n s  

in  chapter 9 .
In  ad d itio n  to th is  fin a l rep o rt, th e  idea is th a t 

th e  fin d in g s  o f  th e  LOES re sea rch  be  p re se n te d  

a t in te rn a tio n a l sym posia , th a t th e  specific re su lts  

a re  p u b lish e d  by th e  various in s titu te s  in  sc ien tific  
artic les, a n d  th a t th e  fina l re p o r t is ed ited  to 

g en e ra te  a sc ien tific  peer-rev iew ed  pub lica tio n . In  

th e  N e th e rlan d s , th e  fin d in g s  w ill m ak e  th e ir  way 

in to  th e  cu s to m ary  spec ia lis t m ag az in es  an d  th e  
‘h ig h lig h ts ’ w ill be red ra fted  in to  a reader-friend ly  

b ro ch u re . ■
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Samenvatting

LOES in he t  kort

De schadelijke  effec ten  die h o rm o o n o n tre g e le n d e  
s to ffen  k u n n e n  u ito e fen en  op h e t (aquatisch) 
m ilie u  s ta an  in  de be lan g ste llin g  van  w e ten sch ap ­

p e rs  e n  w ate rk w alite itsb eh ee rd e rs  over de hele  

w ere ld . O ok in  N ed erlan d  w o rd t a an d ach t aan  
d it versch ijn se l b esteed . De cen tra le  v rag en  lu id en  
doorgaans: hoe  erg  is het?  En w elke oo rzaken  

liggen  h ie ra a n  ten  g ro n d s lag  e n  w elke b e le id s­

m a tig e  e n  o n d e rzo ek s tech n isch e  vervolgacties 

z o u d e n  in  g an g  g eze t m o e te n  w orden?

In  h e t L andelijk  O n d erzo ek  oE strogene S toffen  

(LOES) w o rd t e en  beeld  gegeven  van  en e rz ijd s  
de aan w ezig h e id  van  enke le  o e s tro g en en  in  h e t 
a q u a tisch  m ilie u  e n  an d erz ijd s  geassoc ieerde  

fe m in ise re n d e  effec ten  op v issen  in  opperv lak te­

w ater. De re su lta te n  van  h e t o n d erzo ek  s taan  
b esch rev en  in  d it rap p o rt. Z e v e rschaffen  op 
objectieve w ijze in z ic h t in  de aa rd  e n  om vang  van  

de g em e ten  co n cen tra tie s  e n  de w aa rg en o m en  

effec ten  op h e t w a te rm ilieu . Een subjectieve 

u itsp ra a k  over de aan v aa rd b aa rh e id  van  deze 
b ev in d in g en  zal vervolgens in  d iverse b e le id s­

k aders  aan  de orde  m o e te n  ko m en .

U it h e t L O E S-onderzoek b lijk t d a t b ijn a  alle 
g ese lec teerde  h o rm o o n o n tre g e le n d e  sto ffen  
in  lage co n cen tra tie s  w ijdversp re id  in  h e t 

N ed erlan d se  w a te rm ilieu  aanw ezig  z ijn , ais een  

so o rt g rau w slu ie r, e n  op enke le  specifieke locaties 
in  verhoogde co n cen tra tie s .

Stof en bron

De co n cen tra tie s  n a tu u r lijk e  h o rm o n e n  17a- en  
i7 ß -o estrad io l e n  h e t sy n th e tisch e  in  de an tico n ­
cep tiep il toegepaste  i7 a -e th in y lo e s trad io l lagen  in  

opperv lak tew ater in  b ijn a  alle gevallen  o n d e r  de 

de tec tieg ren s. O estro n  ko n  ec h te r in  de h e lf t van 

de opperv lak tew a te rm o n ste rs  w o rd en  aan g e to o n d . 
D eze g e m e te n  w aard en  en  de ch em isch e  detec-

tie g re n z e n  liggen  in  dezelfde orde  van  g roo tte  

ais u it  de li te ra tu u r  b ek en d e  fe m in ise re n d e  

effec t-concen tra ties voor v issen .
B isfenol-A  en  fta la ten , die g eb ru ik t w o rd en  in  
bepaalde  p lastics en  k u n s ts to ffen , z ijn  in  b ijna  

alle m ilie u m o n s te rs  a an g e tro ffen . F ta la ten  w aren  

bo v en d ien  aa n to o n b a a r in  reg en w ater, in  co n cen ­

tra ties  die v ergelijkbaar w aren  m e t die in  o p p e r­
vlak tew ater. De m e e s t vo o rk o m en d e  fta laa t was 

d i(2-ethylhexyl)ftalaat ( D E H P )  in  zow el stedelijk  

afvalw ater ais opperv lak tew ater. D eze fta laa t hee ft 

e ch te r e en  zee r lage o estro g en e  p o ten tie , zo b lijk t 
u it  in  vitro e x p e rim en ten , e n  fe m in ise re n d e  

e ffec ten  op p ro e fd ie ren  in  h e t lab o ra to r iu m  z ijn  

n ie t aan g e to o n d .
V an  de gese lec teerde  a lky lfeno lethoxylaten  z ijn  
m e t n a m e  de n o n y lfen o len  e n  nonylfenolethoxy- 

la ten , o n d e r  m e e r  to eg ep ast ais in d u s tr ie e l re in ig ­

in g sm id d e l, in  vo ldoende hoge  co n cen tra tie  

aanw ezig  in  zw evende s to f  van  h e t opperv lak te­
w ater om  o estro g en e  effec ten  op v issen  te k u n n e n  

veroorzaken .

De po lyb room bifeny len , e en  g roep  g eb ro m eerd e  
b ran d v ertrag e rs , w a ren  doo rgaans n ie t aanw ezig  
in  zw evende s to f  e n  sed im en t. De co n g e n e re n  47, 

9 9  e n  2 0 9  van  de p o lyb room difeny le thers  ( PBDE) ,  

een  an d e re  g roep  g eb ro m ee rd e  b ran d v ertag e rs , 
w el. Z ee r hoge co n cen tra tie s  P B DE  2 0 9  z ijn  
g e m e te n  in  zw evende s to f  van  de W este rsche lde . 

V anw ege h e t hydro fobe k a rak te r van  deze sto ffen  

z ijn  de g eb ro m ee rd e  b ran d v ertrag e rs  n ie t in  de 
w ate rige  frac tie  g em eten .

Stof en effect

U it de v e ld s tud ie  b lijk t da t e r  g een  n o e m e n sw a a r­
dige fe m in ise re n d e  a fw ijk ingen  in  m an n e lijk e  
v issen  o p tred en  in  o p en  zee e n  de N ederlandse  

es tu a ria . In  h e t b in n e n la n d  w o rd en  in  gro te  

w a te ren  lich te  to t m atig e  fe m in ise re n d e  effec ten  
op v issen  w aa rg en o m en . De kans op fe m in ise re n ­
de a fw ijk ingen  in  m an n e lijk e  v issen  is h e t g ro o ts t
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in  k le ine  reg io n a le  opperv lak tew ateren  d ie in  

ste rk e  m a te  beïnv loed  w o rd en  doo r p o ten tië le  
e m iss ie b ro n n e n  van  h o rm o o n o n treg e len d e  
sto ffen , zoals specifieke in d u s trië le  afvalw ater­

s tro m en , al dan  n ie t b io log isch  gezu ive rd  stedelijk  

afvalw ater e n  af- en  u itsp o e lin g  van  m e s t u it  de 

landbouw .
In  h e t L O E S-onderzoek is de o estro g en e  p o ten tie  

van  slech ts é én  type e m iss ie b ro n  -  te  w eten  h e t 

e ff lu en t van  een  rio o lw a te rzu iv e rin g sin rich tin g  -  

u itg eb re id  o n d e rzo ch t e n  bevestigd . H e t e ff lu en t 
van  de rw zi E indhoven  is gekozen  o m d a t deze 

loz ing  een  aan z ien lijk  deel v o rm t van  h e t on tv an ­

g en d e  opperv lak tew ater (de D om m el). Bij in  h e t 
w ild  levende m a n n e lijk e  b ra sem s in  h e t on tv an ­
g en d e  opperv lak tew ater z ijn  z e e r  hoge  vitelloge- 

n in e -g eh a lten  in  h e t b lo ed p lasm a  aan g e to o n d  

a lsm ed e  in te rsek su a lite it, d.i. de v o rm in g  van 

e ice llen  in  h e t tes tisw eefse l van  deze b ra sem s. 
D oor m id d e l van  aan v u llen d  o n d erzo ek  m e t in  

vitro e n  in  vivo b io te s ten  in  h e t lab o ra to r iu m  en  

op de locatie  z e lf  (in h e t rw z i-e fllu en t en  in  h e t 

on tv an g en d e  oppervlak tew ater) lijken  van  de 
gese lec teerde  s to ffen  vooral de h o rm o n e n  en  de 

nonylfeno l(e thoxy la ten ) v eran tw oorde lijk  voor 

de aan g e to o n d e  o e s tro g en e  effec ten .
D it is m o m e n te e l ook h e t beeld  in  h e t b u iten lan d . 
De an d e re  o n d erzo ch te  sto ffen , zoals fta la ten  en  

b isfeno l-A  sp e len  voor zover n u  b ek en d  m ogelijk  

e e n  m in d e r  b e lang rijke  ro l in  de o estro g en e  
on treg e lin g  van  w a te ro rg an ism en . De om vang  
van  de b ijd rage  van  g eb ro m ee rd e  b ran d v ertrag e rs  

h ie ra a n  is n o g  o n b ek en d . V erw ach t w o rd t d a t ook 

deze van  een  o n d erg esch ik t be lang  is. W el sp e len  

deze s to ffen  ais h o rm o o n o n treg e laa rs  w aa rsch ijn ­
lijk  een  ro l in  an d e re  h o rm o o n sy s tem en .

Aanbevelingen

O p basis van  h e t v e rk reg en  in z ic h t in  de 
aan w ezig h e id  van  (xeno-)oestrogenen  in  h e t 

w a te rm ilieu  e n  de w aa rg en o m en  fem in isa tie  van 

in  h e t w ild  levende v issen  w o rd t h e t vo lgende 

aanbevolen :
•  V ersto rin g  van  h e t h o rm o o n sy s teem , zoals 

verv rouw elijk ing , zo u  m e e r a an d ach t m o e ten  

k rijg en  in  de ris ico b eo o rd e lin g  van  sto ffen . 
T oxicite it spee lt n a a s t p e rs is te n tie  e n  bioaccu- 
m u la tie  n u  al een  b e lang rijke  ro l in  m ilieu ris i-

co b eo o rd e lin g /s to fb eo o rd e lin g . F em in ise ren d e  

effec ten  op w a te ro rg a n ism e n  k u n n e n  ech te r bij 
veel lagere  con cen tra tie s  o p tred en  d an  b ijvoor­
beeld  dodelijke effec ten  o f  effec ten  op groei.

D eze la a ts tg en o em d e  effec ten  z ijn  doo rgaans de 

u itk o m s t van  de k lassieke  to x ic ite its tes ten  die 

g eb ru ik t w o rd en  voor de a fle id ing  van  toxicolo­
g ische  adv iesw aarden . B ioaccu m u le ren d e  sto ffen  

a d so rb e ren  vaak ook goed  aan  zw evende stof, 

w aardoo r de d irec te  b io log ische  b esch ik b aa rh e id  
m in d e r  g roo t is. V oor de ris ico b eo o rd e lin g  van 
sto ffen  lijken  -  a lth an s  voor oestro g en e  

on treg e lin g  -  ook n ie t-hydro fobe s to ffen  van 

belang .
•  In  h e t L O E S-onderzoek is z ee r b ep e rk t aan d ach t 
b esteed  aan  de em iss ie  van  h o rm o n e n  u it de m e s t 

van  in ten siev e  veehouderij n a a r  h e t opperv lak te­

w ater. H e t is n ie t du id e lijk  hoeveel van  deze 
h o rm o n e n  daadw erkelijk  in  de slo ten  te rech t 
k o m e n  e n  o f  h ie rd o o r fe m in ise re n d e  effec ten  op 

v issen  o p tred en . De bru to -excre tie  van  n a tu u rlijk e  

h o rm o n e n  u it  de N ed erlan d se  veestapel is vele 

m a le n  g ro te r d an  die van  de m en se lijk e  p o p u la tie . 
N ader o n d erzo ek  n a a r  de em iss ie ro u te  van  de 

n a tu u r lijk e  h o rm o n e n  u it de in ten siev e  v eeh o u d e­

rij n a a r  h e t opperv lak tew ater is gew enst. H etze lfde  

ge ld t voor de aan w ezig h e id  van  n a tu u rlijk e  
h o rm o n e n  in  p o ld e rs lo ten  en  de fe m in ise re n d e  

effec ten  op m an n e lijk e  v issen  in  deze slo ten .

•  N ader o n d erzo ek  is ook n o d ig  n a a r  de ecolo­
g ische  re levan tie . W at z ijn  de gevolgen  voor re p ro ­
ductie  e n  de v ispopu la tie  van  fe m in ise re n d e  

v e rsch ijn se len  zoals v ite llogen ine-induc tie  in  h e t 

b lo ed p lasm a  e n  in te rse k su a lite it in  m an n e lijk e  
v issen?
•  De d e tec tieg ren zen  van  de an a ly sem eth o d en  

voor de h o rm o n e n  z ijn  w elisw aar laag  (< 0,3 ng/1 

to t < 0 ,8  ng/1), m a a r  liggen  in  de b u u r t  van  o f  

z ijn  h o g e r d an  de concen tra tie s  w aarb ij (fem in is­
e rende) effec ten  op v issen  z ijn  aan g e to o n d . 

V erlag ing  van  de d e tec tieg ren zen  van  deze 

an a ly seg ren zen  is g ew en st om  m e e r z ek e rh e id
te h e b b e n  over de aan w ezig h e id  van  de h o rm o n e n  
in  h e t a q u a tisch  m ilieu .

•  In  h e t v o o ronderzoek  van  LOES is de ER- 

CALUX, e e n  in  vitro b io test, de m e e s t be lovende 
te s t g eb leken  voor h e t a a n to n e n  van  o estrogene  
p o ten tie  in  m ilie u c o m p a r tim e n te n . D it w erd
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du id e lijk  n a  vergelijk ing  m e t de veelal in  h e t 

b u ite n la n d  g eb ru ik te  in  vitro  te s te n  ( ‘estrogenrecep- 
to r’-b in d in g ste s t, de ‘yeast estrogen’-te s t (YES) e n  de 
‘E-screen’-test). O m  de ER-CALUX te s t te  k u n n e n  

g eb ru ik en  als sc re e n in g s te s t is h e t n o o d zake lijk  de 

opw erk ing  (extractie e n  clean-up) van  de m ilieu - 
m o n s te rs  v e rd e r te  o p tim a lise ren  e n  valideren .
O ok d ie n t de re la tie  m e t de in  vivo te s te n  n a d e r  

te  w o rd en  beschouw d.

•  U it de v e ld s tud ie  in  LOES b lijk t d a t de fe m in i­
se ren d e  effec ten  op v ispopu la ties  z ich  h e t s te rk s t 
m a n ife s te re n  in  reg io n a le  w a te ren  die s te rk  

beïnv loed  w o rd en  doo r lokale e m iss ie b ro n n e n . 

L ichte to t m atig e  fe m in ise re n d e  effec ten  op v issen  
z ijn  a an g e tro ffen  in  de g ro te  zoete  R ijksw ateren .
In  o p en  zee  en  de N ed erlan d se  e s tu a ria  w erd en  

g een  n o em en sw aa rd ig e  effec ten  op v issen  gevon­

d en . G eadv iseerd  w o rd t de fe m in ise re n d e  effec ten  

op v issen  te m o n ito re n  n a a s t de ch em isch e  
analyse van  x en o -oestrogene  s to ffen . De volgende 

p a ram e te rs  k u n n e n  w o rd en  g eb ru ik t in  to e­

k o m stig e  m o n ito rin g stu d ie s :
•  •  De h o rm o n e n  oestro n , iy ß -o estrad io l en

h e t sy n th e tisch e  iy a -e th in y lo e s trad io l in  w ate r 

(alleen bij lagere  d e tec tie lim ie ten  van  de 

ana ly sem eth o d en ) ;
•  •  N ony lfeno len  e n  nony lfeno le thoxy la ten

in  zw evende s to f  e n  sed im en t;

•  •  Er -CALUX in  vitro  te s t to ep assen  ais

's c re e n in g s ’-te s tm e th o d e  voor h e t bep a len  van 
de o estro g en e  p o ten tie  van  opperv lak tew ater 
e n  afvalw ater (alleen n a  s tan d aa rd isa tie  van  de 

te s tm e th o d e , in c lu s ie f  de extractie);

•  •  F em in ise ren d e  effec ten  op v issen  in  zoet
e n  zo u t w ate r m e t b e h u lp  van  b iom arkers:

•  •  •  V ite llogen inegeha lte  in  b lo ed p lasm a  van

m an n e lijk e  v issen;

•  •  •  Er -CALUX p o ten tie  in  de gal van
m an n e lijk e  v issen;

•  •  •  H isto lo g isch  o n d erzo ek  aan  de g o n ad en

van  m an n e lijk e  v issen  bij verhoogde vitel- 

lo g en in e -g eh a lten  e n  ER-CALUX-waarden.
•  E ffluen ten  van  rw z i’s z ijn  ge ïden tif icee rd  ais 
e m iss ie b ro n n e n  die een  o es tro g een  effect op 

v issen  in  opperv lak tew ater k u n n e n  h e b b e n  in d ien  

h e t rw z i-e fllu en t een  aan z ien lijk  deel u itm aak t 
van  h e t opperv lak tew ater. A ndere  m ogelijke  
e m iss ie b ro n n e n  van  (xeno-)oestrogenen  z ijn

specifieke in d u s trië le  a fva lw aterstrom en , m es t, 

reg en w a te r e n  ru w  stede lijk  rioo lw ater. M eer 

k en n is  is g ew en st over de ro l die deze em iss ie ­
b ro n n e n  en  an d e re  v a riabe len  k u n n e n  spelen  

bij h e t daadw erkelijk  o p tred en  van  o estrogene  

e ffec ten  op in  h e t w ild levende v issen .

Aanleiding
In  de laa tste  d ecen n ia  z ijn  v e rs to rin g en  van  de 
v o o rtp lan tin g  van  een  aan ta l d ie rso o rten  g eco n sta ­
tee rd . D eze v e rs to rin g en  z ijn  to eg esch rev en  aan  

de inv loed  van  bepaa lde  s to ffen  in  h e t (water)- 

m ilie u  op de h o rm o o n sy s te m e n  van  deze d ie ren  
d an  w el h u n  n ageslach t. H e t b e tre ft o n d e r an d e re  
h e t o p tred en  van  rep roduc tie - e n  on tw ik k e lin g s­

s to o rn is se n  bij slakken , v issen , v ise ten d e  vogels, 

a lligators en  zeezo o g d ie ren  (C olborn  et al., 1992;
C  S T E E , 1 9 9 9 ). V oorbee lden  z ijn  v e ran d e rin g en  
in  de g e s lach tso rg an en  (vervrouw elijk ing  van 

m an n e lijk e  d ie ren  en  v e rm an n e lijk in g  van 

vrouw elijke d ieren ), v e rm in d e rd e  v ru ch tb aa rh e id  
en  een  v e ran d e rd  p a rin g sg ed rag . D eze effec ten  
k u n n e n  u ite in d e lijk  le id en  to t o n v ru ch tb aa rh e id  

van  h e t ind iv idu , de v o o rtp lan tin g  van  een  

po p u la tie  b e le m m e re n  e n  een  negatieve  invloed  

h eb b en  op h e t fu n c tio n e re n  van  h e t ecosysteem  
ais geheel.

Een b ek en d  voorbeeld  van  h o rm o o n v e rs to rin g  bij 

v rouw elijke d ie ren  is h e t o p tred en  van  m an n e lijk e  
g e s lach tsk e n m erk en  bij v rouw elijke zeeslakken  
op d ru k b ev aren  ro u tes  in  de N oordzee 

(H allers-T jabbes et al., 1994 ). D eze effec ten  

z ijn  to eg esch rev en  aan  de h o rm o o n o n treg e len d e  

e ig en sch ap p en  van  o rg an o tin v e rb in d in g en  (T B T )  

die to eg ep ast w o rd en  in  aan g ro e iw eren d e  verven 

op zeesch ep en .

V oorbee lden  van  verv rouw elijk ing  van  m an n e lijk e  
v issen  z ijn  de B ritse  o n d erzo ek sb ev in d in g en  
m ed io  ja re n  ’9 0 , die een  ee rs te  aanw ijz ing  

v o rm d en  voor e e n  m ogelijk  w ijdversp re id  effect 

van  oestrogeen-actieve  s to ffen  in  h e t aq u a tisch  
m ilieu . In  de n ab ijh e id  van  rioo lw aterzu iverings- 
in r ic h tin g e n  (rw zi’s) v e rto o n d en  m a n n e lijk  

b lankvoo rns oestrogene , oftew el fe m in ise re n d e  

effec ten , zoals verhoogde  g eh a lten  van  h e t 
v rouw elijke doo iere iw it v ite llogen ine  in  h e t 
b loedp lasm a. B ovendien  b leek  da t z ee r hoge



preva len ties v rouw elijke g e s lach tsk e n m erk en  in  

m a n n e lijk e  v issen  (in te rseksua lite it) voo rkw am en  
(Jobling, 1998). P laatselijk  zelfs m e e r  d an  9 0  % 
van  de o n d erzo ch te  p o p u la tie . O ok z ijn  fe m in is ­

e re n d e  effec ten  op de bo t w aa rg en o m en  in  

e s tu a ria  langs de k u s t van  W ales e n  E ngeland . 
B ijna alle m an n e lijk e  b o tten  h a d d e n  verhoogde 
v ite llo g en in e-co n cen tra ties  en  2 0  %  van  de v issen  

verto o n d e  in te rsek su a lite it (A llen et al., 1 9 9 9 a , 

i 9 9 9 b )-

Europees beleid
M ede n a a r  aan le id in g  van  v e ro n tru s te n d e  
b e ric h te n  in  de ja ren  n eg en tig  over de ac h te ru it­
g an g  van  m e n se lijk  sp e rm a  e n  vanw ege g en o em d e  

B ritse  ve ld stud ies m e t v issen  b es teed t de EU al 

en ig e  ja re n  a a n d a c h t a an  h o rm o o n o n treg e len d e  
sto ffen . E ind ja ren  n eg en tig  h ee ft h e t  E u ropese  
P a rle m e n t reg e lm a tig  v rag en  geste ld  aan  de 

E u ropese  C o m m iss ie  over h e t g eb ru ik  e n  re g u le r­

in g  van  enke le  verdach te  h o rm o o n o n treg e len d e  
sto ffen . In  19 9 9  kw am  de C o m m iss ie  m e t h a a r 
p lan  van  aan p ak  getite ld  ‘C om m unity  Strategy fo r  

Endocrine D isrupters’ (C O M 7 0 6 ,1 9 9 9 ). H ie rin  

w o rd en  vervolgacties g e fo rm u le e rd  op h e t geb ied  

van  in te rn a tio n a le  sam en w erk in g , h e t opste llen  
van  sto flijs ten  m e t po ten tië le  h o rm o o n o n tre g e ­

len d e  sto ffen , v o o rlich ting  aan  de m aa tsch ap p ij 

e n  h e t o p ze tten  van  in te rn a tio n a le  m o n ito rin g - 

p ro g ra m m a ’s. V oorbeeld  van  een  dergelijk  doo r de 
EU g esu b s id iee rd  p ro jec t is h e t COM PREHEND- 

p ro g ra m m a  ( ‘C O M m unity  Programme o f  Research 

on E nvironm ental H orm ones and  ENdocrine 
Disrupters’) (P ickering  et al., 1 9 9 9 ), w aarm ee  
tijd en s  h e t L O E S-onderzoek een  goede a fs te m ­

m in g  h e e ft p laa tsgevonden .

E veneens in  1 9 9 9  h ee ft de EU -w erkgroep C STEE 1 
h a a r  ra p p o r t g ep re sen tee rd  ‘H u m a n  and  Wildlife 
H ealth  Effects o f  Endocrine D isrupting Chemicals, 

w ith  emphasis on Wildlife and on Ecotoxicology test 

m ethods’ (CSTEE, 1 9 99 ). H e t ra p p o r t bevat een  
u itg eb re id  overz ich t van  de nade lige  effec ten  van 
h o rm o o n o n tre g e le n d e  s to ffen  op versch illende  

d ie ren .

In  2 0 0 0  h e e ft h e t E uropese  P a rle m e n t een  re so lu ­
tie  a a n g e n o m e n  o m  voor h o rm o o n o n treg e len d e  
s to ffen  h e t voo rzo rg sp rin c ip e  toe te  p a sse n  e n  om

een  p rio rite iten lijs t op te s te llen  van  s to ffen  die 

n ad e re  vervolgacties vere isen . In  2001  h e e ft de E U 

aan  de h a n d  van  een  'ded icated  ca ll’ o n d e rzo ek s­
in s ti tu te n  opg ero ep en  onderzo ek sv o o rste llen  op 

h e t geb ied  van  h o rm o o n o n tre g e lin g  in  te  d ien en . 

O ok in  OSPAR-kader2 is aanbevo len  om  in  de 

se lec tiecrite ria  voor de aan p ak  van  m ilieu g ev aa r­
lijke s to ffen  aan d ach t te  b e s ted en  aan  h o rm o o n ­

on treg e lin g  ais eco toxicologische p a ra m e te r  n aa s t 

toxiciteit, p e rs is te n tie  e n  b io accu m u la tie  (OSPAR, 
1998). O p basis van  b es taan d e  li te ra tu u r  is b in n e n  
OSPAR e e n  lijs t van  p o ten tiee l h o rm o o n o n tre g e ­

lende stoffen  opgesteld op basis van in  vivo (levende 

o rg an ism en ) e n  in  vitro (celm ateriaal) te s ten .

Nationaal beleid
In  N ed erlan d  h e e ft b ezo rg d h e id  over h o rm o o n ­
o n treg e len d e  s to ffen  in  1997  geleid  to t ‘Tweede 
K am er’-vragen. Ais an tw oord  h ee ft de m in is te r  

van  v r o m  in  1 9 9 9  een  n o titie  ‘H ormoonontregelen­

de stoffen’ opgeste ld , w aa rin  e en  overz ich t w ord t 
gegeven  van  h e t be le id  e n  h e t lo p en d  ond erzo ek  
op h e t geb ied  van  h o rm o o n -o n treg e len d e  s to ffen  

( v r o m ,  1 9 9 9 a). In  deze n o titie  w o rd t tevens geco n ­

c lu d ee rd  dat de aan p ak  van  h o rm o o n o n tre g e le n d e  
s to ffen  n ie t p rin c ip iee l an d e rs  b en ad e rd  d ie n t te 
w o rd en  d an  die van  an d e re  s to ffen  die ecotoxicolo­

g ische  effec ten  k u n n e n  veroo rzaken . O m  deze 

re d e n  is “h o rm o o n -o n treg e lin g ’ ais één  van  de 

ecotoxicologische p a ram e te rs  o p g en o m en  in  de 
be le id svern ieuw ende  n o titie  ’Strategienota O m gaan  

M et Stoffen’ ( s o m s )  en  v e rd ien t dus eenzelfde  

aan p ak  ais b ijvoorbeeld  p e rs is te n tie  e n  b ioaccu­

m u la tie . In  deze s tra teg ie -no ta  w o rd t evenw el 
o p g em erk t d a t m e t de te ru g d rin g in g  van  de 

h o rm o o n o n tre g e le n d e  s to ffen  zal m o e te n  w o rd en  

gew ach t to t e r  be te re  m e th o d e n  b esch ik b aa r z ijn  
o m  sto ffen  op h o rm o o n o n tre g e le n d e  e ig en sch ap ­
p e n  te sc reen en .

O p v e r z o e k  v a n  d e  m i n i s t e r  v a n  v r o m  h e e f t  d e

1 CSTEE Scientific Com mittee fo r  Toxicity, Ecotoxicity and  the

Environment

2 OSPAR Het osPAR-verdrag is in het leven geroepen door 15

Europese landen en de eu om het zeemilieu in het noord­

oostelijk deel van de Atlantische Oceaan te beschermen.
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G ezo n d h e id sraad  in  1 9 9 9  een  advies opgesteld , 

g e tite ld  ‘Hormoonontregelaars in  ecosystemen’, 
w aa rin  de raad  ook z ijn  b ezo rg d h e id  u it  over 
de m ogelijke  negatieve  gevolgen  van  h o rm o o n ­

o n treg e len d e  s to ffen  op h e t w ate rm ilieu . De 

G ezo n d h e id sraad  ste lt d an  ook d a t o n derzoek  
n a a r  de aan w ezig h e id  van  d it so o rt s to ffen  in  
opperv lak tew ater e n  n a a r  de po ten tië le  effec ten  

op w a te ro rg a n ism e n  p rio rite it d ie n t te  k rijgen .

De G ezo n d h e id sraad  h ee ft circa  dertig  voor h e t 
N ed erlan d se  w a te rm ilieu  verdach te  s to ffen  aan g e­
m erk t. H e t b e tre ft enke le  p e rs is te n te  g ech lo reerde  

k oo lw atersto ffen  (zoals p c b ’s e n  en k e le  gech lo ­

ree rd e  p estic iden ), en  een  aan ta l 'n ieu w e’ sto ffen , 

zoals b isfenol-A , fta la ten , alkylfenol(ethoxylaten) 
e n  de g eb ro m ee rd e  b ran d v ertrag e rs . O ok z ijn  

enke le  n a tu u r lijk e  h o rm o n e n  (17a- en  nyß- 

oestrad io l, o estron ), sy n th e tisch e  h o rm o n e n  
(i7 a -e th in y lo es trad io l in  de an ticoncep tiep il), en  
enke le  fy to -oestrogenen  (stoffen  die van  n a tu re  in  

gew assen  voo rkom en), ais po ten tië le  h o rm o o n o n ­

treg e laars  aan g em erk t. D eze h o rm o n e n  h e b b e n  

ee n  hoge  o estro g en e  p o ten tie  e n  w o rd en  doo r de 
m e n s  e n  doo r lan d b o u w h u isd ie re n  in  aan z ien lijk e  

h o ev ee lh ed en  u itg e sch e id en , e n  k u n n e n  via 

respectievelijk  een  rio o lw a te rzu iv e rin g sin r ich tin g  

e n  af- en  u itsp o e lin g  van  lan d b o u w g ro n d  in  h e t 
opperv lak tew ater te re c h t k o m en . N aast m o n ito ­

rin g  van  de aan w ezig h e id  e n  m ogelijke  effec ten  

van  deze s to ffen  op w a te ro rg a n ism e n  beveelt de 
G ezo n d h e id sraad  tevens aan  de aan d ach t te 
r ic h te n  op h e t c o m p a rtim e n t m es t.

De raad  co n sta tee rt ook d a t e r  n o g  g een  bep roefde  

aan p ak  b es taa t voor h e t sy s tem atisch  m e te n  van 

e ffec ten  op w a te ro rg a n ism e n  in  h e t veld. Zij ste lt 
d an  ook d a t een  dergelijke  e ffec tm o n ito rin g  

voo ra lsnog  een  ite ra tie f  p roces van  sam en w erk in g  

tu s se n  d isc ip lines zal m o e te n  in h o u d e n , w aarbij 
stapsgew ijs zal m o e t b lijken  w elke m e th o d e  de 
m e e s t effectieve is.

In  een  reactie  (v r o m , 19 9 9 b ) op d it advies van  de 

G ezo n d h e id sraad  re fe re e rt h e t M in iste rie  van 
v r o m  aan  de e e rd e r dat jaa r aan  de T w eede K am er 
to eg es tu u rd e  n o titie  ‘Hormoonontregelende stoffen’ 

e n  aan  de s tra teg ien o titie  s o m s  in zak e  de h e le id s- 

v e rn ieu w in g  sto ffen ’. T evens is toegezegd  dat aan  
enke le  specifieke aanb ev e lin g en  u it h e t advies van 
de G ezo n d h e id sraad  a a n d a c h t za l w o rd en  ge­

sch o n k en , zoals ond erzo ek  n a a r  de m ogelijke  ge­

vo lgen  van  u itsc h e id in g  van  n a tu u r lijk e  h o rm o n e n  
doo r la n d b o u w h u isd ie re n  en  de con cen tra tie s  
h ie rv an  in  k le ine  p o ld e rs lo ten  in  geb ied en  m e t 

in ten siev e  veeteelt.

Werkingsmechanisme 
hormoonontregeling
Er z ijn  veel v e rsch illen d e  m e c h a n ism e n  w aardoo r 
h o rm o o n o n tre g e le n d e  effec ten  op d ie ren  door 
s to ffen  k u n n e n  w o rd en  veroorzaak t. De m ees te  

a an d ach t r ic h t z ich  m o m e n te e l op de zo g en aam d e  

(xeno-)oestrogenen .
(X eno-)oestrogenen  z ijn  n a tu u r lijk e  o f  sy n th e ti­
sche  (xeno-)stoffen  die de fe m in ise re n d e  w erk ing  

van  h e t n a tu u r lijk e  vrouw elijke g e s lach tsh o rm o o n  

n a b o o tsen  doo r te  b in d e n  aan  de h o rm o o n recep to r 

in  de cel, m e t ais gevolg e e n  re sp o n s . De in te rac tie  
tu s se n  een  oestro g een  h o rm o o n  (o fxeno-oestro - 

gene  stof) en  z ijn  re cep to r veroo rzaak t e en  aan ta l 

reac ties d ie u ite in d e lijk  le id en  to t g ew en ste  (of 
onbedoelde) effec ten  m e t b e trek k in g  to t de voort­
p lan tin g  e n  on tw ikkeling  (zie ook in te rm e z z o  en  

f ig u u r 0 .0 ) . Zo zo rg t h e t v rouw elijk  h o rm o o n  

i7 ß -o estrad io l o n d e r  n o rm a le  o m s tan d ig h ed en  
voor de aa n m a a k  van  v ite llogen ine  in  de lever 
van  vrouw elijke v issen . G eb leken  is dat ook 

m an n e lijk e  v issen  d o o r b lo o tste lling  aan  

verhoogde con cen tra tie s  (xeno-)oestrogene s to ffen  
d it v ite llogen ine  k u n n e n  aan m a k en . H ie rm ee  is 
v ite llo g en in e-in d u c tie  bij m an n e lijk e  v issen  

één  van  de b io m ark e rs  voor h e t a a n to n e n  van 

oestro g en e  effec ten  in  h e t a q u a tisch  m ilieu .

LOES-project
O m d a t effec ten  van  h o rm o o n o n tre g e le n d e  s to ffen  
z ich  vooral lijken  voor te doen  in  h e t w a te rm ilieu , 
zoals verv rouw elijk ing  van  m a n n e lijk e  v issen  in  

o n d e r an d e re  G roo t-B rittann ië , im posexversch ijn - 

se len  bij kust- en  zeeslak k en  en  rep roductie- 
effecten  op tw ee v isetende vogelsoorten  (aalscholver, 
visdiefje) in  N ederland , h ee ft R ijksw aterstaa t in  

1997 h e t in itia tie f  g en o m e n  to t h e t L andelijk  

O n d erzo ek  oE strogene S toffen  (LOES). D it 
LO E S-p ro g ram m a, d a t is u itgevoerd  in  de periode  

I 9 9 9 '2 0 0 I > k an  w o rd en  gez ien  ais een  eers te
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m o n ito r in g  van  v e rsp re id in g  e n  effec ten , zoals 

voorgeste ld  doo r de C S T E E  e n  de G ezo n d h eid sraad . 
De do e ls te llin g en  van  h e t L O E S -program m a zijn:
•  H e t b ep a le n  van  de aan w ezig h e id  van  n a tu u r ­

lijke e n  xeno -o es tro g en en  in  v e rsch illende  

o n d e rd e len  van  h e t w a te rm ilieu , zoals afvalw ater 
(stedelijk , in d u s tr ie e l e n  v an u it la n d b o u w / 
veeteelt), reg en w a te r e n  opperv lak tew ater (zoet, 

b rak  e n  zou t), zw evende stof, se d im e n t e n  biota.

•  H e t in  k aa rt b re n g e n  van  h e t vo o rk o m en  van  
fe m in ise re n d e  effec ten  bij in  h e t w ild  levende 
v issen .

A fgeleide doe len  zijn:

•  H e t vasts te llen  van  de oestro g en e  p o ten tie  in  
deze m ilie u m a trices van  h e t w a te rm ilieu  door 
m id d e l van  in vitro  ‘b ioassays’.

•  H e t n ag aan  w elk  deel van  de m e t de in  vitro 

‘b ioassay’ g e m e te n  o es tro g en e  p o ten tie  verk laard  
k an  w o rd en  op basis van  de (bekende) g em e ten  
co n cen tra tie s  (xeno-)oestrogenen  in  dezelfde 

m o n s te rs .

•  H e t d o en  van  aanb ev e lin g en  w at b e tre ft h e t 
o p n e m e n  van  n a tu u r lijk e  e n  xeno -oes trogene  
sto ffen , h io a s sa y s ’e n  h io m a rk e rs  ’ in  m o n ito rin g - 

p ro g ra m m a ’s.

H e t L O E S -program m a h ee ft z ich  b ep erk t to t een  
selecte  g roep  'n ie u w e ’ po ten tië le  (xeno-)oestroge- 

n e n , die d irec t een  fe m in ise re n d e  w erk in g  k u n n e n  

vero o rzak en  doo r een  b in d in g  aan  te g aan  m e t de 
o e s tro g een recep to r en  deze ook daadw erkelijk  te 
ac tiveren . Een u itz o n d e rin g  h ie ro p  v o rm en  de 

g eb ro m ee rd e  b ran d v ertrag e rs , d ie w elisw aar 

vanw ege h u n  gerin g e  b in d in g  aan  de o es tro g een ­
recep to r ais xeno -oes trogene  s to f  z ijn  geselec teerd , 
m a a r  vooral b ek en d  s ta an  o m  h u n  schildk lier- 

h o rm o o n -ach tig e  v e rs to ren d e  w erk ing . De 

gech lo ree rd e  koo lw ate rsto ffen  m e t een  oestro g en e  
w erk in g  z ijn  b u ite n  LOES g e la ten , o m d a t deze 
al in  b e s taan d e  m o n ito r in g p ro g ra m m a ’s w o rd en  

bek ek en . O ok is g een  aan d ach t b esteed  aan  fyto- 

o e s tro g en en  in  LOES. In  LOES z ijn  de in  tabel 

o . i  v erm eld e  s to ffen  in  b e sch o u w in g  g e n o m en .

Intermezzo
(X en o -)o estro g en e  s to ffen  zu llen  na p a ssa g e  van  h et celm em braan in p laats  

van  1 7ß -oestrad io l b inden  aan d e  oestrogeen recep tor  (ER), w aarna dit 

d im eriseert en  zich verp laatst naar d e  celkern. In d e  celkern b indt d it (xeno ) 

o estro g een /recep to r-co m p lex  aan een  sp ec ifiek  stuk je DNA, h et 'e strogen  

resp o n siv e  e lem en t' (ERE), w aarna overschrijving (transcriptie) van één  o f  m eer  

gen en  naar b oodsch ap p er mRNA p laatsv in d t. RNA b evat daardoor d e  co d e  die  

verv o lg en s vertaald  w ord t (translatie) naar d e  prod uctie  van sp e c ifiek e  eiw itten  

(zoa ls  v ite llo g e n in e ), w aarm ee d e cel een  ger ich te fu n ctie  kan u ito efen en . 

V erandering van  de h o ev ee lh e id  gevorm d e iw it kan ten  s lo t te  to t een  

verstorin g van h et fu nction eren  van  d e cel en  d e fy s io lo g ie  le iden .

(x e n o ) -o e s tr o g e e n CEL

o e s tr o g e e n  re cep tor CELKERN

ERE g e n  
b in d in g  aan  DNA

tra n s lo ca tie

d im er isa tie tran scrip tie

tra n sla tie

veran d erd e ce l fu n c t ie s /fy s io lo g ie

2
►

o estro g een  receptor

(x en o )-o estro g een

gea c tiv eerd e  receptor

♦ a n ti-o estro g een

geb lok k eerd e  receptor

ERE gen

F 0 .0  Werkingsmechanisme van natuurlijke oestrogenen en xeno-oestrogenen in de cel

V oor w at b e tre ft h e t m o n ito re n  van  ac tue le  

o e s tro g en e  effec ten  op w a te ro rg an ism en  in  de 
vrije  n a tu u r  h e e ft h e t L O E S-onderzoek z ich  
b ep e rk t to t v issen . U it h e t o n d e rzo ek  in  G root-
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B rittan n ië  b leek  d a t v issen  gevoelig z ijn  voor 

h o rm o o n -o n treg e lin g . B ovendien  v o rm en  v issen  

e e n  b e lan g rijk e  schakel in  h e t ecosysteem . In  h e t 
L O E S -onderzoek is gekozen  voor de b ra sem  

(Abram is bram a) voor h e t zoete  opperv lak tew ater 

e n  de bo t (P latichthysflesus) voor de e s tu a ria  en  
h e t m a r ie n e  m ilieu . B eide v isso o rten  k o m en  
a lg em een  voor in  N ed erlan d , h e b b e n  een  m in  

o f  m e e r  b e n th isc h e  levensw ijze  e n  w o rd en  vaker 

ais m o d e lo rg an ism e  in  v e ld o n d erzo ek  toegepast. 
H ie rd o o r is al veel in fo rm a tie  besch ikbaar.
De cen tra le  v raag b in n e n  h e t LOE S-project is o f  e r  

in  N ed erlan d  o es tro g en e  effec ten  op v ispopu la ties 

o p tred en  ais gevolg van  de aan w ezig h e id  van  
(xeno-)oestrogenen . H ierv o o r z ijn  d e c o n c e n ­
tra tie s  van  bo v en staan d e  (xeno-)oestrogene s to ffen  

g e m e te n  in  reg en w ater, al d an  n ie t gezu iverd  

stede lijk  en  bed rijfsafvalw ater, en  zo e t e n  zo u t 

opperv lak tew ater, zw evende stof, s e d im e n t en  
b io ta . O ok is bij in  h e t veld verzam eld e  vis m e t 

specifieke b io m ark ers  (zoals h e t vo o rk o m en  van 

v ite llogen ine  in  h e t b loed  van  m an n e lijk e  v issen  
e n  de h is to log ie  van  de v o o rtp lan tin g so rg an en ) 
de m ogelijke  v e rs to rin g  g e ïn v en ta risee rd . O m  de 

m ogelijke  re la tie  tu s se n  de nade lige  o estrogene  

e ffec ten  op vis in  de vrije  n a tu u r  e n  de b loo t­
s te lling  aan  (xeno-)oestrogenen  te k u n n e n

T 0.1 O v e r z ic h t  v a n  d e  g e m e t e n  x e n o - o e s t r o g e n e n  in 

h e t  L O E S -o n d e r z o e k .

C ategorie Stofgroep S pecifiek e  s to f

O estro g en en Natuurlijke o estro g en e 17a-oestrad io l

horm onen 17ß-oestrad iol 

O estro n

X en o-oestrogen en Synth etische  

o estro g en e  horm onen

17a-eth in y loestrad io l

A lkylfenolethoxylaten N onylfenolen

N onylfen o leth oxy la ten

O ctylfen olen

O cty lfen o leth oxyla ten

Bisfenol-A

Ftalaten D im ethylftalaat (DMP) 

D iethylftalaat (DEP) 

D i-n-butylftalaat (DBP) 

D ipropylftalaat (DPP) 

Butylbenzylftalaat (BBP) 

D im ethylpropylftalaat (DMPP) 

D icyclohexylftalaat (D C HP) 

D i(2-ethylhexyl)fta laat (DEHP) 

D i-n-octylfta laat (DOP)

H orm oon­ G ebrom eerde Polybroom bifenylen(PBB)

on treg e len d e  s to f brandvertragers BB 1 5 , 4 9 , 5 2 ,1 0 1 ,1 5 3 ,

(sch ildk lierhorm oon) 1 69 , 2 0 9

Polybroom difenylethers (PBDE) 

B D E 47, 8 5 , 9 9 ,1 0 0 ,1 3 8 ,

1 53 , 2 0 9

o n d erb o u w en , z ijn  a an v u llen d e  te s ten  in  h e t 

lab o ra to r iu m  e n  in  h e t veld gedaan . In  h e t lab o ra­

to r iu m  z ijn  in  vitro e n  in  vivo b io log ische  te s ten  
u itgevoerd  o m  de p o ten tië le  en  ac tue le  effec ten  te 

b ep a len . O ok z ijn  op enke le  (verdachte) locaties 

v issen  g e d u re n d e  en ig e  tijd  b loo tgeste ld  aan  
opperv lak tew ater e n  b io log isch  gezu ive rd  afvalw a­
ter. In  LOES is derhalve  e e n  co m b in a tie  van  gelijk ­

tijd ig  stof- en  e ffec tgerich t o n d erzo ek  toegepast.

Organisatie
H et LOE S-project is g e ïn itie e rd  en  geco ö rd in eerd  

doo r h e t R ijk s in s titu u t voor In teg raa l Z o e tw ate r­
b e h e e r  e n  A fva lw aterbehande ling  (R IZ A ) e n  h e t 
R ijk s in s titu u t voor K ust e n  Z ee  (R I K Z ) . V oor de 

ch em isch e  m o n ito r in g  w as h e t R IZ A  veran tw o o r­

delijk; voor de b io log ische  e ffec tm e tin g en  h e t 
R I K Z . T er v o o rbere id ing  van  h e t LO ES-project is 
in  1997-1998  een  v o o rs tu d ie  verrich t, b e te r 

b ek en d  ais Loesje (B elfroid et al., 1 9 99b ). 

S am en w erk in g  h e e ft p laa tsg ev o n d en  m e t v ijftien  
w eten sch ap p e lijk e  in s ti tu te n  en  ad v iesb u reau s, 
die alle veran tw oorde lijk  w a ren  voor de kw alite it 

van  b ijd rag en  op h u n  e ig en  te r re in . H ie rd o o r hee ft 

de oo rsp ro n k e lijk e  LO ES-opzet k u n n e n  u itg ro e ien  
to t e en  in te rd e p a r te m e n ta a l e n  m u ltid isc ip lin a ir  
w e ten sch ap p e lijk  p ro g ram m a . V anw ege h e t e igen  

b e lang  m e t b e trek k in g  to t specifieke onderzoeks- 

item s h ee ft e e n  aan ta l w eten sch ap p e lijk e  in s ti­

tu te n  b io log ische  te s ten  e n  analyses u itgevoerd  
o f  a n d e rsz in s  gegevens in g e w o n n e n  b in n e n  

h u n  e ig en  o n d erzo ek sb u d g et; dus z o n d e r  ex terne  

fin an c ie r in g . E nkele innovatieve  o n d erzo ek s lijn en  
op h e t te r re in  van  in vitro  e n  in  vivo te s ten , 
on tw ikkeld  door u n iv e rs ite iten , z ijn  b in n e n  

LOES voor h e t e e rs t in  de p rak tijk  toegepast.

D oor co m b in a tie  en  a fs te m m in g  van  v ersch e id en e  
d ee lo n d e rzo ek en  o f  doo r g eb ru ik m ak in g  van 
dezelfde m ilie u m o n s te rs  is in  veel gevallen  

du ide lijk  e en  m eerw aard e  verk reg en . T ijd en s de 

u itvoering  van  h e t L O ES-project z ijn  reg e lm a tig  
w o rkshops g eo rg an isee rd  m e t de d irec t 
b e tro k k en en  o m  van  g ed ach ten  te w isse len  over 

p roefopze t, log istiek  e n  evalua tie  van  de m e e t­

re su lta ten . V oor de e in d rap p o rtag e  is g eb ru ik  

g em aak t van  de afzo n d erlijk e  d ee lrappo rtages van 
de v e rsch illen d e  in s ti tu te n . H e t sam en g este ld e
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co n cep t-e in d rap p o rt is voor c o m m e n ta a r  

voorgelegd  aan  e e n  k lan k b o rd g ro ep  en  
te ru g g ek o p p e ld  m e t de v e rsch illende  in s titu te n . 
F in an c ie rin g  van  h e t L O E S-onderzoek is verzo rgd  

doo r R ijksw aterstaa t ( RI ZA/ RI KZ ) ,  h e t R I VM 

e n  h e t W ette rsk ip  Fryslân/STOW A. D aar w aar 

m o g elijk  h e e ft a fs te m m in g  en  in teg ra tie  p laa ts­
gev o n d en  tu s se n  h e t L O E S-onderzoek e n  h e t 

E U -onderzoekp rog ram m a C O M P R E H E N D .  In  

d it p ro g ra m m a  h e b b e n  n e g e n  E u ropese  lan d en  

sam en g ew erk t g e d u re n d e  de periode  1 9 9 9 -2001  
o m  de e rn s t van  de h o rm o o n o n tre g e lin g  in  h e t 

w a te rm ilieu  te in v en ta rise ren .

Bevindingen 

Aanwezigheid van 
(xeno-)oestrogenen in 
potentiële  emissiebronnen

U it h e t L O E S-onderzoek is g eb leken  dat de 
gese lec teerde  (xeno-)oestrogenen  doorgaans 
w o rd en  aan g e to o n d  in  die (afval)w aterstrom en  

w aarin  ze ook w o rd en  verw acht. In  al d an  n ie t 

gezu ive rd  stede lijk  afvalw ater k o m e n  alle 

gese lec teerde  (xeno-)oestrogene s to ffen  in  m e e r  
o f  m in d e re  m a te  voor. In  in d u s tr ie e l afvalw ater 

w o rd en  de gese lec teerde  s to ffen  aan g e to o n d  

ov ereen k o m stig  de verw ach ting  op basis van 
h e t p ro d u c tiep ro ces o f  de to ep ass in g . In  m e s t 
z ijn  hoge co n cen tra tie s  n a tu u r lijk e  h o rm o n e n  

aanw ezig . O pvallend  w a ren  de hoge concen tra tie s  

a an  fta la ten  in  regenw ater.
In  o n d e rs taan d e  p a rag ra fen  e n  in  de tab e llen  0.2 
t /m  0 .6  w o rd en  in  h e t k o rt de co n cen tra tie ran g es  

p e r  sto fg roep  en  p e r  e m iss ie b ro n  w eergegeven .

Natuurlijke en synthetische hormonen

In  ru w  stedelijk  afvalw ater z ijn  de n a tu u rlijk e  

h o rm o n e n  in  alle w a te rm o n s te rs  aan to o n b aa r. 

O estro n  e n  i7ß -oestrad io l k o m e n  in  de hoogste  
co n cen tra tie s  (15 -1 5 0  ng/1) voor, 1701-oestradiol 
to t 15 n g /1. De in  de an tico n cep tiep il toegepaste  

i7 a -e th in y lo e s trad io l w as aa n to o n b a a r in  1/3 van 

de ruw e a fv a lw ate rm o n ste rs . De h o rm o n e n  bev in ­

d en  z ich  b ijn a  u its lu ite n d  in  de opgeloste  fractie  
van  h e t afvalw ater. N a b io log ische  zu iv e rin g  w aren

n ruw afvalw ater

■ e fflu en t rwzi

1 voorjaar

2 zomer

3 najaar

O e s tro n

1 3  1 2 3  1 2 3  1 3  1 3
w oonw ijk  Am eland St A nnaparoch ie  A 'dam  W estp oort E indhoven

loca tie  s tedelijk  a fvalw ater

1 7(v-eth inyloestrad io lng/L

1 3 1 2 3 1 2 3 1 3 1 3
w oonw jjk  A m eland St A nnaparoch ie A 'dam  W estp oort E indhoven

HHW AML ANP WST EHV
loca tie  stedelijk  afvalw ater

F 0.1 Gehalten aan oestron en iya-ethinyloestradiol in stedelijk afvalwater 

en rwzi-effluenten
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170c- en  i7 ß -o estrad io l n ie t m e e r  in  h e t e ff lu en t 

van  e e n  stedelijke  r io o lw a te rzu iv e rin g sin rich tin g  
(rwzi) a an to o n b a a r (detec tieg rens < 0 ,8  ng/1). 
O estro n  w erd  g em id d e ld  voor 9 4  %  verw ijderd  in  

e e n  rw zi to t een  co n cen tra tie  van  m in d e r  dan  

l í  n g /1. De s to f  i7 a -e th in y lo e s trad io l w erd  slech ts 
é é n  k ee r (2 ,6  ng/1) in  h e t e ff lu en t van  een  rw zi 
a ange toond ; de co n cen tra tie  in  de overige effluen t- 

m o n s te rs  lag b en ed en  de detec tieg rens (< 0,3 ng/1). 

H e t geha lte  aan  oestro g en e  h o rm o n e n  is in  
stede lijk  afvalw ater doo rgaans h o g e r d an  in  
in d u s tr ie e l afvalw ater, m e t u itz o n d e rin g  van 

enke le  specifieke b ed rijfs tak k en  w aarvoor d it te  

v erw ach ten  is op basis van  h e t p ro duc tiep roces.
De co n cen tra tie  n a tu u r lijk e  h o rm o n e n  in  tw ee 
m e s tm o n s te rs , g e n o m e n  u it  e e n  m es tk e ld e r voor 

koe ien , varieerde; i7 a -o es trad io l 120 - 1 9 0  n g /g  

d roge  stof; i7 ß -o estrad io l 4 6  - 5 0  n g /g .d s  en  

o es tro n  2 8 - 7 2  n g /g .d s . In  reg en w a te r w aren  de 
h o rm o n e n  n ie t a an to o n b aa r.

Bisfenol-A

B isfenol-A  is aanw ezig  in  elk  m o n s te r  ongezu iverd  
stede lijk  afvalw ater. De co n cen tra tie  b isfenol-A  

in  ru w  stede lijk  afvalw ater n e e m t toe n a a rm a te  

h e t a an d ee l in d u s tr ie e l afvalw ater g ro te r w ord t.

T 0 .2  C o n c e n tr a t ie r a n g e s  v a n  h o r m o n e n  in r e g e n w a te r , 

o n g e z u iv e r d  s te d e lijk  a fv a lw a te r , e f f lu e n t e n  rw zi's , 

in d u s tr ie e l a fv a lw a te r  e n  m e s t .

Em issiebron 1 7 a -o estra d io l 1 7 ß -o estra d io l O estron 1 7 a -e th in y l-

oestrad iol

R egenw ater (ng/1) < 0 ,3 < 1 ,5 < 0 ,6 < 0 ,3

Ruw sted elijk < 0 ,7  -  4 ,9 17 -  150 2 0 - 1 3 0 < 0 , 3 - 5 , 9

afvalw ater (ng/1) 

Effluenten rwzi's < 0 ,4 < 0 ,8 < 0 , 3 - 1 1 < 0 ,3  -  2 ,6

(ng/1)
Industrieel < 0 , 3 -  7,1 < 0 ,8  -  54 1 3 - 1 2 0 < 0 ,3  -  3 ,9

afvalw ater (ng/1) 

M est (n g /g  ds) 1 2 0  -  190 4 6 - 5 0 2 8 - 7 2 < 1

T 0 .4  C o n c e n tr a t ie r a n g e s  v a n  a lk y lf e n o l ( e th o x y la t e n )  

in r e g e n w a te r ,  o n g e z u iv e r d  s te d e lijk  a fv a lw a te r ,  

e f f lu e n t e n  rw zi's  e n  in d u s tr ie e l a fv a lw a te r .

Em issiebron O cty lfen o len O c ty lfen o l­

eth oxy la ten

N on y lfen o len N o n y lfen o l­

eth oxy la ten

R egenw ater (g g /l)  

Ruw sted elijk  

afvalw ater (g g /l)  

Effluenten rwzi's

(R g/i)
Industrieel 

a fvalw ater (g g /l)

< 0 , 0 8 - 0 , 2 8

< 0 ,2 7  -  13

< 0 ,4 5  -  1 ,3

< 0 , 1 6 - 0 , 5 3

< 0 ,4 8  

< 1 , 1 - 2 4

< 0 ,6 5

< 0 ,4 2  -  12

< 0,41

< 0 ,2 4  -  19

< 0 , 5 5 - 1 , 5

< 0 ,4 4  -  39

< 0 , 3 6 - 0 , 9 9

< 0 ,8 2  -  1 25

< 1 ,9  -  2 ,2

< 0 ,2 6  -  2 2 5 0 0

In  rioo lw ater van  h u ish o u d e lijk e  o o rsp ro n g  ligt 

b isfenol-A  in  de ran g e  van  250  - 1 0 0 0  n g /1. In  
g eb ied en  m e t m e e r  in d u s tr ië le  bed rijv ighe id  k u n ­
n e n  de b isfenol-A  co n cen tra tie s  in  ru w  stedelijk  

afvalw ater op lopen  to t m e e r  d an  5 0 0 0  ng/1.

De bisfenol-A  co n cen tra tie s  in  de specifieke 
in d u s tr ië le  a fva lw a te rstro m en  lagen  in  de ran g e  
< 2 0  -  8 0 0  n g /1. D it b e tro f  zow el de ru w e ais de 

b io log isch  gezu ive rde  in d u s tr ië le  a fva ls trom en . 

H e t v e rw ijd e rin g sre n d e m e n t in  e en  rioo lw a­
te rzu iv e r in g s in rich tin g  varieerde  s te rk  p e r  locatie. 
In  reg en w a te r w erd  b isfenol-A  in  slech ts enkele  

m o n s te rs  a an g e tro ffen , in  co n cen tra tie s  n e t boven 

de d e tec tieg ren s .

Alkylfenol(ethoxy laten)

A lkylfenolen  en  a lky lfeno lethoxylaten  in  afvalw a­

te r  v e rto n en  een  g rillig  p a tro o n . In  ru w  stedelijk  

afvalw ater w o rd en  nony lfeno le thoxy la ten  en  
no n y lfen o len  de en e  k ee r in  hoge  co n cen tra tie s  en  

de a n d e re  k ee r in  lage co n cen tra tie s  aange tro ffen . 

V oor nony lfeno le thoxy la ten  in  ongezu ive rd  
rioo lw ater w as de ran g e  < 0 ,8  -1 2 5  pg/1 m e t een  
m ed ian e  w aarde  van  37 pg/1 voor de no n y lfen o len  

<0,2  - 1 9  pg/1 m e t een  m ed ian e  w aarde  van

3,0 p g /1. O cty lfeno len  e n  octy lfeno lethoxylaten  
w erd en  slech ts in  e en  en k e l a fv a lw a te rm o n ste r 
aan g e tro ffen .

In  h e t b io log ische  gezu ive rde  e ff lu en t van  een  

rw zi lagen  de co n cen tra tie s  van  de alky lfeno le th ­
oxylaten doo rg aan s o n d e r  de de tec tieg ren s van 
<0,7  p g /1. H e t a fg ecen trifu g ee rd e  zw evende s to f  

van  d it e ff lu en t bevatte  con cen tra tie s  n o n y lfen o ­

lethoxylaten  to t 70  p g /g .d s  en  to t 12 p g /g .d s  

nony lfeno l.
In  in d u s tr ie e l afvalw ater w a ren  de v ersch illen  in  

de co n cen tra tie s  a lky lfeno lethoxylaten  no g  g ro te r 

d an  in  stede lijk  afvalw ater. De con cen tra tie s  
nony lfeno le thoxy la ten  v a riee rd en  van  5 0 - 2 2 5 0 0  
p g /1 e n  n o n y lfen o l van  < 0 ,4  -  4 0  p g /1. In  h e t 

b io log isch  gezu ive rde  e ff lu en t van  één  in d u s trië le  

afvalw aterzu ivering  w a ren  g een  aan to o n b a re  

con cen tra tie s  a lky lfenolethoxylaten  aanw ezig .

T 0 .3  C o n c e n t r a t ie r a n g e s  v a n  b is f e n o l-A  In r e g e n w a te r ,  

o n g e z u iv e r d  s te d e lijk  a fv a lw a te r , e f f lu e n t e n  rw zi's  e n  

In d u str iee l a fv a lw a te r .

Em issiebron B isfen o l-A

R egenw ater (n g /l)

Ruw sted elijk  a fvalw ater (n g /l)  

Effluenten rw zi's (n g /l)  

Industrieel afvalw ater (n g /l)

< 1 5 - 5 7  

2 5 0  - 5 6 2 0

< 3 -  4 0 9 0

< 1 9 - 8 0 0



In  reg en w a te r w e rd en  g een  detec teerbare  

co n cen tra tie s  a lky lfenolethoxylaten  aange tro ffen .

Ftalaten

De tw ee m e e s t vo o rk o m en d e  fta la ten  in  ru w  rioo l­

w a te r z ijn  DEP ( < 4 - 4 4  |Lig/l; m ed iaan  13 |dg/l) en  
DE H P (< 13-101 jug/1; m ed iaan  32 jxg/l).
H oge co n cen tra tie s  DEP en  DEHP w erd en  vooral 

aan g e tro ffen  in  h e t rioo lw ater a fkom stig  van  een  

w oonw ijk . DEP e n  D EH P h eb b en  van  de in  LOES 
g e m e te n  fta la ten  de laagste  o estro g en e  po ten tie ; 
DMP e n  BBP, m e t de h oogste  oestro g en e  p o ten tie , 

w e rd en  in  veel m in d e re  m a te  aan g e tro ffen . De 

co n cen tra tie s  w a ren  doo rgaans lager d an  io  pg/1 
(DM PP, DBP, BBP) o f  lag e r d an  1 pig/1 (DM P, DPP, 
DCHP, DOP). Na passage  doo r een  rw zi w erd en  

alle  fta la ten  m e t u itz o n d e rin g  van  DEHP verw ij­

d e rd  to t co n cen tra tie s  b e n e d e n  de 1 p g /1. DEHP 
w as in  h e t e ff lu en t no g  m e e tb a a r  in  co n cen tra ties  
to t 2,5 p g /1. In  h e t zw evende s to f  u it  h e t e ff lu en t 

w as n a a s t DEHP ( 3 0 - 6 0  m g /k g  ds) e n  DEP 

(een fac to r 100  lager) ook DOP aan to o n b a a r 

(0 ,3 -2 ,5  m g /k g  ds). In  zu iv e rin g ss lib  w erd en  
n a a s t DEP en  DEHP ook d m p p  en  DBP aan g e tro f­

fen . De concen tra tie s  f ta la ten  (DEP e n  DEHP) in  

ru w  in d u s tr ie e l afvalw ater w aren  in  de rege l lager 
d an  in  stedelijk  afvalw ater. Bij enke le  in d u s trië le  
(ongezuiverde) afva lw aterstro m en  z ijn  voor DEHP 

e n  d m p p  en k e le  hoge  p iek w aard en  aan g e tro ffen , 

d ie specifiek  z ijn  voor h e t fab ricageproces van  de 

d e sb e tre ffen d e  bed rijven . D aaren teg en  z ijn  bij één  
b e d r i jf  d a t f ta la ten  p ro d u c e e r t z ee r lage g eh a lten  

in  h e t gezu ive rde  e ff lu en t aan g e tro ffen . 

O p m erk e lijk  w a ren  de co n cen tra tie s  f ta la ten  in  
reg en w ater. B ijna alle f ta la ten  (behalve DPP en  
DCHP) w aren  m ee rm aa ls  a a n to o n b a a r in  de drie 

re g e n w a te rm o n s te rs . De con cen tra tie s  w aren  

vergelijkbaar m e t die in  opperv lak tew ater;
D EH P liep  zelfs op to t een  m ax im ale  w aarde  van 
1,7 |dg/l en  een  m ed ian e  w aarde  van  0 ,77 pg/1.

100

ra/L
80

NPE ■ ruw afvalw ater

■ e ff lu e n t rwzi

2
AML ANP

loca tie  stedeljjk  afvalw ater

■ ruw afvalwater

■ e ff lu e n t rwziNP

1 3 1 2 3 1 2 3 1 3 1 3
AML ANP

locatie  stedelijk  a fvalw ater

F 0 .2  G ehalten  aan  n ony lfeno len  ( N P )  en  nony lfeno lethoxy laten  ( N P E )  in  

s tedelijk  afvalw ater en  rw zi-effluen ten .

Gebromeerde brandvertragers

P olyb room bifeny len  ( p b b ’ s ) w erd en  in  vrijw el 
g een  en k e l m o n s te r  stede lijk  e n  in d u s tr ie e l afval­

w a te r aan g e to o n d . V an  de p o lyb room difeny le thers  

( p b d e ’ s ) w aren  v o o rn am elijk  de co n g e n e re n  47, 
9 9  en  2 0 9  aa n to o n b a a r in  alle m o n s te rs  ruw  
stede lijk  afvalw ater. De h o o g ste  g e m e te n  concen-



tra tie s  in  ru w  rioo lw ater w a ren  die van  BDE 2 0 9  in  

e e n  ran g e  van  2 0 - 1 4 0  n g /g .d s  en  een  m ed ian e  
w aarde  van  24  n g /g  ds. In  h e t zw evende s to f  u it 
rw zi-e fflu en t z ijn  de concen tra tie s  van  de BDE 

c o n g e n e re n  47, 9 9  e n  2 0 9  een  fac to r io  hoger. 

BDE 2 0 9  lag in  de ran g e  van  3 1 0 - 9 2 0  n g /g .d s  en  
e e n  m e d ia n e  w aarde  van  350 n g /g  ds. D it versch il 
is w aarsch ijn lijk  te  w ijten  aan  h e t fe it d a t h e t p e r­

cen tag e  k le ine  deeltjes in  h e t a fg ecen trifu g ee rd e  

zw evende s to f  u it  h e t e ff lu en t veel g ro te r is d an  in  

h e t a fgefiltree rde  zw evende s to f  u it  h e t in f lu en t.
In  de in d u s tr ië le  afv a lw aterstro m en  w erd en  ook 

a lleen  deze d rie  P B D E -congeneren (47, 9 9  e n  2 0 9 ) 

g e m e te n  in  verhoogde co n cen tra tie s .

Aanwezigheid 
(xeno-) oestrogenen in 
oppervlaktewatersystemen en 
verkenning van milieurisico

N atuurlijke en synthetische hormonen

De co n cen tra tie s  17a- e n  i7 ß -o estrad io l e n  17a- 
e th in y lo es trad io l lagen  in  b ijn a  alle gevallen  o n d er 

de d e tec tieg ren s (< 0,3 n g / l  to t < 0 ,8  n g /l) .

T 0 .6  C o n c e n tr a t ie r a n g e s  v a n  d e  v ie r  m e e s t  v o o r k o m e n d e  

g e b r o m e e r d e  b r a n d v e r tr a g e r s  in o n g e z u iv e r d  

s te d e lijk  a fv a lw a te r , e f f lu e n t e n  rw zi's  e n  in d u str ie e l  

a fv a lw a te r .

Em issiebron BDE 47 BDE 99

Ruw sted elijk 0 ,7 0 - 1 3 0 , 5 0 - 1 4

afvalw ater (n g /g  ds)

Effluenten rwzi's 1 4 - 3 5 1 8 - 2 9

(n g /g  ds)

Industrieel afvalw ater < 0 , 1 4 - 6 8 0 , 2 7 - 3 3

(n g /g  ds)

B D E 1 53 BDE 2 0 9

< 4 ,0  -  7,1 3 1 0 - 9 2 0

< 0 ,5 2 - 2 0 0

T 0 .7  C o n c e n t r a t ie r a n g e s  v a n  h o r m o n e n  in o p p e r v la k te w a te r .

Matrix

O ppervlaktew ater

(ng/l)
P old ersloot (n g /l)

17a-oestrad io l 17ß -o estra d io l O estron 17a-eth in yloestrad io l

< 0 ,3  -  0 ,4

< 0 ,3

< 0 , 8 - 1 , 0  

< 0 ,8

< 0 , 3 - 7 , 2

< 0 ,8  -  2 ,8

< 0 ,3 - 0 ,4

< 0 ,3

O estro n  kon  in  circa de h e lft van  de oppervlakte- 

w a te rm o n s te rs  aan g e to o n d  w o rd en  in  de ran g e  

van  0,3 - 7 ,2  n g / l  m e t e e n  m e d ia n e  w aarde  van
1,0 n g /l .  D eze w aarde  lig t in  de ran g e  tu s se n  de 

de tec tie lim ie t en  de k w an tif ice rin g sg ren s . O ok in  

h e t opperv lak tew ater van  d rie  locaties in  g eb ieden  

m e t in ten siev e  veehouderij w as in  tw ee van  de drie 
m o n s te rs  a lleen  o es tro n  aan to o n b a a r boven  de 

d e tec tieg ren s in  de ran g e  o ,8 - 2 ,8  n g / l  m e t een  

m ed ian e  w aarde  van  1,7 n g /l.

De ‘Lowest O bserved  Effect C o n cen tra tio n ’ (LOEC) 

voor i7 a -e th in y lo es trad io l voor v ite llogen ine- 

in d u c tie  bij m an n e lijk e  v issen  is circa 0,5 n g /l; de 
LOEC voor h e t a a n to n e n  van  rep ro duc tie -e ffec ten  
bij v issen  in  lan g d u rig e  ‘life cycle-te s te n ’ is 4  n g /l  

o f  hoger. D aa rn aas t is voor iy a -e th in y lo e s trad io l 

ook g eco n sta tee rd  d a t m ogelijk  bij con cen tra tie s  
v a n a f  0,1 n g / l  v e ra n d e r in g e n  in  de m orfo log ie  en  
de h is to log ie  van  v issen  k u n n e n  o p tred en . De voor 

i7 a -e th in y lo e s trad io l afgele ide  z e e r  ind icatieve 

ad-hoc MTR (M axim aal T oe laa tbaar Risico) lig t 

m e t i  p g /l  b e d u id e n d  h o g e r d an  de co n cen tra ties  
w aarbij b ijvoorbeeld  v ite llo g en in e-in d u c tie  bij 

m an n e lijk e  v issen  o p treed t. De LOEC-waarden 

voor v ite llo g en in e-in d u c tie  van  o es tro n  en  oestra- 
diol z ijn  veel h o g e r en  liggen  tu s se n  re sp ec ­
tievelijk  3 2 - 6 6  n g / l  en  1 0 - 1 0 0  n g /l.

G econc ludeerd  k an  w o rd en  d a t de n a tu u r lijk e  en  
h e t sy n th e tisch e  h o rm o o n  in  dezelfde m a te  in  h e t 
N ederlands opperv lak tew ater aanw ezig  z ijn  ais de 

e ffec tconcen tra ties  voor v ite llo g en in e-in d u c tie  bij 

v issen . V oor N ed erlan d  m o e t d aa ro m  rek en in g  

w o rd en  g eh o u d e n  m e t h e t  fe it d a t lokale o estro ­
gene  effec ten  op v issen  k u n n e n  w o rd en  veroor­

zaak t door de aan w ezig h e id  van  h o rm o n e n  in  

opperv lak tew ater.

Bisfenol-A

B isfenol-A  is aan to o n b a a r in  de h e lf t van  h e t 

aan ta l m o n s te rs  opperv lak tew ater in  de ran g e

T 0 .5  C o n c e n t r a t ie r a n g e s  v a n  d e  5 m e e s t  v o o r k o m e n d e

fta la t e n  in r e g e n w a te r ,  o n g e z u iv e r d  s te d e lijk  a fv a lw a te r ,  

e f f lu e n t e n  rw zi's  e n  in d u s tr ie e l a fv a lw a te r .

Em issiebron DEP DMPP DBP BBP DEHP

R egenw ater (p g /l)

Ruw sted elijk  a fvalw ater (p g /l)  

Effluenten rwzi's (p g /l)  

Industrieel afvalw ater (p g /l)

< 0 ,2 4 - 0 ,4 3

< 4 , 1 - 4 4

< 0,91  - 0 ,9

< 0 ,1 9 - 5 ,2

0 , 3 8 - 0 ,5 3  

1 , 9 - 1 5  

< 1 , 0 - 2 0  

< 0 ,6 6 - 4 0 5

0 ,2 8 - 0 ,8 8

< 0 ,3 8 - 5 1

< 0 ,4 2 - 0 ,8 4

< 0 ,6 9 - 2 1

0 , 1 4 - 0 , 2 6

0 , 5 6 - 4 , 9

< 0 , 0 7 - 0 , 2 9

< 0 , 1 7 - 1 , 3

0 ,6 9  -  1,7

< 13  -  101

< 0 ,4 7  -  2,4  

1 ,0  -  14 9 8



van  8 ,8 - 1 0 0 0  n g /l  m e t een  m ed ian e  w aarde  van 

45 n g /l . In  zw evende s to f  en  h e t se d im e n t w o rd t 

b isfenol-A  doo rgaans aan g e tro ffen  in  co n cen ­
tra tie s  d ich tb ij de d e tec tieg ren zen . In  b io ta 

(m o sse len  die g e d u re n d e  zes w eken  z ijn  w egge­

h a n g e n  in  opperv lak tew ater e n  in  h e t w ild  levende 
v issen) w erd  b isfenol-A  in  co n cen tra tie s  a an g e tro f­
fen  in  de ran g e  van  0 ,8 -1 1  n g /g  d rooggew icht.

De N O E C ’s e n  L O E C ’s in  w a te r van  b isfenol-A  voor 

b io ch em isch e  e n  p o p u la tie -e ffec ten  lagen , ook bij 

lan g d u rig e  b loo tste lling  van  m e e rd e re  v istypen , 
tu s se n  0 , 4  en  11 m g /1. Er z ijn  g een  goede L O E C ’s 

b ek en d  voor v ite llo g en in e-in d u c tie  in  v issen .

Er z ijn  ech te r s tud ies  b ek en d  die effec ten  op 
m o llu sk e n  e n  am fib ieën  m e ld e n  bij respectievelijk  
i e n  23 p g /l. De b e tro u w b aarh e id  van  deze 

w aa rd en  s ta a t e c h te r te r  d iscussie .

150

ng/g
125

190 335 310 920 350
■ ruw afvalwater

■ e f f lu e n t rwzi

■ zuiveringsslib

■ É l
AML ANP

lo ca tie  stedelijk  afvalw ater

F 0.3 Gehalten aan congeneer P B D E  209 in zwevende stof van ruw stedelijk afvalwater,

afgecentrifugeerd van rwzi-efïluent en zuiveringsslib. (De verschillen in concentraties 

tussen de drie typen zwevende stof monsters is een gevolg van de afwijkende korrelfracties).

De conclusie  is dan  ook dat op basis van  de besch ik ­
b are  eco toxicologische gegevens e n  de g em e ten  

co n cen tra tie s  van  b isfenol-A  in  opperv lak tew ater 

m o g elijk  g een  nade lige  oestro g en e  effec ten  op 
v issen  in  N ed erlan d  te v erw ach ten  z ijn .

Alkylfenol(ethoxylaten)

V an de a lky lfeno lethoxylaten  lagen  de g eh a lten  
octy lfenolethoxylaten  en  octy lfeno len  doorgaans 
o n d e r  de d e tec tieg ren s. D it ge ld t voor zow el h e t 

o pperv lak tew ater ais voor zw evende s to f  e n  h e t 

sed im en t. De nony lfeno le thoxy la ten  e n  n o n y l­
fen o len  w erd en  v o o rn am elijk  a an g e tro ffen  in  
zw evende s to f  e n  sed im en t. V oor n o n y lfen o ­

lethoxy la ten  in  zw evende s to f  b e tro f  h e t co n cen ­

tra tie s  in  de ran g e  van  < 0 ,0 0 5 - 2 2  p g /g  ds m e t 

e e n  m e d ia n e  w aarde  van  0,31 p g /g  ds; voor 
n o n y lfen o len  < 0 ,0 0 3 -4 ,1  p g /g  ds m e t een  

m e d ia n e  w aarde  van  0,17 p g /g  ds.

In  h e t m e re n d e e l van  de b io ta , zow el de b ra sem  
e n  de bo t ais de w eg g eh an g en  m o sse len , k o n d en  
g een  alky lfenolethoxylaten  w o rd en  aan g e to o n d  

boven  de de tec tieg ren s van  0 ,05 p g /g  natgew ich t. 

V oor octy lfeno len  z ijn  ecotox icite itsgegevens 
gev o n d en  w aaru it b lijk t d a t co n cen tra tie s  van

T 0.8 C on c en t ra t ie ran g es  v an  bisfenol-A in opperv lak tew ater ,  

z w e v e n d e  stof, se d im e n t  e n  biota.

Matrix B isfen o l-A

O ppervlaktew ater (n g /l)

Z w even d e s to f  (n g /g  ds)

S ed im en t (n g /g  ds)

V is, sp ierw ee fse l (n g /g  n atgew ich t) 

M o sse l, totaal (n g /g  n atgew ich t)

< 8 ,8  -  100 0  

5 , 6 - 5 6  

< 1,1 - 4 3  

0 , 1 8 - 2 , 6  

0 ,2 2  -  1 ,8

©



octylfenol v a n a f  5 e n  30 p g /l  nade lige  effec ten  op 

reg en b o o g fo re llen  h ebben : in  de v o rm  van  re sp ec ­

tievelijk  v ite llogen ine-induc tie  e n  v ers to o rd e  groei 
van  de tes tis . V oor n o n y lfen o len  is be ïnv loed ing  

van  v issen , zoals v ite llogen ine-induc tie , g roeirem - 

m in g  e n  h is to lo g isch e  v e ran d e rin g en , w a a rn e e m ­

baa r bij co n cen tra tie s  v a n a f  0 ,5 -1 0  p g /l. In  de 
li te ra tu u r  z ijn  vergelijkbare  w aard en  voor N P 2 EO 

gem eld  (Jobling, 1 9 96 ). U it een  ee rs te  ind ica tie  

van  m o gelijke  ad-hoc M TR -w aarden in  w ate r 

voor nony lfeno le thoxy la ten  (0 ,0 4 4  M-g/1) en  

no n y lfen o len  (0 ,239 M-g/1) b lijk t d a t deze lager 
liggen  d an  de co n cen tra tie s , w aarbij oestro g en e  
effec ten  k u n n e n  o p tred en . D it b e tek e n t dat 

e m iss ie re d u c e re n d e  m aa treg e len  n ie t p e r  se op 

basis  van  h o rm o o n o n tre g e lin g  hoeven  te w o rd en  

g e n o m e n . De verw ach ting  is v erd er da t ook voor 

se d im e n t de g e m e te n  co n cen tra tie s  non y lfen o len  
e n  nony lfeno le thoxy la ten  in  dezelfde  orde  van  
g roo tte  liggen  ais de no g  a f  te  le id en  ad-hoc MTR’s. 

O p basis van  de h u id ig e  k en n is  k an  g eco n c lu d eerd  

w o rd en  da t n o n y lfen o len  en  nony lfeno le thoxy­
la ten  lokaal in  vo ldoende hoge  con cen tra tie s  in  
opperv lak tew ater k u n n e n  voo rk o m en  om  o estro ­

g en e  effec ten  op v issen  te  k u n n e n  veroorzaken . 

A lkylfenol(ethoxylaten) vero o rzak en  ook an d e re  
tox ische, n ie t-o es tro g en e  effec ten  d ie ook o n d e r­
w erp  van  h e t em iss ieb e le id  zu lle n  z ijn .

T 0 .9  C o n c e n tr a t ie r a n g e s  v a n  d e  a lk y lf e n o le t h o x y la t e n  in 

o p p e r v la k te w a te r ,  z w e v e n d  s t o f ,  s e d im e n t  e n  b io ta .

Ftalaten

Fta la ten  z ijn  in  zow el zo e t ais z o u t opperv lak te­
w ater doo rgaans aanw ezig  in  concen tra tie s  to t 
i  p g /l. D E H P e n  DM PP k o m en  h e t m e e s t fre q u e n t 

voor (m eer dan  75 %) in  de ho g ere  co n cen tra tie ­

ran g es  (tot 5 p g / l  en  een  m e d ia n e  w aarde  van  0,38 
pg /l). D b p  e n  BBP k o m en  b ijn a  in  alle w a te rm o n ­
sters (95 %) voor in  lagere  co n cen tra tie s  (m ed iane  

w aard en  respectievelijk  0,25 e n  0 ,0 7 7  M-g/1)- E>MP 
en  DPP z ijn  ook vaak in  w at lagere  co n cen tra trie s  
aanw ezig .
In  zw evende s to f  en  se d im e n t van  zow el zoet 

ais z o u t opperv lak tew ater is een  b red e  ran g e  van 

fta la ten  aan g e tro ffen . D e p , D M P P , D B P , B B P , 

D C H P  a n d  D O P  in  de laagste  co n cen tra tie s  (in 
zw evende s to f  to t 41 0 0  n g /g  ds) en  de overige 

d rie  f ta la ten  D M P , D P P  en  D E H P  in  de ran g e  

van  en k e le  d u iz e n d e n  n g /g  ds. D E H P  w as ook in  
zw evende s to f  de m e e s t vo o rk o m en d e  fta laa t m e t 
een  m ax im ale  co n cen tra tie  van  1 9 0 0 0  n g /g  ds 

en  een  m e d ia n e  w aarde  van  3 4 0 0  n g /g  ds.

De co n cen tra tie s  f ta la ten  in  b io ta  k u n n e n  ste rk  
versch illen . O nd an k s vergelijkbare  g eh a lten  
in  zo e t e n  z o u t opperv lak tew ater w o rd en  in  de 

b ra sem  ho g ere  co n cen tra tie s  a an g e tro ffen  dan  

in  de bot. D E H P e n  DEP z ijn  in  v issen  de m e e s t 
vo o rk o m en d e  fta la ten . Een g eh ee l a n d e r  p a tro o n  
v e rtoonde  de co n cen tra tie  van  fta la ten  in  m o sse len  

die g e d u re n d e  een  p erio d e  van  zes w eken  w aren  

w eg g eh an g en  in  opperv lak tew ater. D b p  w as 
f re q u e n t in  hoge  co n cen tra tie s  aanw ezig , gevolgd 
doo r DEP e n  DEHP.

Matrix O cty lfen o len O c ty lfen o l-

e th oxy la ten

N on y lfen o len N on y lfen o l­

eth oxy laten

O ppervlaktew ater < 0 , 0 5 - 6 , 3 < 0 ,1 6  -  17 < 0,11  - 4 ,1 < 0 , 1 8 - 8 7

(p g /i)
Z w even d e s to f < 0 ,001  - 0 , 4 0 < 0 ,0 0 2  -  1,7 < 0 ,0 0 3 - 4 ,1 < 0 ,0 0 5  -  22

(p g /g  ds)
Sed im en t < 0 ,0 0 2  - 0 ,0 2 6 < 0 ,0 3 4 < 0,01  -  3 ,8 < 0 ,01  -  2 ,8

(p g /g  ds)
V is, sp ierw eefse l < 0,01  - 0 , 0 8 < 0 ,01  - 0 ,0 1 < 0,01  - 0 , 1 6 < 0 ,01  -  0 ,52

(p g /g  n atgew ich t)

M o sse l, totaal < 0,01  - 0 , 0 5 < 0 ,0 6 < 0 , 0 3 - 0 , 4 5 < 0 , 0 5 - 0 , 2 3

(p g /g  n atgew ich t)

T 0 .1 0  C o n c e n tr a t ie r a n g e s  v a n  d e  z e s  m e e s t  v o o r k o m e n d e  

f t a la t e n  in o p p e r v la k te w a te r ,  z w e v e n d e  s t o f ,  

s e d im e n t  e n  b io ta .

G een  in fo rm a tie  is b esch ik b aa r over aan g e to o n d e  
oestro g en e  effec ten  op v issen  o f  an d e re  w a te r­
o rg an ism en . O p basis van  de g e m e te n  o estrogene  

p o ten tie  m e t de in  vitro b ioassay  ER-CA LU X  z o u ­

d en  vooral oestro g en e  effec ten  van  D M  P verw ach t 
k u n n e n  w o rd en  en  in  veel m in d e re  m a te  van  D E P  

en  D E H P . D m p w o rd t e c h te r doo rgaans in  lagere  

concen tra ties aangetro ffen , opgelost in  oppervlakte­

w ater en  in  de b io ta, en  in  h o g ere  co n cen tra tie s  in  
zw evende s to f  en  sed im en t. Evenals de alkylfenol- 
(ethoxylaten) k u n n e n  so m m ig e  fta la taen  ook a n d e ­

re  toxische, n ie t-o estro g en e  effec ten  vero o rzak en  

die on d erw erp  van  h e t em iss ieb e le id  zu llen  z ijn .

Matrix DMP DEP DPP DMPP DBP DEHP

O ppervlaktew ater (p g /l)

Z w even d e s to f  (n g /g  ds)

S ed im en t (n g /g  ds)

V is, sp ierw eefse l (n g /g  n atgew ich t)  

M o sse l, totaal (n g /g  n atgew ich t)

< 0 ,0 0 4 5 - 0 ,1 9

< 1 ,3  -  1 6 0 0 0  

1 ,2 7  -  250 0

< 0 , 1 9 - 5 , 4

< 0 ,1 4  -  3 ,8

< 0 ,0 7  -  2 ,3  

< 4 6 - 9 2

< 6 5 -  12 0 0

< 6 ,7  -  320  

1 1 - 9 2

< 0 ,0 0 1 9 - 0 ,0 0 8

< 0 ,5 3  -  1 3 0 0 0

< 0 ,5 3  -  18 0 0

< 0 ,0 8  -  15

< 0 , 1 6 - 0 , 9 6

< 0 ,0 8 2  -  2 ,4  

87 - 9 2 0

< 4 0 0  -  1 7 0 0

< 0 ,0 6 6  -  3,1

< 51 - 4 1 0 0  

34 -  100 0

< 0 ,7  -  150  

30  -  190 0

< 0 , 9 - 5 , 0

< 92  -  1 9 0 0 0

< 1 23  -  7 6 0 0

< 2 ,2  -  1 5 0 0

< 2 , 2 - 4 0 0



De co nc lu s ie  is d a t de aard  van  m ogelijke  o estro ­

g en e  effec ten  van  de sto fg roep  fta la ten  op v issen  

n o g  o n d u id e lijk  is. De o estro g en e  p o ten tie  van  de 
m e e s t vo o rk o m en d e  fta laa t (D E H P ) is (zeer) laag; 

de fta laa t m e t de h o o g ste  oestro g en e  p o ten tie  

(DMP) k o m t a lleen  in  verhoogde con cen tra tie s  
voor in  zw evende s to f  en  sed im en t.

Gebromeerde brandvertragers

P olyb room bifeny len  ( p b b ’s) w aren  doorgaans 
n ie t a a n to o n b a a r in  zw evende s to f  en  sed im en t.
In  b io ta  (vis) w as h e t m ogelijk  p b b ’s (congeneren  

i o i ,  153 e n  169) te d e tec te ren  in  zee r lage 

co n cen tra tie s .
De co n g e n e re n  47, 9 9  e n  in  h e t b ijzo n d e r 2 0 9  
van  de p o lyb room difeny le thers  ( p b d e ’s) w aren  in  

e e n  g ro o t p e rcen tag e  van  de m o n s te rs  in  du idelijk  

verhoogde co n cen tra tie s  in  de vaste fractie  van  h e t 
opperv lak tew ater aanw ezig . PB D E -concentraties 
lag en  h o g e r  e n  k w am en  vaker voor in  zw evende 

s to f  d an  in  sed im en t. Z ee r hoge  BDE 2 0 9  co n cen ­

tra tie s  (op lopend  to t 4 6 0 0  n g /g .d s ) w erd en  gevon­
d en  in  h e t zw evende s to f  van  de W este rsch e ld e .
De m e d ia n e  w aa rd en  voor de PB D E -congeneren  

47, 9 9  e n  2 0 9  in  h e t zw evende s to f  w aren  re sp ec ­

tievelijk  2 ,2 , 2 ,8  en  76  n g /g .d s . In  een  g roo t deel 
van  de v issen  e n  m o sse le n  w erd en  aan z ien lijk  
verhoogde co n cen tra tie s  BDE 47 aan g e tro ffen  in  

ran g es  van  <1 ,5 -130  n g /g  d rooggew ich t en  een  

m e d ia n e  w aarde  van  4 ,0  n g /g  drooggew ich t. De 
veel in  h e t zw evende s to f  en  se d im e n t v o o rk o m en ­
de BDE 2 0 9  w erd  slech ts in  en k e le  b io ta -m o n ste rs  

aan g e tro ffen .

D it bevestig t de s te lling  d a t BDE 2 0 9  b lijkbaar 
n ie t a c c u m u le e rt in  o rg an ism en . O nd u id e lijk  is 
evenw el o f  deze co n g en ee r in  de to ek o m st in  h e t 

m ilie u  za l a fb rek en  e n  o f  de h ie ru it gevorm de 

lagere  g eb ro m ee rd e  d ifeny le thers a lsnog  in  b io ta 

zu lle n  accu m u le ren .

De om vang  van  de b ijd rage  van  de g eb ro m eerd e  

b ran d v ertrag e rs  P B B en  PBDE aan  de oestro g en e  
on treg e lin g  van  w a te ro rg a n ism e n  is dus nog  
on b ek en d , m a a r  lijk t voora lsnog  van  o n d e rg e ­

sch ik t be lang . E erder lijk t een  ro l van  b e tek en is  

te  z ijn  w eggelegd  voor deze s to ffen  ais h o rm oon- 
o n treg e laars  bij an d e re  h o rm o o n sy stem en .

Vitellogenine in bot
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F 0.4 Frequentieverdeling van vitellogenine-gehalten in het bloedplasma van mannelijke 

brasems (Abram is brama) en botten (Platichtys flesus) in Nederland.



Oestrogene effecten op vissen
De LO ES-veldstudie h e e ft z ich  m e t n a m e  geco n ­
c e n tre e rd  op h e t a a n to n e n  van  o estro g en e  effec ten  

op tw ee a lg em een  in  N ed erlan d  v o o rkom ende  

v issen ; n am e lijk  de b ra se m  (Abram is bram a) voor 
h e t zoete  opperv lak tew ater e n  de bo t (Platichthys 
flesus) voor h e t b rakke e n  zo u te  w ater. G ed u ren d e  

h e t voorjaar en  n a ja a r z ijn  op circa 2 0  locaties 

2 0 - 2 5  vo lw assen  m a n n e lijk e  e n  vrouw elijke 
v issen  g evangen  e n  h ie rv an  is een  aan ta l a lg em en e  
k e n m e rk e n  (zoals leng te , leeftijd , geslach t, 

so m a tisch  lever- e n  gonadengew ich t) g e reg is­

tre e rd . Ais b io m a rk e r  voor oestro g en e  effec ten  

gold  de aan w ezig h e id  van  h e t eiw it v ite llogen ine  
in  h e t b loed  van  de m a n n e lijk e  v issen .

H isto lo g isch  is vastgeste ld  o f  v rouw elijke 

g e s lach tsk e n m erk en  o n ts ta a n  in  de g o n ad en  
van  m an n e lijk e  v issen . O ok is gekeken  n a a r  de 
even tue le  re la tie  m e t enkele  in  vitro b ioassays, 

zoals de ER-CALUX in  de gal van  dezelfde v issen . 

Bij m an n e lijk e  b o tten  z ijn  in  open  zee, voor 
de k u s t en  in  de e s tu a ria  nauw elijk s verhoogde 
v ite llo g en in e-g eh a lten  aange tro ffen ; zelfs n ie t in  

e s tu a ria , zoals de N ieuw e W aterw eg , h e t Eem s- 

D ollard  geb ied  en  de W este rsch e ld e . D eze w aar­
n e m in g  s taa t in  sch ril co n tra s t m e t onderzoeks-

T 0.11  C o n c e n tr a t ie r a n g e s  v a n  d e  v ie r  m e e s t  v o o r k o m e n d e  

g e b r o m e e r d e  b r a n d v e r tr a g e r s  in z w e v e n d e  s to f ,  

s e d im e n t  e n  b io ta .

Matrix PBDE 47 PBDE 99 PB D E 153 PBDE 2 0 9

Z w even d e s to f  

(n g /g  ds)

< 0 , 3 - 9 , 0 < 0 ,1 3  -  23 < 0,1 - 9 , 7 < 9 , 0 - 4 6 0 0

Sed im en t  

(n g /g  ds)

0 , 3 -  7,1 < 3 , 3 - 5 , 5 < 0 , 0 1 8 - 4 ,1 < 9 , 0 - 5 1 0

V is, sp ierw eefse l 

(n g /g  n atgew ich t)

< 1 , 5 - 1 3 0 < 0 ,011  - 4 , 6 < 0 , 0 1 8 - 4 ,1 < 0 , 3 5 - 0 , 9

M ossel,

totaal (n g /g  ds)

< 0 , 8 - 1 7 < 0 ,5  -  1 0 ,7 < 0 ,7  -  1 ,5 < 3 , 7 - 4 , 9

T 0 .1 2  O v o t e s t i s  in m a n n e lijk e  b r a s e m s .

(O votestis is a lleen  aan g e tro ffen  op deze d rie  locaties.)

Locatie

+  +  +

Koude Vaart 25  24 1 0

V rouw enzand 23  21 2 0

D om m el 14 8 4 2

D om m el 9 6 3 0

-  geen  eicellen in testisw eefsel + sporadisch to t enkele eicellen in testisw eefsel

++ m eerdere eicellen in testisw eefsel

4
9

47
33

Aantal onder­
zochte m anne­
lijke brasems

Aantal vissen met 
eicellen in testis 

(in terseksualtiteit)

Interseksualiteit 
in m annelijke  
brasems (% )

re su lta te n  in  E ngeland , w aar in  h e t b loed  van 

m an n e lijk e  b o tten  hoge  g eh a lten  aan  v ite llogen ine  
op v e rsch e id en e  locaties in  e s tu a ria  z ijn  g em eten . 
Bij m an n e lijk e  b o tten  m e t hoge v ite lle logen ine- 

geh a lten  w erd  tevens de v o rm in g  van  e ice llen  

in  h e t m an n e lijk e  testis-w eefse l a an g e to o n d  
(‘ovotestis j .  D it is in  N ed erlan d se  b o tten  n ie t 
aan g e tro ffen .

De b ra se m  in  h e t zoete  b in n e n la n d se  opperv lak te­

w ater h ad  in  enke le  gevallen  w el m a tig  verhoogde 

v ite llogen ine-geha lten  in  h e t b loed, d a t w il zeggen  
m e e r d an  1 0 0 0  n g /m l b loedp lasm a. D it is geco n ­

sta tee rd  in  b ra sem s bij de locaties L obith, E ijsden, 

H aringv lie t, h e t N oordzeekanaa l e n  de reg iona le  

F riese  opperv lak tew ateren  K oude V aart en  
B erg u m erm eer. De h o o g ste  v ite llogen ine-induc tie  

is g em e ten  in  h e t b lo ed p lasm a  van  m an n e lijk e  

v issen  u it  de D om m el. In  deze k le ine  riv ie r z ijn  
zow el in  h e t voorjaar ais in  h e t n a ja a r in  alle bloed- 
p la sm a m o n ste rs  hoge  v ite llogen ine-geha lten  

aan g e tro ffen  op lopend  to t m e e r  d an  io  m iljo en  

n g /m l (figuur 0 .4 ). D it is ook de en ig e  oppervlak- 

tew aterlocatie  w aar u it  h is to lo g isch  o n d erzo ek  aan  
de g o n ad en  ‘ovotestis’ in  een  aan z ien lijk  p e rc e n ­

tage (33 -43  %) van  de m a n n e lijk e  v issen  n a a r 
v o ren  k w am  (tabel 0.12 e n  f ig u u r  0.5). H e t 
riv iertje  de D o m m el w as ais b e m o n s te rin g slo ca tie  
gese lec-teerd  vanw ege de te verw ach ten  g ro te  

be ïnv loed ing  van  h e t opperv lak tew ater doo r h e t 

e ff lu en t van  de rw zi te  E indhoven  en  door h e t 

ev en tu ee l o n gezu ive rde  stedelijke  afvalw ater door 
o v ers to rten  u it  h e t g em ee n te lijk  rioo lste lse l. In  

e en  aan v u llen d  o n d erzo ek  is in m id d e ls  geb leken  

d a t ook in  an d e re  reg io n a le  opperv lak tew ateren , 

die beïnv loed  w o rd en  doo r al dan  n ie t gezu iverd  
stedelijk  afvalw ater, v ite llo g en in e-in d u c tie  en  

ovotestis bij m an n e lijk e  b ra sem s k u n n e n  o p tre ­

den . V ooralsnog  lijken  in  N ed erlan d  de fe m in i­

se ren d e  effec ten  op v issen , ook in  k le ine  reg iona le  
w a te ren , m in d e r  e rn s tig  dan  de b ek en d e  e n  in  de 

li te ra tu u r  veelvuldig  g en o em d e  veld s tud ies u it  

G roo t-B rittann ië  (Jobling et al., 1998; A llen  et al., 
1 9 9 9 a , 1 999b ; M atth ie sen  et al., 2 0 0 0 ) .

De eco log ische  b e teken is  van  verhoogde vitello- 

g en in e -in d u c tie  e n  ovotestis in  m an n e lijk e  v issen  

is nog  on b ek en d . O m d a t de aan w ezig h e id  van 
v ite llogen ine  in  b lo ed p lasm a  een  halfw aardetij d



van  enke le  w eken  h ee ft w o rd t deze w el gez ien  ais 

b io m a rk e r  voor (tam elijk) re cen te  b loo tste lling  

aan  (xeno-)oestrogenen . De aan w ezig h e id  van 
ovotestis in  m an n e lijk e  v issen  kan  m ogelijk  in  

v e rb an d  w o rd en  g eb rach t m e t b lo o ts te lling  aan  

(xeno-)oestrogenen  in  h e t juven ile  s tad iu m , 
w a n n e e r  de seksue le  d iffe ren tia tie  p laa tsv ind t.
In  een  in vivo ex p e rim en t, de zo g en aam d e  

‘partia l life cycle test’ (PLC-test) m e t zeb ra  v issen , 

z ijn  op lab o ra to riu m sch aa l dergelijke  geslachts- 
v e rsch u iv in g en  bij jo n g e  v issen  aan g e to o n d . In  
de PLC-test w a ren  in  eers te  in s ta n tie  vo lw assen  

zeb rav issen  g e d u re n d e  25 dag en  b loo tgeste ld  aan  

v e rsch illen d e  m en g e ls  van  (xeno-)oestrogenen , 
zoals i7ß -oestrad io l, e en  geloosd  rw zi-e ffluen t en  
e e n  sy n th e tisch  rw zi-effluen t. In  alle d rie  gevallen

n a m  h e t aan ta l legsels e n  h e t aan ta l gelegde e ie re n  F 0 .5  O votestis in  m an n e lijk e  b ra sem  (Abram is brama): de v o rm in g  van 

a f  t .O .V . h e t re fe re n tie m e d iu m  'D u tch  S tandard  vrouw elijke eicellen  (sterretje) te m id d e n  van  testisw eefse l m e t

w ate r’ (D S W ) (zie tabel 0.13). D it w as ech te r n ie t sp erm a to zo ën  (pijltje),

s ta tis tisch  sign ifican t.

In  navo lg ing  h ie ro p  w e rd en  op dezelfde w ijze 

de v ru ch tb a re  e ie re n  g e d u re n d e  zes w eken  b loo t­
geste ld  aan  de d iverse m ed ia . Na deze periode  
h e e ft g es lach tsb ep a lin g  van  de jonge visjes p laa ts­

gevonden . Bij de e ie ren  die b loo tgeste ld  w aren  

gew eest aan  iyß -oestrad io l, h e t sy n th e tisch e  en  

h e t  geloosde rw zi-effluen t, w as een  du idelijke  
v ersch u iv in g  te n  g u n s te  van  h e t vrouw elijke 

g eslach t te  z ien , re s u lte re n d  in  ongeveer 15 % 

m an n e lijk e , io  %  o n g ed iffe ren tiee rd e  en  75 %  
v rouw elijke zeb rav isjes (figuur 0 .6 ). De feite lijke 
b lo o tste lling  van  de ju v en ilen  w as h ierb ij 

d oo rslaggevend  e n  n ie t de b loo tste lling  van  de 

o uders .

O n d u id e lijk  is o f  b o v en staan d e  g e s lach tsv e ran ­

d e rin g  b lijvend  is o f  reversibel. V eld stud ies van 

b ra sem s v a n a f  1965 to t h e d e n  to n e n  een  lichte 

te n d e n s  te n  g u n s te  van  h e t vrouw elijke g eslach t 
e n  een  g ew ich tsa fn am e  van  de m an n e lijk e  

g o n ad en  (W in ter e n  v.d. S luis, 2 0 0 0 ) . H e t is 

voora lsnog  o n d u id e lijk  o f  h ie ra a n  o estro g en e  
s to ffen  ten  g ro n d s lag  liggen . Soortgelijke 
veldgegevens van  de b o t w a ren  g een  aan le id in g  

o m  p o p u la tie a fn am e  o f  v e rschu iv ing  in  geslach ts- 

ra tio ’s te vero n d erste llen .

©



Relatie tussen oestrogene 
effecten en aanwezigheid 
van stoffen
O m  zo veel m og elijk  in z ic h t te  v e rk rijgen  in  de 

re la tie  tu s se n  de aan g e to o n d e  oestro g en e  effec ten  

bij v issen  in  de vrije n a tu u r  en  de b lo o tste lling  aan  
(xeno-)oestrogenen  z ijn  de m e e tre su lta te n  op h u n  

even tue le  o n d e rlin g e  re la tie  s ta tis tisch  ge to e ts t en  

z ijn  aan v u llen d e  te s ten  in  h e t lab o ra to r iu m  e n  in  

h e t veld u itgevoerd . In  h e t lab o ra to riu m  z ijn  in  
vitro  e n  in  vivo b io log ische  te s ten  u itgevoerd  om  

de po ten tië le  e n  ac tue le  o es tro g en e  effec ten  te 

b ep a len . O ok z ijn  op enke le  locaties v issen  in  

k o o ien  g e d u re n d e  en ig e  tijd  w eg g eh an g en  en  
b loo tgeste ld  aan  h e t opperv lak tew ater, aan  

b io log isch  gezu ive rd  e ff lu en t van  een  rw zi o f  

aan  een  m e n g se l van  deze tw ee w a te rs tro m en .
In  alle aan v u llen d e  te s te n  is zoveel m ogelijk  
g eb ru ik  g em aa k t van  dezelfde b em o n s te rin g s- 

locaties. L opende h e t L O E S-onderzoek is de 

rw zi E indhoven  en  h e t on tv an g en d e  riv iertje  
de D o m m el steeds m e e r  ais een  speciale  ‘ca se ’- 
s tu d ie  g aan  fu n g e ren .

Zo z ijn  tw ee v isso o rten , de reg en b o o g fo re l en  

de karper, in  een  d o o rs tro o m sy steem  g ed u ren d e  
2,5 w eken  b loo tgeste ld  aan  v e rd u n n in g e n  (o, 25, 
50 e n  100 %) e ff lu en t van  de rw zi E indhoven  en  

opperv lak tew ater u it  de D om m el. H e t 100 % 

e ff lu en t b leek  o estro g en e  activ ite it te  v e rto n en  

in  de v o rm  van  hoge to t z ee r hoge  v ite llogen ine- 
in d u c tie  in  alle m a n n e lijk  b lo ed p lasm a  m o n s te rs  

van  de regenboog fo re l. V e rd u n n in g  van  h e t e fflu ­

e n t m e t opperv lak tew ater u it  de D o m m el (1:1) 

re su lte e rd e  in  een  aan z ien lijk e  verlag ing  van  de 
v ite llo g en in e-in d u c tie . Bij de k a rp e r w erd  in  g een  

en k e l geval van  de v e rd u n n in g sre e k s  een  oestro- 

g een  effect aan g e to o n d . D it bevestig t h e t gegeven  
d a t de en e  v issoo rt gevoeliger voor o estrogene  
b e ïnv loed ing  is dan  de an d e re .

D oor m id d e l van  de b esch rev en  in vivo experi­

m e n te n , de in  situ  d o o rs tro o m sy stem en  bij rw z i’s 
e n  de PLC-testen in  h e t  la b o ra to r iu m , is experi­
m e n te e l vastgeste ld  d a t rw z i-e fflu en ten  een  

e m iss ie b ro n  van  (xeno-)oestrogene sto ffen  

k u n n e n  z ijn .

T 0 .1 3  A a n ta l le g s e ls  e n  to ta a l  a a n ta l e ie r e n  p e r  g r o e p  v o lw a s s e n

Test m edium DSW 1 nM G eloosd S ynthetisch

1 7ß -o estra d io l rw zi-e fflu en t rw zi-e fflu en t

A antal le g se ls 17 15 5 10

Totaal aantal eieren 4 3 6 6 3 2 1 5 1 8 5 9 2802

O ok m e t de in  vitro ER-CALUX te s t e n  de in vitro 

transgene zebravis reporter gen te s t is de o estrogene  
p o ten tie  van  h e t e ff lu en t van  de rw zi E indhoven  
en  h e t opperv lak tew ater in  de D om m el, b e n e d e n ­

stro o m s van  h e t lo z in g sp u n t, bevestigd .

In  h e t L O E S-onderzoek is de ER-CALUX g e tes t op 
een  aan ta l w aterige  s tro m e n , zoals afvalw ater, 
reg en w a te r e n  opperv lak tew ater, m a a r  b ijvoor­

beeld  ook op de gal van  de v issen  b ra sem  en  bot.

In  h e t L O E S-onderzoek is de opw erk ing  ('solid  
p h a s e ’-extractie) van  deze w aterige  m o n s te rs  n ie t 
op tim aa l gew eest, m a a r  d e so n d an k s  k u n n e n  deze 

w a te rs tro m e n  o n d e rlin g  w o rd en  vergeleken  op 

h u n  oestro g en e  p o ten tie . De h oogste  o estrogene  

p o ten tie  w o rd t g e m e te n  in  m es t, gevolgd door n ie t 
b io log isch  gezu ive rd  afvalw ater van  enke le  speci­

fieke bed rijven  (w aaronder een  fa rm aceu tisch  

b e d r ijf  en  een  z iek en h u is) e n  door ru w  stedelijk  

rioo lw ater. In  e e n  rw zi w o rd t de oestro g en e  p o te n ­
tie  m e t een  fac to r 100  g e reduceerd ; bij v e rd u n n in g  

in  h e t opperv lak tew ater n o g  een s  m e t een  fac to r 

io .  De o estro g en e  p o ten tie  in  p o ld e rs lo ten  in  
g eb ied en  m e t in ten siev e  veetee lt w as vergelijkbaar 
m e t an d e re  b e m o n s te rd e  opperv lak tew ateren ; 

in  opperv lak tew ateren  in  tu in b o u w g eb ied en  

w aren  de o es tro g en e  p o ten tie s  g e m e te n  m e t de 
ER-CALUX b e d u id e n d  lager. O pm erk e lijk  is dat 
reg en w a te r ook oestro g en e  p o ten tie  bezit, die 

v ergelijkbaar is m e t die van  opperv lak tew ater.

U it aan v u llen d  o n d erzo ek  m e t de ER-CALUX in  
de gal van  v issen  is g eb leken  d a t de ais zodan ig  

g e m e te n  verhoogde o estro g en e  p o ten tie s  in  de gal 

rede lijk  goed (m aar n e t n ie t sign ifican t) co rre le ren  

m e t de verhoogde  v ite llo g en in e-g eh a lten  in  h e t 
b lo ed p lasm a  van  m an n e lijk e  b ra sem s. De ER- 

CALUX bep a lin g  in  de gal k an  b esch o u w d  w o rd en  

ais e e n  ind ica tie  van  de b loo tste lling  van  een  vis 

a an  (xeno-)oestrogenen , te rw ijl v ite llogen ine- 
in d u c tie  een  in d ica tie  geeft van  ac tue le  o estrogene  

effec ten . Er w a ren  goede co rre la ties tu s se n  de 

v ite llo g en in e-in d u c tie  in  b loed  e n  de ER-CALUX 
bepa ling  in  gal m e t de n o n y lfen o len  en  de nonyl- 
feno le thoxy la ten  in  h e t sp ierw eefse l van  m a n n e lij­

ke b ra sem s. De co rre la tie  tu s se n  be ide  b io m ark ers  

en  de co n cen tra tie s  (xeno-)oestrogenen , g em e ten  

in  opperv lak tew ater, zw evende s to f  e n  se d im e n t 
op de vangstlocaties, w as m in d e r  goed.
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F 0 .6  Geslachtsverschuiving van jonge zebravissen na blootstelling van de ouderlijke 

vissen en de eieren/pasgeborenen in verschillende combinaties van ‘Dutch 

Standard Water (d  sw ), i7ß-oestradiol (E2), synthetischen geloosd rwzi-effluent.

VTG (ng/m l)

103 - 104 105- 106 > 107

F 0 .7  Frequentieverdeling van vitellogenine (ng/ml) in mannelijke 

regenboogforel na in  s itu  blootstelling aan rwzi-effluent.

O p basis van  de aan w ezig h e id  van  de (xeno)- 

o e s tro g en e  s to ffen  in  opperv lak tew ater e n  de 
voora lsnog  bep erk te  eco toxicologische gegevens 
van  oestro g en e  effec ten  op w a te ro rg an ism en , 

k an  aan n e m e lijk  w o rd en  g em aa k t d a t vooral 

h e t  sy n th e tisch e  h o rm o o n  iy a -e th in y lo e s trad io l 

a lsm ed e  de n o n y lfen o len  (ais a fb raak p ro d u c t 
van  nony lfeno le thoxy la ten ) en  in  m in d e re  m a te  

m o g elijk  ook h e t n a tu u r lijk e  h o rm o o n  o estro n  

v eran tw oorde lijk  k u n n e n  z ijn  voor de o estrogene  
effec ten  op in  h e t  w ild  levende v issen . Bisfenol-A  
lijk t van  g erin g e  be tek en is  te z ijn . V ooralsnog

b lijft de ro l van  fta la ten  on b ek en d . De oestro g en e  

po ten tie , g e m e te n  m e t de ER-CALUX, is laag voor 

fta la ten , m e t u itz o n d e rin g  van  DMP e n  BBP.
D it is ook h e t geval voor de g eb ro m ee rd e  b rand- 

v e rtragers  PBB’s e n P B D E ’s .B ij de g eb ro m eerd e  

b ran d v ertrag e rs  is h e t n ie t zo zee r de v e rm een d e  
oestro g en e  p o ten tie  (via de ER-receptor) die 
a an d ach t vere ist, ais w el de w erk in g  via A h-recep- 

to r (zoals bij PCB- e n  d iox ine-ach tige stoffen) en  

de m ogelijke  v e rs to rin g  van  de sch ildk lier(thyro id) 
h o rm o o n h u ish o u d in g .



Aanbevelingen 

Beleidsmatig
•  V ersto rin g  van  h e t h o rm o o n sy s teem , zoals 

verv rouw elijk ing , z o u  m e e r a an d ach t m o e ten  
k rijg en  bij de ris ico b eo o rd e lin g  van  sto ffen .
O m  deze red en  is h e t w ense lijk  d it ais één  van  de 

ecotox ico log ische p a ram e te rs  op te n e m e n  in  de 

m e th o d iek  van  m ilieu ris ico - e n  sto fbeoo rdeling . 
O estro g en e  effec ten  op w a te ro rg a n ism e n  k u n n e n  
bij veel lagere co n cen tra tie s  o p tred en  d an  b ijvoor­

bee ld  dodelijke effec ten  o f  effec ten  op de groei. 

N aast p e rs is te n te  en  b io acc u m u le ren d e  sto ffen , 

die vaak goed ad so rb e ren  aan  zw evende stof, 
lijk en  b in n e n  de ris icobeoo rde ling  van  s to ffen  -  

a lth an s  voor o estro g en e  o n treg e lin g  -  ook niet- 

hydro fobe (en m ogelijk  goed b io log isch  a fb reek ­

bare) s to ffen  van  belang .

•  In  de li te ra tu u r  is m o m e n te e l w ein ig  ecotoxicol­

og ische  in fo rm a tie  v o o rh an d en  m e t b e trek k in g  to t 

o es tro g en e  effec ten  op w a te ro rg an ism en .
H ie rd o o r o n ts ta a t slech ts een  b ep e rk t beeld  van  de 

e rn s t van  de aanw ezigheid  van  (xeno-)- oestro g en e  

s to ffen  in  h e t a q u a tisch  m ilieu . H e t is daa ro m  
g ew en st om  ex p erim en tee l o n d erzo ek  u it  te 
v o eren  n a a r  de fe m in ise re n d e  effec ten  op b ijvoor­

beeld  v issen  van  een  b ep e rk t aan ta l (xeno-)- 

o es tro g en e  sto ffen . V oor selectie  van  deze (xeno-)- 

o es tro g en e  s to ffen  d ie n t a a n s lu itin g  te  w orden  
g ezo ch t bij de p rio rita ire  E U -stoffenlijst m e t 

b e trek k in g  to t h o rm o o n o n treg e lin g . De vo lgende 

s to ffen  k u n n e n  h ierb ij in  besch o u w in g  w o rd en  
g en o m en : de n a tu u r lijk e  h o rm o n e n  o es tro n  en  
i7ß -oestrad io l, h e t sy n th e tisch e  h o rm o o n  17a- 

e th in y lo es trad io l, de nony lfeno le thoxy la ten , 

n o n y lfen o len  e n  voo ra lsnog  de fta la ten  DE H P,
DEP e n  DMP.

•  Een ee rs te  sc reen in g  van  s to ffen  o f  w a te r­

s tro m e n  op oestro g en e  p o ten tie  k an  p laa tsv in d en  

doo r m id d e l van  de in  vitro ER-CALUX test, n a d a t 
deze m e th o d e  v e rd e r g es tan d aa rd isee rd  is. O m  

ee n  in d ru k  te  k rijg en  van  de voorspe llingsw aarde  

van  deze in  vitro te s t voor fe m in ise re n d e  effec ten  
in  in  vivo e x p e rim en ten , z o u d e n  deze te s tm e th o ­
d en  vooralsnog beide  u itgevoerd  d ien en  te w orden .

•  In  h e t L O E S-onderzoek is z ee r b ep e rk t aan d ach t 

b esteed  aan  de em iss ie  van  n a tu u r lijk e  h o rm o n e n  

u it m e s t van  de in ten siev e  veehouderij n a a r  h e t 
opperv lak tew ater. H e t is o n b ek en d  hoeveel van 

deze h o rm o n e n  daadw erkelijk  in  de slo ten  te rech t 

k o m e n  e n  in  w elke m a te  h ie rd o o r fe m in ise re n d e  

e ffec ten  op v issen  o p tred en . De b ru to -excretie  
van  n a tu u r lijk e  h o rm o n e n  u it  de N ederlandse  

veestapel is vele m a le n  g ro te r d an  die van  de 

m en se lijk e  p o p u la tie . N ader o n d erzo ek  n a a r  de 

em iss ie ro u te  van  de n a tu u r lijk e  h o rm o n e n  u it 
m e s t van  de in ten siev e  veehouderij n a a r  h e t 

opperv lak tew ater is gew enst. H e tze lfde  ge ld t voor 

de aan w ezig h e id  van  deze o e s tro g en en  in  p o ld e r­

slo ten  en  de m ogelijke  fe m in ise re n d e  effec ten  
h ie rv an  op m an n e lijk e  v issen  in  deze slo ten .

Monitoring
•  U it de veld s tud ie  in  LOES b lijk t dat de fe m in ise ­

ren d e  effec ten  op v ispopu la ties  z ich  h e t s te rk s t 

m a n ife s te re n  in  reg io n a le  w a te ren  die s te rk  

beïnv loed  w o rd en  d o o r lokale (xeno-)oestrogene 
e m iss ie b ro n n e n . L ichte to t m atig e  fe m in ise re n d e  

e ffec ten  op v issen  z ijn  aan g e tro ffen  in  de g ro te  

zoete  R ijksw ateren . In  o p en  zee  e n  de N ed er­

lan d se  e s tu a ria  w erd en  g een  n o em en sw aard ig e  
e ffec ten  op v issen  gevonden . G eadv iseerd  w ord t 

de fe m in ise re n d e  effec ten  op v issen  te m o n ito re n  

n a a s t de ch em isch e  analyse van  (xeno-) o estrogene  
sto ffen .
De vo lgende p a ram e te rs  k u n n e n  w o rd en  g eb ru ik t 

in  to ek o m stig e  m o n ito r in g s tu d ie s :

•  •  De h o rm o n e n  oestro n , iy ß -o estrad io l en
h e t sy n th e tisch e  iy a -e th in y lo e s trad io l in  w ater 
(alleen  bij lagere  d e tec tie lim ie ten  van  de 

an a ly sem ethoden );

•  •  N ony lfeno len  en  nony lfeno le thoxy la ten  in
zw evende s to f  e n  sed im en t;

•  •  E r - C A L U X  in  vitro t e s t  t o e p a s s e n  a i s  ' s c r e e n -

in g s ’-te s tm e th o d e  voor h e t bep a len  van  de 

o es tro g en e  p o ten tie  van  opperv lak tew ater en  
afvalw ater (alleen  n a  s tan d aa rd isa tie  van  de 
te s tm e th o d e , in c lu s ie f  de extractie);

•  •  F em in ise ren d e  effec ten  op v issen  in  zoet

e n  zo u t w a te r m e t b e h u lp  van  b iom arkers:
•  •  V ite llogen inegeha lte  in  b lo ed p lasm a  van

m a n n e lijk e  v issen ;



•  •  •  Er -CALUX p o ten tie  in  de gal van

m an n e lijk e  v issen;
•  •  •  H isto lo g isch  o n d erzo ek  aan  de g o n ad en  van

m a n n e l i jk e  v issen  bij verhoogde  vitelloge- 

n in e -g eha l ten  en  ER-CALUX-waarden.

Vervolgonderzoek
•  N ader o n d erzo ek  is n od ig  n a a r  de eco log ische 

re levan tie . W at z ijn  de gevolgen  voor rep ro d u c tie  

e n  de v ispopu la tie  van  fe m in ise re n d e  v e rsch ijn se ­
len  zoals v ite llo g en in e-in d u c tie  in  h e t b lo ed p lasm a 

e n  in te rse k su a lite it van  m an n e lijk e  v issen?

•  In  h e t vo o ro n d erzo ek  van  LOES is de in v itro  ER- 
CALUX te s t de m e e s t be lovende te s t g eb leken  voor 

h e t  a a n to n e n  van  oestro g en e  p o ten tie  in  m ilieu - 

m o n s te rs . D it w erd  du id e lijk  n a  vergelijk ing
m e t de veelal in  h e t b u ite n la n d  g eb ru ik te  in  vitro 
te s te n  (‘estrogenreceptor’- b in d in g s te s t, d e ‘yeast 

estrogen’-te s t (YES) e n  de ‘E-screen’-tes t). O m  de 

ER-CALUX te s t te  k u n n e n  g eb ru ik en  als 
sc re e n in g s te s t is h e t noodzake lijk  de opw erk ing  
(extractie e n  clean-up) van  de m ilie u m o n s te rs  

v e rd e r te o p tim a lise ren , te  v a lid eren  e n  te 

s ta n d a a rd ise re n . O ok d ie n t de re la tie  m e t de in  
vivo te s ten  n a d e r  te  w o rd en  beschouw d .

•  U it de ch em isch e  m ee tgegevens van  LOES b lijk t 

d a t (xeno-) o estro g en e  s to ffen  d iffu u s v e rsp re id  in  
lage co n cen tra tie s  in  h e t zoete  opperv lak tew ater 
van  N ed erlan d  v o o rkom en . D it g e ld t ook voor 

o p en  zee e n  e s tu a ria . H oge con cen tra tie s  

g eb ro m ee rd e  b ran d v ertrag e rs , in  h e t b ijzo n d er 
BDE 2 0 9 , z ijn  a an g e tro ffen  in  h e t zw evende s to f  
van  de W este rsch e ld e . N agegaan  zo u  m o e ten  

w o rd en  w elke e m iss ie b ro n n e n  deze hoge  co n cen ­

tra tie s  BDE 2 0 9  in  de W este rsch e ld e  veroo rzaken  
e n  w at de nad e lig e  gevolgen  k u n n e n  z ijn  voor
h e t a q u a tisch  m ilieu , ook op de lange  te rm ijn .

O ok zo u  gekeken  m o e te n  w o rd en  n a a r  de 

aan w ezig h e id  van  an d e re  (lagere) g eb ro m eerd e  
v e rb in d in g e n  in  de W este rsch e ld e , o n d e r  an d ere  
ais m ogelijk  a fb raak p ro d u c t van  de g em e ten  

g eb ro m ee rd e  b ran d v ertrag e rs .

•  In  reg en w a te r w o rd t in  vitro o estro g en e  p o ten tie  
aan g e to o n d  die vergelijkbaar is m e t die van  o p p er­
v lak tew ater. N agegaan  zo u  m o e te n  w o rd en  o f  deze

oestro g en e  p o ten tie  vaker w o rd t g e m e te n  in  re g e n ­

w ater en , zo ja, w elke o estro g en e  s to ffen  h iervoor 

v eran tw oorde lijk  z ijn .

•  De d e tec tieg ren zen  van  de an a ly sem eth o d en  

voor de h o rm o n e n  z ijn  w elisw aar laag  (< 0,3 ng/1 
to t < 0 ,8  ng/1), m a a r  liggen  in  de b u u r t  van, o f  z ijn  
h o g e r dan , de concen tra tie s  w aarb ij (oestrogene) 

effec ten  op v issen  z ijn  aan g e to o n d . V erlag ing  

van  de d e tec tieg ren zen  van  deze an a ly seg ren zen  
is gew en st o m  m e e r  zek e rh e id  te k rijg en  over
de aan w ezig h e id  van  de h o rm o n e n  in  h e t w ater- 

m ilieu .

•  W ein ig  in fo rm a tie  is b esch ik b aa r over de 
b io log ische  a fb reek b aa rh e id  van  de n a tu u rlijk e  

oestro g en e  h o rm o n e n  iy a /ß -o e s tra d io l, o estron  

en  h e t sy n th e tisch e  h o rm o o n  iy a -e th in y lo es tra - 
diol. M eer gegevens over b io log ische  afb raak  
o n d e r an aë ro b e  (m est) e n  aërobe  (oppervlaktew a­

ter, bodem ) o m s ta n d ig h e d e n  is gew enst.

•  E fflu en ten  van  rw z i’s z ijn  ge ïd en tif icee rd  ais 
e m iss ie b ro n n e n  die e en  oestro g een  effect op 

v issen  k u n n e n  h eb b en  in  d ien  h e t rw zi-e ffluen t 

e en  aan z ien lijk  deel u itm a a k t van  h e t opperv lak te­
w ater. A n d ere  m ogelijke  e m iss ie b ro n n e n  van 
(xeno-)oestrogenen  z ijn  specifieke in d u s trië le  

a fva lw aters trom en , m es t, reg en w a te r e n  ru w  

stedelijk  rioo lw ater. M eer k en n is  is g ew enst 

over de ro l die deze e m iss ie b ro n n e n  e n  an d e re  
v a riabe len  k u n n e n  sp e len  in  h e t veroo rzaken  

van  oestro g en e  effec ten  op in  h e t w ild levende 

v issen . ■



Summary

LOES-a short  version
T he h a rm fu l effects th a t en d o crin e -d isru p tin g  
co m p o u n d s  exert in  th e  (aquatic) e n v iro n m e n t 
are  a ttrac tin g  th e  a tten tio n  o f  sc ien tis ts  an d  w ater 

quality  m a n a g e m e n t p ro fessio n a ls  a ro u n d  the  

w orld . A tten tio n  is also b e in g  devoted  to th is 
su b jec t in  th e  N e th e rlan d s . C learly, th e  m a in  
q u es tio n s  are: h ow  ‘s e r io u s ’ is it?; w h a t a re  th e  

m a in  causes a n d  w h ich  follow -up po licies an d  

re se a rc h  sh o u ld  be in itia ted?

T he  ‘N ational investigation into the occurrence and  

effects o f  estrogenic compounds in  the aquatic environ­

m en t’ (D utch  acronym , LOES), is a base-line  study  
th a t p rov ides a p ic tu re  o f  th e  occu rrence  o f  a 
n u m b e r  o f  n a tu ra l a n d  syn the tic  e s tro g en s  in  

th e  aq ua tic  e n v iro n m e n t as w ell as a view  o f  th e  

assoc ia ted  estro g en ic  effects in  f ish  in  su rface  
w ater. T he  re su lts  o f  th e  study  a re  described  in  
th is  rep o rt. T hey  p rov ide an  objective a s se ssm e n t 

o f  th e  n a tu re  a n d  scope o f  th e  co n cen tra tio n s 

m e a su re d  an d  th e  effects on  th e  aqua tic  

e n v iro n m e n t. A subjective s ta te m e n t on  w h e th e r 
a p a rticu la r effect is ‘b ad ’ o r un accep tab le  from  

a n  e n v iro n m e n ta l perspective  w ill be covered  in  

various policy fram ew orks a t a la te r stage.

Compound and source

T he LOES in v es tig a tio n  show s th a t a lm o s t all th e  

se lec ted  en d o c rin e -d is ru p tin g  co m p o u n d s  w ere 
p re s e n t a t low  co n cen tra tio n s  in  th e  D u tch  aqua tic  
e n v iro n m e n t, an d  th a t a t so m e  locations, they  

w ere  fo u n d  a t h ig h e r  levels. W ith  few  exceptions, 

th e  levels o f  n a tu ra l h o rm o n es , iy a-es trad io l, an d  
i7 ß -estrad io l a n d  i7 a -e th y n y les trad io l (the active 
in g re d ie n t o f  th e  con tracep tive  pill) in  surface  

w a te r w ere  below  th e  lim it o f  de tec tion . T he 

n a tu ra l h o rm o n e  e s tro n e  how ever w as fo u n d  

above th e  lim it o f  d e tec tion  in  h a lf  o f  th e  surface  
w a te r sam p les . T he  values reco rd ed  an d  th e

ch em ica l d e tec tio n  lim its  w ere  o f  th e  sam e  o rder 

o f  m a g n itu d e  as th e  e stro g en ic  effect co n c e n tra ­

tions fo r fish  k now n  fro m  th e  lite ra tu re .

P h tha la tes  (used  as so ften in g  ag en ts  in  plastics) 

an d  b ispheno l-A  (an in d u s tr ia l in te rm ed ia ry  u sed  

in  th e  p ro d u c tio n  o f  c e rta in  sy n the tic  m ateria ls) 
w ere  fo u n d  in  a lm o s t all en v iro n m en ta l sam p les. 
P h tha la tes  w ere  also fo u n d  in  ra in w a te r, a t levels 

s im ila r to su rface  w ater. T he  m o s t co m m o n  ph tha- 

late w as d i(2 -e thy lhexyl)ph thalate  (DEHP). I t was 
fo u n d  in  m u n ic ip a l w astew ater an d  su rface  w ater. 
H ow ever, th is  p h th a la te  has a very low  estro g en ic  

p o tency  (m easu red  in  in  vitro  tes ts), an d  estro g en ic  

effects o n  te s t b io ta  have as yet n o t b een  d e m o n ­
stra ted .

O f  th e  a lky lpheno l e thoxylates, th e  non y lp h en o ls  

a n d  th e  n o n y lp h en o l e thoxylates (used in  in d u s ­

tr ia l c lean in g  agen ts) w ere  fo u n d  in  su ffic ien tly  
h ig h  co n cen tra tio n s , particu la rly  in  su sp e n d e d  

m a tte r  in  su rface  w ater, to cause  e stro g en ic  effects 

in  fish .

T he  po lyb rom ob ipheny ls  (PBBs), a g ro u p  o f  

b ro m in a te d  flam e re ta rd an ts , w ere  genera lly  n o t 

fo u n d  in  su sp e n d e d  m a tte r  o r sed im en t. T he 

c o n g en ers  BDE 47, BDE 9 9  a n d  BDE 2 0 9  o f  th e  
p o ly b rom od ipheny l e th e rs  (PBDEs) (an o th e r 

g ro u p  o f  b ro m in a te d  flam e re ta rd an ts) w ere  

fo u n d . E xtrem ely  h ig h  co n cen tra tio n s  o f  BDE 2 0 9  
(deca-PB DE) w ere  m e a su re d  in  su sp e n d e d  m a tte r  
in  th e  W este rn  Scheldt.

Compound and effect

Field s tu d ies  ind ica te  th a t no  rem ark ab le  e s tro ­
gen ic  effects w ere  observed  in  m ale  f ish  in  open  

sea an d  in  D u tch  e s tu a rie s . M in o r to m o d era te  

e stro g en ic  effects w ere  observed  in  f ish  in  th e  

m a jo r in lan d  su rface  w ate rs . T he  in c id en ce  o f  
fem in iz in g  effects in  m ale  f ish  is la rg e s t in  sm all



reg io n a l su rface  w aters th a t a re  s trong ly  in f lu ­

en ced  by p o ten tia l sou rces o f  e m iss io n  o f  p o ten tia l 

h o rm o n e -d is ru p tin g  co m p o u n d s , su c h  as specific 
in d u s tr ia l w astew ater s tre am s , b io logically-treated  

a n d  u n tre a te d  m u n ic ip a l w astew ater an d  ru n -o ff  

a n d  leach in g  fro m  ag ricu ltu ra l m a n u re .

In  th e  LOES pro jec t, th e  e s tro g en ic  p o tency  o f  

one  specific source  o f  em iss io n , th e  e ff lu en t o f  th e  

sew age tre a tm e n t p lan t, w as fu r th e r  investiga ted  
in  detail a n d  co n firm e d . T he  e ff lu en t o f  th e  
E indhoven  STP w as ch o sen  since  its d ischarge  

re p re se n ts  a co n sid erab le  p ro p o r tio n  o f  th e  

receiv ing  su rface  w ater, th e  river D om m el. 
E xtrem ely  h ig h  co n cen tra tio n s  o f  v ite llogen in  
(a p re c u rse r  yolk p ro te in ) w ere  fo u n d  in  th e  b lood 

p la sm a  o f  w ild  m ale  b re a m  in  th e  receiv ing  w ater. 

A lso a h ig h  p reva lence  o f  in tersexua lity , a co n d i­
tio n  in  w h ich  oocytes a re  fo rm ed  in  te s ticu la r 
tis su e , w as observed. T h ro u g h  ad d itio n a l re sea rch  

w ith  in  vitro an d  in  vivo b ioassays, b o th  in  the  

labo ra to ry  a n d  on  loca tion  (in th e  STP e ff lu en t an d  
th e  receiv ing  su rface  w ater), th e  h o rm o n e s  an d  
nony lpheno l(e thoxy la te)s in  p a rticu la r ap p ea r to 

be  re sp o n sib le  fo r th e  e s tro g en ic  effects show n. 

T h is  is a s im ila r re s u lt to th o se  fo u n d  ab road . As 
fa r  as is cu rren tly  know n , th e  o th e r co m p o u n d s  
in v estiga ted  su ch  as p h th a la te s  a n d  b ispheno l-A  

play  a less s ig n ifican t ro le  in  th e  en d o crin e  

d is ru p tio n  o f  aqua tic  o rg an ism s . T he  co n tr ib u tio n  

o f  b ro m in a te d  flam e re ta rd an ts  is as yet u n k n o w n , 
b u t is also expected  to be o f  le sse r sign ificance . 

T h ese  co m p o u n d s  a re  likely to be m o re  re lev an t as 

h o rm o n e  d is ru p te rs  in  o th e r h o rm o n e  system s.

Recommendations

O n th e  basis o f  th e  overview  o b ta ined  o f  th e  

o ccu rren ce  o f  (xeno-) e stro g en s in  th e  aquatic  
e n v iro n m e n t an d  fem in iza tio n  observed  a m o n g s t 
w ild  f ish  in  th e  LOES survey, th e  fo llow ing 

re c o m m e n d a tio n s  have b een  m ade:

•  E ndocrine  d is ru p tio n , su c h  as fem in iza tio n , 
sh o u ld  be a ss ig n ed  g rea te r focus in  th e  risk  a sse ss ­

m e n t  o f  su b s tan ces . It is th e re fo re  desirab le  th a t it 

b e  in c lu d ed  as one  o f  th e  ecotoxicological p a ra m e ­

te rs in  en v iro n m en ta l risk  a s se ssm e n t an d  c h e m i­
cal a s se ssm e n t. E strogen ic  effects a m o n g s t aqua tic

o rg an ism s m ay  occu r a t fa r  low er co n cen tra tio n s  

th a n  fo r exam ple  le th a l effects o r effects im p ac tin g  

g row th . In  ad d itio n  to p e rs is te n t an d  b ioaccum ula- 
tive co m p o u n d s , th a t genera lly  so rb  read ily  to 

su sp en d ed  m a tte r , non -h y d ro p h o b ic  c o m p o u n d s 

also ap p ea r s ign ifican t, a t leas t w ith  re sp ec t to 

en d o c rin e  d is ru p tio n .

•  In  th e  LOES survey, only  very lim ited  a tten tio n  

w as devoted  to th e  e m iss io n  o f  h o rm o n e s  fro m  
m a n u re  o f  in ten siv e  cattle  h u sb a n d ry  to surface  
w ater. It is n o t k now n  how  m u c h  o f  th e  h o rm o n es  

ou t o f  th e  m a n u re  w ill reach  th e  su rface  w a te r an d  

(probably) do affect fish . T he  g ross excre tion  o f  
n a tu ra l h o rm o n e s  fro m  D u tch  livestock is m an y  
tim es la rg er th a n  th o se  o f  th e  h u m a n  p o p u la tio n . 

F u tu re  re sea rch  sh o u ld  th e re fo re  focus on 

e m iss io n  ro u tes  o f  th e  n a tu ra l h o rm o n e s  fro m  

in ten siv e  cattle  h u sb a n d ry  to su rface  w aters th e  
p re sen ce  o f  n a tu ra l h o rm o n e s  in  p o ld e r d itches 

a n d  th e  fe m in iz in g  effects o f  m ale  f ish  fo u n d  

there .

•  F u rth e r  in v estig a tio n  is re q u ire d  in to  th e  ecolog­

ical re levance, in c lu d in g  th e  im p ac t on  rep ro d u c ­

tio n  a n d  fish  p o p u la tio n s , w ith  o f  th e  occu rrence  
o f  fem in iz in g  effects su ch  as v ite llogen in  in d u c tio n  
in  b lood  p la sm a  an d  in te rsex u a lity  in  m a le  fish .

•  T he  lim its  o f  d e tec tion  o f  th e  analy tical m e th o d s  
fo r th e  h o rm o n e s  a re  a lready  u ltra  low  (< 0.3 n g /L  
to < 0 .8  ng /L ), b u t a re  nev e rth e less  in  th e  ran g e  or 

h ig h e r  th a n  th e  co n cen tra tio n s  a t w h ich  (fem in iz ­

ing) effects have b een  d em o n s tra ted  in  fish . A 

red u c tio n  in  th e  lim its  o f  d e tec tion  o f  th is  analysis, 
i f  techn ica lly  feasib le , is th e re fo re  desirab le .

•  In  th e  LOES p re lim in a ry  inves tiga tion , th e  ER- 
CALUX, a n  in  vitro b ioassay , w as show n  to be th e  
m o s t su itab le  fo r in d ica tin g  e stro g en ic  po tency  in  

en v iro n m e n ta l co m p a r tm e n ts . T h is w as clearly 

show n  afte r co m p arin g  it to in  vitro tes ts  
co m m o n ly  u sed  ab ro ad  su c h  as th e  ‘ER binding’ 
te s t’, th e  ‘yeast-estrogen’ te s t (YES) an d  th e  ‘E-screen’ 

te s t. In  o rd e r to be ab le  to u se  th e  in  vitro  E R- 

CALUX assay  as sc reen in g  tes t, th e  p re tre a tm e n t 
(extraction  m e th o d  an d  c leanup) o f  th e  en v iro n ­
m e n ta l sam p les w ill have to be fu r th e r  op tim ized



a n d  validated . T he  re la tio n sh ip  w ith  th e  in  vivo 

te s ts  w ill also have to be  fu r th e r  d e te rm in ed .

•  T he  LOES field  study  ind ica tes  th a t e stro g en ic  

effects in  fish  p o p u la tio n s  are  la rg e s t in  reg ional 

w aters th a t a re  s trong ly  in f lu en ced  by local 
sou rces o f  em iss io n . W eak  to m o d era te  estro g en ic  
effects in  fish  w ere  fo u n d  in  large fre sh w ate r 

bod ies , w ith  no  rem ark ab le  effects fo u n d  in  fish  

in  open  sea a n d  in  D u tch  e s tu a rie s . It is re co m ­

m e n d e d  th a t e s tro g en ic  effects a re  in c lu d ed  
besides th e  chem ica l d e te rm in a tio n  o f  som e 

(xeno-) e s tro g en s  in  fu tu re  m o n ito r in g  

p ro g ra m m e s . A co m b in a tio n  o f  th e  fo llow ing 

co m p o u n d s  a n d  b io logical effects tech n iq u es  
cou ld  be used :

•  •  T he h o rm o n e s  e s tro n e , iy ß -estrad io l an d

iy a -e th y n y les trad io l in  w ate r (only w ith  low er 
lim its  o f  d e tec tion  o f  th e  analy tical m ethods);

•  •  N ony lpheno ls an d  n o n y lp h en o l ethoxylates

in  su sp e n d e d  m a tte r  a n d  sed im en t;

•  •  T he ap p lica tion  o f  th e  ER-CALUX bioassay  as a
p re -sc reen  to assess  th e  to ta l e s trogen ic  
po tency  o f  su rface  w ate r a n d  w astew ater (only 

a fte r s tan d a rd iz a tio n  o f  th e  te s tin g  m e th o d , 

in c lu d in g  extraction);
•  •  F em in iz in g  effects in  fish  in  fre sh w a te r an d

m a r in e  w ate r w ith  b iom arkers:

•  •  •  V ite llogen in  co n te n t in  b lood  p la sm a  o f

m ale  fish;
•  •  •  ER-CALUX po tency  in  bile f lu id  o f  m a le  fish;
•  •  •  G onadal h is to logy  o f  m a le  f ish  in  th e  even t

o f  h ig h  p la sm a  v ite llogenin  concen tra tions  

a n d  ER-CALUX respo nses .

•  E ffluen ts fro m  STPs, w h ereby  th e  STP e ff lu en t 

m ak es u p  a co n sid erab le  p ro p o r tio n  o f  th e  su rface  

w ater, have b een  id en tif ied  as a sou rce  o f  e m iss io n  
th a t m ay  cau se  a fem in iz in g  effec t in  f ish  in  th e  
su rface  w ater. O th e r p o ten tia l sou rces o f  e m iss io n  

o f  (xeno-) e s tro g en s  in c lu d e  specific in d u s tria l 

w astew ater, m a n u re , ra in w a te r an d  u n tre a te d  
m u n ic ip a l w astew ater. M ore know ledge re la ting  
to  th e  ro le  th a t th e se  sou rces o f  e m iss io n  and  

o th e r variab les m ay  play in  th e  ac tua l occu rrence  

o f  e s tro g en ic  effects in  w ild  f ish  is desirab le .

Background
O ver re c e n t decades, d is ru p tio n s  in  re p ro d u c tio n  
o f  a n u m b e r  o f  species have b een  show n . T hese  

d is ru p tio n s  a re  asc ribed  to th e  in f lu en ce  o f  p a rtic ­

u la r  c o m p o u n d s  in  th e  (aquatic) e n v iro n m e n t on 

th e  h o rm o n e  system s o f  exposed  an im a ls  o r th e ir  
o ffsp ring . E xam ples in c lu d e  th e  o ccu rren ce  o f  

rep roduc tive  an d  d ev e lopm en ta l d is ru p tio n s  in  

sna ils , fish , p isc ivo rous b ird s, a lligators an d  sea 
m a m m a ls  (C olborn  et al., 1992; C STEE, 1999 ). 
C hanges have b een  fo u n d  in  sexual o rgans 

(fem in iz in g  effects in  m a le  species an d  m ascu la t- 

in g  effects in  fem ales), d ecreased  fertility  an d  

a lte red  m a tin g  behav io r. T h ese  effects can  
u ltim a te ly  lead  to in d iv id u a l in fertility , re s tr ic t th e  

rep ro d u c tio n  o f  a p o p u la tio n  an d  negatively  in f lu ­

ence  th e  func tio n a lity  o f  th e  ecosystem  as a w hole.

A w ell-know n exam ple  o f  h o rm o n a l d is ru p tio n  in  

fem ale  species is th e  o ccu rren ce  o f  m ale  sexual 

ch arac te ris tics  a m o n g  fem ale  m a r in e  snails  a long  

busy  sh ip p in g  ro u te s  in  th e  N o rth  Sea (H allers- 
T jabbes et al., 1994). T h ese  effects have b een  

asc ribed  to th e  h o rm o n e -d is ru p tin g  p ro p e rtie s  o f  

o rg an o tin  co m p o u n d s  (TBT) u sed  in  an ti-fou ling  
pa in ts  o n  sh ip s.

A n exam ple  o f  fem in iza tio n  in  m a le  f ish  inc ludes 

B ritish  re sea rch  fin d in g s fro m  th e  m id -g o s  th a t 
w ere  a f irs t in d ica tio n  o f  w ide-sp read  effects o f  
estro g en ic  c o m p o u n d s  in  th e  aqua tic  en v iro n ­

m e n t. M ale ro ach  in  river system s d em o n s tra ted  

estro g en ic  (fem in iz ing) effects in  th e  v icin ity  o f  
STPs su ch  as in c reased  co n cen tra tio n s  o f  fem ale  
yolk p ro te in  v ite llogen in  in  b lood  p lasm a . A n 

ex trem ely  h ig h  p revalence  o f  fem ale  sexual ch a rac ­

teristics w as also fo u n d  in  m a le  f ish  (in tersexual­

ity) (Jobling, 1998). Locally th is  w as as h ig h  as 
9 0 %  o f  th e  p o p u la tio n  investiga ted . F em in iz in g  

effects w ere  also  sh o w n  fo u n d  in  f lo u n d e r  in  

es tu a rie s  a long  th e  W elsh  an d  E ng lish  coast. 
A lm ost all m a le  f lo u n d e r  show ed  ev idence o f  
in c reased  v ite llogen in  co n cen tra tio n s  a n d  u p  tp  

20 %  o f  all f ish  in  th e  m o s t p o llu ted  e s tu a rie s  

show ed  in te rsexua lity  (A llen et al., 1 9 9 9 a , 1 9 99b ).



European policy
Follow ing d is tu rb in g  in d ica tio n s on  th e  decline 
o f  sp e rm  quality  in  h u m a n s  an d  th e  field  s tud ies  

m e n tio n e d  above fro m  G rea t B rita in  in  th e  9 0 s , 

a tte n tio n  has b een  devoted  to h o rm o n e -d is tu rb in g  

co m p o u n d s  w ith in  th e  EU fo r so m e  years. A t th e  
e n d  o f  th e  9 0 s , th e  E u ro p ean  P a rliam en t was 

o ften  h e a rd  to q u es tio n  th e  E u ro p ean  C o m m iss io n  

on  th e  u se  an d  reg u la tio n  o f  a n u m b e r  o f  

su sp ec ted  h o rm o n e -d is ru p tin g  co m p o u n d s . In  
1 9 9 9 , th e  C o m m iss io n  an n o u n c e d  its p lan  o f  

ap p ro ach  k now n  as th e  ‘C om m unity  Strategy fo r  

Endocrine D isrupters’ (COM 7 0 6 ,1 9 9 9 ) .  T h is  p ap e r 
in c lu d ed  follow -up ac tions re la tin g  to in te rn a ­
tio n a l coo p era tio n , th e  d ev e lo p m en t o f  lists o f  

co m p o u n d s  w ith  p o ten tia l h o rm o n e -d is ru p tin g  

co m p o u n d s , th e  d is tr ib u tio n  o f  in fo rm a tio n  to th e  

g en e ra l pub lic , th e  d ev e lo p m en t o f  in te rn a tio n a l 
m o n ito r in g  p ro g ram s, an d  so fo rth . A n  exam ple o f  

su c h  a p ro jec t sp o n so red  by th e  E u ro p ean  U n io n  

is th e  COMPREHEND p ro g ram  ( ‘COM munity  
Program o f  Research on E nvironm ental H ormones 
and ENdocrine D isrupters’), w ith  w h ich  th e re  was 

good co o p era tio n  d u rin g  th e  LOES p ro ject.

In  1 9 9 9 , th e  EU w o rk g ro u p  CSTEE1 also p u b lish ed  
its re p o r t ‘H u m a n  and  Wildlife H ealth  Effects o f  

Endocrine D isrupting Chemicals, w ith  emphasis on 

Wildlife and  on Ecotoxicology test m ethods’ (CSTEE, 

I 9 9 9 ) , p rov id ing  a n  ex tensive p ic tu re  o f  th e  
negative  im p ac t o f  h o rm o n e -d is ru p tin g  

co m p o u n d s  o n  various species.

In  th e  year 2 0 0 0 , th e  E u ropean  P a rliam en t 
ra tified  a re so lu tio n  th a t d em an d s  th a t th e  

p recau tio n a ry  p rin c ip le  be app lied  to h o rm o n e- 

d is ru p tin g  co m p o u n d s  a n d  th a t a lis t be d rafted  

o f  co m p o u n d s th a t re q u ire  fu r th e r  follow -up 
m e a su re s . In  2001 , on  th e  basis o f  ‘dedicated cali’, 

th e  EU called u p o n  re sea rch  in s titu te s  to su b m it 

re se a rc h  p roposa ls  in  th e  field  o f  h o rm o n e- 
d is ru p tio n .

In  th e  con tex t o f  OSPAR2, th e  re c o m m e n d a tio n  

w as m a d e  th a t in  ad d itio n  sh o u ld  be devoted  in  th e  
se lec tion  c rite ria  fo r h an d lin g  ecotoxic c o m p o u n d s  
to  h o rm o n e -d is ru p tio n  as ecotoxicological p a ra m e ­

te r  in  ad d itio n  to p e rs is ten ce , b io accu m u la tio n  

a n d  toxicity o f  a co m p o u n d  (OSPAR, 1998). O n  
th e  basis o f  ex is ting  lite ra tu re , a lis t o f  p o ten tia l 
h o rm o n e -d is ru p tin g  co m p o u n d s  w as d rafted  

w ith in  OSPAR b ased  o n  th e  basis o f  in  vivo 

(experim en ts w ith  liv ing o rg an ism s) a n d  in  vitro 
(cell m ate ria l) ex p erim en ts .

National policy of 
the Netherlands
In  th e  N e th e rlan d s , co n ce rn  ab o u t h o rm o n e- 

d is ru p tin g  co m p o u n d s  led  to q u es tio n s  in  th e  

D u tch  po litical Lower C h am b ers  in  1997 . In  
re sp o n se , th e  m in is te r  o f  VROM (D ep a rtm en t o f  
H o u sin g , Spatial P lan n in g  an d  th e  E nv ironm en t) 

d ra fted  a m e m o  ‘Hormoonontregelende stoffen’ 

(H o rm o n e -d is ru p tin g  co m p o u n d s) in  w h ich  a 
su m m a ry  is p rov ided  o f  policy an d  ongo ing  
re sea rch  in to  h o rm o n e -d is ru p tin g  c o m p o u n d s  

(VROM, 1 9 9 9 a). In  th is  m em o , th e  co n c lu s io n  is 

th a t th e  ap p ro ach  to h o rm o n e -d is ru p tin g  co m p ­
ou n d s  sh o u ld  n o t be p rinc ipa lly  d iffe ren t to th a t 
fo r o th e r co m p o u n d s  th a t m ay  cau se  ecotoxicologi­

cal effects. For th is  reaso n , ‘h o rm o n e -d is ru p tio n ’ 

w as in c lu d ed  as one  o f  th e  ecotoxicological p a ra m ­
eters in  th e  n ew  policy d o c u m e n t ‘Strategienota  
O m gaan M et Stoffen’ (S trategy o n  M an ag em en t 

o f  S ubstances) (SOMS) an d  th e re fo re  deserves th e  

sam e  tre a tm e n t as, fo r exam ple, p e rs is ten ce  an d  
b io accu m u la tio n . H ow ever, th e  stra tegy  m em o  
does ind ica te  th a t th e  red u c tio n  o f  h o rm o n e- 

d is ru p tin g  co m p o u n d s  w ill have to w ait u n til 

im proved  m e th o d s  a re  developed  fo r sc reen in g  

c o m p o u n d s fo r h o rm o n e -d is ru p tin g  p ro p e rtie s .

In  1 9 9 9 , o n  th e  re q u e s t o f  th e  M in is te r  o f  VROM, 

th e  H ea lth  C ouncil o f  th e  N e th e rlan d s  d ra fted  a 

re co m m e n d a tio n  en titled  ‘Hormoonontregelaars in  
ecosystemen’ (H o rm o n e  D isru p to rs  in  E cosytem s), 

in  w h ich  it  also sh ares  its c o n ce rn  on  th e  possib le

1 SCTEE Scientific Committee fo r  Toxicity, Ecotoxicity and the

Environment

2 OSPAR The OSPAR treaty was set up by 15 European countries

and the European Union to protect the sea environment

in the north-eastern part of the Atlantic ocean.



negative  im p ac t o f  h o rm o n e -d is ru p tin g  co m ­

p o u n d s  on  th e  aq u a tic  en v iro n m en t. T he H ea lth  
C ouncil th e re fo re  re c o m m e n d e d  th a t an  
in v es tig a tio n  in to  th e  o ccu rren ce  o f  th is  type o f  

co m p o u n d s  in  su rface  w ate r an d  th e ir  po ten tia l 

effects on  aqua tic  o rg an ism s sh o u ld  be ass ig n ed  

p rio rity . T he H ea lth  C ouncil p in p o in te d  som e 
30 co m p o u n d s  as m o s t su sp ec t o f  “h o rm o n e  

d is ru p tio n ’ an d  re lev an t to th e  aqua tic  en v iro n ­

m e n t  in  th e  N e th e rlan d s . T h ese  in c lu d ed  a 

n u m b e r  o f  p e rs is te n t ch lo r in a ted  hyd rocarbons 
(such  as PC B s an d  a n u m b e r  o f  ch lo rin a ted  p e s ti­

c ides), an d  a n u m b e r  o f ‘n ew ’ chem ica ls  su ch  as 

b ispheno l-A , p h th a la te s , alkylphenol(ethoxylate)s 

a n d  b ro m in a te d  flam e re ta rd a n ts . A n u m b e r  o f  
n a tu ra l h o rm o n e s  (iy a -es trad io l an d  iyß -estrad io l, 

e s tro n e ), syn thetic  h o rm o n e s  (iya-e thyny lestra- 

diol, th e  active in g re d ie n t o f  th e  con tracep tive  pill) 
a n d  phy to -estrogens th a t occur n a tu ra lly  in  p lan ts  
w ere  also  d efin ed  as p o ten tia l h o rm o n e  d isrup- 

to rs . T h ese  h o rm o n e s  have h ig h  es tro g en  po tency  

a n d  a re  excre ted  by h u m a n s  a n d  livestock in  

co n sid e rab le  q u an titie s  an d  th e reb y  m ay  fin d  th e ir  
w ay to su rface  w a te r th ro u g h  sew age tre a tm e n t 

p lan ts  an d  ru n -o ff  an d  leach in g  fro m  ag ricu ltu ra l 

lan d  respectively.
T he  H ea lth  C ouncil n o ted  th a t th e re  is no  sing le  
tried -an d -te s ted  ap p ro ach  fo r sy stem atic  m e a s u re ­

m e n t  o f  effects on  aqua tic  o rg an ism s . It th e re fo re  

p ro p o sed  th a t su ch  effect m e a s u re m e n t sh o u ld  

be  a n  ite ra tive  p rocess o f  co o p era tio n  b e tw een  
d isc ip lines in  w h ich  it w ill have to be show n  on  a 

step-by-step  basis w h ich  m e th o d  is m o s t effective. 

In  re sp o n se  (VROM, 19 9 9 b ) to th is  re c o m m e n d a ­
tio n  by th e  H ea lth  C ouncil th e  M in istry  o f  VROM 
re fe rred  to th e  m em o  ‘Hormoonontregelende stoffen’ 

(H o rm o n e -d is ru p tin g  co m p o u n d s) su b m itte d  to 

th e  D u tch  political Lower C h am b ers  e a rlie r th a t 
year a n d  to  SOMS o n  th e  n ew  stra tegy  on  m a n a g e ­
m e n t  o f  su s tan ces . I t w as also sta ted  th a t fu r th e r  

a tte n tio n  w ould  be devoted, in c lu d in g  re sea rch , 

to  th e  p o ss ib le  co n seq u en ces  o f  th e  excre tion  o f  

n a tu ra l h o rm o n e s  by livestock, an d  th e ir  co n cen ­
tra tio n s , in to  sm all p o ld e r d itches in  areas w ith  

in ten siv e  cattle  h u sb an d ry .

Mechanisms of 
hormone disruption
H o rm o n e -d is ru p tin g  effects on  b io ta  as a re s u lt o f  

p a rticu la r ch em icals are  cau sed  by a w ide  variety  

o f  m e c h a n ism s . A t th e  m o m e n t, m o s t a tten tio n  
is focused  on  th e  so-called (xeno-) e s tro g en s . 
(Xeno-) e s tro g en s  a re  n a tu ra l o r syn thetic  (‘x en o ’) 

co m p o u n d s  th a t m im ic  th e  fem in iz in g  effect o f  

n a tu ra l fem ale  sex h o rm o n e  system s by b in d in g  to 

th e  ce llu la r h o rm o n e  recep to r, th ereb y  in d u c in g  a 
re sp o n se . T he  in te rac tio n  be tw een  an  estro g en ic  

h o rm o n e  (or xeno -estrogen ic  co m p o u n d ) an d  its 

re cep to r causes a n u m b e r  o f  reac tio n s th a t ev en tu ­

ally lead  to desired  (or u n in te n d e d ) effects re la tin g  
to rep ro d u c tio n  a n d  deve lo p m en t (see in s e r t an d  

fig u re  0 .0 ). U n d e r n o rm a l con d itio n s , for 

exam ple, th e  fem ale  h o rm o n e  iy ß -estrad io l is 

re sp o n sib le  fo r th e  p ro d u c tio n  o f  v ite llogen in  in  
th e  livers o f  fem ale  fish . It has b een  show n  th a t 

u n d e r  exposu re  to in c reased  co n cen tra tio n s  o f  

(xeno-) e s tro g en ic  co m p o u n d s , m ale  f ish  m ay  also 
p ro d u ce  v ite llogen in . T h is v ite llogen in  in d u c tio n  
in  m a le  f ish  is th e re fo re  one  o f  th e  b io m ark e rs  fo r 

d em o n s tra tin g  e stro g en ic  effects in  th e  aqua tic  

e n v iro n m en t.

LOES project
Since effects o f  h o rm o n e -d is ru p tin g  c o m p o u n d s  
a p p ea r to p rim a rily  occur in  th e  aqua tic  en v iro n ­
m e n t, su ch  as, fem in iza tio n  o f  m ale  f ish  in  

B rita in , im p o sex  p h e n o m e n a  in  coasta l an d  

m a r in e  snails  a n d  rep roduc tive  effects in  two 

p isc ivorous b ird  species (co rm o ran t a n d  co m m o n  
tern ) in  th e  N e th e rlan d s , th e  D u tch  D irectorate- 

G en era l fo r P ub lic  W orks an d  W ate r M an ag em en t 

(Rijkswaterstaat) took th e  in itia tive  in  1997  to 
in itia te  th e  LOES p ro ject, th e  Landelijk Onderzoek  
oEstrogene Stoffen  (N ational in v es tig a tio n  in to  th e  

o ccu rren ce  an d  effects o f  estro g en ic  c o m p o u n d s  

in  th e  aqua tic  en v iro n m en t).
T h is LOES p ro jec t took  p lace in  th e  p e riod  1999- 
2001  a n d  is th e  f irs t m o n ito r in g  e ffo rt w ith  

re sp ec t to d is tr ib u tio n  a n d  effects o f  su sp ec ted  

endocrine- d is ru p tin g  c o m p o u n d s , as p ro p o sed  

by th e  CSTEE a n d  th e  H ea lth  C ouncil o f  th e  
N eth e rlan d s.



T he objectives o f  th e  LOES p ro jec t can  be broadly  

d efin ed  as:
•  D e te rm in in g  th e  o ccu rren ce  o f  n a tu ra l e s tro ­
g en s an d  (xeno-) e s tro g en s  in  various e n v iro n m e n ­

ta l c o m p a rtm e n ts  o f  th e  aq u a tic  en v iro n m en t, 

in c lu d in g  w astew a te r (m un ic ipa l, in d u s tr ia l an d  

ag ricu ltu ra l) , ra in w a te r, a n d  su rface  w ate r (fresh, 
b rack ish  an d  salt), d issolved, in  su sp en d ed  m a tte r , 

se d im e n t an d  bio ta.

•  A ssess in g  th e  o ccu rren ce  o f  fe m in iz in g  effects 
in  w ild fish .

A ssocia ted  a im s inc luded :

•  D e te rm in in g  th e  estro g en ic  po tency  in  th ese  
en v iro n m e n ta l various e n v iro n m e n ta l co m p a rt­
m e n ts  o f  th e  aqua tic  e n v iro n m e n t th ro u g h  in  vitro 

b ioassays.

•  D e te rm in in g  w h a t p ro p o rtio n  o f  th e  e strogen ic  
po tency , as m e a su re d  by in  vitro b ioassays, can  
be  exp la ined  in  te rm s  o f  th e  (know n) m e a su re d  

co n cen tra tio n s  o f  (xeno-) estro g en ic  co m p o u n d s  

in  th e  sam e  sam p les .
•  M aking  re c o m m e n d a tio n s  on  th e  n a tu ra l 
e s tro g en s  co m p o u n d s  a n d  (xeno-) estro g en ic  

co m p o u n d s , b ioassays an d  b io m ark ers  th a t w ould  

be  m o s t ap p ro p ria te  fo r m o n ito r in g  in  th e  fu tu re .

T he  LOES p ro jec t w as lim ited  to a select g ro u p  o f  

‘n ew ’ p o ten tia l (xeno-) e stro g en s th a t m ay  cau se  a 

d irec t fem in iz in g  effect by b in d in g  to an  e stro g en  
recep to r an d  th e reb y  ac tua lly  ac tiva ting  it. A n 
excep tion  in  th is  w as th e  g ro u p  o f  b ro m in a ted  

flam e re ta rd an ts  th a t desp ite  b e in g  se lec ted  as 

xeno -es trogen ic  c o m p o u n d s as a re s u lt o f  th e ir  
m in o r  b in d in g  p o ten tia l to th e  e s tro g en  recep to r, 
a re  m a in ly  k now n  fo r th e ir  thy ro id  h o rm o n e- 

d is ru p tio n  p ro p ertie s . C h lo rin a ted  hyd rocarbons 

w ith  e s tro g en ic  effec t w ere  n o t in c lu d ed  in  th e  
LOES p ro jec t as th ey  a re  a lready  u n d e r  in ves tiga­
tio n  in  o th e r m o n ito r in g  p ro g ram s. Phyto-estro- 

g en s (chem icals o ccu rr in g  n a tu ra lly  in  p lan ts) 

w ere  also  n o t m o n ito red . T he  co m p o u n d s show n  
in  tab le  o . i  w ere  in c lu d ed  in  LOES.

W ith  re sp ec t to m o n ito r in g  c u rre n t e strogen ic  

effects on  aqua tic  o rg an ism s in  th e  w ild, th e  LOES 

p ro jec t w as lim ited  to th o se  in  fish . R esearch  in  
B rita in  show ed  th a t fish  a re  sensitive  to h o rm o n e

Intermezzo
A fter p a ssin g  through th e ce ll m em brane, (x en o )-es tro g en ic  com p ou n d s b ind to 

th e estro g en  receptor (ER) in stead  o f  17ß -estrad io l. After b in d in g, activation  o f  

th e receptor tak es p lace, fo llo w e d  by d im érisation  and tran slocation  to th e cell 

n u cleu s. In th e ce ll n u c leu s, th is  (xen o  ) e s tr o g en /rece p to r  com p lex  b inds to  

a sp e c ific  sec tio n  o f  d n a ,  th e 'e strogen  re sp on sive  e le m e n t’ (e re ), fo llo w e d  by 

transcription o f  on e  or m ore g e n e s  into m essen g er  r n a  m(RNA). Therefore, at 

th is  s ta g e , r n a  con ta in s  th e  cod e  th at is th en  translated  into th e p roduction  of 

sp e c ific  p roteins such  as v ite llo g e n in  w ith  w hich  th e ce ll can perform  a sp ec ific  

fu nction . C han ges in th e am ou nt o f protein  form ed can lead to  a d isruption  in 

cell fu n ction a lity  and physio logy .

(x e n o ) -e s tr o g e n CELL

e s tr o g e n  recep tor NUCLEUS

ERE g en  
b in d in g  to  DNA

tra n s lo ca tio n

dim er tran scrip tionsa tio n

tran sla tion

p ro te in

c h a n g e d  cell fu n c t lo n s / fy s lo lo g y

oestro g en  receptor

(x en o )-o estro g en

activa ted  receptor

♦
« blocked  receptor

dim érisation

ERE gen

F 0.0 Schematic representation of working mechanism of natural estrogenic hormones 

and (xeno-) estrogens in a cell.



d is ru p tio n . F ish  are  also  a n  im p o rta n t lin k  in  th e  

ecosystem . In  th e  LOES pro jec t, b re a m  (A bram is  
brama) w as ch o sen  fo r fre sh  su rface  w ate r an d  
f lo u n d e r  (Platichthys flesus) w as th e  f ish  o f  choice 

fo r e s tu a rie s  a n d  th e  m a r in e  en v iro n m en t.

B oth fish  species a re  co m m o n  in  th e  N eth e rlan d s, 
have a m o re  or less b en th ic  life style an d  are  m o re  
o ften  u se d  as m o d e l o rg an ism  in  field  re sea rch , 

as a re s u lt o f  w h ich  th e re  is a g rea t deal o f  in fo r­

m a tio n  available on  th e se  two species.
T he  cen tra l q u es tio n  w ith in  th e  LOES p ro jec t 
w as w h e th e r  e s tro g en ic  effects occu r w ith in  th e  

N etherlands as a re su lt o f  the  o ccu rrence  o f  (xeno-) 

e s tro g en s  in  th e  aqua tic  en v iro n m en t. To an sw er 

it, th e  co n cen tra tio n s  o f  th e  ab o v em en tio n ed  
co m p o u n d s  w ere  m e a su re d  in  ra in w ater, 

u n tre a te d  an d  bio log ically -treated  m u n ic ip a l an d  

in d u s tr ia l w astew ater, in  fre sh  an d  sa lt su rface  
w ater, in  su sp e n d e d  m a tte r , se d im e n t an d  in  
b io ta . Possib le  rep roduc tive  d is ru p tio n  w as also 

reco rd ed  in  f ish  cap tu red  in  th e  w ild  by m e a n s  o f  

specific b io m ark e rs  su ch  as th e  o ccu rren ce  o f  
v ite llo g en in  in  th e  b lood  o f  m ale  f ish  a n d  histo logy  
o f  rep ro d u c tiv e  o rgans. In  o rd e r to su b s tan tia te

T 0.1 O v e r v ie w  o f  t h e  (x e n o --) e s t r o g e n s  m e a s u r e d  in

t h e  LO ES su r v e y .

C ategory C hem ical group S pecific  chem ical

Estrogens Natural estrogen ic 1 7a-estrad io l

horm ones 17ß-estrad iol

Estrone

X en o-estrogen s Synthetic estrogen ic  

h orm ones

1 7a-eth yn yloestrad io l

Alkylphenol N onylphenols

(eth oxy la te)s N onylphenol eth oxy la tes  

O ctylp henols  

O ctylp henol eth oxy la tes

Bisphenol-A

Phthalates Dim ethyl p hthalate (DMP)

D iethyl p hthalate (DEP)

D i-n-butyl p hthalate (DBP) 

Dipropyl phthalate (DPP) 

Butylbenzyl p hthalate (BBP) 

D im ethylpropyl p hthalate (DMPP) 

D icyclohexyl p hthalate (DCHP)

Di (2-eth ylh exyl) phthalate (DEHP) 

D i-n-octy l phthalate (DOP)

T hyroid-horm one Brom inated flam e P olybrom obiphenyls (PBBs)

d isrupting retardants BB 1 5 , BB 49 , BB 5 2 , BB 101,

com p ou nd BB 1 5 3 , BB 1 69 , BB 2 0 9  

P olybrom odiphenyl 

eth ers (PB D Es)

BDE 4 7 , BDE 8 5 , BDE 9 9 , BDE 1 0 0 , 

BDE 1 3 8 , BDE 1 53 , BDE 2 09

©

th e  possib le  re la tio n sh ip  be tw een  negative  e s tro ­

gen ic  effects in  fish  in  th e  w ild  a n d  th e  exposu re  to 
(xeno-) e s tro g en s , ad d itio n a l tes ts  w ere  p e rfo rm ed  
in  th e  labora to ry  a n d  in  th e  field . In  th e  laboratory , 

in  vitro a n d  in  vivo b ioassays w ere  p e rfo rm e d  to 

d e te rm in e  th e  p o ten tia l a n d  ac tua l effects.
F ish  w ere  also  exposed  in  a n u m b e r  o f  (suspect) 
locations fo r a c e rta in  p e rio d  o f  tim e  to surface  

w ate r an d  bio log ically -treated  w astew ater. LOES 

th e re fo re  u se d  a co m b in a tio n  o f  s im u ltan eo u s  

ch em ica l a n d  b io logical e ffec t-o rien ted  re sea rch .

Organization
T he LOES p ro jec t w as in itia ted  a n d  co o rd in a ted  
by th e  D u tch  N ationa l In s titu te  o f  In la n d  W ate r 

M an ag em en t a n d  W aste  W ate r T re a tm e n t (RIZA) 

a n d  th e  D u tch  N ationa l In s titu te  fo r C oastal an d  
M arine  M an ag em en t (RIKZ). T he  ch em istry  
p ro g ra m m e  w as co o rd in a ted  by RIZA a n d  th e  

b io logy p ro g ra m m e  by RIKZ. A p ilo t study  w as 

p e rfo rm ed  in  p rep a ra tio n  o f  th e  LOES p ro jec t in  
1:997-98, b e tte r  kno w n  as Loesje (B elfroid et al., 
1:999b). T h ere  w as co o p era tio n  w ith  som e 

15 sc ien tific  in s titu te s  an d  co n su ltan c ies , each  

ind iv idually  re sp o n sib le  fo r th e  quality  o f  co n tr i­

b u tio n s  in  th e ir  ow n specific fie ld  o f  expertise . As 
a resu lt, th e  o rig ina l LOES se tu p  w as ab le  to  grow  

in to  th e  in te rd e p a r tm e n ta l a n d  m u lti-d isc ip lin a ry  

sc ien tific  p ro g ram  th a t it even tua lly  becam e. 

O w ing  to  p e rso n a l in te re s ts  re la tin g  to  th e ir  ow n 
specific fields o f  re sea rch , a n u m b e r  o f  sc ien tific  

in s titu te s  p e rfo rm ed  biological tes ts  a n d  analyses 

o r g a th e red  o th e r in fo rm a tio n  -  w ith in  th e ir  ow n 
re sea rch  b u d g e ts  -  w ith o u t ex te rna l f in an c in g  in  
o th e r w ords. A n u m b e r  o f  innovative re sea rch  

d eve lopm en ts  in  in  vivo a n d  in  vitro te s ting , 

developed  by un iv e rsitie s , w ere  ap p lied  w ith in  
th e  scope o f  LOES in  p rac tice  fo r th e  f irs t tim e . In  
m an y  cases ad d itio n a l ga ins w ere  clearly  m a d e  as a 

re s u lt o f  co m b in a tio n  o r a lig n m e n t o f  various p a rt 

p ro jec ts /a rea s  o f  re se a rc h  o r by u s in g  th e  sam e 

en v iro n m e n ta l sam p les th a t h a d  b een  tak en  u s in g  
a p a rticu la r sam p lin g  pro toco l. For th is reaso n , 

th e re  w ere  reg u la r w o rkshops in  th e  co u rse  o f  th e  

LOES p ro jec t be tw een  th o se  d irectly  involved so 
th a t they  could  exchange ideas on  th e  se tu p  o f  th e  
te s ts , its log istics o r eva lua tion  o f  th e  ex p e rim en ta l



re su lts . In  d ra ftin g  th e  fina l re p o r t u se  w as m ad e  

o f  th e  in d iv id u a l sec tion  rep o rts  fro m  th e  various 
in s titu te s . T he  co n cep t fin a l re p o r t w as p re sen ted  
to  a s tee rin g  g ro u p  a n d  re tu rn e d  fo r co m m en ts  to 

th e se  various in s titu te s .

F in an c in g  o f  th e  LOES p ro jec t w as fo r th e  acco u n t 
o f  D irec to ra te -G enera l o f  P ub lic  W orks an d  

W ate r M an ag em en t (R IZ A /R IK Z ), th e  R IV M  an d  

th e  W ette rsk ip  Fryslân/STOW A. W h ere  possib le , 

a lig n m e n t an d  in teg ra tio n  o f  th e  LOE S p ro jec t was 
so u g h t w ith  th e  E U  re sea rch  p ro g ram  C O M P R E ­

H E N D , in  w h ich  th e  degree  o f  h o rm o n e -d is ru p ­

tio n  in  th e  aq ua tic  e n v iro n m e n t w as m e a su re d  

in  n in e  E u ropean  co u n tr ie s  d u rin g  th e  period  
1999 -2 0 0 1 .

Results 

Occurrence of (xeno-) 
estrogens in potential sources 
of emission

F 0.1 Estrone and iyoc-ethynylestradiol concentrations in untreated municipal 

T he LOE S p ro jec t in d ica ted  th a t th e  se lec ted  w a s te w a t e r  a n d  s t p  e f f l u e n t .

(xeno-) e s tro g en s  w ere  genera lly  fo u n d  in  those  
w astew ater s tream s in  w h ich  th ey  h ad  b een  
expected . All se lected  (xeno-) e s tro g en s  w ere 

fo u n d  to le sse r o r g rea te r degrees in  b o th  trea ted  

a n d  u n tre a te d  m u n ic ip a l w astew ater. In  in d u s tr ia l 
w astew ater, th e  co m p o u n d s  se lected  occu rred  as 
expected  on  th e  basis o f  th e  p ro d u c tio n  p rocess 

o r ap p lica tion . In  m a n u re , h ig h  co n cen tra tio n s  

o f  n a tu ra l h o rm o n e s  w ere  fo u n d . R em arkab le  
w ere  th e  relatively  h ig h  co n cen tra tio n s  o f  
p h th a la te s  fo u n d  in  ra in w ate r.

T he  co n cen tra tio n  ran g es  are  su m m a riz e d  briefly  

in  th e  fo llow ing p a rag rap h s  a n d  in  tab les 0 .2  to 
0 .6  by ch em ica l g ro u p  an d  sou rce  o f  em iss io n .

Natural and synthetic hormones

In  u n tre a te d  m u n ic ip a l w astew ater, n a tu ra l 
h o rm o n e s  w ere  fo u n d  in  all aq u a tic  sam p les .
E strone  a n d  iy ß -estrad io l w ere  fo u n d  in  th e  

h ig h e s t co n cen tra tio n s  (15-150 ng /L ), w ith  

iy a -e s tra d io l fo u n d  a t levels u p  to 15 ng /L . T he 

sy n the tic  h o rm o n e  iy a -e th y n y les trad io l u sed  in  
th e  con tracep tive  pill w as fo u n d  in  one  th ird  o f

1 3
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1 2 3
A m eland

1 2 3
St A nnaparochie  

location  m unicipal w a stew a ter

■ untreated w astew ater

■ effluent STP

1 sp rin g

2 sum m er

3 autumn

1 3  1 3
A'dam  W estp o o rt E indhoven

10
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7 .5

1 7o '-e thynyles trad io l

1 3
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HHW

1 2 3
Am eland  

AML

1 2 3
St A nnaparochie  
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1 3  1 3
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u n tre a te d  w astew ate r sam p les . T he  h o rm o n es  

w ere  fo u n d  a lm o s t exclusively in  th e  d issolved 
frac tio n  o f  w astew ater. A fter b io logical tre a tm e n t, 
iy a -e s tra d io l an d  iy ß -estrad io l w ere  n o t fo u n d  in  

th e  e ff lu en t o f  a m u n ic ip a l sew age tre a tm e n t p lan t 

(STP) (lim it o f  d e tec tion  < 0 .8  ng /L ). O n  average, 
9 4 %  o f  e s tro n e  w as rem oved  in  th e  STP to a co n ­
ce n tra tio n  below  l í  ng /L . T h is rem oval is show n  

in  fig u re  0.1. T he  co m p o u n d  i7 a -e th y n y les trad io l 

w as fo u n d  only  once (2.6 ng/L ) in  th e  e ff lu en t 
o f  a STP; th e  co n cen tra tio n  in  th e  o th e r e ff lu en t 
sam p les w as below  th e  lim it o f  detec tion  

(< 0 .3  ng /L ).

In  m u n ic ip a l w astew ater, th e  co n cen tra tio n  o f  
e s tro g en ic  co m p o u n d s  w as genera lly  h ig h e r  th a n  
in  in d u s tr ia l w astew ater w ith  th e  excep tion  o f  a 

n u m b e r  o f  specific types o f  in d u s try  w h ere  th is 

w as to be expected  on  th e  basis o f  th e  p ro d u c tio n  
p rocess . T he  co n cen tra tio n  o f  n a tu ra l h o rm o n es  
in  two m a n u re  sam p les  tak en  fro m  a m a n u re  

sto rage  fo r cows varied  as follow s: iy a -e s tra d io l 

120 - 1 9 0  n g /g  dry  w eigh t; iy ß -oestrad io l 
4 6 - 5 0  n g /g  dry  w eight; e s tro n e  28  -  72 n g /g  dry 
w eigh t.

H o rm o n e s  w ere  n o t fo u n d  in  ra in w a te r above th e  

lim it o f  de tec tion .

T 0 .2  C o n c e n tr a t io n  r a n g e s  o f  h o r m o n e s  in

r a in w a ter , u n tr e a te d  m u n ic ip a l w a s t e w a t e r ,  STP e f f lu e n t ,  

in d u str ia l w a s t e w a t e r  a n d  m a n u r e .

Source o f  em iss io n 1 7 a -

estrad iol

1 7 ß -

estrad iol

Estrone 1 7 a -

eth yn ylestrad io l

R ainwater (ng/L) 

U ntreated m unicipal 

w a stew a ter  (ng/L) 

STP efflu en t (ng/L) 

Industrial 

w astew ater(n g /L )  

M anure (n g /g  dw)

< 0 .3

< 0 . 7 - 4 . 9

< 0 .4

< 0 .3 - 7 .1  

1 2 0 - 1 9 0

< 1 .5  

1 7 - 1 5 0

< 0.8

< 0 . 8 - 5 4

4 6 - 5 0

< 0.6 
2 0 - 1 3 0

< 0 .3  -  11 

1 3 - 1 2 0

2 8 - 7 2

< 0 .3

< 0 .3  -  5 .9

< 0 . 3 - 2.6

< 0 . 3 - 3 . 9

< 1

T 0 .4  C o n c e n tr a t io n  r a n g e s  fo r  a lk y lp h e n o l ( e t h o x y la t e ) s  

in r a in w a ter , u n tr e a te d  m u n ic ip a l w a s t e w a te r ,

STP e f f lu e n t s  a n d  in d u str ia l w a s t e w a t e r

Source o f  em iss io n O cty lp h en o ls O cty lp h en o l-

e th oxy la te s

N on ylp h en ols N on ylp h en ol-

e th oxy la te s

R ainwater (pg/L) 

U ntreated m unicipal 

w a stew a ter  (pg/L) 

STP efflu en t (pg/L) 

Industrial w astew ater  

(pg/L)

< 0 . 0 8 - 0 .2 8

< 0 .2 7 - 1 3

< 0 .4 5 - 1 .3

< 0 . 1 6 - 0 .5 3

< 0 .4 8  

< 1 . 1 - 2 4

< 0 .6 5

< 0 . 4 2 - 1 2

< 0 .41

< 0 . 2 4 - 1 9

< 0 .5 5 - 1 ,5

< 0 . 4 4 - 3 9

< 0 .3 6 - 0 .9 9

< 0 . 8 2 - 1 2 5

< 1 .9 - 2 .2

< 0 .2 6 -  

2 2 ,5 0 0

Bisphenol-A

B isphenol-A  w as fo u n d  in  each  sam p le  o f  
u n tre a te d  m u n ic ip a l w astew ater. T he  co n cen tra ­
tio n  o f  b ispheno l-A  w as sh o w n  to in c rease  as th e  

p ro p o rtio n  o f  in d u s tr ia l w astew ater in c reased .

In  m u n ic ip a l sew age o f  dom es tic  o rig in , b isphe- 
nol-A  w as fo u n d  in  th e  ran g e  o f  250 -1 ,000  ng /L .
In  a reas w ith  m o re  in d u s tr ia l activity, b ispheno l-A  

co n cen tra tio n s  over 5 ,0 0 0  n g /L  w ere  fo und . 

B isphenol-A  co n cen tra tio n s  in  th e  specific in d u s ­
tria l w astew aters sam p led  in  th e  LOES p ro jec t 
w ere  in  th e  ran g e  o f  < 2 0 -8 0 0  ng /L . T h is  re la tes to 

b o th  u n tre a te d  an d  bio log ically -treated  in d u s tr ia l 

w astew ater. T he  p ercen tag e  o f  rem oval in  sew age 
tre a tm e n t p lan ts  varied  g reatly  p e r  location .
In  ra in w a te r, b ispheno l-A  w as fo u n d  in  only  a few 

sam p les in  co n cen tra tio n s  ju s t above th e  lim it o f  

de tec tion .

Alkylphenol (ethoxylate)s

A lkylphenols a n d  alky lpheno l e thoxylates w ere 

n o t fo u n d  in  reg u la r p a tte rn s  o f  occu rrence . In  

u n tre a te d  m u n ic ip a l w astew ater, n o n y lp h en o l 
ethoxylates a n d  n o n y lp h en o ls  w ere  so m etim es  

fo u n d  in  h ig h  co n cen tra tio n s  on  occasion  a n d  in  

low  co n cen tra tio n s  on  o th ers . F o r n o n y lp h en o l 

ethoxylates in  u n tre a te d  m u n ic ip a l w astew ater, th e  
ran g e  w as < 0,8-125 M-g/L, w ith  a m e d ia n  value o f  

37 pg /L . For n o n y lp h en o ls , th e  ran g e  w as < 0.2-19 

p g /L  w ith  a m e d ia n  value o f  3 .0  pg /L . T he  o th e r 
co m p o u n d s  investiga ted , octy lpheno ls an d  
octy lpheno l e thoxylates, w ere  fo u n d  only  in  a few  

w astew ater sam p les. In  th e  b io logically-treated  

e ff lu en t o f  a STP, th e  co n cen tra tio n s  o f  a lky lphe­
n o l ethoxylates w ere  genera lly  below  th e  lim it o f  
d e tec tion  o f  0 .7  p g /L  (figure 0 .2 ). T he  su sp e n d e d  

m a tte r  ob ta in ed  a fte r  c en tr ifu g in g  th e  e ff lu en t 

co n ta in ed  n o n y lp h en o l ethoxylates in  co n cen tra ­

tions u p  to  7 0  p g /g  dry  w e ig h t a n d  u p  to  12 p g /g  
dry w eig h t o f  nony lp h en o l.

In  in d u s tr ia l w astew ater, th e  varia tions in  th e  

co n cen tra tio n  o f  a lky lpheno l (ethoxylate)s w ere

T 0 .3  C o n c e n tr a t io n  r a n g e s  o f  b is p h e n o l -A  in  ra in w a ter ,  

u n tr e a te d  m u n ic ip a l w a s t e w a te r ,  STP e f f lu e n t  a n d  

in d u str ia l w a s te w a te r .

Source o f em iss ion B isp h en ol-A

Rainwater (ng/L) < 1 5 - 5 7

U ntreated  m unicipal w a stew a ter  (ng/L) 2 5 0 - 5 ,6 2 0

STP efflu en t (ng/L) < 4 3 - 4 ,0 9 0

Industrial w a stew a ter  (ng/L) < 1 9 - 8 0 0



even  g rea te r th a n  in  m u n ic ip a l w astew ater.

T he  co n cen tra tio n s  o f  n o n y lp h en o l ethoxylates 
varied  fro m  5 2 0 - 2 2 ,5 0 0  p g /L  an d  betw een  

< 0 .4 - 3 9  h g /L  fo r n o n y lp h en o ls . T he  biologically- 
tre a ted  e ff lu en t o f  one in d u s tr ia l w astew ater tre a t­
m e n t  p la n t co n ta in ed  no  d em o n s trab le  

co n cen tra tio n s  o f  a lky lpheno l (ethoxylate)s.
In  g en e ra l no  detec tab le  co n cen tra tio n s  o f  

a lky lpheno l (ethoxylate)s w ere  fo u n d  in  ra inw ater.

NPE ■ untreated w astew ater

■ e fflu en t STP

I I. lL l l
1 3  1 2 3  1 2 3  1 3  1 3
HHW AML ANP WST EHV

location  m unicipal w a stew a ter

Phthalates

T he tw o m o s t c o m m o n  p h th a la te s  in  u n tre a te d  

sew age e ff lu e n tw e re  D E P  (< 4 .1 - 4 4  pg/L ; m ed ian  

13 pg/L ) a n d  DE H P  (< 13 -1 0 1  pg/L ; m ed ian  
32 pg /L ). H ig h  co n cen tra tio n s  o f  D E P  a n d  D E H P  

w ere  m a in ly  fo u n d  in  d om estic  w astew ater from  

a re s id en tia l area . O f th e  p h th a la te s  m e a su re d  

d u rin g  LOES, D E P  an d  D E H P  have th e  low est 
e s tro g en ic  po ten tcy . D m p  an d  B B P w ith  h ig h es t 
e s tro g en ic  po tency , w ere  fo u n d  in  fa r  low er 

co n cen tra tio n s . T he  o th e r p h th a la te s  w ere  

genera lly  fo u n d  in  co n cen tra tio n s  below  io  p g /L  
(D M P P , D B P , B B P) o r below  1 p g /L  (D M P , D P P , 

D C H P , D O P ). A fter tre a tm e n t by a STP, all p h th a ­

lates w ith  th e  excep tion  o f  D E H P  w ere  rem oved  to 

co n cen tra tio n s  (far) below  1 pg /L . D e H P  w as still 
fo u n d  in  th e  e ff lu en t a t co n cen tra tio n s  to 2.5 pg /L . 
In  ad d itio n  to D E H P  (30-60  p g /k g  dry w eigh t) an d  

D E P  (a fac to r 100  low er), D O P  w as also fo u n d  

(0.3 -  2.5 p g /k g  dry w eigh t) in  th e  su sp en d ed  
m a tte r  in  o f  th e  e fflu en t. In  th e  sew age sludge ,
D M P P  a n d  D B P  w ere  fo u n d  in  ad d itio n  to D E P  and  

D E H P .  G enera lly  sp eak ing , th e  co n cen tra tio n  o f  

p h th a la te s  (such  as w ith  D E P  a n d  D E H P )  in  
u n tre a te d  in d u s tr ia l w astew ater w as low er th a n  in  
m u n ic ip a l w astew ater. In  a n u m b e r  o f  in d u s tria l 

(un trea ted ) w astew aters s tre am s , a few  h ig h  peak  

values w ere  fo u n d  fo r D E H P  an d  D M P P  th a t w ere 
specific fo r th e  m a n u fa c tu r in g  p rocess o f  th e  
co m p an ies  in  q u es tio n . In  co n tra s t, a t one 

co m p an y  th a t p roduces p h th a la te s , very low 

co n cen tra tio n s  w ere  fo u n d  in  th e  trea ted  e ffluen t.

untreated w astew ater  

effl uent STP

HHW
2 3 1 2

AML ANP
loca tion  m unicipal w a stew a ter

F 0.2 Concentrations of nonylphenols (n p ) and nonylphenol ethoxylates (n p e ) 

in untreated municipal wastewater and s t p  effluent.

A rem ark ab le  f in d in g  in  LOES w as th e  co n cen tra ­

tio n s  o f  p h th a la te s  fo u n d  in  ra in w ater. A lm ost 

all p h th a la te s  (w ith th e  excep tion  o f  D P P  an d  
DC H P )  w ere  fo u n d  o n  several occasions in  th e  
th re e  ra in w a te r sam p les . T he  co n cen tra tio n s



w ere  com p arab le  to th o se  fo u n d  in  su rface  w ate r 

sam p les . T he  m a x im u m  m e a su re d  DEHP 
co n cen tra tio n  w as 1.7 pg /L , w ith  a m e d ia n  value 
o f  0 .77  pg /L .

Brominated flam e retardants

P olyb rom ob ipheny ls (PBBs) w ere  fo u n d  in  a lm o st 
n o n e  o f  th e  m u n ic ip a l o r in d u s tr ia l w astew ate r 

sam p les . O f  th e  p o ly b rom od ipheny l e th e rs , th e  

co n g en e rs  BDE 47, BDE 9 9  an d  BDE 2 0 9  w ere 
fo u n d  in  all sam p les o f  u n tre a te d  m u n ic ip a l 
w astew ater. T he  h ig h e s t m e a su re d  co n cen tra tio n s 

in  u n tre a te d  w astew ater w ere  th o se  o f  BDE 2 0 9  

fo u n d  in  a ran g e  o f  2 0  - 1 4 0  n g /g  dry  w eigh t, w ith  

a m e d ia n  value o f  24  n g /g  dry  w eigh t. In  th e  
su sp e n d e d  m a tte r  derived  fro m  c en tr ifu g in g  

th e  efflu en t, th e  co n cen tra tio n s  o f  th e  PBDE 

co n g en e rs  BDE 47, BDE 9 9  an d  BDE 2 0 9  w ere  a 
fac to r io  h ig h e r . B d e  2 0 9  w as fo u n d  in  th e  ran g e  
o f  310 -  9 2 0  n g /g  dry  w eigh t, w ith  a m e d ia n  value 

o f  350 n g /g  dry w eigh t. T h is d ifference  is m o s t

T 0 .6  C o n c e n tr a t io n  r a n g e s  o f  t h e  fo u r  m o s t  c o m m o n

b r o m in a te d  f la m e  r e ta r d a n ts  in s u s p e n d e d  m a t te r  o f  

u n tr e a te d  m u n ic ip a l w a s t e w a t e r ,  STP e f f lu e n t s  a n d  

In d u str ia l w a s te w a t e r .

Source o f  em iss io n BDE 47 BDE 99 B D E 153 BDE 2 0 9

U ntreated  m unicipal 0 . 7 0 - 1 3 0 .5 0 - 1 4 < 5 . 3 - 1 . 0 < 2 0 - 1 4 0

w a stew a ter  (n g /g  dw)

STP e fflu en t (n g /g  dw) 1 4 - 3 5 1 8 - 2 9 < 4 .0 - 7 ,1 3 1 0 - 9 2 0

Industrial w astew ater < 0 . 1 4 - 6 8 0 .2 7 3 - 3 3 < 2.6 < 0 .5 2 - 2 0 0

(n g /g  dw)

T 0 .7  C o n c e n tr a t io n  r a n g e s  o f  h o r m o n e s  In s u r fa c e  w a te r .

C om partm ent 1 7 a -estra d io l 17ß -estrad io l Estrone 1 7 a -eth yn y lestrad io l

Surface w ater  

(ng/L)

Polder ditch  

(ng/L)

< 0 . 3 - 0 . 4

< 0 .3

< 0 .8 - 1.0 

< 0.8

< 0 . 3 - 7 . 2

< 0.8  -  2.8

< 0 .3  -  0 .4

< 0 .3

T 0 .5  C o n c e n tr a t io n  r a n g e s  o f  t h e  f iv e  m o s t  c o m m o n

p h th a la te s  In ra in w a te r , u n tr e a te d  m u n ic ip a l w a s t e w a t e r ,  

STP e f f lu e n t s  a n d  In d u str ia l w a s te w a te r .

likely a ttr ib u tab le  to th e  fact th a t th e  p ercen tag e  

o f  sm all partic les in  th e  su sp en d ed  m a tte r  derived  
fro m  cen tr ifu g in g  th e  e ff lu en t is m u c h  m o re  th a n  
th o se  in  th e  filte red  su sp e n d e d  m a tte r  fro m  th e  

in f lu en t.

O nly  th e se  th ree  PBDE co n g en ers  (BDE 47, BDE 
9 9  an d  BDE 2 0 9 ) w ere  also  fo u n d  in  g rea te r 
co n cen tra tio n s  in  th e  se lected  in d u s tr ia l w aste ­

w aters .

Occurrence of (xeno-) 
estrogens in surface water 
systems and assessment of 
environmental impact as a 
result of estrogenicity

Natural and synthetic hormones

In  a lm o s t all cases, th e  co n cen tra tio n s  o f  17a- 
estrad io l, i7 ß -estrad io l a n d  i7 a -e th y n y les trad io l 

w ere  below  th e  lim it o f  d e tec tion  (< 0.3 n g /L  to < 

0 .8  ng /L ). E strone  w as detec ted  in  som e h a lf  o f  
th e  su rface  w ate r frac tions in  th e  ran g e  o f  0.3 n g /L  
to 7.2 ng /L , w ith  a m e d ia n  value o f  1.0 ng /L . T his 

value is so m ew h ere  in  th e  ran g e  be tw een  th e  lim it 

o f  d e tec tion  an d  th e  lim it o f  q u an tifica tio n . In  th e  

su rface  w a te r o f  th e  th re e  locations in  areas w ith  
in ten siv e  cattle  h u sb an d ry , e s tro n e  w as fo u n d  in  2 

o u t o f  3 sam p les  above th e  lim it o f  d e tec tion  in  th e  

ran g e  0 .8  n g /L  to 2 .8  n g /L  w ith  a m e d ia n  value  o f
1.7 ng /L .

T he  ‘Lowest Observed Effect C oncentration’ (LOEC) 

fo r i7 a -e th y n y les trad io l fo r v ite llogen in  in d u c tio n  

in  m a le  f ish  is so m e  0.5 ng /L ; th e  LOEC for 
d em o n s tra tin g  re p ro d u c tio n  effects in  f ish  in  lo n g ­

te rm  life cycle tes ts  is 4  ng /L , o r h ig h e r . M oreover, 

it has b een  sh o w n  fo r iy a -e th y n y les trad io l th a t 

ch an g es in  m o rp h o lo g y  a n d  h is to logy  o f  fish  m ay  
occu r a t co n cen tra tio n s  fro m  0.1 ng /L . T he  h igh ly  

ad  hoc M ax im u m  P erm iss ib le  C o n cen tra tio n  

(MPC) derived  fo r iy a -e th y n y le s trad io l a t 1 m g /L  
is sign ifican tly  h ig h e r  th a n  th e  co n cen tra tio n s  a t 
w h ich , fo r exam ple , v ite llogen in  in d u c tio n  starts

Source o f  em iss io n DEP DMPP DBP BBP DEHP

R ainwater (pg/L)

U ntreated  m unicipal 

w a stew a ter  (pg/L  

STP efflu en t (pg/L)

Industrial w astew ater  (pg/L)

< 0 .2 4 - 0 .4 3

< 4.1 - 4 4

< 0.91  - 0 .9 3

< 0 .1 9 - 5 .2

0 . 3 8 - 0 .5 3

1 . 9 - 1 5

< 1 .0 - 2 0  

< 0 .6 6 - 4 0 5

0 .2 8 - 0 .8 8

< 0 .3 8 - 5 1

< 0 .4 2 - 0 .8 4

< 0 .6 9 - 2 1

0 .1 4 - 0 .2 6

0 .5 6 - 4 .9

< 0 .0 7 - 0 .2 9

< 0 .1 7 - 1 .3

0 .6 9 - 1 .7

< 1 3 - 1 0 1

< 0 .4 7 - 2 .4  

1 .0 - 1 ,4 9 8



in  m a le  fish . T he  LOEC values fo r v ite llogen in  

in d u c tio n  fo r e s tro n e  a n d  e strad io l a re  h ig h e r  w ith  

th e  ran g es  3 2 - 6 6  n g /L  an d  io  - 1 0 0  n g /L  re sp ec ­
tively.

It can  be  con c lu d ed  th a t th e  n a tu ra l a n d  the
sy n the tic  ste ro id  h o rm o n e s  cou ld  be p re s e n t in
th e  D u tch  su rface  w ate r in  ab o u t th e  sam e  s im ila r

co n cen tra tio n  ran g e  as th e  effect co n cen tra tio n s

fo r v ite llogen in  in d u c tio n  in  fish . In  th e
N e th e rlan d s , it  m u s t be tak en  in to  acco u n t th a t
local estro g en ic  effects m ay  occur in  f ish  as a FO.

re s u lt o f  th e  p re sen ce  o f  h o rm o n e s  in  su rface

w ater.

Bisphenol-A

B isphenol-A  w as fo u n d  in  h a lf  o f  th e  su rface  w ate r 

sam p les in  th e  ran g e  o f  8 .8  n g / L - 1 ,0 0 0  n g /L  w ith  
a m e d ia n  value o f  45 ng /L . In  su sp en d ed  m a tte r  
a n d  sed im en t, b ispheno l-A  w as genera lly  fo u n d  in  

co n cen tra tio n s  n e a r  th e  lim it o f  de tec tion . In  b io ta 

(m usse ls  exposed  in  su rface  w ate r fo r six w eeks 
a n d  in  w ild  fish ), b ispheno l-A  w as fo u n d  in  
co n cen tra tio n s  in  th e  ran g e  0.18 n g / L - 2 .6  n g /g  

w et w eigh t.

B isphenol-A ’s aq u eo u s NOEC a n d  LOEC fo r 
b io ch em ica l a n d  p o p u la tio n  effects w ere  in  the  
ran g e  0 .4  m g /L -an d  11 m g /L , also fo r lo n g -te rm  

exposu re  o f  several fish  species. T h e re  a re  no 

k n o w n  defin itive  LO EC s k now n  fo r v ite llogen in  
in d u c tio n  in  fish  fo r b isphenol-A . H ow ever, th e re  
h as b een  s tu d ies  in  w h ich  th e  sex o f  m o llu scs an d  

a m p h ib ia n s  w as affected  a fte r  p ro lo n g ed  exposure  

a t co n cen tra tio n s  o f  1 p g /L  an d  23 p g /L  re sp ec ­

tively. T he  re liab ility  o f  th ese  re su lts  is o p en  to 
d iscu ss io n  how ever.

T he  co n c lu s io n  is th e re fo re  th a t, o n  th e  basis 
o f  th e  available ecotoxicological data  a n d  the  
co n cen tra tio n s  reco rd ed  in  su rface  w ater, 

b ispheno l-A  seem s n o t to pose  a th re a t to  f ish  in  

T he  N e th e rlan d s  w ith  re sp ec t to negative e s tro ­
gen ic  effects.

190 335 310

dw
■ untreated w astew ater

■ efflu en t STP

■ sew a g e  sludge

1 . i i i ■
1 3 1 2 3 1 2 3 1

H H W  A M L  A N P  W S T
location  m unicipal w a stew a ter

Concentrations of congener b d e  209 in suspended matter of 

untreated municipal wastewater, from centrifuging s t p  effluent and 

sewage sludge (the differences in concentrations between the three 

types of suspended matter samples is a result o f the different sizes 

of the particles).

T 0 .8  C o n c e n tra tio n  ran g es  fo r b isphenol-A  in su rface  w ater, 

su sp e n d e d  m atter, se d im e n t and biota.

C om partm ent B isp h en ol-A

Surface w ater (ng/L)

S u sp en d ed  m atter (n g /g  dry w eig h t)  

S ed im en t (n g /g  dry w eigh t)

Fish (m u scle) (n g /g  w e t  w eigh t)

M u sse ls  (w h o le  body) (n g /g  w e t  w eigh t)

< 8 .8 - 1,000 

5 . 6 - 5 6  

< 1 . 1 - 4 3  

0 .1 8  -  2.6 
0.22  -  1.8



Alkylphenol (ethoxylate)s

O f th e  a lky lpheno l (ethoxylate)s, th e  co n cen tra ­
tio n s  o f  th e  octy lpheno l e thoxylates an d  octy lphe­
no ls w ere  genera lly  below  th e  lim it o f  de tec tion  

fo r b o th  th e  aq u eo u s frac tion  o f  th e  su rface  w ater 

as w ell as th e  su sp en d ed  m a tte r  an d  sed im en t.
T he  n o n y lp h en o l e thoxylates a n d  th e  n o n y lp h e ­
no ls w ere  fo u n d  m a in ly  in  th e  solid  frac tio n  o f  

th e  su rface  w ater. N o n y lpheno l e thoxylates in  

su sp e n d e d  m a tte r  w ere  fo u n d  in  co n cen tra tio n s  

in  th e  ran g e  o f  < 0 .0 0 5  -  22 h g /g  dry  w eig h t 
w ith  a m e d ia n  value o f  0.31 p g /g  dry w eigh t. 

N ony lpheno ls w ere  fo u n d  in  co n cen tra tio n s  

< 0 .0 0 3 - 4 .1  p g /g  dry  w e ig h t w ith  a m e d ia n  value 

o f  0.17 p g /g  dry  w eigh t.
In  th e  m ajo rity  o f  th e  b io ta  (b ream , f lo u n d e r  an d  

exposed  m u sse ls ), a lky lpheno l e thoxylates w ere  

n o t fo u n d  in  co n cen tra tio n s  above 0 .05  p g /g  w et 
w eigh t.

F or oc ty lpheno ls , ecotoxicity  data  w as fo u n d  w h ich  

in d ica tes  th a t co n cen tra tio n s  o f  octy lphenols 

c o n cen tra tio n s  o f  5 p g /L  a n d  30 p g /L  can  
have a negative im p a c t on  ra in b o w  tro u t 

m a n ife s te d  as v ite llogen in  in d u c tio n  an d

T 0 .9  C o n c e n tr a t io n  r a n g e s  o f  t h e  a lk y lp h e n o l ( e t h o x y la t e ) s  

in s u r fa c e  w a te r , s u s p e n d e d  m a tter , s e d im e n t  a n d  b io ta .

C om partm ent O cty lp h en o ls O cty lp h en o l-

e th oxy la te s

N on ylp h en ols N on ylp h en ol-

e th oxy la te s

Surface w ater  

(pg/L)

< 0 . 0 5 - 6 . 3 < 0 .1 6  -  17 < 0 .11  - 4 .1 < 0 . 1 8 - 8 7

S u sp en d ed  m atter 

(p g /g  dry w eigh t)

< 0 .0 0 1  -  0 .4 0 < 0 .0 0 2  -  1 .7 < 0 .0 0 3 - 4 .1 < 0 .0 0 5  -  22

Sed im en t  

(p g /g  dry w eigh t)

< 0.002  -  0 .0 2 6 < 0 .0 3 4 < 0 .01  -  3 .8 < 0.01 -  2.8

Fish (m u scle)

(p g /g  w e t  w eig h t)

< 0.01  - 0 . 0 8 < 0.01 - 0.01 < 0.01 - 0 . 1 6 < 0 .01  -  0 .52

M u sse ls  

(w h o le  body) 

(p g /g  w e t  w eig h t)

< 0 .01  - 0 .0 5 * < 0 .0 6 < 0 . 0 3 - 0 . 4 5 < 0 . 0 5 - 0 . 2 3

T 0 .1 0  C o n c e n tr a t io n  r a n g e s  o f  t h e  6  m o s t  c o m m o n  p h t h a la te s  

in s u r fa c e  w a te r , s u s p e n d e d  m a tter , s e d im e n t  a n d  b io ta .

d is ru p ted  te s ticu la r tissu e  g ro w th  respectively . For 

n o n y lp h en o ls , im p ac t on  fish  su c h  as v ite llogen in  

in d u c tio n , g ro w th  red u c tio n  a n d  h is to log ical 
ch an g es haves b een  d e m o n s tra te d  a t co n c e n tra ­

tions fro m  0.5 p g /L -  i o  pg /L . T he  s ing le  L O E C  

value fo u n d  in  th e  lite ra tu re  fo r n o n y lp h en o l 
ethoxylates w as one  re la tin g  to  g ro w th  d is ru p tio n  
o f  ra in b o w  tro u t a t 30 p g /L  diethoxylate. O n  th e  

b asis o f  a n  in itia l in d ica tio n  fo r M  P C  values in  

w ate r fo r n o n y lp h en o l e thoxylates (0 .0 4 4  M-g/L) 
a n d  n o n y lp h en o l (0 .239 M-g/L), it  is c lea r th a t 
th ese  a re  low er th a n  th e  co n cen tra tio n s  a t w h ich  

e stro g en ic  effects m ay  occur. T h is  m e a n s  th a t 

e m iss io n -red u c in g  m e a su re s  do n o t necessarily  

have to be in tro d u ced  on  th e  basis o f  h o rm o n e- 
d is ru p tio n . M oreover, it  is expected  th a t th e  

c o n cen tra tio n s  m e a su re d  fo r n o n y lp h en o l and  

n o n y lp h en o l e thoxylates are  o f  th e  sam e  o rd e r o f  

m ag n itu d e  as th e  ad hoc M  P C  s th a t a re  still to be 
d e te rm in ed .

O n  th e  basis o f  c u rre n t know ledge, it can  be 
co n c luded  th a t n o n y lp h en o ls  an d  n o n y lp h en o l 
ethoxylates m ay  be fo u n d  locally in  su ffic ien tly  

h ig h  co n cen tra tio n s  in  su rface  w a te r th a t th ey  can  

provoke estro g en ic  effects in  fish . A lkylphenol 
(ethoxylate)s also give rise  to  o th e r toxic, non- 
e stro g en ic  effects th a t w ill also  be ad d re ssed  in  

th e  e m iss io n  policy.

Phthalates

P h tha la tes  w ere  genera lly  fo u n d  in  b o th  fre sh  

w ater an d  m a r in e  w a te r in  co n cen tra tio n s  up  

to i  pg /L . D E P ,  D E H P  an d  D M P P  w ere  m o s t 
co m m o n ly  fo u n d  (over 75 %) in  th e  h ig h e r  co n cen ­
tra tio n  ran g es  (to 5 p g /L  w ith  a m e d ia n  value o f  

0 .38 p g /1). D b p  an d  B B P  w ere  fo u n d  in  a lm o s t all 

aqua tic  sam p les (95 %) in  low er co n cen tra tio n s 

(m ed ian  values o f  0.25 p g /L  a n d  0 .0 7 7  h g /L  
respectively). D m p  a n d  D P P  w ere  also fo u n d  in  

th e  low er co n cen tra tio n  ran g es .

A w ide ran g e  o f  p h th a la te s  w as fo u n d  in  
su sp en d ed  m a tte r  an d  se d im e n t o f  b o th  fre sh  

a n d  m a r in e  w ate rs . D e p , D M P P ,  D B P ,  B B P , D C H P

C om partm ent DMP DEP DPP DMPP DBP DEHP

Surface w ater (pg/L)

S u sp en d ed  m atter (n g /g  dry w eigh t)  

S ed im en t (n g /g  dry w eig h t)

Fish (m u scle) (n g /g  w e t  w eig h t)  

M u sse ls  (w h o le  body)

(n g /g  w e t  w eig h t)

< 0 .0 0 4 5 - 0 .1 9

< 1 .3  -  1 6 ,0 0 0  

1 .2 7  -  2 ,5 0 0

< 0 . 1 9 - 5 . 4

< 0 .1 4  -  3 .8

< 0 .0 7  -  2 .3

< 46  -  2 ,6 9 2

< 65  -  1 ,2 0 0

< 6 .7  -  3 20  

11 - 9 2

< 0 .0 0 1 9 - 0 .0 0 8

< 0 .5 3  -  1 3 ,0 0 0

< 0 .5 3  -1 ,8 0 0

< 0 .0 8  -  15

< 0 . 1 6 - 0 . 9 6

< 0 .0 8 2  -  2.4  

87  - 9 2 0

< 4 0 0  -  1 ,7 0 0

< 0 .0 6 6  -  3.1

< 51 - 4 ,1 0 0  

34 -  1 ,0 0 0

< 0 .7  -  150  

3 0 -  1 ,9 0 0

< 0 . 9 - 5 . 0

< 92  -  1 9 ,0 0 0

< 1 2 3  -  7 ,6 0 0

< 2 .2  -  1 ,5 0 0

< 2 . 2 - 4 0 0



a n d  DOP w ere  fo u n d  in  low est co n cen tra tio n s  (in 

su sp e n d e d  m a tte r  to 4 ,100  n g /g  dry w eigh t), w ith  
th e  o th e r th re e  p h th a la te s  fo u n d  in  th e  ran g e  o f  
several th o u sa n d s  n g /g  dry  w eigh t. D e H P w as also 

th e  m o s t co m m o n  p h th a la te  in  su sp e n d e d  m a tte r  

w ith  a n  m a x im u m  co n cen tra tio n  o f  1 9 ,0 0 0  n g /g  
dry  w e ig h t a n d  a m e d ia n  value  o f  3 ,4 0 0  n g /g  
dry  w eigh t.

T he  co n cen tra tio n s  o f  p h th a la te s  in  b io ta  varied  

greatly . D esp ite  th e  com p arab le  p h th a la te  c o n cen ­

tra tio n s  in  fre sh  a n d  m a r in e  w ater, h ig h e r  p h th a ­
late  co n cen tra tio n s  w ere  fo u n d  in  b ream  th a n  in  

flo u n d er. D EH P an d  DEP w ere  m o s t co m m on ly  

fo u n d  in  fish . T he  co n cen tra tio n  o f  p h th a la te s  

in  m u sse ls  th a t w ere  exposed by su sp e n s io n  in  
su rface  w ate r fo r a six-w eek p e rio d  w as en tire ly  

d iffe ren t. D b p  w as o ften  fo u n d  in  h ig h  co n c e n tra ­

tio n s , follow ed by DEP an d  DEHP.

T h ere  w as no  fu r th e r  in fo rm a tio n  available on  

sh o w n  es tro g en ic  effects in  f ish  o r o th e r aquatic  

o rg an ism s . O n th e  basis o f  th e  estro g en ic  po tency  
m e a su re d  w ith  th e  in  vitro b ioassay  ER-CALUX, 
e s tro g en ic  effects cou ld  m a in ly  be expected  as a 

re s u lt o f  th e  in f lu en ce  o f  DM P, an d  to a fa r  le sse r 

d eg ree  o f  DEP an d  D EH P. H ow ever, DMP w as 
genera lly  fo u n d  d issolved in  su rface  w a te r an d  
in  b io ta  in  low er c o n cen tra tio n s , an d  in  h ig h e r  

co n cen tra tio n s  in  su sp en d ed  m a tte r  an d  

sed im en t. Like th e  a lky lpheno l (ethoxylate)s, som e 
p h th a la te s  m ay  also cause  o th e r toxic, non-estro - 
gen ic  effects th a t w ill be ad d re ssed  in  th e  em iss io n  

policy.

It can  be con c lu d ed  th a t th e  n a tu re  o f  poss ib le  
e s tro g en ic  effects o f  th e  p h th a la te s  on  fish  is as 

yet u n c lea r. T he  es tro g en ic  po tency  o f  th e  m o s t 

co m m o n  p h th a la te  (DEHP) is (very) low; th e  

p h th a la te  w ith  h ig h e s t e s tro g en ic  p o tency  (DM P) 
w as only  fo u n d  in  h ig h  co n cen tra tio n s  in  

su p e n d e d  m a tte r  a n d  sed im en t.

Brominated flam e retardants

P olyb rom ob ipheny ls (PBBs) w ere  genera lly  n o t 

fo u n d  in  su sp e n d e d  m a tte r  o r in  sed im en t. In  

b io ta  (fish), PBBs (congeners BB 101, BB 153 an d  
BB 169) w ere  fo u n d  in  very low  co n cen tra tio n s .
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C o n g en ers  BDE 4 7 , BDE 9 9  a n d  p articu la rly  BDE 

2 0 9  o f  th e  po ly b ro m o d ip h en y l e th e rs  (PBDE s) 
w ere  fo u n d  in  a large p ro p o rtio n  o f  th e  sam p les in  
clearly  elevated  co n cen tra tio n s  in  th e  solid  m a tte r  

o f  su rface  w ater. T he  freq u en cy  o f  o ccu rren ce  and  

PBDE co n cen tra tio n s  w ere  h ig h e r  in  su sp en d ed  
m a tte r  th a n  in  sed im en t. V ery h ig h  BDE 2 0 9  

co n cen tra tio n s  (up to 4 , 6 0 0  n g /g  dry  w eight) 

w ere  fo u n d  in  th e  su sp e n d e d  m a tte r  fro m  th e  

W e ste rn  Scheldt. T he  m e d ia n  values fo r th e  PBDE 
co n g en e rs  BDE 4 7 , BDE 9 9  an d  BDE 2 0 9  w ere 
2 . 2  n g /g  dry  w eigh t, 2 . 8  n g /g  dry  w eig h t an d  

7 6  n g /g  dry  w eig h t respectively.

C on siderab ly  in c rea sed  co n cen tra tio n s  o f  BDE 4 7  

w ere  fo u n d  in  a large p ro p o rtio n  o f  f ish  an d  

m u sse ls . T h ese  ran g ed  be tw een  1.5  n g /g  dry 

w e ig h t an d  1 3 0  n g /g  dry w eigh t, w ith  a m ed ian  
value  o f  4 . 0  n g /g  dry  w eigh t. B d e  2 0 9 , co m m o n  
in  su sp en d ed  m a tte r  an d  sed im en t, w as fo u n d  

in  only a few  sam p les tak en  fro m  b io ta . T his 

co n firm s th e  su g g es tio n  th a t BDE 2 0 9  does n o t 
accu m u la te  in  o rg an ism s . It is u n c lea r w h e th e r 
th is  co n g en e r w ill b reak  dow n in  th e  en v iro n m e n t 

a t a la te r stage to low er b ro m in a te d  d ip h en y le th e rs  

an d  th e reb y  still accu m u la te  in  b io ta.

T 0.11  C o n c e n tr a t io n  r a n g e s  o f  t h e  4  m o s t  c o m m o n  b r o m in a te d  

f la m e  r e ta r d a n ts  in s u s p e n d e d  m a tter , s e d im e n t  a n d  b io ta .

C om partm ent BDE 47 BDE 99 B D E 153 BDE 2 09

Suspended  matter < 0 . 3 - 9 . 0 < 0 .1 3 - 2 3 < 0.1 - 9 .7 < 9 .0 - 4 ,6 0 0

(n g /g  dry w eigh t)

Sedim ent 0 .3 - 7 .1 < 3 . 3 - 5 . 5 < 0 .0 1 8 - 4 .1 < 9 .0 - 5 1 0

(n g /g  dry w eigh t)

Fish (m uscle) < 1 . 5 - 1 3 0 < 0 .011  - 4 . 6 < 0 .0 1 8 - 4 .1 < 0 . 3 5 - 0 . 9

(n g /g  dry w eigh t)

M u sse ls  (w h o le  body) < 0 . 8 - 1 7 < 0 . 5 - 1 0 . 7 < 0 .7  -  1.5 < 3 . 7 - 4 . 9

(n g /g  dry w eigh t)

T 0 .1 2  T h e  o c c u r r e n c e  o f  o v o t e s t i s  in m a le  b r e a m .

O v o t e s t i s  w a s  o n ly  f o u n d  in  t h e s e  3 lo c a t io n s .

Location

+  +  +

Koude Vaart 25  24 1 0

V rouw enzand 23  21 2 0

D om m el 14 8 4 2

D om m el 9 6 3 0

4

9

47

33

Number o f 
m ale bream  
investigated

Number o f fishes 

testes w ith  oocytes 
in testes (ovotestis)

Intersex 

in male bream
(% )

In  th e  lite ra tu re , no  in fo rm a tio n  w as fo u n d  on 

prev iously  sh o w n  e s tro g en ic  effects as a re s u lt o f  
PBBs a n d  PBDE s. O n  th e  basis o f  th e  in  vitro ER- 
CALUX bioassay, th e  co n g en ers  BDE 47, BDE 85, 

BDE 9 9  an d  BDE 100  show  very low  estrogen ic  

potency . T he  hydroxy m etab o lites  o f  a n u m b e r  o f  
PBDEs also show  es tro g en ic  po tency .

It can  be co n c luded  th a t th e  co n tr ib u tio n  o f  b ro m i­

n a ted  flam e re ta rd an ts  PBBs a n d  PBDE s to e s tro ­
gen ic  d is ru p tio n  o f  aqua tic  o rg an ism s is as yet 
u n k n o w n , b u t th a t they  w ou ld  ap p ea r to be less 

s ign ifican t. T h e ir  d is ru p tio n  o f  o th e r (non-estro- 

genic) en d o c rin e  fu n c tio n s  w ou ld  ap p ea r m o re  
sign ifican t.

Estrogenic effects in fish
T he field  study  w ith in  th e  con tex t o f  LOES co n cen ­
tra ted  p rim arily  o n  sho w in g  es tro g en ic  effects in  

two species o f  fish  co m m o n ly  fo u n d  in  the  

N e th e rlan d s , nam ely  b re a m  (A bram is brama) for 
fre sh w ate r a n d  f lo u n d e r  (Platichthysflesus) fo r 
b rack ish  an d  salt w ater. In  sp r in g  an d  in  fall, som e 

20-25 m a le a n d fem ale  fish  w ere  sam p led  in  som e 
2 0  locations, o f  w h ich  a n u m b e r  o f  g en e ra l 
ch arac te ris tics  w ere  reco rded , in c lu d in g  len g th , 
age, gen d er, som atic  liver a n d  go n ad a l w eigh t. T he 

o ccu rren ce  o f  th e  yolk p ro te in  v ite llo g en in  in  th e  

b lood  p la sm a  o f  m a le  fish  w as u sed  as b io m ark e r 

fo r th e  o ccu rren ce  o f  e s tro g en ic  effects. 
H isto log ica l in v es tig a tio n  w as p e rfo rm ed  in to  th e  

o ccu rren ce  o f  fem ale  sexual ch arac te ris tics  in  the  

g onads o f  m a le  fish . A poss ib le  re la tio n  w as also 

investiga ted  by m e a n s  o f  a n u m b e r  o f  b ioassays 
su ch  as th e  ER-CALUX b ioassay  o f  th e  b ile  o f  th e  

sam e  fish .

O nly  sligh tly  in c reased  v ite llogen in  co n cen tra tio n  
w as fo u n d  in  m a le  f lo u n d e r  a t sea, o ff  th e  coast 

an d  in  e s tu a rie s , even  in  e s tu a rie s  su ch  as th e  N ew  

W aterw ay, th e  E em s-D ollard  a rea  a n d  th e  W este rn  
Scheld t. T h is  is in  co n tra s t to  th e  re su lts  o f  in v es ti­
ga tions in  E ng land , w h ere  h ig h  co n cen tra tio n s  

o f  v ite llogen in  w ere  fo u n d  in  th e  b lood  o f  m ale  

f lo u n d e r  in  E ng lish  e s tu a rie s . In  E ng land , m ale  

f lo u n d e r  w ith  h ig h  v ite llogen in  co n cen tra tio n s  
w ere  also show n  to have a co n d itio n  k n o w n  as

-  no o ocy tes in testicular tissue + sporadic to  few  o ocy tes in testicular tissue ++ several oocytes in testicular tissue



ovotestis in  w h ich  oocytes a re  fo u n d  in  te s ticu la r 

tis su e . T h is  co n d itio n  w as n o t fo u n d  in  D u tch  

flo u n d er.

In  a n u m b e r  o f  cases, b ream  in  D u tch  fre sh  

in la n d  su rface  w ate r d id  d e m o n s tra te  m odera te ly  

in c rea sed  v ite llo g en in  co n cen tra tio n s  in  blood, 
g rea te r th a n  1 ,0 0 0  n g /m l b lood  p lasm a . T his 

w as fo u n d  in  b re a m  in  locations L obith, E ijsden ,

H aringv lie t, th e  N o rth  Sea canal a n d  th e  reg iona l 
su rface  w aters K oude V aart an d  B erg u m erm eer.
T he  h ig h e s t v ite llogen in  in d u c tio n  w as reco rded  

in  b lood p la sm a  o f  m a le  b re a m  fo u n d  in  th e  river 

D o m m el. In  th is sm all river, h ig h  co n cen tra tio n s  
o f  v ite llo g en in  c o n te n t w ere  fo u n d  in  b o th  sp rin g  
a n d  fall in  all b lood  p la sm a  sam p les, w ith  co n cen ­

tra tio n s  u p  to io  m illio n  n g /m l. T h is w as also th e

only  location  w h ere  h is to log ica l in v es tig a tio n  o f  F 0.5 O votestis in  m ale  b ream  (Abram is brama): th e  fo rm a tio n  o f  an  oocyte

th e  gonads o f  a co n sid e rab le  p e rcen tag e  o f  th e  (star) in  the  te sticu lar tissue  w ith  a n u m b e r  o f  sperm atozo id s  (arrow),

m ale  fish  (33 -4 3 % )  show ed  ovotestis (see tab le  

0.12 a n d  fig u re  0.5). T h erefo re , th e  sm all river 

D o m m el w as se lected  as sam p lin g  a rea  since  
m a jo r  in f lu en ce  o f  th e  su rface  w a te r w as expected  
by th e  e ff lu en t o f  th e  sew age tre a tm e n t p la n t in  

E indhoven  a n d  any  u n tre a te d  m u n ic ip a l w aste ­

w a te r fro m  overflow s fro m  th e  m u n ic ip a l sew age 
system . A n ad d itio n a l in v estig a tio n  has in  th e  
m e a n tim e  show n  th a t es tro g en ic  effects are 

reco rd ed  in  (m ale) fish  in  o th e r reg io n a l surface  

w ate rs , also in f lu en ced  by u n tre a te d  or biologically  
tre a ted  m u n ic ip a l w aste  w ater. As yet, fem in iz in g  
effects in  f ish  p o p u la tio n s  in  th e  N e th e rlan d s , also 

in  reg io na l w ate rs , seem  less s ig n ifican t th a n  the  

ren o w n ed  an d  o ften  qu o ted  field  s tu d ies  fro m  
G rea t B rita in  (Jobling et aí., 1998; A llen  et aí.,

1 9 9 9 a , 1 999b ; M a tth ie sen  et aí., 2 0 0 0 ) .

T he  ecological sign ificance  o f  th e  o ccu rren ce  o f  
in c rea sed  v ite llogen in  in d u c tio n  an d  ovotestis in  
m a le  f ish  is as yet u n k n o w n . S ince th e  occu rrence  

o f  v ite llogen in  in  b lood  p la sm a  has a half-life o f  

a few  w eeks, it is co n sid e red  a b io m ark e r fo r 
(relatively) re c e n t exposu re  to (xeno-) e s tro g en s .
T he  o ccu rren ce  o f  ovotestis in  m a le  f ish  m ay  be 

re la ted  to exposu re  to (xeno-) e stro g en s a t a 

juven ile  stage a t w h ich  sexual d iffe ren tia tio n  
occurs.

©



In  a n  in  vivo ex p e rim en t, th e  so-called ‘partia l life 

cycle test’ (PLC test) w ith  zeb ra fish , s im ila r g en d e r 
sh ifts  w ere  show n  on  a labo ra to ry  scale in  young  
fish . F irstly  in  th e  PLC tes t, ad u lt z eb ra fish  w ere 

exposed  fo r 25 days to various m ix tu res  o f  (xeno-) 

e s tro g en s , in c lu d in g  iyß -estrad io l, syn th esized  
STP e ff lu en t an d  ac tu a l d isch arg ed  STP e ffluen t.
In  all th ree  cases , th e  n u m b e r  o f  c lu tches an d  th e  

n u m b e r  o f  eggs la id  d ecreased  w ith  re sp ec t to  the  

re fe ren ce  m e d iu m  ‘D utch S tandard W ater’ (DSW). 
R esu lts w ere  n o t sta tistically  s ig n ifican t how ever. 
As a follow -up, fertile  eggs w ere  exposed  in  th e  

sam e  w ay fo r a six-w eek p e rio d  to various 

m e d iu m s . A fter th is  p eriod , th e  g en d ers  o f  the  
yo u n g  fish  w ere  d e te rm in ed . In  th o se  eggs th a t 
w ere  exposed  to iyß -estrad io l, th e  syn th esized  

an d  th e  d isch arg ed  STP efflu en t, th e re  w as a c lea r 

p revalence  o f  fem ales , re su ltin g  in  som e 15 % 
m a le  fish , io  %  u n d iffe ren tia ted  fish  an d  75 % 
fem ale  z eb ra fish  (see fig u re  0 .6 ) . T he ac tua l 

exposu re  o f  th e  juven iles w as th e re fo re  decisive 

a n d  n o t th e  exposu re  o f  th e  p a re n t fish .

It is u n c lea r w h e th e r  th e  g e n d e r sh ift show n  above 

is p e rm a n e n t o r reversib le . U pon  c ro ss-re fe ren c ­

in g  w ith  a n u m b e r  o f  field  tes ts  w ith  b ream  da ting  

fro m  1965, th e re  ap p ears  to be  a s lig h t tre n d  th a t 
in d ica tes  a sh ift in  g e n d e r ra tio  in  favor o f  fem ales 

a n d  a decrease  in  m a le  gonada l w e ig h t (W inter 

a n d  v.d. S luis, 2 0 0 0 ) . It is as yet u n c lea r w h e th e r 

e s tro g en ic  effects a re  th e  cau se  o f  th is . S im ilar 
re su lts  fro m  th e  field  fo r f lo u n d e r gave no  in d ica ­

tio n  o f  d ecrease  in  p o p u la tio n  o r a sh ift in  g e n d e r 

ra tio .

The relationship between 
estrogenic effects and the 
occurrence of compounds

In  o rd e r to g a in  as good a p ic tu re  as p o ss ib le  o f  th e  

re la tio n sh ip  be tw een  es tro g en ic  effects sh o w n  in  
w ild  f ish  a n d  exposu re  to (xeno-) e s tro g en s , th e  
m e a s u re m e n t re su lts  w ere  sta tistically  te s ted  for

T 0 .1 3  N u m b e r  o f  c lu t c h e s  a n d  to ta l  n u m b e r  o f  e g g s  p er  

g r o u p  o f  a d u lts

Test m edium DSW 1 nM D ischarged S ynthetic

1 7 ß -estrad io l STP efflu en t STP efflu en t

N um ber o f  clu tches 17 15 5 10
Total num ber o f  eg g s 4 ,3 6 6 3 ,2 1 5 1 ,8 5 9 2 ,8 0 2

poss ib le  in te rre la tio n sh ip , a n d  su p p le m e n ta l tes ts  

w ere  p e rfo rm ed  in  th e  labora to ry  a n d  in  th e  field . 
In  th e  laboratory , in  vitro a n d  in vivo b ioassays 
w ere  p e rfo rm ed  to d e te rm in e  p o ten tia l an d  actua l 

es tro g en ic  effects. M oreover, in  a n u m b e r  o f  

locations, f ish  w ere  su sp en d ed  in  cages fo r a 

ce rta in  perio d  o f  tim e  an d  exposed  to su rface  
w ater, b io logically-treated  e ff lu en t fro m  a STP and  

to a m ix tu re  o f  th e se  tw o w ater s tream s. In  all 

su p p lem en ta l te s ts , th e  sam e  sam p lin g  locations 
w ere  u sed  as fa r  as possib le . T h ro u g h o u t th e  LOES 
survey, th e  E indhoven  STP an d  th e  sm a ll receiv ing  

river D om m el fu n c tio n ed  in creasin g ly  as a special 

‘case’ study.
Two fish  species, ra in b o w  tro u t an d  carp , w ere 
exposed  in  a flow -th rough  sy s tem  fo r a perio d  o f

2.5 w eeks to d ilu tio n s o f  th e  e ff lu en t (o, 25, 50 an d  

100  %) fro m  th e  E indhoven  STP a n d  su rface  w ater 
fro m  th e  D om m el. T he  100 %  e ff lu en t d e m o n ­
s tra ted  e s tro g en  activity w ith  h ig h  to very h ig h  

v ite llogen in  in d u c tio n  in  b lood  sam p les from  

m ale  ra in b o w  tro u t. D ilu tion  o f  th e  e ff lu en t w ith  
su rface  w ate r fro m  th e  D o m m el (1:1) re su lted  in  a 
co n sid erab le  red u c tio n  in  v ite llo g en in  in d u c tio n . 

W ith  th e  carp , no  e s tro g en ic  effects w ere 

w itn essed  w ith  any  o f  th e  d ilu tio n  so lu tio n s.
T h is co n firm s th e  fact th a t ce rta in  fish  a re  m o re  
sensitive  to e s tro g en ic  en d o c rin e  d is ru p tio n  th a n  

o thers.

T he  in  vivo ex p e rim en ts  described  above, th e  in  
situ  f low -th rough  system s a t STPs an d  th e  PLC 

tes ts  in  th e  laboratory , show  th a t STP e ff lu en t can  

be a source  o f  e m iss io n  fo r p oss ib le  estro g en ic  

effects.

T he  e stro g en ic  po tency  o f  th e  e ff lu en t o f  th e  E ind­

hoven  STP a n d  th e  su rface  w ate r o f  th e  D om m el 
d o w n stream  a n d  u p s tre a m  o f  th e  d isch a rg e  p o in t 
w as also d e m o n s tra te d  by m ean s  o f  th e  in  vitro 

ER-CALUX b ioassay  an d  th e  in  vitro tran sg en ic  

zeb ra fish  re p o r te r  g ene  b ioassay.

In  th e  LOES survey, th e  ER-CALUX assay  was 

tes ted  fo r a n u m b e r  o f  w ate r s tre am s , su ch  as 

w astew ater, ra in w a te r an d  su rface  w ater, b u t also 
to te s t bile f lu id  fro m  b re a m  an d  flo u n d er. In  th e  
survey, th e  p re tre a tm e n t (solid p h ase  extraction)

©
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F 0 .6  Gender shift of young zebrafish after exposure of the adult fish and the eggs/juvenile s 

under various combinations o f ‘Dutch Standard Water' (DSW), i7ß-estradiol (E2), 

synthetic and discharged s t p  effluent (* p<o.o5, ** p<o.oo5, *** p<0 . 0 0 0 1 ) .

VTG (ng/m l)

103 - 104 105- 106 > 107

F 0 .7  Frequency distribution of vitellogenin (ng/ml) in male rainbow trout 

after in  situ  exposure to STP effluent (Eindhoven).

o f  th e  aq u a tic  sam p les  w as n o t op tim al, a lth o u g h  

it  is nev e rth e less  p o ss ib le  to m ak e  co m p ariso n s 

be tw een  th e se  w a te r s tream s w ith  re sp ec t to  th e ir  
e s tro g en ic  po tency . T he  h ig h e s t estro g en ic  

p o tency  w as reco rd ed  in  m a n u re , follow ed by 

b io log ica lly -un trea ted  w astew ater fro m  specific 

co m p an ies  (inc lud ing  a p h a rm aceu tic a l co m p an y  
a n d  a hosp ita l) a n d  by u n tre a te d  m u n ic ip a l

sew age. In  STPs, th e  e s tro g en ic  p o tency  was 

red u ced  io o -fo ld . W h e n  d ilu ted  by m ean s  o f  the  
su rface  w ater, th e  e s tro g en ic  p o tency  w as red u ced  
an  add itio n a l ten  tim es . E strogen ic  p o tency  in  

p o ld e r d itches in  areas w ith  in ten siv e  cattle  

h u sb a n d ry  w as com p arab le  to th a t in  o th e r 
sam p led  su rface  w aters; estro g en ic  po tenc ies 
m e a su re d  w ith  th e  ER-CALUX in  su rface  w aters in



h o rtic u ltu ra l a reas w ere  clearly  low er. It is re m a rk ­

ab le  th a t ra in w a te r also  show ed  es tro g en ic  po tency  

th a t w as co m p arab le  o r even  sligh tly  h ig h e r  th a n  
th a t o f  su rface  w ater.

A d d itio n a l re sea rch  w ith  th e  ER-CALUX in to  fish  
b ile  ind ica tes  th a t th e  e s tro g en ic  p o tency  in  fish  
b ile  co rre la ted  reasonab ly  w ell (bu t n o t sig n ifi­

cantly) w ith  in c reased  v ite llo g en in  co n cen tra tio n s  

in  th e  b lood  p lasm a  o f  m ale  b ream . T he  E R- 
CALUX re su lts  w ith  re sp ec t to bile can  be seen  as 
a n  in d ica tio n  o f  th e  exposu re  to (xeno-) e s tro g en s , 

w h ile  th e  v ite llogen in  in d u c tio n  gives an  im p re s ­

sio n  o f  th e  ac tua l e s tro g en ic  effects in  fish . T h ere  
w as also  good  co rre la tio n  be tw een  v ite llogen in  
in d u c tio n  in  b lood  a n d  th e  ER-CALUX re su lts  re la t­

in g  to bile, particu la rly  w ith  n o n y lp h en o ls  an d  th e  

n o n y lp h en o l e thoxylates in  th e  m u sc le  tissu e  o f  

m a le  b ream . T he  co rre la tio n  o f  b o th  b io m ark ers  
an d  th e  co n cen tra tio n  o f  (xeno-) e s tro g en s  in  

various en v iro n m en ta l c o m p a r tm e n ts  a t th e  catch  

locations w as less good.

O n  th e  basis o f  th e  o ccu rren ce  o f  th e  (xeno-) e s tro ­

g en s in  su rface  w a te r an d  th e  as yet lim ited  ecotox­

icological data  fo r aqua tic  o rg an ism s w ith  re sp ec t 

to  e s tro g en ic  effect, it can  be  a rg u ed  th a t p a rticu ­
larly  th e  sy n the tic  h o rm o n e  iy a-e th y n y les trad io l 

an d  th e  n o n y lp h en o ls  (as a m etab o lite  o f  

n o n y lp h en o l ethoxylates) an d  to a le s se r degree 

th e  n a tu ra l h o rm o n e  e s tro n e  m ay  be re sp o n sib le  
fo r th e  e s tro g en ic  effects sh o w n  in  w ild  fish . 

B isphenol-A  w ou ld  ap p ea r to be o f  secondary  

s ign ificance . T he  ro le  o f  p h th a la te s  re m a in s  
u n k n o w n  to date. T he  estro g en ic  potency, 
m e a su re d  w ith  th e  ER-CALUX, w as low  fo r 

p h th a la te s , w ith  th e  excep tion  o f  DMP an d  BBP. 

T h is  w as also  th e  case fo r th e  b ro m in a te d  flam e 
re ta rd a n ts  PBBs an d  PBDE s. W ith  th e  flam e re ta r­
d an ts , it  is n o t so m u c h  th e  p o ss ib le  e strogen ic  

p o tency  (by m e a n s  o f  th e  ER recep tor) th a t 

deserves a tten tio n , b u t m o reo v er th e ir  effect via 
A h recep to rs  (s im ilar to PC B a n d  dioxin-like 
c o m p o u n d s) an d  th e ir  p o ss ib le  d is ru p tio n  o f  

thy ro id  h o rm o n e  sy stem s.

Recommendations 

Policy

•  E ndocrine  d is ru p tio n , su ch  as fem in iza tio n , 

sh o u ld  be a ss ig n ed  g rea te r focus in  th e  r isk  a s se ss ­
m e n t o f  su b s tan ces . It is th e re fo re  desirab le  th a t it 
be in c lu d ed  as one  o f  th e  ecotoxicological p a ra m e ­

te rs in  th e  en v iro n m e n ta l r isk  a s s e s sm e n t an d  

ch em ica l a sse ssm e n t. E strogen ic  effects a m o n g s t 

aqua tic  o rg an ism s m ay  occu r a t fa r low er co n cen ­
tra tio n s  th a n  fo r exam ple  le th a l effects o r effects 

im p ac tin g  g row th . In  ad d itio n  to p e rs is te n t an d  

b ioaccum ula tive  co m p o u n d s , th a t genera lly  sorb  

read ily  to su sp e n d e d  m a tte r , n o n -hyd rophob ic  
(and p o ss ib le  read ily  bio logically  degradable) 

co m p o u n d s  also ap p ea r s ign ifican t, a t leas t w ith  

re sp ec t to en d o c rin e  d is ru p tio n .

•  A t th e  m o m e n t, ecotoxicological in fo rm a tio n  

a im ed  a t sh o w in g  rep ro d u c tiv e  effects in  aqua tic  

o rg an ism s is only m in im a lly  available in  th e  
lite ra tu re .
As a re su lt, it  is only  poss ib le  to g a in  a very lim ited  

p ic tu re  o f  th e  severity  o f  th e  o ccu rren ce  o f  (xeno-) 

es tro g en s  effects in  th e  aq ua tic  en v iro n m en t. It 
w ou ld  th e re fo re  be desirab le  i f  ex p e rim en ts  w ere  
ca rried  o u t in to  th e  fe m in iz in g  effects o f  a lim ited  

n u m b e r  o f  (xeno-) e s tro g en s  w ith  re sp ec t to fish , 

o r o th e r b io ta . In  se lec ting  th e se  (xeno-) estro g en ic  
c o m p o u n d s , a tte n tio n  sh o u ld  be devoted  to 
h a rm o n iz in g  th e  choice w ith  th e  EU p rio rity  lis t 

o f  ch em icals re la tin g  to h o rm o n e  d is ru p tio n .

T he  fo llow ing  co m p o u n d s  cou ld  be  inc luded : 
th e  n a tu ra l h o rm o n e s  iy ß -estrad io l an d  estro n e , 
th e  syn thetic  h o rm o n e  iy a-e th y n y les trad io l, th e  

n o n y lp h en o l e thoxylates, n o n y lp h en o ls  a n d  to 

date  th e  p h th a la te s  DEHP, DEP an d  DMP.

•  A n in itia l sc reen in g  o f  co m p o u n d s  or w ate r 

s tre am s fo r estro g en ic  p o tency  can  be p e rfo rm ed  

th ro u g h  th e  in  vitro ER-CALUX b ioassay  once th e  
m e th o d  has b een  fu r th e r  s tan d a rd iz ed . In  o rd e r 
to g a in  an  im p re ss io n  o f  th e  pred ic tive  value o f  

th is in  vitro te s t fo r e stro g en ic  effects in  in vivo 

e x p e rim en ts , b o th  te s t m e th o d s  sh o u ld  still be 

p e rfo rm ed  a t th e  m o m e n t.



•  In  th e  LOES survey, only lim ited  a tten tio n  

w as devoted  to th e  e m iss io n  o f  h o rm o n e s  fro m  
m a n u re  o f  in ten s iv e  cattle  h u sb a n d ry  in to  surface  
w ate rs . It is u n k n o w n  w h a t p ro p o rtio n  o f  these  

h o rm o n e s  g en u in e ly  reaches p o ld e r d itches a n d  to 

w h a t ex ten t fem in iz in g  effects occu r in  fish  as a 
re su lt. T he  gross excre tion  o f  n a tu ra l h o rm o n e s  by 
D u tch  livestock is m an y  factors g rea te r th a n  th a t 

by th e  h u m a n  p o p u la tio n . F u rth e r  in v es tiga tion  

in to  th e  e m iss io n  ro u te  is th e re fo re  desirab le , as
is re sea rch  in to  th e  o ccu rren ce  o f  th e  n a tu ra l 
h o rm o n e s  in  p o ld e r d itches an d  th e  poss ib le  

assoc ia ted  fem in iz in g  effects in  m ale  fish  in  th ese  

p o ld e r d itches.

Monitoring
•  T he  LOES field  survey  show ed  th a t fem in iz in g  
effects on  fish  p o p u la tio n s  a re  g rea te s t in  reg iona l 
w aters th a t a re  s trong ly  in f lu en ced  by local 

sou rces o f  em iss io n . M in o r to m o d era te  fe m in iz ­

in g  effects w ere  fo u n d  in  f ish  in  th e  m a jo r 

n a tio n a l bodies o f  fre sh w ate r. No rem ark ab le  
effects w ere  fo u n d  in  fish  a t o p en  sea o r in  D u tch  

e s tu a rie s . I t is re c o m m e n d e d  th a t es tro g en ic  

effects a re  in c lu d ed  in  ad d itio n  to th e  chem ica l 

analysis o f  so m e  (xeno-) e s tro g en s . T he  fo llow ing 
p a ram e te rs  cou ld  be u sed  in  fu tu re  m o n ito r in g  

stud ies:

•  •  E strone , iy ß -estrad io l a n d  iy a -e th y n y les trad io l
in  w a te r (only w ith  low er d e tec tio n  lim its  o f  
th e  analy tical m ethod);

•  •  N ony lpheno ls an d  n o n y lp h en o l e thoxylates in

su sp e n d e d  m a tte r  an d  sed im en t;
•  •  ER-CALUX bioassay in  surface  w ater  an d

w astew ater as a p re -sc reen  to assess 

e s tro g en ic  po tency  (w hen th e  assay  m e th o d  is 

s tan d a rd iz ed , in c lu d in g  extraction);
•  •  F em in iz in g  effects in  fre sh w a te r an d  m a rin e

fish  by m e a n s  o f  b iom arkers:

•  •  •  V ite llogen in  c o n te n t in  b lood p lasm a

o f  m a le  fish;
•  •  •  E R-CALUX po tency  in  bile f lu id  o f  m a le  fish;
•  •  •  G onada l h is to logy  o f  m ale  f ish  in  th e  even t

o f  h ig h  p la sm a  v ite llogenin  concen tra t ions  

a n d /o r  s ign if ican t ER-CALUX resp on ses .

Follow-up
•  F u rth e r  in v estig a tio n  is re q u ire d  in to  ecological 
re levance. W h a t are  th e  co n seq u en ces  o f  fe m in iz ­

in g  effects su ch  as v ite llogen in  in d u c tio n  in  b lood 

p la sm a  a n d  in te rsex u a lity  in  m a le  f ish  o n  re p ro ­
du c tio n  an d  fish  popu la tions?

•  In  th e  LOES p re lim in a ry  inves tiga tion , th e  in  

vitro ER-CALUX assay  w as sh o w n  to be th e  m o s t 
p ro m is in g  te s t fo r in d ica tin g  estro g en ic  po tency  
in  en v iro n m en ta l sam p les. T h is w as clearly  show n  

afte r c o m p a rin g  it to in  vitro te s ts  co m m o n ly  u sed  

ab road  su ch  as th e  ‘ER binding’ tes t, th e  ‘yeast- 
estrogen’ te s t (YES) a n d  th e  ‘E-screen’ tes t. In  o rder 
to be able to u se  th e  in  vitro ER-CALUX assay  as 

sc reen in g  tes t, th e  p re - tre a tm e n t (extraction  

m e th o d  a n d  c leanup) o f  th e  en v iro n m en ta l 
sam p les  w ill have to be fu r th e r  o p tim ized  an d  
validated . T he  re la tio n sh ip  w ith  in  vivo te s ts  w ill 

also have to be fu r th e r  d e te rm in ed .

•  T he  re su lts  fro m  ch em ica l analysis fro m  LOES 
ind ica te  th a t th e  (xeno-) estro g en ic  co m p o u n d s 

m e a su re d  are  d iffusely  d is tr ib u ted  th ro u g h o u t th e  

fre sh w ate r e n v iro n m e n t in  th e  N e th e rlan d s , also 

a t open  sea a n d  in  e s tu a rie s . H ig h  co n cen tra tio n s  
o f  b ro m in a te d  flam e re ta rd an ts , particu la rly  o f  

BDE 2 0 9 , w ere  fo u n d  in  su sp e n d e d  m a tte r  in

th e  W este rn  Scheld t. T he  sources o f  th ese  h ig h  
co n cen tra tio n s  o f  BDE 2 0 9  in  th e  W este rn  Scheld t 
sh o u ld  be d e te rm in ed , as sh o u ld  th e ir  negative 

im p ac t on  th e  en v iro n m e n t, in c lu d in g  lo n g -te rm  

im pac t. T he  o ccu rren ce  o f  o th e r (lower) b ro m i­

n a ted  flam e re ta rd an ts  in  th e  W e ste rn  Scheld t 
sh o u ld  also be investiga ted , in c lu d in g  th o se  

re su ltin g  fro m  th e  b reakdow n  (m etabolites) o f  

th e  b ro m in a te d  flam e re ta rd a n ts  m easu red .

•  R ainw ater show ed  an  in  vitro e s tro g en ic  po tency  

com p arab le  to th a t o f  su rface  w ater. It sh o u ld  be 

d e te rm in e d  w h e th e r  th is  e stro g en ic  p o tency  is 
p re s e n t m o re  o ften  in  ra in w a te r an d , i f  so, w h ich  
e stro g en ic  co m p o u n d s , besides th e  p h th a la te s , 

cau se  th is  potency .



•  T he  lim its  o f  d e tec tion  o f  th e  anly tical m e th o d s  

o f  h o rm o n e s  are  a lready  u ltra-low  (< 0.3 n g /L  to 

0 .8  ng /L ), b u t they  a re  nev e rth e le ss  in  th e  ran g e  or 
h ig h e r  th a n  co n cen tra tio n s  a t w h ich  (estrogenic) 

effects have b een  show n  in  fish . L ow ering th e  

lim its  o f  d e tec tion  o f  th is  analysis, w h en  te c h n i­

cally feasib le , is desirab le , as th is  w ill give 
g rea te r su re ty  to th e  o ccu rren ce  o f  h o rm o n es

in  th e  aq u a tic  e n v iro n m e n t a t su c h  low  effect 

c o n cen tra tio n s .

•  T h ere  is little  in fo rm a tio n  available w ith  

re sp ec t to  th e  b io logical d eg rad a tio n  o f  th e  

n a tu ra l e s tro g en ic  h o rm o n e s  iy a -e s tra d io l an d  
i7 ß -estrad io l, e s tro n e  a n d  th e  sy n the tic  h o rm o n e  
iy a-e th y n y les trad io l. M ore in fo rm a tio n  is d e s ir­

ab le  w ith  re sp ec t to b io logical d eg rad a tio n  u n d e r  

an ae ro b ic  (m anu re) an d  aerob ic  (surface w ater, 
soil) co n d itions .

•  E ffluen t fro m  STPs, w h ereby  th e  e ff lu en t 

com poses a m a jo r p ro p o rtio n  o f  th e  su rface  w ater, 

has  b een  id en tif ied  as a sou rce  o f  e m iss io n  th a t 
can  cau se  fem in iz in g  effects in  f ish  in  surface  

w ater. O th e r p o ten tia l sou rces o f  e m iss io n  in c lude  

specific in d u s tr ia l w astew ater, m a n u re , ra in w a te r 
an d  u n tre a te d  m u n ic ip a l w astew ater. F u rth e r  
know ledge is desirab le  as to th e  ro le  o f  th ese  o th e r 

p o ten tia l sou rces o f  em iss io n  an d  o th e r variab les , 

w ith  re sp ec t to  cau sin g  estro g en ic  effects in  w ild 
fish . ■
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1 Introduction

1.1 Concern about  endocrine- 
disrupting substances

Potentially harm ful effects o f endocrine- 
d isrupting chemicals are currently 
attracting a great deal o f attention. 
Endocrine-disrupting chemicals (EDCs) 

are defined as substances that m odulate 
or disturb horm onal balance (CSTEE, 1999) 
and which can therefore induce harm ful 
effects in both hum ans and wildlife. The 
effects on reproduction caused by changes 
in  sex horm one balance are generally 
m ost significant. Specific periods of m ajor 
susceptibility to horm one disruption occur 
during the developm ent o f an organism , 
both before and after birth . During these 
periods, even extremely low concentrations 
can disrupt the sex horm one balance 
(Colborn and Clement, 1992; Health 
Council o f the Netherlands, 1999) and 
thereby cause health problem s. Such effects 
m ay become visible during adult life or in 
progeny. Since certain types o f horm one 
receptors are ubiquitous in the anim al 
kingdom , a large num ber of species 
ranging from  invertebrates to hum ans 
are potentially at risk.

A lthough controversial, endocrine- 
d isrupting chemicals are described as being 
responsible for the global occurrence of 
reproductive and developmental abnorm ­
alities observed in wildlife populations 
(Colborn et al. 1996). No causative role for 
EDCs has yet been determ ined for hum an  
diseases (CSTEE, 1999). This is not true for

wildlife. There is convincing evidence 
that indicates that endocrine disruption 
and reproductive problem s do occur, 
particularly in aquatic organism s. The 
aquatic environm ent may act as a sink for 
m any contam inants that originate from  
wastewater, air deposits and otherwise.

Reproductive problem s in (aquatic) anim al 
populations are not a new phenom enon.
In the 1970s, persistent organochlorine 
com pounds such as dieldrin, DDT, poly­
chlorinated biphenyls (PCBs) and dioxins 
were held responsible for developmental 
and reproductive problem s in  aquatic 
predators, including piscivorous birds, 
seals and otters, in the N etherlands (and in 
other w estern countries). It was thought 
that these com pounds m ight exert their 
effects through disruption o f endocrine 
functions. Since then, concentrations of 
well-known priority contam inants such as 
PCBs and heavy m etals have declined signif­
icantly in the Dutch aquatic environm ent as 
a result of governm ent policy.

In the m eantim e, however, other suspected 
endocrine-disrupting com pounds have 
em erged or have been discovered. A well- 
known example of an endocrine-disrupting 
effect is that o f t b t ,  which causes imposex 
in m any species o f m arine snails around 
the world. This phenom enon is held 
responsible for global declines in popula­
tions o f several species (M atthiessen et a l, 
1999). O ther recent examples include 
fem inization o f m ale fish and reproductive



problem s in alligators and fish-eating 
birds (for a review, see c s t e e , 1999). 
According to the Health Council o f the 
Netherlands, there are sufficient scienti­
fically-founded grounds for concern about 
the presence o f endocrine-disrupting 
com pounds, especially in the aquatic 
environm ent, which are capable o f d isrupt­
ing the sex horm one balance in organism s 
and which m ight therefore pose a threat 
to the continued existence of species in 
ecosystems. In some species, effects on 
individuals (and populations) have actually 
been dem onstrated, or else are thought 
likely (Health Council of the Netherlands, 
1999). A lthough there is some evidence 
that endocrine-disrupting com pounds are 
(also) active in  the Dutch aquatic environ­
m ent, relatively little is known about their 
patterns of occurrence in the Netherlands.

In order to investigate the presence of 
estrogens and xeno-estrogens in  the aquatic 
environm ent of the N etherlands and their 
possible estrogenic effects (see box 1.1), a 
large baseline study was conducted. The 
program  is known by its Dutch acronym, 
LOES.

1.2 LOES' objectives

The broad objectives of the LOES project were:
•  to investigate the occurrence o f natural 
estrogens and xeno-estrogens in  various 
com partm ents o f the aquatic environm ent, 
including wastewater (municipal, agri­
cultural and industrial), m anure, rainwater 
and surface water (inland, estuarine and 
m arine), as well as in  suspended m atter, 
sedim ent and biota;
•  to assess estrogenic effects in key fish 
species inhabiting the aquatic environ­
m ent.

Specific aims included:
•  determ ining the concentrations o f known 
and suspected natural estrogens and xeno- 
estrogens in the various environm ental 
com partm ents;
•  determ ining the estrogenic potency in 
these com partm ents by m eans of in vitro 
bioassay m easurem ents;
•  determ ining w hat proportion o f the 
estrogenic potency, as m easured  by in vitro 
assays, can be explained in  term s o f known 
(xeno)-estrogenic compounds;
•  testing the m ost active fraction for effects 
on fish reproduction, using in vivo (partial 
life cycle) tests; and
•  m aking recom m endations on the estro­
genic horm ones, xeno-estrogens, bioassays 
and biom arkers that would be m ost appro­
priate for continued m onitoring.

1.3 LOES' organization & strategy

1 .3.1 Organization

The LOES project is a m ultidisciplinary 
project that encom passed a com bination 
of chemical m easurem ents and biological 
effect techniques, carried out sim ultane­
ously in several com partm ents o f the 
aquatic environm ent. First, the occurrence 
of a variety of potential (xeno-) estrogens 
in surface water, wastewater and other 
com partm ents were m apped. Second, in 
vitro and in vivo tests were conducted to 
assess estrogenic potency and effects in 
extracts of the above com partm ents and 
caged fish and m ussels were exposed to 
(xeno-) estrogens at selected locations. 
Third, fish populations were sam pled for 
specific biom arker m easurem ents such as 
vitellogenin induction and the presence of 
gonadal abnorm alities. Since standardized 
sam pling m ethods were used and each



Box 1.1 Mechanism of action of  (xeno-)estrogens

A lteration o f  en d ocrine fu n ction s cau sed  by an endocrine  

disrupter m ay b e induced by in terference w ith  th e  synthesis, 

secretion , transport, binding, action  or elim ination  o f  natural 

h orm on es in th e  body th at are responsib le for m aintaining  

h om eostasis, reproduction, d evelop m en t an d /or  behavior  

(CSTEE, 1 9 9 9 ) . C hem icals in th e  en vironm ent m ay b e en d ocrine  

disrupters th a t m imic, en h an ce or inhibit th e  action  o f  horm ones. 

LOES fo cu sed  on  natural and synth etic  su b stan ces  th at mimic 

th e  fem inizing  e ffec ts  o f  fem a le  sex  h orm on es by acting  through  

an estrogen  receptor (ER).

In vertebrates, estro g en s (in particular 1 7 ß-estradiol) are th e  

principal fem a le  steroid  sex  h orm ones. They are produced in th e  

ovaries, te s te s  and brain by conversion  o f  th e  m ale se x  horm one  

testo stero n e . Estrogens play a pivotal role in d evelop m en t, in 

so m e m etabolic p rocesses and in all p rocesses relating to  repro­

duction  and sexual d ifferentiation . In oviparous anim als such  as 

fish , 17ß -estrad iol induces th e  liver to  syn th esize  v ite llogen in , 

a precursor o f  o o c y te  yolk  proteins. Natural estro g en s may  

enter th e  environm ent through  excretion  by hum ans and  o ther  

vertebrates such  as livestock. B ecause o f  their extrem ely  high  

binding affinity to  th e  estrogen  receptor, exp osure to  even  

low  con centration s o f  th e s e  h orm on es m ay result in effec ts  

on  reproduction  (Health Council o f  th e  N etherlands, 1 9 9 9 ). 

Synthetic estro g en s such  as 1 7a-eth yn ylestrad io l are specifically  

used  to  prevent reproduction.

Estrogens act at th e  cellular level by b inding to  th e  estrogen  

receptor. The h orm on e-recep tor com p lex  m ay en ter th e  cell 

nucleus and bind to  th e  receptor resp on sive e lem en t o f  th e  

DNA, w hich  elicits transcription. Natural estrogen ic  horm ones  

h ave a stron g affinity to  bind to  th e  estrogen  receptor: th e  m ost 

p oten t natural estrogen  is 17ß -estrad io l. Certain xen ob iotics  

h ave also proven cap ab le o f  b inding to  th e  receptor and  

activating it (h orm on e mim icry). T h ese su b stan ces  are referred to  

as xen o -estro g en s. Their affinity to  bind to  th e  estrogen  receptor  

is, h ow ever, m ostly w ea k  or far w eak er than  th a t o f  natural 

h orm on es (see  chapter 4 , tab le  4 .2 ) . Their com b in ed  occurrence  

in th e  environm ent m ay generally  lead to  additive e ffec ts  and  

m ay th erefore p o se  a threat. It shou ld  be n oted  th at estrogen s  

can a lso  act throu gh  recep tor-in d ep en d en t m echanism s by 

interfering w ith  th e  synth esis , m etabolism  and transport o f  

natural estrogen s, but th ese  m echanism s w ere  n ot considered  

in th e  present study. There are a num ber o f  in vitro assays that 

h ave b een  d ev e lo p ed  for testin g  estrogen ic activity o f  chem ical 

com p ou n d s including receptor-re porter g e n e  assays (chapter 4). 

The chem icals in vestigated  during LOES h ave to  a certain ex ten t  

all proven to  exh ib it estrogen ic  activities in such  assays. H ow ever, 

in vitro e ffec ts  d o  n ot necessarily  lead to  e ffec ts  in organism s  

(in vivo).

type o f analysis was carried out by a single 
laboratory, it was possible to directly 
compare analytical results for different 
samples and different com partm ents.

The initiators and coordinators of the LOES 
project were the Dutch National Institute 
of Inland W ater M anagem ent and W aste 
W ater Treatm ent ( r i z a )  and the Dutch 
National Institute for Coastal and M arine 
M anagem ent (RIKZ). These organizations 
were also responsible for the pilot study 
(Belfroid et a l, 1999b). Both institutes are 
part of the Directorate-General of Public 
W orks and W ater M anagem ent (Rijks­
waterstaat), in  tu rn  part o f the M inistry 
of Transport, Public W orks and W ater 
M anagem ent.

During the final LOES study, chemical 
m onitoring was coordinated by r i z a , and 
bioassays and biological effects m easure­
m ents were covered by r i k z .  O ther partici­
pating institutes included the National 
Institute of Public Health and the 
Environm ent (RIVM), and a Dutch regional 
water authority (W etterskip Fryslân), 
together with several universities and 
consultancies. A sum m ary of all partici­
pants and their activities involved in the 
LOES project is provided in table on page 7 
(see preface o f this report).

The project was divided into several 
sub-projects, coordinated by various LOES 
partners:
•  W astewater (RIZA/W etterskip Fryslân)
•  Fresh surface water 

(RIZA/W etterskip Fryslân)
•  Es t u a r i n e / m a r i n e  su r face  w a t e r  (r i k z )

•  Polder ditches ( r i v m )
•  Rainwater (RIZA)



LOES was perform ed at the same tim e as 
a survey on the estrogenicity o f drinking 
water. These results are reported elsewhere 
(Ghijsen and Hoogenboezem , 2001), bu t 
some logistical and analytical resources 
were shared. Several surface water 
locations in LOES coincided with drinking 
water inlets described in  the aforem en­
tioned report.

The LOES project was also linked to two 
European projects, funded by the European 
Union, nam ely the Com m unity Program  of 
Research on Environm ental H orm ones and 
Endocrine Disrupters ( C O M P R E H E N D  

E N V 4 - C T 9 8 - 0 7 9 8 )  and the project Priority 
Surfactants and their Toxic M etabolites in 
Effluents ( P R I S T I N E  E N V 4 - C T 9 7 - 0 4 9 4 ) .  

There is also a link to a c e f i c  e m s g  
Research Project on non-estrogenic 
endocrine-disrupting chemicals in 
am phibians and fish.

Fate & effects M ethodology Type o f  information

A quatic en v ironm ent

Release (sources)

Presence and distribution

Chemical analysis

U
Uptake and accumulation by biota

O rganism s

Alterations at the receptor 

(biochem ical) level

Physiological changes

Effects on  populations

Chemical analysis

Chemical analysis

Concentrations o f (xeno-) estrogens 

in source media

Concentrations o f (xeno-) estrogens 

in the aquatic environment

Concentrations o f (xeno-) estrogens in biota

In vitro  bioassays

Health parameters 

Histology and morphology

In vivo  bioassays

Long-term population monitoring

Estrogenic potency o f  substances  

and environmental samples

Exposure to  (xeno-) estrogens 

and estrogenic effects 

in organisms captured in the field

Estrogenic effects in w hole organisms

Effects on relevant population parameters 

and eco -epidemiológicaI evaluation

F 1.1 Different m ethods used  during  LOES to investigate the fate o f 

(xeno-) estrogens and  estrogenic effects.

1 .3.2 Strategy

In the LOES project, a joint com bination 
o f chemical analyses and biological effects 
m easurem ents at different levels of investi­
gation was chosen. The focus was on a 
selective num ber o f (xeno-) estrogens and 
their effects on fish. To date, there is no 
proven best approach with respect to 
investigating possible im pact o f (xeno-) 
estrogens on aquatic anim al populations. 
Since fish play a pivotal role in the aquatic 
environm ent and because they have been 
found to be highly sensitive to estrogenic 
stress (see box 1.2), the study at hand aim ed 
to assess the extent of exposure and effects 
that (xeno-) estrogens may have on fish 
populations in the Netherlands. Such an 
assessm ent had not yet been perform ed in 
the Netherlands.

©



Box 1.2 Estrogen-like effects in fish

M odification o f  en d ocrine fu nction s, alterations o f  circulating sex  

steroid  levels, alterations in sexual d evelop m en t, and ch a n g es in 

fertility, fecu n d ity  and reproductive behavior h ave b een  described  

in fish  from  a variety o f  con tam in ated  habitats (V os et al.., 2 0 0 0 ).  

A w ell-k n ow n  ca se  is th e  fem inizing e ffec t ob served  in wild  

fish  p opulations in th e  UK. In th e  m id -90s it w a s sh o w n  that 

efflu en ts  o f  se w a g e  treatm ent plants in Great Britain cau sed  th e  

induction o f  plasm a vite llogen in  in (caged ) m ale rainbow  trout 

(Oncorhynchus mykiss). V itellogenin  is fou nd  in oviparous  

vertebrates, including fish . It is syn th esized  in fem ales  under 

com p le te  control o f  estro g en s (in particular 1 7 ß-estradiol). 

Increased production o f  th is protein in m ale fish  b lood  

plasm a, w hich  usually con tain s no or neglig ib le v ite llogen in  

con centration s, is th erefore used  a s  a biomarker o f  estrogen ic  

exp osure. M ost o f  th e  in vestigated  effluents from  sew a g e  

treatm ent w orks in th e  UK w ere  fou nd  to  induce estrogen ic  

e ffec ts  in fish (Purdom  e t a i, 1994; Sum pter e t ai., 1995;

D esbrow  e í  ai., 19 9 8 ; Jobling e t ai., 1 998 ; R outled ge e t ai., 1 9 9 8 ). 

M oreover, m ale fish  a lso  exh ib ited  intersexuality, characterized  

by th e  d evelop m en t o f  o o cy te s  in oth erw ise  normal testis  tissu e  

o f  m ale individuals. This p h en om en on  can result in reduced  

fertility and sterility. A lthough  initially alkylphenolic dérivâtes  

w ere  th e  only source identified  (Jobling e t ai., 1 9 9 6 ) , it has sin ce  

b een  estab lish ed  th a t estrogen ic  p o ten cy  o f  w ater sam ples can  

b e exp la ined  by th e  p resen ce o f  natural estrogen s (17ß -estrad io l 

and estron e) and, to  a lesser ex ten t, by synth etic  estrogen s  

originating from  th e  oral con traceptive pill (17a-eth yn ylestrad io l)  

(D esbrow  e t a i, 1 9 9 8 ) . The w idespread  nature o f  estrogen ic  

e ffec ts  is also ev id en t from  a large-scale fie ld  stu d y  in th e  UK 

th a t d iscovered  increased levels o f  vite llogen in  in roach (Rutilus 
rutilus) in a num ber o f  river sy stem s into w hich  efflu en ts are 

discharged . The p revalence o f  intersexuality w a s  also fou n d  to  be  

extrem ely  h igh, w ith  m ore than  90 %  o f  th e  population  exam ined  

a ffected  in so m e  p laces (Jobling e t a i, 1 9 9 8 ) . Exam ination o f  

flounder in estuaries a lon g  th e  coast o f  W ales and England  

also  revealed  th at nearly all m ale sp ecim en s exh ib ited  e levated  

vite llogen in  con centration s, and intersexuality w a s  d etecte d  in up 

to  20%  o f  flounder in th e  m ost polluted  estuaries (M atth iessen  

e t  al., 1 9 9 8 ) . The cau se o f  th ese  p h en om en a  in flounder is 

unknow n.

To d a te , increasing num bers o f  stud ies h ave d ocu m en ted  

vite llogen in  induction  in fish from  con tam in ated  freshw ater, 

estuarine and m arine en vironm ents. The eco log ica l con seq u en ces  

o f  increased levels o f  v ite llogen in  and intersexuality in w ild fish  

p opulations are still n ot w ell und erstood  (M atth iessen , 2 0 0 0 ). 

H ow ever, throu gh  their e ffec ts  on  individual organism s,

(xen o -) estro g en s potentially  a ffect th e  survival o f  populations  

o f  so m e  sp ec ie s. In addition , b ecau se  their effec ts  are unlikely to  

b e sp ecies-sp ecific , increased v ite llogen in  and in tersexuality m ay  

h ave th e  p otential to  disturb th e  structure and fu nction  o f  entire 

ec o sy stem s at m any different levels, w ith  unpredictable and  

potentially  serious co n seq u en ces  including reduction in 

biodiversity.

The Health Council of the Netherlands has 
recently evaluated a num ber o f xenobiotic 
potential endocrine disruptors (Health 
Council, 1999). A selection of the estrogenic 
substances that are m ost relevant for the 
Dutch situation were included in the LOES 
baseline study.

These included:
• natural steroid horm ones 

(i7a-estradiol, i7ß-estradiol, estrone),
•  the synthetic steroid iya-ethynylestradiol 

(an active ingredient o f the contraceptive 
pill),

•  b i sp h e n o l - A  (u se d  to p r o d u c e  epoxy 
res ins )  a n d  plast ics),

•  alkylphenols and their ethoxylates (used 
in industrial detergents and emulsifiers), 
and

•  phthalates (plasticizers, also used in dyes 
and pesticides).

O rganobrom ine com pounds ( p b b s  and 
p b d e s )  were also included. P b d e s  are 
used as flame retardants and have environ­
m ental properties sim ilar to the structurally 
related p c b s .  Some of them  exhibit weak 
estrogenic activity while others show 
endocrine-disrupting properties suggesting 
a wider range of effects (de Boer et a l,
1998; Meerts, 2001). Their inclusion by the 
Health Council (1999) was, am ong others 
things, caused by their better-known 
dioxin-type m ode o f action, i.e., they 
interact with the thyroid horm one system. 
The p resent study did not include a 
num ber of other com pounds well-known 
for their endocrine-disrupting effects such 
as p c b s ,  o ,p ’-DDT, p , p ’-DDE, chlordane, 
dieldrin, endosulfan and lindane since 
these com pounds are already incorporated 
in Dutch routine m onitoring program s.



The fish species chosen for the LOES 
baseline study were:
•  bream  (Abramis brama), and
•  flounder (Platichthysflesus).
Bream is an abundant freshw ater species 
in  the N etherlands. Flounder is a com m on 
species in  coastal waters, escuaries and 
large fresh water bodies. Several other 
species were used for additional experim ­
ental investigation.

An overview of the general research 
strategy o f the LOES project with the 
m ethods used is shown in figure i .i . It 
should be noted that eco-epidemiological 
research as applied in the baseline field 
study provides the m ost direct evidence for 
relationships between reproductive and 
health disturbances in wild fish popula­
tions on the one hand and exposure to 
environm ental pollutants on the other. 
However, it generally provides little, i f  any 
inform ation on the underlying m echa­
n ism s of action of the chemicals involved.
It is clear therefore that evaluation of the 
ecological significance o f (xeno-)estrogens 
m u st be based on a com bination of eco- 
epidemiological field studies and controlled 
experim ental studies (in vivo and in vitro). 
The use of semi-field studies represents a 
useful approach to bridging the gap 
between the controlled conditions of a 
laboratory and uncontrolled exposure 
conditions in the field. This integrated 
strategy is particularly useful in elucidating 
cause-and-effect relationships and in 
substantiating weight of evidence for such 
causality. ■
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2 Study setup & approach

2.1 Introduction

This chapter describes the general m ethods 
used in the LOES project. First, the setup 
and underlying rationale o f the study 
are explained. Secondly, a description is 
provided of the environm ental com part­
m ents that were sampled, and o f the 
sentinel biotic species that were used to 
study accum ulation o f substances and 
estrogenic effects. Subsequently, the LOES 
sam pling locations are described briefly 
and a sum m ary is provided of the sam pling 
procedures o f abiotic and biotic samples, 
including the collection of wild fish and 
tissue samples for chemical and biom arker 
analysis. Chapters 3, 4 and 5 address the 
extractions and analytical m ethods used 
for each individual param eter.

T h ro u g h o u t th e  p ro jec t, m o s t  o f  th e  
g u id e lin e s  a n d  re c o m m e n d a tio n s  o f  th e  

SETAC-Europe/oECD/EC ex p e rt w o rk sh o p  
o n  th e  a s s e s s m e n t a n d  te s tin g  o f  e n d o c rin e  

m o d u la to rs  in  w ild life  w ere  fo llow ed  
(V ethaak  et al., 1 9 9 7 ).

The LOES program consisted of three phases:
•  Preparation phase: im plem entation and 

report on pilot studies LOES (1997-98),
•  Im plem entation baseline study 

LOES (1999-2000), and
•  Final report and after-care (2000-2002).

A report has been published on the prepa­
ratory phase by Belfroid et a l, (1999). The 
report of the baseline study in hand  has a

national character. The results o f all m eas­
urem ents from  LOES have been collected 
in a database. This is available on request.

2.2 General se tup  and 
choice of parameters

2 .2.1 General setup
T he o u tlin e  o f  th e  LOES su b p ro jec ts  (see 
ch ap te r 1) an d  th e  sam p lin g  pro toco ls u se d  w ere 
h a rm o n iz e d  (parag raph  2 .4). A fter sam p lin g , th e  

sam p les w ere  d is tr ib u ted  over d iffe ren t p a rtn e rs  

fo r fu r th e r  p ro cess in g  a n d  analysis (parag raph  

2 .4). In  p rin c ip le , th e  sam e  analyses w ere  always 
p e rfo rm ed  by th e  sam e  labo ra to ries . In  th is  fina l 

rep o rt, th e  m e th o d s  an d  re su lts  a re  p re sen ted , n o t 

fo r each  su b p ro jec t, b u t acco rd ing  to th e  various 

e n v iro n m e n ta l a n d /o r  sam p lin g  co m p ar tm en ts .

T he  LOES base lin e  study  co n sis ted  of:

•  a field  survey, i.e. an  ex tended  sam p lin g  
cam p a ig n  o f  p o ten tia l sou rces o f  e strogens 
a n d  xeno -es trogens , o f  various en v iro n m en ta l 

c o m p a rtm e n ts  in  (receiving) su rface  w aters , 

a n d  o f  se lected  biota; an d
•  case s tu d ies  o f  two sew age tre a tm e n t p lan ts 
(STP) an d  ad jacen t receiv ing  w aters u s in g  

add itio n a l an d  so m e tim es  novel tech n iq u es .

T he  field  survey w as se t u p  to cover a w ide  ran g e  
o f  locations an d  en v iro n m en ta l co m p ar tm en ts  

in  b o th  fre sh w ate r a n d  m a r in e  en v iro n m en ts .

T he  fie ldw ork  fo r LOES w as con d u c ted  in  1 9 9 9 . 
T he  year w as div ided in to  th re e  sam p lin g  periods:

Period 1 -  sp rin g , M arch -A p ril (weeks 10-16); 

Period 2 -  su m m e r, July (weeks 26-29); anc  ̂
Period 3 -  a u tu m n , O ctober- N ovem ber 
(weeks 31-44).



T h ese  th re e  periods w ere  ch o sen  to re p re se n t all 

p o ss ib le  m eteo ro log ica l an d  en v iro n m e n ta l co n d i­

tio n s  d u rin g  a n  average year in  th e  N eth e rlan d s, 
m o s t no tab ly  d ifferences in  ra in fa ll a n d  in  b io tic 

activity.

T he  case study  w ork  w as co n d u c ted  d u rin g  P eriod  
3 in  th e  fall o f  1 9 9 9 . T he  sites fo r th e  case s tud ies 
w ere  se lec ted  o n  th e  basis o f  th e  re su lts  o f  th e  

LOES p ilo t p ro jec t (B elfroid et al., 19 9 9 ) an d  

o n  th e  firs t re su lts  ob ta in ed  d u rin g  P eriod  1 an d  
P eriod  2. T he  sites ch o sen  w ere  th e  E indhoven  
ST P/river D o m m el an d  th e  A m ste rd am  W estp o o rt 

ST P /N orth  Sea C anal.

2.2 Environmental com partm ents  
and sentinel biota species
T he a im  o f  LOES w as to p rov ide an  in s ig h t in  th e  
p o ss ib le  sources o f  (xeno-) e s tro g en s , th e ir  occu r­
ren ce  an d  d is tr ib u tio n  in  th e  aq u a tic  e n v iro n m e n t 

a n d  th e ir  (potential) effects on  b io ta. T he  en v iro n ­

m e n ta l c o m p a r tm e n ts  a n d  se n tin e l species w ere 

c h o sen  accord ing ly .

W astewater

V arious types o f  u n tre a te d  w astew ate r w ere  in v es­
tig a ted  as a n  im p o rta n t p o ten tia l sou rce  o f  b o th  
n a tu ra l e s tro g en s  an d  x eno -es trogens . A tten tio n  

w as also  devoted  to u n tre a te d  w astew ater an d  

e ff lu en t o f  m u n ic ip a l sew age tre a tm e n t p lan ts  

a n d  in d u s tr ia l w astew ater tre a tm e n t p lan ts  an d  
th e ir  effic iency  in  rem o v in g  (xeno-) e s tro g en s .

In  c e rta in  cases, th e  su sp e n d e d  m a tte r  in  w ater 

s tre am s w as sam p led  separately . A n u m b e r  o f  

sam p les w ere  also tak en  fro m  sew age s ludge  o f  
STPs.

M anure

M an u re  w as id en tif ied  as a p o ss ib le  sou rce  o f  
s te ro id  h o rm o n e s  by th e  H ea lth  C ouncil o f  th e  

N e th e rlan d s  (1999). As an  in itia l a sse ssm e n t, a 
n u m b e r  o f  sam p les  o f  m a n u re  w ere  tak en  d u rin g  
LOES fro m  cattle  fa rm s.

Rainwater

R ainw ater w as in c lu d ed  in  th e  p ro g ram  as a 
p o ss ib le  sou rce  o f  (xeno-) e s tro g en s  in  th e  aqua tic  
e n v iro n m e n t th ro u g h  a tm o sp h e ric  deposition .

Two o f  th e  th re e  sites w h ere  ra in w a te r was 

co llected  w ere  p a rt o f  ro u tin e  ra in  m o n ito r in g  

netw orks.

Surface w ater and sedim ent

To in ves tiga te  th e  o ccu rren ce  an d  d is tr ib u tio n  o f  
(xeno-) e s tro g en ic  su b s tan ces  an d  th e ir  effects, 
a la rge  n u m b e r  o f  su rface  w a te r locations w ere 

se lected . Salt a n d  b rack ish  w a te r sites in c lu d ed  

offsho re  locations a t sea an d  in  e s tu a rie s . F resh  
in lan d  w aters in c lu d ed  b o th  la rg e r bodies o f  w ate r 
su ch  as lakes an d  m a jo r rivers as w ell as sm a lle r 

w aters su ch  as sm all s tre am s , b u t also d itches in  

h o rticu ltu ra l (g reenhouse) areas an d  d itches in  

p a s tu re s .

O n  m o s t occasions, th e  aq u eo u s frac tion  o f  

su rface  w ate r sam p les  w as sep a ra ted  fro m  

su sp en d ed  m a tte r  by m ean s  o f  filtra tio n . T he 
frac tions w ere  fu r th e r  analyzed  separa te ly  to 

assess  th e  d is tr ib u tio n  o f  su b s tan ces  o r e strogen ic  

po tency  over th e  two p h ases . S ed im en t w as also 
sam p led  a t a n u m b e r  o f  locations.

Biota

As an  ex ten s io n  o f  ex is ting  m o n ito r in g  p ro g ram s, 
two g ro u p s  o f  sen tin e l species w ere  ch o sen  on  
d iffe ren t ecological levels, n am ely  m u sse ls  an d  fish.

As filte r feeders , m u sse ls  a re  k n o w n  fo r th e ir  
capacity  to a ccu m u la te  m an y  (toxic) su b s tan ces 
fro m  w a te r a n d  th e ir  food (p lankton). T hey  a re  in  

tu rn  ea te n  by sta rfish , fish  an d  b ird s, a n d  m ay  

th e re fo re  pass on  e s tro g en ic  su b s tan ces  in to  th e  

food ch a in . C erta in  xeno -estrogen ic  chem icals 
su ch  as a lky lpheno ls are  k n o w n  to p rim arily  

ad so rb  to o rgan ic  m a tte r , su ch  as phy to -p lank ton . 

T he  zeb ra  m u sse l (Dreissena polym orpha) w as 
ch o sen  fo r fre sh w a te r, a n d  th e  m a r in e  b lue  
m u sse l (M ytilus edulis) w as ch o sen  fo r sa ltw a te r .

Su itab le  species o f  f ish  fo r th e  fie ld  stu d y  inc lude  
f lo u n d e r  (salt an d  b rack ish  w ater, an d  large bodies 
o f  freshw ater) an d  b ream  (freshw ater) (V ethaak 

a n d  O p p e rh u izen , 1 9 9 6 ). T h ese  choices a re  in  

lin e  w ith  in te rn a tio n a l g u id e lin es  su ch  as those  
su g g es ted  by OSPAR (flounder) a n d  th e  U n / e c e  
(b ream ). E strogen ic  effects in  f lo u n d e r  have b een



m e a su re d  in  o th e r c o u n tr ie s , p rim arily  th e  UK 

(Allen et al., 1 9 9 9 a , 1 9 9 9 b ). B oth species have a 
m o re  o r less b en th ic  lifestyle. K now ledge on  u se  o f  
h a b ita t a n d  m ig ra tio n  as w ell as lo n g -te rm  eco log i­

cal data  is available fo r b o th  types (see ch ap te r 5). 

B oth species are  sensitive  to en d o c rin e  d is ru p tio n  
a n d  a re  rep resen ta tiv e  fo r o th e r species in  s im ila r 
ecological n ich es .

T h ree  o th e r types o f  f ish  w ere  u se d  d u rin g  th e  
case s tu d ies . M any stu d ies  have b een  p e rfo rm ed  
in  th e  UK on  estro g en ic  effects on  ra in b o w  tro u t 

(O ncorhynchus mykiss) (e.g., H arrie s  et al., 1 9 9 6 , 

3 :997 ,19 9 9 )- T h is species w as th e re fo re  u sed  in  
th e  con tex t o f  LOES an d  COM PREHEND fo r in  situ  
te s ts  in  sew age tre a tm e n t p lan ts  (STPs), in  p a r t to 

co m p are  re su lts  w ith  th o se  g en e ra ted  in  th e  UK.

In  th e  sam e  in  situ  s tud ies  an d  in  ex p e rim en ts  
w ith  floa ting  cages, carp  (Cyprinus carpio) w ere 
u sed . T h is species h ad  b een  prev iously  u se d  in  

labo ra to ry  ex p e rim en ts  w ith  estro g en ic  su b s tan ces 

in  th e  N e th e rlan d s  (G im eno, 1997) an d  estro g en ic  

effects have b een  reco rd ed  in  carp  n e a r  STPs in  the  
U n ited  States (F o lm ar et al., 1 9 96 ). Z eb ra fish  

(D anio rerio), a trop ica l species, is o ften  u se d  as 

te s t su b jec t as it  can  be easily  k ep t a n d  rea red  in  

lab o ra to ries . T h ere  is a large body o f  w ork  avail­
ab le  on  th is fish  co n ce rn in g  its b iochem is try , 

gene tics , physio logy  a n d  anatom y.

T 2.1 S u m m a r y  o f  t h e  n u m b e r  o f  lo c a t io n s  o f  t h e  LOES fie ld  

s t u d y  p e r  t y p e  o f  s a m p le  a n d  p e r  s a m p lin g  p e r io d  w h e r e  

t h e  p r in c ip a l (g r o u p s  o f )  LOES p a r a m e te r s  w e r e  a p p lie d .

2 .2.3 Parameters

In  o rd e r to develop a n  overall ca tego riza tion  o f  
es trogen ic ity  in  th e  aq u a tic  en v iro n m en t, a co m b i­

n a tio n  o f  in  vitro a n d  in  vivo b ioassays w ere  u sed  in  

ad d itio n  to ch em ica l analyses. T he  field  study  in to  

b io logical effects on  fish  also in c lu d ed  th e  
u se  o f  b io m ark e rs . B ioassays a re  tes ts  in  w h ich  th e  

re sp o n se  o f  liv ing  m ate ria ls  (tissue, o rg an ism s) to 

th e  ap p lica tion  o f  m a te ria ls  (substances , en v iro n ­

m e n ta l sam ples) is m easu red . B iom arkers are 
b iochem ical, h is to log ica l o r physio log ical changes 

in  o rg an ism s th a t a re  u se d  as in d ica to rs  o f  

exposu re  to xeno-biotics o r o f  th e ir  b io logical 

effects.

A su m m a ry  o f  th e  m e th o d s  o f  analysis u se d  an d  

th e  associa ted  en v iro n m e n ta l c o m p a rtm e n ts  in  
LOES is g iven in  fig u re  2.1. T ab le  2.1 p rov ides a 
su m m a ry  o f  th e  n u m b e r  o f  locations o f  th e  LOES 

field  study  p e r  type o f  sam p le  a n d  p e r  sam p lin g  

p erio d  w h ere  th e  p rin c ip a l (g roups of) LOES 

p a ram e te rs  w ere  app lied .

Chemical analyses

In  th is  study , th e  dec is ion  w as m ad e  to co n cen ­
tra te  on  th e  analysis o f  th ree  n a tu ra l e s tro g en s , 
nam ely  iy a -e s trad io l, iyß -estrad io l, an d  e s tro n e  

an d  on  th e  syn thetic  e s tro g en  iy a -e thyny lestrad io l. 

Levels o f  th e  fo llow ing  g ro u p s o f  xeno-biotic 
chem ica ls w ere  also  d e te rm in e d  d u rin g  LOES:
•  A lkylphenols an d  a lky lpheno l e thoxylates,

•  b isphenol-A ,

Param eter Untreated  

w astew ater

STP

effluent

STP

effluent

residue

STP

slu d ge

residue

Rainwater Surface

w ater

Suspended

m atter

Sedim ent M u ssels Fish

Period 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

H orm ones 12 2 8 6 2 6 3 0 3 37 25 35

B isp h en ol-A  12 2 8 6 2 6 3 0 3 37 25 35 5 5 5 0 0 21 0 0 5 3 0 3

A lkylphenol (eth oxy la te) 11 2 5 5 2 5 2 0 1 0 2 2 3 0 3 34 22 31 19 15  20 2 0 23 6 0 15  19 0 21

Ph th alates 11 2 6 5 2 6 2 0 1 0 2 2 3 0 0 34 22 31 19 15  20 2 0 23 5 0 14 21 0 21

Flam e retardants 8 2 3 2 0 1 0 2 2 0 0 1 2 0 23 6 0 15  19 0 19

In vitro assays
ER-CALUX 9 2 8 5 2 6 0 0 3 33 27 37

DR-CALUX 8 2 5 1 0 1 0 2 2 17 0 14 2 0 20 0 0 14 1 0 20
YES-assay 6 1 3 5 2 3 28 23 33

C A R P -H E P -assay 5 3 2

Biological analyses

G eneral param eters

V ite llogen in

Intersex

PAH m eta b o lites

16  0 21 

16  0 21 

16  0 21 

16  0 19

©



•  p h th a la te s , an d

•  b ro m in a te d  flam e re ta rd an ts  
(po lyb rom ina ted  d ipheny l e th e rs , PBDEs, an d  
p o ly b ro m in a ted  b ipheny ls , PBBs).

T he  in d iv id u a l chem ica ls  fro m  th e  g ro u p s  o f  
chem ica ls  m e a su re d  d u rin g  LOES are  show n 
in  tab le  2 .2 . F u rth e r  in fo rm a tio n  on  p ro d u c tio n , 

u se , chem ica l p ro p ertie s  a n d  b ehav io r in  th e  

e n v iro n m e n t can  be fo u n d  in  ch a p te r  3. T he  in  
vitro  p o tenc ies  m e a su re d  d u rin g  LOES can  also 
be  fo u n d  in  ch ap te r 4 . T h e re  is also data  on  th e  

in  vivo e s tro g en ic  effects o f  th e  chem ica ls  in  fish  

in  th e  d iscu ss io n s  in  ch ap te r 7 a n d  ch ap te r 8.

It w as decided  w h ich  chem ica ls o r ch em ica l 

g ro u p s  w ere  to be m e a su re d  in  w h ich  en v iro n ­

m e n ta l c o m p a r tm e n ts  on  th e  basis o f  th e  chem ica l 

p ro p ertie s  o f  th e  chem ica ls  a n d  on  th e  basis  o f  
th e  re su lts  o f  th e  p ilo t study. R eadily-soluble 

chem ica ls  su ch  as ste ro id  h o rm o n e s  w ere  m a in ly  

m e a su re d  in  w ater, w hile  th e  m o s t hyd rophob ic  

chem ica ls  su ch  as th e  b ro m in a te d  flam e 
re ta rd a n ts  w ere  m e a su re d  p rim arily  in  th e  solid  

frac tions (inc lud ing  m u sse ls  a n d  fish). T able  2.1 

show s in  w h ich  c o m p a r tm e n ts  th e  g ro u p s o f  
chem ica ls  w ere  m a in ly  m easu red .

Fate & effects M ethodology A nalysis/assay Applied to

A quatic en v ironm ent

Release (sources)

Presence and distribution

I Chemical analysis

UChemical analysis

Uptake and accumulation by biota

O rganism s

Alterations at the receptor 

(biochem ical) level

Physiological changes

Chemical analysis

Effects on  populations

Hormones

BPA

APE

Phthalates 

PBB& PBDE

Hormones

BPA

APE

Ph thia tes 

PBB & PBDE

W aste water

(STP influent & effluent)

STP sludge

Rain water

Manure

Surface water 

Particulate matter 

Sediment

Mussels

Tissue o f  wild fish

In vitro  bioassays E R - C A L U  X

(DR-CALUX)

Transgenic zebraflsh assay 

(in  vivo  receptor response) 

CARP-HEP-assay

VTG in blood plasma 

ER-CALUXin bile 

(PAH-metabolites in bile)

Substances and various 

environmental compartments 

or biota

Wild & experimental fish

Health parameters Intersex 

H istol ogy  & m orph ol ogy C F

I In vivo  bioassays 

I Long-term population 

monitoring

Zebraflsh PLC 

Review

W aste water 

Historical data bream 

populations

In vitro screening assays

Extracts w ere  m ad e  o f  a large n u m b e r  o f  sam ples 
o f  (surface) w ater, su sp e n d e d  m a tte r , sed im en t, 
m u sse l tis su e  a n d  fish  m u sc le  tissu e  fo r in  vitro 

sc reen in g  assays.

F 2.1 Summary of the methods and parameters applied during LOES according to 

the general approach presented in chapter i (figure i.i).

In  vitro assays m ak e  u se  o f  m o d ified  o r u n m o d i­
fied  cell lines  th a t a re  m ad e  in  th e  laboratory . 

U sin g  th is  m e th o d , th e  cells can  be exposed  to 

b o th  in d iv id u a l chem ica ls  a n d  extracts o f  en v iro n ­

m e n ta l sam p les  u n d e r  co n tro lled  co n d itio n s . T he 
advan tage  o f  th ese  assays is th a t, in  p rin c ip le , no 

u n k n o w n  c o m p o n en ts  w ith  e stro g en ic  po tency  

go u n n o tic e d  an d  th a t any  co m b in a tio n  effects are 

tak en  in to  acco u n t in  th e  analysis. I f  b o th  c h e m i­
cal analyses a n d  in  vitro te s ts  a re  p e rfo rm ed  on 

a n  e n v iro n m e n ta l sam p le , a n d  i f  th e  in  vitro 

e s tro g en ic  p o ten tia l o f  th e  ch em icals m e a su re d  

is know n , it is p oss ib le  to d e te rm in e  w h ich  p ro p o r­
tio n  o f  th e  to ta l e s tro g en ic  p o tency  can  be attrib-



u te d  to th e  (xeno-) e stro g en ic  chem ica ls analyzed . 

In  LOES, a series o f  d iffe ren t in  vitro sc reen in g  
tes ts  w ere  p e rfo rm ed . For p rag m atic  reaso n s 
(sim plicity , costs, an d  so fo rth ), an d  o n  th e  basis 

o f  th e  re su lts  o f  th e  p ilo t study, it  w as decided  to 

u se  a c o m b in a tio n  o f  two sh o rt-te rm  tes ts  fo r 

es tro g en ic  activity:

T 2 .2  S u m m a r y  o f  t h e  s u b s t a n c e s  a n a ly z e d  in v a r io u s

e n v ir o n m e n t a l  c o m p a r t m e n t s  a n d  b io ta  d u r in g  LOES.

The n o m e n c la tu re  for the  P B B  s a n d  P B D E s  is s im ila r to th a t o f  

the  P C B s  (B allschm iter et al., 1992).

Sub stan ce Acronym

Natural steroid hormones
17ß -estrad io l E2

17a -estra d io l E 2-17«

Estrone E1

Synthetic steroid hormones
17 a -e th yn y lestrad io l EE2

Bisphenol A BPA

Alkylphenols AP

O cty lp h en o l(s) OP

N on ylp h en ol(s) NP

Alkylphenol ethoxylates APE

O cty lp h en o l eth oxy la te (s) OPE or OPnEO*

N onylph en ol eth oxy la te (s) NPE or NPnEO*

Phthalates
D im ethyl phth a la te DMP

D iethyl phth a la te DEP

Dipropyl p hthalate DPP

D im ethylpropyl phth a la te DMPP

D i-n -bu ty l p hthalate DBP

Butylbenzyl p hth alate BBP

D icycloh exyl p hth alate DCHP

D i(2 -eth y lh exy l) p hth alate DEHP

D i-n -octy l p hth alate DOP

Polybrom inated biphenyls PBBs

4 ,4 ' d ibrom obiphenyl BB 15

2 ,4 ,2 ',5 '-tetrab rom ob ip h en y l BB 49

2 ,5 ,2 ',5 '-tetrab rom ob ip h en y l BB 52

2 ,4 ,5 ,2 ',5 '-p en ta b ro m o b ip h en y l BB 101

2 ,4 ,5 ,2 ',4 ',5 '-h ex a b ro m o b ip h e n y l BB 153

3 ,4 ,5 ,3 ',4 ',5 '-h ex a b ro m o b ip h e n y l BB 169

2 ,3 ,4 ,5 ,6 ,2 ',3 ' ,4 ',5 ',6 '-d e ca b ro m o b ip h e n y l BB 209

Polybrom inated diphenylethers PBDEs

2 ,4 ,2 ',4 '-tetrab rom od ip h en y leth er BDE 47

2 ,3 ,4 ,2 ',4 '-p en ta b ro m o d ip h en y le th er BDE 85

2 ,4 ,5 ,2 ',4 '-p en ta b ro m o d ip h en y le th er BDE 99

2 ,4 ,6 ,2 ',4 '-p en ta b ro m o d ip h en y le th er B D E 100

2 ,3 ,4 ,2 ',4 ',5 '-h ex a b ro m o d ip h en y le th er B D E 138

2 ,4 ,5 ,2 ',4 ',5 '-h ex a b ro m o d ip h en y le th er B D E 153

2 ,3 ,4 ,5 ,6 ,2 ',3 ',4 ',5 ',6 '-d ecab rom od ip h en y leth er BDE 209

*  n  is th e number o f  ethoxylate groups

•  th e  estrogen  recep tor-m ediated  chem ical activated 

luciferase gene  expression  assay  (ER-CALUX), and
•  th e  yeast sc reen  assay  (YES).

T he  ER-CALUX w as recen tly  developed  in  the  

N e th e rlan d s  (Legier, 2001), w h ile  th e  YES assay 
has b een  em p loyed  fo r so m e  tim e , particu la rly  in  
th e  UK. T he  tes ts  w ere  prev iously  evaluated  in  

B elfroid et al. (1999).

A large n u m b e r  o f  sam p le  extracts fro m  various 
types o f  w a te r fro m  all th re e  p eriods w ere 

m e a su re d  in  th e  ER-CALUX assay. T he  ER-CALUX 

w as also u sed  to d e te rm in e  th e  in vitro  es tro g en ic  
p o tency  o f  a n u m b e r  o f  in d iv id u a l c o m p o u n d s 
m e a su re d  d u rin g  LOES. All su rface  w ate r sam p les 

m e a su re d  by m e a n s  o f  th e  ER-CALUX w ere  also 

m e a su re d  u s in g  th e  YES assay. YES assays w ere 

also app lied  to u n tre a te d  m u n ic ip a l w astew aters 
a n d  to STP e fflu en ts . T he  YES assays w ere 

p e rfo rm ed  to allow  a co m p ariso n  be tw een  LOES 

a n d  th e  re su lts  o f  th e  E ng lish  inves tiga tions.

In  ad d itio n  to th e  two E R -m ediated  assays 

m e n tio n e d  above, a n u m b e r  o f  o th e r in  vitro 

assays w ere  also used :
•  th e  CARP-HEP assay  (estrogenicity), an d

th e  d iox in  recep to r-m ed ia ted  ch em ica l activated

•  luc ife rase  g en e  ex p ression  assay  (DR-CALUX).

T he  CARP-HEP assay  w as developed by S m eets 

(I 9 9 9 )- T h is assay  u ses a cu ltu red  s tra in  o f  
p rim a ry  liver cells. T h is  p ro d u ces th e  fem ale  yolk 

p re c u rso r  p ro te in  v ite llogen in  (VTG) u n d e r  th e  

in f lu en ce  o f  (xeno-) e s tro g en s . T he  e n d p o in t o f  
th is  test, VTG p ro d u c tio n , is th e re fo re  a level 

h ig h e r  th a n  th a t o f  recep to r-m ed ia ted  assays. T he 

re su lts  o f  th e  in  vitro  m e a su re m e n ts  a n d  ch em ica l 
analyses in  th e  f irs t sam p lin g  perio d  w ere  a g u id e ­
lin e  fo r d e te rm in in g  su sp ec ted  estro g en ic  

locations. T he  CARP-HEP assay  w as app lied  to a 

n u m b e r  o f  sam p les fro m  su ch  locations fro m  th e  

th ird  sam p lin g  p eriod . T he  w ork  w ith  th is  assay  
w as co n sid e red  a tr ia l s ince  th is  assay  h a d  nev er 

befo re  b een  u se d  fo r en v iro n m e n ta l sam p les.

T he  DR-CALUX assay  (M urk, 1997) has b een  u sed  
fo r so m e  tim e  n ow  an d  th e re  is th e re fo re  a ce rta in

0



a m o u n t o f  experience  in  its u se . T he  assay  itse lf  

h as b een  validated  a lth o u g h  its ex trac tion  m e th o d s  

have n o t yet com pletely . It w as u se d  d u rin g  LOES 
fo r solid  p h ase  sam p les  su ch  as su sp e n d e d  m a tte r , 

se d im e n t an d  b io ta  to m e a su re  th e  o ccu rren ce  o f  

th e  m ostly  hyd ro p h o b ic  co m p o u n d s  w ith  d iox in ­

like activity (including b ro m in a ted  flam e retardants).

T he  m e th o d  o f  th e  in  vitro assays is fu r th e r  desc­

rib ed  in  ch ap te r 4 . F igure  2.1 a n d  tab le  2.1 ind ica te  

fo r w h ich  type o f  sam p les th e  assays w ere  u sed .

Biological analyses

F u rth e r  details o f  all b io logical p a ram ete rs  
m e n tio n e d  below  can  be fo u n d  in  th e  ap p ro p ria te  
p a rag rap h s  in  ch ap te r 5. H ere  th ey  are  p re se n te d  

in  a g en e ra l m a n n e r .

Field study

D u rin g  sam p lin g  in  sp rin g , efforts w ere  m ad e  at 

each  location  w h ere  fish  w as cau g h t to ca tch  25 

ad u lt m ale  an d  25 a d u lt fem ale  f ish  o f  a len g th  

g ro u p  th a t re p re se n ts  age classes o f  2 to 3 years 
old. In  fall, th e  ta rg e t w as 2 0  fish  o f  b o th  g en d ers . 

T he  len g th , w e ig h t an d , w h ere  possib le , g en d e r 

o f  each  fish  cau g h t w as m e a su re d  fo r all fish  
im m ed ia te ly  a fte r  ca tch ing . S ubsequen tly , sam p le  
m a te ria l w as tak en  fro m  each  fish  fo r b io m ark ers  

a n d  o th e r m e a s u re m e n ts . T h is in c lu d ed  blood, 

b ile  flu id , tis su e  fro m  th e  la te ra l m u sc le , th e  liver 

a n d  sexual o rgans (gonads). T he m u sc le  tissu e  o f  
th e  m a le  f ish  w as la te r poo led  p e r  location  and  

u se d  fo r ch em ica l analyses a n d  DR-CALUX assays.

T he  fo llow ing  g ro u p s o f  variab les a n d  p a ram ete rs  
w ere  m e a su re d  o r ca lcu la ted  fo r f lo u n d e r  and  

b re a m  d u rin g  th e  field  study:

•  th e  co n d itio n  fac to r C F
(genera l h e a lth  an d  n u tr it io n a l sta tus),
•  th e  h ep a to so m atic  index  HSI

(relative liver w eigh t, also  a n  in d ica to r o f  g en e ra l 

h e a lth  a n d  n u tr it io n a l s ta tu s),
•  th e  go n ad o so m atic  index  GSI (relative gonadal 
w eigh t, an  in d ica to r o f  th e  rep ro d u c tiv e  s ta tu s  b u t 

also  o f  p oss ib le  estro g en ic  effects),

•  th e  co n cen tra tio n  o f  th e  fem ale  yolk p recu rso r 
p ro te in  v ite llogen in  (VTG) in  b lood  p lasm a  o f  m ale  
fish  (a b io m ark e r fo r e s tro g en ic  effects),

•  th e  ER-CALUX activity in  d eg lu cu ro n id ized  

bile f lu id  (a b io m ark e r o f  th e  in te rn a l exposu re  

to n a tu ra l e s tro g en s  an d  xeno-estrogens),
•  h is to p a th o lo g y  o f  th e  liver

(to detec t pa tho log ica l d iso rders),

•  h is to p a th o lo g y  o f  th e  gonads
(to detec t gonada l ab n o rm alitie s  su ch  as ovotestis, 
an  in te rsex  co n d itio n  w h ere  fem ale  oocytes are  

fo u n d  in  th e  m a le  testis),

•  g e n d e r  ra tio  o f  th e  p o p u la tio n
(m ay possib ly  be affected  by (xeno-) estrogens), 
an d

•  th e  co n cen tra tio n  o f  i-O H -pyrene  in  bile

(a b io m ark e r o f  exposu re  to Polycyclic A rom atic  
H y d rocarbons, PAHs).

T he  HSI an d  i-O H -pyrene co n cen tra tio n  are  n o t 

specific fo r e stro g en ic  effects, b u t w ere  in c lu d ed  
in  th e  p ro g ram  to assess  th e  exposu re  o f  th e  fish  
to po llu tio n  in  a m o re  g en e ra l way. T he  HSI m ay  

give a ro u g h  in d ica tio n  o f  exposu re  to h ig h  levels 

o f  o rgan ic  m ic ro -p o llu tan ts  th a t in d u ce  th e  liver. 

i-O H -pyrene in  b ile  re p re se n ts  exposu re  to PAHs. 
Levels a re  o ften  h ig h e r  in  locations w ith  p o rt and  

sh ip p in g  activities.

T he  n u m b e r  o f  locations an d  th e  periods in  w h ich  
th e  field  study  p a ram e te rs  w ere  app lied  a re  show n 

in  tab le  2.1.

Case study

D u rin g  th e  STP case s tu d ies , a few  ad d itio n a l 

a n d  novel te ch n iq u es  w ere  used :

•  ex p erim en ts  w ith  carp  in  floa ting  cages to 
assess  th e  estro g en ic ity  o f  su rface  w aters ,
•  in  situ  flow -th rough  system s (M obyDicks) to 

s im u ltan eo u sly  expose ra in b o w  tro u t a n d  carp  to 

e fflu en ts  o f  STPs a t th e  site o f  th e  p lan ts 

them selves,
•  assays w ith  tra n sg e n ic  z eb ra flsh  to m e a su re  th e  

in  vivo po tency  o f  e fflu en ts  an d  su b s tan ces , an d

•  a ‘partia l life cycle’ (PLC) te s t w ith  z eb ra flsh  in  
w h ich  b o th  th e  p a re n t f ish  an d  th e ir  o ffsp ring  
w ere  exposed  to efflu en ts .

In  th e  cage an d  M obyD ick ex p e rim en ts , VTG 
in  m a le  f ish  w as u se d  to m e a su re  estrogen ic ity . 
T he  on-site  M obyD ick flow -th rough  system s



w ere  specifically  developed fo r th e  p u rp o se  

o f  m o n ito r in g  e ff lu en t as a jo in t e ffo rt o f  th e  
LOES an d  COM PREHEND pro jec ts.

T he  tran sg en ic  z eb ra f lsh  co n ta in  a stably- 

tran sfec ted  e s tro g en -recep to r m ed ia ted  luc iferase  

re p o r te r  gene , s im ila r to th e  cell s tra in  u sed  in  
th e  ER-CALUX assay. T h is  assay  th e re fo re  

b ridges th e  gap  be tw een  in  vitro  e s trogen ic  

in d u c tio n  an d  estro g en ic  effects on  th e  o rg an ism  

level.

In  ad d itio n  to th e  g e n d e r  ra tio  as a very ro u g h  

ind ica tio n , th e  zeb ra flsh  PLC te s t w as th e  only 

p a ra m e te r  app lied  d u rin g  LOES th a t tru ly  
a sse ssed  e stro g en ic  effects a t th e  p o p u la tio n  

level.

Secondary parameters

A n u m b e r  o f  secondary  p a ram e te rs  w ere  

m e a su re d  in  su rface  w ate r d u rin g  sam p lin g  o r in  

sam p les a t th e  labo ra to ry  sho rtly  a fte r sam p ling .

T h ese  inc luded :

•  te m p e ra tu re ,

•  Secchi d ep th  (visibility),
•  oxygen co n ten t,

•  p H ,
•  C hem ica l O xygen D em an d  (COD),

•  B iological O xygen D em an d  (BOD),
•  su sp en d ed  m a tte r  co n ten t,
•  g ra in  size d is tr ib u tio n ,

•  o rgan ic  m a tte r  co n ten t,

•  T otal O rgan ic  C arbon  (TOC), an d
•  ch lo rin e  co n cen tra tio n .

T he  re su lts  o f  th e se  p a ram e te rs  have n o t b een  

in c lu d ed  in  th is  rep o rt, b u t can  be fo u n d  in  th e  
LOES database.

2.4 Planning of the 
sampling campaign
T able 2.1 p re se n ts  a su m m a ry  p e r  sam p lin g  perio d  

o f  th e  n u m b e r  o f  locations w h ere  sam p les  in  each  

e n v iro n m e n ta l c o m p a r tm e n t w ere  taken .
T he  LOES sam p lin g  cam p a ig n  w as a com plex  
log istical m a tte r . Sam ples w ere  tak en  in  d iffe ren t

en v iro n m e n ta l c o m p a rtm e n ts  in  d iffe ren t periods 

an d  on  several occasions w ea th e r co nd itions 

in te rfe red , f ish  w ere  n o t fo u n d  w h ere  th ey  w ere 
expected  o r sam p les w ere  lost. T he  g en e ra l se tu p  

o f  th e  sam p lin g  c am p a ig n  as it  cam e to be 

w as e s tab lish ed  by w e ig h in g  u p  all scien tific , 
logistic, b u d g e ta ry  an d  prac tica l aspects o f  the  
p ro g ram . Som e o f  th e  genera l p rinc ip les are 

described  below.

Surface w ate r an d  su sp e n d e d  m a tte r  in  surface  
w ate r w ere  co llected  fro m  th e  sam e  sites d u rin g  

all 3 p eriods (i-sp ring , 2 -s u m m e r an d  3 -au tum n). 

U n trea ted  w astew a te r an d  STP efflu en ts  w ere 
m ostly  tak en  in  p e rio d  1 an d  perio d  3.
T he  objective o f  th e  w astew ate r sam p les w as n o t 

so m u c h  to inves tiga te  seaso n a l flu c tu a tio n , 

b u t ra th e r  to g a in  a m o re  rep resen ta tiv e  idea o f  

th e  co n cen tra tio n s  o f  su b s tan ces  a n d  estro g en ic  
p o tency  o f  th e  various types o f  w astew ater. 

S ed im en t an d  m u sse ls  w ere  m ostly  sam p led  in  

p erio d  3, w hereas f ish  w as only  cap tu red  in  period  
i a n d  p e rio d  3. R ainw ater w as also collected  d u rin g  
p erio d  1 an d  p e rio d  3.

In summary:

•  p e rio d  1 w as u se d  fo r an  in itia l b ro ad  survey,
•  d u rin g  p e rio d  2, n o  sam p les o f  th e  solid  phases 

w ere  tak en  w ith  th e  excep tion  o f  su sp en d ed  

m a tte r , an d
•  p e rio d  3 co n sis ted  o f  th e  m o s t exhaustive  sa m p ­
ling  cycle. U sin g  th e  re su lts  fro m  p eriods 1 a n d  2, 

th e  re sea rch  also  focused  on  th e  case s tu d ies .

D uring  sam p ling  periods 1 an d  3, w h en  b o th  c h e m i­
cal a n d  bio logical analyses w ere  pe rfo rm ed , c h e m i­

cal sam pling  preceded  biological sam pling  to en su re  

th e  ap p ro p ria te  tim e  seq u en ce  o f  events to  allow  

causa l in te rp re ta tio n  (cause m u s t p recede  effect).

2.3 Sampling locations

T he LOES sam p lin g  locations w ere  ch o sen  in  su ch  
a w ay th a t th ey  re p re se n te d  a g en era l c ross-sec tion  

o f  th e  D u tch  aqua tic  en v iro n m en t. In  o th e r w ords, 

th e  field  study  w as n o t specifically  a im ed  a t sites 

a n d  c o m p a r tm e n ts  w ith  th e  h ig h e s t expected  
e stro g en ic  potency.



3.1 W astewater locations 2 .3.2  Rainwater locations
S election  o f  STPs fo r th e  m u n ic ip a l w astew ater 
o ccu rred  on  th e  basis of:

•  th e  type o f  sew er sy s tem  in  th e  d ra in ag e  area,

•  th e  type o f  tre a tm e n t system ,
•  th e  p ro p o rtio n  d o m e s tic /in d u s tr ia l p o llu tion ,
•  th e  c u rre n t effective tre a tm e n t capacity , an d

•  a n u m b e r  o f  opera tio n a l ch arac te ris tics  o f  th e  

STP, su ch  as s ludge  load ing .

T he  cho ice  w as also partly  based  on  logistic  

co n sid e ra tio n s , su ch  as tra n sp o rt o f  th e  sam p les , 

as w ell as on  in fo rm a tio n  fro m  th e  p ilo t in ves tiga­

tio n  (B elfroid et al., 1 9 99 ).

T he  m e a s u re m e n t locations fo r th e  rem a in in g  

w astew aters w ere  se lec ted  su c h  th a t they  re p re ­
sen ted  as accu ra te  a cro ss-sec tion  o f  w astew ater 
s tre am s in  th e  D u tch  s itu a tio n  as p oss ib le  an d  

one  in  w h ich  various g ro u p s o f  po ten tia l 

(xeno-) e s tro g en s  m ig h t be fo und .
T he  o th e r types o f  u n tre a te d  n o n -in d u s tr ia l 
w astew ater s tream s inc luded :

•  dom es tic  w astew a te r fro m  a re s id en tia l a rea  

(h o rm o n es, p h th a la te s , b ro m in a te d  flam e 
re ta rd an ts),

•  w astew a te r fro m  a h o sp ita l (h o rm o n es), an d

•  m a n u re  fro m  a cattle  fa rm  (ho rm ones).

V arious types o f  in d u s tr ia l w astew ater s tream s 
w ere  also  sam p led  d u rin g  LOES, in c lu d in g  those  

from :

•  ch em ica l m an u fa c tu re rs  an d  su p p lie rs  (p h tha­
la tes, b isphenol-A , a lky lpheno l ethoxylates),

•  a p h a rm aceu tic a l co m p an y  (ho rm ones),

•  textile in d u s try  (alkylphenol ethoxylates),

•  c a rp e t m a n u fa c tu re rs  (ph tha la tes, a lky lpheno l 
ethoxylates, b ro m in a te d  flam e re ta rd an ts), an d

•  in d u s tr ia l a reas (all co m p o u n d s).

E xperience tells th a t p a rticu la r o rg an iza tio n s / 
co m p an ies  w ill gladly (if anonym ously ) coopera te  
in  s tud ies  su ch  as LOES. For th is reaso n , sam p lin g  

locations fo r ce rta in  in d u s tr ia l w astew ater are  

only  described  ro u g h ly  an d  a re  re p re se n te d  by 
acronym s.

T h ree  sites w ere  se lected  fo r th e  co llection  o f  
ra in w a te r. O ne o f  th ese  is p a rt o f  th e  m o n ito r in g  

p ro g ram  o f  th e  Royal D u tch  M eteoro log ical 

In s titu te  (K N M l), w h ile  a n o th e r  is ro u tin e ly  u sed  
to collect ra in w a te r by th e  D u tch  prov ince  o f  S ou th  
H o lland .

T he  su rface  w ate r locations ch o sen  re p re se n te d  

D u tch  types o f  w ate r in  th e  b ro ad es t poss ib le  

sense . C rite ria  u sed  to select th e  sites w ere:
•  th e  locations w ere  to be s itu a ted  in  d iffe ren t 
w ate r system s su c h  as low land  rivers, lakes, 

canals, sm a ll s tre am s , p o ld e r d itches, e s tu a rie s , 

coasta l sites an d  o ffshore  locations,
•  m an y  o f  th e  se lected  sites w ere  already  p a rt o f  
D u tch  n a tio n a l m o n ito r in g  netw orks su ch  as the  

so-called ‘MWTL’ sites (at th e se  sites, packages o f  

p o llu tin g  su b s tan ces  are  ro u tin e ly  m e a su re d  an d  
som e o f  th e se  locations a re  also u se d  fo r b io logical 
m o n ito rin g ) an d  th e  ‘Landelijk M eetnet M est’ (natio ­

n a l m a n u re  m e a su rin g  netw ork) by th e  RIVM,

•  p o ld e r d itches w ere  ch o sen  by expert ju d g m e n t 
w ith  th e  u n d e rs ta n d in g  th a t th e  d itch  h ad  to  be 
in f lu en ced  by activities in  th e  su r ro u n d in g  

m eadow ,

•  sites w ere  ch o sen  fro m  b o th  relatively  clean  
a n d  p o llu ted  areas , an d

•  th e  sites w ere  to be sp read  evenly  in  n a tio n a l 

b o u n d a rie s .

T he  locations w ere  g ro u p ed  in  river c a tc h m e n t 
a reas or in  reg io n s. T h ese  inc luded :

•  th e  river R h ine  c a tc h m e n t area,

•  th e  river M euse  c a tc h m e n t area,
•  th e  river Scheld t c a tc h m e n t area,
•  th e  n o r th e rn  reg io n  (the river E m s ca tc h m e n t 

area , th e  W ad d en  Sea an d  reg io n a l w aters in  

th e  p rov ince  o f  F riesland), an d
•  coastal a n d  o ffshore  locations.

In  o rd e r to m o n ito r  th e  o ccu rren ce  o f  (xeno-) 

e s tro g en s  (chem ical analyses) an d  estro g en ic  

po tency  (in vitro assays), LOES w as k ind ly  
p e rm itte d  to analyze sam p les fro m  d iffe ren t sites

2 .3.3  Surface water  locations



in  th e  ju r isd ic tio n  o f  o u r fo re ign  p a rtn e rs  a long  

th e  rivers R h in e  in  G e rm an y  an d  a lo n g  th e  river 
M euse  in  B elg ium .

In  th ree  a reas , sam p les  w ere  tak en  a lo n g  tracks, 

n am e ly  th e  rivers R h ine  an d  M euse , a n d  the 
e s tu a ry  o f  th e  Scheldt. Special a tten tio n  w as also 
devoted  to th e  tidal W adden  Sea, a m aj or w ildlife 

co n se rv a tio n  a rea  in  th e  n o r th  o f  th e  N e th e rlan d s . 

A n u m b e r  o f  sites  w ere  se lected  as possib le , 
re latively  u n p o llu te d  re fe ren ce  locations. T h ese  
in c lu d ed  th e  fre sh w a te r location  V ro u w en zan d  

in  th e  large  lake IJsse l in  th e  c en tra l p a r t  o f  

th e  co u n try , H a m m e n  in  th e  E aste rn  Scheldt, 
a  tida l in le t co n n ec ted  to th e  N o rth  Sea, an d  
th e  N o rth  Sea o ff  th e  co ast a t N oordw ijk . Two 

locations in  a h o rticu ltu ra l a rea  in  th e  prov ince  
o f  S ou th  H o llan d  served to investiga te  possib le  

e s tro g en ic ity  o f  su rface  w a te r u n d e r  in f lu en ce  o f  
d ischarges fro m  g re e n h o u se s  (pesticides).

All LOES sa m p lin g  locations are  dep icted  in  figu re  
2.2. T he  various c a tc h m e n t a reas a n d  reg io n s a re  
sh o w n  in  d iffe ren t co lo rs. A n u m b e r  w as a ss ig n ed  

to each  sa m p lin g  locality. M ore in fo rm a tio n  on  the 

p o s itio n  an d  ch a rac te ris tic s  o f  th e  sites is g iven in  
Box 2.1.

S um m ary  of th e  LOES sam pling locations 

Box 2.1

LOES site number: -
Site acronym: CHB
Site: effluent STP chemical company
Routine monitoring: -
Description: This sampling location is characterized by the 
effluent of a STP from a chemical company. On the basis of the 
production process, it can be expected that the  effluent of the 
STP will contain bisphenol-A.

LOES site number: -  
Site acronym: CHH 
Site: effluent chemical company 
Routine monitoring: -
Description: This sampling location is characterized by 
extensive but non-biological treatm ent of effluent from a 
chemical company containing a number of compounds and 
natural/synthetic hormones. The effluent comprises the entire 
wastewater stream of the whole company after a number of 
treatm ent steps.

LOES site number: 01 
Site acronym: CHF
Site: wastewater chemical industrial site 
Routine monitoring: -
Description: This sampling location is characterized by 
waste water from a chemical company. On the  basis of the 
production process, it can be expected that the  wastewater will 
contain phthalates.

LOES site number: 02 
Site acronym: CHM
Site: effluent WWTP chemical industrial site 
Routine monitoring: -
Description: This is the effluent of a chemical company that 
produces a wide range of chemicals. One of these groups is 
alkylphenol ethoxylates. Production occurs in batches and 
wastewater is reused. The excess water is treated in a biological 
WWTP before being deposited in a small receiving surface water.

LOES site number: 03
Site acronyms: DOV, DOM, DON
Site: 'Dommel' (upstream, DOV; at discharge STP, DOM;
downstream, DON)
Routine monitoring: -
Description: The Dommel is a small river that has its origin in 
Belgium and flows through an agricultural area, several small 
towns and the city of Eindhoven into the river Dieze that runs 
into the Meuse. The flow rate of the Dommel in the  city of 
Eindhoven is some 185,000 m3 per day. In the  city of Eindhoven, 
surface water and STP effluent mixes in an approximate 1:1 ratio 
near the  discharge point of the STP EHV (see location no. 04).
In the  event of intensive precipitation, a number of sewer 
overflows are activated in the city. LOES case study site.

LOES site number: 04 
Site acronym: EHV
Site: untreated wastewater /effluent STP Eindhoven'
Routine monitoring: -
Description: The Eindhoven STP is an activated sludge system 
of 'aeration tank' type. The municipal wastewater is supplied by 
a combined sewerage system, which consists of domestic and 
industrial wastewater and run o ff  rainwater from paved surfaces 
in the town. Under dry weather conditions, approximately a 
quarter of the wastewater is of industrial origin. At the  moment, 
the full design capacity of 750,000 population equivalents is 
used. The mean flow is some 170,000 m3 per day. STP effluent 
is discharged in the river Dommel (see location number 03).
LOES case study site.

LOES site number: 05 
Site acronym: HHW
Site: domestic wastewater residential area 
Routine monitoring: -
Description: This domestic wastewater is transported to the 
Steenwijk STP without mixing with rainwater. According to the 
municipality, the number of inhabitants is 3,360. The residential 
area was built at the end of the seventies and has a mixed 
population with respect to family composition. This location was 
also used as measuring point for domestic wastewater in the  pilot 
investigation (Belfroid etal., 1999).

LOES site number: 06 
Site acronym: IDA 
Site: sewage industrial area 
Routine monitoring: -
Description: This sampling location is characterized by major 
diversity of small industrial companies in an industrial area. On 
the basis of the  information provided on the  companies located 
on this site, none of the companies specifically deposits one of 
the selected (xeno-) estrogenic compounds. This location was 
also used as measuring point for industrial wastewater in the 
pilot investigation (Belfroid etal., 1999).



LOES site number: 07 
Site acronym: INT
Site: wastewater textile industrial site 
Routine monitoring: -
Description: This sampling location is characterized by extensive 
but non-biológica I treatm ent of wastewater from a textile 
company. The wastewater comprises the  total wastewater stream 
for the entire company after physical/chemical treatment.

LOES site number: 08 
Site acronyms: ITR 
Site: sewage industrial area 
Routine monitoring: -
Description: This sampling location is characterized by untreated 
sewage water from an industrial area with a number of carpet 
manufacturers. This sewage water is expected to contain one or 
several of the selected xeno-estrogenic substances.

LOES site number: 09
Site acronym: TBW
Site: surface water greenhouse area
Routine monitoring: -
Description: This comprises a collective sample of surface water, 
composed on the basis of a sampling trip in a greenhouse area. 
The locations were selected on the basis of the expected 
emissions from previous investigation into the presence of 
pesticides.

LOES site number: 10
Site acronym: KRM
Site: surface water greenhouse area
Routine monitoring: -
Description: This comprises a collective sample of surface water, 
composed on the basis of a sampling trip in a greenhouse area. 
The locations were selected on the basis of the expected high 
emissions from previous investigation into the presence of 
pesticides.

LOES site number: 11 
Site acronym: POL 
Site: manure cattle farm 
Routine monitoring: -
Description: This sampling location is characterized by manure 
and wastewater from a milk rinsing plant from a representative 
(model) cattle farm.

LOES site number: 12 
Site acronym: VTL 
Site: manure cattle farm 
Routine monitoring: -
Description: This sampling location is characterized by manure 
and wastewater from a milk rinsing plant from a test farm.

LOES site number: 13 
Site acronyms: WST
Site: untreated wastewater/effluent STP 'Amsterdam W estpoort' 
Routine monitoring: -
Description: The Amsterdam Westpoort STP is an activated 
sludge system of 'aeration tank' type. The municipal wastewater 
is supplied by a separated sewer system, consisting of domestic 
and industrial wastewater. About 25 %  of the wastewater is of 
industrial origin. The STP has a design capacity of 600,000 
population equivalents, of which some 60%  is currently used. 
The mean flow is some 43,500 m3 per day. The effluent is 
discharged in the  North Sea Canal (see location number 21). 
LOES case study site.

LOES site number: 14 
Site acronym: ZKH 
Site: wastewater hospital 
Routine monitoring:
Description: This sampling location is characterized by untreated 
wastewater from a hospital that is a good average for the 
Netherlands. The wastewater comprises the full wastewater 
stream of the entire hospital, including the kitchen and a small 
office building. The wastewater from the individual departments 
was not sampled separately.

LOES site number: 15
Site acronym: SL1
Site: ditch in cattle farm area
Routine monitoring: 'Landelÿk M eetnet M est' (RIVM) 
Description: Ditch near cattle farm located in the  peat-soil 
area in the  western part of the country.

LOES site number: 16
Site acronym: SL2
Site: manure cattle farm
Routine monitoring: 'Landelÿk M eetnet M est'
Description: Ditch in cattle farm area 
area in the  western part of the country.

LOES site number: 17
Site acronym: SL3
Site: ditch in cattle farm area
Routine monitoring: 'Landelÿk M eetnet M est' (RIVM) 
Description: Ditch near cattle farm located in the peat-soil 
area in the  western part of the country.

LOES site number: 18
Site acronyms: HVY
Site: lake IJssel, 'Hoek van het IJ'
Routine monitoring:
Description: Location in the central part of the Netherlands 
where rainwater was collected. The location was not part of an 
existing routine monitoring program.

LOES site number: 19
Site acronyms: KOR
Site: Haringvliet', 'Korendijkse Slikken'
Routine monitoring: Province of South Holland 
Description: Location in the southwestern estuarine 'Delta' area 
(see location number 25) where rainwater was collected.

LOES site number: 20 
Site acronyms: MNW 
Site: North Sea, data location Noordwijk'
Routine monitoring: Royal Dutch Meteorological Institute (KNMI) 
Description: Location in the North Sea where rainwater 
was collected.

LOES site number: 21
Site acronyms: AMS
Site: North Sea Canal, 'Amsterdam'
Routine monitoring: MWTLsite
Description: The North Sea Canal connects Amsterdam and its 
port through sluices to the North Sea in the west and to the 
interior freshwater lake IJssel in the east. Apart from its port and 
transport function, it is also used for discharging surplus water 
from several adjoining water board districts and Lake IJssel. STP 
effluent is also discharged in the canal (see location number 13). 
Samples were taken in the 'Amerikahaven', situated to the west 
of Amsterdam. LOES case study site.
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LOES site number: 22 
Site acronym: APK 
Site: 'Apeldoorns Kanaal'
Routine monitoring: -
Description: The canal is used for drainage of the adjacent area. 
The canal is seriously polluted by industrial and sewage works 
discharges.

LOES site number: 23 
Site acronym: BOR 
Site: Meuse, 'Borgharen'
Routine monitoring: -
Description: Site on the  river Meuse close to  the  Belgian border. 
This site was used to  collect sediments instead of E ijsden (location 
number 24, see below) where it was not possible to use a boat.

LOES site number: 24 
Site acronym: EYS 
Site: Meuse, 'Eijsden'
Routine monitoring: MWTLsite
Description: At Eijsden, the  river Meuse enters the  Netherlands 
from Belgium. A permanent Dutch government sampling station 
is located on a boat on the  river. As a result of the  current, it was 
not possible to  capture fish in the river and fishing therefore took 
place in a nearby pit (Oost Maarland) where gravel used to be 
excavated. The pit has an open connection to  the Meuse.

LOES site number: 25
Site acronym: HAR
Site: Haringvliet', 'Haringvlietsluizen'
Routine monitoring: MWTLsite
Description: The Haringvliet is part of the Rhine-Meuse estuary 
at which point the water from both rivers meets. In the 1970s, 
damming projects to  protect the country from flooding by the 
North Sea have turned this former tidal area into a large inland 
freshwater lake. The sediment in this area is polluted by complex 
mixtures of substances as a result of (historical) sedimentation of 
polluted silt.

LOES site number: 26
Site acronyms: UM
Site: North Sea Canal, 'IJmuiden'
Routine monitoring: MWTLsite
Description: For a description of the North Sea Canal, please 
refer to location number 21 above. IJmuiden is situated east of 
the  sluices to the North Sea.

LOES site number: 27 
Site acronyms: LOB 
Site: Rhine, 'Lobith'
Routine monitoring: MWTLsite
Description: Lobith is the border site where the river Rhine enters 
the Netherlands from Germany. As at Eijsden for the Meuse, 
Lobith is home to a permanent station where Rhine water quality 
is monitored. Fishing in spring was conducted at the river Rhine 
itself, off Tolkamer, but in fall fishing took place in a sandpit 
(Bijland) close to Tolkamer with an open connection to the Rhine.

LOES site number: 28
Site acronyms: MAA
Site: New Waterway, Maassluis'
Routine monitoring: MWTLsite
Description: Maassluis is situated on the northern shore of the 
New Waterway, one of the  principal branches of the Rhine that 
empties into the North Sea. The site is situated in the port area of 
Rotterdam. The water is brackish.

LOES site number: 29 
Site acronym: SOD
Site: Scheldt, 'Schaar van Ouden Doei'
Routine monitoring: MWTL site
Description: The river Scheldt runs from Belgium into the 
Netherlands and is the  connection of the Belgian port Antwerp 
to the North Sea. Schaar van Ouden Doei is located at the site 
where the  river Scheldt enters the larger estuary called Western 
Scheldt.

LOES site number: 30
Site acronym: VRO
Site: Lake IJssel, 'Vrouwenzand'
Routine monitoring: MWTL site
Description: Lake IJssel is a vast freshwater lake that was 
disconnected from the Wadden Sea and North Sea in 1932. The 
lake receives inflow from the IJssel, a major branch of the river 
Rhine, but also from adjoining water board districts around the 
lake. The lake is used as a basin for freshwater supply. Surplus 
water is drained through sluices in the 30-kilometer dike that 
separates the lake from the  Wadden Sea. Vrouwenzand is a sand 
bank near the  southwestern coast of the province Friesland.
It is a potential clean reference site.

LOES site number: 31
Site acronym: OP1
Site: (oil) drilling platform. Helm'
Routine monitoring: -
Description: The (oil) drilling platform Helm is located in block 
Q1 in the  North Sea. The platform is operational. Samples were 
taken at 100 meters downstream from the platform according 
to the net prevailing sea currents.

LOES site number: 32
Site acronym: OP2
Site: (gas) drilling platform, 'K12A'
Routine monitoring: -
Description: This gas-drilling platform is located in block K12 in 
the North Sea. The platform is operational. Samples were taken 
at 100 meters downstream from the platform according to  the 
net prevailing sea currents.

LOES site number: 33
Site acronyms: BVW
Site: Ems Dollard, 'Bocht van Watum'
Routine monitoring: MWTL site
Description: The Ems Dollard is the  estuary of the river Ems 
between the Dutch province of Groningen and northwestern 
Germany. The river empties into the  Wadden Sea. The river Ems 
originates in Germany. Several canals and small streams flow 
into the estuary. The Bocht van Watum is the  western part of the 
estuary. In the past, harbor dredge spill from the town of Delfzijl 
was dumped in the southern part of the  Bocht van Watum.

LOES site number: 34
Site acronyms: DAN
Site: Wadden Sea, 'Dantziggat'
Routine monitoring: MWTL site
Description: The Dantziggat is located in the  tidal Wadden Sea 
between the island Ameland and the  Friesian coast. The area 
consists of mudflats interspersed with tidal channels.

F 2.2  Sam pling locations o f  LOES.



LOES s ite  number: 35

S ite acronym : HAM

Site: Eastern Scheldt, 'H am m en'

R outine m onitoring: -

D escription: The Eastern Scheldt is o n e  o f  th e  major form er 

R hine-M euse delta  estuaries. It has b een  sep arated  from  th e  

N orth Sea by a storm  surge barrier sin ce 1 9 8 5 . This barrier, 

how ever, is on ly  closed  during sev ere  storm  conditions, th ereb y  

m aintaining a sa line environm ent and alm ost natural tidal d iffer­

en c e  in th e  area. The estuary receives surplus w ater from  several 

surrounding polder areas. The Eastern Scheldt is know n for its 

relatively clean  seaw ater. The sam pling s ite  near Ham m en is 

situ ated  in th e  m ost n orthw estern  part o f  th e  estuary. It is a 

potential clean  referen ce site .

LOES s ite  num ber: 36  

S ite acronym : NWK 

Site: N orth Sea, 'Noordwijk'

R outine m onitoring: -

D escription: O p en  location  in th e  North Sea o ff  th e  coast o f  th e  

to w n  o f  Noordwijk. It is a p otential clean  referen ce site.

LOES s ite  num ber: 37

S ite acronym : OEG

Site: N orth Sea, 'O estergronden'

R outine m onitoring: -

D escription: The O estergron d en  are situ ated  in th e  N orth Sea  

so m e  4 0  k ilom eters north o f  th e  W adden  Sea. In late w inter, it is 

a major spaw n in g  area for flounder from  Dutch and Germ an  

w aters.

LOES s ite  num ber: 38

S ite acronym : OEV

Site: W adden Sea, 'D en O ever'

R outine m onitoring: M W TLsite

D escription: D en O ever is o n e  o f  th e  s ites  w h ere  (surplus) w ater  

from  lake IJssel is d ischarged into th e  W adden  Sea (se e  location  

30 ). There are slu ices and locks for shipping. The s ite  also  

receives d ischarge w ater from  th e  nearby W ieringerm eer polder  

area. Sam ples w ere  tak en  on  th e  sea  sid e o f  th e  com p lex .

LOES s ite  num ber: 39  

S ite acronym : SPL

Site: N ew  W aterw ay, 'Splitsingsdam '

R outine m onitoring: -

D escription: The Splitsingsdam  is situ ated  in th e  Rhine branch  

N ew  W aterw ay, but far closer to  th e  North Sea than  M aassluis  

(location  num ber 28 ), op p osite  th e  coasta l to w n  o f  H ook o f  

Holland.

LOES s ite  num ber: 40

S ite acronym : TER

Site: W estern Scheldt, Terneuzen'

R outine m onitoring: M W TLsite

D escription: The harbor city o f  Terneuzen is s itu ated  halfw ay in 

th e  Dutch part o f  th e  W estern Scheldt estuary (see  location  no. 

29 ). The area is heavily industrialized, including a brom ine 

processing plant. The sam pling s ite  w a s  located  in th e  G hent- 

Terneuzen canal th at co n n ects  th e  Belgian port o f  G hent to  th e  

N orth Sea.

LOES s ite  num ber: 41

S ite acronym : VLI

Site: W estern Scheldt, 'V lissingen'

R outine m onitoring: WTL site

D escription: At V lissingen(Flushing), th e  river Scheldt (see  

locations num bers 2 9  and 4 0 ) reach es th e  North Sea throu gh  th e  

W estern Scheldt estuary.

LOES s ite  number: 42  

Site acronym : BEL 

Site: M euse, 'Belfeld'

R outine m onitoring: MWTL site

D escription: Part o f  th e  river M eu se w ith  w eirs near th e  v illage o f  

Belfeld, n ot far from  th e  to w n  o f  Venlo.

LOES s ite  number: 4 3  

Site acronym : KEI 

Site: M euse, 'K eizersveer'

R outine m onitoring: MWTL site

D escription: River M eu se at Keizersveer, w h ere  a sam pling  

p on toon  is perm anently m oored.

LOES s ite  number: 44  

Site acronym : KOI 

Site: Rhine, C o logn e  

R outine m onitoring: -

D escription: River Rhine near th e  city o f  C o logn e in G erm any

LOES s ite  number: 4 5  

Site acronym : KRL 

Site: Rhine, 'Karlsruhe'

R outine m onitoring: -

D escription: River Rhine near th e  city o f  Karlsruhe in Germany.

LOES s ite  number: 4 6  

Site acronym s: LUI 

Site: M euse, 'Liège'

R outine m onitoring: -

D escription: The Albert Canal parallel to  th e  River M eu se near 

th e  city o f  Liège in th e  W alloon provinces in Belgium .

LOES s ite  number: 47  

Site acronym s: NAM 

Site: M euse, N am êche'

R outine m onitoring: -

D escription: River M eu se near th e  to w n  o f  N am êch e in th e  

W alloon provinces in Belgium.

LOES s ite  number: 4 8  

Site acronym s: REM 

Site: M euse, 'Remilly'

R outine m onitoring: -

D escription: River M eu se near th e  to w n  o f  Remilly on  th e  

French-Belgian border.

LOES s ite  number: 4 9  

Site acronym s: WPH 

Site: Lateral Canal, 'H eel'

R outine m onitoring: -

D escription: Lateral Canal (w ith  w eirs) parallel to  th e  M eu se near 

th e  drinking w ater facility at th e  v illage o f  H eel, not far from  th e  

to w n  o f  R oerm ond.

LOES s ite  number: 5 0

S ite acronym s: WPR

Site: Border M eu se, 'R oosteren'

R outine m onitoring: -

D escription: Free-running part o f  th e  M eu se w h ere it con stitu tes  

th e  border b e tw een  th e  N etherlands and Belgium , near th e  

drinking w ater facility o f  th e  v illage R oosteren.



2.4 Sampling methods,
pre-trea tm ent ,  s torage and 
distribution
T he fo llow ing  p a rag rap h s  co n ta in  a su m m a ry  o f  
th e  h a rm o n iz e d  pro toco ls u se d  fo r sa m p lin g  an d  

tre a tin g  sam p les . T he fu ll p ro toco ls (in D utch) 
w ere  g a th e red  in  a h an d b o o k  for in te rn a l u se  in  

th e  LOES p ro jec t (S chafer an d  P oelstra , 199 9 ).

LOES s ite  number: 51 

Site acronym s: AML

Site: untreated  w a ste w a ter /e fflu e n t STP Am eland'

R outine m onitoring: -

D escription: S ew a g e  treatm ent plant on  th e  island o f  A m eland  

d esign ed  for 1 9 ,0 0 0  population  eq u ivalents. The e fflu en t o f  

th e  treatm ent plant is d ischarged into th e  W adden  Sea.

The plant treats m ainly d om estic  w astew ater . The d ifference  

b etw een  sum m er and w inter loading is sign ificant. During th e  

sum m er tourist sea so n , th e  load is 7 5  % to  1 1 5  % o f  tota l 

capacity, in w inter th e  load varies b etw een  14 % and 5 0  %  
o f  tota l capacity.

LOES s ite  number: 52  

Site acronym : ANP

Site: untreated  w a ste w a ter /e fflu e n t STP 'Sint A nnaparochie' 

R outine m onitoring: -

D escription: W astew ater treatm ent plant St. A nnaparochie, 

Friesland. D esign ed  for 1 0 ,0 0 0  population  eq u ivalents. The plant 

treats m ainly d om estic  w astew ater . U nder normal circum stances, 

th e  criteria s e t  for its treated  w ater are m et. Loading is con stant  

th rou gh ou t th e  year sin ce th e  plant treats m ainly municipal 

w a stew a ter  and th ere is no high im pact as a result o f  tourism  in 

sum m er. The e fflu en t is d ischarged in sm all w aters and in th e  

K oude Vaart canal (location  no. 54 ).

LOES s ite  number: 53  

Site acronym : BER 

Site: Lake 'Bergum erm eer'

R outine m onitoring: -

D escription: Bergum erm eer is a lake o f  so m e  6  square k ilom eters 

in Friesland. There is so m e  industrial activity on  th e  south ern  sid e  

and a p ow er sta tion  on  th e  northern s id e  o f  th e  lake. There are 

several s e w a g e  d ischarge points (sew a g e  treatm ent plant o f  th e  

to w n  o f  Bergum , a treatm ent plant for a livestock  destruction  

facility and  several s e w a g e  ou tlets). The soil ty p e  around th e  

Bergum erlake is p eat. Sam ples w ere  tak en  near th e  Princess 

Margriet C anal. The area around th e  lake and th e  lake itself are 

d estin ed  to  b ecom e a nature preservation area.

LOES s ite  number: 54  

Site acronym : KOU 

Site: canal 'K oude Vaart'

R outine m onitoring: -

D escription: The canal K oudevaart, St. A nnaparochie, is located  

in th e  w ater sy stem  called Zw arte Haan. Zw arte Haan com prises  

17  different w aterw ays, all o f  w hich  discharge into th e  W adden  

Sea throu gh  th e  K oude Vaart. The canal is also th e  con n ection  

b etw een  th e  se w a g e  treatm ent plant in St. A nnaparochie  

(se e  location  52 ) and th e  W adden  Sea.

2 .4.1 General precautions

For each  sam p le , specific a cco u n t w as tak en  o f  th e  
o ccu rren ce  o f  p oss ib le  chem ica ls w ith  e strogen ic  

po tency  in  th e  sam p lin g  m a te ria l, in c lu d in g  

p h th a la te s  an d  a lky lpheno ls . P h th a la te s  a re  u sed  

as so ften e rs  th a t a re  ad d ed  to  p lastics. P lastic 
tools w ere  th e re fo re  avoided as th e  p robab ility  

o f  c o n ta m in a tio n  is very h ig h . As such , n o  p lastic  

gloves, bucke ts , fu n n e ls , boxes, bo ttles an d  so 

fo rth  w ere  u sed . A lkylphenols are  o ften  fo u n d  in  
in d u s tr ia l w ash in g  a n d  c lean in g  agen ts . For th is 

reaso n , th e  u se  o f  soap  an d  c lean in g  ag en ts  was 

also avoided. Special a tte n tio n  w as also devoted  to 

e n su r in g  th a t th e  sam p les w ere  n o t c o n tam in a ted  
by en v iro n m en ta l fac to rs. C lean  m a te ria l w as 

alw ays u se d  fo r tak in g  sam p les  a n d  th e re  w as no  

co n tac t be tw een  sam p les an d  h a n d s . I f  h an d s  h ad  

b een  w ash ed  w ith  soap  a fte r  h a n d lin g  fish  an d  
m u sse ls , th e se  w ere  rin se d  th o ro u g h ly  w ith  tap  

w ate r befo re  b io ta  w as to u ch ed  again . T he  d issec t­

in g  tab les u sed  w ere  all co n stru c te d  o f  s ta in less 
steel o r s tone .

2 .4.2 P re- trea tm ent  of 
sampling materials
N ew  bo ttles a n d  po ts w ere  alw ays u se d  fo r tak ing  

sam p les  fo r th e  analysis o f  h o rm o n e s , b ispheno l-A  

a n d  a lky lpheno ls (and a lky lpheno l ethoxylates). 
T h ese  w ere  f irs t p re -trea ted  w ith  HPLC w a te r (not 
w ash ed  w ith  soap) an d  th e n  d ried  fo r te n  h o u rs  at 

250°C . T hey  w ere  th e n  r in se d  w ith  f irs t to lu en e  

a n d  th e n  m e th a n o l (for re s id u e  analysis).
In  sam p lin g  fo r p h th a la te s  an d  b ro m in a te d  
flam e re ta rd an ts , th e  sam p lin g  m a te ria l w as n o t 

p re -trea ted  separately . N ew  bottles an d  po ts w ere 

alw ays u sed , how ever.

2 .4.3 Untreated wastewater  
and STP effluents
S am pling  w astew ater (u n trea ted  a n d  trea ted ) w as 
done  u s in g  a b u ck e t o r sam p lin g  shovel accord ing  

to TAUW g u id e lin e  2 5 6 0 0 /A W /0 4 /0 1 . O w ing  to 

th e  risk  o f  co n ta m in a tio n  w ith  p h th a la te s , th e  
sam p lin g  e q u ip m e n t available on  site w as n o t 
u sed . H o m o g en iza tio n  an d  d is tr ib u tio n  o f  th e



sam p le  co llection  occu rred  acco rd ing  to  TAUW 

g u id e lin e  2 5 6 0 0 /M B 0 3 /0 1 . A com p o s ite  sam p le  
w as g a th e red  over a th re e -h o u r perio d  on  th e  basis 
o f  ra n d o m  sam p ling . In  do ing  so, a sam ple  o f  som e 

io  liters w as collected  a t th e  sam p lin g  location  

every 30 m in u te s . T he  to ta l vo lum e, based  on  at 

least 6 sam p les, w as th e re fo re  som e 6 0  liters a t the  
en d  o f  th e  p eriod . S eparate  sam p lin g  tools w ere 

u se d  fo r sam p lin g  u n tre a te d  an d  tre a ted  w aste ­

w ater. D ep en d in g  on  th e  analysis , 30 0  m L  to 15 
liters w ere collected in  bottles after hom ogen ization . 
T he  d is tr ib u tio n  o f  th e  w astew ater sam p les and  

th e  labo ra to ries  th a t p ro cessed  th e m  are  sh o w n  in  

fig u re  2.3.

2 .4.4 Suspended m atter  
in STP effluent
S u sp en d ed  m a tte r  in  b io logically-treated  w aste ­
w a te r w as sam p led  u s in g  a flow -though  cen trifu g e  

acco rd ing  to th e  sam e  m e th o d  u se d  fo r surface  

w a te r (pa rag rap h  2 .4 .9 ). C en trifu g in g  occu rred  at 
2 0 ,0 0 0  rp m  u n til  a t leas t 2 0 0  g ram s o f  dry 
m a te ria l h a d  b een  ob ta ined .

T he  d is tr ib u tio n  o f  th e  STP e ff lu en t su sp en d ed  

m a tte r  sam p les  a n d  th e  labo ra to ries  th a t fu r th e r  

p ro cessed  th e m  are  show n  in  fig u re  2 .4 .

2 .4.5 Municipal STP sludge
S am pling  o f  sew age s ludge  a t STP s occu rred  by 
co m p o s in g  a sam p le  fro m  th e  so-called p rim ary  

s lud ge  fro m  th e  p re -se ttlin g  ta n k  an d  th e  su rp lu s  

s lud ge  fro m  th e  p o st-se ttling  tank .
T he  d is tr ib u tio n  o f  th e  sew age s ludge  sam p les an d  
th e  labo ra to ries  th a t p ro cessed  th e m  w ere  sim ila r 

to  th a t fo r su sp e n d e d  m a tte r  sam p les fro m  w aste ­

w a te r (figure 2.4).

2 .4 .6 Manure
S am pling  occu rred  by co m p o s in g  a sam p le  on  
th e  basis o f  a n u m b e r  o f  sub -sam p les fro m  th e  
m a n u re  d ep o t a t cattle  fa rm s.

T he  d is tr ib u tio n  o f  th e  m a n u re  sam p les an d  th e  

labo ra to ries  th a t p ro cessed  th e m  are  s im ila r to 

th a t fo r su sp e n d e d  m a tte r  sam p les fro m  w aste ­
w a te r (figure 2.4).

2 .4.7 Rainwater

S am pling  o f  p rec ip ita tio n  w as done  u s in g  a 
W et-O nly  collector. T he  p ro ced u re  u se d  w as based  

on  in fo rm a tio n  p rov ided  by th e  prov ince  o f  Z uid- 

H o lland . P rec ip ita tio n  w as co llected  over a 4-w eek 
period . T he  W et-O nly  co llector h as a g lass fu n n e l. 
T he  co llector h as  a lid th a t opens au tom atica lly  

w h en  it  ra in s  a n d  closes as soon  as th e  w ea th e r is 

dry. T he  ca tc h m e n t a rea  is so m e  4 0 0  c m 2 an d  th e  
co llection  bo ttle  has a vo lum e o f  so m e  2.5 liters. 
T he  co llector has a c o u n te r  th a t ind ica tes  how  long  

it is open  a n d  a c o u n te r  fo r th e  n u m b e r  o f  p rec ip i­

ta tio n  even ts . T he  co llector has a ra in  se n so r and  

fro s t p ro tec tio n . T he  specifica tions o f  th e  ra in  
collector are  described in  D utch  standard  NEN 6585.

T he  d is tr ib u tio n  o f  th e  ra in w a te r sam p les  a n d  th e  
labo ra to ries th a t p rocessed  th e m  are  s im ila r th a t 
fo r su rface  w a te r (figure 2.5).

2 .4.8 Surface water
For su rface  w ater, sam p les w ere  tak en  u s in g  a 

bu ck e t acco rd ing  to m e th o d  RWSV 913 .00 .W 001. 

W ate r sam p les  w ere  tak en  u s in g  a b u ck e t at 
a d ep th  o f  10-50 cen tim e te rs  u n d e r  th e  w ater 
su rface . O nce th e  b u ck e t h a d  gen tly  b een  p laced 

u n d e r  th e  w ate r su rface , th e  bu ck e t w as rem oved  

fro m  th e  w a te r an d  w as m ixed  w ith  a m ix ing  
spoon . In  do ing  so, m ix ing -in  o f  a ir  w as avoided 
as fa r as possib le . T he  sam p le  w a te r w as th e n  

tra n sfe rre d  to sam p le  bo ttles u s in g  a fu n n e l. 

D ep en d in g  on  th e  analyses, th e  bo ttles w ere  
filled  w ith  vo lum es ran g in g  be tw een  250  m L  an d  
2 lite rs .

W ate r sam p les  w ere  tak en  a t th re e  locations 
fro m  a m e a su rin g  s ta tio n  specifically  desig n ed  
fo r th is p u rpose . Sam ples w ere  tak en  u s in g  a p u m p  

acco rd ing  to m e th o d  RWSV 9 1 3 .0 0 .W 0 0 2 . W ate r 

sam p les w ere  tak en  a t 50-100 cen tim e te rs  u n d e r  
th e  su rface  u s in g  a p u m p  an d  p ip e  system . W ater 
sam p les w ere  tak en  a fte r  5-10 m in u te s  flow ­

th ro u g h  o f  th e  p ipe  sy s tem  an d  p u m p , in  w h ich  

tim e  th e  system  w as flu sh ed  a t leas t io  tim es . 
D ep en d in g  on  th e  analysis, th e  bo ttles w ere  filled  
w ith  vo lum es ran g in g  betw een  250  m L  an d  2 liters.

0



T he d is tr ib u tio n  o f  th e  su rface  w ate r sam p les an d  

th e  labo ra to ries  th a t p ro cessed  th e m  are  sh o w n  in  

fig u re  2.5.

2 .4.9  Suspended m atter  
in surface water
F or th e  su sp e n d e d  m a tte r , sam p les  w ere  tak en  

u s in g  a flow -th rough  cen tr ifu g e  acco rd ing  to 

th e  RWSV 913 .00 .W 005  m e th o d . O nce th e  p ipe 
sy s tem  an d  cen tr ifu g e  h ad  b een  flu sh ed  fo r a t 
leas t 3 m in u te s  w ith  th e  w ate r to be sam p led , 

th e  cen tr ifu g e  w as ru n  u n til  su ffic ien t m a te ria l 

h a d  b een  ex tracted . T h is co n sis ted  o f  a t leas t 250 

g ram s a n d  p re fe rab ly  350 g ram s o f  w et m ateria l. 
A fter cen tr ifu g in g , th e  T eflon  s trip s  w ere  rem oved  

fro m  th e  cen tr ifu g e  an d  th e  co llected  su sp en d ed  

m a tte r  w as sc raped  o ff  th e  s trip s u s in g  th e  T eflon  
sc raper. T he sc rap in g  w as p e rfo rm ed  leng th -w ise  
fro m  th e  fine  to th e  heavy frac tion . A fter co llection  

a n d  m ix ing  in  a co n ta in e r, rep resen ta tiv e  sam p les 

w ere  tak en  ran g in g  b e tw een  4 a n d  4 0  g ram s, 
d ep en d in g  on  th e  analysis to be p e rfo rm ed .
T he  d is tr ib u tio n  o f  th e  su sp en d ed  m a tte r  sam p les 

fro m  su rface  w a te r an d  th e  labo ra to ries  th a t 

p ro cessed  th e m  are  show n  in  fig u re  2 .6 .

2 .4.10  Sediment
D ep en d in g  on  th e  co n d itio n  o f  th e  soil a t th e  
locations, a Box co rer, V an  V een  grab  or E ckm an- 
B irge grab  w ere  u sed  fo r th e  se d im e n t sam p les. 

T h is  w as done  in  acco rdance  w ith  g en e ra l g u id e ­

lin es fo r sam p lin g  w aterbeds as u se d  by th e  RIZA 

a n d  RIKZ. S am pling  took  place u s in g  m e a s u re ­
m e n t  vessels specifically  d esig n ed  fo r th is 

p u rp o se . A fter carefu lly  p lac ing  th e  sam p lin g  

ap p a ra tu s  on  th e  bed , it  w as re trieved  gen tly  a fte r 

ab o u t io  seconds . In  d o ing  so, care  w as devoted 
to  m ak in g  su re  th a t th e  sam p le  w as re trieved  as 

in tac t as poss ib le . I f  th e re  w as too m u c h  d is ru p ­

tio n , th e  sam p le  w as tak en  again . S om e 2 liters o f  

th e  w a te r o n  location  w as decan ted  an d  collected 
in  a sam p le  bo ttle . T h is  w a te r w as u se d  to sieve 

th e  sam p les in  th e  laboratory . In  o rd e r to ob ta in  

a rep resen ta tiv e  sam p le  p e r  location , 10-20 
su b -sam p les  w ere  tak en  th ro u g h o u t th e  location . 
A fter m ix ing  th e  su b -sam p les , som e 2 k ilog ram s
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(o f silt-rich  sam ples) o r som e 10-12 k ilogram s 

(o f sandy  sam ples) w ere  collected.
T he  d is tr ib u tio n  o f  th e  se d im e n t sam p les an d  
th e  labo ra to ries  th a t p ro cessed  th e m  are  show n  

in  fig u re  2.7.

2 .4.11 Biota
C a g e d  m u s s e l s

C aged  m a r in e  an d  fre sh w ate r m u sse ls  w ere  u sed  
to  d e te rm in e  th e  b io acc u m u la tio n  o f  su b s tan ces 
a t d iffe ren t in la n d  a n d  o ffsho re  locations in  fall 

(Period  3). T he  m u sse ls  w ere  p laced  in  accordance  

w ith  th e  g u id e lin es  o f  th e  R IZ A  an d  R I K Z .

M arin e  b lue  m u sse ls  (M ytilus edulis) w ere 
co llected  in  th e  E aste rn  Scheld t on  O ctober 4 

an d  5 ,1 9 9 9 , an d  im m ed ia te ly  tra n sp o rte d  to th e  

R IK Z  field  s ta tio n  in  K am p erlan d  w h ere  th ey  w ere 
c lean ed  an d  w h ere  th e ir  le n g th  w as m easu red . 
M ussels be tw een  45 an d  55 m m  w ere  se lected  for

T 2 .3  D e ta ils  o f  e x p o s u r e  o f  m a r in e  m u s s e ls

(M y tilu s  edulis)  t o  s e a w a t e r  a t  v a r io u s  m a r in e  s it e s  in 

t h e  N e th e r la n d s  d u r in g  1 9 9 9 .

Location Location

acronym

Start o f  

exp osure

Exposure

tim e

S am pling M ortality

(days) (% )

V liss in gen  (W estern Scheldt) VLI 5 O ct. 18  Nov. 44  1 .5

Ham m en (Eastern Scheldt) HAM 6 O ct. 19  Nov. 44  0 .5

N ew  W aterw ay MAA 7 O ct. 22 Nov. 4 6  2 .5

N oordw ijk  (North Sea) NWK 14 O ct. 4 Ian .00 82  4

O estergron d en  (North Sea) OEG 13 O ct. 29  Dec. 77

D an tz igga t (W adden Sea) DAN 7 O ct. 18  Nov. 42  1

Bocht van  W atum  (Ems) BVW 7 O ct. 18  Nov. 42  1 0 .5

1 C a g e  lo s t as a resu lt o f  b ad  w eath er .

T 2 .4  D e ta ils  o f  e x p o s u r e  o f  f r e s h w a t e r  z e b r a  m u s s e ls

(D reissena p o lym o rp h a )  a t  v a r io u s  in la n d  s it e s  in th e  

N e th e r la n d s  d u r in g  1 9 9 9 .

Location Location Start of Exposure Sam pling M ortality

acronym exp osure tim e (days) (%)

H aringvliet HAR 7 O ct. 3 Nov. 27 2 0 -3 0

Lobith (Rhine) LOB 5 O ct. 1 Nov. 27 10-20

Koude Vaart KOU 6 O ct. 2 Nov. 27 2 0 -3 0

V rouw enzand (Lake IJssel) VRO 6 O ct. 2 Nov. 27 3 0 -4 0

Bergum erm eer BER 6 O ct. 2 Nov. 27 2 0 -3 0

D om m el (at th e  Eindhoven STP) DOM 5 O ct. 4 Nov. 30 4 0 -5 0

Eijsden (M eu se) EYS 4 O ct. 4 Nov. 31 <10
A m sterdam  (North Sea Canal) AMS 8 O ct. 3 Nov. 26 >90'

Canal G hent-Terneuzen TER 7 O ct. 3 Nov. 27 100 '

IJm uiden (North Sea Canal) UM 8 O ct. 3 Nov. 26 100 '

exposu re  in  cages. P rio r to  exposu re  elsew here , 

th e  m u sse ls  w ere  k ep t in  a 2 m 3 ta n k  w ith  a 
co n tin u o u s  su p p ly  o f  fre sh  a n d  c lean  seaw ater.

Several D u tch  g o v e rn m en t boats w ere  u sed  fo r 

th e  tra n sp o rta tio n  o f  th e  m u sse ls  to  th e  various 

m a r in e  locations. P rio r to d is tr ib u tio n , th e  
m u sse ls  w ere  d iv ided in to  batches o f  2 0 0  an im a ls . 

A re fe ren ce  sam p le  o f  2 0 0  m u sse ls  w as k ep t 

separa te  a n d  im m ed ia te ly  fro zen . T ra n sp o r t to 
th e  sh ip s took  p lace in  coolers. O n  th e  sh ip s, th e  
m u sse ls  w ere  p laced  in  s ta in less  s tee l baskets th a t 

w ere  su b seq u en tly  a ttach ed  to a cage co n stru c tio n , 

also co n stru c te d  o f  sta in less  steel. T h ese  a s se m ­

blies w ere  a ttach ed  to a buoy  o r to a po le  a t each  
location . A fter approx im ate ly  6 w eeks, th e  cages 

w ere  co llected  fro m  th e  exposu re  sites a n d  the  

m u sse ls  w ere  rem oved  fro m  th e  baske ts. Survival 
w as a sse ssed  on  th e  sp o t an d  th e  m u sse ls  w ere 
im m ed ia te ly  fro zen  in  dry  ice an d  tra n sp o rte d  to 

th e  R IV O  in s titu te . T able  2.3 show s th e  exposu re  

tim e  a t each  m a r in e  site  an d  th e  percen tag e  

m orta lity .

F resh w a te r zeb ra  m u sse ls  (Dreisena polym oifa) 

w ere  sam p led  in  lake IJssel a t a site  called 

W ag en p ad  on  S ep tem b er 2 9 ,1 9 9 9 ,  a n d  tr a n s ­
po rted  to th e  R IV O  in  IJm u id en  w h ere  they  w ere  

cleaned . P rio r to exposu re  a t o th e r fre sh w ate r 

sites, th e  m u sse ls  w ere  k ep t in  a flow -th rough  

sy s tem  w ith  a co n tin u o u s  su p p ly  o f  freshw ate r. A 
re fe ren ce  sam p le  o f  2 k ilog ram s o f  zeb ra  m u sse ls  

w as tak en  a n d  fro zen  on  O ctober 3 ,1 9 9 9 . T he 

m u sse ls  w ere  d iv ided in to  p o rtio n s o f  1 k ilo g ram  

an d  tra n s fe rre d  to  syn the tic  n e ts . Tw o to fo u r 
k ilog ram s o f  m u sse ls  w ere  p laced  in  th e  su rface  

w ate r a t each  location . A fter approx im ate ly  4 

w eeks, th e  zeb ra  m u sse ls  w ere  collected , fro zen  on  
th e  sp o t in  d ry  ice an d  tra n sp o rte d  to th e  R IV O .  

T able 2 .4  show s th e  details o f  th e  exposure .

A fter th aw ing , all su rv iv ing  m u sse ls  o f  b o th  
species w ere  o pened . T issu es  w ere  rem oved  from  
th e  shells a n d  h o m o g en ized  u s in g  a m in c in g  

m ach in e . T he  h o m o g en a tes  w ere  th e n  d iv ided in to  

5 p o rtio n s p e r  location  a n d  se n t to various lab o ra­

to ries fo r fu r th e r  p ro cess in g  an d  various analyses 
(b isphenol-A , a lky lpheno ls , p h th a la te s , b rom i-

1 H igh m orta lity  ra tes a s  a re su lt o f  u n e x p e c te d  e n v iro n m en ta l co n d itio n s



n a te d  flam e re ta rd a n ts  a n d  th e  in  vitro D R -C A L U X  

assay; see fig u re  2 .8).

W ild  f is h

F ish  w ere  cap tu red  in  sp r in g  (M arch 2-A pril 22) 

a n d  fall (S ep tem b er 9 -N ovem ber 1) o f  1 9 9 9 . A 
su m m a ry  o f  th e  fish  cap tu red  is p rov ided  in  table  
2.5. D ep en d in g  on  accessib ility  a n d  o th e r fea tu res  

o f  th e  sam p lin g  sites, varying m e th o d s  o f  cap tu re  

w ere  used : se ine  n e ts , s tan d in g  gili n e ts  o r e n ta n ­
g ling  n e ts , (beam ) traw l n e ts  o r fykes. A t sea, 
la rg e r re sea rch  o r co m m erc ia l f ish in g  vessels w ere  

em ployed . S m aller boats w ere  u se d  in  in lan d  

w aters . O n several occasions, fish  w ere  k ep t 
ov e rn ig h t in  th e  flow -th rough  fish  w ells o f  th e  
vessels o r in  creels on  site  befo re  sacrific ing  an d  

p ro cess in g . In  sp rin g , th e  fish  w ere  fu r th e r  

p ro cessed  in  situ, i.e ., on  th e  vessel o r on  th e  jetty. 
In  th e  fall, th e  live fish  w ere  firs t tra n sp o rte d  to 
th e  labo ra to ry  in  large oxygenated  live tan k s .

B efore sacrific ing , th e  f ish  w ere  an aes th e tiz ed  
w ith  MS 222 (3-am inobenzoic  acid  ethy l este r, 
S igm a-A ldrich , Z w ijn d rech t, th e  N eth erlan d s).

T he  to ta l len g th  w as m e a su re d  a n d  in  som e cases 

in c is io n s w ere  m ad e  to d e te rm in e  th e  g e n d e r o f  

th e  fish .

T he  sk in  o f  th e  fish  w as sc reen ed  fo r g ross lesions. 

In  o rd e r to d e te rm in e  th e  age o f  b ream , a n u m b e r  
o f  scales a n d  a p iece o f  a ray o f  th e  d o rsa l fin  w ere  
tak en  an d  s to red  in  a sm a ll p ap e r envelope . In  th e  

case o f  flo u n d er, o tho lith s  w ere  rem oved  an d  

s to red  fo r age d e te rm in a tio n .

B lood sam p les ra n g in g  fro m  0.5 to 2 .0  m L  w ere 

tak en  fro m  th e  cauda l ve in  u s in g  2.5 m L  syringes 

a n d  tra n sfe rre d  in to  h ep a rin ise d  g lass tu b es .
T h en , 0 .03 m L  o f  a 0.1 m g /m L  so lu tio n  o f  the  
p ro tease  in h ib ito r  ap ro tin in  (M erck, A m sterdam ) 

in  0 .9  %  v /v  N aCl so lu tio n  w as ad d ed  p e r  m L  o f  

b lood  to in h ib it b reakdow n  o f  v ite llogen in  (V T G ). 

T he tu b es  w ith  th e  b lood  sam p les  w ere  th o ro u g h ly  
sh ak en  a n d  cen tr ifu g ed  a t 3 ,0 0 0  rp m  a t 4  °C fo r 

i o  m in u te s . T he  s u p e rn a ta n t w as decan ted  in to  

2 m L  E p p e n d o rf  vials a n d  fro zen  a t -8 0  °C u n til 

analysis. P lasm a sam p les  p rep a red  in  th e  field  
w ere  tra n sp o rte d  to  th e  labo ra to ry  on  dry ice.

S u sp en d ed  m atter ► F iltration  in  s itu ,  
flo w -th ro u g h  cen tr ifu g e

□r TT
RIVM I  UvA I IvM ■  RIVO

M atrix

C od es

Sam ple
(categories)

P rocessing lab

PBB&I c B  secon d ary grain  s iz e  
PBDe I X raC ( p a r a m e te r s  fraction A nalyses

P rocessing  lab

A nalyses

F 2.6 Processing and  distribution o f  suspended m atter samples from 

surface water by laboratories participating in  LOES.
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F 2.7 Processing and  distribution o f  sedim ent samples by laboratories participating in  LOES.
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F 2.8  Processing and  distribution o f  biota samples by laboratories participating in  LOES.



Location

AMS

APK

BER

BVW

DAN

DOM

EYS

HAM

HAR

UM

KOU

LOB

MAA

NWK

OEG

OEV

SOD

SPL

VLI

VRO

WST

A fter in c is io n  b e h in d  th e  pelvic fin  (flounder) o r 

rem o v in g  th e  g u ts  (b ream ), sam p les o f  bile flu id  
w ere  tak en  u s in g  2.5 m L  sy ringes. P rio r to use , 
E p p e n d o rf  cups u sed  fo r s to rin g  th e  b ile  (sub) 

sam p les w ere  rin se d  a n d  k ep t in  e th an o l fo r at 

lea s t 8 h o u rs . I f  th e re  w as a su ffic ien t a m o u n t 
o f  bile, th e  sam p le  w as sp lit in  tw o. O ne sam p le  
w as th o ro u g h ly  ae ra ted  befo re  sto rage  a t -80° C. 

T h is  sam p le  w as u se d  fo r ER-CALUX m e a s u re ­

m e n t  in  b ile (parag raph  5.3). T he  o th e r sam p le , fo r 

analysis o f  PA Et m etab o lites  (p arag rap h  5.2), w as 
im m ed ia te ly  fro zen  a t -80° C.

T 2 .5  R e su lts  o f  f is h in g  c a m p a ig n s  d u r in g  LOES to  c a p tu r e  

b rea m  (A bram ia  bram a)  a n d  f lo u n d e r  (P la th ich th ys  

flesus)  a t  v a r io u s  in la n d  s it e s  in t h e  N e th e r la n d s  

d u r in g  1 9 9 9 .  T he n u m b e rs  o f  f ish  only  rep re sen t the  fish  tha t 

w ere u sed  fo r fu r th e r  p ro cess in g  a n d  analyses

Period

Sam pling

d ate

N o.

m ales

No.

fem a les

Sam pling

date

No.

m ales

No.

fem ales

1 10  Mar. 22 26 17 Mar. 16 12

3 27 Oct. 19 20 22 Sep. 13 23

3 26  Oct. 20 20
1 12 Apr. 17 25

3 18  Oct. 17 22

3 27 Sep. 20 20

3 7 O ct. 18 20

1 15  Apr. 14 21

3 28  Oct. 8 8
1 9 Apr. 13 12

3 21 Oct. 3 10

3 15  Sep. 20 20

1 9 Mar. 24 25

3 14 Oct. 20 20

3 22 Sep. 18 22
1 22 Mar. 25 25

3 13  Oct. 21 19

1 30  Mar. 25 25

3 1 Nov. 7 13

3 8 Sep. 23 17

1 26  Mar. 25 25

3 7 Sep. 20 20

1 2 Mar. 25 21

1 1 Apr. 26 24

3 23  Sep. 22 14

1 22 Apr. 17 10

3 23  Sep. 22 12
1 24 Mar. 25 25

1 16  Apr. 18 10

3 13  Sep. 21 19

1 12 Mar. 24 26 15  Mar. 10 27

3 19  O ct. 20 20 19  O ct. 20 20

3 4 O ct. 18 20

A fter rem o v in g  o th e r in te rn a l o rgans , th e  g u tted  

body w e ig h t (g) w as reco rded . T he  in te s tin e s  
w ere  sc reen ed  fo r (gross) pa tho log ica l d iso rders . 
Sections o f  th e  liver a n d  gonads ( 5 x 5 x 5  m illi­

m e te rs) w ere  excised a n d  fixed in  n e u tra l b u ffe red  

4 %  fo rm a lin  fo r h is to p a th o lo g ica l ex am ina tion .

Finally, 5 0 0 - 6 0 0  g ra m  o f  m u s c u la r  tissu e  w as 

tak en  fro m  each  sp ec im en , alw ays fro m  th e  sam e 

body area . T he  sam p le  w as w rap p ed  in  a lu m in u m  

foil a fte r  r in s in g  w ith  hexane  an d  s to red  a t -80° C. 
A t th e  e n d  o f  each  sam p lin g  season , m u sc le  

sam p les fro m  in d iv id u a l sp ec im en s  w ere  pooled  

p e r  site , h o m o g en ized  a n d  div ided over 5 jars fo r 

ch em ica l analysis (b isphenol-A , a lky lphenols , 
p h th a la te s  a n d  b ro m in a te d  flam e re ta rd an ts) o r in  

vitro assays (DR-CALUX). See F igure  2 .8 .

.4.12  Storage of samples
As fa r as possib le , all w a te r sam p les w ere  filte red  

an d  ex trac ted  w ith in  2 days. W astew ater sam p les  
w ere  n o t filte red  b efo reh an d . All sam p les, in c lu d ­
in g  th o se  o f  th e  su sp e n d e d  m a tte r , sed im en t, 

sew age s ludge  a n d  b io ta  (frozen) w ere  also 

ex tracted  as fa r as poss ib le  w ith in  2 days o f  arrival 

a t th e  labo ra to ries. I f  necessary , so lid  sam p les 
w ere  s to red  in  th e  fridge  fo r no  m o re  th a n  io  days 

or fro zen  a t -20  °C (in g lass o r s ta in less  steel 

co n ta in e rs ). T he  sam p les tak en  firs t w ere  also 

ex tracted  first. W h ere  possib le , th e  extracts 
w ere  analyzed  a fte r  1 w eek, an d  no  la te r th a n  

3 w eeks a fte r ex trac tion . S ince b ro m in a te d  flam e 

re ta rd an ts  a re  ex trem ely  stab le  su b s tan ces , it  w as 

poss ib le  in  so m e  cases to keep  th e se  sam p les  an d  
extracts fo r a lo n g er p e riod  o f  tim e.

T he  extracts fo r b ioassays in  m e th a n o l a n d  DMSO 

w ere  s to red  a t -20  °C fo r no  m o re  th a n  3 m o n th s , 
on  th e  co n d itio n  th a t th ey  w ere  co n ta in ed  in  glass 
bo ttles w ith  w ell-w ashed  tops w ith o u t ru b b e r  

in lays. Extracts fo r th e  DR-CALUX in  DMSO w ere 

also s to red  a t ro o m  te m p e ra tu re . Extracts fo r th e  
ER-CALUX an d  YES assay  w ere  a t all tim es sto red  
a t -20  °C. ■
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3 Occurrence o f (xeno-)estrogens 
in the environment

3.1 Introduction

In order to investigate the occurrence of 
a range o f (xeno-) estrogenic chemicals, 
sam ples from  m arine and fresh surface 
waters, from  both large and small water 
bodies in the N etherlands (some 30 differ­
en t locations) were chemically analyzed. 
There were three sam pling periods in 
: 999 (spring, sum m er and fall). In addition 
to natural estrogenic horm ones and a 
synthetic estrogenic horm one, bisphenol-A 
and four groups o f suspected xeno-estro- 
genic chemicals (alkylphenol (ethoxylate)s, 
phthalates, polybrom inated biphenyls 
and polybrom inated diphenylethers) 
were analyzed (see chapter 2.2, table 2.4). 
Suspended m atter, sedim ent and biota (fish 
and m ussels) were sam pled at a num ber of 
surface water locations and also analyzed 
for the above-m entioned (xeno-) estrogenic 
chemicals. Results will be com pared to 
the situation outside o f the Netherlands. 
Rainwater samples (3 locations) and drink­
ing w ater were also investigated. In order 
to investigate the efficiency o f rem oving 
these chemicals by biological treatm ent of 
wastewater and to investigate the im por­
tance o f wastewater as an em ission route to 
surface waters, untreated  wastewater and 
effluents o f m unicipal and industrial sites

T 3.1 P h y s ic a l -c h e m ic a l  p r o p e r t ie s  o f  h o r m o n e s

Data from Okkerman et a l, 2001

MW A q u eou s Henry Log

g /m o l so lu b ility C o eff ic ie n t3 K  b
■\>w

n g /l atm .m V m ol

1 7 a -e s tr a d io l (E2-17a) 272 8 .2  X 1 0 7C 5 .6  X 1 0 ' 4.01

1 7 ß -estra d io l (E2) 272 3 .6  X 10' 7 .7  X 10  7 4.01

Estrone (E1) 2 70 3 .0  X 1 0 7 7.7  X 10  7 3 .1 3

17 a -e th y n y le s tra d io l (EE2) 2 96 4 .7 5  X 10' 4 .4 4  X 1 0 " 3 .67

(some 15) were sam pled and chemically 
analyzed. More detailed inform ation can 
be found in chapter 2 concerning sam pling 
setup (2.2), sam pling locations (2.3) and 
sam pling m ethods (2.4).
This chapter provides a description of 
chemical analyses and a picture of the 
occurrence o f the (xeno-) estrogenic 
com pounds across the Netherlands. 
Statistical evaluation of this chemical data 
is described in  chapter 6, including correla­
tions between chemical concentrations and 
estrogenic effects and in vitro data.

3.2 Hormones

3 .2.1 Chemical information
T he c o m p o u n d s iy a -e s trad io l, iy ß -es trad io l and  
e s tro n e  a re  n a tu ra l fem ale  sex h o rm o n e s  p ro d u ced  

by h u m a n s , m a m m a ls  an d  o th e r v erteb ra tes . T hey  

play an  im p o rta n t an d  e ssen tia l ro le  in  re p ro d u c ­

tion , d ev e lo p m en t a n d  behav io r. T hey  are  excreted  
via u r in e  an d  feces in to  th e  e n v iro n m e n t as 

inactive co n ju g a ted  s te ro id s . In  th e  en v iro n m en t, 

how ever, th e  inactive co m p o u n d  is read ily  deco n ­

ju g a ted  in to  th e  o rig ina l active stero id s by m ean s  
o f  bac te ria l ac tion . F u rth e r  d eg rad a tio n  in to  

inactive co m p o u n d s  d ep en d s o n  en v iro n m en ta l 

con d itio n s . O n  th e  basis o f  th e  p re s e n t evidence, 
d eg rad a tio n  is expected  to take  several days w h en  
c ircu m stan ces  a re  o p tim al, o r be fa r slow er u n d e r  

less ideal co n d itio n s . Relatively h ig h  co n cen tra ­

tions o f  th e se  co m p o u n d s  w ere  expected  in  su rface  
w aters in  th e  N e th e rlan d s , because  o f  th e  h ig h  
p o p u la tio n  d ensity  o f  h u m a n s  an d  livestock in  

th e  N e th e rlan d s . It is e s tim a ted  th a t th e  daily 

e m iss io n  o f  th ese  co m p o u n d s  in  th e  e n v iro n m e n t 

in  th e  N e th e rlan d s  is io  kg (H ea lth  C ouncil o f  th e  

N e th e rlan d s , 1 9 99 ).

a  Calculated as ratio o f  vapor pressure and aqueous solubility  

b Logarithm o f  th e  octanol-w ater partition coefficient c  Calculated value



T he sy n the tic  co m p o u n d  iy a -e th y n y le s trad io l is 

th e  m a jo r  active c o m p o n e n t o f  th e  con tracep tive  

p ill tak en  by w o m en . It is e s tim a ted  th a t a ro u n d
1.4 m illio n  w o m en  u se  con tracep tive  pills in

O

estrone

th e  N e th e rlan d s , on  th e  basis o f  w h ich  a daily 

em iss io n  o f  50 g ram  has b een  ca lcu la ted  (H ealth  
C ouncil o f  th e  N eth erlan d s, 1999 ). T h is co m p o u n d  
h as no  n a tu ra l source.

H O

T he ch em ica l s tru c tu re  o f  th e  h o rm o n e s  is 
p re se n te d  in  fig u re  3.1. P hysical-chem ical p ro p e r­
ties a re  show n  in  table  3.1. A queous so lub ility  o f  

th e  h o rm o n e s  is h ig h  w ith  re sp ec t to th e  o th e r 

co m p o u n d s  in vestiga ted  in  th e  project.

c h 3
O H

estradiol

HO

3 .2.2 Materials and m ethods
Aqueous samples

All ra in w a te r, su rface  w ate r an d  w astew ater 
sam p les w ere  filte red  p rio r  to ex traction .

17 a-ethynyl estradiol

T he analyses o f  estro g en ic  h o rm o n e s  in  w ate r J
HOsam p les w as carried  o u t as described  by B elfroid 

et al. (1999b), w ith  th e  excep tion  th a t th e  q u a n ti­
fica tion  o f  th e  ch ro m a to g ram s w as p e rfo rm ed  

w ith  th e  in te rn a l d eu te ra ted  s ta n d a rd  o f

d 4- i y ß - e s t r a d i o l .  F 3.1 C hem ica l s tru c tu res  o f  the  h o rm o n e s  es trone , estrad io l,

Detection

S epara tion  a n d  d e tec tion  o f  th e  sam p les  w as 

p e rfo rm e d  w ith  HPLC. T he  lim it o f  d e tec tion  
(l.o.d.) fo r th e  e s tro g en ic  h o rm o n e s  w as se t at 
th re e  tim es  th e  no ise  level o f  th e  b ase lin e  in  the  

ch ro m a to g ram , a n d  w as e s tab lish ed  p e r  series o f  

analyses. T he  lim it o f  q u an tifica tio n  (l.o.q.) w as 
se t a t th re e  tim es  th e  l.o.d.

D etec tion  lim its  varied  fro m  0 .30  n g /L  to  0 .0 6  

n g /L  fo r iy a -e s trad io l, e s tro n e  a n d  iya-e thyny l- 

e s trad io l. For iy ß -estrad io l d e tec tion  lim its  w ere 
be tw een  0 .8 0  n g /L  an d  1.5 ng /L .

W astewater

In  u n tre a te d  m u n ic ip a l w astew ater, es tro g en ic  

h o rm o n e s  occu rred  above d e tec tio n  lim its  (figure 

3.2). T he  ran g e  o f  levels an d  m e d ia n s  a re  g iven in  
tab le  3.2. U n trea ted  w astew ater fro m  a h o sp ita l

i7 a -e thyny lestrad io l.

3 .2.3 Results and discussion

©



show ed  s im ila r levels as u n tre a te d  m u n ic ip a l 

w astew ater.
In  trea ted  m u n ic ip a l w astew ater, levels w ere  
g enera lly  low  (see fig u re  3.2). iy a -e s tra d io l an d  

i7 ß -estrad io l w ere  n o t de tec ted  a t levels above 

th e  l.o .d ., i7 a -e th y n y le s trad io l w as only  detec ted  
once. E strone  w as de tec ted  in  6 o u t o f  io  locations, 
ra n g in g  fro m  <0.3 n g /L  to 11 n g /L  w ith  a m e d ia n  

level o f  3.4 ng /L . T h ese  levels in  tre a ted  m u n ic ip a l 

w astew a te r seem  to be s im ila r to th o se  observed  in  
su rface  w ater. As w astew ater d ischarge  is only a 
m in o r  p a r t o f  th e  w a te r body in  th e  N eth e rlan d s, 

th is  is a s tro n g  in d ica tio n  th a t th e  estro g en ic  

h o rm o n e s  in  su rface  w aters a re  also re la ted  to 

ad d itio n a l sources.-

E strogen ic  h o rm o n e s  w ere  genera lly  n o t fo u n d  

in  in d u s tr ia l w astew ater. E xceptions in c lu d ed  th e  

u n tre a te d  w astew ate r sam p les o f  a h o sp ita l ( Z K H ) ,  

a co llection  s ta tio n  in  an  in d u s tr ia l a rea  ( I D A )  

a n d  a syn thetic  h o rm o n e s  m a n u fa c tu re r  (CH H ). 

T he  la tte r  show ed  h ig h  h o rm o n e  levels co m p ared  
to  o th e r sam p les. T h is  re s u lt w as expected  on  th e  
b asis o f  th e  type o f  in d u s try  fro m  w h ich  th e  w aste ­

w a te r o rig in a ted . T h is  in d u s tr ia l w astew ater is 

p ro cessed  by a sew age tre a tm e n t p la n t (R W O ) p rio r 
to  d isch arg e  in  su rface  w ater. In  co n tra s t to o thers, 
h o rm o n e  levels in  th e  e ff lu en t fro m  th is p a rticu la r 

tre a tm e n t p la n t w ere  still considerab ly  h ig h  w ith  

levels ran g in g  fro m  <l.o.d. fo r 1701-estradiol an d  
i7 ß -estrad io l, to  72 n g /L  an d  340  n g /L  fo r e s tro n e  
a n d  1701-ethynylestradiol respectively . N ever­

th e less , th is  data  show s th a t th e  relatively  very 

h ig h  in p u t o f  h o rm o n e s  is d eg raded  considerab ly . 
T h is  data  is n o t in c lu d ed  in  tab le  3.2 an d  fig u re  3.3, 
as th ey  re p re se n t an  excep tional s itu a tio n .

T 3 .2  C o n c e n tr a t io n  r a n g e s  a n d  m e d ia n s  o f  h o r m o n e s  in

m u n ic ip a l a n d  in d u str ia l w a s t e w a t e r  (n g /L )  M edian  values 

have been calculated from samples with concentration > l.o.d.

The number of samples with a concentration above l.o.d. is given 

in parentheses.

No analyses o f  estro g en ic  h o rm o n e s  in  su sp e n d e d  

m a tte r  in  w astew ater w ere  carried  ou t. Levels 
so rbed  to su sp en d ed  m a tte r  can  be con sid e red  
very low  as observed  by F tirhacker et al. (1999). 

Less th a n  5% o f  iy ß -estrad io l ap p ears  to be sorbed .

T he  data  also  show s th a t e stro g en ic  h o rm o n e  
b reakdow n  in  D u tch  tre a tm e n t p lan ts  is h igh . 

D eg rada tion  is 100%  fo r iy a -e s trad io l, iyß- 

estrad io l a n d  iy a-e th y n y les trad io l. For estro n e , 

th e  b reakdow n  p ro d u c t o f  iy a -e s tra d io l an d  iyß- 
estrad io l, d eg rad a tio n  w as 88-100% , w ith  one 

excep tion  o f  77% .

U pon  c o m p ariso n  w ith  th e  lite ra tu re , levels o f  
h o rm o n e s  in  u n tre a te d  m u n ic ip a l w astew ate r are  

s im ila r in  th e  N e th e rlan d s , Italy an d  G erm an y  

[Johnson  et al., 2 0 0 0 ] . Little d iffe rence  w as 
expected  th o u g h , as th e  co n cen tra tio n  o f  en d o g e­
no u s  h o rm o n e s  in  w astew ater is p rim arily  d e te r­

m in e d  by th e  average w a te r d isch a rg e  p e r  p e rso n . 

For trea ted  w astew ater, it  h ad  b een  prev iously  
observed  th a t co n cen tra tio n s  o f  h o rm o n e s  in  
th e  N e th e rlan d s  a re  in  th e  low  ran g e  o r low er 

co m p ared  to  data  rep o rted  fo r Italy an d  G erm an y  

as w ell as fo r Israe l, Sw eden  an d  th e  U n ited  
K ingdom  [Johnson  et al., 2 0 0 0 , D esbrow  et al., 

1 998 , Shore et al., 1993, L arsson  et al., 1999]. T his 
d ifference  m ay  be th e  re s u lt o f  a h ig h  effic iency  o f  

D u tch  w astew ater tre a tm e n t p lan ts  co m p ared  to 
o th ers . H ow ever, co m p a riso n  o f  th e  data  is d iffi­
cu lt as long  as th e re  a re  d ifferences in  detec tion  

te ch n iq u es  a n d  no  in fo rm a tio n  is available on  

sam p lin g  locations (O kkerm an  et al.., 2001).

M a n u r e

Levels o f  e s tro g en ic  h o rm o n e s  in  liqu id  m a n u re  

are  h igh : 120-190 n g /g  d.w . fo r 1701-estradiol, 46 - 

50 n g /g  d.w . fo r i7 ß -estrad io l an d  28-72 n g /g  d.w. 
fo r e s tro n e  (table 3.4). H ow ever, th e  levels are  low 

co m p ared  to  levels rep o rted  in  o th e r s tu d ies . T he 

H ea lth  C ounc il o f  th e  N e th e rlan d s  (1997) rep o rted

C om partm ent Total num ber 

o f  sa m p les

C oncentration

range m edian

C oncentration

range m edian

C oncentration

range m edian

C oncentration

range m edian

U ntreated  m unicipal w a ste  w ater 12 < 0 .7 - 1 5 4.9 (11) 1 7 - 1 5 0 36.5 (12) 2 0 - 1 3 0 60.5 (12) < 0 .3 - 5 .9 3.2 (4)

M unicipal e fflu en t 10 < 0.4 -  (0) < 0.8 -  (0) < 0 .3 -1 1 3.4 (6) < 0 .3 - 2 .0 2.6 (1)

U ntreated industrial w a ste  w ater 4 < 0 .3 -7 .1 4.3  (3) < 0 .8 - 5 4 31 (3) 1 3 - 1 2 0 52 (4) < 0 .3 - 3 .9 3.8 (2)
Industrial e fflu en t 4 < 0.4 -  (0) < 0.8 -  (0) < 0 .3 - 3 7 24 (2) < 1.5 -  (0)

- no median, all values were lower than l.o.d. 

©
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F 3.2  Occurrence o f  horm ones in  untreated  m unicipal wastewater 

and  STP effluents.

F 3.3  Occurrence o f  horm ones in untreated  industrial wastewater and  effluents 

o f  biological treatm ent plants.



c o n cen tra tio n s  o f  iy a -e s tra d io l in  bov ine  m a n u re  

m e a su re d  a t 187 jug/kg. T he  co m p o u n d  iyß- 

e strad io l w as fo u n d  in  p o u ltry  litte r (w ater extract- 
ab le  fraction) in  con -cen tra tio n s o f  133 p g /k g  

(O kkerm an  et al., 2001  re fe ren ces th e re in ).

W en ze l et al. (1998) observed  co n cen tra tio n s  in  
liq u id  m a n u re  o f  dairy  cows th a t w ere  app rox i­
m ate ly  io  tim es  h ig h e r . S ince co m m o n  D utch  

a g ricu ltu ra l p rac tice  is to in jec t liq u id  m a n u re  in  

th e  soil as a fe rtilize r, a n d  since  it  m ay  th e re fo re  

leach  in to  d itches, m o re  re sea rch  in to  ac tua l 
h o rm o n e  levels in  m a n u re  a n d  th e ir  fate in  

a g ricu ltu ra l a reas is re co m m en d ed .

Rainwater and drinking water

No h o rm o n e s  w ere  detec ted  in  ra in w a te r (< 0.6  

ng /L ; table  3.4). No h o rm o n e s  w ere  detec ted  in  

d rin k in g  w a te r in  th e  N e th e rlan d s  e ith e r  (<0.3 
ng /L ) [G hijsen  an d  H o o g en b o ezem , 2 0 0 0 ].
T h is  co rre sp o n d s  w ith  a G e rm an  stu d y  th a t 

show ed  th a t e s tro n e , iy ß -estrad io l an d  17a- 

e th yny lestrad io l w ere  n o t de tec ted  in  d rin k in g  
w a te r (n= i5, l.o.d.: 1 ng /L ) [S tu m p f et al. 1996].
O n  th e  o th e r h an d , L ebieztka [1996 , qu o ted  fro m  

Ju rg en s 1999] show ed  th a t i7 a -e th y n y les trad io l 

occu rred  in  d rin k in g  w a te r in  various tow ns in  

G erm an y  an d  P o land  in  levels ran g in g  be tw een  
0.11 n g /L -3 4 .2  ng /L . H ow ever, th ese  relatively  

h ig h  levels w ere  m e a su re d  w ith  E LIS A , w h ich  is 

a d iffe ren t id en tif ica tio n  m e th o d . N evertheless, 

it  seem s th a t so m e  o f  th e  re su lts  have b een  
co n firm e d  by G C /M S  (personal c o m m u n ica tio n  

Jorg O eh lm an n ).

Surface water

E strone  w as detec ted  in  som e 40 -50%  o f  all 

su rface  w ate r sam p les above th e  l.o .d . u p  to levels

T 3 .3  O c c u r r e n c e  a n d  le v e ls  (In n g /L )  o f  e s t r o g e n ic  h o r m o n e s  In 

s u r fa c e  w a t e r  In G e r m a n y  a n d  o t h e r  E u r o p e a n  c o u n tr ie s .

F 3 .4  Occurrence of estrone in surface water. Locations are arranged 

according to river basin. Numbers of the locations correspond to 

the numbers in the map.

as h ig h  as 7.2 n g /L  (see fig u re  3.4 a n d  tab le  3.4). 
T he  co m p o u n d  w as m o s t freq u en tly  detec ted  in  
th e  river M euse . H ow ever, th e  h ig h e s t co n cen tra ­

tio n  w as fo u n d  in  th e  W este rn  S cheld t (TER , 

sp ring ). i7 a -e th y n y le s trad io l w as detec ted  a t only 

one location  (A M S  in  sp rin g ), as w as iy a -e s tra d io l 
(EYS in  su m m e r) . A t all o th e r locations, levels 

w ere  below  th e  lim it o f  d e tec tion  o f  0.3 ng /L . iyß- 

estrad io l w as n o t de tec ted  a t any  o f  th e  locations. 
T h is m ig h t be due  to th e  d e tec tion  lim it o f  0 .8  
ng /L . T h is relatively  h ig h  d e tec tion  lim it is cau sed  

by th e  d4-i7ß -estrad io l in te rn a l s tan d a rd , w h ich  is 

sligh tly  co n tam in a ted  w ith  iyß -estrad io l.

In  d itches located  in  a reas w ith  in ten siv e  a n im a l 

h u sb an d ry , only e s tro n e  w as detec ted  in  the  

su rface  w ater. Levels o f  iy a -e s tra d io l an d  iyß- 
e strad io l w ere  unexpected ly  low er th a n  th e ir  l.o.d. 
o f  0.3 a n d  0 .8  n g /L  respectively . T he  e s tro n e  levels 

show ed som e variation, as can  be observed in  figure 

3.4. In  d itches located  in  a h o rtic u ltu ra l a rea  th e  

levels o f  th e  fo u r h o rm o n e s  w ere  u n d e r  th e  l.o.d.

In  co m p a riso n  to  o th e r su rface  w ate r locations, 

e s tro n e  levels in  d itches located  in  th e  cattle  b read ­

in g  a rea  a re  relatively  h ig h  b u t still fall w ith in  th e  
ran g e  genera lly  observed  fo r th is co m p o u n d .

Levels o f  h o rm o n e s  in  su rface  w ate r in  th e  
N e th e rlan d s  a re  in  th e  sam e  ran g e  as th o se  in  
G erm an y  (see tab le  3.3). T e rn es  et al. (1999) only 

detec ted  e s tro n e  in  3 o u t o f  15 G e rm an  rivers and  

s tre am s w ith  a m a x im u m  level o f  1.6 ng /L . In  th is 

study, iy a -e s tra d io l an d  iy ß -estrad io l w ere  n o t 
de tec ted  above th e  lim it o f  d e tec tion  o f  0.5 ng /L . 

T h is is com p arab le  to th e  re su lts  fro m  th e  G e rm an

Country and num ber o f location s n > l.o .d . levels n > l.o .d . levels n > l.o .d . lev e ls

Germ any: 15 3 m ax 1 .6 0 0

Germ any: 52 8 m edian 2.2 7 m edian 1.7 5 m edian 3.4

m ax 20.1 max 29.1 max 6 .7

Germ any: 10 0 0 6 1 - 2

Germ any and C zech Republic,

num ber n o t reported ? 0 .6 - 1 9 *

U nited  Kingdom , num ber n o t reported ? 1 . 5 - 2

R eference

Ternes e ta / .  (1999 )

W enzel e t a / .  199 8

Stum pf e t  a/. 199 6

Lebieztka 19 9 6 ,

(q uoted  from Jurgens 1999)  

Okkerm an e t a / . ,  20 0 1 b  (q uoted  

from  A herne & Briggs,1995)

* determination by ELISA, so m e o f  th e  results h ave b een confirmed by GC-MS
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locations in  th e  p re s e n t stu d y  th a t show ed  th a t 

e s tro n e  occu rred  in  2 o u t o f  7 locations w ith  a 

m a x im u m  o f  2 .2  ng /L . O th e r G e rm a n  s tu d ies , 
how ever, revealed  fa r h ig h e r  levels u p  to 

m a x im u m  levels o f  20 -30  ng /L . In  th ese  s tu d ies , 

i7 ß -estrad io l a n d  i7 a -e th y n y les trad io l w ere  also 
fo u n d  [W enzel et al. 1998 , L ebieztka 1 9 9 6 , quo ted  
fro m  Ju rg en s 1999 ]. No re c e n t in fo rm a tio n  on  

su rface  w ate r levels in  o th e r E u ropean  co u n trie s  

seem s to be available.

3 .2.4 Highlights
•  In  u n tre a te d  m u n ic ip a l w astew ater, all fo u r 
e s tro g en ic  h o rm o n e s  a lm o s t alw ays occu rred  a t 
relatively  h ig h  co n cen tra tio n s . T h ese  co n c e n tra ­

tio n s  w ere  com p arab le  to levels in  u n tre a te d  

w astew a te r in  Italy  a n d  G erm an y
•  E strogen ic  h o rm o n e  b reakdow n  in  D u tch  tre a t­
m e n t  p lan ts  is h ig h . C o n cen tra tio n s  o f  h o rm o n es  

in  e ff lu en t in  th e  N e th e rlan d s  w ere  low  co m p ared  

to  data  rep o rted  fo r Italy an d  G e rm an y  as w ell as 

fo r Israel, Sw eden  an d  th e  U n ited  K ingdom .
•  In  tre a ted  m u n ic ip a l w astew ater, h o rm o n e  

levels w ere  genera lly  low  a n d  seem  to be s im ila r 

to  th o se  observed  in  su rface  w aters .
•  U n trea ted  w astew ater fro m  a h o sp ita l show ed 
levels com p arab le  to  th o se  in  u n tre a te d  m u n ic ip a l 

w astew ater.

•  In  in d u s tr ia l w astew aters, e s tro g en ic  h o rm o n es  
w ere  genera lly  ab sen t, except in  th e  w astew ater 
o rig in a tin g  fro m  a sy n the tic  h o rm o n e s  m a n u fa c ­

tu re r.

•  Levels o f  e s tro g en ic  h o rm o n e s  in  liqu id  m a n u re  
w ere  h ig h , b u t low er co m p ared  to levels in  
G erm any .

•  No h o rm o n e s  w ere  detec ted  in  ra in w ater.

•  T he  c o m p o u n d s  iy a -e th y n y lestrad io l, iy a -

estrad io l a n d  iy ß -estrad io l in  su rface  w aters w ere 

below  lim its  o f  de tec tion , except fo r som e in c id e n ­

tal observations. E strone  w as detec ted  in  su rface  
w aters in  40 -50%  o f  all sam p les . H o rm o n e  levels 

in  G e rm an  su rface  w aters a re  in  th e  sam e  range .

•  E strone  levels in  p o ld e r d itches w ere  relatively 
h ig h  in  c o m p a riso n  to o th e r su rface  w aters .

3.3 Bisphenol-A

3 .3.1 Chemical information
B isphenol-A  (BPA; CAS no  85-05-7) is a w idely 

u sed  in te rm e d ia te  in  th e  p ro d u c tio n  o f  epoxy 

re s in s , po lycarbonate  p lastics an d  flam e re ta r­
d an ts , su b s tan ces  u se d  in  an  ex tensive ran g e  

o f  p ro d u c ts .

A n n u a l p ro d u c tio n  exceeds 930  m illio n  p o u n d s . 
BPA is re leased  in to  th e  e n v iro n m e n t d u rin g  the  

p ro d u c tio n  o f  th e se  in te rm e d ia te  p ro d u c ts  as a 

re su lt o f  re lease  d u rin g  h a n d lin g , h ea tin g , accid ­

en ta l sp ills, a n d  so fo rth . A dditionally , BPA m ay  be 
re leased  fro m  various p ro d u c ts  th a t co n ta in  sm all 

a m o u n ts  o f  u n re a c te d  BPA o r th a t a re  converted  

to BPA u n d e r  specific co n d itio n s . In  1993, 365 kg 
BPA w as repo rted ly  d ischarged  fro m  m a n u fa c tu r­
in g  facilities a n d  3 ,4 0 0  kg fro m  p ro cess in g  

facilities. Levels rep o rted  in  su rface  w aters in  

W este rn  E urope, Japan  a n d  USA vary fro m  less 
th a n  io  n g /L  to 190  n g /L  (and one observation  
in  in d u s tr ia l w ate r in  Japan  o f  1 ,9 0 0  ng /L ).

T 3 .5  P h y s i c a l - c h e m i c a l  p r o p e r t i e s  o f  b i s p h e n o l - A .

Data from Groshart et al., 2001a

T 3.4  C o n c e n t r a t io n  r a n g e s  a n d  m e d i a n s  o f  h o r m o n e s  in v a r iou s  

e n v ir o n m e n t a l  c o m p a r t m e n t s .  Median values have been calcu­

lated from samples with concentration > l.o.d. The number of 

samples with a concentration above l.o.d. is given in parentheses.

17ß-estradio l (E2) estrone (E1) 17a-ethynylestradiol(EE2)

Total number  

o f  sa m ples

Concentrat ion

range Median

Concentrat ion

range Median

Concentration

range Median

Concentration

range Median

STP eff luent  (ng/L) 10 < 0.4 - (0) < 0 .8 - (0) < 0 . 3 - 1 1 3.4 (6) < 0 . 3 - 2 . 6 2 .6  (1)

Manure  ( n g /g  dw) 3 1 2 0 - 1 9 0 1 5 5 (2) 4 6 - 5 0 48 (2) 2 8 - 7 2 50 (2) < 1 - (0)

Rain water  (ng/L) 5 < 0 .3 - (0) < 1.5 - (0) < 0.6 - (0) < 0 .3 - (0)

Surface waters  (ng/L) 97 < 0 . 3 - 0 . 4 * 0 .4* (1) < 0 . 8 - 1 . 0 * 1.0* (1) < 0 .3  -  7.2 1.0* (42) < 0 . 3 - 0 . 4 * 0 .4*  (1)

MW

g /m o l

Solubility

ng/L

Henry C o e f f ic i e n t 3 

a tm .m V m ol

Log

K k■'ow

BPA 2 2 8 1.2  X 1 0 s 

- 3 .0  X 1 0 s

4 X 1 0 ' - 1 0  X 1 0 ' 2 . 2 0 - 3 . 8 4

a  Calculated as ratio o f  vapor pressure and aqueous solubility  

b Logarithm o f  the octanol-water partition coefficient

* Value is b etw een  l.o.d and l.o.q. (see  for definitions section 3 .2 .2 .) -  no  median, all values w ere b elow  the l.o.d.



T he ch em ica l s tru c tu re  o f  BPA co n ta in s  two 

p h e n o l r in g s  an d  two m eth y l g ro u p s linked  by 
one  ca rb o n  a to m  (see fig u re  3.5).

H O

c h 3

O H  bisphenol-A

T he co m p o u n d  has a m o lecu la r w eig h t o f  228 , is

m o d era te ly  so lub le  in  w ate r (120 - 3 0 0  m g/L ) a n d  F 3.5 C hem ica l s tru c tu re  o fb ispheno l-A . 

h as rep o rted  log octano l-w ater p a rtitio n in g  coeffi­

c ien ts b e tw een  2 .2 0  (experim ental) an d  3.84 
(calculated), m ak in g  th is  co m p o u n d  relatively 

h y d roph ilic  (see tab le  3.5). A ccord ing  to  th e  BPA 

m a n u fa c tu r in g  in d u s try , th e  c o m p o u n d  is sligh tly  

to  m o d era te ly  toxic to fish  an d  inve rteb ra te s  (lethal 
co n cen tra tio n s  vary be tw een  1 m g /L  a n d  io  m g/L ) 

a n d  read ily  deg radab le  (half-lives 2.5 to 4  days)

[Staples et ai. 1998]. R ecen t re sea rch  in d ica ted  th a t 
BPA has e s tro g en ic  p o tency  a n d  is th e re fo re  g e n e r­
ally in c lu d ed  as one  o f  th e  su sp ec ted  en d o crin e  

d is ru p te rs  [Toppari et al. 1995].

Aqueous samples

All ra in w a te r, su rface  w ate r an d  w astew ater 
sam p les w ere  filte red  p rio r  to ex trac tion . T he 
analyses o fb isp h en o l-A  (BPA) in  w ate r sam p les 

w as ca rried  o u t as described  by B elfroid et al. 

(1999a), w ith  th e  excep tion  th a t th e  quan tifica tio n  
o f  th e  ch ro m a to g ram s w as p e rfo rm ed  w ith  th e  
in te rn a l d eu te ra ted  s ta n d a rd  o f  d6- b isphenol-A .

Suspended m atter and sedim ent

F or th e  analyses o f  BPA in  se d im e n t an d  
su sp e n d e d  m a tte r , sam p les  w ere  freeze-d ried  

p rio r  to ex traction . 5 g ram s o f  th e  d ry  m a te ria l w as 

sp iked  w ith  50 pL BPA-ds in te rn a l s tan d a rd  and  
ex trac ted  a t 5 0 o C an d  2 0 0 0  p s i fo r 5 m in u te s  in  
4 0  m L  vials w ith  m e th a n o l in  th e  accelera ted  

so lven t ex trac to r (D ionex). T he  extracts w ere 

su b seq u en tly  evapora ted  to  d ryness a t a m a x im u m  
te m p e ra tu re  o f  550 C. T he  p H  o f  th e  sam p les w as 
in c rea sed  w ith  io  m L  o f  0.1N N aO H , N aCl was 

ad d ed  to red u ce  e m u ls io n  fo rm a tio n  an d  th e  

m ix tu re  w as sh ak en  vigorously , io  m L  o f  p en ta n e  
w as ad d ed  an d  also  m ixed  vigorously . T he  m ix tu re  
w as cen tr ifu g ed  fo r 2 m in u te s  a t 2 ,5 0 0  rp m  an d  

th e  overlying p en ta n e  w as d ischarged . 2 0 0  pL o f  

3N so d iu m  aceta te  b u ffe r w as ad d ed  to n o rm a lize  

th e  p H . T he  ex tract w as c leaned  over consecu tive  
C jg  a n d  N H 2 co lu m n s a n d  fu r th e r  c leaned  an d

3 .3.2 Materials and Methods

©



analyzed  as described  by B elfro id  et al. (1999).

Sea san d  w as u sed  as co n tro l sam p le . In  th e  last 
series o f  analyses, th e  p en ta n e  ex trac tion  step  w as 
o m itted  as th is step  w as n o  lo n g e r co n sid ered  

necessary .

Biota

S am ples w ere  also  freeze-d ried  fo r BPA analyses o f  

b io logical m ateria l. 1 g ram  o f  th e  d ry  m a te ria l w as 

sp ik ed  w ith  50 pL BPA-ds in te rn a l s tan d a rd  and  
ex trac ted  a t 5 0 o C an d  2 ,0 0 0  psi fo r io  m in u te s  
w ith  m e th a n o l in  th e  accelera ted  so lven t extractor, 

as w ere  th e  se d im e n t a n d  su sp e n d e d  m a tte r  

sam p les. T he  extracts w ere  su b seq u en tly  evapo­
ra ted  to d ryness a t a m a x im u m  te m p e ra tu re  o f  
55°C. T he  p H  o f  th e  sam p les  w as in c reased  w ith  

15 m L  o f  0.1N N aO H , N aC l w as ad d ed  to  red u ce  

e m u ls io n  fo rm a tio n  a n d  th e  m ix tu re  w as sh ak en  
vigorously , io  m L  o f  d ic h lo ro m e th an e  (DCM) w as 
ad d ed  a n d  also  m ixed  vigorously . T he  m ix tu re  w as 

c en tr ifu g ed  fo r 2 m in u te s  a t 2 ,5 0 0  rp m  an d  th e  

overlying DCM w as d ischarged . 2 m L  o f  iN  HCl 
w as ad d ed  to n o rm a lize  th e  pH  a n d  BPA w as 
ex trac ted  w ith  2 x io  m L  DCM. T he  DCM layer w as 

evapo ra ted  to  d ryness a t a m a x im u m  te m p e ra tu re  

o f  550 C. T he  re s id u e  w as d issolved in  100  pL 

HPLC e lu en s  (m e th an o l/w a te r 65/35) anc  ̂frac tio n ­
a ted  w ith  HPLC as described  by B elfro id  et al. 

(1999a). Sea san d  w as u se d  as co n tro l sam p le . 

Som e sam p les w ere  trea ted  w ith  ß -g lu cu ro n id a se  
acco rd ing  to B elfroid et al. (1999a).

Detection

S epara tion  an d  d e tec tion  o f  th e  sam p les w as 
p e rfo rm e d  w ith  HPLC. T he  lim it o f  d e tec tion  
(l.o.d.) fo r b ispheno l-A  w as b ased  o n  th ree  tim es 

th e  s tan d a rd  dev ia tion  o f  th e  lo n g -te rm  average 

o f  th e  b ispheno l-A  level in  co n tro l sam p les . T he 
lim it o f  q u an tifica tio n  (l.o.q.) w as se t a t th ree  
tim es  th e  l.o.d.

T 3 .6  C o n c e n t r a t i o n  r a n g e s  a n d  m e d i a n s  o f  b i s p h e n o l - A  in

m u n i c ip a l  a n d  in d u str ia l  w a s t e w a t e r  ( n g / L ) .  M edian  values 

have been calculated with concentrations: >l.o.d. The number of 

samples with a concentration above l.o.d. is given in parenthesis.

Compartm en t n

Untreated municipal w a s t e  waters 12

range

2 5 0 - 5 6 2 0

med ian

1 4 1 0  (12)

Municipal ef f luents 10 < 4 3 - 4 0 9 0 1 1 8  (7)

Untreated industrial w a s t e  waters 7 < 1 9 - 8 0 0 4 1 0  (6)

Industrial e ff luents 4 < 1 3 - 6 4 0 5 7 5  (2).

D etection  lim its  varied  fro m  8 .8  n g /L  to 22 n g /L  

in  aq u eo u s sam p les  an d  fro m  1.1 n g /g  dry  w eig h t 
(d.w.) to  3.9 n g /g  d.w  in  se d im e n t an d  su sp en d ed  
m a tte r  sam p les.

3 .3.3 Results and discussion
W astewater

In  u n tre a te d  m u n ic ip a l w astew ater, BPA was 

detec ted  in  all sam p les a t levels be tw een  250 n g /L  
an d  1 ,0 0 0  n g /L  (HHW, AML, ANP).  H ow ever, in  
th e  case o f  in c rea s in g  co n tr ib u tio n  o f  in d u s tr ia l 

w astew ater to  to ta l e fflu en t, h ig h e r  BPA co n c e n tra ­

tions in  w astew ater w ere  also  fo u n d  (WST an d  
EHV) (see fig u re  3.6).

T he  ran g e  o f  co n cen tra tio n s  o f  BPA in  b o th  

m u n ic ip a l an d  in d u s tr ia l w astew ater is show n  in  

table  3 .6 . For in d u s tr ia l w astew ater, b o th  trea ted  
an d  u n tre a te d , co n cen tra tio n s  varied  fro m  <l.o.d. 

to 8 0 0  ng /L . O nly  th e  in d u s tr ia l e ff lu en t sam p le  

o f  a BPA m a n u fa c tu re r  (CHB) show ed  a h ig h e r  
BPA level (no t sh o w n  in  f ig u re  3.6 a n d  tab le  3.6). 
BPA levels w ere  genera lly  low  in  e ffluen t, 

a lth o u g h  in  so m e  cases no  effective rem oval o f  

BPA w as detec ted . Levels in  e ff lu en t w ere 
genera lly  h ig h e r  th a n  th o se  observed  in  su rface  
w ater.

T he  BPA levels m e a su re d  in  D u tch  tre a tm e n t 

p lan ts  w ere  sligh tly  h ig h e r  th a n  th o se  m e a su re d  

in  G erm any . W en ze l et al. (1996) reco rd ed  BPA 
in  h  o u t o f  12 sam p les o f  tre a ted  w astew ate r fro m  

m u n ic ip a l tre a tm e n t p lan ts  w ith  levels ran g in g  

fro m  2 n g /L  to 314 ng /L . In  u n tre a te d  w astew ater, 

levels ran g ed  fro m  21 n g /L  to  1360 ng /L .

Rainwater and drinking water

In  ra in w a te r, BPA was detec ted  in  two o u t o f  5 
sam p les , b o th  fro m  th e  sam e  location . Levels 
w ere  55 n g /L  a n d  57 n g /L  (MNW). No BPA w as 

detec ted  a t th e  tw o o th e r locations. No BPA w as 

fo u n d  in  d rin k in g  w a te r as w as rep o rted  in  a 
study  fo r th e  N e th e rlan d s  (<12 ng /L ) [G h ijsen  an d  
H o o g en b o ezem , 2 0 0 0 ].

Surface water

BPA is fo u n d  in  su rface  w ate r th ro u g h o u t th e  
N e th e rlan d s , w ith  th e  excep tion  o f  th e  la rger



bod ies o f  w ate r su ch  as th e  Scheld t, lake IJssel and  

th e  N o rth  Sea (see fig u re  3.7).
In  9 sam p les fro m  D u tch  su rface  w ater, B P A  levels 
exceed ing  100  n g /L  w ere  observed  in  one  or m o re  

p erio d s. Seven o f  th e se  locations a re  s itu a ted  a long  

rivers a n d  canals, w hile  tw o a re  m a r in e  locations. 
T he  fre sh w a te r locations genera lly  show  som e 
varia tio n  in  B P A  occu rren ce . T he  h ig h e s t levels 

observed  in  fre sh w a te r system s in  th e  N e th e rlan d s 

w ere  350 n g /L  (SL2) a n d  230  n g /L  (K E l) .  T he 
h ig h e s t level in  m a r in e  system s (330 ng /L ) w as 
fo u n d  a t location  BVW .

T he p a tte rn  is genera lly  scattered , w ith  th e  
co m p o u n d  occasionally  ap p ea rin g  in  sm all rivers 
a n d  canals. H ow ever, th re e  reg u la r p a tte rn s  w ere 

found :

1) B P A  w as observed  in  th e  W ad d en  Sea (D A N ) 

in  b o th  sam p lin g  p eriods (sp ring  an d  fall). Levels 
w ere  relatively  h ig h . T he  data  su m m a riz e d  in  

fig u re  3.7 show s th a t B P A  levels are  h ig h e s t in  

th e  in d u s tria liz e d  es tu a ry  o f  th e  B V W , w ith  low er 
co n cen tra tio n s  in  th e  o p en  p a rt o f  th e  W ad d en  Sea 
(D A N ). T his c o n s is te n t p a tte rn  o f  occu rrence  is an  

in d ica tio n  th a t B P A  en te rs  th e  W ad d en  Sea via th e  

E em s D ollard  (B V W ).

2 ) B P A  w as also observed  in  th e  th re e  sam p lin g  
p eriods a t location  A M S . Levels w ere  2 0 0  n g /L  in  

fall, 180 n g /L  in  su m m e r  an d  25 n g /L  in  sp ring . 

B P A  w as detec ted  d o w n stream  in  I J M  in  su m m e r 
w ith  a level o f  4 4  ng /L .
3 ) B P A  ap p aren tly  occurs in  th e  river M euse  b a s in  

a n d  to a le s se r ex ten t in  th e  river R h ine  b asin  

(figure 3.7). T he  p a tte rn  o f  o ccu rren ce  is so m e­
w h a t ir reg u la r, w ith  th e  h ig h e s t co n cen tra tio n s  in  
Liège (B elgium ). F igure  3.7 also show s th e  levels 

d o w n stream  along  th e  rivers M euse  an d  R hine.

B P A  w as also observed  a t re latively  h ig h  levels in  
G e rm an y  n e a r  C ologne a t levels ra n g in g  fro m  

100  n g /L  to 1 ,0 0 0  ng /L . In  1 989 , B P A  w as also 

detec ted  in  th e  river R h ine  in  1 o u t o f  7 sam p les 
w ith  a co n cen tra tio n  o f  119 n g /L  [H end rik s et al., 
1994]. W en ze l et al. [1998] also observed  th e  

occu rren ce  o f  B P A  in  su rface  w aters in  G erm any . 

T he  co m p o u n d  w as detec ted  a t 39 o u t o f  52 
su rface  w ate r locations ra n g in g  fro m  0.5 n g /L  to 
2 2 9  ng /L . T h ese  observations are  in  th e  sam e

6000
n g /L

5000

4000

3000

2000

1 3  1 2 3  1 2 3  1 3  1 3
H H W  A M L  A N P  W S T  EHV

location  m unicipal w a stew a ter

■ u n t r e a t e d  w a s t e w a t e r

■  t r e a t e d
ng/L

1 1 1 3 1 3 1 11 1 3 1
IDA ITR INT ZKH CHH RWO CHM CHB CHF

location  industrial w a stew a ter

F 3.6  Occurrence ofbisphenol-A  in  untreated  m unicipal and  industrial 

wastewater and  effluent o f biological treatm ent plants.



ran g e  as m e a su re d  in  th is  study . In  1 9 9 6 , th e  

c o m p o u n d  w as n o t de tec ted  in  seaw ater n e a r  
M alaga, n o r  in  sp rin g  w a te r [Del O lm o et al., 

I 9 9 7 ]> b u t a t 6 0 0  ng /L , th e  d e tec tio n  lim it o f  th is 
stu d y  w as obviously  too h ig h  to  detec t traces o f  

BPA. O th e r data  on  BPA in  th e  e n v iro n m e n t in  
E u ro p ean  co u n tr ie s  w as n o t fou n d .

T 3 .7  B i s p h e n o l - A  l e v e l s  

d ry  w e i g h t .

in s u s p e n d e d  m a t t e r  in n g / g

Location Spring Summer Fall

HAR 14 5.6* 11*

EYS 21 9 56

SOD 42 14 32

MAA 12 6.3 19

LOB 12* 6 .3 20*

* Value is b etw een  l.o .d . and l.o .q . (see for definitions section  3 .3 .2 )

T 3 .8  D ry  w e i g h t  (% )  a n d  b i s p h e n o l - A  l e v e l  (in n g / g  w e t  

w e i g h t )  in f i s h  m u s c l e  ( f r e s h w a t e r  b r e a m  (A bram is  

bram a)  o r  m a r i n e  f l o u n d e r  (P la tich th ys flesus)), a n d  in 

f r e s h w a t e r  a n d  m a r i n e  m u s s e l  (D reissena p o lym o rp h a  

a n d  M y tilu s  edulis)

Location

% dry w e ig h t BPA

concentration

%  dry w e ig h t BPA

concentrat ion

DO M 27 1.4 5 0 .3 6

BER 22 0 .1 8 *

EYS 24 0 .4 3

LOB 4 0.22

BVW 24 1.2 18 1.6

VLI 23 1.3 19 1.8

DAN 24 2.6 22 0 .2 6

* betw een l.o .d . and l.o .q  (see for definitions section  3 .3 .2 )

F 3 .7  O ccurrence  o fb isp h en o l-A  in  surface w ater.

Locations are  a rran g e d  acco rd ing  to river basin .

N um bers  o f  the  locations co rresp o n d  to the  n u m b e rs  in  the  m ap .

S u sp en d e d  m a tte r  an d  se d im e n t

BPA w as fo u n d  in  su sp en d ed  m a tte r  a n d  se d im e n t 
a t co n cen tra tio n s  close to o r below  th e  l.o.q.
A t so m e  locations, BPA levels w ere  h ig h e r  as 

co m p ared  to  o th e rs . T h ese  in c lu d ed  SOD a n d  EYS 

fo r su sp e n d e d  m a tte r , a n d  AMS, MAA, SOD a n d  
DON fo r sed im en t. BPA levels a t th e se  locations 
can  still be co n sid e red  low, how ever. T he o ccu r­

ren ce  in  se d im e n t is n o t com plete ly  co n s is ten t 

w ith  th e  o ccu rren ce  in  su rface  w ater. For exam ple, 
BPA w as n o t de tec ted  in  su rface  w a te r fro m  SOD. 
A dditionally , th e  relatively  h ig h  BPA levels in  

su rface  w aters fro m  th e  W ad d en  Sea (BVW a n d  

DAN) did  n o t co rre sp o n d  w ith  sim ila rly  relatively 
h ig h  levels in  sed im en t.

B iota

BPA in  b io ta  w as analyzed  a t a se lected  n u m b e r  o f  
locations w h ere  relatively  h ig h  levels o f  BPA w ere 
detec ted  in  su rface  w ater. T he  re su lts  in  table  3.8 

show  th a t BPA also occu rred  in  b io ta  (b ream  

m u sc le  (A bram is brama) an d  f lo u n d e r  m u sc le  
(Platichthysflesus)), a n d  fre sh w a te r a n d  m a r in e  
m u sse l (D reissenapolymorpha  a n d  M ytilus edulis)) 

a t th ese  locations. Levels varied  be tw een  0 .8  n g /g  

a n d  l í  n g /g  dry  w eigh t, w h ich  is eq u iv a len t to 0.18 

n g /g  w et w e ig h t (w.w) to 2 .6  n g /g  w .w . T h ere  w ere 
no  obvious c o n s is te n t d iffe rences be tw een  

accu m u la tio n  in  m u sse ls  an d  in  fish  m usc le .

3 .3.4 Highlights

T 3 .9  C o n c en tra tio n  ran g es  an d  m ed ians o f  b isphenol-A  in 

various en v iro n m en ta l co m p artm en ts . Median values have 

been calculated from samples with concentration > l.o.d. The number 

of samples with a concentration above l.o.d. is given parentheses.

B isphenol
C om partm ent Total number  

o f  s a m p les

Concentration

range

Median

STP eff luent  (ng/L) 10 < 4 3 - 4 , 0 9 0 11 8 (7)
Rainwater (ng/L) 5 < 1 5 - 5 7 56* (2)
Surface water  (ng/L) 97 < 8 . 8 - 1 , 0 0 0 45 (50)

Susp en d ed  matter ( n g /g  dw) 15 5 . 6 - 5 6 12 (15)

S ed im ent  ( n g /g  dw) 18 < 1.1 - 4 3 3.2* (14)

Fish (musc le) ( n g /g  w w ) 6 0 . 1 8 - 2 . 6 1.2 (6)
M u sse l  (w ho le  body) ( n g /g  w w ) 5 0 . 2 2 - 1 . 8 0 .36 (5)

•  B PA w as detec ted  in  all sam p les o f  u n tre a te d  

m u n ic ip a l w astew ater.
•  B PA can  be rem oved  effectively fro m  w astew ater.
•  T he  e ff lu en t o f  a BPA m a n u fa c tu re r  show ed  a 

h ig h e r  level o f  BPA.

•  B PA levels in  D u tch  tre a tm e n t p lan ts  a re  s im ila r 
to th o se  m e a su re d  in  G erm any .
•  B PA levels in  bio logically  trea ted  w astew ate r are  

g enera lly  h ig h e r  th a n  th o se  observed  in  surface  

w ater.
•  In  ra in w a te r, BPA w as detec ted  a t one o u t o f  
th re e  locations.

* value is betw een l.o .d . and l.o .q . (see for definitions section  3 .3.2)



37 Bisphenol-A (BPA) in surface water
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•  Bp a  is fo u n d  th ro u g h o u t th e  N e th e rlan d s , w ith  

th e  excep tion  o f  th e  Scheldt, N o rth  Sea an d  lake 
IJssel. C o n cen tra tio n s  w ere  in  th e  sam e ran g e  as 
fo u n d  in  G erm any .

•  Bp a  w as fo u n d  in  th e  river R h ine  b a s in  an d  

to  a le s se r ex ten t in  th e  river M euse  basin .
•  Bp a  w as fo u n d  in  su sp e n d e d  m a tte r  an d  sed i­
m e n t  a t co n cen tra tio n s  close to o r u n d e r  th e  l.o.q.

•  Bp a  w as fo u n d  in  b io ta  (b ream  m u sc le  an d  

f lo u n d e r  m usc le ), a n d  fre sh w a te r a n d  m a r in e  

m u sse ls .

3.4 Alkylphenols and
alkylphenol ethoxylates

3.4.1 Chemical information
A lkylphenols (A P) a n d  a lky lpheno l ethoxylates 
(A P E ) are  u sed  in  p lastics as additives an d  as 
surface-active in g red ien ts  in  in d u s tr ia l de te rg en ts  

a n d  em u ls ifie rs .

In  in d u s tr ia l fo rm u la tio n s , p a ra -su b stitu ted  
iso m ers  are  th e  m o s t c o m m o n  (>90  %). In d u s tria l 
p ro d u c tio n  is based  on  th e  c o n d en sa tio n  reac tio n  

b e tw een  n o n y lp h en o ls  (N P )  an d  e thy lene  oxide in  

th e  p re sen ce  o f  an  a lkaline  catalyst. Lower c o n d en ­
sates (con ta in ing  ab o u t 4  ethoxylate u n its ) a re  
u se d  as e m u ls if ie r  an d  o il-so luble d e te rg en ts  o r as 

raw  m ate ria ls  fo r an io n ic  su rfac tan ts . M ixtures 

c o n ta in in g  a h ig h e r  average ethoxylate ch a in  

le n g th  (8 -  io  u n its ) a re  p rinc ipa lly  u se d  in  textile 
a n d  tap es try  c lean ing . Still h ig h e r  co n d en sa te s  are  

u se d  as e m u ls ifie rs  in  so lvents a n d  ag ricu ltu ra l 

pestic ides [M aguire, 1999].

In  1980 ,  p ro d u c tio n  o f  a lky lpheno l e thoxylates 

a m o u n te d  to so m e  1.6 i o ! to n s in  th e  U S A , o f  

w h ich  som e 1.2 i o ! to n s w as NPE [M aguire, 1999]. 
P ro d u c tio n  h as g radua lly  decreased  since  th e n  as

T 3 . 1 0  P h y s i c a l - c h e m i c a l  p r o p e r t i e s  o f  a l k y l p h e n o l  ( e t h o x y l a t e ) s

Data from  G roshart et al., 2001b

M W

g /m o l

Solubility

p g / i

Elenry 

C o e f f ic i e n t a 

atm .m V m ol

Log 

K bI'ow

OP 206 1 2 ,0 0 0 0 . 1 6  X 1 0  3 4 .10

OPE 2 5 0 - 4 6 0 0  c 1 0 , 0 0 0  -  h ig h c - -

NP 220 5 , 0 0 0 - 1 1 , 0 0 0 3.1 X 10  3 4 .4 8  4 . 3 d

NPE 2 6 4 - 4 6 0 0  c 1 0 , 0 0 0  -  h ig h c - 4 .17  - 4 . 2 0 8

a Calculated as ratio o f  vapour pressure and aqueous solubility 

b Logarithm o f  the octanol-w ater partition coefficient c  for n > 4 0

d  Maguire, 1991 e  nonylphenol m ono- and diethoxylate -  n o  data

a re su lt o f  su b s titu tio n  o f  APE by alcohol e thoxy­

lates. In  1984  in  G erm any , so m e  1.9 i o 4 to n s o f  
APE w ere  co n su m e d , w hereas in  1 9 9 0  th is had  
fa llen  to 5 ,0 0 0  to n s [P orem ski, 1991]. T he  u se  o f  

NPE in  d om estic  d e te rg en ts  has a lm o s t ceased . 

N ony lpheno ls a re  ra re ly  u se d  as en d  p ro d u c ts . T he 
m a jo r p ro p o rtio n  o f  th e ir  p ro d u c tio n  (som e 65 %) 
is u sed  as an  in te rm ed ia ry  in  NPE p ro d u c tio n .

T he  re m a in in g  p a rt is u se d  in  th e  p ro d u c tio n  o f  

p h o sp h o ro u s  an tio x id an ts , fo rm ald eh y d e  re s in s  

an d  epoxy re s in s , po ly m er s tab ilize rs , oil additives, 
syn thetic  lu b rican ts  an d  co rro s io n  in h ib ito rs  

[Perez-H ellyer, 1991].

T he  ch em ica l s tru c tu re s  o f  a lky lpheno ls an d  
alky lpheno l e thoxylates a re  p re se n te d  in  f ig u re  3.8.

T he  en v iro n m e n ta l b ehav io r o f  AP a n d  APE 
d ep en d s largely  on  th e ir  physica l-chem ical p ro p e r­
ties (see tab le  3.10). N ony lpheno ls are  poorly  

so lub le  in  w a te r (so lubility  ab o u t 5 m g/L ) an d  

so lub le  in  oil, an d  o rgan ic  so lvents su c h  as 
m e th a n o l a n d  hexane. T he  so lub ility  o f  NPE in  
w ate r g radua lly  decreases w ith  d ecreas ing  n u m b e r  

o f  ethoxylate u n its  (EO). T he  octano l-w ater p a r ti­

tio n  coeffic ien t fo r N P (on a lo g a rith m ic  basis) is
4.3 [M agu ire ,1999]. As a re s u lt o f  th ese  p ro p ertie s , 
NP ten d s  to so rb  to su sp e n d e d  m a tte r  o r se d im e n t 

in  aq u eo u s sys tem s. T h is ten d en c y  is observed 

less w ith  in c rea s in g  n u m b e rs  o f  ethoxylate u n its  

in  th e  m olecu le .

B iodégrada tion  o f  APE has b een  d em o n s tra ted  

b o th  ex p erim en ta lly  a n d  in  sew age tre a tm e n t 

p lan ts . D eg rada tion  p roceeds m o re  slow ly w ith  
in c reasin g ly  b ran ch ed  alkyl ch a in s . APE an d  AP 

are  m o re  p e rs is te n t th a n , fo r exam ple, a lcohol 

ethoxylate. Som e o f  th e  d eg rad a tio n  p ro d u c ts  o f  
APE are  m o re  p e rs is te n t th a n  th e  p a re n t m olecu le , 
particu la rly  th e  low er ethoxylated  p ro d u c ts  like 

NP(2)EO. Rates o f  d eg rad a tio n  ap p ea r to be h igh ly  

d e p e n d e n t o n  th e  sy s tem  stu d ied . In  sew age 
tre a tm e n t p lan ts , b io d ég rad a tio n  m ay  p roceed  
relatively  quickly  as a re s u lt o f  h ig h  m icrob ia l 

activity an d  acclim ated  bac te ria l conso rtia , 

w hereas in  g ro u n d w a te r o r m a r in e  sed im en ts , 
fo r exam ple, d eg rad a tio n  p roceeds very slowly, 
i f  a t all.



As a re s u lt o f  tra n sfo rm a tio n s  be tw een  th e  p o in t 

o f  d isch arg e  a n d  th e  m o m e n t th e  w astew ater 
en te rs  th e  tre a tm e n t p lan ts  in  sew age w aters , 
rela tive e n r ic h m e n t o f  low er o ligom ers m ay  be 

observed . F u rth e r  d eg rad a tio n  w ill occu r in  th e  

tre a tm e n t p la n t itself, lead ing  to th e  a lm o st 

com p le te  d isap p ea ran ce  o f  th e  h ig h e r  o ligom ers 
((n)EO > 8). T h is re su lts  in  e n r ic h m e n t o f  th e  

d eg rad a tio n  p ro d u c ts , su ch  as NP(i)EO, NP(2)EO 

a n d  NP as w ell as carboxylated  derivatives [Thiele 
et al., 1997]. T h ese  p ro d u c ts  are  relatively  m o re  
re s is ta n t to fu r th e r  b io logical b reakdow n  an d  m ay  

leave th e  tre a tm e n t p la n t in  p a r t th ro u g h  th e  e fflu ­

en ts . T he  m ajo rity  o f  th e  tra n s fo rm a tio n  p roduc ts  
NP(i)EO, NP(2)EO an d  NP sorb  to th e  sew age 
sludge , how ever, as a re s u lt o f  th e ir  lipophilic  

ch arac te r. F u rth e r  d eg rad a tio n  o f  NP(i)EO a n d  

NP(2)EO to NP has b een  show n  [G iger et al.,

1984] in  anae rob ic  s ludge.

4.2  Materials and Methods
Aqueous samples

W ate r sam p les  w ere  s to red  a t 4°C  an d , w h en  

req u ired , f ilte red  over 1.2 p m  g lass f ib e r filte rs. 

T he  w a te r (filtrate) w as ex trac ted  an d  p u rified  by 
solid  p h ase  ex trac tion  (SPE). A C : g SPE (W aters, 
US) cartrid g e  c o lu m n  w as u se d  fo r th is . A n a liquo t 

o f  so m e  6 0  m L  o f  th e  sam p le  w as in tro d u ced  on  

th e  c o lu m n  in  a m a trix  o f  w a te r /m e th a n o l 
(60 :40) .  A fter p a ss in g  th e  e n tire  sam p le  vo lum e, 
th e  SPE c o lu m n  w as e lu ted  w ith  i o  m L  o f  100%  

m e th an o l. T h is frac tion  w as evapora ted  to d ryness. 

F u rth e r  c lean -up  o f  th e  SPE extracts w as carried  
o u t w ith  a n  a d so rp tio n  ch ro m a to g rap h ic  co lu m n  
(A120 3 clean-up).

H, H,
C—C

CH
■CH,

p-nonylphenol ethoxylates  

(n=1-30)

c — c c —CH
CH

HO

HO

p-nonylphenol(s)

h 2 h 2
c — c  

H j C - c L  c h 2

CH

c — c h 2

CH
■CH

■CH
H3C CH

HO

HO

H2C

'0-
HO

p-octyl ph en ol(s)

C H o

F 3.8 General chem ical structure o f alkylphenols and  alkylphenol ethoxylates.

In  th e  second  an d  th ird  sam p lin g  perio d  (su m m e r 
a n d  fall), th e  S P E  p ro ced u re  w as scaled  u p  to 
acco m m o d a te  low er lim its  o f  de tec tion . To th a t 

en d , a n  a liq u o t o f  5 0 0  m L  w as e lu ted  over th e  SP E  

co lu m n s  fro m  filtra tes  o f  su rface  w ate r sam p les . 
T he  b reak th ro u g h  v o lu m e o f  A P E , A P  (and h o rm ­
ones) h ad  b een  checked  p rev iously  an d  fo u n d  to 

be  w ell over 5 0 0  m L. T he  analy tes w ere  aga in  

e lu ted  fro m  th e  cartridge  w ith  io  m L  o f  m e th a n o l 

a n d  su b jec ted  to th e  p ro ced u re  o u tlin ed  above. 
Sub-boiled  w ater w as u sed  fo r th e  b lan k  sam p les .

elu tin g  so lv en t

2 g  C 18  + 0 ,5 g  fish (standard for spiking)

3 g  A I 2O 3 (5 % H2Û  d eactiva ted )0 .4 5  pm filters

0 .2  pm filter unit

-  co llection  vial

F 3.9  Principle o f the matrix solid phase dispersion m ethod used  for extracting 

alkylphenols and  alkylphenol ethoxylates from  biological tissues.



B lank sam p les w ere  trea ted  in  exactly th e  sam e 

w ay as field  sam p les .

All aq u eo u s  sam p les w ere  p ro cessed  w ith in  15 

days o f  th e ir  a rrival in  th e  labora to ry  to  p rev en t 

p o ss ib le  losses due  to deg rada tion .

W astewater

W astew ater sam p les  w ere  ex tracted  by solid  phase  

ex trac tion  (SPE). H ow ever, som e o f  th e  sam p les 
gave rise  to p ro b lem s w ith  f iltra tio n  o r solid  
p h ase  ex trac tion  as a re s u lt o f  th e  o ccu rren ce  o f  

relatively  large a m o u n ts  o f  su sp en d ed  m a tte r . 

T h ese  sam p les  w ere  trea ted  d ifferen tly . T hey 

w ere  freeze-d ried  fo r several h o u rs  u n til  no  
fu r th e r  w e ig h t loss w as observed. A bou t 5 g o f  the  

dry  sam p le  w as ex trac ted  in  a Soxhlet ap p a ra tu s . 

Soxhlet ex trac tion  w as th e n  ca rried  o u t fo r 16 
h o u rs  w ith  100 %  m e th an o l. T he  Soxhlet extract 
w as th e n  trea ted  sim ila rly  (SPE an d  c lean-up  

p rocedu re) to th e  o th e r w ate r sam p les.

Suspended m atter and sedim ent

S am ples o f  se d im e n t a n d  su sp en d ed  m a tte r  w ere  

s to red  a t -20°C . In  o rd e r to d e te rm in e  th e  dry 

w e ig h t o f  th e  sam p le , a rep resen ta tiv e  p a rt o f  th e  
sam p le  w as tra n sfe rre d  to a p re-w eighed  po rce la in  
d isk , covered w ith  a lu m in u m  foil. T he  sam p le  was 

d ried  a t c)0°C u n til  n o  fu r th e r  w e ig h t loss was 

observed .

A b o u t 5 g ram s o f  th e  w et sam p le  w as extracted  

in  a Soxhlet ap p a ra tu s . Soxhlet ex trac tion  w as 

ca rried  o u t fo r 16 h o u rs  w ith  100 %  m e th an o l.
T he  Soxhlet ex tract w as th e n  p ro cessed  accord ing  
to  th e  SPE a n d  clean -up  p ro ced u re  fo r th e  w ater 

sam p les.

T 3.11  C o n c e n t r a t i o n  r a n g e s  a n d  m e d i a n s  o f  a l k y l p h e n o l s  a n d  

a lk y l p h e n o l  e t h o x y l a t e s  In m u n i c ip a l  a n d  Industrial  

w a s t e w a t e r  ( p g /L )  M edian  values have been  ca lcu la ted  from  

sam ples w ith  co n cen tra tions  > l.o .d . T he n u m b e r  o f  sam ples w ith  

a co n cen tra tio n  l.o .d . is given in  p a ren th eses .

Sewage sludge

Sam ples o f  sew age s ludge  w ere  s to red  a t 4°C. T he 
sam p les w ere  cen tr ifu g ed  fo r 2 0  m in u te s  a t 5 ,0 0 0  
rp m . T he cen tr ifu g a te  w as d ecan ted  an d  w as n o t 

u sed  fo r fu r th e r  analysis. In  o rd e r to d e te rm in e  

th e  dry w eig h t o f  th e  sam p le , a rep resen ta tiv e  p a rt 
o f  th e  re s id u e  w as tra n s fe rre d  to a p re-w eighed  
p o rce la in  disk, a n d  covered  w ith  a lu m in u m  foil. 

T he  a liq u o t w as d ried  a t c)0°C u n ti l  no  fu r th e r  

w eig h t loss w as observed. A b o u t 5 g o f  th e  re s id u e  

w as ex tracted  in  a Soxhlet ap p a ra tu s  acco rd ing  to 
th e  se d im e n t p ro ced u re .

Biota

Biological tis su e s  w ere  s to red  a t -20°C . A M atrix 
Solid-Phase D isp e rs io n  (MSPD) (figure 3.9) 

m e th o d  w ith  seq u en tia l c lean -up  w as u sed  to 

iso late  an d  p u rify  a lky lpheno ls a n d  alky lpheno l 

ethoxylates in  b io logical tissu es  [Zhao et aí., 1999]. 
O ctadecylsilica (C : g) w as u se d  as th e  solid  p h ase  

fo r m a trix  d isp e rs io n . A lu m in u m  oxide w as qu ite  

effic ien t in  rem o v in g  th e  co e lu tin g  in te rfe ren ces  

an d  m e th a n o l w as u sed  as e lu tin g  so lven t fo r th e  
APE analy tes.

Detection

All sam p les  w ere  analyzed  w ith  H ig h  P e rfo rm an ce  
L iquid C h ro m ato g rap h y  (HPLC) u s in g  flu o re s­

cence d e tec tio n  (excitation 225 n m , e m iss io n  

301 n m ). Tw o d iffe ren t HPLC co lu m n s w ere  u sed  
in  o rd e r to acqu ire  th e  m a x im u m  a m o u n t o f  in fo r­
m a tio n . A reversed  p h ase  (L ich rospher C : g) 

co lu m n  w as u se d  fo r q u an tify ing  th e  to ta l a m o u n t 

o f  AP/APE. RPHPLC an d  NPHPLC co n d itio n s  u sed  
w ere  in  accordance  w ith  th e  m e th o d s  described  by 

de V oogt et aí. (1997).
A n o rm a l  p h ase  (Hypersil  3 N H 2) c o lu m n  was 

u sed  for  iden t ify ing  an d  selecting th e  s tan dard  

th a t  m o s t  closely re se m b le d  th e  sam ple .  NPE was 
q uan ti f ied  u s in g  th e  c losest m a tc h in g  c o m m e rc ia l  

NPE m ix tu re  as quan tif ica tion  s tandard .

T he  lim it o f  d e tec tion  (l.o.d.) w as se t a t th re e  tim es 
th e  no ise  level o f  th e  b ase lin e  in  th e  ch rom ato -

Compartm en t Total number

o f  s a m p les

Untreated municipal w a s t e  w ater  12

Municipal ef f luent 9

Untreated industrial w a s t e  water  3

Concentration Concentration Concentrat ion Concentration

range M edian  range Median range Median range Median

< 0 . 3 - 1 3 0 , 7 ( 9 )  < 1 . 1 - 2 4 24 (1) < 0 . 2 - 1 9 3 .0  (9) < 0 . 8 - 1 2 5 37 (9)

< 0 . 5 - 1 . 3 0,7  (2) < 0.7 -  (0) < 0 . 6 - 1 . 5 1 .5  (1) < 1 . 9 - 2 . 2 2.2 (1)

< 0 . 2 - 0 . 5 0 . 5 ( 1 )  < 0 . 4 - 1 2 12 (1) < 0 . 4 - 3 9 39  (1) 5 0 - 2 2 , 5 0 0 24 0  (3)

-  no m edian, all values w ere b elow  l.o.d.



g ram . T he  lim it o f  q u an tifica tio n  (l.o.q.) w as se t at 

te n  tim es th e  l.o .d . D etec tion  lim its  in  aqueous 
sam p les  varied  fro m  0 .05  p g /L  to 0 .8 6  p g /L  fo r 
O P, fro m  0.16 p g /L  to 2 .44  p g /L  fo r OPE, fro m  

0.11 p g /L  to 2 .2 9  p g /L  fo r NP an d  fro m  0.18 p g /L  

to  3 .99  p g /L  fo r NPE. D etec tion  lim its  in  se d im e n t 
a n d  su sp en d ed  m a tte r  varied  fro m  0 .0 0 1  to 0 .05 

p g /g  d.w . fo r OP, fro m  0 .0 0 2  to 0 .0 4 0  p g /g  d.w. 

fo r OPE, fro m  0 .0 0 3  h g /g  d .w .t0 0 -l:[ h g /g  d.w. 
fo r NP an d  fro m  0 .0 0 5  h g /g  d .w .t0 ° - 1^ h g /g  d.w. 
fo r NPE. D etec tion  lim its  in  b io ta  varied  fro m  0.01 

p g /g  w .w . to 0 .0 6  p g /g  w .w. fo r OPE an d  NP, fro m  
0.01 p g /g  w .w . to 0 .03  p g /g  w .w . fo r OP a n d  from  

0 .01 p g /g  w .w . to 0.11 p g /g  w .w . fo r NPE.

A n u m b e r  o f  th e  biological sam p les  (fish) w ere 

also analyzed  by LC-MS, s ince lipids f ro m  the  

biological m atr ix  a p p ea red  to in te r fe re  w ith  the  
APE analysis by the  s ta n d a rd  HPLC-Flu m e th o d

4.3  Results and Discussion
W astewater

U n trea ted  m u n ic ip a l w astew ater w as sam p led  at 

five locations. NPE w as fo u n d  in  9 o u t o f  12 

u n tre a te d  sam p les , w ith  levels ran g in g  from  
<l.o.d. -1 2 5  p g /L  (m ed ian  o f  37 p g /L ). NP w as 
observed  in  9 o u t o f  12 sam p les in  low er co n cen ­

tra tio n s  ran g in g  fro m  < l .o .d . - i9  p g /L  (m ed ian  

3.0 pg /L ). O cty lpheno l e thoxylates (OPE) an d  
octy lpheno ls (OP) w ere  only occasionally  observed. 
H ig h  p eak  values o f  NPE an d  OPE w ere  only 

observed  a t AML a n d  OP a t WST (see fig u re  3.10). 

B iological tre a tm e n t ap p ea red  to be e ffic ien t in  
rem o v in g  NP a n d  NPE fro m  th e  u n tre a te d  w aste ­
w ater, as th e  level in  e fflu en ts  w as genera lly  s ig n if­

ican tly  red u ced  (see tab le  3.11). N PE in  m u n ic ip a l 

w astew ater tre a tm e n t p la n t e fflu en ts  ran g ed  
be tw een  < l.o .d . -  2.2 p g /L  an d  NP co n cen tra tio n s  
ra n g e d  be tw een  < l.o .d . -1 .5  pg /L . F rom  one 

w astew a te r tre a tm e n t p la n t (EHV), u n tre a te d  

w astew ater a n d  e ff lu en t so lid  re s id u es  w ere  also 
analyzed  an d  fo u n d  to co n ta in  a s im ila r level o f  
NP (8-10 pg  N P /g  dry  w eigh t.). T he  e ff lu en t 

re s id u e  also co n ta in ed  a h ig h  level o f  NPE 

(70 pg  N P E/g  dry  w eight).
T he  solid  re s id u es  o f  th e  e fflu en ts  fro m  m u n ic ip a l 
w astew a te r tre a tm e n t p lan ts  (WST an d  EHV) w ere

100
ra/L NPE

lí

■ untreated w astew ater

■ e fflu en t STP

1 3 
HHW

1 2 3 1 2 3 1 3
AML ANP WST

location  m unicipal w a stew a ter

untreated w astew ater  

efflu en t STP

2 3 1 2 3 1 3
AML ANP WST

location  m unicipal w a stew a ter

■ untreated w astew ater

■ effluent STPOPE

1 3 1 2 3 1 2 3 1 3 1 3
AML ANP

location  m unicipal w a stew a ter

OP ■ e ff I uent STP

1 31 2
ANP

3 1 3 
WST

1 3 1 2
AML

3
EHVHHW

location  m unicipal w a stew a ter

F 3.10 Occurrence of the nonylphenol ethoxylates, nonylphenols,

octylphenol ethoxylates and octylphenols in untreated municipal 

wastewater and STP effluents.



also  analyzed  an d  w ere  fo u n d  to co n ta in  su b s ta n ­

tia l a m o u n ts  o f  NPE (Lo.d. - 7 0  p g /g  d.w.) a n d  NP 
(3.4 p g /g  - 12 p g /g  d.w.). No OPE or OP w as 
reco rd ed . Sew age sludge  fro m  two o th e r m u n ic i­

pal STPs (AML a n d  ANP) w as also analyzed  an d  

co n ta in ed  levels o f  NPE (7.2 - 2 3  p g /g  d.w.) an d  
NP (5.0 -  9 .9  p g /g  d.w.); no  OPE was fo u n d  an d  
OP w as only  fo u n d  once (ANP 1.5 pg  O P/g  d.w .). 

T h ese  co n cen tra tio n s  in  th e  so lid  re s id u es  an d  

sew age s ludge  are  th e  h ig h e s t reco rd ed  in  th is 

study , b u t a re  fa r below  values rep o rted  in  a p rev i­
ous study  (range 0 .7 - 2 ,3 9 0  pg  N P E/g  d .w .an d  

< l .o .d .- i2 5  pg  N P /g  d.w.) [Belfroid et al., 1999b]. 

In  th is  la tte r  study, OPE an d  OP w ere  also 
observed  in  sew age sludge.

U n trea ted  w astew ate r an d  e ff lu en t w ere  also 

sam p led  a t various in d u s tr ia l locations. For 
various reaso n s , less in d u s tr ia l sam p les w ere 
analyzed  th a n  p la n n e d  orig inally . C o n cen tra tio n s 

varied  w idely, fro m  50 p g / L - 2 2 ,5 0 0  p g /L  for 

NPE in  u n tre a te d  w astew ater, a n d  fro m  
0 .4  p g /L - 4 0  p g /L  fo r NP. A relatively  h ig h  
co n cen tra tio n  o f  OPE (11.7 pg/L ) w as observed  in  

u n tre a te d  w astew ate r fro m  a h o sp ita l (ZKH). 

B iologically-treated in d u s tr ia l e ff lu en t w as 
sam p led  a t only  one location  (CHM; co n cen tra tio n  
o f  APE s w as below  l.o.d.

Levels o f  a lky lpheno l (ethoxylate)s in  u n tre a te d  
w astew a te r an d  e ff lu en t in  th e  N e th e rlan d s  fall in  
th e  low er p a r t o f  th e  ran g es  observed  e lsew here  in

T 3.12  Concentrations of alkylphenol (ethoxylate)s In
w a s t e w a t e r ,  s u r f a c e  w a t e r ,  s e d i m e n t  a n d  f ish  in C a n a d a  

a n d  t h e  r e s t  o f  t h e  w o r l d .  D ata from  overview  by Servos an d  

co-w orkers, 2 0 0 0 .

OP OPE NP NPE

Untreated 0 . 0 2 - 6 5 - 0 .2  -  26 5 0  -  5 ,8 0 0

w a ste w a ter  (pg/L)

Effluent (pg/L) < 0 . 0 0 5 - 0 . 3 - < 0 .0 2  -  3 1 .0  -  56

S e w a g e  s lu d g e  (p g /g ) < 0 .0 4  -  20 - 0 .7  -  1 ,2 6 0 5 -  2 ,3 0 0

Surface water  (pg/L) < 0 . 0 0 3 - 0 . 6 - < 0 .0 2  -  42 0.11 -  22

S ed im ent  (p g /g ) < 0.01 -  24 - < 0 .0 2  -  72 0 . 0 2 - 4 5

Untreated 4 0 0 < 5 -2 3 14 -  300 18  -  2 ,5 0 0

w a ste w a ter  (pg/L)

Effluent (pg/L) < l.o.d. -  2 00 < l .o .d .-6 < l.o.d. -  3 30* < l.o .d .- 4 , 0 0 0

S e w a g e  s lu d g e  (p g /g ) - - 2 - 4 , 0 0 0 6 0  -  6 8 0

Surface water  (pg/L) < l.o.d. -  3 - < l.o.d. -  1 80 < l.o.d. -  70

S ed im ent  (p g /g ) - - < 0 . 0 0 3 - 6 9 < l.o.d. - 9

Lish (p g /g ) - - < 0 . 0 3 - 1 . 6 < 0 . 0 3 - 1 0

-n o d a t a  * o n e  value o f  1587

th e  w orld  an d  are  s im ila r to th o se  fo u n d  in  

C anada , fo r exam ple  (see tab le  3.12).

Rainwater and drinking water.

No detec tab le  levels w ere  fo u n d  in  ra in w a te r 

sam p les . NPE analyses in  d rin k in g  w a te r in  th e  
N e th e rlan d s  show  co n cen tra tio n s  below  th e  lim it 
o f  d e tec tion  (<0.1 - < 0 .6  pg/L ) in  m o s t sam p les .

In  6 sam p les  o u t o f  44 , levels u p  to 4.5 p g /L  w ere 

rep o rted  [G hijsen  a n d  H o o g en b o ezem , 2 0 0 0 ].

Surface water

G enera lly  speak ing , su rface  w aters do n o t co n ta in  

detec tab le  levels o f  a lky lpheno l (ethoxylate)s.
Levels above th e  lim it o f  d e tec tion  w ere  fo u n d  in  
only a few  su rface  w ate r sam p les.

A t location  KOU in  fall, n o n y lp h en o ls  (NP) w ere  
detec ted  a t a level o f  0 .7  pg /L . Levels be tw een  1 
p g /L  a n d  3 p g /L  w ere  fo u n d  in  sp rin g  a t KOU 

(NPE), DAN (NPE) an d  APK (NP). A t KOU, DAN, 

LOB, IJM, WZ2, MAA, EYS, BEL, HAR, SOD an d  
VLI, levels o f  NPE b e tw een  2 p g /L  a n d  3 p g /L  w ere 
detec ted  in  su m m e r. A t NWK (NPE, OP, OPE) and  

OEG (NPE, OP, OPE) fa r h ig h e r  levels o f  6 p g /L  to 

87 p g /L  w ere  fo u n d . H ow ever, levels are  u n rea lis- 
tically h ig h  fo r th e se  two m a r in e  locations, p ro b a ­
bly as a re s u lt o f  c o n ta m in a tio n  d u rin g  sam p ling . 

T his aspect is cu rren tly  u n d e r  detailed investigation .

Surface w a te r levels o f  a lky lpheno l (ethoxylate)s in  
th e  N e th e rlan d s  a re  s im ila r to th o se  e lsew here  in  

th e  w orld  (see tab le  3.12).

Suspended m atter and sediment

A su m m a ry  o f  co n cen tra tio n s  o f  NPE an d  NP 

m e a su re d  in  se d im e n t an d  su sp e n d e d  m a tte r  is 

prov ided  in  figu res 3.11 to 3.14. S u sp en d ed  m a tte r  
g enera lly  c o n ta in ed  h ig h e r  levels th a n  sed im en t.
In  g en era l, NPE an d  NP w ere  fo u n d  in  m o s t 

su sp en d ed  m a tte r  an d  se d im e n t sam p les a t levels 

above th e  lim it o f  de tec tion , w hereas levels o f  OPE 
an d  OP w ere  below  lim its  o f  de tec tion .
In  all th ree  sam p l in g  periods, relatively h ig h  levels 

(2.3 pg  N P E /g  d .w .-22 pg  N P E/g  d.w. a n d  1.3 pg 

N P /g  d .w .-4 . i  pg  N P /g  d.w.) w ere  fo u n d  in  
su s p e n d e d  m a t te r  sam p les  taken  at TER.

S



S ed im en t w as m a in ly  sam p led  in  fall. Two 

sam p les tak en  in  sp rin g  show  co n cen tra tio n s  in  
a g re e m e n t w ith  th o se  fo u n d  fo r th e  sam e  locations 
sam p led  in  fall. S ign ifican t levels o f  NPE in  

se d im e n t (0.3 p g /g  d .w .-2 .8  p g /g  d.w.) w ere  fo u n d  

a t fre sh w a te r locations DON, DOV, MAA, SOD, and  
BOR. Elevated NP levels in  se d im e n t (0.5 p g /g  
d.w .-3.8 p g /g  d.w.) w ere  observed  a t SOD, DON, 

DOV, BOR, HAR, a n d  IJM.

S ed im en t levels o f  a lky lpheno l (ethoxylate)s in  th e  
N e th e rlan d s  ap p ea r to be relatively  low  co m p ared  

to  sam p les  fro m  o th e r a reas in  th e  w orld  (see table

3.Í2).

S ed im en t ap p ears  to have relatively  h ig h  levels o f  

NP.  T he  ratio  o f  NP to NPE is fa r  h ig h e r  th a n , fo r 

exam ple , in  sam p les o f  su sp e n d e d  m a tte r , an d  th is 

ra tio  seem s to in c rea se  fro m  w a te r < su sp en d ed  
m a tte r  < m a r in e  se d im e n t < fre sh w a te r sed im en t. 

In  io  o u t o f  12 fre sh w a te r sed im en ts , a n d  in  5 ou t 

o f  l í  m a r in e  sed im en ts , th e  NP /NPE ratio  is m o re  
th a n  i. In  su sp e n d e d  m a tte r , th is  w as tru e  fo r 7 
o u t o f  50 sam p les.

S am p ling  sta tio n s in  th is  survey  allow  us to follow  
(by co m p arin g  river R h ine  data) th e  fate o f  NPE 
a n d  NP fro m  th e ir  e n tra n c e  in to  th e  N e th e rlan d s  

u n til  th e  p o in t a t w h ich  they  reach  th e  e s tu a rie s . 

T he  p lo ts show  th a t levels o f  NPE a n d  NP in  
sed im en ts  an d  su sp e n d e d  m a tte r  are  relatively  
h ig h  in  th e  river M euse  w h ere  th is  en te rs  th e  te r r i­

to ry  o f  th e  N e th e rlan d s  (EYS, BOR), as co m p ared  to 

th e  river R h ine  (LOB). H ow ever, as th e  M euse 
d ischarges in to  relatively  large e s tu a rie s , th e  
co n cen tra tio n s  a p p ea r to be ‘d ilu ted’ s ign ifican tly . 

In  co n tra st, levels in  se d im e n t an d  su sp en d ed  

m a tte r  in c rease  in  th e  R h ine  fro m  LOB a t the  
G e rm a n  b o rd e r to SPL, w h ere  th e  river flows in to  
th e  N o rth  Sea.

Biota

T he m ajo rity  o f  th e  b io ta  sam p les collected  d id  n o t 
co n ta in  APE a t levels above th e  lim it o f  de tec tion  

(table 3.13). In  b re a m  (A bram is brama), levels 

be tw een  0.15 pg  NPE/g  w et w eig h t an d  0 .50  pg 
NPE/g  w et w e ig h t an d  0 .03  pg  N P /g  w et w eig h t - 
0 .16  pg  N P / g  w et w e ig h t w ere  fo u n d  a t locations

F 3.11 Occurrence of nonylphenol ethoxylates in suspended matter.

F 3.12 Occurrence of nonylphenol ethoxylates in sediment.

F 3.13 Occurrence of nonylphenols in suspended matter.

F 3.14 Occurrence of nonylphenols in sediment.

Locations are arranged according to river basin.

Numbers of the locations correspond to the numbers in the map.

BER, DOM a n d  LOB in  sp rin g  a n d  DOM in  fall. 

Locations BER a n d  LOB w ere  also  sam p led  in  fall. 

No detec tab le  levels w ere  observed  th en .

In  f lo u n d e r  (Platichthysflesus), NPE w as detec ted  

in  sam p les fro m  location  OEV(o.i  p g /g  w.w.) in  

sp rin g . No detec tab le  levels w ere  observed  in  
f lo u n d e r  c au g h t in  fre sh w a te r areas.

In  zeb ra  m u sse l (Dreissenapolymorpha), w h ich  

w ere  only sam p led  in  fall, relatively  h ig h  levels o f  
NP w ere  fo u n d  a t locations DOM (0.45 p g /g  w.w.) 
a n d  EYS (0.3 p g /g  w .w .). D etectab le  levels o f  NPE 

(0.23 p g /g  w.w.) w ere  also fo u n d  in  zeb ra  m u sse l 

a t EYS.

In  b lu e  m u sse l (M ytilus edulis), no  APE s w ere  

observed  a t levels above th e  lim it o f  de tec tion .

F rom  th e  little  da ta  available fo r fish , it  appears  
th a t levels fo u n d  in  b ream  an d  f lo u n d e r  in  th e  

p re s e n t study  a re  so m ew h a t less th a n  th o se  fo u n d  

(in o th e r fish  species) in  Swiss rivers (see table  

3 -12)-

3 .4.4  Highlights
•  O cty lpheno ls (OP) a n d  octy lpheno l ethoxylates 
(OPE) w ere  n o t fo u n d  in  th e  m a jo rity  o f  the  

sam p les, w ith  th e  excep tion  o f  som e in c id en ta l 

observations. H ow ever, OP w as fo u n d  in  a lm o st 
all STP u n tre a te d  w astew a te r sam p les.
•  U n trea ted  w astew ater sam p les co n ta in ed  

relatively  h ig h  co n cen tra tio n s  o f  NPE.

•  A lkylphenols a n d  a lky lpheno l (ethoxylate)s w ere  
fo u n d  to  be rem oved  effectively in  a sew age tre a t­
m e n t p lan t. H ow ever, so lid  re s id u es  in  th e  efflu-



F3.11 N ony lpheno l e th o x y la te s  (NPE) in s u s p e n d e d  m a t te r
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pa.«N onylpheno l e th o x y la te s  (NPE) in s e d im e n t
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F3.13 N ony lpheno ls  (NP) in s u s p e n d e d  m a t te r
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F3.14 N ony lpheno ls  (NP) in s e d im e n t
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en t  still con ta ined  signif icant  levels o f  NP an d  NPE.

•  Sew age s ludge  co n ta in s h ig h  co n cen tra tio n s  o f  
NP an d  NPE.
•  In  g en era l, su rface  w ate r a n d  ra in w a te r do n o t 

con ta in  detectable levels o f  alkylphenol (ethoxylate)s.

•  N P E  a n d  N P  w ere  fo u n d  in  m o s t su sp en d ed  
m a tte r  an d  se d im e n t sam p les a t levels above the  
lim it o f  de tec tion . S u sp en d ed  m a tte r  genera lly  

co n ta in ed  h ig h e r  levels th a n  sed im en t.

•  As co m p ared  to th e  river R h ine , levels o f  NPE 
an d  NP in  sed im en ts  a n d  su sp e n d e d  m a tte r  are  
relatively  h ig h  in  th e  river M euse  w h ere  th is en te rs  

th e  te rrito ry  o f  th e  N eth e rlan d s.

•  Levels in  se d im e n t an d  su sp e n d e d  m a tte r  in  th e  
r iver R h ine  in c rease  fro m  th e  G e rm an  b o rd e r to 
w h ere  th e  river flows in to  th e  N o rth  Sea.

•  T he  ratio  o f  NP  to NPE (>i) in  se d im e n t is fa r 

h ig h e r  th a n  in  su sp e n d e d  m a tte r , a n d  th is ratio

T 3 .1 4  P h y s i c a l - c h e m i c a l  p r o p e r t i e s  o f  p h t h a l a t e s .

Data from Staples et a l ,  1997.

MW

g /m o l

Solubility

p g / i

Henry 

C o e f f ic i e n t a 

a tm .m V m ol

Log 

K brvow

DMP 194 4 ,2 0 0 ,0 0 0 1 .2 2  X IO 7 1.61

DEP 222 1 ,1 0 0 ,0 0 0 2 .6 6  X IO 7 2.38

DPP 2 5 0 1 0 8 ,0 0 0 3 .0 5  X IO 7 3.63

DMPP - - -

DBP 2 7 8 1 1 ,2 0 0 8 . 8 3  X IO 7 4 .4 5

BBP 312 2 ,7 0 0 7.61 X IO 7 4 .5 9

DCHP - - -

DEHP 391 3 1.71 X IO'6 7.50

DOP 391 0 .5 1 .6 3  X IO 4 8 .0 6

a Calculated as ratio o f  vapour pressure and aqueous solubility

b Logarithm o f  th e  octanol-w ater partition coefficient -  no data

T 3 .1 3  C o n c e n t r a t i o n  r a n g e s  a n d  m e d i a n s  o f  a lk y l p h e n o l

( e t h o x y l a t e ) s  in  v a r i o u s  e n v i r o n m e n t a l  c o m p a r t m e n t s .

Median values have been calculated from samples with 

concentration > l.o.d. The number of samples with concentration 

> l.o.d. is given in parentheses.

seem s to in c rease  fro m  w a te r < su sp en d ed  m a tte r  

< m a r in e  se d im e n t < fre sh w a te r sed im en t.
•  T he  m ajo rity  o f  th e  b io logical sam p les  collected 
d id  n o t co n ta in  APE at levels above th e  lim it o f  

de tec tion .

•  Levels o f  AP(E) in  su rface  w ate r w ere  s im ila r 
to th o se  fo u n d  e lsew h ere  in  th e  w orld . Levels in  
sed im en t, w astew ater a n d  b io ta  w ere  genera lly  

low er th a n  ran g es  fo r th e se  co m p o u n d s observed  

e lsew here .

3.5 Phthalates

3 .5.1 Chemical information
P h tha la tes  are  w idely  u se d  as p las tic ize rs  to 

in c rease  th e  flexibility o f  h ig h  m o lecu la r w eigh t 

po lym ers. In  so m e  p lastics, p h th a la te s  co m p rise  

u p  to 50%  o f  to tai w eigh t. D e h p  accoun ts  fo r a 
q u a rte r  o f  th e  p las tic izers p ro d u ced . P h th a la tes  are 

also u sed  as h ea t- tran sfe r flu ids an d  carrie rs , an d  

can  be fo u n d  in  ink , p a in t, adhesives, pestic ides, 
vinyl floo ring  a n d  som e food p ro d u c ts  su c h  as 
baby m ilk  fo rm u la  a n d  cheese .

Som e 2.7 m illio n  m e tric  to n s o f  p h th a la te s  are 

p ro d u ced  globally  p e r  year [van W ezel et al., 1999].

T he  g en e ra l s tru c tu re  o f  p h th a la te s  (esters o f  1,2- 

b e n z e n e  dicarboxylic acid) is p re se n te d  in  fig u re  

3.15. T he  p h th a la te  g ro u p  o f  c o m p o n en ts  d e m o n ­
stra tes a b ro ad  ran g e  o f  physica l-chem ical p ro p e r­
ties (see tab le  3.14). T he sm a lle s t ph th a la te , 

d im eth y l p h th a la te  (DM P) is th e  m o s t hydroph ilic  

w ith  a log Kow o f  1.6 [Staples et al., 1997] a n d  is 
th e re fo re  also th e  m o s t w a te r so lub le  ph th a la te . 
T he  o th e r co m p o n en ts  have an  in c rea s in g  ch a in  

len g th  u p  to di(2-ethylhexyl) p h th a la te  (DEHP) an d  

di-n-octyl p h th a la te  (DOP), w h ich  a re  b o th  h igh ly  
hy d rophob ic  (log Kow fo r DEHP o f  ab o u t 7.5 
[Staples et al., 1997]. T he  w ate r so lub ility  o f  these  

ph th a la te s  is very low  a n d  is d ifficu lt to d e te rm in e  

experim en ta lly , as th ey  a re  b ip o la r in  n a tu re . T hey

O cty lp henols O cty lp henol e th oxy la te s N onylphenols Nonylphenol ethoxy la tes

Total number  

of  sam ples

Concentration

range

Median Concentration

range

Median Concentration

range

Median Concentrat ion

range

Median

STP eff luents  (pg/L) 9 < 0 . 4 5 - 1 . 3 0,71 (2) < 0.7 - (0) < 0 .6  -  1.5 1 .5 (1) < 1 . 9 - 2 . 2 2.2 (1)
Rain water  (pg/L) 6 < 0 . 0 8 - 0 . 2 8 * 0 .2 8* (1) < 0 .4 8 - (0) < 0.41 - (0) < 0 . 3 6 - 0 . 9 9 * 0 .9 5* (2)
Surface waters  (pg/L) 8 6 < 0 . 0 5 - 6 . 3 # 0 .3 0 (8) < 0 . 1 6 - 1 7  # 11 (2) < 0.11 - 4 . 1 0 .9 9 * (9) < 0 . 1 8 - 8 7  # 1.5* (29)
Susp en d ed  matter ( p g /g  dw) 5 0 < 0 .0 01  - 0 . 4 0 0 .0 1 5 (5) < 0 . 0 0 2 - 1 . 7 0.8 (2) < 0 . 0 0 3 - 4 . 1 0 .17 (39) < 0 . 0 0 5 - 2 2 0.31 (47)

S ed im ents  ( p g /g  dw) 23 < 0 . 0 0 2 - 0 . 0 2 6 0 .0 0 8 (3) < 0 .03 4 - (0) < 0.01 - 3 . 8 0 .1 6 (21) < 0 . 0 1 - 2 . 8 0.11 (19)

Lishes (musc le) ( p g /g  w w ) 37 < 0 . 0 1 - 0 . 0 8 0 .0 8 (1) < 0 . 0 1 - 0 . 0 1 0.01 (2) < 0.01 - 0 . 1 6 0 .0 6 (7) < 0 . 0 1 - 0 . 5 2 0 .12 (8)
M u sse ls  (w ho le  body) ( p g /g  w w ) 14 < 0 . 0 1 - 0 . 0 5 * 0 .0 5* (1) < 0 .0 6 - (0) < 0 . 0 3 - 0 . 4 5 0 .37 (2) < 0 . 0 5 - 0 . 2 3 0 .2 3 (1)

* value is betw een l.o .d . and I.o.q. • no median, all values b elow  l.o.d. #  h ighest concentrations are un realística Ny high, se e  discussion in section  3 .4 .3 .3 .



m ay  fo rm  m icelles o r o th e r types o f  aggregates. 

T h is  is illu s tra ted  by th e  fact th a t th e  w a te r so lu b il­
ity  o f  D E H P  sp an s several o rders o f  m ag n itu d e . 
T he  b e s t e s tim a tes  fo r th e  w ate r so lub ility  o f  D B P  

a n d  D E H P  acco rd ing  to van  Staples e t al, 1997  are  

p rov ided  in  tab le  3.14.

As a re s u lt o f  th e ir  low  w ater so lubility , m o re  

hyd ro p h o b ic  p h th a la te s  w ill sorb  to su sp en d ed  

m a tte r  an d  sed im en t. In  a G e rm a n  study , it  w as 
d e te rm in e d  th a t D E H P  a n d  D O P  w ere  adso rbed  
fo r 55% an d  75% respectively  w h ere  o th e r p h th a ­

lates w ere  ad so rb ed  fo r less th a n  2 0 %  [F u rtm an n , 

1999].

P h th a la te  es te rs  have several deg rad a tio n  

pathw ays a n d  a re  n o t co n sid e red  to be in trin sica lly  

h ig h ly  p e rs is te n t chem ica ls [van W ezel et al., 

I 9 9 9 ]- D eg rad a tio n  by m ic ro -o rg an ism s m ay  
occu r u n d e r  aerob ic  as w ell as an aero b ic  co n d i­

tio n s  w ith  half-lives fo r p rim a ry  deg rad a tio n  

be tw een  2 days a n d  30 days fo r D E H P  an d  
be tw een  0 .6  days an d  100  days fo r D BP .  T hese  
values have b een  rep o rted  fo r u n acc lim a ted  te s t 

system s co n sis tin g  o f  fre sh  o r m a r in e  w aters .

In  soil sy stem s, half-lives w ere  lo n g er fo r D E H P ;  

be tw een  2 0  days an d  4 0  days [van W ezel et al., 
1999].

3 .5.2 Materials and Methods
S a m p l e  p r e - t r e a t m e n t

W ate r sam p les  w ere  tak en  in  n ew  1 L bo ttles w ith  

screw  cap an d  P TFE inlay. Solid sam p les  w ere 
tak en  in  g lass co n ta in e rs  w ith  an  in e r t screw  cap. 
S am ples w ere  s to red  a t 4°C a n d  w ere  analyzed  

w ith in  fo u r  days.

In  ana lyz ing  p h th a la te s , a tte n tio n  m u s t be  paid  
th ro u g h o u t th e  p ro ced u re  an d  in  al steps to 

p rev en t co n ta m in a tio n  w ith  p h th a la te s  fro m  g lass­

w are, labora to ry  eq u ip m e n t, so lven ts, an d  so fo rth .

A q u e o u s  s a m p l e s

All w a te r sam p les (surface w ater, ra in w a te r and  

e ffluen ts) w ere  h o m o g en ized  an d  250  m L  o f  th e  
w a te rw a s  filte red  over a p re -c leaned  1.2 p m  glass 
f ib e r filte r (G F/c). O nly  100  m L  o f  w a te r w as

phthalates

F 3.15 General chemical structure of phthalates.
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filte red  fo r u n tre a te d  w astew ater sam p les because  

o f  th e  g rea te r a m o u n t o f  su sp e n d e d  m a tte r . io p L  

o f  th e  in te rn a l s tan d a rd  so lu tio n  o f  d eu te ra ted  
p h th a la te s  (ca 100 pg /m L ) w as added  an d  th e  

sam p le  w as in tro d u ced  o n  a SPE c o lu m n  filled 

w ith  5 0 0  m g  RP-Cjg P o larP lu s m a te ria l u s in g  fu ll 
g lass eq u ip m e n t. T he  SPE co lu m n  w as e lu ted  w ith  
8 m L  o f  pen tane/M T B E  (70 /30 ). T he  ex trac t was 

co n cen tra ted  to 1 m L  a n d  io  pL o f  th e  in te rn a l 

s ta n d a rd  so lu tio n  o f  diallyl p h th a la te  (approxi­
m ate ly  100  pg /m L ) w as added .

In  each  series o f  sam p les, tw o p ro ced u ra l b lanks, 

c o n ta in in g  only in te rn a l s tan d a rd  so lu tio n  (since it 

is n o t p oss ib le  to fin d  ph th a la te -free  w ater) w ere 
analyzed  by sub jec tin g  th e m  to th e  fu ll p ro ced u re , 

to g e th e r w ith  sam p les to  co n tro l co n ta m in a tio n  

w ith  p h th a la te s .
T he  filte rs w ere  a ir-d ried  fo r 2 4  h o u rs , cu t in to  
p ieces an d , a fte r  ad d itio n  o f  io  pL o f  in te rn a l 

s ta n d a rd  (approx. 100  p g /m L ), w ere  ex tracted  w ith  

tw o tim es  5 m L  o f  DCM in  a glass ex trac tion  tube  
o n  a sh ak er. T he  ex trac t w as filte red  over q u artz  
w ool, co n cen tra ted  to 2 m L  a n d  io  pL o f  th e  in jec ­

tio n  s tan d a rd  so lu tio n  o f  diallyl p h th a la te  (approx. 

100  pg /m L ) w as added . F or u n tre a te d  w astew ater 

sam p les an d  e fflu en ts , th e  rep o rted  re su lts  w ere 
th e  su m  o f  th e  levels in  th e  w ate r a n d  filters.

S u s p e n d e d  m a t t e r  a n d  s e d i m e n t

T he sam p les w ere  h o m o g en ized  a n d  a sub -sam p le  
(2 g -3  g) w as freeze-d ried  ov e rn ig h t (-i5°C) u n til 

dry. T he p e rcen tag e  dry  w e ig h t w as th e n  d e te r­

m in e d . 0.5 g ra m s - i  g ram  o f  th e  dry  sam p le  w as 
w eig h ed  in to  a g lass ex trac tion  tu b e , io  pL o f  th e  
in te rn a l s tan d a rd  so lu tio n  o f  d eu te ra ted  p h th a la te s  

(approx. 100 p g /m L ) w as added  an d  th e  sam p le  

w as ex trac ted  w ith  two tim es 5 m L  o f  d ichloro- 
m e th a n e  fo r 30 m in u te s  o n  a sh ak er. T he  tu b e  w as 
c en trifu g ed , th e  ex tract w as filte red  over q u artz  

w ool an d  so d iu m  su lfa te  an d  co n cen tra ted  to 1 m L. 

T he  ex trac t w as th e n  c lean ed  over 1 g ra m  activated  
a lu m in a  (heated  fo r 6 h o u rs  a t 400°C ) w ashed  
w ith  d ich lo ro m e th an e  an d  d ried  w ith  n itro g en , 

r in se d  w ith  1 m L  d ic h lo ro m e th an e  a n d  e lu ted  w ith  

4  m L  o f  d ich lo ro m eth an e . T he  ex trac t w as c o n cen ­

tra ted  to i  m L  an d  io  pL o f  in jec tio n  s tan d a rd  
(approx. 100 p g /m L  DAP) w as added .

Two p ro ced u ra l b lanks (con ta in ing  solven ts fro m  

th e  p o in t o f  extraction) an d  one  o f  b lan k  silver 
san d  w ere  analyzed  w ith  each  ex trac tion  series 
to g e th e r w ith  th e  sam p les.

B io t a

T he b io ta  sam p les, f ish  a n d  m u sse l, h ad  already  
b een  filleted , g ro u n d  an d  h o m o g en ized . P ortions 

o f  approx im ate ly  25 g ram s o f  f ish  w ere  fro zen  a t 

- 20°C  an d  freeze-d ried  a t o°C fo r 2 4 - 4 8  h o u rs . 
T he  dry sam p les w ere  p laced  in  a g lass tu b e  w ith  
g lass fr it b e tw een  two p lugs o f  q u artz  w ool. 50 pL 

o f  in te rn a l d eu te ra ted  s tan d a rd  w as added . T he 

sam p les w ere  ex tracted  u n d e r  co n tin u o u s  reflux  
w ith  50 m L  o f  DCM fo r 16 h o u rs . T he  fa t ex tract 
w as co n cen tra ted  carefu lly  u n til dry. T he  a m o u n t 

o f  fat w as th e n  w eighed .

T he  c lean -up  p ro ced u re  to rem ove th e  lip ids w as 
ad ap ted  in  acco rdance  w ith  th e  a m o u n t o f  fa t in  

th e  extract. In  th is case, th e  d ec is ion  w as to u se  

50 m g  o f  fa t/m L  o f  DCM. 1.0 m L  o f  fa t ex tract 
(50 m g /m L ) th a t w as in tro d u ced  on  a m ulti-layer 
co lu m n  (1 D=2 cm ), filled  w ith  15 g ram s o f  deacti­

vated  a lu m in a  (6 %  w ater). T he  c o lu m n  was 

rin se d  w ith  150 m L  o f  p e n tan e /1 5 % DCM an d  
su b seq u en tly  e lu ted  w ith  30 0  m L  o f  pen tane /15  % 
DCM. T h is frac tion  w as co n cen tra ted  to 1 m L  w ith  

n itro g en .

In  th e  second  step  o f  th e  clean -up  p ro ced u re , th e  
ex tract w as in tro d u ced  on  a g lass c o lu m n  (lD = i 

cm ) filled  w ith  0.5 g ram s o f  silica /10%  AgNC>3, 

r in se d  w ith  1 m L  o f  DCM an d  e lu ted  w ith  8 m L  o f  
DCM. io  pL o f  in jec tio n  s ta n d a rd  diallyl p h th a la te  
(DAP) was added  a n d  th e  fin a l ex trac t was 

co n cen tra ted  to 250  pL.

O ne p ro ced u ra l b lan k  w as analyzed  w ith  each  
ex trac tion  se ries, s ta rtin g  w ith  th e  fa t ex traction .

D e t e c t i o n

i  pL -2  pL o f  ex tract w as in jec ted  o n -co lu m n  on 
a CPSÜ5CB (25111*0.25 m m  ID; 0.25 p m  film ) 
co lu m n  o n  a gas c h ro m a to g rap h  (F isons 8 0 0 0 )  

u s in g  m ass  selective de tec tio n  (MD 8 0 0 ) .  H e liu m  

w as u sed  as ca rr ie r  gas w ith  a c o n s ta n t gas flow  o f  
i  m L /m in u te . T he  in jec tio n  te m p e ra tu re  w as 250 
°C. T he  te m p e ra tu re  p ro g ram  sta rted  a t 6o°C



(o.5 m in ), a n d  w as p ro g ra m m e d  on  th e  basis o f  

2 0 ° C /m in  to io o °C , follow ed by io ° C /m in  to th e  

fin a l te m p e ra tu re  o f  2yo°C .

Io n iza tio n  occu rred  th ro u g h  e lec tro n  im p ac t (El) 

co n d itio n s  u s in g  70  eV. T he  in te rface  te m p e ra tu re  
w as 270°C  an d  th e  El sou rce  w as 250°C . T he 
co m p o n en ts  w ere  analyzed  in  S I R  m o d e  a t m /z  

163 fo r DM P a n d  m /z  149 fo r th e  o th e r p h th a la te s  

(m /z  167 fo r D4-DMP an d  m /z  153 fo r th e  o th e r 
d eu te ra ted  p h th a la te s  respectively).

T he  o ccu rren ce  o f  n in e  s ing le  iso m e r p h th a la te s  

w as reco rded . T h ese  in c lu d ed  d im eth y l p h th a la te  
(DMP*), d iethy l p h th a la te  (DEP*), d ip ropyl p h th a ­
late  (d p p ), d im ethy lp ropy l p h th a la te  (d m p P), di-n- 

bu ty l p h th a la te  (DBP*), bu ty lbenzy l p h th a la te  

(BBP*), dicyclohexyl p h th a la te  (DCHP), di(2-ethyl- 
hexyl) p h th a la te  (DEHP*) an d  di-n-octyl p h th a la te  
(DOP*). For th e  p h th a la te s  in d ica ted  w ith  a ‘* ’, a 

d eu te ra ted  p h th a la te  w as u sed  fo r quan tifica tio n  

a n d  co rrec tio n  o f  recovery. D iallyl p h th a la te  (DAP) 
w as u se d  as in jec tio n  s tan d ard .

Id en tifica tio n  a n d  q u an tifica tio n  w as done  on  th e  

basis  o f  re te n tio n  tim es , m ass selective detec tion  

a n d  p eak  area , w hereby  it is a s su m e d  th a t the  
re sp o n se  o f  th e  d eu te ra ted  p h th a la te s  co rre sp o n d s 

w ith  th e  n o rm a l p h th a la te s . All re su lts  a re  

co rrec ted  fo r th e  m e a n  value o f  th e  p ro ced u ra l 

b lan k s , analyzed  in  th e  sam e series. By q u an tifica ­
tio n  on  th e  d eu te ra ted  p h th a la te s , th e  values are  

d irectly  co rrec ted  fo r recovery  an d  fo r th e  o th e r 

p h th a la te s . Q u an tif ica tio n  is done  u s in g  ex te rna l 
s tan d a rd s  an d  co rrec tio n  fo r recovery.
T he  lin ea rity  o f  th e  in s tru m e n t is e s tab lish ed  over 

th e  ran g e  fro m  0.1 p g /m L - 25 pg /m L . T he  re ­

peatab ility  o f  th e  p ro ced u re  is be tw een  5 %  and  
i o  %.

F or each  series o f  ex trac tions, tw o p ro ced u ra l 

b lan k s w ere  analyzed  an d  th ese  b lanks w ere 

in jec ted  th ree  tim es d u rin g  each  series o f  sam ples; 
in s tru m e n ta l b lanks (solvents) w ere  also  analyzed  

to  m o n ito r  c o n ta m in a tio n  o f  th e  in s tru m e n t. T he 

p ro ced u ra l b lanks w ere  be tw een  0 .01 p g /L  an d  
0 .0 6  pg /L . T he  lim it o f  d e te rm in a tio n  (l.o.d.) was 
ca lcu la ted  fro m  th e  s tan d a rd  dev ia tion  o f  the

p ro ced u ra l b lanks a n d  m ay  d e m o n s tra te  a little  

varia tion  be tw een  d iffe ren t series o f  sam p les . 
D etec tion  lim its  in  aq u eo u s sam p les  varied  fro m  

0 .0 0 4 5  h g /L  to 0.035 h g /L  fo r DM P, fro m  0 .0 7  

p g /L  to  0 .7 6  p g /L  fo r DEP, fro m  0 .0 0 1 9  h g /L  to 
0 .0 5 0  p g /L  fo r DPP, fro m  0 .05 p g /L  to 0 .0 8 2  p g /L  
fo r DMPP, fro m  0 .0 6 6  p g /L  to 0.35 p g /L  fo r DBP, 

fro m  0.01 p g /L  to 0.015 h g /L  fo r BBP, fro m  
0.0031  p g /L  to 0 .0 0 8  p g /L  fo r DCHP, fro m  0 .0 9  

pg /L  to  0.25 p g /L  fo r DEHP an d  fro m  0 .0 0 2 0  

pg /L  to  0 .0 2 7  h g /L  fo r DOP. D etec tion  lim its  in  
se d im e n t a n d  su sp e n d e d  m a tte r  varied  fro m  1.27 

n g /g  d.w . to 2.32 n g  /g  d .w fo r  DMP, fro m  4 6  n g /g  

d.w  to 132 n g /g  d.w . fo r DEP, fro m  0.53 n g /g  d.w. 
to 4 .0  n g /g  d.w . fo r DPP, fro m  87 n g /g  d.w . to 
1390 n g /g  d.w . fo r DMPP, fro m  51 n g /g  d.w . to 

2 0 0 0  n g /g  d.w . fo r DBP, fro m  4.5 n g /g  d.w . to

20.3 n g /g  d.w . fo r BBP, fro m  1.6 n g /g  d.w . to 3.4 
n g /g  d.w . fo r DCHP, fro m  92 n g /g  d.w . to 454 
n g /g  d.w . fo r DEHP a n d  fro m  2.05 n g /g  d.w. 

to io .8  n g /g  d.w . fo r DOP. D etec tion  lim its  in  b io ta  

w ere  6 .7  n g /g  w .w. fo r DEP a n d  varied  fro m  0.14 
n g /g  w .w . to 1.85 n g /g  w .w . fo r DMP, fro m  0 .0 8  
n g /g  w .w . to 0 .4 2  n g /g  w .w . fo r DPP, fro m  0.71 

n g /g  w .w . to 410 n g /g  w .w . fo r DBP, fro m  0 .0 7  

n g /g  w .w . to 2 .76  n g /g  w .w . fo r BBP, fro m  0.16 
n g /g  w .w . to 0 .6 4  n g /g  w .w . fo r DCHP, fro m  2.2 
n g /g  w .w . to 2 .22 n g /g  w .w . fo r DEHP a n d  fro m  

0 .03 n g /g  w .w . to 52 n g /g  w .w . fo r DOP.

Results and discussion
W a s t e w a t e r

U n trea ted  m u n ic ip a l w astew ater co n ta in ed  h ig h  
levels o f  DEP (4 p g /L -4 4  pg/L ) an d  DEHP (3 p g /L  
-101 pg/L ) in  particu la r. T he  o th e r p h th a la te s  w ere 

in  th e  ran g e  below  1 p g /L  (DPP, DCHP an d  DOP) 

or below  io  p g /L  (for DMP, DMPP, DBP, BBP). 
DEP, DEHP, DMPP, DBP an d  BBP w ere  detec ted  
in  nearly  all sam p les  (see table  3.15). T he  h ig h e s t 

levels o f  p h th a la te s  w ere  fo u n d  in  m u n ic ip a l 

w astew ater fro m  a re s id en tia l area. T he  u n tre a te d  

w astew ater fro m  ANP (su m m er) also co n ta in ed  
rem ark ab ly  h ig h  co n cen tra tio n s  (see fig u re  3.16). 

Levels in  e fflu en t, i.e . a fte r  b io logical tre a tm e n t, 

w ere  low. M ost c o m p o n en ts  w ere  (far) below  th e  
i p g /L  level. Levels u p  to 2 p g /L  w ere  only  fo u n d  
fo r DEHP. In  one  e ff lu en t sam p le  fro m  EHV, a

3.5 .3 .



h ig h  co n cen tra tio n  o f  2 0  |dg/L o f  DMPP w as 

fo u n d , w h ile  th e  u n tre a te d  w astew ater only 

m e a su re d  5.4 |dg/L. T he  su sp e n d e d  m a tte r  from  
th e  e ff lu en t th a t w as analyzed  separa te ly  d id  n o t 

show  in c reased  co n cen tra tio n s  e ith er.

D e h p  (30 m g /k g  an d  6 0  m g /k g  d.w.), d e p  (factor 
100  low er) a n d  DOP co n cen tra tio n s  (0.3 m g /k g  
an d  2.5 m g /k g  d.w.) in  th e  su sp e n d e d  m a tte r  o f  

th e  e fflu en ts  o f  WST a n d  EHV w ere  above th e  l.o.d. 

In  sew age s ludge sam p les , p h th a la te s  w ere  fo u n d  
in  co n cen tra tio n s  u p  to 15 m g /k g  d.w . fo r DEP, 
DMPP an d  DBP an d  2 0  m g /k g  to 50 m g /k g  d.w. 

fo r DEHP.

W astew ater has b een  in v es tiga ted  in  several 

Sw edish  p ro jec ts . Levels in  m u n ic ip a l w astew ater 
w ere  in  th e  sam e  ran g e  as in  th is study, i.e. 
be tw een  0.1 p g /L  a n d  30 pg /L , w ith  h ig h e r  levels 

u p  to 2 7 0  p g /L  fo r DEHP. In  e fflu en ts  o f  w aste ­

w ater tre a tm e n t p lan ts , levels w ere  com parab le  to 
th o se  observed  in  th e  p re s e n t study, i.e. below  3 
p g /L  fo r each  p h th a la te  [Paxéus, 1999].

Rainwater and drinking w ater

Levels in  ra in w a te r varied  fro m  th e  lim it o f  de tec­
tio n  to  1.7 p g /L  fo r DEHP in  HVY. Levels w ere  in  

th e  sam e ran g e  as in  su rface  w aters.

T he  co n cen tra tio n  o f  p h th a la te s  in  m u n ic ip a l 
w astew ater w as h ig h e r  th a n  in  in d u s tr ia l w aste ­

w ater. For exam ple, DEP w as fo u n d  in  all sam p les 

o f  u n tre a te d  m u n ic ip a l w astew ater in  th e  ran g e  o f  
4.1 p g /L  to 23 p g /L  w ith  a m e d ia n  value o f  13 pg /L . 
In  u n tre a te d  in d u s tr ia l w astew ater, DEP was 

fo u n d  in  levels above l.o .d . u p  to  5.2 p g /L  in  only 

h a l f  o f  th e  sam p les w ith  a m e d ia n  o f  4 .8  pg /L . T he 
sam e  can  be  co nc luded  fo r DEHP an d  th e  o th e r 
p h th a la te s  (see fig u re  3.17).

Levels in  d rin k in g  w a te r in  th e  N e th e rlan d s  w ere 
invariab ly  rep o rted  as low  (betw een  0 .01 p g /L  an d  

0.5 pg/L ) [G h ijsen  an d  H o o g en b o ezem , 2 0 0 0 ]. 

Several co m p o u n d s  (DMP, DEP, DPP, DCHP and  
DOP) w ere  n o t de tec ted  a t all. T he  p u rifica tio n  
process in  d rin k in g  w a te r p ro d u c tio n  is seem ing ly  

h igh ly  e ffic ien t in  rem o v in g  p h th a la te s  fro m  

su rface  w ater. T h ese  levels co rre sp o n d  w ith  
c o n cen tra tio n s  fo u n d  in  Sw edish  d rin k in g  w ater 

[B ergstedt et al., 1999].

In  a few  u n tre a te d  in d u s tr ia l w astew ater sam p les  
(ITR, INT), DEHP an d  DMPP w ere  detec ted  in  
h ig h  c o n cen tra tio n s . T h is w as re la ted  to th e  in d u s ­

tr ia l p rocess o f  th e  specific com pany . H ow ever, in  

th e  e ff lu en t o f  CHF, a p h th a la te  m an u fa c tu re r, 
very low  co n cen tra tio n s  w ere  detec ted  in  th e  
tre a ted  e ffluen t.

B iological w astew ater tre a tm e n t p lan ts  seem  to 
be  h ig h ly  e ffic ien t in  rem o v in g  p h th a la te s . Levels 
in  e fflu en ts  a re  o f  co m p arab le  co n cen tra tio n s  as 

th e  su rface  w aters in  w h ich  th e  e fflu en ts  are  

d ischarged .

T 3 .1 5  C o n c e n t r a t i o n  r a n g e s  a n d  m e d i a n s  o f  t h e  p h t h a l a t e s  DEP, 

D M PP , DBP, D EH P in m u n i c ip a l  a n d  in d u str ia l  w a s t e w a t e r  

(pg/L)-  M edian  values have b ee n  ca lcu la ted  from  sam ples w ith  

co n cen tra tions  > l.o .d . T he n u m b e r  o f  sam ples w ith  a co ncen tra tion  

above l.o .d . is g iven in  p aren th ese s .

Surface water

T ypical levels fo r p h th a la te s  in  su rface  w aters 
varied  be tw een  l.o .d . a n d  1 |dg/L. C o n cen tra tio n s  

o f  p h th a la te s  in  m a r in e  w aters w ere  o f  th e  sam e 

o rd e r o f  m a g n itu d e  as in  fre sh w a te rs . In  genera l, 
p h th a la te  levels in  su rface  w aters w ere  low  and  
w ere  fo u n d  th ro u g h o u t th e  N e th e rlan d s  (see 

figu res 3.18 to 3.22).

D e h p  w as th e  m o s t a b u n d a n t p h th a la te . Dmp ,  
DPP, DCHP an d  DOP w ere  only fo u n d  in  low  

co n cen tra tio n s  (less th a n  0 .2  |dg/L). DEP, DMPP, 

DBP, BBP an d  DEHP w ere  fo u n d  in  a b ro ad er 
ran g e  o f  c o n cen tra tio n s . O n  occasion, relatively 
h ig h  levels w ere  fo u n d  fro m  2 |dg/L to 5 |dg/L. 

Levels o f  DMPP, DBP, BBP an d  DEHP a t BVW in  

p a rticu la r w ere  on  th e  h ig h  e n d  in  sp ring .

C om partm ent Total number  

o f  s a m p les

Concentrat ion

range Median

Concentrat ion

range Median

Concentration

range Median

Concentrat ion

range Median

Untreated municipal w a s t e  water  

Municipal ef fluent  

Untreated industrial w a s t e  water  

Industrial ef fluent

12

9

6

4

< 4.1 - 4 4

< 0 . 3 - 0 . 9

< 0 .4  -  5.2

< 0 .2  -  2.6

13  (12) 

0 .8  (6) 

4 .8  (3) 

1.4 (2)

1 . 9 - 1 5

< 1 . 0 - 2 0

< 0 . 7 - 4 0 5

< 0 .7  -  1 .9

5 .0  (12)  

0.7  (4) 

82  (4) 

1 . 3 ( 4 )

< 0 . 4 - 5 1

< 0 .4  - 0 . 8

< 0 .7  -  21

< 0 .7  -  1.4

3.7  (11) 

0 .3  (3) 

2.4  (5) 

1 .0  (2)

< 1 3 - 1 0 1

< 0 .5  -  2.4  

7.0  -  1 4 9 8

1 . 0 - 9 . 2

32 (12)  

1 .5  (7) 

39  (6) 

4 .8  (4)



untreated w astew ater  

efflu en t STP

H  H W
2

AML ANP
location  m unicipal w a stew a ter

3 0

|ig /L
25

DEP

I - M

■ untreated

■ treated

1
INT ZKH CHH RWO

location  industrial w a stew a ter

3 0

gg/L DMPP ■ untreated w astew ater

■ effluent STP

2 3 1 2
AML ANP

location  m unicipal w a stew a ter

DBP ■ effluent STP

1 3 1 2 3 1 2 3 1 3 1 3

gg/L
25

20

15

3 0

gg/L

25

1

DMPP ■ untreated

■ treated

1
IDA IT

1
R INT

1 3 1 
ZKH CHH 

location  industrial w a stew a ter

3
RWO

1 3 1 
CHM CHF

DBP ■ untreated

■ treated

. 1 I. I . ■  ■  -
1 1 1 

IDA ITR INT
1 3 

ZKH
1

CHH
3

RWO
1 3 1 
CHM CHF

location  m unicipal w a stew a ter loca tion  industrial w a stew a ter

■ untreated w astew ater

■ effluent STPBBP

1 3 1 2 3 1 3 1 31 2 3
AML ANP

location  m unicipal w a stew a ter

3 0

gg/L BBP

1 1 1 1 3  1 3
IDA ITR INT ZKH CHH RWO

location  industrial w a stew a ter

■ untreated

■ treated

1 3 
CHM

1
CHF

DEHP ■ efflu en t STP

1 31 2 31 3 1 2 3 1 3
AML ANP

location  m unicipal w a stew a ter

150

gg/L
1 25

DEHP ■ untreated

■ treated

1 1 i i . ■  ■
1

IDA
1

ITR
1 3  1 3 1 3  1

ZKH CHH RWO CHM CHF
location  industrial w a stew a ter

F 3.16 Occurrence of the phthalates diethyl phthalate, dimethylpropyl phthalate, F 3.17 Occurrence of the phthalates diethyl phthalate, dimethylpropyl phthalate,

di-n-butyl phthalate, butylbenzyl phthalate and di(2-ethylhexyl) phthalate di-n-butyl phthalate, butylbenzyl phthalate and di(2-ethylhexyl) phthalate in

in untreated municipal wastewater and STP effluent. untreated industrial wastewater and effluent of biological treatment plants.

©



F3.18 Dimethyl phthalate (DMP) in surface water
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F3.19 D im ethy lp ropy l p h th a la te  (DMPP) in su r face  w a te r
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F3.20 D i-n-butyl p h th a la te  (DBP) in su r face  w a te r
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F3.21 Butylbenzyl p h th a la te  (BBP) in su r face  w a te r
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F3.22 Di (2 -ethylhexyl) p h th a la te  (DEHP) in su r face  w a te r
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F 3.18 Occurrence o f dim ethyl phthalate in surface water.

F 3.19 Occurrence o f dimethylpropyl phthalate in surface water.

F 3 .20  Occurrence o f di-n-butyl phthalate in surface water.

F 3.21 Occurrence o f butylbenzyl phthalate in  surface water.

F 3.22 Occurrence o f di(2-ethylhexyl) phthalate in surface water. 

Locations are arranged according to river basin.

N um bers o f  the locations correspond to the num bers in  the map.

DMP ■ BBP

■ DEP «DCH P
■ DPP ■ DEHP
■ DMPP ■ DOP 

□ DBP

LL
R hine I M eu se  I S ch eld t

m ed ian  I m ed ian  I m edian

F 3 .23  Median phthalate concentrations in  surface w ater in  the rivers Rhine, 

Meuse and  Scheldt.

T he re su lts  co rre sp o n d  w ell w ith  e a rlie r  m e a s u re ­
m e n ts  reco rd ed  in  th e  N e th e rlan d s  in  1997 

[Jonker, 1998]. T h is data  reco rds sligh tly  h ig h e r  

levels, especially  fo r D E H P ,  since  w ate r sam p les  
w ere  n o t filte red  befo re analysis. T he  c u rre n t 
re su lts  also co rre sp o n d  w ell w ith  co n cen tra tio n s 

fo u n d  in  su r ro u n d in g  c o u n tr ie s , in c lu d in g  

G erm any , D en m ark  an d  Sw eden  (from  l.o .d . to 

0 .4  p g /L  fo r D E H P )  in  su rface  w a te r [F u rtm an n , 

1 9 9 9 ; V ikelsoe, 1 999 ; R em berge r, 1999].

No d ifference  w as fo u n d  be tw een  th e  th re e  rivers 
R h ine , M euse  a n d  S cheld t w ith  re sp ec t to p h th a ­
late  co n cen tra tio n s ; m o s t co m p o n en ts  w ere  below  

0 .6  pg /L , w ith  exceptions to 2 .4  p g /L  ( K E l ) .  T h ere  

w as no  d isce rn ib le  tre n d  in  th e  d iffe ren t tim e  
periods.

H ow ever, th e  p a tte rn  o f  th e  in d iv id u a l p h th a la te s  

is so m ew h a t d iffe ren t in  th e  th ree  rivers as can  be 
seen  in  fig u re  3.23. M ore d im eth y lp ro p y lp h th a la te  
( D M P P )  w as fo u n d  in  th e  river M euse , w h ich  m ay  

be  th e  re s u lt o f  a d iffe ren t sou rce  o f  p h th a la te s

S u s p e n d e d  m a t t e r  a n d  s e d i m e n t

All p h th a la te s  w ere  fo u n d  in  a b ro ad  ran g e  o f  

co n cen tra tio n s  in  su sp en d ed  m a tte r , w ith  D M P P ,  

D B P ,  B B P ,  D C H P  a n d  D O P  in  th e  low er ran g e  
fro m  l.o .d . to 41 0 0  n g /g  dry  w eig h t a n d  th e  o th e r 
p h th a la te s  in  th e  ran g e  to several th o u sa n d s  o f  

n g /g  (see figu res 3.24 to 3.35). Levels in  su sp e n d e d  

m a tte r  in  seaw ater w ere  o f  th e  sam e  o rd e r o f  

m a g n itu d e  as in  su sp en d ed  m a tte r  in  fre sh w ate r 
bodies.



In  sam p les  o f  su sp e n d e d  m a tte r , DEHP w as 

fo u n d  in  a lm o s t all sam p les in  co n cen tra tio n s  up  

to  1 9 ,0 0 0  n g /g  dry w eigh t. T h is m akes DEHP th e  
m o s t co m m o n ly  occu rrin g  ph th a la te .

M ax im u m  co n cen tra tio n s  o f  DEHP o f  1 9 ,0 0 0  

a n d  14,500 n g /g  dry  w e ig h t w ere  fo u n d  in  IJM, 
a n d  EYS, respectively . H ig h  DEHP co n cen tra tio n s  
w ere  also  fo u n d  in  DOM (sp ring  a n d  fall), HAR 

(su m m er), AMS (spring), VRO (fall), SOD (all 

p e riods), TER (all periods) a n d  in  HAM (su m m er). 
T he  h ig h e r  DMP co n cen tra tio n s  w ere  fo u n d  in  
LOB (su m m er), BVW (fall) a n d  DAN (fall), SOD 

(su m m er) a n d  IJM (su m m er). T he  h ig h e s t levels 

o f  DPP w ere  fo u n d  in  LOB (su m m er) a n d  SOD 
(su m m er).

A rem ark ab le  co n c lu s io n  fro m  c o m p arin g  p h th a ­

la te  co n cen tra tio n s  in  su sp e n d e d  m a tte r  a t th e  
d iffe ren t sam p lin g  sites a long  th e  rivers R hine, 
M euse  an d  S cheld t is th a t DEHP co n cen tra tio n s  in  

th e  river R h ine  (m ed ian  co n cen tra tio n  3 ,0 0 0  n g /g  

d.w.) w ere  far low er th a n  in  th e  rivers M euse 
(m ed ian  co n cen tra tio n  10,313 n g /g  d.w.) an d  
S cheld t (m ed ian  co n cen tra tio n  6 ,8 0 8  n g /g  d.w.) 

(see fig u re  3.36). M ore p o la r p h th a la te s  occu r in  

th e  river Scheldt, especially  DMP, DEP a n d  DPP, 
th a n  in  th e  o th e r rivers. In  th e  river R hine, these  
co m p o n en ts  w ere  only  fo u n d  a t LOB. It is su rp r is ­

in g  th a t th e se  m o re  p o la r co m p o n en ts  w ere  n o t 

fo u n d  in  th e  co rre sp o n d in g  su rface  w aters .

T ypical levels in  sieved se d im e n t w ere  in  th e  low er 

ran g e  o f  < 1.6 n g /g  d.w . to 1 ,700 n g /g  d.w . fo r 

DMPP,  DBP, BBP, DCHP a n d  DOP. T he  o th e r 
p h th a la te s  w ere  fo u n d  in  a b ro ad  ran g e  o f  co n cen ­
tra tio n s  u p  to 7 ,6 0 0  n g /g  d.w . In  g en era l, th e  

co n cen tra tio n s  o f  p h th a la te s  in  se d im e n t w ere 

low er th a n  in  su sp e n d e d  m a tte r .

H ig h  levels in  se d im e n t w ere  fo u n d  a t DOM 

(DEHP an d  DBP), HAR, BOR (DEHP),  MAA 

(DEHP),  SOD (DEHP),  AMS (DMP, DEP, DPP, 

DMPP an d  DEHP),  HAM (DMP, DEP, DPP), LOB, 
DAN (DMP).

As in  all o th e r co m p a r tm e n ts , DEHP w as also 

th e  m o s t a b u n d a n t p h th a la te  in  se d im e n t w ith  a 

m a x im u m  o f  7 ,6 0 0  n g /g  dry  w e ig h t o f  DEHP in  
DOM.

In  Sw edish  sed im en t, DEHP co n cen tra tio n s  w ere 

ab o u t one  o rd e r o f  m ag n itu d e  h ig h e r  th a n  o th e r 

ph th a la te s  w ith  levels o f  5 0 -8 0 0  n g /g , w ith  th e  
low er ran g e  fro m  10 -4 0 0  n g /g  fo r re fe ren ce  

lakes an d  th e  h ig h e r  levels c lose to  m a jo r cities 

[R em berger, 1999 ]. In  a D an ish  fjord , com parab le  
co n cen tra tio n s  w ere  fo u n d  fro m  100  -1 ,2 0 0  n g /g  

[V ikelsoe, 1999].

Biota

Levels in  fish  show ed  large varia tions w ith  re sp ec t 
to type o f  fish  an d  loca tion  (see figu res  3.37 and  

3.38). C o n cen tra tio n s  in  b ream  (A bram is brama) 

w ere  h ig h e r  th a n  in  f lo u n d e r  (Platichthysflesus) 
on  a w et w eig h t b a s is . In  b ream , DEP a n d  DEHP 
in  p a rticu la r w ere  fo u n d , w ith  low er levels o f  th e  

o th e r co m p o n en ts . H ig h  levels w ere  fo u n d  at 

DOM (DEHP),  VRO (DEP, DBP an d  DEHP),  LOB 
(DEP, DEHP),  EYS (DEP, BBP an d  DEHP) an d  
AMS (DEP, DEHP).

For  f l ounder ,  the  h igh e r  concent r a t ions  were  
also fo un d  at  VRO (DEHP,  DEP) and AM S (DEP, 
DEHP).

M ussels (Dreissena polym orpha  an d  M ytilus edulis) 
show ed  a d iffe ren t p a tte rn  w ith  re sp ec t to p h th a ­
la tes. In  m u sse ls , DBP w as th e  m o s t co m m o n  

co m p o n e n t w ith  levels fro m  30 to 1 ,9 0 0  n g /g  w et 

w eigh t. H ig h  co n cen tra tio n s  w ere  fo u n d  a t NWK, 
SPL, KOU, BER, VRO a n d  DOM (see fig u re  3.39).

T h e re  is little  com parative  data  fo r b io ta  because  

ch em ica l analysis in  b io ta  is h ig h ly  com plex. In  a 
C an ad ian  study, levels in  m a r in e  fish  a n d  m u sse ls  
in  a p o rt w ere  fa r  low er (from  l.o .d . u p  to 50 n g / 

n g  DEHP o n  w et w eig h t basis as th e  h ig h e s t level) 

th a n  levels fo u n d  in  th e  p re s e n t study. H ig h  

levels w ere  fo u n d  in  algae fo r DBP (63 n g /g ) , BBP 

(105 n g /g ) an d  DEHP (1,833 n g /g) [Ikonom ou , 

z9 9 9 ]-

In  th e  rivers R h ine  an d  M euse , only  DEP and  
DEHP w ere  fo u n d  in  h ig h e r  co n cen tra tio n s  in  

b ream  (figure 3 .40). T he  re su lt fo r DEP is 

rem ark ab le  because  it  w as n o t fo u n d  in  w ater 

a n d  su sp e n d e d  m a tte r . T h is  m ay  be th e  re su lt o f  
m e tab o lism  in  th e  fish . D e h p  co n cen tra tio n s  in
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F3.24 D im ethyl p h th a la te  (DMP) in s u s p e n d e d  m a t te r
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Dim ethyl p h th a la te  (DMP) in s e d im e n t
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Diethyl p h th a la te  (DEP) in s u s p e n d e d  m a t te r
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Diethyl p h th a la te  (DEP) in s e d im e n t
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F3.28 Dipropyl p h th a la te  (DPP) in s u s p e n d e d  m a t te r
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F3.29 Dipropyl p h th a la te  (DPP) in s e d im e n t
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i Butylbenzyl p h th a la te  (BBP) in s u s p e n d e d  m a t te r

N o r t h  S e a

Ems Dollard \W adden  I Sea

3 0

Lakei IJssel

2 6

N o r th  S ea  C a n a l

R h in e

M e u s e

4 0  2 9

W estern  S ch e ld t  _
R h in e

S c h e ld t

Northern Region
ng/g dry w e ig h t

Canal Ems DollardLake W adden  Sea
K oudevaart B erqum erm eer

5 4  53
D a n tz ig g a t  B och t van  W atum  

3 4  33

Rhine
4 0 0
n g /g
3 5 0

3 0 0

2 5 0

200

1 50

100

dry w e ig h t

Rhine
Lobith

27

100 0  130 0  650

N ew  W aterw ay N ew  W aterw ay North Sea Canal North Sea Canal 
M aasslu is Splitsingsdam  A m sterdam  IJmuiden

2 8  3 9  21 2 6

IJssel
n g /g dry w e ig h t

W adden  SeaLake IJssel
V rouw enzand

Meuse
4 0 0
n g /g  dry w e ig h t  
3 5 0

M eu se
Eijsden

2 4

D om m el
u p s tre a m

D om m el H arin g v lie t
3 H aring v lie ts lu izen

Scheldt
4 0 0
n g /g  dry w e ig h t  
35 0

2 5 0

200

150
100 I

50 I
o

S c h e ld t W e s te rn  S c h e ld t W e s te rn  S ch e ld t E aste rn  S ch e ld t
S c h a a r  V O u d e n  D oei T ern eu zen  V liss ingen  H am m en

2 9  4 0  41 35



331 Butylbenzyl p h th a la te  (BBP) in s e d im e n t
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F3.32 Di( 2 -e thylhexyl) p h th a la te  (DEHP) in s u s p e n d e d  m a t te r
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F3.33 Di( 2 -ethylhexyl) p h th a la te  (DEHP) in s e d im e n t
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F3.34 Di-n-octyl p h th a la te  (DOP) in s u s p e n d e d  m a t te r
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F3.35 Di-n-octyl p h th a la te  (DOP) in s e d im e n t
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337 Diethyl p h th a la te  (DEP) in fish
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F3.38 Di( 2 -ethylhexyl) p h th a la te  (DEHP) in fish
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F3.39 D i-n-butyl p h th a la te  (DBP) in m usse l
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F 3.39 Occurrence o f  di-n-butyl phthalate in zebra m ussel (green) and  blue 

m ussel (blue). Locations are arranged according to river basin. 

Num bers o f the locations correspond to the num bers in the m ap.

b re a m  w ere  h ig h e r  in  th e  river M euse  th a n  in  th e  
riv er R h ine . T h is  co rresp o n d s  w ith  th e  co n cen tra ­
tio n s  in  su sp e n d e d  m a tte r .

T h ere  is no  c lea r co rre la tio n  in  levels o r p a tte rn s  
o f  th e  d iffe ren t p h th a la te s  in  b io ta  an d  su sp en d ed  
m a tte r  o f  th e  sam e  location . H ow ever, it  is clear 

th a t DEP levels in  b io ta  w ere  elevated  in  co m p ari­

so n  to  th e  o th e r c o m p o n en ts . D e H P has th e  
h ig h e s t levels, b u t n o t in  th e  sam e  o rd e r o f  m a g n i­
tu d e  as fo u n d  in  su sp e n d e d  m a tte r .

ng/g  w w

Rhine M euse
m edianm edian

DMP ■ BBP 

I DEP ■  DCHP 

DPP ■ DEHP 

■ DMPP ■ DOP 

DBP

F 3.40 M edian phthalate concentrations in biota in  the rivers Rhine and  Meuse

3 .5.4  Highlights
•  P h th a la te  co n cen tra tio n s  in  u n tre a te d  m u n ic ip a l 

w astew ater seem  to be h ig h e r  th a n  in  th e  selected  

u n tre a te d  in d u s tr ia l w astew a te r sam p les .
•  In  a few  u n tre a te d  in d u s tr ia l w astew ater 
sam p les , DEHP an d  DMPP w ere  detec ted  in  h ig h  

co n cen tra tio n s . T h is w as re la ted  to th e  in d u s tr ia l 

p rocess  o f  th e  specific com pany .
•  B iological w astew ater tre a tm e n t p lan ts  ap p ea r to 
be  h igh ly  e ffic ien t in  rem o v in g  p h th a la te s . Even in  

th e  e ff lu en t o f  a p h th a la te  m an u fa c tu re r , very low  

co n cen tra tio n s  w ere  detec ted  in  th e  trea ted  e fflu ­

en t.
•  Levels o f  p h th a la te s  in  e ff lu en t w ere  com parab le  

to  th o se  in  su rface  w ater.

•  Levels in  m u n ic ip a l w astew ater in  Sw eden are  o f  
th e  sam e  o rd e r o f  m a g n itu d e  as th o se  fo u n d  in  th e  
p re s e n t study.

•  Levels in  su rface  w ate r w ere  low. DEHP w as th e  

m o s t a b u n d a n t p h th a la te . Levels o f  DMP, DPP, 
DCHP a n d  DOP w ere  alw ays very low.
•  Levels in  su rface  w ate r w ere  co m p arab le  to 

co n cen tra tio n s  fo u n d  in  o th e r E u ropean  co u n trie s  

(G erm any , D en m ark  an d  Sw eden).
•  Levels o f  a lm o s t all p h th a la te s  in  ra in w a te r w ere 
in  th e  sam e  ran g e  as su rface  w aters .

•  In  su sp e n d e d  m a tte r , all p h th a la te s  w ere  fo u n d  

in  a b road  ran g e  o f  co n cen tra tio n s  w ith  DMPP, 
DBP, BBP, DCHP an d  DOP in  low er co n cen tra ­
tio n s  th a n  th e  o th e r p h th a la te s . H e re  also , DEHP

(S)



w as th e  m o s t co m m o n  p h th a la te . T he  la tte r  w as 

also  rep o rted  in  Sw eden  a n d  D enm ark .
•  P h th a la te  co n cen tra tio n s  w ere  com p arab le  in  
th e  th ree  rivers R hine, M euse  a n d  Scheldt. D e H P 

co n cen tra tio n s  in  su sp en d ed  m a tte r  in  th e  R hine 

w ere  low er, how ever, th a n  in  th e  rivers M euse  an d  
Scheldt.
•  T he  p a tte rn  o f  th e  in d iv id u a l p h th a la te s  w as 

so m ew h a t d iffe ren t in  th e  th re e  rivers. In  th e  

M euse , m o re  DMPP w as fo u n d  in  su rface  w ater, 
a n d  in  th e  river Scheld t m o re  p o la r p h th a la te s  
occu rred  in  su sp e n d e d  m a tte r , especially  DMP, 

DEP an d  DPP, th a n  in  th e  o th e r rivers.

•  Levels in  b io ta  show ed  large varia tions in  type o f  
o rg a n ism  a n d  location . For fish , DEP a n d  DEHP 
w ere  th e  m o s t a b u n d a n t co m p o u n d s . D BP w as the  

m o s t co m m o n  co m p o u n d  in  m u sse l.

•  In  th e  p re s e n t study , levels in  m a r in e  fish  an d  
m u sse ls  in  a h a rb o r  w ere  fa r h ig h e r  th a n  levels 
fro m  a C an ad ian  study.

T 3 .1 6  C o n c e n tr a t io n  r a n g e s  a n d  m e d ia n s  o f  p h th a la te s  in

v a r io u s  e n v ir o n m e n ta l  c o m p a r tm e n t s .  M edian  values have 

been calculated from samples with concentration > l.o.d. The number 

of samples with concentration > l.o.d. is given in parentheses.

3.6  Polybrominated diphenyl 
ethers, polybrominated 
biphenyls

3.6.1 Chemical information
P o lyb rom ina ted  b ipheny ls  (PBBs) a n d  P o lyb rom i­

n a ted  d ipheny l e th e rs  (PBDE s) a re  b ro m in a ted  

aro m atic  h y d rocarbons th a t a re  u sed  as flam e 

re ta rd an ts . F lam e re ta rd an ts  are  chem ica ls  th a t are 
ad d ed  to  po lym ers u se d  in  a w ide ran g e  o f  m a te r i­

als su c h  as e lec trical a n d  e lec tron ic  eq u ip m e n t, 

pa in t, textiles (particu larly  in  office bu ild ings) an d  

in  cars a n d  a irc ra ft to p rev en t th e m  fro m  ca tch ing  
fire  [Seilström , 1996]. PBBs are  fo rm ed  by su b s ti­

tu tin g  h y d rogen  by b ro m in e  in  b ip h en y l [W orld 

H ea lth  O rg an iza tio n , 1994b]. In s tead  o f  b ipheny l, 
d ip h en y le th e r is u sed  in  th e  b ro m in a tio n  to 
PBDE s [W orld H ea lth  O rg an iza tio n , 1994a].

P b b  s m a n u fa c tu re d  in  th e  early  ’70s fo r c o m m e r­
cial u se  co n sis ted  m a in ly  o f  hexa-, octa-, nona-, 
an d  d ecab rom ob ipheny l. T hey  w ere  developed as 

flam e re ta rd an ts  as they  m e t flam e res is tan ce  

p e rfo rm an ce  re q u ire m e n ts , econom ic  feasib ility

Total num ber C oncentration M edian n C oncentration M edian n C oncentration M edian

o f sam p les (n) range range range

STP efflu en ts  (pg/L) 9 < 0 . 0 0 3 - 0 .3 2 0 .17 (2) 9 < 0 .91  - 0 .9 3 0 .8 4 (3) 9 < 0.001  - 0.022 0 .0 1 5 (4)
Rain w ater (pg/L) 3 0 . 0 0 8 - 0 .0 1 8 0.012 (3) 3 0 . 2 4 - 0 . 4 3 0 .3 4 (3) 3 < 0 .0 5 - (0 )
Surface w aters (pg/L) 87 < 0 . 0 0 4 5 - 0 .1 9 0 .0 1 7 (60) 87 < 0 .0 7  -  2 .3 0 .4 3 (24) 87 < 0 .0 0 1 9 - 0 .0 0 8 0 .0 0 6 (7)
S u sp en d ed  m atter (n g /g  dw ) 51 < 1 .3  -  1 6 0 0 0 224 (43) 50 < 4 6  -  269 2 37 32) 51 < 0 .5 3  -  1 3 0 0 0 1 5 0 0 (29)
S ed im en ts (n g /g  dw) 21 1 .27  -  2 5 0 0 14 (20 ) 16 < 6 5  -  1 2 0 0 1 33 (15) 21 < 0 .5 3  -  180 0 3 00 (12)

F ishes (m u scle) (n g /g  w w ) 37 < 0 . 1 9 - 5 . 4 1.1 (16) 16 < 6 .7  -  3 20 64 (14) 37 < 0 .0 8  -  15 1.7 (23)

M u sse ls  (w h o le  body) (n g /g  w w ) 12 < 0 .1 4  -  3 .8 0.81 (12 ) 12 1 1 - 9 2 71 (12 ) 12 < 0 . 1 6 - 0 . 9 6 0 .2 3 (5)

STP efflu en ts  (pg/L) 9 < 1 .0 3  -  20 0 .7 0 (4) 9 < 0 . 4 - 0 . 8 4 0 .3 0 (3) 9 < 0 . 0 7 - 0 . 2 9 0 .0 7 (7)
Rain w ater (pg/L) 3 0 . 3 8 - 0 . 5 3 0 .42 (3) 3 0 . 2 8 - 0 . 8 8 0.41 (3) 3 0 . 1 4 - 0 . 2 6 0 .1 6 (3)
Surface w aters (pg/L) 87 < 0 .0 5  -  2 .4 0 .3 8 (75) 87 < 0 .0 6 6  -  3.1 0 .2 5 (81) 87 < 0.010  -  1.8 0 .0 7 7 (83)

S u sp en d ed  m atter (n g /g  dw ) 51 87  -  920 180 (24) 51 < 51 - 4 1 0 0 98 (21 ) 51 < 4 .5  -  3 0 0 0 42 (32)

S ed im en ts (n g /g  dw) 21 < 4 0 0 -  1 7 0 0 250 (3) 21 34 -  1 0 0 0 3 90 (3) 21 < 4 . 5 - 6 0 14 (12)

F ishes (m u scle) (n g /g  w w ) 0 X X (0 ) 27 < 0 .71  -  150 31 (14) 37 < 0 .2 2 - 9 .1 4 .2 (16)

M u sse ls  (w h o le  body) (n g /g  w w ) 0 X X (0 ) 11 30  -  1 9 0 0 3 65 (12 ) 12 < 0 . 0 7 - 5 6 16 (9)

STP efflu en ts  (pg/L) 9 < 0 .0 0 2  - 0 .0 1 7 0 .0 1 6 (2) 9 < 0 .4 7  -  2.4 1 .5 0 (7) 9 < 0 .0 0 2  - 0 .0 1 9 0 .0 1 3 (4)
Rain w ater (pg/L) 3 < 0.8 - (0 ) 3 0 .6 9  -  1.7 0 .7 7 (3) 3 0 .0 3 8 - 0 .2 5 0 .041 (3)
Surface w aters (pg/L) 87 < 0 .0 0 3 1 - 0 .0 6 0 0 .0 0 7 6 (29) 87 < 0 . 9 0 - 5 . 0 0 .3 2 (81) 87 < 0 .0 0 2 0 - 0 .0 7 8 0 .0 1 5 (24)

S u sp en d ed  m atter (n g /g  dw ) 51 < 1 .6  -  1 3 0 0 41 (24) 51 < 92  -  1 9 0 0 0 3 4 0 0 (46) 51 < 2 .0 5  -  7 40 90 (37)

S ed im en ts (n g /g  dw) 21 < 1 .6 - 1 1 3 .9 (4) 21 < 1 2 3  -  7 6 0 0 6 0 0 (19) 21 < 2 . 0 5 - 5 5 11 (13)

F ishes (m u scle) (n g /g  w w ) 37 < 0 .2 2  -  39 6 .3 (20 ) 16 < 2 .2  -  1 5 0 0 72 (15) 37 < 0 .0 3  -  71 1 .9 (19)

M u sse ls  (w h o le  body) (n g /g  w w ) 14 < 0 .1 6  -  7 .2 1.2 (5) 17 < 2 . 2 - 4 0 0 82 (10 ) 12 < 0 .0 3  -  11 3 .5 (12 )

* v a l u e  is b e t w e e n  l . o . d .  a n d  l .o .q . -  n o  m e d i a n ,  a ll v a l u e s  b e lo w  l .o .d . X n o  r a n g e  a n d  n o  m e d ia n ,  b e c a u s e  t h e r e  w e r e  n o  a n a l y s e s  o f  t h i s  c o m p o u n d

0



fac to rs, an d  h a d  m in o r  im p a c t on  th e  flexibility  o f  

th e  base  co m p o u n d s . PBBs cam e to th e  a tten tio n  
o f  th e  pub lic  in  1974, w h en  it w as d iscovered  
th a t ab o u t 1 ,0 0 0  p o u n d s  h ad  b een  acciden tally  

su b s titu te d  fo r m a g n e s iu m  oxide as an  additive 

in  cattle  feed  in  M ich igan  in  1973. A fte r th is ,
PBB p ro d u c tio n  d ecreased  sligh tly  [W orld H ea lth  
O rg an iza tio n , 1994b]. D ecab ro m o b ip h en y l (BB 

2 0 9 ) a n d  possib ly  o th e r PBBs are  still p ro d u ced  

co m m erc ia lly  b u t a lte rna tive  chem ica ls  have b een  

in tro d u ced  to rep lace  th e m  as flam e re ta rd an ts , 
in  p a rticu la r PBDE s. O f th e  PBDE s, only 

p ro d u c ts  based  on  pen ta-, octa- an d  decabro- 

m o d ip h e n y le th e r a re  o f  co m m erc ia l in te re s t 
[W orld H ea lth  O rg an iza tio n , 1994a]. T he  p ro d u c ­
tio n  o f  PBDE s h as in c reased  since  th e  en d  o f  

1970 [W orld H ea lth  O rg an iza tio n , 1994a].

B ro m in a ted  d ip h en y le th e rs  (PBDE s) a re  b e in g  
m e a su re d  in  a g row ing  n u m b e r  o f  en v iro n m en ta l 

labo ra to ries  w orld-w ide. T he  n u m b e r  o f  co n g en ers  

fo u n d  in  en v iro n m e n ta l sam p les is fa r low er th a n  

is th e  case fo r PCBs, s ince  th e  th re e  tech n ica l 
PBDE m ix tu res , k n o w n  co m m erc ia lly  as th e  

P enta-m ix , O cta-m ix a n d  D eca-m ix, each  co n sis t 

o f  a lim ited  n u m b e r  o f  co n g en e rs . T he  Pen ta-m ix  
co n sis ts  o f  33.7% tetraB D E, 54 .6%  pentaB D E an d  
11.7% hexaBDE, w h ils t th e  O cta-m ix co n ta in s  5.5% 

hexaBDE, 42% heptaB D E , 36%  octaBDE, 13.9% 

nonaB D E a n d  2.1% decaBDE. DecaBDE co n ta in s 

3% nonaB D E an d  97%  decaBDE. T he  m a in  PBDE s 
rep o rted  fro m  e n v iro n m e n ta l sam p les are  

2 ,4 ,2 ’,4 ’-tetraBDE (BDE 47), 2 ,4 ,5 ,2 ’,4 ’-pentaBDE 

( b d e  9 9 ), 2 ,4 ,6 ,2 ’,4 ’-pentaBD E ( b d e  100), 
2 ,4 ,5 ,2 ’,4 ’,5’-hexaBDE ( b d e  153), 2 ,4 ,5 ,2 ’4 ’,6 ’- 
hexaBDE (BDE 154), a n d  2 ,3 ,4 ,5 ,6 ,2 ’,3’,4 ’,5’,6 ’- 

decaBDE ( b d e  2 0 9 ). 2 ,3 ,4 ,6 ,2 ’,4 ’,5’-H eptaBD E 

(BDE 183) m ay  also be o f  im p o rtan ce  as th is  is one 
o f  th e  m a in  co m p o u n d s in  th e  tech n ica l O cta-m ix, 
b u t as yet, only a lim ited  a m o u n t o f  data  is avail­

ab le  fo r th is co n g en er. 2 ,4 ,4 ’-TriBDE (BDE28) is 

one  o f  th e  m o s t volatile BDE s (the only  trib rom i- 
n a te d  BDE ro u tin e ly  m easu red ) an d  is th e re fo re  o f  
in te re s t fo r m o d e lin g  s tu d ies . It n o rm a lly  occurs 

only  a t low  levels in  b io ta  a n d  sed im en t, how ever. 

A sm all n u m b e r  o f  o th e r BDE co n g en ers  is 
occasionally  rep o rted  in  en v iro n m e n ta l sam p les , 
b u t only  in  low  co n cen tra tio n s .

T he  g en e ra l chem ica l fo rm u la s  o f  PBB an d  PBDE 

(figure 3.41) show  th a t PBB a n d  PBDE have a large 
n u m b e r  o f  possib le  co n g en ers , d ep en d in g  on  th e  
n u m b e r  an d  p o sitio n  o f  th e  b ro m in e  a to m s on  th e  

two p h en y l r in g s . In  theory , th e re  are  2 0 9  possib le  

co n g en ers  fo r each  chem ical. A system atic  

n u m b e r in g  sy s tem  w as developed  by B allschm ite r 
a n d  Z eii (1980) fo r p o lych lo rina ted  b ip h en y l (PCB) 

co n g en ers . T h is h as b een  ad o p ted  fo r th e  co rre ­

sp o n d in g  PBB an d  PBDE co n g en ers  [P ijn en b u rg  

et al., 1995].

Like o th e r o rg an o h a lo g en  co m p o u n d s  su ch  as 

PCBs a n d  DDT, PBBs an d  PBDE s a re  lipophilic , 
a n d  p e rs is te n t [W orld H ea lth  O rgan iza tion ,
1994b ; W orld  H ea lth  O rg an iza tio n , 1994a] (see 

tab le  3.17). T he h ig h  re s is tan ce  tow ards acids, 

bases , h ea t, ligh t, red u c tio n  an d  ox idation  is d isad ­
van tageous w h en  th e se  c o m p o u n d s  are  d ischarged  
in to  th e  e n v iro n m e n t as they  p e rs is t fo r long 

p eriods o f  tim e . F u rth e rm o re , toxic c o m p o u n d s , 

p o ly b ro m in a ted  d ib en zo fu ran s  (PBDF) an d  d iben- 
zodiox ins (p b d d ), m ay  be fo rm ed  w h en  th ese  
flam e re ta rd an ts  a re  hea ted  [P ijn en b u rg  et al., 

1:995]. T h ese  physica l p ro p e rtie s  o f  PBBs an d  

PBDE s d ep en d  strong ly  o n  th e  po ly m er m atrix , 
an d , w h en  h ea ted , u p o n  th e  specific p ro cessin g  
co n d itio n s [W orld H ea lth  O rg an iza tio n , 1994b; 

W orld  H ea lth  O rg an iza tio n , [1994a].

C h lo rin a ted  (in co n tra s t to b ro m in a ted ) ch em icals 
su ch  as PCB (in d ie lec tric  flu ids) an d  DDT (used  as 

a pestic ide) w ere  fo u n d  in  h ig h  co n cen tra tio n s  in  

liv ing o rg an ism s in  th e  late 1 9 6 0 s . T h ese  c h e m i­

cals w ere  show n  to be h aza rd o u s  to various o rg an ­
ism s . S ince th a t date, m an y  c o u n tr ie s  have b an n ed  

or re s tr ic ted  th e ir  u se , a n d  en v iro n m en ta l levels 

have decreased  [Seilström , 1996]. W hile  these  
o rg ano -ch lo rine  co m p o u n d s w ere  b a n n ed , PBBs 
a n d  PBDE s w ere  m ostly  ig n o red . No b an  has b een  

enac ted , w h ile  th e  p ro d u c tio n  an d  u se  o f  b ro m i­

n a ted  flam e re ta rd an ts  h as in c reased  [Shelley, 
1:993]. T ak ing  in to  acco u n t th e  m a jo r w orldw ide 
p ro d u c tio n  a n d  ap p lica tion  o f  PBB s an d  PBDE s 

a n d  th e ir  p e rs is ten ce , it is th o u g h t th a t a m a jo r 

p ro p o rtio n  o f  to ta l p ro d u c tio n  w ill eventua lly  

reach  th e  en v iro n m en t, in c lu d in g  th e  m a r in e  
en v iro n m e n t. H ere , PBBs a n d  PBDEs are  likely to



acc u m u la te  b ecause  o f  th e i r  lipophilicity  a n d  th e ir  

r es is tance  to b reak-dow n p rocesses  [P i jnenburg  
et al., 1 9 9 5 ]. PBDE s a n d  PBBs are co n s ide red  to 
be  a po ten t ia l  th re a t  fo r  h u m a n  health ,  part icularly  

th r o u g h  fish  c o n s u m p t io n  [de Boer an d  Dao, 

z9  93 ] -

3 .6.2 Materials and m ethods
W astewater

T he u n tre a te d  w astew a te r sam p les o f  a sew age 
tre a tm e n t p la n t (S T P ) w ere  filte red  over W h a tm a n  

filte rs (G F/c partic le  re te n tio n  1.2 p m ). T he 

filte red  v o lu m e w as 4 L.

Sediment, suspended matter, sewage sludge and biota

A m b er g lassw are  w as u sed  th ro u g h o u t th e  p ro ject, 

an d  d irec t su n lig h t o r o th e r UV lig h t in  th e  lab o ra­
to ry  w as b locked  by in s ta llin g  UV filte rin g  foils on  
th e  w indow s an d  UV filte r p la tes u n d e r  th e  s trip  

lig h tin g . T h is  w as n ecessa ry  to p rev en t poss ib le  

d eg rad a tio n  o f  th e  B D E  2 0 9 . T he  su sp en d ed  
m a tte r  sam p les  a n d  S T P  e ff lu en t re s id u es 
(ob ta ined  a fte r  cen tr ifu g a tio n ) , b io logical sam p les 

a n d  se d im e n t w ere  m ixed  w ith  so d iu m  su lfate , 

a llow ed to d ry  fo r 3 h o u rs  o r ov ern ig h t (d epend ing  
o n  th e  vo lum e, < 6 g sam ple : 3 hou rs) a n d  Soxhlet 
ex trac ted  fo r 12 h o u rs  w ith  h ex an e /ace to n e  (3:1, 

v /v , 70  °C). T he  extracts w ere  co n cen tra ted  on  a 

ro ta ry  evapo ra to r an d  disso lved  in  2 m L  o f  
d ich lo ro m e th an e . T he  extracts w ere  c leaned  by

T 3 .1 7  P h y s ic a l -c h e m ic a l  p r o p e r t ie s  o f  p o ly b r o m in a te d  

b ip h e n y ls  a n d  p o ly b r o m in a te d  d lp h e n y le th e r s .

Data from Groshart et a l ,  2 0 0 0 .

MW Solubility Henry Log
g/mol pg/L Coefficienta 

atm .m /m ol

K bK ow

BB 15 - - 5.72
BB 49 - - -

BB 52 - - 6.50
BB 101 - - -

BB 153 627 1 0 - 5 0 8.7 X IO 7 7.20
BB 169 627 1 0 - 5 0 8.7 X IO 7 7.20
BB 209 943 2 0 - 3 0 1.9 X 10 7 8.58
BDE 47 486 11 1.6 X 10 4 5 .9 -6 .2
BDE 85 565 2.4 4.9 X 10 7 6.5 -  7.0
BDE 99 565 2.4 4.9 X 10 7 6.5 -  7.0
BDE100 565 2.4 4.9 X 10 7 6.5 -  7.0
BDE138 644 1.9 2.3 X 10 7 6.9 -  7.9
BDE153 644 1.9 2.3 X 10 7 6.9 -  7.9
BDE 209 959 < 0.1 3.0 X 10 7 6 .2 7 -9 .9 7

gel p e rm e a tio n  ch ro m ato g rap h y  (GPC) over two 

Po lym er L aboratories (PL) gel co lu m n s  (100 x 25 
m m , po re  size  io  pm ), u s in g  d ich lo ro m eth an e  
a t io  m L /m in . T he  co llected  frac tion  w as 18-23 

m in u te s . T he  frac tion  w as co n cen tra ted  u n d e r  

n itro g en , d isso lved  in  iso -octane  an d  fu r th e r  

p u rif ied  by sh ak in g  w ith  su lfu ric  acid . F inally, th e  
p en tan e /iso -o c tan e  m ix tu re  w as co n cen tra ted  

u n d e r  n itro g en  to 2 m L  (iso-octane) an d  e lu ted  

over a silica gel c o lu m n  (2% w ater) w ith  11 m L  iso ­

octane  a n d  io  m L  2 0 %  d ie th y le th e r in  iso-octane . 
T he  frac tions w ere  co m b in ed  a n d  c o n cen tra ted  to 

i  m L  (iso-octane), a fte r ad d itio n  o f  a syringe 

s tan d a rd  (2,3,5,6,3’-pen tach lo ro b ip h en y l (CB 112)).

T he  to ta l lip id  c o n ten ts  o f  th e  b io ta  sam p les 

w ere  d e te rm in e d  by a c h lo ro fo rm /m e th a n o l 

ex trac tion  acco rd ing  to B ligh an d  D yer (1 9 5 9 ) .

D ry w e ig h t w as d e te rm in e d  a fte r h ea tin g  a t 
105 °C fo r 24  h o u rs .

D e t e c t io n

T he fina l analysis w as ca rried  o u t w ith  GC/MS, 
u s in g  e lec tro n  cap tu re  negative io n iza tio n  (ECNl) 

as io n iza tio n  te c h n iq u e  w ith  m e th a n e  as re ag en t 

gas. In itially , a 25 -m eter CP Sil 8 c o lu m n  (in te rna l 
d iam e te r (i.d.) 0.25 m m , film  th ick n ess  0.25 pm ) 
w as u sed  fo r m e a s u r in g  all PBBs an d  PBDE s.

H ow ever, due  to co -e lu tion  o f  BDE 153 w ith  tetra- 
b ro m o b isp h en o l-A  (TBBP-A), it w as n o t poss ib le  to 
m e a su re  BDE 153 in  a n u m b e r  o f  sam p les tak en  in  

sp rin g . In  ad d itio n , th e  BDE 2 0 9  p eak  w ith  a 25- 

m e te r  c o lu m n  varied  in  sh ap e  due  to occasional 
d eg rad a tio n  as a re s u lt o f  too long  exposu re  to 
e levated  te m p e ra tu re s . T h is  m ad e  it c lea r th a t th e  

c o m p ro m ise  o f  u s in g  one  c o lu m n  fo r d e te rm in in g  

a w ide ran g e  o f  PBDEs an d  PBBs w as n o t possib le . 
T he  25-m eter c o lu m n  w as th e re fo re  rep laced  by a 
50 -m ete r (i.d. 0.25 m m , film  th ick n ess  0.25 pm ) 

CP Sil 8 c o lu m n  w h ich  en ab led  th e  m e a s u re m e n t 

o f  BDE 153 a n d  p rov ided  a m a x im u m  re so lu tio n  
fo r m e a su rin g  all o th e r PBBs a n d  PBDEs, an d  by a 
15-m eter (i.d. 0.25 m m , film  th ick n ess 0.25 pm )

CP Sil 8 c o lu m n  w h ich  p rov ided  good  co n d itio n s 

fo r m e a su rin g  BDE 2 0 9 . T he  m a x im u m  oven 
te m p e ra tu re  d u rin g  th e  BDE 2 0 0  analysis w as 
300°C , w hile  th e  in jec to r te m p e ra tu re  w as 275°C.

a C alcu la ted  a s  ratio  o f  v a p o u r  p ressu re and  a q u e o u s  so lu b ility  

b Logarithm  o f  th e  o c ta n o l-w a te r  partition  c o e ff ic ie n t  -  n o  data



Peak  id en tif ica tio n  w as based  on  re te n tio n  tim e  

a n d  th e  reco g n itio n  o f  th e  Br- io n  (m /z  79 /81 ).

C h lo ro b ip h en y l (CB) 112 (2,3,5,6,3’-pentaCB) w as 

u se d  as a n  in te rn a l (syringe) s tan d ard . D etection  

lim its  w ere  ca lcu la ted  as th re e  tim es th e  no ise  

level o f  th e  ch ro m a to g ram . T he  lim it o f  d e te rm i­
n a tio n  (l.o.d.) w as d e te rm in e d  by th e  low est 

co n cen tra tio n  o f  th e  m ulti-level (6 poin t) 

ca lib ra tio n  curve.

D etection  lim its  in  se d im e n t an d  su sp en d ed  

m a tte r  w ere  0.3 n g /g  d.w . fo r BDE 47 a n d  varied  

fro m  0 .0 4  n g /g  d.w . to  0.3 n g /g  d.w . fo r BB15 an d  
BB 52, fro m  0 .0 4  n g /g  d.w . to 0 .8  n g /g  d.w . fo r BB 
4 9 , fro m  0 .0 6  n g /g  d.w . to 0.3 n g /g  d.w . fo r BB 

101, fro m  0 .0 8  n g /g  d.w . to 0 .6  n g /g  d.w . fo r BB 

153, fro m  0 .2  n g /g  d.w . to  1.1 n g /g  d.w . fo r BB 169, 
fro m  0.3 n g /g  d.w . to 7.1 n g /g  d.w . fo r BB 2 0 9 , 
fro m  0.1 n g /g  d.w . to 0.3 n g /g  d.w . fo r BDE 85 an d  

BDE 153, fro m  0.13 n g /g  d.w . to 3.3 n g /g  d.w . fo r 

BDE 9 9 , fro m  0 .19 n g /g  d.w . to 1.0 n g /g  d.w . fo r 

BDE 138 an d  fro m  9 n g /g  d.w . to 36 n g /g  d.w . for 
BDE 2 0 9 .

D etection  lim its  in  b io ta  w ere  0 .8  n g /g  d.w . for 
BDE 47  an d  varied  fro m  0 .01 n g /g  d.w . to 1.4 n g /g  
d.w . fo r BB15, fro m  0 .01 n g /g  d.w . to 1.7 n g /g  d.w. 

fo r BB 4 9 , fro m  0 .01 n g /g  d.w . to 2 .2  n g /g  d.w . fo r 

BB 52, fro m  0 .0 0 8  n g /g  d.w . to 1.4 n g /g  d.w . for 

BB 101, fro m  0.015 n g /g  d .w .t0 ° -6  n g /g  d.w . fo r 
BB 153, fro m  0 .0 3 4  n g /g  d.w . to 1.3 n g /g  d.w . fo r 
BB 169, fro m  0 .2  n g /g  d.w . to 6.3 n g /g  d.w . fo r BB 

2 0 9 , fro m  0.011 n g /g  d.w . to 0 .0 4  n g /g  d.w . for 
BDE 85, fro m  0.011 n g /g  d.w . to 0.5 n g /g  d.w . fo r 
BDE 9 9 , fro m  0 .0 2  n g /g  d.w . to 1.1 n g /g  d.w . fo r 

BDE 138, fro m  0 .018  n g /g  d.w . to 0 .7  n g /g  d.w . for 

BDE 153, an d  fro m  0.35 n g /g  d.w . to 34 n g /g  d.w. 
fo r BDE 2 0 9 .

polybrominated biphenyls (PBB)

x+y=1-10

polybrominated d i phenyl ethers (PC DE)

4' x+y=1-10

F 3.41 General chemical structure of brominated biphenyls and 

brominated diphenyl ethers.

BB 15 4 ,4 ' d ibrom obiphenyl

BB 4 9 2 ,4 ,2 ',5 '-tetrab rom ob ip h en yl

BB 52 2 ,5 ,2 ',5 '-tetrab rom ob ip h en yl

BB 101 2 ,4 ,5 ,2 ',5 '-p en tab rom ob ip h en y l

BB 153 2 ,4 ,5 ,2 ',4 ',5 '-h ex a b ro m o b ip h en y l

BB 169 3 ,4 ,5 ,3 ',4 ',5 '-h exab rom ob ip h en y l

BB 2 0 9 2 ,3 ,4 ,5 ,6 ,2 ',3 ' ,4 ',5 ',6 '-d e ca b ro m o b ip h e n y l

BDE 47 2 ,4 ,2 ',4 'te tra b ro m o d ip h en y l ether

BDE 8 5 2 ,3 ,4 ,2 ',4 '-p en tab rom od ip h en y l ether

BDE 9 9 2 ,4 ,5 ,2 ',4 '-p en tab rom od ip h en y l ether

B D E 1 0 0 2 ,4 ,6 ,2 ',4 '-p en tab rom od ip h en y l ether

B D E 138 2 ,3 ,4 ,2 ',4 ',5 '-h ex a b ro m o d ip h en y l ether

BD E 1 5 3 2 ,4 ,5 ,2 ',4 ',5 '-h ex a b ro m o d ip h en y l ether

BDE 209 2 ,3 ,4 ,5 ,6 ,2 ',3 ' ,4 ',5 ',6 '-d e ca b ro m o d ip h e n y l ether

A n ex te rna l s tan d a rd  so lu tio n  o f  all PBDEs an d  

PBBs analyzed  w as su b jec ted  to  th e  en tire  p rocess 
to  d e te rm in e  recoveries. All re su lts  rep o rted  w ere 
co rrec ted  fo r recovery.

T he  m e th o d  w as te s ted  w ith  good re su lts  in  th e  

f irs t in te rn a tio n a l in te r-labo ra to ry  stu d y  o n  PBDEs 
[de Boer, 2 0 0 0 ].



3 .6.3 Results and discussion
PBBs w ere  n o t fo u n d  above th e  d e tec tion  lim its  in  
any  o f  th e  sam p les . T he de tec tio n  lim its  fo r PBBs 

varied  be tw een  < 0 .0 0 8  n g /g  a n d  <0.5 n g /g  dry 

w e ig h t (d.w.), b u t fo r BB 2 0 9  th e  d e tec tion  lim its  

w ere  genera lly  be tw een  <0.3 n g /g  an d  <4 .8  n g /g  
d.w . T h is re su lt is in  a g re e m e n t w ith  th e  n eg lig i­

b le PBB p ro d u c tio n  in  E urope over th e  p as t 

decades, w ith  only  som e m in o r  p ro d u c tio n  o f  BB 
2 0 9  th a t has recen tly  b een  te rm in a te d . B d e  85 
a n d  BDE 138 w ere  genera lly  below  th e  detec tion  

lim its  (<0.0011 n g /g  d.w . - <0.1 n g /g  d.w .).

W astewater

R elatively h ig h  BDE 2 0 9  co n cen tra tio n s  w ere 

fo u n d  in  so m e  m u n ic ip a l w astew ater sam p les 

(figure 3.42 an d  tab le  3.18). It is rem ark ab le  th a t 
in  som e cases th e  co n cen tra tio n s  in  th e  effluen ts  
w ere  h ig h e r  th a n  in  th e  u n tre a te d  w astew ate r 

sam p les . For in s tan ce , fo r BDE 2 0 9  a t EHV, th e  

su sp e n d e d  m a tte r  o f  th e  e ff lu en t co n ta in ed  9 2 0  
n g /g  d.w . BDE 2 0 9 , an d  th e  u n tre a te d  w astew ater 
co n ta in ed  only  72 n g /g  d.w . A t WST w h ere  310 

n g /g  d.w . BDE 2 0 9  w as fo u n d  in  th e  e fflu en t, only 

n o  n g /g  d.w . w as fo u n d  in  th e  u n tre a te d  w aste ­
w ater. T he  h ig h e r  co n cen tra tio n s  in  th e  e ff lu en t 
can  be exp la ined  by a d iffe ren t p re tre a tm e n t 

p ro ced u re  o f  th e  sam p les: th e  u n tre a te d  w aste ­

w a te r sam p les  w ere  delivered  to th e  labora to ry  as 

w a te r sam p les  a n d  w ere  filte red . T he e ffluen ts  
w ere  delivered  as su sp en d ed  m a tte r  re s id u es , 

ob ta in ed  a fte r m an y  h o u rs  o f  c e n tr ifu g a tio n  o f  th e  

STP e ff lu en t a t th e  location . T h ese  cen tr ifu g ed  
sam p les m ay  have co n ta in ed  a h ig h e r  p o rtio n  o f  
f in e  partic les th a t co n ta in ed  h ig h e r  co n cen tra tio n s  

o f  PBDE s. T he  th ree  sew age s ludge  sam p les 

co n ta in ed  PBDE co n cen tra tio n s  th a t w ere  com pa-

T 3 .1 8  L ev e ls  o f  s o m e  p o ly b r o m in a te d  d ip h e n y l e t h e r s  In

m u n ic ip a l a n d  In d u str ia l w a s t e w a t e r  ( n g / g  d .w .)  M edian

values have been calculated from samples with concentration 

> l.o.d. The number of samples with concentration above l.o.d. is

rab ie  to th o se  in  u n tre a te d  w astew ater sam p les. 

Som e BDE co n cen tra tio n s  in  sludge, su ch  as BDE 
2 0 9  in  ANP sew age s ludge  fro m  su m m e r  (190 
n g /g  d.w.) an d  BDE 47  an d  BDE 9 9  in  AML sludge 

fro m  fall (40  a n d  38 n g /g  d.w ., respectively) w ere  

relatively  h ig h .

B d e  100  also occu rred  sign ifican tly  in  u n tre a te d  

w astew ater (0.13 n g /g  a n d  0 .2 8  n g /g  d.w . a t H HW  

an d  ANP, respectively) , in  su sp en d ed  solids o f  a 
STP e ff lu en t (7.8 n g /g  d.w . a t EHV) an d  in  sew age 
s ludge  (2.35 n g /g  d.w . an d  5.88 n g /g  d.w . in  AML 

an d  ANP, respectively). A lth o u g h  only  a few  

sam p les w ere  analyzed , all w ere  above th e  detec­
tio n  lim it.

In  in d u s tr ia l w astew ater co n cen tra tio n s  u p  to 6 8  

n g /g  d.w . o f  BDE 47, 33 n g /g  d.w . o f  BDE 9 9  an d  

2 0 0  n g /g  d.w . o f  BDE 2 0 9  w ere  fo u n d . T he 
co n cen tra tio n s  o f  th e  o th e r BDE s in  u n tre a te d  

in d u s tr ia l w astew ater w ere  in  m o s t cases below  

th e  l.o.d.

C o m p ariso n  w ith  o th e r data  on  PBDEs in  

u n tre a te d  w astew ate r a n d  ST Peffluents w as n o t 

poss ib le  as they  cou ld  n o t be fo u n d  in  th e  lite ra ­

tu re . F u rth e r  re sea rch  o n  p oss ib le  d ifferences 
b e tw een  PBDE co n cen tra tio n s  in  u n tre a te d  w aste ­

w ater an d  e fflu en ts  is re co m m en d ed , in c lu d in g  

a stu d y  o n  p o ss ib le  d ifferences cau sed  by p re ­

tre a tin g  th e  sam p les.

Suspended m atter and sediment

M arkedly  h ig h  co n cen tra tio n s  o f  BDE 2 0 9  (up to 
4 ,6 0 0  n g /g  d.w.) w ere  fo u n d  in  su sp e n d e d  m a tte r  
f ro m  th e  W e ste rn  S cheld t (figure 3.43), w ith  low er 

c o n cen tra tio n s  fo u n d  a t VLI (near sea) co m p ared  

to SOD in  th e  W e ste rn  Scheldt. A s im ila r BDE 2 0 9  

p a tte rn  w as fo u n d  in  th e  se d im e n t o f  th e  W este rn  
S cheld t w ith  h ig h e r  levels in  th e  ea s t p a rt (up to 

510 n g /g  d.w ., SOD), d ecreas ing  to <3.9 n g /g  d.w. 

a t VLI (figure 3.44).

given in parentheses.

C om partm ent Total num ber 

o f  sam p les

C oncentration

range m ed

C oncentration

range m ed

C oncentration

range m ed

C oncentration

range m ed

U ntreated  m unicipal w a ste  w ater 10  

M unicipal e fflu en t 3 

U ntreated industrial w a ste  w ater 3

0 .7  -  13  

14 -  35  

< 0.1 - 6 8

2 .0  (10) 

25  (3) 

34 (2)

0 . 5 - 1 4  

18  -  29  

0 . 3 - 3 3

2 .9  (10) 

28  (3) 

6 .6  (3)

< 5 . 3 - 1  

< 4 .0  -  7.1

< 2 .6

1 (1) 

6.1 (2) 

- ( 0 )

< 20  -  1 40  

3 1 0 - 9 2 0

< 0 .5  -  2 00

24 (10) 

3 5 0  (3) 

1 2 3  (2)

-  n o  m ed ian , all v a lu e s  w e r e  b e lo w  l.o .d .



T he se d im e n t sam p les  w ere  p rim a rily  tak en  in  

fall. T he  BDE 2 0 9  co n cen tra tio n s  in  th e  river 
R h ine  w ere  th e  second  h ig h e s t a fte r  th e  W este rn  
Scheldt, w ith  84  n g /g  d.w . in  se d im e n t fro m  LOB 

(G erm an  border) a n d  2 2 0  n g /g  d.w . in  su sp en d ed  

m a tte r  fro m  LOB (figures 3.44 an d  3.43 re sp ec ­

tively). It is u n c lea r w hy a relatively  h ig h  BDE 2 0 9  
co n cen tra tio n  w as fo u n d  a t BER in  su sp en d ed  

m a tte r . In  su m m e r, th e  BDE 2 0 9  co n cen tra tio n  

w as <10 n g /g  d.w . S ed im en t fro m  BER co n ta in ed  
15 n g /g  d.w . o f  BDE 2 0 9 . M ore sam p les sh o u ld  be 
analyzed  befo re  fin a l co n c lu s io n s can  be d raw n . 

BDE 2 0 9  w as also fo u n d  in  m a r in e  sed im en t. T he 

se d im e n t fro m  location  NWK co n ta in ed  19 n g /g  

d.w . to 33 n g /g  d.w . o f  BDE 2 0 9 . T he  h ig h e s t BDE 
47 a n d  BDE 9 9  co n cen tra tio n s  w ere  fo u n d  in  

su sp e n d e d  m a tte r  fro m  HAR (M euse basin ) w ith  

5.2 n g /g  d.w . to 9 n g /g  d.w . an d  4 n g /g  d.w . to 12 

n g /g  d.w ., respectively . T he  h ig h e s t BDE 47 an d  
BDE 9 9  co n cen tra tio n s  in  se d im e n t w ere  also 

fo u n d  a t th is  location  (7.1 n g /g  d.w . an d  5.5 n g /g  

d .w ., respectively) (figures 3.45 to 3.48).

In  a few  sam p les  (1 su sp e n d e d  m a tte r  sam p le  an d  

17 se d im e n t sam ples) BDE 100  w as also analyzed . 

A lth o u g h  co n cen tra tio n s  w ere  n o t ex trem ely  h igh , 
BDE 100  w as fo u n d  in  all sam p les analyzed  (see 
tab le  3.20).

30 
n g /g  dw  

25

10

5

BDE 47 Iuntreated w astew ater  

efflu en t STP 

sew a g e  slu d ge

■jl-iL
2 3 1 2  3

AML ANP
location  m unicipal w a stew a ter

3 0  

n g /g  dw BDE 99 ■ untreated w astew ater

■ e ffluent STP

■ sew a g e  slu d ge

1 1
1 3 

HHW
2 3 1 2  3

AML ANP
location  m unicipal w a stew a ter

ng/g BDE 153

I I
1 3 

HHW
2 3 1 2

AML ANP
location  m unicipal w a stew a ter

J

■ untreated w astew ater

■ e ff I uent STP
■ s ew a g e  sludge

I J li
F 3.43  Occurrence of 2,3,4,5,6,2',3',4',5',6-'decabromodiphenyl ether in 

suspended matter.

F 3.44  Occurrence of 2,3,4,5,6,2',3',4',5',6-'decabromodiphenyl ether in 

sediment.

F 3.45  Occurrence of 2,4,2',4'-tetrabromodiphenyl ether in suspended 

matter.

F 3.46  Occurrence of 2,4,2',4'-tetrabromodiphenyl ether in sediment.

1 50

n g /g  dw  

125

100

BDE 209
■ untreated w astew ater

■ effluent STP
n s ew a g e  slu d ge

I  I
2 3 1 2  3

AML ANP
location  m unicipal w a stew a ter

F 3.47 Occurrence of 2,4,5,2',4'-pentabromodiphenyl ether in suspended 

matter.

F 3.48 Occurrence of 2,4,5,2',4'-pentabromodiphenyl ether in sediment. 

Locations are arranged according to river basin.

Numbers of the locations correspond to the numbers in the map.

F 3.42  Occurrence of 2,4,2',4'-tetrabromodiphenyl ether,

2,4,5,2',4'-pentabromodiphenyl ether, 2,4,5,2',4',5-'hexabromodiphenyl ether, 

2,3,4,5,6,2',3',4',5',6-'decabromodiphenyl in untreated municipal wastewater, 

suspended matter o f  the s t p  effluent and s t p  sewage sludge.



3.43 2 , 3 , 4 , 5 , 6, 2 ', 3 ', 4 ' , 5 ' , 6 ' - d e c a b r o m o  d ipheny l e th e r
(BDE 2 0 9 ) in s u s p e n d e d  m a t te r

N o r t h  S e a

Ems D ollard [W adden  ƒ Sea

30

Lakei IJssel

North Sea Canal

IJssel

Rhine

3 Meuse41 ■

W estern  S cheld t
Rhine

Scheldt

Northern Region
ng/g dry w e ig h t

Canal Ems Dollard  
W atui

Lake
B ergum erm eer

W adden  Sea  
D a n tz ig g a tKoudi B och tirt

Rhine
1000

n g /g

8 0 0

dry w e ig h t

Rhine
Lobith

N ew  W aterw ay N ew  W aterw ay North Sea Canal North Sea Canal 
M aasslu is Splitsingsdam  A m sterdam  IJmuiden

2 8  3 9  21 2 6

IJssel
n g /g dry w e ig h t

W adden Sea  
Den O ever

Lake IJssel 
V rouw enzand

Meuse
1

n g /g dry w e ig h t

M eu se
E ijsden

D om m el
u p s tre a m

Dom m el
3

H arin g v lie t
H arin g v lie ts lu izen

Scheldt
1 1 0 0  1 4 0 0

n g /g  dw

S cheld t W estern  Sch eld t W estern S cheld t Eastern Scheld t 
Schaar V O u d en  D oei T erneuzen V lissingen  Hammen



F3.44 2 , 3 , 4 , 5 , 6 , 2 ', 3 ', 4 ', 5 ' , 6 ' - d e c a b r o m o  d ipheny l e th e r
(BDE 2 0 9 ) in s e d im e n ts

N o r t h  S e a

Ems D ollard  ;W adden  i Sea

30

Lakei IJssel

N o r th  S ea  C ana l

IJ sse l

128

R h in e

M e u s e

W estern1 S cheld t
R h in e

S c h e ld t

23

North Sea
ng/g dry w e ig h t

North Sea North Sea
O estergron d en  Noordwjjk

Northern Region
1000

n g /g  dry w e ig h t

Canal Lake W adden Sea
K oudevaart B ergu m erm eer D an tziggat

5 4  5 3  3 4

Rhine
1000

n g /g  dry w e ig h t

IJssel
1000

n g /g  dry w e ig h t  

8 0 0

Rhine
Lobith

27

N ew  W aterw ay N ew  W aterw ay North Sea Canal North Sea Canal 
M aassluis Splitsingsdam  Am sterdam  IJmuiden

2 8  3 9  21 26

Lake IJssel 
V rouw enzand

W adden Sea  
Den O ever

Meuse
1000

n g /g  dry w e ig h t

M euse
Borgharen

Dom m el
upstream

3

D om m el H arin g v lie t
d o w n s tre a m  H arin g v lie ts lu izen

3 25

Scheldt
dry we i gh t

X X X X X X  X X

S c h e ld t W e s te rn  S c h e ld t W e s te rn  S ch e ld t E aste rn  S ch e ld t
S c h a a r  V O u d e n  D oei T e rn eu zen  V liss ingen  H am m en

2 9  4 0  4 0  35 ©



F3.45 2 , 4 , 2 ', 4 ' - t e t r a b r o m o  d ipheny l e th e r  (BDE 4 7 ) in
s u s p e n d e d  m a t te r

33N o r t h  S e a
34

Ems D ollard  ;W adden j  Sea 
38

30

Lakei IJssel

N o r th  S ea  C ana l

IJ sse l

39

R h in e
35

40  29
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R h in e

S c h e ld t

24

Northern Region
ng/g dry w e ig h t

Canal Ems DollardLake W adden Sea
K oudevaart Bergum erm eer D an tziggat Bocht van W atum

5 4  5 3  3 4  33

Rhine
15

n g /g dry w e ig h t

6

3

Q 1
Rhine
Lobith

h
N ew  W aterw ay  

M aassluis
N ew  W aterw ay  
Splitsingsdam

3 9

North Sea Canal North Sea Canal 
A m sterdam  IJmuiden

IJssel
15

n g /g dry w e ig h t

Lake IJssel 
V rouw enzand  

3 0

W adden  Sea  
Den O ever

Meuse
15

n g /g  dry w e ig h t

1 L
E ijsden

D om m el D om m el H arin g v lie t
u p s tre a m  d o w n s tre a m  H arin g v lie ts lu izen

3 3 25

Scheldt
15

n g /g dry w e ig h t

■
1 _____________________________

S c h e ld t W e s te rn  S c h e ld t W e s te rn  S ch e ld t E as te rn  S ch e ld t
S ch aa r V O u d e n  D oei T ern eu zen  V liss ingen  H am m en

29  4 0  41 35



F3.46 2 f  4 , 2 ', 4 ' - t e t r a b r o m o  d ipheny l e th e r  (BDE 4 7 )
in s e d im e n t

N o r t h  S e a

Ems D ollard \W adden) Sea

30

Lakei IJssel

N o r th  S ea  C ana l

IJ sse l

28

R h in e
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23

North Sea
ng/g dry w e ig h t

North SeaNorth Sea
O estergron d en  Noordwijk

37 3 6

Northern Region
15

n g /g  dry w e ig h t

Canal Lake W adden Sea
K oudevaart B ergu m erm eer D an tziggat

52  53  34

Rhine
15

n g /g  dry w e ig h t

Rhine
Lobith

_____
N ew  W aterw ay  

M aassluis 
28

N ew  W aterw ay North Sea Canal North Sea Canal 
Splitsingsdam  A m sterdam  IJmuiden

3 9  21 2 6

15

n g /g

12

IJssel
dry w e ig h t

Lake IJssel 
V rouw enzand  

3 0

W adden  Sea 
Den O ever

Meuse
n g /g dry w e ig h t

M euse
Borgharen

23

D om m el
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D om m el
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Scheldt
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12
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Schelde  
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F3.47 2 f  4 , 5 , 2 ', 4 ' - p e n t a b r o m o  d ipheny l e th e r  (BDE 9 9 )
in s u s p e n d e d  m a t te r

33N o r t h  S e a
34

Ems DollardW addenj  Sea 
38

30

Lakei IJssel

N o r th  S ea  C a n a l

IJsse l
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3 Meuse41 ■

40 29
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Scheidt

24

Northern Region
ng/g dry w e ig h t

Canal Ems DollardLake W adden Sea
K oudevaart B ergu m erm eer D an tz igga t B ocht van  W atum

Rhine
15

n g /g  dry w e ig h t

Rhine N ew  W aterw ay N ew  W aterw ay North Sea Canal North Sea Canal 
Lobith M aasslu is Splitsingsdam  A m sterdam  IJmuiden

27  2 8  3 9  21 2 6

IJssel
n g /g dry w e ig h t

W adden  SeaLake IJssel
V rouw enzand Den O ever

Meuse Scheldt
15

n g /g dry w e ig h t

I I

dry w e ig h t

_J 1 -  -

M e u se  D om m el D om m el H arin g v lie t S c h e ld t W e s te rn  S c h e ld t W e s te rn  S c h e ld t E aste rn  S ch e ld t
E ijsden u p s tre a m  d o w n s tre a m  H aring v lie ts lu izen  S c h a a r  v  O u d e n  D oei T e rn eu zen  V liss ingen  H am m en
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48 2 , 4 , 5 , 2 ' , 4 ' - p e n t a b r o m o  d ipheny l e th e r  (BDE 9 9 )
in s e d im e n t

North Sea
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u p s tream
D om m el H arin g v lie t

d o w n s tre a m  H arin g v lie ts lu izen



T his  is th e  firs t re p o r t on  P B D E s  in  su sp en d ed  

m a tte r . No o th e r data  o n  P B D E  co n cen tra tio n s  in  
su sp e n d e d  m a tte r  cou ld  be fo u n d  in  th e  lite ra tu re . 
S u sp en d ed  m a tte r  is ap p a ren tly  a good m atrix  

fo r d e te rm in in g  P B D E s ,  a lth o u g h  sam p lin g  an d  

p re - tre a tm e n t o f  th e  sam p les is ra th e r  labo rious. 
H ow ever, th e  fine  su sp e n d e d  m a tte r  partic les 
clearly  re flec t ac tua l level o f  P B D E  s in  th e  aquatic  

en v iro n m en t.

T he  BDE 2 0 9  co n cen tra tio n s  in  s e d im e n ta re  
a m o n g s t th e  h ig h e s t rep o rted  to date  [de B oer et 

al., 2 0 0 0 ] . BDE 2 0 9  levels u p  to  1 ,700 n g /g  d.w. 

have b een  rep o rted  in  th e  river M ersey  (U nited  

K ingdom ) [A non., 1997].

B iota

M ost o f  th e  f ish  sam p les d id  n o t co n ta in  BDE 2 0 9  
in  m easu rab le  co n cen tra tio n s  (<0.35 n g /g  d.w . to 
0 .9  n g /g  d.w.). In  th re e  m a r in e  m u sse l (M ytilus 

edu lis) sam p les (VLI,  D A N  a n d  H A M ) ,  BDE 2 0 9  

w as fo u n d  a t a level o f  ab o u t 5 n g /g  d.w . H ow ever, 
th e se  m u sse ls  h ad  n o t b een  d ep u ra ted  a fter 
sam p lin g  an d  th e  co n cen tra tio n s  fo u n d  a re  very 

likely due  to BDE 2 0 9  so rb ed  to  sm all partic les in  

th e  g u t o f  th e  m u sse ls .

F 3 .4 9  Occurrence of 2,4,2',4'-tetrabromodiphenyl ether in 

bream (green) and flounder (purple).

F 3 .5 0  Occurrence of 2,4,2^4'4 etrabromo diphenyl ether in 

zebra mussel (green) and blue mussel (blue).

F 3.51  Occurrence of2,4,5,2',4'-pentabromodiphenyl ether in 

zebra mussel (green) and blue mussel (blue).

Locations are arranged according to river basin.

Numbers of the locations correspond to the numbers in the map.

BDE 47 w as clearly  h ig h e r  in  fish  (A bram is b ram a  

an d  P la tich thys flesus) sam p les th a n  BDE 9 9 , 
w h ich  is o ften  fo u n d  a t a ro u n d  d e tec tion  lim its  
(<0.01 n g /g  d.w .). S uch  selective b io accu m u la tio n  

o f  BDE 47 has b een  rep o rted  befo re  [de B oer et al., 

2 0 0 0 ]. In  m u sse ls , little  d iffe rence  w as fo u n d  

be tw een  BDE 47 a n d  BDE 9 9  co n cen tra tio n s , 
s im ila r to th e  p a tte rn  fo u n d  in  su sp e n d e d  m a tte r  

(see fig u re  3.50 an d  3.51). T h is d ifference  be tw een  

fish  an d  m u sse ls  is m o s t likely re la ted  to  th e  low er 

b io tra n sfo rm a tio n  capacity  o f  m u sse ls  fo r BDE 9 9 . 
In  se d im e n t sam p les, BDE 47 w as genera lly  fo u n d  

in  sligh tly  h ig h e r  co n cen tra tio n s  th a n  BDE 9 9 . 

Relatively h ig h  BDE 47 co n cen tra tio n s  w ere 
fo u n d  in  b re a m  fro m  th e  rivers M euse , R hine 
an d  D om m el: n o  n g /g  d.w ., 9 0  n g /g  d.w . a n d  130 

n g /g  d.w . (d.w. approx im ate ly  20% ) (figure 3 .49). 

B d e  1 0 0  w as analyzed  in  a n u m b e r  o f  sam p les 
an d  detec ted  in  all sam p les above th e  lim it o f  
d e tec tion  (see tab le  3.20).

T he  BDE 47, BDE 9 9  an d  BDE 153 co n cen tra tio n s 
in  su sp e n d e d  m a tte r , s e d im e n t a n d  b io ta  w ere  n o t 
as h ig h  as th e  h ig h e s t co n cen tra tio n s  rep o rted  in  

th e  lite ra tu re  [de B oer et al., 2 0 0 0 ] . F lo u n d e r liver 

fro m  th e  river Tees (U n ited  K ingdom ), a long  
w h ich  PBDE p ro d u c tio n  has tak en  place, 

co n ta in ed  u p  to  1 ,294 n g /§  w et w eig h t o f  BDE 47 
an d  238 n g /g  w et w eig h t o f  penta-BD E [A llchin et 

al., 1999]. F lo u n d er liver fro m  th e  river H u m b e r  
(U n ited  K ingdom ) co n ta in ed  u p  to 217 n g /g  w et 
w eig h t o f  BDE 47 a n d  22 n g /g  w et w eig h t o f  pen ta- 

BDE. H e rr in g  fro m  th e  S kagerrak  co n ta in ed  up  to 

735 n g /g  lip id  w e ig h t o f  to ta l BDE [Jansson  et al., 
1993]. A p ike  sam p le  fro m  so u th e rn  Sw eden 
c o n ta in ed  an  exceptionally  h ig h  co n cen tra tio n  o f  

2 7 ,0 0 0  n g /g  lip id  w e ig h t o f  BDE 47 [S eilström  et 

al., 1990]. N evertheless, th e  BDE 47 co n cen tra ­
tions fo u n d  in  b re a m  fro m  th e  rivers M euse  (EYS), 
R h ine  (LOB) an d  DOM can  be co n sid e red  relatively  

h ig h  (approx. 6 0 0  n g /g  lip id  w eight) as co m p ared  

to b ack g ro u n d  co n cen tra tio n s  fo u n d  a t locations 
KOU an d  BER.
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Total number  

o f  sa m ples

Concentration

range

Median Concentration

range

Median Concentration

range

Median

STP ef f luents  ( n g /g  dw) 3 < 0.3 -  < 4.2 - (0) < 0.3 -  < 3.8 - (0) < 0 . 3 -  < 5 - (0)
Susp en d ed  matter ( n g /g  dw) 45 < 0.04 -  3.3* 0.4* (6) < 0 .0 4 - 0 .9 * 0.042* (4) < 0 .0 4 - 0 .9 * 0.042* (4)
S ed im ents  ( n g /g  dw) 21 < 0.3 - (0) < 0 .0 5 -0 .0 0 4 * 0.004* (1) < 0 .0 5 -0 .0 0 4 * 0.004* (1)
Fishes (musc le )  ( n g /g  dw) 35 < 0.01 -  23 0.082* (18) < 0.01 - 0 .2 0.006 (25) < 0.01 - 0 .2 0.006 (25)

M u sse ls  (w ho le  body) ( n g /g  dw) 14 < 0.5 -  1.3 0.28* (12) <0.02 -0 .0 8 * 0.08* (14) < 0.02 - 0 .0 8 * 0.08* (4)

■
STP ef f luents  ( n g /g  dw) 3 < 0.40 -  < 3.2 1.0* (1) < 0.90 -  < 5.3 1.7* (1) < 1 .3 -  < 2.5 - (0)
Susp en d ed  matter ( n g /g  dw) 45 < 0 .0 6 - 0 .4 * 0.044* (3) < 0.08 -  1.4 0.6* (13) < 0.2 -  3.8 3.8 (1)
S edim ents  ( n g /g  dw) 21 < 0 .0 9 - 0 .2 0.2 (1) < 0.1 -  1.5 0.35* (14) < 0 . 3 -  1.6 1.0 (3)
Fishes (musc le )  ( n g /g  dw) 35 < 0 .0 0 8 -0 .4 1 0.5* (29) < 0 .0 1 5 - 4 .7 0.16 (32) < 0.034 -0 .3 * 0.09* (7)
M u sse ls  (w ho le  body) ( n g /g  dw) 14 < 0 .0 4 - 0 .0 5 0.03* (2) < 0 .0 5 - 0 .8 0 .10* (10) < 0 .1 6 - 6 .7 0.16* (7)

STP ef f luents  ( n g /g  dw) 3 8.5* -  < 110 8.5* (1)
Susp en d ed  matter ( n g /g  dw) 45 < 0.3 -  2.2* 1.0* (3)
S edim ents  ( n g /g  dw) 21 < 0 .3 - 4 .4 * 1 .6 * (7)
Fishes (musc le )  ( n g /g  dw) 35 < 0.2 - (0)
M u sse ls  (w ho le  body) ( n g /g  dw) 14 < 0.6 - 0.7 0.7 (1)

* v a lu e  is b e tw e e n  l .o .d . and  l.o .q . - n o  m ed ian , all v a lu e s  b e lo w  l.o .d .

T 3.19 C o n c e n t r a t i o n  r a n g e s  a n d  m e d i a n s  o f  p o l y b r o m i n a t e d  

b i p h e n y l s  in  v a r i o u s  e n v i r o n m e n t a l  c o m p a r t m e n t s .

Median values have been calculated from samples with 

concentration > l.o.d. The number of samples with concentration 

> l.o.d. is given in parentheses.

T 3.20  C o n c e n t r a t i o n  r a n g e s  a n d  m e d i a n s  o f  p o ly b r o m i n a t e d  

d ip h e n y l  e t h e r s  in v a r i o u s  e n v i r o n m e n t a l  c o m p a r t m e n t s .

Median values have been calculated from samples with 

concentration > l.o.d. The number of samples with concentration 

> l.o.d. is given in parentheses.

total number 
of samples

concentration
range

median concentration median 
range

concentration
range

median

STP effluents (ng/g dw) 3 14 -  35 25 (3) < 0 .1 * -< 1 .3 *  1.1 (3) 18 -  29 28 (3)
Suspended matter (ng/g dw) 45 < 0 .3 -9 .0 2.2 (44) <0.1 -1 .4  0.4 (18) < 0.13 -  23 2.8 (43)
Sediments (ng/g dw) 21 0.3* -  7.1 1.1 (21) < 0 .1 - 0 .3  0.1* (7) < 3 .3 -5 .5 1.0 (20)
Fishes (muscle) (ng/g dw) 35 < 1 .5 - 1 3 0 4.0 (34) < 0.011 -0 .2 3  0.032 (16) < 0.011 -4 .6 0.55* (31)
Mussels (whole body) (ng/g dw) 14 < 0 .8 - 1 7 1.8 (13) < 0.2 -0 .0 5  0.2* (9) < 0.5 -  10.7 1.2 (13)

STP effluents (ng/g dw) 3 < 21 -  < 0.3* - (0) < 4 .0 * -7 .1 *  5.0 (3) 3 1 0 -9 2 0 350 (3)
Suspended matter (ng/g dw) 45 < 0.19 -  2.2 0.4* (6) < 0.1 -9 .7  0.78* (24) < 9 .0 -4 6 0 0 76 (39)
Sediments (ng/g dw) 21 < 0.2 -0 .4 0.4 (1) < 0 .1 - 5 .0  2.3* (15) < 9 .0 -5 1 0 22 (20)
Fishes (muscle) (ng/g dw) 35 < 0 .0 2 -0 .0 1 * 0 .01* (1) < 0 .0 1 8 -4 .1  1.3* (33) < 0 .3 5 -0 .9 0.28* (7)
Mussels (whole body) (ng/g dw) 14 < 0.1 -0 .1 0.1 (1) < 0 .7 - 1 .5  0.16* (13) < 3.7 -4 .9 4.9 (3)

STP effluents (ng/g dw) 2 7.80 7.80 (1)
Suspended matter (ng/g dw) 1 0.96 0.96 (1)
Sediments (ng/g dw) 17 0 .0 7 -0 .7 5 0.19 (17)
Fishes (muscle) (ng/g dw) 20 0 .1 2 -9 .4 6 0.81 (20)
Mussels (whole body) (ng/g dw) 16 0 .1 9 -0 .6 4 0.20 (14)

* v a lu e  is b e tw e e n  l .o .d . and  l .o .q . -  n o  m ed ian , all v a lu e s  b e lo w  l.o .d .

©



3 .6.4 Highlights
•  Relatively h ig h  PBDE co n cen tra tio n s  w ere  fo u n d  
in  som e u n tre a te d  w astew ater, su sp e n d e d  m a tte r  

o f  STP efflu en ts  an d  sew age sludge.

•  No PBB cou ld  be fo u n d  in  th e  D u tch  aqua tic  
e n v iro n m e n t above d e tec tion  lim its .
•  H ig h  BDE 2 0 9  co n cen tra tio n s  w ere  fo u n d  in  

su sp e n d e d  m a tte r  fro m  th e  W este rn  Scheld t 

(SOD), w ith  low er co n cen tra tio n  c loser to sea 

(VLl). A s im ila r BDE 2 0 9  p a tte rn  w as fo u n d  in  th e  
sed im en ts  o f  th e  W este rn  Scheld t w ith  h ig h  values 

a t SOD.

•  T he  BDE 2 0 9  co n cen tra tio n s  fo u n d  in  
sed im en ts  are  a m o n g s t th e  h ig h e s t rep o rted  to 
date  (inc lud ing  o th e r co u n trie s) .

•  T he  BDE 47, BDE 9 9  an d  BDE 153 co n cen tra ­

tio n s  in  su sp e n d e d  m a tte r , se d im e n t an d  b io ta 
w ere  n o t as h ig h  as th e  h ig h e s t co n cen tra tio n s 
rep o rted  in  o th e r E u ropean  co u n tr ie s .

•  B DE 2 0 9  does n o t a ccu m u la te  in  flo u n d er, 

b re a m  o r m u sse ls .

3.7  Summary and Conclusions
P o ly b ro m in a ted  b ipheny ls  (PBB), oc ty lphenols 
(OP) an d  octy lpheno l e thoxylates (OPE) w ere  n o t 
fo u n d  above d e tec tion  lim its  in  th e  m a jo rity  o f  

sam p les.

No h o rm o n e s  a n d  no  APE w ere  fo u n d  in  ra in w a­
ter. B PA w as detec ted  in  only  a few  o f  th e  sam p les, 

b u t a lm o s t all p h th a la te s  w ere  fo u n d  in  all ra in w a­

te r  sam p les.

U n trea ted  w astew ater co n ta in ed  h ig h  co n cen tra ­

tio n s  o f  th e  fo u r e stro g en ic  h o rm o n e s , b ispheno l- 

A, NPE a n d  so m e  o f  th e  p h th a la te s . T he  b io logical 
tre a tm e n t seem s to be  very effective in  rem ov ing  
th e  h o rm o n e s . B isphenol-A , APE, p h th a la te s  an d  

BDE w ere  also  effectively rem oved  in  a sew age 

tre a tm e n t p lan t, a lth o u g h  e ff lu en t m ay  still 

co n ta in  detec tab le  levels o f  m o s t o f  th ese  
co m p o u n d s . In  ad d itio n , NP, NPE, p h th a la te s  

a n d  BDE s w ere  fo u n d  in  su sp e n d e d  m a tte r  o f  th e  

STP efflu en ts  a n d  sew age s ludge  in  considerab le  
co n cen tra tio n s .
M ost o f  th e  co m p o u n d s  w ere  fo u n d  in  th e  aquatic

en v iro n m e n t, i.e. in  su rface  w aters (dissolved) or 

in  se d im e n t o r su sp e n d e d  m a tte r  an d  b io ta . S ince 

levels in  ra in w a te r w ere  neg lig ib le  o r very low, 
w ith  th e  excep tion  o f  p h th a la te s , m u n ic ip a l a n d / 

or in d u s tr ia l e ff lu en t seem s to be an  im p o rta n t 

e m iss io n  ro u te  in to  th e  aqua tic  e n v iro n m e n t fo r 

th ese  chem ica ls . To date , it  is u n c le a r  to w h ich  
p a rt o th e r e m iss io n  ro u tes , su ch  as m a n u re , m ay  

c o n tr ib u te  to em iss io n s  in to  th e  en v iro n m en t.

Levels o f  p h th a la te s  in  su rface  w aters w ere  low, 
w ith  DEHP th e  m o s t a b u n d a n t p h th a la te . W ith  

re sp ec t to h o rm o n e s , only  e s tro n e  w as detec ted  in  

su rface  w ater, w ith  h ig h  co n cen tra tio n s  in  po ld er 

d itches as co m p ared  to  th e  o th e r su rface  w ater. 
T h is m ay  be  re la ted  to th e  h ig h  co n cen tra tio n s  in  

liq u id  m a n u re  th a t w ere  fo u n d  fo r th e  e strogen ic  

h o rm o n e s . B PA w as fo u n d  in  su rface  w ater 

th ro u g h o u t th e  N e th e rlan d s  a t com parab le  
co n cen tra tio n s  in  m o s t su rface  w ater.

In  g en era l, NPE an d  N P w ere  n o t fo u n d  a t 
d e tec tab le  levels in  su rface  w a te r sam p les b u t in  
se d im e n t a n d  su sp en d ed  m a tte r . B isphenol-A  was 

only fo u n d  in  co n cen tra tio n s  close to o r u n d e r  th e  

l.o .q  in  se d im e n t an d  su sp en d ed  m a tte r , w hile  it 
w as fo u n d  in  b ream  an d  f lo u n d e r  as w ell as in  
fre sh w ate r m u sse l a n d  m a r in e  m u sse l. APE, in  

co n tras t, w as n o t fo u n d  in  th e  m a jo rity  o f  b io log i­

cal sam p les .

For th e  p h th a la te s  a n d  PBDE s, d iffe ren t p a tte rn s  

w ere  observed  fo r th e  in d iv id u a l c o m p o u n d s in  

se d im e n t a n d  su sp en d ed  m a tte r  a n d  b io ta. D m  P, 
DPP a n d  DEHP w ere  fo u n d  in  h ig h e r  co n cen tra ­
tions in  su sp en d ed  m a tte r  th a n  th e  o th e r p h th a ­

lates, w ith  DEHP th e  m o s t freq u en tly  occu rrin g  

p h th a la te . In  fish , DEP a n d  D EH P w ere  m o s t 

c o m m o n , w h ile  DBP w as th e  m o s t p ro m in e n t 
co m p o u n d  in  m u sse ls .

D iffe ren t p a tte rn s  w ere  also observed  fo r th e  
PBDE fo r th e  various co n g en e rs . In  su sp en d ed  
m a tte r  a n d  sed im en t, BDE 47, BDE 9 9  an d  BDE 

2 0 9  w ere  fo u n d  in  detec tab le  co n cen tra tio n s , w ith  

hard ly  any  BDE 153 fo u n d . In  th e  b io ta  sam p les, in  

co n tras t, no  BDE 2 0 9  w as fo u n d , w hereas BDE 47, 
BDE 9 9  w ere  fo u n d , as w as BDE 153 in  fish .

(S)



In  su m m ary , m o s t o f  th e  (xeno-) e stro g en ic  

co m p o u n d s  w ere  fo u n d  in  m u n ic ip a l a n d /o r  

in d u s tr ia l w astew ater. H ow ever, fo r a lm o s t all 
co m p o u n d s , b io logical tre a tm e n t seem s to be 

effective, i f  n o t com plete ly  so. W ith  th e  exception  

o f  3 o f  th e  h o rm o n e s , all ch em icals w ere  detec ted  
in  th e  aq u a tic  en v iro n m en t, i.e. in  th e  surface  
w a te r o r in  th e  se d im e n t, su sp e n d e d  m a tte r  or 

b io ta . No specific locations w ith  elevated  co n cen ­

tra tio n s  o f  all co m p o u n d s  cou ld  be defined . T h is  is 

p o ss ib le  fo r sep a ra te  classes o f  c o m p o u n d s , 
how ever. In  th e  W este rn  S cheld t e stuary , h ig h  

c o n cen tra tio n s  o f  flam e re ta rd an ts  an d  to a le sse r

degree  n o n y lp h en o l (ethoxylate)s a n d  p h th a la te s  

w ere  fo u n d  (especially  a t location  SOD). A t the  
b o rd e r locations (EYS, BOR) o f  th e  river M euse , 
rem ark ab ly  h ig h  co n cen tra tio n s  o f  p h th a la te s  

an d  n o n y lp h en o l (ethoxylate)s w ere  fo u n d  in  

su sp en d ed  m a tte r  an d  sed im en t. Locations in  the  
W ad d en  Sea (BVW, OEV) w ere  relatively  h igh ly  
co n tam in a ted  w ith  p h th a la te s , as w as th e  location  

IJM in  th e  N o rth  Sea C anal. In  th e  sm all river 

D om m el, p h th a la te s  a n d  n o n y lp h en o ls  w ere 
fo u n d  in  relatively  h ig h  co n cen tra tio n s . Finally, 
co n cen tra tio n s  o f  e s tro n e  in  th e  p o ld e r d itches 

w ere  h ig h  co m p ared  to  la rg e r su rface  w ate rs . ■

1.21 Summary of detection of the compounds in wastewater, 

rainwater, surface water, suspended matter, sediment 
and biota, based on median concentrations.

Untreated Effluent Untreated Effluent Rain Surface Suspended Sedim ent Fish Musse l

w a ste w a s t e w ater matter

w ater water

E2-17a ++ ++ 0
E2 ++ - - ++ - - - - 0
E1 ++ + + ++ + + - - +

EE2 + + ++ + - - 0
B PA ++ + + ++ + + 0 + + + + 0 + + + +

OP ++ + + 0 + + + + +

OPE + + - - + + +

NP ++ + + - - 0 + + + + + +

NPE ++ + ++ 0 0 + + + + + +

DMP ++ + ++ + + + + + + + + + + + + +

DEP ++ + + ++ + + + + + + + + + + + +

DPP ++ + + + - - + + + + + + +

DMPP ++ + ++ + + + + + + + + +

DBP ++ + ++ + + + + + + + + + + + +

BBP ++ + + ++ + + + + + + + + + +

DCHP + + + ++ + 0 + + + + + +

DEHP ++ + + ++ + + + + + + + + + + + + +

DOP ++ + + ++ + + + + + + + + + + +

BB 15 0 0 0 0 0 0
BB 4 9 - - 0 0 0 0 + + 0
BB 52 - - 0 0 0 0 + + 0
BB 101 + 0 + 0 0

BB 1 5 3 0 0 0 0 0 + + 0

BB 1 6 9 - - - - + + 0 0
B B 2 0 9 0 - - 0 0 - - +

BDE 47 + + + + + + + + + + + + + +

BDE 8 5 0 0 0 + + 0 + + 0

BDE 9 9 + + + + + + + + + + 0 + +

B D E 100 + + + + + + + + + + + +

BDE 138 0 0 0 0 + 0 +

B D E 153 + + + 0 0 0 0 0
BDE 2 0 9 + + + + + + + + + + 0 +

-  -  m ed ian  co n cen tra tio n  in all sa m p les  b e lo w  l.o .d  0  m ed ian  co n cen tra tio n  b e tw e e n  l .o .d . and  l.o .q .

+ m ed ian  c o n cen tra tio n  a b o v e  l.o .q . in less  th a n  5 0 %  o f  t h e  sa m p les  + +  m ed ian  co n cen tra tio n  a b o v e  l .o .q . in m ore  th a n  5 0 %  o f  th e  sam p les.
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4 In vitro estrogenic and dioxin-like activity 
in environmental samples

4.1 Introduction

In addition to the chemical analyses 
described in  chapter 3, three in vitro bio­
assays were perform ed to assess estrogenic 
activity of different samples. A ssessm ent 
o f in vitro estrogenic activity in  fish bile is 
presented in  chapter 5.

The principles o f the in vitro assays, which 
assessed the ability of substances to interact 
with the estrogen endocrine system at 
the cellular level, are described below. All 
three in vitro assays are receptor-based and 
m easure receptor-ligand interactions (e.g. 
ligand b inding/gene expression) using 
continuous cell cultures (e r -c a l u x  and 
y e s  assays) or prim ary fish hepatocytes
(CARP-HEP).

Several research groups have already 
applied the y e s  assay to determ ine estro­
genic potency of individual com pounds, 
although not to exactly quantify estrogenic 
potencies in environm ental com partm ents. 
The e r -c a l u x  assay is a new system 
developed in  the Netherlands bu t is not yet 
widely used. The e r -c a l u x  and y e s  assays 
were com pared in  a Dutch pilot study 
including the ER-binding assay and seem

T 4.1 S e n s i t iv i t y  a n d  r e s p o n s i v e n e s s  o f  in vitro  a s s a y s  

f o r  e s t r o g e n i c  a c t i v i t y

LOECa 

(pM E2)

E C 5 0b 

(pM E2)

Maxim um  Induction 

Factor (at eone.)

Coef f ic ien t  of  

Variation (%)

ER-CALUXC 0.5 6 8 0 - 1 0 0  (30 pM) 5 - 1 0

YESd 10 100 5 - 1 4  ( 1 ,0 0 0  pM) 1 0 - 2 5

CARP-HEP® 2,000 100,000 6 7 - 1 6 0 '  ( 2 ,0 0 0  nM) 21 - 4 2

to be applicable to environm ental samples 
(Murk et al., 2002). The c a r p -h e p  assay is 
relatively new and allows m easurem ent of 
estrogenic effects in  natural un transform ed 
cells.

In addition to estrogenic activity, the 
dioxin-like potency in  suspended m atter, 
sedim ent and biota samples was deter­
m ined  using another in vitro reporter gene 
assay, the d r -c a l u x . This was done to 
indicate the occurrence of additional types 
of endocrine-disrupting com pounds. For 
example, the m etabolites of dioxin-like 
com pounds such as p c b s  and p b d e s  may 
interfere with thyroid horm ones and estro­
gen hom eostasis (Brouwer et al., 2000; 
Meerts et al., 2000; Meerts et al., 2001).

4 .1.1 Principles of in vitro assays
Yeast Estrogen Screen (YES) assay

T he yeast e s tro g en  sc reen  (Y E S)  (R outledge an d  

S u m p te r, 1996 ) is a re c o m b in a n t re p o r te r  g ene  

assay  th a t u ses yeast cells stab ly -transfec ted  w ith  

h u m a n  ER-a cDNA an d  an  ERE-regulated expres­
sio n  p la sm id  (lac-Z). In te rac tio n  o f  an  estro g en ic  

c o m p o u n d  w ith  th e  ER re su lts  in  ex p ressio n  o f  th e  

re p o r te r  g en e  lac-Z  a n d  sec re tio n  o f  th e  enzym e 
ß -galactosidase in  th e  yeast m e d iu m , ß-galactosi- 
dase  tra n sfo rm s  th e  yellow  su b s tra te  ch lo ro p h en o l 

red-ß-D -galac topyranoside  (CPRG) p re s e n t in  th e  

m e d iu m  to red . T h is can  th e n  be m e a su re d  
spec tropho tom etrica lly .

ER-CALUX assay

T he es tro g en  recep to r (E R em edia ted  ‘chemical 
activated luciferasegene expression’ ( E R - C A L U X )  

assay  (Legier et al., 1999 ) is a re c o m b in a n t

a low est observed effect concentration; test concentration at which estrogenic e ffect is d etected  

b effective concentration causing 50%  effect (maximum activity) c  Legier e ia / . ,  199 9  

d  Murk e t  al., 200 2  e  Sm eets e t  al., 1 999b  f  Fold induction above detection limit



re p o r te r  g ene  assay  w h ich  offers h igh ly  sensitive  

m e a s u re m e n t o f  th e  tran s-ac tiva tion  o f  th e  ER 

follow ing  exposu re  to  (xeno-)estrogens. T he 
ER-CALUX assay  u ses  T 47D  h u m a n  b re a s t cancer 

cells co n ta in in g  en d o g en o u s  ER-a an d  ER-ß. A n 

E R -m ediated  luc ife rase  re p o r te r  g ene  co n s tru c t 
co n ta in in g  th ree  e s tro g en  re sp o n se  e lem en ts  
(E RE s) w as in tro d u ced  stab ly  an d  in teg ra ted  in  th e  

g en o m e  o f  th e  T 47D  cells. E xposure o f  cells to 

(xeno-)estrogens re su lts  in  d iffu sio n  o f  chem icals 
th ro u g h  th e  cell m e m b ra n e , b in d in g  to th e  
en d o g en o u s  E R, activation  o f  th e  recep to r, an d  

co n seq u en tly , b in d in g  o f  th e  lig an d -recep to r 

com plex  to  E RE s p re s e n t in  th e  p ro m o te r  reg ion  
o f  th e  luc ife rase  gene . L uciferase p ro te in  is th e n  
in d u ced , a n d  is easily  m e a su re d  by lysing th e  cells, 

a d d in g  lu c ife r in  su b s tra te , an d  m e a s u r in g  p h o to n  

p ro d u c tio n .

CARP-HEP assay

T he carp  hepatocy te  (CARP-HEP) assay  (Sm eets 

et al., 1999a) is an  in  vitro assay  th a t m e a su re s  the  
yolk p ro te in  p re c u rso r  v ite llo g en in  (VTG) secre ted  
by liver cells in  re sp o n se  to exposu re  to (xeno-) 

e s tro g en s . VTG is a p re c u rso r  o f  th e  yolk p ro te in s  

lipov itte lin  a n d  p h o sv itin  a n d  is sy n th es ized  in  

th e  liver o f  fem ale  ov iparous verteb ra tes  as a re su lt 
o f  e s tro g en -d ep en d en t g ene  exp ression . T he  v itel­

lo g en in  g en e  is also  p re s e n t in  m a le  ov iparous 

verteb ra tes  b u t u n d e r  n a tu ra l c ircu m stan ces , 
en d o g en o u s  e s tro g en  levels a re  too low  to in d u ce  
v ite llogenesis. H ow ever, exposu re  to (xeno-)estro- 

g en s can  in d u ce  VTG in  m ales . T h is assay  u ses  

c u ltu re d  p rim a ry  hepatocy tes fro m  genetically  

u n ifo rm  stra in s  o f  carp  (Cyprinus carpio). VTG 
p ro d u c tio n  w as m e a su re d  by in d irec t com petitive  

ELISA, u s in g  an  an ti-go ld fish  VTG poly-clonal 

a n tis e ru m  (see ch ap te r 5) th a t cross-reacts w ith  

carp  VTG.

Comparison of the three assays

C o m p ariso n  o f  th e  th re e  assays u se d  to d e te rm in e  
e s tro g en ic  activity show ed  th e  ER-CALUX to be th e  
m o s t sensitive  an d  re sp o n siv e  in  vitro assay  to iyß- 

e strad io l (E2) exposu re , w ith  a n  EC50 o f  6 pM  an d  

u p  to io o -fo ld  in d u c tio n  a t 30 pM  iyß -estrad io l 
(table 4.1). D ose-response  curves fo r iy ß -estrad io l 
in  th e  th re e  assays a re  show n  in  fig u re  4.1.

T h o u g h  h igh ly  re sp o n siv e  to iy ß -estrad io l (up to 

160-fold  in d u c tio n  above th e  d e tec tio n  lim it), th e  

CARP-HEP assay  is less sensitive  (EC50 = 100  nM ) 
th a n  th e  o th e r tw o assays an d  show s h ig h  in tra ­

assay  varia tion  (coefficient o f  varia tio n  (CV) u p  to 

4 0  %) (table 4.1). T he low er relative sensitiv ity  to 
i7 ß -estrad io l in  th e  CARP-HEP assay  m ay  be due 
to h ig h  m e tab o lism  o f  iy ß -estrad io l in  th e  p rim a ry  

liver cells (Sm eets e ta l., 1999a).

DR-CALUX assay

T he d iox in -recep to r ( D R em ed ia ted  ‘chemical 

activated luciferase gene expression’ (DR-CALUX) 

assay  (Aarts et al., 1995) is a re p o r te r  g ene  assay 
th a t show s activation  o f  th e  dioxin  recep to r (DR) 
a fte r b in d in g  o f  a (pseudo-) dioxin  an d  tran s lo ca ­

tio n  o f  th is  com plex  to th e  n u c leu s , an d  b in d in g  to 

th e  'dioxin re sp o n siv e  e le m e n t’ (DRE) in  th e  DNA. 
Rat H 4 IIE  h ep a to m a  cells a re  stab ly  tran sfec ted  
w ith  a luc ife rase  co n s tru c t co n ta in in g  4 DRE s. 

R epo rte r g en e  ex p ressio n  re su lts  in  p ro p o rtio n a l 

p ro d u c tio n  o f  th e  en zy m e  lu ciferase , w h ich  can  be 

m e a su re d  w ith  h ig h  sensitiv ity  in  a lu m in o m e te r  
a fte r ad d itio n  o f  th e  su b s tra te  lu c ife rin .

T he  DR-CALUX is a h igh ly  sensitive  re p o r te r  g ene  
assay, a llow ing  d e tec tion  o f  1 pM  TCDD, w ith  an  
EC50 o f  io  pM . In  a 96 -w ell fo rm at, u p  to 40-fo ld  

in d u c tio n  relative to DM SO con tro ls  can  be fo u n d  

a t 3 ,0 0 0  pM  TCDD (M urk et al., 19997 ).

4.2 Materials and m ethods

4 .2.1 Extraction and t rea tm en t  
of the samples
In  o rd e r to co m p are  th e  ER-CALUX m e a su re m e n ts  

w ith  th e  re su lts  o f  ch em ica l analysis (chap ter 3), 

w a te r sam p les  (surface w ater, ra in w a te r an d  w aste ­
w ater) w ere  ex tracted  acco rd ing  to  th e  m e th o d s  

described  in  p a rag rap h  3.4.2 fo r a lky lpheno l 

(ethoxylate)s, i.e . p a ss in g  over a 1.2 p m  g lass-fiber 
filte r a n d  su b se q u e n t so lid  p h ase  ex trac tion  on 
cartridges follow ed by e lu tio n  w ith  p u re  m e th an o l.

Solid sam p les (su sp en d ed  m a tte r , sed im en t, b io ta 
a n d  th e  solid  p h ase  o f  w astew ater) w ere  ex tracted  
in  a w ay s im ila r to th a t fo r ch em ica l analyses fo r



f lam e re ta rd an ts  (see ch ap te r 3 .6 .2 ). See ch ap te r

2 .4  fo r a d esc rip tio n  o f  th e  sam p le  logistics.
T he  extracts w ere  su b seq u en tly  p rep a red  fo r th e  
in  vitro assays, as described  below . All extracts 

w ere  finally  d isso lved  in  D M  SO befo re  exposure  

o f  th e  cells.

Surface water and rainwater

S am ples fro m  th e  sp rin g  sam p lin g  p e riod  w ere 

only  6 0  m L  sam p les . T h ese  w ere  p ro cessed  by 
f ilte rin g  over a 0.45 p m  glass fib er filte r follow ed 
by solid  p h ase  ex trac tion  u s in g  C18 co lu m n s 

(C18-SPE). F or sam p les fro m  th e  fo llow ing two 

sam p lin g  p eriods (su m m e r an d  fall), th e  w ater 
ex trac tion  p ro ced u re  w as scaled  u p  (to 6 0 0  mL) 
to  im prove  d e tec tion  lim its  fo r su rface  w ate r an d  

ra in w a te r sam p les . T he  sca led-up  p ro ced u re  w as 

te s ted  w ith  reg a rd  to  h o rm o n e  recovery  to e n su re  

th e  la tte r  w ou ld  n o t b reak  th ro u g h  d u rin g  SPE.

Som e o f  th e  extracts w ere  filte red  over an h y d ro u s 

N a2SC>4 (elu ted  w ith  d iethy l e th e r , D E E ) to rem ove 
any  sm all vo lum es o f  re s id u a l w ate r a n d  partic les. 
T he  extracts co n ta in in g  too m u c h  liq u id  re s id u e  

a fte r  evapo ra tion  o f  th e  o rgan ic  so lven t w ere 

ex trac ted  th re e  tim es  w ith  DEE, an d  th e  co m b in ed  
D EE frac tions w ere  p rocessed  fu r th e r  fo r th e  in  
vitro assays.

W astewater

M ost o f  th e  extracts m ad e  fro m  th e  6 0  m L  w aste ­
w a te r sam p les w ere  ex tracted  as to ta l sam p le , i.e. 

w ith o u t filtra tio n  over a 0 .45 p m  g lass fiber 

filter, u s in g  a SPE. T he extracts w ere  filte red  over 
an h y d ro u s  N a2SC>4 an d  e lu ted  w ith  DE E  to rem ove 
w a te r an d  p artic les. A few  ex tracts still co n ta in ed  

solid  m a te ria ls  (som etim es in c lu d in g  crystals) 

a fte r  co n cen tra tio n  o f  th e  DEE. T he  crystals w ere 

also  p re s e n t in  th e  fin a l D M S O  extract u sed  fo r 
th e  in  vitro assays. It w as p oss ib le  to dissolve th e  

crystals by sligh tly  h ea tin g  th e  D M S O  stock  befo re 

a d d in g  it  to th e  cells. T he  exact vo lum e o f  these  
stocks, how ever, w as u n c e rta in  due  to th e  occu r­
ren ce  o f  th ese  crystals.

In  ad d itio n  to th e  w astew ater sam p les  p rep a red  
w ith  th e  SPE, so m e  o f  th e  sam e sam p les w ere  also 
ex trac ted  by liqu id -liqu id  ex trac tion  (3 m L  w aste ­

w ater w ith  3x4 m L  DEE). T h is  w as done  to allow  

co m p ariso n  o f  b o th  ex trac tion  m e th o d s .

Solid phase o f wastewater, suspended m atter 

and sedim ent

W astew ater sam p les  (1 to 4  liters) w ere  filte red  
over a W h a tm a n  G F /c  g lass f ib e r filte r to collect 
so lid  m a te ria l. T he filte rs w ere  d ried  in  a desicca­

to r fo r 3 h o u rs  o r overn igh t. S ed im en t an d  

su sp en d ed  m a tte r  sam p les w ere  m ixed  w ith  
an h y d ro u s  N a2SC>4 in  a m o r ta r  a n d  s to red  for 
over 3 h o u rs  in  a desicca to r fo r d ry ing.

In  th e  f irs t series o f  sam p les (spring), th e  filters 
(solid p h ase  w astew ater) o r d ried  su sp en d ed  
m a tte r  a n d  se d im e n t sam p les  w ere  soxhlet 

ex tracted  w ith  h e x an e /ace to n e  (1:1, v/v) fo r 6 

h o u rs . As a re su lt o f  th e  h ig h  acetone  co n ten t, th e  

re su ltin g  extracts co n ta in ed  a ce rta in  a m o u n t o f  
w ater. A fter co n cen tra tio n  w ith  a ro tary  evapora­

to r, th e  extracts w ere  filte red  over an h y d ro u s 

N a2SC>4 an d  su b seq u en tly  e lu ted  w ith  hexane 
(hexane frac tio n  fo r D R -C A L U X ) a n d  w ith  acetone  
(acetone frac tion  fo r E R -C A L U X  an d  YES). 

U n fo rtu n a te ly , th e  ace tone  also  ex trac ted  w ater

fro m  th e  N a „ S O . . T he  ace tone  extracts w ere  there-
2 4

fo re  filte red  once m o re  over an h y d ro u s  N a2SC>4 
an d  e lu ted  w ith  D EE to rem ove  w ater an d  p a rti­

cles. T he  hexane  frac tion  w as c leaned  u s in g  a 

su lfu ric  acid  co lu m n . T he  ex tracts w ere  o ften  
yellow, w h ich  m ay  ind ica te  th e  o ccu rren ce  o f  
su lfu r-co n ta in in g  c o m p o u n d s  as th e se  w ere  n o t 

rem oved .

In  th e  second  (su m m er) an d  th ird  (fall) series o f  
sam p les , th e  filte rs fro m  th e  w astew ater sam p les 

w ere  ex tracted  w ith  D E E /acetone (3:1, v/v). 

S u sp en d ed  m a tte r  an d  se d im e n t sam p les  w ere 
m ixed  w ith  N a„SO ., an d  s to red  fo r 3 h o u rs  in  th e  
desiccato r befo re  ex trac tion  w ith  D E E /acetone (3:1) 

u s in g  a Soxhlet ap p a ra tu s . T he  Soxhlet ex trac t w as 

co n cen tra ted  on  a ro ta ry  evapo ra to r an d  su lfu r 

co m p o u n d s  w ere  rem oved  by m e a n s  o f  th e  TBA 
(te trab u ty lam m o n iu m ) m e th o d  (de V oogt et al., 

1 990 ; V erb rugge  et al., 1991), by m ix ing  the  

ex tract w ith  TBASO^ so lu tion . T he  re su ltin g  

extracts still co n ta in ed  w ater. To rem ove th e  w ater, 
th e  DE E-phase w as firs t sep a ra ted  fro m  th e  w ate r



p h ase , filte red  over an h y d ro u s  N a2SC>4 a n d  e lu ted  

w ith  DEE. A fter tra n s fe r  to a tu b e  an d  g en tle  
ev apo ra tion  to (near) d ryness, 2 m L  o f  hexane  was 
ad d ed  th re e  tim es , co llected  an d  co m b in ed  in  a 

second  te s t tu b e . A pelle t re m a in e d  in  th e  f irs t 

tube .

S om e su sp en d ed  m a tte r  w as still p re s e n t in  the  

hexane  extract. T h is  ex trac t w as th e re fo re  filte red  

over an h y d ro u s  N a2SC>4 an d  e lu ted  w ith  hexane. 
T he  e lu en ts  w ere  c o m b in ed  (hexane frac tion ). T he 
p e lle t in  th e  f irs t tu b e  w as re-d isso lved  in  acetone

a n d  also filte red  over th e  sam e  N a„SO . filte r
2 4

(acetone frac tion ). T he  ace tone  frac tion  w as fa r 
m o re  co lored  th a n  th e  hexane  frac tion . No co lor­
in g s w ere  still v isib le in  th e  la tte r extracts. T he 

hexane  frac tio n  w as fu r th e r  c leaned  a n d  u se d  for 

th e  D R -C A LU X  assay  a n d  th e  ace tone  frac tion  w as 
u se d  fo r th e  ER-CA LU X  an d  YES assay. F igures 
4 .2  an d  4.3 are  sch em atic  rep re se n ta tio n s  o f  th e  

ex trac tion  p ro ced u res .

Biota

F ish  an d  m u sse l sam p les w ere  m ixed  w ith  

N a„SO ., s to red  fo r m o re  th a n  4 h o u rs  in  a desicca- 

to r  fo r d ry ing  befo re  ex trac tion  w ith  D EE /acetone 
(3:1, v/v) in  a Soxhlet ap p a ra tu s . T he  re su ltin g  
extracts still co n ta in ed  w a te r an d  th e  ph ases w ere  

poorly  sep ara ted . T he  ex trac t w as tra n sfe rre d  to 

large te s t tubes re su ltin g  in  fu r th e r  p h ase  
sep a ra tio n . T he  o rgan ic  layer (D EE/acetone) 
w as collected . NaCL w as ad d ed  to  th e  re m a in in g  

aq u eo u s  p h ase  and , a fte r  m ix in g  w ell, th e re  was 

c lea r sep a ra tio n  o f  th e  o rgan ic  an d  aq u eo u s layers. 
T he  o rgan ic  layer w as co m b in ed  w ith  th e  f irs t one, 
a n d  th e  re m a in in g  aq u eo u s layer w as extracted  

3 tim es  w ith  DEE. T he DEE extracts w ere  ad d ed  to 

th e  o rgan ic  layer a lready  collected . A fter evapora­

tio n  o f  th e  so lvents fro m  th e  co m b in ed  o rgan ic  
p h ase , a co lorless v iscous liq u id  a n d  a n  orange- 

co lo red  oil rem a in ed . A fter f rac tio n a tin g  th is 

o il/liq u id  m ix  (accord ing  to th e  m e th o d  d escribed  
fo r su sp e n d e d  m atte r) in to  hexane  an d  ace tone  
frac tio n s, th e  colorless v iscous liq u id  re m a in e d  

in  th e  ace tone  frac tion  fo r m o s t f ish  sam p les . T he 

hexane  frac tion  w as fu r th e r  c leaned  an d  u se d  fo r 

th e  DR-CALUX assay  a n d  th e  ace tone  frac tion  w as 
u se d  fo r th e  ER-CALUX assay.

resp on se  (RLU)-CALUX Y ES-response

1000 10,000 100 ,000 1000,000
con cen tration  estradiol (pM)

•  ER-CALUX 

A Y E S

F 4.1 Dose-response curves (estradiol (E2)) for e r - c a l u x ,  

y e s  and c a r p - h e p  assay, ( r l u :  relative light unit)

F irs t  s e r ie s  o f  s a m p le s

I, II: F ractionation

C lean-up  or drying

A ssay

i pora tor

Sulphuric acid  
s ilica  c lean -u p

F 4.2 Treatment of suspended matter samples, sediment samples and the

solid phase of wastewater samples prior to in vitro assays for the first series 

of samples (spring).

S eco n d  a n d  t h i rd  s e r ie s  o f  s a m p le s

Sulphur rem oval

Evaporation

I, II: Fractionation

C lean -u p  or drying

A ssay

D ry r e s id u e

D EE/acetone

R otary  e v a p o r a to r

Sulphuric acid  
s ilica  c lean -u p

TBA reagents

F 4.3 Treatment of suspended matter samples, sediment samples and the solid phase 

of wastewater samples prior to in vitro assays for the second (summer) and 

third (autumn) series of samples.



4 .2.2 Assay m ethods
YES assay

T he YES assay  w as p e rfo rm e d  acco rd ing  to 

R outledge a n d  S u m p te r (1996). 0.25 m L  o f  a 

co n cen tra ted  re c o m b in a n t yeast stock  w as added  

to  45 m L  g row th  m e d iu m  a n d  in cu b a ted  o v ern igh t 
a t 28°C  in  a sh ak in g  in c u b a to r  (250 rpm ) u n til  an  

op tical d ensity  (OD) o f  1.0 (6 4 0  n m ) w as reached . 

T he  assay  m e d iu m  w as p rep a red  by ad d in g  0.5 m L  
o f  th e  su b s tra te  ch lo ro p h en o l red-B-D-galac- 
to sp y ran o sid e  (CPRG, B o eringer M an n h e im ) to 

50 m L  fre sh  g row th  m e d iu m , an d  by ad d in g  2 m L 

yeast fro m  th e  ov e rn ig h t cu ltu re . C lear p lastic  96 - 

w ell p la tes (Costar) w ere  seeded  w ith  2 0 0  pL o f  
th e  assay  m e d iu m  c o n ta in in g  yeast p e r  w ell u s in g  

a m u lti-ch an n e l p ip e tto r  in  a la m in a r  a irflow  

cab ine t. Stock so lu tions a n d  d ilu tio n s o f  tes t 

co m p o u n d s  a n d  extracts w ere  p rep a red  in  DMSO 
a n d  ad d ed  d irectly  to th e  w ells c o n ta in in g  th e  

yeast, to a m a x im u m  co n cen tra tio n  o f  2 % DMSO 

(i.e. 4  pL in  2 0 0  pi). Each d ilu tio n  w as te s ted  in  
trip lica te . Each assay  in c lu d ed  a s ta n d a rd  curve 
fo r E2 (1 to 1 0 ,0 0 0  pM ) an d  each  p la te  co n ta in ed  

trip lica te  so lven t co n tro l an d  E2 ca lib ra tio n  p o in ts  

(100 a n d  1 ,0 0 0  pM ). P lates w ere  in cu b a ted  at 
32°C, w ith  daily 5 -m inu te  sh ak in g  o f  p la tes.

T 4 .2  T h e  m o l - b a s e d  e s t r a d io l  e q u i v a l e n c y  f a c t o r s  (EEF, 

e s t r o g e n i c  p o t e n c y  r e la t iv e  t o  e s t r a d io l )  u s e d  fo r  

c a l c u l a t i n g  t h e  e s t r a d io l  e q u i v a l e n t s  (EEQ) in m ix t u r e s  

o f  c h e m i c a l l y - a n a l y z e d  ( x e n o - ) e s t r o g e n s .

Abbreviation Com pound ER-CALUX EEF

E 2 - 1 7 « 1 7a-estradiol 0 . 0 1 6 1

E2 1 7ß-estradiol 11

E1 estrone 0 . 0 5 6 1

EE2 1 7a-ethynylestradiol 1 .21

BPA bisphenol-A 7 .8E -0 61

OP 4-octylphenol 1 .4E -0 61

OPE octylphenol ethoxyla tes < 6 .0 E -0 7 2

NP 4-n onylphenol 2 .3E -0 51

NPE nonylphenol  ethoxylates 3 .8E -0 61

DMP dimethyl phthalate 1 .1E -0 51

DEP di-ethyl phthalate 3 .2E -0 81

DBP di-n-butyl phthalate 1 .8E -0 81

BBP butylbenzyl phthalate 1 .4E -0 61

DEHP di(2 -ethylhexyl) phthalate < 6 .0 E -0 7 2

DOP di-n-octyl phthalate < 6 .0 E -0 7 2

BDE 47 2,4 ,2 ',4 ' -tetra  BDE 2 .0E -0 73

BDE 85 2 ,3 ,4 ,2 ' ,4 ' -p e n ta  BDE 2 .0E -0 73

BDE 99 2 ,4 ,5 ,2 ' ,4 ' -p e n ta  BDE 2 .0E -0 73

B D E 1 0 0 2 ,4 ,6 ,2 ' ,4 ' -p e n ta  BDE 2 .0E -0 53

S u b stra te  co n v ers io n  (color developm ent) ( 5 4 0  

n m ) a n d  cell g row th  ( 6 4 0  n m ) w ere  m e a su re d  
a fte r 2 an d  3 days o f  in cu b a tio n  in  a 96 -w ell plate  
sp ec tro p h o to m e te r (Spectrom ax). As neg lig ib le  

ab so rb an ce  w as m e a su re d  in  b lan k  w ells c o n ta in ­

in g  m e d iu m  alone , th e  fo rm u la  u sed  to calculate 

ab so rb an ce  p e r  w ell w as O D 5 4 0 - O D 6 4 0 .

ER-CALUX assay

T he E R - C A L U X  assay  is described  in  m o re  detail 
in  Legier et al., 1 9 9 9 . E r -CALUX cells w ere  cu lt­
u re d  a t 37°C a n d  7.5 %  C 0 2 in  a 1:1 m ix tu re  o f  

D u lbeccos’s m o d ified  E agle’s m e d iu m  an d  

H a m ’s F12 m e d iu m  su p p le m e n te d  w ith  so d iu m  
b icarb o n a te , n o n -e ssen tia l am in o  acids, so d iu m  
pyruvate  a n d  7.5 %  fe ta l c a lf  s e ru m  ( F C S ) .  For 

th e  assay, th e  cells w ere  p la ted  in  96-w ell p lates 

(N ucleon, D enm ark ) a t a den sity  o f  5 0 0 0  cells p e r 
w ell in  0.1 m L  D  F w ith o u t p h e n o l red  + 5 %  F C S  

w h ich  w as s tr ip p ed  fro m  h o rm o n e s  w ith  dextran- 

coated  charcoa l (assay m ed iu m ). Follow ing 24 

h o u rs  o f  in cu b a tio n , cells w ere  approx im ate ly  

50 %  co n flu en t. T he  assay  m e d iu m  w as ren ew ed  
an d  th e  cells w ere  in cu b a ted  fo r a n o th e r  24  h o u rs . 

Before exposure , 0 .8  m L  assay  m e d iu m  in  4 8  w ell 

p la tes w as m ixed  w ell w ith  th e  c o m p o u n d s  an d  

extracts to be tes ted  w ere  d isso lved  in  D M S O ,  

w ith  a m a x im u m  so lven t co n cen tra tio n  o f  0 .2  %. 

T he  m e d iu m  on  th e  cells w as th e n  ag a in  renew ed  

an d  th e  cells w ere  dosed  in  trip lica te  w ith  0.1 m L 

assay  m e d iu m  p e r  w ell c o n ta in in g  chem ica ls . In  
ad d itio n  to one  E2 s tan d a rd  curve in  trip lica te  p e r 

ex p e rim en t, co n tro l w ells, so lven t co n tro l w ells 

an d  E2 ca lib ra tion  p o in ts  (1 pM , 6 pM  an d  30 pM ) 
w ere  in c lu d ed  in  trip lica te  on  each  p late . Cells 
w ere dosed fo r 24  hou rs  p rio r to luciferase m easu re ­

m en t. To assay luciferase, the  m e d iu m  was rem oved 

an d  th e  cells w ere  lysed in  50 pL triton -lysis b u ffe r 

by gen tle  sh ak in g  a t 4°C fo r a m in im u m  o f  one 
h o u r. A 25 pL sam p le  o f  th e  cell lysate w as th e n  

tra n sfe rre d  to a b lack  96-w ell p la te  (C ostar), 25 pL 

lu c ife rin  su b s tra te  (Luclite, Packard) w as added  

an d  lu c ife rase  activity  was assayed  in  a sc in tilla ­
tio n  c o u n te r  fo r 0.1 m in u te  p e r  well.

CARP-HEP assay

T he C A R P - H E P  assay  w as carried  o u t acco rd ing  to 
Sm eets et al., 1 9 9 9 a , u s in g  a g ene tica lly -un ifo rm

1 ratio o f  EC50 (1 7ß-estradiol)/EC50 (com pound), from Murk e ta ! .,  2002 .

2  ratio o f  EC50 (1 7ß-estradiol)/EC50 (com pound), calculated from Legier e t  ai., 2001

3  ratio o f  LOEC (17ß-estradiol)/LOEC (com pound), from M eerts e t  ai., 2001 .



s tra in  o f  ad u lt m a le  carp  (Cyprinus carpio) 

o b ta in ed  fro m  th e  W ag en in g en  U niversity  
re se a rc h  g ro u p  F ish  C u ltu re  a n d  F isheries . C arp 
hepatocy tes w ere  iso la ted  u s in g  a co llagenase 

p e rfu s io n  te ch n iq u e  a n d  cu ltu red  in  p h en o l red- 

free  DM EM /F12 m e d iu m  (D 2 9 0 6 , S igm a, St. 
Louis, MO) su p p le m e n te d  w ith  14.3 m M  NaHCO^, 
HEPES (final co n cen tra tio n  2 0  m M ), 50 m g /L  

gen tam y c in , 1 pM  in su lin , io  pM  h y d roco rtisone , 

2 %  v /v  U ltroser-SF  se ru m  (B ioserpra, France) 
a n d  2 m g /m L  a p ro to n in  (R oche D iagnostics 
G m b H , M an n h e im , G erm any). H epatocytes 

(180 pL / well) w ere  seeded  in  96 -w ell tissu e  

c u ltu re  p la tes (G reiner, A lp h en  a /d  R ijn, the  
N eth e rlan d s) a t 1x10s ce lls /m L  a n d  cu ltu red  fo r 
9 days. T h ree  days a fte r  iso la tion , th e  cells w ere  

exposed  to iy ß -estrad io l (E2) (S igm a, St. Louis, 

M o, USA) (1 to 1 ,0 0 0  nM ), a n d  en v iro n m en ta l 
extracts n o t exceeding  0.1%  solvent. All co m ­
p o u n d s  w ere  d isso lved  in  DMSO. T he  en v iro n ­

m e n ta l sam p les  (w ith o r w ith o u t 100 nM  E2) as 

w ell as each  co n cen tra tio n  o f  E2 w ere  te s ted  in  
6 w ells o n  one  p late . T he  m e d iu m  w as re fre sh ed  
a fte r  3 an d  6 days. A t th e  e n d  o f  th e  exposu re  

p eriod , th e  cu ltu re  m e d iu m  w as tra n s fe rre d  to  96 - 

w ell p la tes a n d  k ep t a t -yo°C p rio r  to v ite llogen in  
analysis. R em ain in g  cell m ono layers w ere  u se d  to 
d e te rm in e  cell viability  by m e a s u r in g  m ito c h o n ­

d ria l d eh y d ro g en ase  activity u s in g  3-(4,5-dim ethyl- 

th iazo l-2y l)-2 ,5 -d ipheny lte trazo lium  b ro m id e  
(m t t ) (S igm a, St. Louis, M o, USA) as su b s tra te .
A com petitive  in d ire c t ELISA w as u se d  to  d e te r­

m in e  th e  level o f  v ite llo g en in  (VTG) in  th e  cu ltu re  

m e d iu m , u s in g  a poly-clonal rab b it an tibody  

a g a in s t g o ld fish  VTG as described  ea rlie r by 
Sm eets et al., (1999a) (see also  ch ap te r 5).

D R - C A L U X  a s s a y

T he H 4 IIE  ra t h ep a to m a  cells stably  tran sfec ted  
w ith  pG udL uc  (DR-CALUX cells) w ere  cu ltu red  in  

a lp h a -M in im al e ssen tia l m e d iu m  (a-MEM) w ith  

p h e n o l red  (Gibco) su p p le m e n te d  w ith  io  %  fetal 
c a lf  s e ru m  (FCS, G ibco). D r -CALUX cells 
w ere  c u ltu re d  a t 37°C, 5 %  C 0 2. T he  assay  was 

p e rfo rm e d  in  96 -w ell p la tes acco rd ing  to M urk  

et al. (1998). For an  assay, th e  cells w ere  p la ted  
in  w h ite  96 -w ell v iew plates (Packard) in  0.1 m L  
a-M EM . Follow ing 2 4  h o u rs  o f  in cu b a tio n ,

cells w ere  approx im ate ly  95 % co n flu en t. Before 

exposure , 0.5 m L  assay  m e d iu m  in  48-w ell p lates 
w as m ixed  w ell w ith  4 pL o f  th e  te s t so lu tio n  in  
D M SO . 0.1 m L  assay  m e d iu m  c o n ta in in g  c h e m i­

cals w as th e n  ad d ed  to th e  m e d iu m  on  th e  cells. 

E xposure w as p e rfo rm ed  in  trip lica te  w ith  a m ax i­
m u m  so lven t co n cen tra tio n  o f  0 .4  %. In  ad d itio n  
to one T C D D  s ta n d a rd  curve in  trip lica te  p e r  exper­

im e n t, so lven t co n tro l w ells an d  T C D D  ca lib ra tion  

p o in ts  (io  pM  an d  3 0 0  pM ) w ere  in c lu d ed  in  

trip lica te  on  each  p late . Cells w ere  dosed  fo r 24  
h o u rs  p r io r  to luc ife rase  m e a su re m e n t. A fter th is 

m e d iu m  w as rem oved , th e  cells w ere  w ash ed  tw ice 

a n d  lysed  by ad d in g  30 pL hypo ton ic  lysis b u ffe r 

a n d  freez in g  th e  cells a t -8o°C . D u rin g  thaw ing , 
th e  p lates w ere  sh ak en  fo r io  m in u te s  an d  

100  pL o f  lu c ife rin  w as in jec ted  in  each  w ell in  

an  a u to m a ted  lu m in o m e te r . L ight p ro d u c tio n  
w as m e a su re d  im m ed ia te ly  an d  su b seq u en tly  
ex tin g u ish ed  w ith  a NaOH so lu tio n  to p rev en t 

cross-ta lk  via th e  tra n sp a re n t b o ttom .

4 .2.3 Quantification of estrogenic 
and dioxin-like activities
For q u an tifica tio n  o f  th e  e stro g en ic  activity o f  an  
en v iro n m e n ta l ex trac t in  b o th  th e  ER-CALUX an d  
th e  YES-assay, th e  re sp o n se  o f  a su itab le  d ilu tio n  

o f  th e  u n k n o w n  m ix tu re  w as in te rp o la ted  in  a 

do se -resp o n se  curve o f  th e  s tan d a rd  co m p o u n d  

i7ß -estrad io l. T he  cu rve-fitte r o f  S lideW rite  4 .0  
w as u sed  (cum ulative fit). T he  r 2 o f  th e  fit o f  th e  

s tan d a rd  curve is u su a lly  above 0 .9 8 , b u t always 

above 0 .9 2 . F or th e  ER-CALUX, th e  in te rp o la tio n  
w as p e rfo rm ed  w ith  th e  re sp o n se s  be tw een  th e  
sig n a l o f  0.5 (lim it o f  d e tec tion  (l.o.d.)) a n d  6 pM 

(EC50) only. F or th e  YES assay, any  value  be tw een  

th e  l.o .d . a n d  th e  m a x im u m  value  w as used .

T he  estro g en ic  po tency  o f  th e  en v iro n m en ta l 

ex tract is exp ressed  as EEQ (estrad io l equ ivalen ts) 

p e r  vo lum e or w eig h t o f  m a te ria l extracted . All 
so lid  p h ase  sam p les (e.g. su sp en d ed  m a tte r , 
sed im en t) w ere  n o rm a lized  to dry w eigh t. B iota 

sam p les  w ere  co rrec ted  fo r b o th  dry w e ig h t and  

lip id  co n ten t.



F or q u an tifica tio n  o f  th e  d ioxin-like po tency  o f  an  

e n v iro n m e n ta l extract, th e  DR-CALUX re sp o n se  

co rre sp o n d in g  to th e  lin e a r  p a rt o f  a s tan d a rd  
cu rve o f  an  u n k n o w n  m ix tu re  w as in te rp o la ted  in  

a do se -resp o n se  curve o f  TCDD. T he  cu rve-fitte r o f  

S lideW rite 4 .0  w as u sed  fo r th is  (s igm oid  fit). T he  
r 2 o f  th e  fit o f  th e  s tan d a rd  curve w as always above 
0 .9 8 . For th e  DR-CALUX th e  in te rp o la tio n  was 

p e rfo rm e d  w ith  th e  re sp o n se s  be tw een  th e  signal 

o f  i  an d  io  pM  TCDD (EC50) only. T he  dioxin-like 
p o tency  o f  th e  co m p o u n d  or en v iro n m e n ta l ex tract 
is exp ressed  as TEQ (TCDD equ ivalen ts).

4 .2.4 Comparison with chemical 
analyses
In  o rd e r to co m p are  th e  in  vitro e s tro g en ic  activity 

m e a su re d  in  various en v iro n m e n ta l sam p les w ith  

th e  chem ically  analyzed  levels o f  k n o w n  (xeno-) 
e s tro g en ic  co m p o u n d s , re su lts  o f  th e  chem ica l 

analyses o f  a sam p le  can  be exp ressed  as th e o re ti­

cal e strad io l equ iva len ts  (EEQs). T h is  ch em ica l 
EEQ is ca lcu la ted  by m u ltip ly in g  th e  co n cen tra tio n  
o f  th e  co m p o u n d  by its e strad io l eq u iv a len t fac to r

T 4.3 R anges o f  YES an d  ER-CALUX activ ity  levels

(pm ol EEQ/L) m easu red  In th e  p re sen t s tu d y  and  In 

th e  fo reg o in g  pilot s tu d y  (Belfrold e t al., 1999b).

Untreated

municipal

w a stew a ter

Effluent

s e w a g e

treatment  plant

Surface w ater

ER-CALUX 2 . 4 - 2 7 5 < l .o .d . - 2.2 < l .o .d . - 0.6

YES < l. o .d . -  92 < l .o .d . - 2.1 < l .o .d . - 0.8

ER-CALUX 1 0 0 - 4 0 0 4 . 5 - 2 1 0 . 3 - 1 . 7

YES < 0 . 5 - 3 1 7 1 . 4 - 2 9 < l .o .d . - 4

T 4.5 Estradiol eq u iv a len ts  (EEQ) In ex trac ts  from  en v iro n ­

m ental co m p a rtm e n ts  m easu red  by th e  YES assay.

N u m b er o f  sam ples (n) te s ted  a n d  ran g e  o f  activity. M edian  was 

ca lcu la ted  from  sam ples above the  lim it o f  de tec tion  (> l.o.d.).

(EEF, i.e. EC50 (test com p o u n d )/E C 5 0  (iyß-estra- 

diol) as show n  in  tab le  4 .2 . By su m m in g  all EEQs 
fo r in d iv id u a l co m p o u n d s  in  a sam p le , th e  to tal 
ca lcu la ted  EEQ in  th a t sam p le  can  be  d e te rm in ed  

a s su m in g  co n cen tra tio n  additivity .

4.3 Results and Discussion

4 .3.1 Extraction and t rea tm en t  
of samples
T he in  vitro assays u sed  in  th is  stu d y  w ere 

prev iously  o p tim ized  a n d  valida ted  befo re  the  

s ta rt o f  ex p erim en ts  (RIZA/RIKZ, 1 9 99 ).

T he  ex trac tion  a n d  c lea n u p  o f  th e  sam p les, p r io r  to 

th e  in  vitro  assays, h ad  b een  te s ted  in  p ilo t experi­

m e n ts . H ow ever, as la rge  n u m b e r  o f  sam p les 

h ad  to be p rep a red  a t th e  sam e tim e  by d iffe ren t 
labo ra to ries , several m o d ifica tions in  sam p le  

p rep a ra tio n  w ere  in c lu d ed  d u rin g  th e  ongo ing  

ex p erim en ts . T h is  m e a n s  th a t th e  ex trac tion  o f  

th e  w ate r sam p les  (SPE extraction) w as so m ew h a t 
d iffe ren t fro m  th e  ex trac tion  m e th o d  u se d  d u rin g  

th e  prev ious p ilo t stu d y  (B elfroid et al., 1 9 99b ), 

w h ich  co n sis ted  o f  filte rin g  over a 0 .45 p m  filte r 
follow ed by ex trac tion  w ith  SDB-XC disks an d  
m e th a n o l e lu tio n . A t th e  s ta rt o f  th e  p re s e n t study, 

b o th  ex trac tion  m e th o d s  w ere  co m p ared  fo r one 

s ing le  sam p le . O n  th is  basis , it  w as con c lu d ed  th a t 
th e  ex trac tion  m e th o d  u sed  fo r a lky lpheno l 
(ethoxylate)s w as su itab le  e n o u g h  fo r ER-CALUX 

m e a su re m e n ts  in  w ate r sam p les  (data n o t show n).

Er -c a l u x  activity levels in  w astew ater an d  
su rface  w ate r fro m  th e  p re s e n t stu d y  w ere  up  

to one o r m o re  o rders o f  m a g n itu d e  low er th a n  

d u rin g  th e  p ilo t study  (see tab le  4.3), even  for 

sam p les in  s im ila r types o f  w ate r a t th e  sam e 
locations. For th is reaso n , co n ce rn  w as ra ised  

ab o u t th e  efficacy o f  th e  ex trac tion  m e th o d  u sed  as

T 4.4 M easu red  ER-CALUX activ ity  levels (pm ol EEQ/L)

a f te r  tw o  p ro ced u res o f  sam ple  ex trac tio n : SPE ex trac tio n  

and  liquid /liquid  ex trac tio n .

Compartm en t n Range o f  es trogen ic  activity 

in pmol EEQ/L

Median in pmol EEQ/L 

number  o f  s a m p les  > l.o.d.

Untreated municipal  

w a stew a ter

8 < l .o .d . - 9 2 92  (1)

STP eff luent 9 < l .o .d . - 2.1 2.1 (1)

Surface water 89 < 0.01  - 0 . 8 0 0 .1 4  (52)

Sample code SPE extraction Liquid/ liquid extraction

EHV 14 1 40

HHW 1 9 0 3 40

WST 27 3 20

AML 32 3 20

ANP 26 12,000



co m p ared  to th e  prev ious m e th o d . A p ro p e r an d  

exhaustive  ex p lana tion  fo r th e  d ifferences has n o t 

b een  fo u n d , b u t it w as co n firm e d  th a t th e  c u rre n t 
ex trac tion  m e th o d  certa in ly  u se d  effic ien tly  

ex trac ted  h o rm o n e s , an d  APE (data n o t show n), i.e. 

th e  m o re  so lub le  e s tro g en ic  co m p o u n d s  th a t w ere 

also  chem ically  analyzed  (chap ter 3). It w as th e re ­
fore co n c luded  th a t th e  ER-CALUX data  fro m  th e  

p re s e n t stu d y  cou ld  be u se d  to co m p are  d iffe ren t 

w a te r sam p les  an d  to e s tab lish  co rre la tio n s w ith  
o th e r p a ram e te rs  (see ch ap te r 6), b u t th a t it w as 
n o t fu lly  su itab le  fo r c o m p a riso n  w ith  re su lts  fro m  

th e  p ilo t stu d y  a n d  o th e r s tu d ies .

In  ad d itio n  to th e  w a te r ex trac tion  p ro ced u re  
u se d  h e re  (d e te rm in ed  to  be com p arab le  to th e  

p ro ced u re  u se d  fo r chem ica l analysis), 5 u n tre a te d  

w astew ater sam p les  w ere  also  ex trac ted  u s in g  
a liqu id -liqu id  ex trac tion  p ro ced u re  (see 4.2.1). 
T h ese  extracts w ere  th e n  te s ted  w ith  th e  ER- 

CALUX assay. C o m p ariso n  o f  th e  re su lts  ind ica tes  

a con sid erab le  d iffe rence  in  ER-CALUX activity 
m e a su re d  (see tab le  4 .4). In te restin g ly , th e  EEQs 
o f  th e  sam p les ex trac ted  w ith  th e  s ta n d a rd  p ro ce­

d u re  w ere  on  average only 17 %  o f  th e  EEQs 

o b ta in ed  via th e  liqu id -liqu id  ex trac tion  p rocedu re . 
D ifferences ran g ed  fro m  0 .2  % o f  th e  to ta l EEQs 
(ANP) to 57 %  (h h w ). T h is in d ica tes  th a t a 

relatively  large p o rtio n  o f  th e  EEQs in  w ater 

m ay  be lo s t via p re tre a tm e n t an d  so lid -phase 

ex traction .

A n o th e r in d ica tio n  th a t th e  SPE m e th o d  w as 

p robab ly  less e ffic ien t fo r ex trac ting  th e  m o s t 

e s tro g en ic  co m p o u n d s w as ob ta in ed  fro m  
ad d itio n a l E R-CALUX analysis d u rin g  th e  case 

stu d y  w ith  th e  E indhoven  STP efflu en t. D uring  

p e rio d  3, a n  EEQ o f  0 .0 9 4  p m o l/L  w as m e a su re d  
u s in g  th e  ro u tin e  SPE ex trac tion . In  th e  sam e 
p eriod , b u t n o t o n  th e  sam e  occasion , an  EEQ 

o f  12 p m o l/L  in  th e  e ff lu en t o f  th is  STP was 

m e a su re d  u s in g  liqu id -liqu id  ex trac tion  (see 5.3.2). 
T h is  is m o re  th a n  a io o -fo ld  d ifference .

F or th e  su sp e n d e d  m a tte r , se d im e n t a n d  bio ta 

sam p les , several m o d ifica tions in  ex trac tion  an d  
c lea n u p  p ro ced u res  w ere  in tro d u ced  in  th e  sam p le  
tre a tm e n t d u rin g  th e  on-go ing  ex p erim en ts .

For in s tan ce , w a te r re m a in in g  in  th e  extracts o f  

sam p les req u ired  ad d itiona l d ry ing  steps (Na2SC>4) 
a n d  co lo ring  o f  th e  extracts in tro d u ced  an  extra 
p ro ced u re  fo r th e  rem oval o f  su lfu r. C o m p ariso n  

b e tw een  sam p les th a t w ere  ex trac ted  in  th e  d iffe r­

e n t series is th e re fo re  d ifficu lt as a re su lt o f  

add itio n a l sam p lin g  p ro ced u res , especially  in  th e  
second  a n d  th ird  series o f  sam p les (see also 

sec tion  4.2.1.3).

W h en  solid  sam p les  a n d  b io ta  w ere  ex tracted  for 
th e  ER-CALUX, no  estro g en ic  activity could  be 

detec ted  in  any  o f  th e  hexane  extracts (data n o t 

show n), w hile  th e  acetone  th a t w as e lu ted  su b se ­

qu en tly  over th e  c lea n u p  co lu m n s d id  co n ta in  
detec tab le  levels o f  e stro g en ic  activity. T he  hexane 

frac tions how ever w ill genera lly  co n ta in  m o s t, i f  

n o t all o f  th e  o rgan ic  co m p o u n d s  (BPA, p h th a la te s , 
b ro m in a te d  flam e re ta rd a n ts , a lky lpheno l (ethoxy- 
late)s) d e te rm in e d  by ch em ica l analysis. Even fo r 

th e  n a tu ra l an d  syn thetic  h o rm o n e s , it is expected  

th a t a su b s ta n tia l a m o u n t, i f  n o t th e  to ta l a m o u n t, 

en d ed  u p  in  th e  hexane  frac tio n s. B ased o n  so lven t 
po la rities, it can  also  be expected  th a t c o m p o u n d s  

like PCBs, PAHs, an d  ch lo rin a ted  a ro m atics  w ill 

e n d  u p  in  th e  hexane  frac tio n s. A lth o u g h  it  is 

in te re s tin g  to n o te  th a t ER-CALUX activ ities w ere 
fo u n d  in  th e  ace tone  frac tio n s, it m u s t be  n o ted  

th a t th ese  re su lts  c a n n o t be co m p ared  to  the  

re su lts  o f  th e  chem ica l analysis. T he  sou rce  o f  th e  

e s trogen ic ity  in  th is  ace tone  frac tio n  re m a in s  
u n c lea r. T he  re su lts  o f  th e se  analyses a re  th e re fo re  

n o t fu r th e r  p re se n te d  an d  d iscu ssed  in  th e  p re se n t 

repo rt.

YES a s s a y

T he YES assay  was app lied  to m e a su re  estro g en ic  

activity in  w astew ater an d  su rface  w a te r sam p les . 

A su m m a ry  o f  th e  ran g es  an d  m ed ian s  fo u n d  is 
g iven in  tab le  4.5.

In  a lm o s t h a lf  o f  th e  su rface  w ate r sam p les , the  

re sp o n se  o f  th e  YES assay  w as below  th e  lim it o f  
de tec tion . H ow ever, as can  be seen  fro m  tab le  4.3, 
re sp o n ses  in  th e  p re s e n t stu d y  w ere  ab o u t an

4 .3.2 Estrogenic activity levels 
in aqueous com partm ents



o rd e r o f  m a g n itu d e  low er th a n  in  th e  p ilo t study  

w ith  com p arab le  e n v iro n m e n ta l sam p les  fo r th e  
YES assay  as w ell as fo r th e  ER-CALUX assay.
T h is  w as a ssu m e d  to be a ttrib u tab le  to d ifferences 

in  ex tractions o f  th e  sam p les p r io r  to th e  in  vitro 

assays. M ost STP efflu en ts  show ed  estro g en ic  
activity, as m e a su re d  by th e  YES assay, below  
th e  lim it o f  de tec tion . H ow ever, it seem s th a t 

estro g en ic ity  in  th e  e ff lu en t sam p les is h ig h e r  

th a n  in  th e  receiv ing  su rface  w ater.

ER-CALUX  

W astewater

E strogen ic  activities w ith  th e  ER-CALUX assay  
w ere  m e a su re d  in  u n tre a te d  an d  biologically  
tre a ted  (effluen ts) w astew ater sam p les, in  ra in ­

w a te r an d  in  su rface  w a te r sam p les . A su m m a ry  

o f  th e  ran g es  m e a su re d  a n d  m ed ian s  is g iven in  
tab le  4 .6 .
F igure  4 .4  show s estro g en ic  activity in  u n tre a te d  

a n d  b io logically-treated  m u n ic ip a l w astew ater for 

five sites. T he  re su lts  o f  th e  u n tre a te d  m u n ic ip a l 
w astew ater sam p les  w ere  in  th e  ran g e  o f  2.37 p m o l 
to  275 pm o l, w ith  a m e d ia n  o f  27 p m o l EEQ/L.

O n e  u n tre a te d  d om estic  w astew ater site  (HHW) 

show ed  h igh ly  elevated  EEQs in  u n tre a te d  w aste ­
w a te r (194 an d  275 pm ol/L ). In  genera l, e s trogen ic  

activity w as g reatly  red u ced  ( 8 8 - 9 9 .9  0/° rem oval) 
by w astew ater tre a tm e n t, b u t m o s t sites still h ad  

EEQs in  e ff lu en ts  exceeding  m e d ia n  su rface  w ater 
EEQs (above 0 .0 7  pm ol/L ).

U n trea ted  a n d  bio log ically -treated  in d u s tr ia l 

w astew ater w as also sam p led  a t various locations. 
Less in d u s tr ia l sam p les  w ere  te s ted  th a n  o rig inally  
p la n n e d  fo r various reaso n s . No m e d ia n  value 

o f  E R-CALUX in  in d u s tr ia l w astew ate r could  

th e re fo re  be ca lcu lated . C o n cen tra tio n s  varied  
w idely  fro m  5.8 p m o l - 5 6 0  p m o l EEQ/L fo r

T 4 .6  E s trad io l e q u i v a l e n t s  (EEQ) in e x t r a c t s  f r o m  e n v i r o n ­

m e n t a l  c o m p a r t m e n t s  m e a s u r e d  b y  t h e  E R -C A L U X  a s sa y .  

Median values have been calculated from samples with concentration 

> l.o.d. The number of samples with a concentration above l.o.d. is 

given in parentheses.

Compartm en t n Range o f  es trogen ic  activity 

in pmol EEQ/L

Median in pmol EEQ/L 

number  o f  s a m p les  > l.o.d.

Untreated municipal  

w a stew a ter

12 2 . 3 7 - 2 7 5 27 (12)

STP eff luent 10 < 0 . 0 0 3 - 2 . 2 4 0 .3  (9)

Rainwater 3 0.01 - 0.22 0 .1 3  (3)

Surface water 9 0 < 0 . 0 0 3 - 0 . 6 1 0 .0 7  (85)

Polder d itches 11 0 . 0 0 3 - 0 . 7 4 0 .0 3  (11)

u n tre a te d  in d u s tr ia l w astew ate r an d  fro m  

0 .2  p m o l-9 .5  p m o l E EQ /liter fo r biologically- 
trea ted  in d u s tr ia l w astew ater.

Rainwater and drinking w ater

R ainw ater w as sam p led  a t th re e  locations. T he 
average estro g en ic  activity in  ra in w a te r w as ab o u t 
tw ice th a t o f  su rface  w a te r (m ed ian  0.13 p m o l 

EEQ/L, tab le  4 .6 ).

E strogen ic  activity m e a su re d  in  d rin k in g  w ate r 
sam p les w as rep o rted  to be  genera lly  below  th e  
lim it o f  q u an tifica tio n  (G h ijsen  a n d  H oogen- 

b o ezem , 2 0 0 0 ) . In  a few  cases , activities 

com p arab le  to th e  low  levels fo u n d  in  su rface  
w ate r w ere  rep o rted  (about 0 .0 4  p m o l EEQ/L).

Surface water

T he m e d ia n  EEQ-level in  su rface  w a te r fo r 
sam p les > l.o .d . w as 0 .0 7  p m o l EEQ/L (table 4 .6 ). 
T he  h ig h e s t e s tro g en ic  activity in  su rface  w aters 

w as fo u n d  in  th e  R iver M euse  (figure 4.5) an d  

averaged  0.14 p m o l EEQ/L over th e  th re e  sam p lin g  
seaso n s. T he  M euse  locations EYS (sp ring  an d  
su m m e r) , BEL (fall) a n d  KEI (fall) show ed  EEQs 

exceed ing  tw ice th e  s tan d a rd  dev iation  o f  average 

levels (over 0.3 pm o l/L ). In  th e  R iver R hine, low er 

m e a n  EEQs w ere  fo u n d  th a n  in  th e  M euse  
(0 .0 9  pm ol/L ) (figure 4.5). A ten d en c y  tow ards 

h ig h e r  EEQs w as observed  a t u p s tre a m  locations 

in  th e  R hine, th o u g h  m an y  d o w n stream  locations 
w ere  n o t sam p led  in  th e  su m m e r  an d  fall (figure 
4.5). A s im ila r average e stro g en ic  activity was 

observed  in  th e  Scheld t estuary , w ith  an  average o f  

0 .0 6  p m o l EEQ/L (figure 4.5). No d ifference  w as 
fo u n d  be tw een  m e a n  EEQs in  fre sh w a te r (SOD 
a n d  TER) a n d  b rack ish  locations (VLI a n d  HAM) in  

th e  Scheldt. E strogen ic  activity in  m a r in e  an d  

e s tu a rin e  su rface  w aters a long  th e  n o r th e rn  coast 
o f  th e  N e th e rlan d s  w as genera lly  low  (< 0 .0 8  p m o l 
EEQ/L). Two excep tions w ere  th e  fre sh w ate r 

sam p lin g  site  in  F rie slan d  (BER) an d  DAN in  th e  

W ad d en  Sea w h ere  estro g en ic  activity w as m o re  
th a n  2 s ta n d a rd  dev iations above th e  average 
(> 0.25 p m o l EEQ/L).

E strogen ic  activity in  w ate r collected  fro m  d itches 
located  in  a reas w ith  in ten siv e  cattle  h u sb an d ry  
w as co m p arab le  to th a t in  su rface  w aters fro m



large w a te r  bodies  (figure 4.5). H ig h e r  EEQs w ere 

fo u n d  in  sam p les  tak en  in  sp r in g  a n d  s u m m e r  

th a n  in  the  fall. Accordingly, two m a n u r e  sam ples  
tes ted  for es trogen ic  activity show ed  th e  h ig h es t  

EEQ levels o f  all co m p a r tm e n ts  tes ted  (6 0  an d  

1,350 p m o l  EEQ/L).
Very low es trogen ic  activity (0 .016  a n d  0 .0 0 3  
p m o l  EEQ/L) was m e a s u re d  in  w ate r  collected 

f ro m  ditches located in  area  w ith  g reen h o u ses .

Comparison between YES and ER-CALUX

T he ER-CA LU X  an d  YES assays w ere  co m p ared  to 

d e te rm in e  th e  re la tio n sh ip  be tw een  re sp o n se s . 

C o m p ariso n  o f  th e  tw o assays o f  extracts o f  

su rface  w aters an d  w astew ate r (sewage) tre a tm e n t 
p la n t (STP) e fflu en ts  an d  u n tre a te d  w aste  w aters 

show ed  good co rre la tio n  be tw een  ER-CA LU X  an d  

YES (coeffic ient o f  co rre la tio n  = 0 .74 , f ig u re  4 .6) 
a lth o u g h  q u ite  a n u m b e r  sam p les  in  th e  YES 

w ere  below  th e  lim it o f  q u an tifica tio n  (l.o.q.). As 

a re s u lt o f  th e  h ig h  sensitiv ity  a n d  resp o n siv en ess  

o f  th e  ER-CA LU X  assay, as w ell as th e  low  varia tion  
in  th e  assay  (see table  4.1) all fu r th e r  re su lts  a re  
rep o rted  u s in g  th e  ER-C A LU X  assay. T h is does n o t 

m e a n  th a t th e  YES assay  cou ld  n o t have b een  u sed  

in s tead , b u t in  th e  case o f  availability  o f  m e a s u re ­

m e n ts  w ith  b o th  assays, th e  in fo rm a tio n  p re se n te d  
by th e  YES assay  w as m o re  lim ited .

Estrogenic activity in the CARP-HEP assay

A n u m b e r  o f  sam p les show ing  elevated  EEQs 
in  th e  E R-CALUX assay  w ere  also  te s ted  fo r vite l­

lo g en in  in d u c tio n  in  th e  C A R P -H E P  assay. N one o f  

th e  sam p les  te s ted  in  th e  C A R P -H E P  assay  show ed 
v ite llo g en in  in d u c tio n  above so lven t co n tro l levels 
(data n o t show n). It is likely th a t th e  absen ce  o f  th e  

re sp o n se  in  th e  C A R P -H E P  assay  in  th e se  sam p les  

is d u e  to  low er sensitiv ity  o f  th is  assay  co m p ared  

to  th e  ER-CA LU X  assays (table 4.1).

3.3 Relationship between in vitro 
activity and chemical analyses
T he re la tio n sh ip  w as s tu d ied  be tw een  chem ically  

analyzed  es tro g en  levels a n d  in  vitro e s tro g en ic  

activity (ER -C A LU X ). E strone  (Ei) w as th e  m o s t 
p rev a len t estro g en ic  h o rm o n e  in  w a te r sam p les, 
a n d  a positive co rre la tio n  (r=o.77) w as fo u n d

50
pm ol

EEQ/L
40

■ untreated wastewater (SPE)

■ effluent STP (SPE)

1 3  1 2 3  1 2 3  1 3  1 3
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F 4. 4 Estrogenic activity (estradiol equivalents EEQ) in municipal wastewater and 

STP effluents sampled in spring (i), summer (2) and autumn (3).
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and estrone levels in untreated wastewater and effluents.
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F4.5 ER-CALUX in su r face  w a te r
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5 Estrogenic activity as measured by the e r -c a l u x  assay in surface 

water. Locations are arranged according to river basin.

Number of locations corresponds to the numbers in the map.

be tw een  e s tro n e  levels in  u n tre a te d  w astew ater or 
e ff lu en t an d  th e  in  vitro e s tro g en ic  activity in  these  
extracts (figure 4.7). T h is  fig u re  in d ica tes  th a t 

e s tro n e  m ay  be re sp o n sib le  fo r an  im p o rta n t p a rt 

o f  th e  e stro g en ic  activity in  th ese  sam p les . It can  
be  expected  th a t o th e r h o rm o n e s  (w hich w ere  
o ften  below  th e  lim it o f  detec tion ) co-occur w ith  

e s tro n e . A ccordingly , a s lig h t co rre la tio n  w as 

fo u n d  be tw een  iy ß -estrad io l a n d  in  vitro EEQs in  
u n tre a te d  w astew ater (r= 0 .6 , data  n o t show n).

No su ch  re la tio n sh ip  w as fo u n d  in  su rface  w aters , 

in  w h ich  less th a n  h a lf  o f  th e  sam p les  h ad  e s tro n e  

levels above th e  level lim it o f  d e tec tion  a n d  only  a 
sm a ll frac tio n  above th e  level lim it o f  q u an tifica ­

tio n  (r=o.3, da ta  n o t show n). O th e r p o te n t e s tro ­

g en s , su c h  as e strad io l (E2) a n d  ethyny lestrad io l 
(EE2), w ere  hard ly  fo u n d  above th e  lim it o f  de tec­
tio n  (l.o.d.) in  su rface  w a te r an d  e ff lu en t sam p les .

T he  re la tio n sh ip  be tw een  th e  m e a su re d  in vitro 
e s tro g en ic  activity an d  chem ically  detec ted  co n cen ­
tra tio n s  o f  (xeno-)estrogens can  be evalua ted  by 

con v ertin g  th e  co n cen tra tio n s  to an  EEQ equ iva­

le n t acco rd ing  to th e  ca lcu la tion  p ro ced u re  o u t­

lin ed  in  sec tion  4 .2 .4 . EEQs in  ra in w a te r sam ples 
cou ld  n o t be co m p ared  as levels o f  m o s t (xeno-) 

e s tro g en s  w ere  below  th e  lim it o f  de tec tion . For 

w astew ater a n d  su rface  w ater, only  th e  sam p les  

w ith  e s tro n e  above b o th  th e  lim it o f  d e tec tion  an d  
lim it o f  q u an tifica tio n  w ere  u sed  fo r co m p ariso n . 

T h is  is because  co n cen tra tio n s  below  th e  l.o.d. 

c a n n o t be accura te ly  converted  to an  EEQ equ iva­

len t. It is only  p o ss ib le  to  ca lcu la te  a m ax im u m  
value fo r th e  EEQ. T h is m akes co m p a riso n  o f  th ese  

EEQs w ith  in  vitro ER-CALUX data  d ifficult.

I f  EEQ-levels ca lcu la ted  a re  below  th e  m e a su re d  in  
vitro  EEQ levels, o th e r co m p o u n d s , th a t w ere  n o t 

chem ically  analyzed  in  th e  p re s e n t study  m ay  be 

p re s e n t in  th e  extracts a n d  also c o n tr ib u te  to e s tro ­

gen ic  activity. T h is  w as fo u n d  in  so m e  STP efflu ­
e n ts  a n d  su rface  w a te r sam p les (data n o t show n).

H ow ever, EEQs w ere  h ig h e r  th a n  in  vitro EEQs, by 

one o rd e r o f  m a g n itu d e  fo r m o s t o f  th e  extracts 
ca lcu la ted  (data n o t show n). T h is  m ay  be exp la ined  
in  several w ays. O ne o f  th e  m a in  p ro b lem s w ith  

ca lcu la ting  EEQs fro m  th e  ch em ica l analyses w as 

th e  low  co n cen tra tio n  (< l.o.d.) o f  th e  co m p o u n d s , 

especially  in  th e  su rface  w a te r sam p les . C alcu la­
tio n  o f  th e  EEQs based  on  d e tec tion  lim its  th e re ­

fore gives a n  o v e res tim a tio n  o f  th e  EEQ. A n o th e r 

likely ex p lan a tio n  fo r h ig h e r  ca lcu la ted  EEQs th a n  

th o se  fro m  in  vitro EEQs, is a possib ly  less effic ien t 
ex trac tion  fo r th e  ER-CALUX assay  fo r th e  h o r­

m o n es  an d  th e  p h th a la te s , as th e  a lky lpheno l 

(ethoxylate)s ex trac tion  m e th o d  w as u se d  fo r th e  

ER-CALUX assay. T h is is n o t n ecessarily  th e  
o p tim al m e th o d  fo r o th e r co m p o u n d s  su ch  as the  

h igh ly  p o te n t estro g en ic  h o rm o n e s . Previous 

s tu d ies , in  w h ich  a ‘h o rm o n e ’-extraction  p ro ce­

d u re  w as u se d  fo r b o th  analyses (chem ical and  
ER-CALUX assay), re su lted  in  m o re  o r less s im ila r 

ca lcu la ted  an d  m e a su re d  EEQs (B elfroid et al., 

1999b).

T h ere  cou ld  also be a sy s tem atic  e r ro r  cau sed  by 

tra n s fe r  o f  th e  ex trac t in to  DMSO befo re te s tin g  in  

th e  ER-CALUX. It is feasib le  th a t th e  m ax im u m  
so lub ility  o f  co m p o u n d s w as exceeded in  th e  
DMSO so lu tion . As th e  EEQs o f  som e sam p les 

w ere  fa r h ig h e r  th a n  expected , th e  DMSO stock 

so lu tio n  o f  th e se  sam p les  m ay  have b een  too 
co n cen tra ted . P rec ip ita tio n  o f  th e se  c o m p o u n d s  
m ay  re su lt in  a system atically  low er EEQ.

It m u s t  also be n o ted  th a t p ro ced u res  fo llow ing 
ex trac tion  h ad  to be in tro d u ced  p rio r  to ER-CALUX 
assay  fo r extra c lea n u p  (see sec tion  4.3.1). Loss o f  

c o m p o u n d s  d u rin g  th e se  p ro ced u res  c a n n o t be 

excluded.

F inally, i t  is also p o ss ib le  th a t som e (yet unkn o w n ) 

c o m p o u n d s  m ay  an tag o n ize  estro g en ic  

c o m p o u n d s  in  th e  in  vitro assay.

4 .3.4 Comparison with estrogenic 
activity in o ther  studies
T he ER-CALUX assay  has n o t b een  u se d  ab ro ad  to 
d e te rm in e  estro g en ic  activity. H ow ever, o th e r in



vitro  assays have b een  app lied , su ch  as th e  YES 
assay  o r o th e r re c o m b in a n t re p o r te r  g ene  assays 
u s in g  yeast cells. In  Spain , n ew  re c o m b in a n t yeast 
assays have b een  developed  an d  have show n  es tro ­

gen ic  activity in  su rface  a n d  w astew aters, th o u g h  
n o  ran g es  are  p rov ided  (table 4 .7 , G arcia-R eyero 

et al., 2001). C au tio n  m u s t aga in  be exercised  
w h en  c o m p arin g  re su lts  o f  s tud ies  u s in g  d iffe ren t 

ex trac tion  te ch n iq u es  (see also  4.3.1).

4 .3.5 Dioxin-like activity levels 
in solid com partm ents
D ioxin-like activ ities w ith  th e  DR-CALUX assay 

w ere  m e a su re d  in  so lids o f  w astew ater, su sp en d ed  
m a tte r , se d im e n t a n d  bio ta sam p les . A su m m a ry  

o f  th e  ran g es  m e a su re d  a n d  m e d ia n s  ca lcu lated  
a re  p rov ided  in  table  4 .8 .

W astew ater solids

W h en  te s tin g  w astew ater sam p les , a com parab le  
ran g e  o f  d ioxin-like activity  was fo u n d  in  u n tre a te d

T 4.7 R a n g e s  o f  e s t r a d io l  e q u i v a l e n t s  (EEQ) in w a s t e w a t e r  

(m u n i c ip a l )  o f  s e w a g e  t r e a t m e n t  p la n t s  (STPs) a n d  

s e w a g e  s l u d g e ,  s u r f a c e  w a t e r ,  s u s p e n d e d  m a t t e r  a n d  

s e d i m e n t  m e a s u r e d  u s i n g  in vitro  a s s a y s  in t h e  

N e t h e r l a n d s  a n d  in o t h e r  c o u n t r i e s .

w astew ater so lids fro m  b o th  in d u s tr ia l an d  m u n ic ­
ipal sites. T he  in d u s tr ia l STP site  ITR an d  m u n ic i­
pal sites AML a n d  WST show ed  TEQs s im ila r to 
m e d ia n  TEQs in  fre sh w a te r su sp e n d e d  m a tte r  

(0.11 p m o l TEQ /g dw) (figure 4 .8). In te resting ly , 

TEQs in  su sp e n d e d  so lids o f  e fflu en ts  as w ell as in  
sew age s ludge  w ere  h ig h e r  th a n  in  th e  u n tre a te d  
solid  p h ase  (table 4 .8 ), a lth o u g h  th e  n u m b e r  o f 

sam p les w as sm all (n = 3 - 4 ) .  T h is is possib ly  

re la ted  to d iffe rences in  average partic le  size, 
since  h yd rophob ic  co m p o u n d s  te n d  to sorb  to 
th e  sm a lle s t partic les n o t rem oved  by th e  STPs.

Suspended m atter and sediment 

Slightly h ig h e r  d ioxin-like activity w as fo u n d  

in  su sp en d ed  m a tte r  sam p led  fro m  fresh w a te r 

locations (average 0.17 p m o l TEQ /g d.w.) th a n  in  
e s tu a rin e  an d  m a r in e  sites (average 0.1 p m o l 
TEQ /g d.w.) (data n o t show n). T he  h ig h e s t TEQ 
levels w ere  fo u n d  in  su sp en d ed  m a tte r  fro m  

AMS (N orth  Sea C anal), TER a n d  DOM (up to 

0 .4  p m o l/g  d.w.).

D ioxin-like activity in  se d im e n t w as fo u n d  in  

sam p les fro m  th e  fall sam p lin g  period . As w ith  
su sp en d ed  m a tte r , TEQs in  fre sh w ate r se d im e n t 
exceeded  e s tu a rin e  a n d  m a r in e  s e d im e n t (average 

0 .0 9  an d  0 .05 p m o l TEQ /g dry  w e ig h t re sp ec ­

tively). It sh o u ld  be n o ted  th a t th is  data  w as n o t

Country, year STP untreated

w astew ater  

pmol  EEQ/L

STP eff luent  

pmol EEQ/L

S e w a g e  s lu d g e  

pmol EEQ/g dw

Surface water  

pmol EEQ/L

Susp en d ed  matter 

pmol EEQ/g dw

Sedim ent  

pmol EEQ/g dw

Nether lands,  2 0 0 2 1

ER-CALUX (SPE) 2 . 4 - 2 7 5  

ER-CALUX (DEE) 1 4 0 -  1 1 ,8 0 0  

YES < l .o .d . - 9 2

< l .o .d . - 2.2 

12

< l .o .d . - 2.1

< l o d - 0.6

< l .o .d . - 0.8

Nether lands,  1 9 9 9  2

ER-CALUX 1 0 0 - 4 0 0  

YES 0 . 5 - 3 1 7

4 . 5 - 2 1

0 . 3 - 5 8

2 . 9 - 6 . 4  

< l .o .d . - 5

0 . 3 - 1 . 7  

< l .o .d . - 4

0 . 2 6 - 2 . 5  

< l .o .d . - 1.1

Nether lands,  1 9 9 8  3 

ER-CALUX 4 . 5 - 3 8 . 4 a

Spain, 2001 4

YES > 0 .3b > 0.3 > 0 .3

Belgium, 2 0 0 0  s

YES 254 -  1 ,4 3 0 < l. o .d . -  1 ,3 9 0 < l. o .d . -  412

1 This study, 2  Belfroid e ta ! .,  1999b: ER-CALUX and YES-assay 3  Legier, 2000b: ER-CALUX assay, a h ighest values w ere found in highly polluted harbors

4  Garcia-Reyero e t  a!., 2001 : y east recombinant assay; b detection limit assay, no EEQ ranges given 5  Tanghe e t a i ,  2000: YEAST assay, (data recalculated from pg E2/L to  pmol EEQ/L, MW E2=272)

©



co rrec ted  fo r o rgan ic  ca rb o n  co n ten t, w h ich  m ay  

d iffer sign ifican tly  be tw een  fre sh w a te r a n d  m a rin e  

sed im en t. H ig h e s t se d im e n t TEQs (about 
0 .2  p m o l/g  d.w.) w ere  fo u n d  a t AMS, as w ell as 

HAR (data n o t show n).

B iota

In  b io ta  tissu es , d ioxin-like activity w as co n s id e r­

ably  h ig h e r  (7-fold) in  b re a m  a n d  fre sh w ate r zeb ra  

m u sse ls  th a n  in  f lo u n d e r an d  (m arine) b lue  

m u sse ls  (average TEQs 190  x i o '3 a n d  2 6  x i o '3 

p m o l/g  d.w ., respectively) (data n o t show n).

H ig h  TEQs w ere  fo u n d  in  b ream  a n d  fre sh w ate r 
m u sse ls  sam p led  fro m  th e  rivers M euse  (EYS, 
HAR) an d  R h ine  (LOB, AMS). C o m p ariso n  o f  

dioxin-like activity in  b io ta  an d  th e  su r ro u n d in g  

e n v iro n m e n t revealed  good  co rre la tio n  be tw een  
TEQs in  b ream  a n d  TEQs in  su sp e n d e d  m a tte r  
(r= o .9 , fig u re  4 .9 ). TEQ s in  th e  sed im en t-dw elling  

f lo u n d e r  a n d  se d im e n t also show ed  good co rre la ­

tio n  (r=o .6) (figure 4.10). C o rre la tio n  w as 
observed  b e tw een  th e  DR-CALUX re sp o n se  in  
f lo u n d e r  (r=o.74), fre sh w a te r m u sse ls  (r= o .9 9 ), 

m u sse ls  (r=o.95) a n d  levels o f  flam e re ta rd an ts  in  

th e  sam e  tissu es . T he  co rre la tio n  fo r b ream  was 

n o t sta tistically  s ig n ifican t (r=o.74).

D ioxin-like activity  has b een  sh o w n  to red u ce  

rep ro d u c tio n  in  f ish  by affec ting  em bryon ic  an d  

larval survival. It h as  also b een  show n  th a t early  
rep ro d u c tiv e  p rocesses  in  fem ale  f ish  a re  in f lu ­

en ced . T h is  m ay  be re la ted  to red u ced  fecund icity . 

B oth types o f  effects occu r a t liver TEQ levels in  th e  
fem ale  as low  as 1-2 p m o l TEQ /g dry  w e ig h t (Black 
et al., 199 8 a ,b). In  a n o th e r  stu d y  TEQ levels in  

eggs o f  tro u t as low  as 0 .0 0 4 6  pg  TEQ/g w et 

w e ig h t (0 .023 P8 TEQ /g dry  w e ig h t a s su m in g  
2 0 %  dry  w eight) sign ifican tly  in c reased  em bryo  
m o rta lity  (W righ t a n d  T illitt, 1 9 99 ). T he  h ig h es t 

TEQ levels observed  in  fish  (b ream  in  EYS an d  

AMS) in  th is  study  (table 4 .8) a re  above th ese  
th re sh o ld  levels, a lth o u g h  it m u s t be  s ta ted  th a t 
only  levels in  m u sc le  tis su e  have b een  m easu red . 

D ioxin-like activity  has b een  assoc ia ted  w ith  re p ro ­

d u c tio n  effects in  top  p red a to rs  su c h  as E u ropean  

o tte r  an d  m in k  (EC50 5 - 1 0  ng  TEQ /g lip id). T he 
effect ran g e  fo r rep ro d u c tio n  in  seals is even  ab o u t

0 .3 0

pm ol TEQ /g dw  

0 .2 5

0.20

I industrial 

I municipal

! .1 -.11
w a s te w a te r  s e w a g e  s e w a g e  d o m estic  s e w a g e  e ff lu en t  e fflu en t STP se w a g e

tex tile  industrial industrial w a stew a ter  s lu d g e  STP STP Am sterdam  s lu d g e  STP 
industrial s ite  area area residential Sint A nna Eindhoven W estp oort Am eland

7 6  8  area Parochie 4  13  51
5 52

F 4 .8  D io x in -lik e  a c tiv ity  (TCDD e q u iv a le n ts ,  TEQ) i n  so lid s  f ro m  in d u s t r ia l  w a s te w a te r

(IN T , i d a  a n d  ITR) a n d  d o m e s t ic  w a s te w a te r  (h h v ) s u s p e n d e d  m a t t e r  o f  STP e f f lu e n ts  

(e h v  a n d w s T )  a n d  s e w a g e  s lu d g e  (a n p  a n d A M L ) s a m p le d .  T h e  s o lid  l in e  r e p r e s e n ts  

a v e ra g e  T EQ s i n  f r e s h w a te r  s u s p e n d e d  m a t te r .

TEQ /g d w  su sp en d ed  m atterpm ol

T100
fm ol T E Q /g d w  biota

F 4 . 9  C o r r e la t io n  b e tw e e n  d io x in - lik e  a c tiv ity  ( in  T C D D  e q u iv a le n ts ,  t e q s )  

i n  b r e a m  as  c o m p a r e d  w i th  s u s p e n d e d  m a t te r .

TEQ /g d w  sed im en tpm ol

fm ol T E Q /g d w  biota

F 4 . 1 0  C o r r e la t io n  b e tw e e n  d io x in - lik e  a c tiv ity  ( in  TCDD e q u iv a le n ts ,  t e q s  

i n  f lo u n d e r  a s  c o m p a r e d  w i th  s e d im e n t.



io -fo ld  low er. Effect co n cen tra tio n s  fo r co m m o n  

te rn , F o rs te r’s te rn  a n d  c o rm o ra n t a re  in  th e  ran g e  
o f  1 0 - 5 0  n g  TEQ /g lip id  (overview  in  M urk , 1997). 
F ro m  an  extensive D u tch  stu d y  w ith  E u ropean  

o tte rs , it is k n o w n  th a t th e  average b io ta -sed im en t 

a c cu m u la tio n  fac to r is 5 (values fo r f ish  on  a lip id  

b asis a n d  fo r se d im e n t on  o rgan ic  carb o n  basis) 
(Sm it et al., 1 9 9 6 ). T he  m e a n  b io m ag n ifica tio n  

fac to r fo r TEQ s fro m  fish  to m a le  o tte r  w as 174 

(bo th  on  lip id  basis). In  th e  basis o f  th is  data 
an d  effect co n cen tra tio n s  fo r o tter, a critica l level 
fo r o tte r o f  2 9  n g  TEQ /kg lip id  in  fish  an d  7 ng  

TEQ /kg o.c. in  se d im e n t w as d e te rm in ed . In  

o u r  e x p e rim en t o rgan ic  ca rb o n  levels w ere  n o t 
m ea su re d , b u t a s s u m in g  s tan d a rd  se d im e n t w ith  
10%  organ ic  m a tte r  a n d  5.7 % o rgan ic  carbon , th e  

critical level fo r o tters w ill be  0 .4  n g  TEQ /kg dry

T 4.8 D ioxin-like activ ity  in solid p h ases o f  env iro n m en ta l 

c o m p a rtm e n ts  (in pm ol TCDD eq u iv a len ts  (TE Q )/g 

dry  w eigh t) in th e  DR-CALUX assay.

Number o f samples tested (n), range of dioxin-like activity and 

median value. All samples were above the limit of detection.

C om partm ent n Range o f  d ioxin -like  activity Median

Untreated so l id  p h a se  3 0 . 0 0 0 3 - 0 . 1 6 0 .0 3

Untreated so l id  p h a se  7 0 .0 0 1  - 0 . 1 7 0 .0 3

Effluent su s p en d ed  matter  3 0 .2 6  - 0 . 2 9 * 0 .27

S e w a g e  s lu d g e  4 0 . 0 8 - 0 . 3 7 0 .14

Susp en d ed  matter 32 0 . 0 1 5 - 0 . 3 9 0.11

S edim ent  22 0 . 0 2 3  - 0 . 2 2 0 .0 6

Flounder, m u sc le  12 8 .7  x  IO 3 -  38  x  IO 3 24 x  IO 3
(per g dry weight)

Flounder, m u sc le  11 0 . 0 9 - 0 . 4 2 0 .27

(per g lipid weight)

Bream 9 31 x  IO 3 _  3 6 0  x  -IQ -3 1 3 0  x  IO 3
(per g dry weight)

Bream 8 0 .4 3  -  1.9 1 .2 9

(per g lipid weight)

Zebra m u sse l  8 1 1 0  x  10-3 - 4 0 0  x  10-3 2 0 7  x  IO 3
(per g dry weight)

Zebra m u sse l  7 0 .8 5  -  3.2 1 .7 3

(per g lipid weight)

Blue m u sse l  6 20  x  10-3 - 6 2  X10-3 26  x  IO 3
(per g dry weight)

Blue m u sse l  6 0 .1 8  -  24 0 .3 9

(per g lipid weight)

* on e  sam ple w a s cytotoxic

w eigh t, o r 1.2 x i o '3p m o l TEQ/g dry  w eigh t. T he 

m e d ia n  TEQ levels o f  se d im e n t a n d  su sp en d ed  
m a tte r  in  o u r stu d y  (table 4 .8) a re  respectively  
50 a n d  93 tim es  above th is  critical level an d  th e re ­

fore  certa in ly  w ou ld  be a r isk  fo r th e  d ev e lo p m en t 

o f  o tte r p o p u la tio n s . A lth o u g h  b io m ag n ifica tio n  
factors w ill d iffer be tw een  th e  p red a to ry  species 
m e n tio n e d  above, th e  effect co n cen tra tio n  

ind ica tes  th a t TEQ levels in  se d im e n t a re  w ith in  

effect ran g es  fo r all th e se  species.

4.4 Summary and conclusions
Assays used

•  T he  m e th o d s  o f  ex trac tion  an d  p rep a ra tio n  o f  
sam p les p r io r  to  th e  in  vitro assays, no tab ly  th e  ER- 

CALUX, still re q u ire  fu r th e r  o p tim iza tio n , 

especially  fo r so lid  m a tte r .
•  For th e  in vitro  assays th em selv es, fo rm a l valida­
tio n  still h as  to be p e rfo rm ed  (ER-CALUX, YES, 

CARP-HEP) in  th e  sam e w ay p e rfo rm ed  p rev iously  

fo r th e  DR-CALUX (M urk  et al., 1997). T he  e s tro ­
gen ic  po ten c ies  fo r w a te r sam p les  p re se n te d  h ere  
m ay  be an  u n d e re s tim a tio n , as can  be conc luded  

a fte r c o m p a riso n  o f  th e  re su lts  w ith  a p rio r p ilo t 

study  (B elfroid et al., 19 9 9 b ) w ith  s im ila r en v iro n ­
m e n ta l w ate r sam p les . W e are  also n o t su re  th a t 
all u n k n o w n  c o m p o u n d s  have b een  extracted .

•  in  vitro assays u s in g  extracts o f  en v iro n m en ta l 

sam p les can  n ev er be  u se d  a lone  fo r fu ll a sse ss ­
m e n t o f  p o ten tia l e stro g en ic  h aza rd s . R elevant in  
vivo te s ts  (such  as th e  tran sg en ic  zeb ra f ish  assay  or 

th e  PLC zeb ra fish  assay  sh o w n  in  ch ap te r 5.4.2) 

have to be u sed  co m p lem en ta rily  to in c lu d e  th e  

u p tak e , fate a n d  effects o f  co m p o u n d s  o n  a w hole 
o rg an ism  level.

Choice o f in vitro assay for specific 

biom onitoring purposes

•  T he  ER-CALUX w as th e  m o s t sensitive  an d  

re sponsive  in  vitro assay  to E2 exposu re  an d  is 

m o s t su itab le  fo r d e te rm in in g  estro g en ic  activity, 

even  in  low  level sam p les . T he  YES assay  is less 
sensitive  an d  re sp o n siv e  b u t h as  th e  advantage 

th a t it is sligh tly  ea s ie r  to p e rfo rm  in  labo ra to ries 

w ith o u t ex tensive cell cu ltu re  eq u ip m e n t. For 
p re -sc reen in g  p u rp o se s , th e  YES assay  can  also be 
ap p lied  to ind ica te  w h e th e r  a sam p le  is over or



below  a ce rta in  level o f  in te re s t w ith o u t exact 

q u an tifica tio n .
•  T he  CARP-HEP assay  is less sensitive  th a n  th e  
ER-CALUX an d  th e  YES assay  respectively . As

it req u ire s  fre sh  an im a l tis su e , it  show s h ig h  

in tra -assay  varia tio n  an d  is qu ite  com p lica ted  to 

p e rfo rm . T he  CARP-HEP assay  seem s less su itab le  
fo r ro u tin e  analyses. T h is  assay  does, how ever, 

o ffer th e  advan tage  o f  te s tin g  effects in  relatively 

au th e n tic  f ish  cells, w ith  a physio logically  re lev an t 

e n d  p o in t. T h is m ak es it  su itab le  fo r te s tin g  
in tr in s ic  d ifferences in  species an d  c o m p o u n d s  

in  re sp o n se .

M e a s u r e d  in vitro a c t i v i t i e s

•  In  g en era l, e s tro g en ic  activity o f  w astew ater w as 

h ig h ly  red u ced  a fte r b io logical w astew ater tre a t­

m e n t, b u t th e  activity a t m o s t STP sites w as still 
p re s e n t in  e ff lu en ts  exceeding  m e d ia n  surface  
w a te r EEQs.

•  T he  m e a n  estro g en ic  activity  in  ra in w a te r was 

ab o u t tw ice th a t o f  su rface  w ater. T he  co m p o u n d s  

re sp o n sib le  cou ld  n o t be d e te rm in ed , how ever.
•  E strogen ic  activity  in  w ate r co llected  fro m  

d itches located  in  a reas w ith  in ten siv e  cattle  

h u sb a n d ry  w as com p arab le  to th a t in  o th e r su rface  
w ate rs . V ery low  estro g en ic  activity w as m e a su re d  
in  w ate r co llected  fro m  d itches located  in  areas 

w ith  g reen h o u se s .

•  In  g en era l, th e  M euse  locations show ed  h ig h e r  
e s tro g en ic  activity in  su rface  w ate r as co m p ared  
to  th e  river R hine.

•  D ue to a less effective ex trac tion  p ro ced u re  fo r 

th e  ER-CALUX assay  a n d  due  to low  co n cen tra tio n s  
(< l.o.d.) o f  (xeno-) estro g en ic  co m p o u n d s  in  
su rface  w ate r sam p les , a m e a n in g fu l co m p ariso n  

be tw een  e s tro g en ic  activity m e a su re d  in  vitro and  

ca lcu la ted  e s tro g en ic  activity, based  on  chem ica l 

analyses, w as n o t possib le .
•  A s im ila r ran g e  o f  d ioxin-like activity w as 

fo u n d  in  u n tre a te d  w astew ater so lids fro m  b o th  

in d u s tr ia l an d  m u n ic ip a l sites.
•  S lightly h ig h e r  d ioxin-like activity w as fo u n d  in  
su sp e n d e d  m a tte r  sam p led  fro m  fre sh w ate r 

locations th a n  fro m  e s tu a rin e  an d  m a r in e  sites. 

A ccordingly , fre sh w a te r species (m usse l a n d  fish) 
co n ta in ed  h ig h e r  levels th a n  m a r in e  species. ■

TEQ /g d w  su sp en d ed  m atterpm ol

T
100

fm ol TEQ /g dw  biota

F 4. 9 Correlation between dioxin-like activity (in T C D D  equivalents, t e q s )  

in bream as compared with suspended matter.

fm ol TEQ /g dw  biota

F 4 .1 0  Correlation between dioxin-like activity (in T C D D  equivalents, t e q s  

in flounder as compared with sediment.
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5 Estrogenic effects in fish

5.1 Introduction

This chapter describes the findings o f the 
field survey on the estrogenic responses 
and effects in free-living populations of 
fish (paragraph 5.2 and paragraph 5.3) 
and the biological results o f the effluent 
case studies in  Eindhoven and W estpoort 
(Amsterdam) with experimentally exposed 
fish (paragraph 5.4). The final results are 
sum m arized in paragraph 5.5.

The objective o f the field survey was to 
determ ine the m agnitude and extent of 
estrogenic effects in the sentinel fish 
species bream  and flounder, and to 
highlight locations or areas of specific 
concern.

The correlation between estrogenic effects 
and chemical and in vitro data is described 
in  chapter 6.

The objective o f the case studies was to 
assess the estrogenic im pact o f m unicipal 
sewage treatm ent plant ( s t p )  effluent in 
receiving surface waters by linking field 
findings o f free-living fish populations to 
the results obtained from  in situ exposure 
experim ents with rainbow trout and carp. 
Laboratory experim ents with wild-type 
zebrafish and transgenic zebrafish were 
also conducted in the Eindhoven/D om m el 
case study. The locations for the studies 
were selected on the basis of the results of 
period 1 o f the field survey, which clearly 
indicated the occurrence o f estrogenic

effects in  fish captured in the receiving 
surface waters. An attem pt was also m ade 
to identify the responsible estrogenic 
substances p resent in  the effluent during 
the case study at the E indhoven/D om m el 
location.
The case studies are also further discussed 
in chapter 7.

5.2 Field survey of freshwater 
and marine fish

5 .2.1 Introduction
T he objective o f  th e  survey w as to  d e te rm in e  th e  
m ag n itu d e  an d  ex ten t o f  e s tro g en ic  re sp o n se  and  

rep roduc tive  effect in  b ream  (A bram is brama) an d  

f lo u n d e r  (Platichthysflesus) in  su rface  w ate rs , to 
h ig h lig h t geog raph ic  a reas o f  specific c o n ce rn  an d  
to validate th e  te ch n iq u es  app lied  fo r ro u tin e  

m o n ito rin g .

B ream  is p red o m in an tly  a b en th ic  feeder. T his 
po ten tia lly  in c reases  its exposu re  to hyd rophob ic  

su b s tan ces  assoc ia ted  w ith  sed im en t. F lounder, 

a fla tfish , is a species c o m m o n  o n  so ft su b s tra ta  in  
shallow  coastal w ate rs , e s tu a rie s  an d  large fre sh ­
w ater bod ies . In  th e  N e th e rlan d s , f lo u n d e r  has 

b een  extensively  s tu d ied  in  th e  p a s t as an  in d ica to r 

o f  p o llu tio n  (e.g., V ethaak , 1993; Jan ssen , 1997, 
B esselink , 1998).

B ream  live a n d  m ig ra te  in  shoals, a n d  a lth o u g h  it 

ten d s  to be  a fa r  m o re  re s id e n t species o f  f ish  th a n  

flo u n d er, even  b re a m  m ig ra te  on  a seaso n a l basis, 
a lbeit over fa r sh o r te r  d is tan ces. S paw ning  fro m  

m id-A pril to m id -Ju n e  in  sm a lle r  w ate rs , b ream  

p re fe r to dep o sit th e ir  eggs in  d en se  vegeta tion  

n e a r  th e  banks o f  lakes a n d  sm all, s lo w -ru n n in g  
s tre am s . D u rin g  th is tim e , m ales occupy a particu-



la r  te rrito ry . A fter sp aw n ing , b ream  m ig ra te  back 

to  m o re  o p en  w aters su c h  as la rg e r lakes an d  

rivers w h ere  they  re m a in  u n ti l  th e  nex t spaw n ing  
season . B ecause o f  its com parative ly  re s id en tia l 

lifestyle, b ream  w as co n sid e red  a su itab le  sen tin e l 

species fo r d e tec ting  site-specific e strogen ic  
effects, especially  in  fall an d  w in te r.

A d u lt f lo u n d e r g a th e r  n e a r  th e  D u tch  coast in  

N ovem ber a n d  D ecem ber, fro m  w h ere  they  
m ig ra te  to  th e ir  o ffshore  sp aw n in g  areas , som e 
4 0  k ilo m eters  in to  th e  N o rth  Sea (R ijnsdorp  an d  

V ethaak , 1989). M ig ra tion  occurs in  h u g e  shoals, 

w ith  m ales  m ig ra tin g  first, to be  fo llow ed by th e  
fem ales  a t a la te r  stage. S paw n ing  occurs fro m  
Jan u ary  to A pril. T hey  m ig ra te  back  in  May. 

Juvenile  f ish  m ove p re d o m in a n tly  in la n d  w here  

th ey  m ay  stay  u p  to 4  years befo re  th e ir  firs t 

rep ro d u c tiv e  trek . A du lt f ish  also  m ove to in lan d  
feed in g  zo n es, b u t as they  age, they  te n d  to 

in c reasin g ly  dw ell in  th e  e s tu a rie s . W hereas 

f lo u n d e r  cap tu red  in  sp r in g  a t m o s t o th e r (n o n ­
spaw ning) locations p robab ly  d o n ’t re p re se n t a 
p o p u la tio n  th a t reflects th e  in f lu en ce  o f  local 

(pollu tion) co n d itio n s , th e  opposite  m ay  be  tru e  

fo r th e  f ish  cap tu red  d u rin g  th e  fall cam p a ig n . 
F lo u n d e r cap tu red  d u rin g  th is perio d  have 
p robab ly  b een  n e a r  th e  sam p lin g  sites fo r a couple  

o f  m o n th s .

T he  in d u c tio n  o f  e s tro g en -m ed ia ted  v ite llogen in  
(VTG) sy n th esis  in  m a le  sp ec im en s  an d  th e  

o ccu rren ce  o f  gonada l ab n o rm alitie s  in  b o th  m ales 

a n d  fem ales w ere  th e  p rin c ip a l p a ram e te rs  

in v estiga ted  in  f ish  fro m  various LOES localities 
sam p led  d u rin g  p e rio d  1 (spring) an d  p e rio d  3 

(fall) o f  th e  p ro g ram .

VTG is a p re c u rso r  o f  yolk p ro te in s . I t is p ro d u ced  
u n d e r  co n tro l o f  e s tro g en s  in  th e  liver o f  fem ale  

ov iparous an im a ls  su c h  as fish . F rom  th e  liver, it 

is tra n sp o rte d  th ro u g h  b lood  vessels to th e  ovaries 
w h ere  it  is in co rp o ra ted  in  th e  oocytes. M ale fish  
do n o t u su a lly  p ro d u ce  VTG, b u t they  can  be 

s tim u la ted  to do so w h en  exposed  to h ig h  levels o f  

n a tu ra l e s tro g en s  o rx en o -e s tro g en s . T he  m e a s u re ­

m e n t  o f  VTG in  th e  b lood p lasm a  o f  m a le  f ish  is 
th e re fo re  a sensitive  an d  su itab le  b io m ark e r

fo r u n d e s ire d  en d o c rin e  effects in  th e  aqua tic  

e n v iro n m e n t (S u m p te r & Jobling, 1995; T yler 
et al., 1 996 ; H y lland  a n d  H aux, 1997).

T he  occu rrence  o f  oocytes in  th e  tes tes  o f  m ale  

fish  reflects go n ad a l ab n o rm ality  th a t m ay  be due 

to estro g en ic  su b s tan ces . T h is  is te rm e d  ovotestis. 
M ale f ish  w ere  sc reen ed  fo r th is in te rsex  co n d i­

tion . F em ale livers w ere  ex am in ed  fo r (increased) 

VTG sy n thesis . T h e ir  ovaries w ere  also  checked .

In  ad d itio n  to th e  p rin c ip a l p a ram e te rs , th e  

g en e ra l co n d itio n  o f  th e  f ish  a n d  sex ratio  o f  th e  

ca tch  w ere  a ssessed . A n o th e r p a ra m e te r  u sed  w as 

th e  level o f  th e  Polycyclic A rom atic  H ydrocarbon  
(PAH) m etab o lite  i-O H  py ren e  in  bile. S ince th e  

PAH pro file  in  fish  re m a in s  ro u g h ly  c o n s ta n t at 

d iffe ren t locations, it has b een  su g g es ted  th a t th e  
co n cen tra tio n  o f  i-O H  py rene  is a u se fu l m easu re  
o f  to ta l u p tak e  (especially  fo r PAH s co n ta in in g  

4 o r m o re  rings)(A riese  et al., 1993). It sh o u ld  be 

n o ted , how ever, th a t PAH u p tak e  by fish  is n o t 

n ecessarily  re la ted  to e s tro g en  recep to r-m ed ia ted  
activity. P a h  s  a re  su sp ec ted  or k now n  to have a 

negative  im p ac t on  th e  rep roduc tive  success o f  

fish , how ever (Vos et al., 2 0 0 0 ) . It is d u e  to th ese  
p ro p ertie s  a n d  th e  fact th a t th ey  re p re se n t 
co m m o n  a n d  w idely d is tr ib u ted  co n ta m in a n ts  th a t 

they  w ere  in c lu d ed  in  th e  survey.

T he  sam p lin g  o f  f lo u n d e r  a n d  b re a m  a n d  p ro cess­

in g  an d  sto rage  o f  bile, b lood  a n d  tis su e  sam p les 

a re  described  in  p a ra g ra p h  2.4.11.

General health parameters

T he C o n d itio n  Factor (CF) an d  h ep a to so m atic  
a n d  go n ad o so m atic  ind ices (HSI an d  GSl) 
w ere  ca lcu la ted  as follows:

•  C F b r e a m  = b o d y w e ig h t/(0 .0053 x len g th 3 .i9 9 7)

•  C F  f l o u n d e r  = 100 x b o d y w eig h t/len g tlf i
A h ig h e r  C F in d ica tes  a b e tte r  g en e ra l co n d itio n  
o f  th e  fish .

Q TT C T_________________
bream /flounder

(liver w e ig h t/ to  tai bodyw eight) x 100  %

•  bfeam/floiitid-ei:
(gonad w e ig h t/to ta l bodyw eight) x i o o  %

5 .2.2  Materials and methods



H ig h  HSI values m ay  in d ica te  good  n u tr itio n a l 

s ta tu s , b u t th is  m ay  also be due  to in c reased  liver 
activity due  to exposu re  to o rgan ic  p o llu tan ts .
A g rea te r GSI is a n  in d ica tio n  o f  in c reased  

rep ro d u c tiv e  activity.

T he  fish  w ere  also  sc reen ed  fo r ex te rna l an d  in te r­
n a l les ions a n d  ab n o rm alitie s  (gross pathology).

Sex ratio

T he p h eno typ ic  g e n d e r o f  th e  fish  w as d e te rm in ed  
by v isual in sp ec tio n  o f  th e  go n ad s. T h is  w as la te r 

c o n firm e d  by h is to log ica l analysis. F ish  sam p lin g  

w as only  co n d u c ted  in  a non-se lec tive  w ay in  fall 
to  allow  a s s e s sm e n t o f  sex ratio  (ratio be tw een  
fem ales an d  m ales) in  fish  p o p u la tio n s  a t th e  

various sites.

Plasma vitellogenin (VTG)

C ap tu red  fish  w ere  a n aes th e tiz ed  befo re  b lood 

sam p les w ere  tak en  fro m  th e  cauda l vein . T he 

an ti-co ag u lan t h e p a rin  an d  th e  p ro tease  in h ib ito r 

a p ro tin in  w ere  ad d ed  to p rev en t b lood c lo tting  and  
VTG b reakdow n  respectively . Each b lood  sam p le  

w as th e n  cen tr ifu g ed  to iso late  th e  b lood  p lasm a.

T 5.1 D e t a i l s  o f  v i t e l l o g e n i n  (VTG) a n a ly s i s  In f lo u n d e r ,  

b r e a m ,  ca rp  a n d  r a i n b o w  t ro u t .  C arp  a n d  ra inbow  trou t 

were used during the case studies reported in paragraph 5.4.1.

T he p lasm a  sam p les  w ere  fro zen  a t -8o°C  u n til 

analysis. M ore deta ils o f  th e  b lood sam p lin g  

p ro ced u re  can  be fo u n d  in  ch ap te r 2.

P lasm a o f  fem ale  b ream  an d  f lo u n d e r  w ith  h ig h  

levels o f  VTG (induced  p lasm a) w as o b ta ined  by 

in tra p e r ito n e a l in jec tio n  o f  th e  f ish  w ith  a so lu tion  
o f  5 m g /m L  iy ß -estrad io l (E2) (S igm a-A ldrich , 

Z w ijn d rech t, th e  N etherlands) d isso lved  in  an  

in e r t vegetab le  oil. T he  q u an titie s  in jec ted  w ere 

a d ju s ted  to o b ta in  a n o m in a l co n cen tra tio n  o f  
i  m g /k g  w et w eig h t p e r  in d iv id u a l fish . T he  fish  

w ere  in jec ted  tw ice w ith  a i-w eek  in te rva l an d  

sacrificed  a fte r two w eeks. Sam ples o f  in d u ced  
p lasm a  w ere  d raw n  acco rd ing  to th e  p ro ced u re  
described  above. T h is  p la sm a  w as u se d  fo r coating  

a n d  as a V TG -standard in  th e  analyses (see below ).

T he  m e th o d  fo r VTG m e a s u re m e n t app lied  by 
A q u aS en se  d u rin g  LOES w as a sligh tly  m o d ified  

v ers ion  o f  th e  m e th o d  u sed  by Sm eets (1999) w ho, 

in  tu rn , based  h is m e th o d  on  a p ro toco l developed 

by th e  M ich igan  State U n iversity  (see N ichols et 
al., 2001). VTG in  fish  p la sm a  w as analyzed  u s in g  

a com petitive  E nzym e-L inked  Im m u n o so rb e n t 

A ssay (ELISA) in  96 -w ell m ic ro tite r  p la tes. A 
d iffe ren t coating , p rim ary  anti-VTG a n tis e ru m  an d  
VTG stan d a rd  fo r ca lib ra tion  w ere  u se d  fo r each  

fish  species (see tab le  5.1). A nalysis took  3 days.

Fish sp e c ie s Primary antibody (AB 1) Standard used  for calibration

Flounder

(Platichthys

f le sus)

polyclonal rabbit anti-flounder  

VTG antiserum; CEFAS, 

Lowestoft , UK (see  Allen 

et al., 1999a)

5 1 0 ,0 0 0 x 7 0 ,0 0 0 x purified lyophilised flounder  

VTG;CEFAS, Lowestoft , UK

Bream

(Abramis

brama)

polyclonal rabbit anti-goldfish  

VTG antiserum; Michigan  

State University, East Lansing, 

USA (see  Nichols et a i, 2 001)

120 ,000x 7 0 ,0 0 0 x plasma o f  E2-induced fem ale  

breamb; RIKZ, the  Netherlands  

( 1 4 . 5 - 1 6 . 7  mg VTG/mL plasma)

Carp

(Cyprinus

carpio)

polyclonal rabbit anti-goldfish  

VTG antiserum; Michigan State 

University, East Lansing, USA 

( see  Nichols et a i, 2 001)

120 ,000x 6 7 ,0 0 0 x plasma o f  an E2-induced fema  

le carpb; IRAS, th e  Netherlands  

(1 9 .0  mg VTG/mL plasma)

Rainbow trout

(Oncorhyncis

mykiss)

polyclonal rabbit anti-rainbow  

trout VTG antiserum; Brunei 

University, Uxbridge, UK 

(Sumpter, 1985)

2 6 0 ,0 0 0 x 7 0 ,0 0 0 x purified lyophilised rainbow trout 

VTG ; Biosense, Bergen, Norway

3 1 3 - 6 2 5

1 4 - 1 1 4

1 3 - 6 8

3 9 - 2 3 4

3 . 8 - 1 1 . 7

2 . 8 - 1 5 . 8  

6.1 -- 1 0 . 0 "

3 .6 - 8 .9

4.1 - 6 . 4

5 . 5 - 7 . 7

5 . 6 - 1 4 . 4 "

6 . 9 - 1 7 . 5 d

4 . 7 - 8 . 7

4 . 6 - 9 . 3

a th e  r a n g e  rep resen ts  lo w e s t  a nd  h ig h e s t  v a lu e s  o n  th e  linear part o f  th e  ca libration  cu rve  b  for spring sa m p les  o f  bream , th e  co a tin g  and  standard  c o n s is te d  o f  a p o o l o f  p lasm a sa m p les  o f  severa l  

E 2-in d u ced  fe m a le  bream ; for th e  fall sa m p les  th e  p lasm a o f  a  s in g le  E 2-in d u ced  bream  w a s  u sed  c  u sin g  th e  p lasm a p o o l o f  s ev era l E 2-in d u ced  fe m a le s  a s  a co a tin g  and  standard  

d u sin g  plasm a o f  a  s in g le  E 2-in d u ced  fe m a le  a s  a co a tin g  and  standard

©



O n th e  firs t day, h ig h -b in d in g  affin ity  fla t-bo ttom  

96-w ell EIA/RIA p la tes (C ostar, B adhoevedorp , th e  
N eth e rlan d s) w ere  coated  w ith  150 pL /w ell o f  a 
so lu tio n  o f  E 2-induced  fem ale  p la sm a  in  a 50 m M  

so d iu m  b ica rb o n a te  b u ffe r (SBB; p H  9 .6 ). A t th e  

sam e  tim e , re g u la r  fla t-bo ttom  96-w ell p lates 
(G reiner, A lp h en  a /d  R ijn, th e  N etherlands) w ere 
b locked  w ith  2 0 0  pL /w ell o f  a 2.5 g /L  Bovine 

S e ru m  A lb u m in  so lu tio n  (BSA, S igm a-A ldrich) in  

a w ash  b u ffe r (TBS-T: i o  m M  T ris , 0.15 M NaCl,
0.1 %  T w een -20 , 5 .0  m g /L  g en tam ic in , p H  7.5) to 
serve as p re - in cu b a tio n  p la tes. B oth types o f  p lates 

w ere  left ov e rn ig h t a t ro o m  te m p e ra tu re .

O n  th e  second  day, d ilu tio n  series o f  p lasm a 
sam p les o f  m a le  f ish  an d  VTG ca lib ra tio n  so lu tions 

in  TBS-T-BSA co n ta in in g  2 p g /m L  ap ro tin in  

(TBS-T-Apr-2) w ere  m ad e . D ep en d in g  on  th e  
p la sm a  v o lu m e available, th e  o rig ina l p lasm as 
w ere  p re -d ilu ted  2-4 tim es; a fac to r o f  1.5 to 4 

be tw een  successive d ilu tio n s o f  p la sm a  sam p les  

w as u sed . T h is re su lted  in  a logarithm ically  
in c rea s in g  series o f  12 d ilu tio n s. Sixty m ic ro lite r 
vo lum es p e r  w ell o f  th e  sam p le  a n d  ca lib ra tion  

d ilu tio n s  w ere  in tro d u ced  in  th e  p re - in cu b a tio n  

p la tes an d  th e  p la tes w ere  sh ak en  fo r a t leas t 1 

h o u r  w ith  6 0  pL /w ell extra TBS-T-BSA co n ta in in g  
a p ro tin in  a t a co n cen tra tio n  o f  18 p g /m L  (TBS-T- 

A pr-18). T h e n  6 0  pL /w ell o f  th e  s e ru m  so lu tion  

co n ta in in g  th e  p rim ary  an ti-VTG an tibody  (ABi) in  
TBS-T-BSA w as ad d ed  a n d  th e  p re - in cu b a tio n  p la te  
w as sh ak en  fo r a n o th e r  30 m in u te s . Separately, 

th e  coated  ELISA (EIA/RIA) p la tes w ere  em p tied , 

w ash ed  th re e  tim es  w ith  TBS-T an d  any  u n b o u n d  
sites w ere  b locked  w ith  2 0 0  pL TBS-T-BSA p e r  w ell 
fo r a t leas t 30 m in u te s  a t 37 °C. Follow ing b lock­

in g , th e  ELISA p la tes w ere  em p tied , a fte r w h ich  

150 pL o f  th e  so lu tions in  th e  p re - in cu b a tio n  p lates 
w as tra n s fe rre d  to  each  w ell on  th e  ELISA p lates. 
T he  p la tes w ere  th e n  in cu b a ted  ov e rn ig h t a t ro o m  

te m p e ra tu re .

O n  day 3, th e  ELISA p la tes w ere  em p tied  an d  
w ash ed  th re e  tim es  w ith  TBS-T. T he  secondary  

an tibody , m o n o c lo n a l m o u se  an ti-rab b it IgG 

co n ju g a ted  w ith  a lkaline  p h o sp h a ta se  (Sigm a- 
A ld rich , Z w ijn d rech t, th e  N eth e rlan d s), w as 
d ilu ted  5 ,0 0 0 -fo ld  in  TBS-T-BSA an d  150 pL o f  th is

so lu tio n  w as ad d ed  to each  w ell. T he  ELISA plates 

w ere  th e n  in cu b a ted  fo r 2 h o u rs  a t 37 °C. A fter 
in cu b a tio n , th e  p la tes w ere  em p tied  a n d  w ash ed  
tw ice w ith  TBS-T, once w ith  SBB c o n ta in in g  

i m M  M gC l2, a n d  im m ed ia te ly  em p tied . B uffered  

so lu tions o f  th e  su b s tra te  M ethyl U m befery l 
P h o sp h a te  (S igm a-A ldrich , Z w ijn d rech t, th e  
N etherlands) w ere  p rep a red  fresh ly  o n  day 3 

(0.2 m M  M UP, i  M DEA, i m M  M gC l2, p H  9 .8). 

N ext, 150 pL MUP so lu tio n  w as added  to each  
ELISA w ell an d  flu o rescen ce  a t 4 6 0  n m  was 
im m ed ia te ly  m e a su re d  on  a V ictor-2 1420 m u lti­

label c o u n te r  (W allac, B reda, th e  N etherlands) at 

ro o m  te m p e ra tu re . M easu rem en ts  w ere  rep ea ted  

a fte r exactly 15 m in u te s . T he  d ifference  in  f lu o re s ­
cence, i.e. a m e a su re  fo r th e  h y d ro liza tion  ra te  o f  

M UP by th e  b o u n d  en zy m e , w as u sed  to quan tify  

th e  VTG co n cen tra tio n  in  th e  o rig ina l p lasm a 
sam p le .

O n  each  ELISA p late , 3 d up lica te  row s w ith  sam p le  

d ilu tio n  series an d  one  dup lica te  row  w ith  a 

d ilu tio n  series o f  th e  VTG s tan d a rd  w ere  ru n . All 
(duplicate) m e a s u re m e n ts  w ith in  th e  lin e a r ran g e  

o f  th e  ca lib ra tion  cu rve w ere  poo led  to calcu late  

overall VTG co n cen tra tio n  p e r  p la sm a  sam p le , 
exp ressed  as n g /m L . S am ple analyses w ere 
rep ea ted  w h en  n o n e  o f  th e  m e a s u re m e n ts  fell 

w ith in  th e  lin e a r p a rt o f  th e  ca lib ra tion  curve. 

D ep en d in g  on  th e  sam p les a n d  co n d itio n s , 
d e tec tion  lim its  ran g ed  fro m  14 to 114 n g  VTG/m L 
p lasm a  fo r b ream  a n d  fro m  313 to 625 n g /m L  fo r 

f lo u n d e r  (table 5.1).

H i s t o l o g i c a l  a n a l y s i s

A fter ro u tin e  p ro cess in g  an d  e m b e d d in g  o f  th e  

tissu e  sam p les in  p ara ffin , 3 - 5  p m  sec tions w ere 

cu t an d  m o u n te d  on  m icro scopy  slides. Before 

m icro scop ic  ex am in a tio n , slides w ere  ro u tin e ly  
s ta in ed  w ith  haem atoxy lin  an d  eo s in  (H&E). T he 

slides w ere  ex am in ed  by view ing  e n tire  sections 

u n d e r  O lym pus BX40 an d  BHB lig h t m icro scopes 

a t m ag n ifica tio n s ran g in g  be tw een  4 0  x an d  4 0 0  x.

Liver tissu e  w as sc reen ed  fo r all h is topa tho log ica l 

s igns w ith  th e  e m p h a s is  on  p o ss ib le  hepatocy te  
b asoph ilia  cau sed  by in c reased  v ite llogen in  
syn thesis .



.2 A v e r a g e  l e n g t h  a n d  g e n e r a l  h e a l t h  p a r a m e t e r s  

o f  f i s h  c a p t u r e d  d u r i n g  t h e  f ie ld  s u r v e y .

The sex ratio (females/males) is based on the total number of 

fish captured per site, i.e., not only on the fish that were sacrificed 

for analysis (see chapter 2).

CF = condition factor; h s i  = hepatosomatic index;

GSI = g o nadosom a tic  index; s E = s ta n d a rd  e r ro r  o f  th e  m e an .

A g en e ra l score fo r m a tu ra tio n  w as u sed , based  on 

th e  overall ap p ea ran ce  o f  th e  sex o rgans . M ale 

gonads w ere  sc reen ed  fo r ovotestis. T he  n o rm a l 
m ale  g o n ad  consis ts  o f  sem in ife ro u s  tu b u les , 

sep a ra ted  by varying a m o u n ts  o f  connective  tissu e . 

T he  tu b u les  are  lin ed  by sp e rm a to g o n ia , large cells 

w ith  basoph ilic  cy top lasm  a n d  large, ro u n d  nucle i. 
Sertoli cells a re  p re s e n t be tw een  the  sp e rm a to g o ­

n ia , ch a rac te rized  m a in ly  by th e ir  basa l localiza­

tion . D ep en d in g  on  th e  stage  o f  d ev e lo p m en t an d

Site Length ± SE cm Sexratio %

Male Female Male Female

B r e a m

AMS 3 9 .5 ± 4 .9 0 . 9 2 3 ± 0 . 0 4 9 0 . 9 0 9 ± 0 . 0 7 4 2 .4 2 3 ± 0 . 4 6 3 2 . 7 0 5 ± 0 . 4 3 8

BER 4 0 .6 ± 3 .9 0 . 9 7 6 ± 0 . 0 4 8 0 . 8 8 8 ± 0 . 0 4 2 1 .9 8 0 ± 0 .2 8 1 2 . 4 3 5 ± 0 . 3 4 9

DON 50.1 ±6 .5 1 .0 2 8 ± 0 .0 7 0 0 .9 6 9 ± 0 . 0 8 5 2.851 ±0.361 2 . 7 1 7 ± 0 . 4 6 3

EYS 4 6 .3 ± 3 .7 0 . 8 9 9 ± 0 . 0 8 3 0 . 8 2 3 ± 0 . 0 7 2 2 . 1 2 6 ± 0 .3 4 0 2 . 3 9 5 ± 0 . 6 5 5

HAR 4 1 ,0 ± 3 .5 0 . 8 1 3 ± 0 .0 8 6 0.801  ± 0 .08 4 1 . 7 4 7 ± 0 .3 1 2 1 .8 8 2 ± 0 .3 3 4

KOU 4 3 .6 ± 2 .3 0 .9 2 8 ± 0 . 0 5 2 0.881  ± 0 .0 6 6 1 . 8 4 0 ± 0 .3 5 4 2 . 1 4 3 ± 0 . 3 5 9

LOB 4 6 .6 ± 2 .5 0 . 9 2 0 ± 0 . 0 6 0 0 .8 4 2 ± 0 . 0 6 3 2 .7 4 4 ± 0 .5 7 1 3 .3 3 4 ± 0 .7 8 1

VRO 5 1 .2 ± 4 .2 0 . 9 8 5 ± 0 . 1 8 5 0 . 9 2 4 ± 0 . 1 39 1.991 ± 0 .3 2 6 2 . 6 6 3 ± 0 . 5 3 9

AMS 4 1 .4 ± 4 .5 0 . 9 3 0 ± 0 . 0 4 5 0 .8 9 3 ± 0 . 0 6 8 1 .9 5 7 ± 0 . 3 4 5 2 . 0 9 3 ± 0 . 3 0 0 27

APK 4 0 .4 ± 3 .1 0 . 8 5 0 ± 0 . 0 7 8 0 . 8 1 4 ± 0 . 0 7 2 2.211 ±0.431 2 .1 5 6 ± 0 .3 8 4 52

BER 4 1 .3 ± 3 .7 0 . 9 0 2 ± 0 . 0 4 9 0 .8 2 6 ± 0 . 0 3 9 1 . 7 3 9 ± 0 .2 3 4 1 . 8 6 6 ± 0 . 2 9 9 75

DON 4 9 .4 ± 6 .6 0 . 9 9 2 ± 0 . 0 7 6 0 .9 3 9 ± 0 . 0 8 8 1 .8 7 8 ± 0 . 4 1 9 2 . 1 9 2 ± 0 . 2 3 8 50

EYS 4 6 . 5 ± 1 .8 0.111 ±0.091 0.821  ± 0 .1 2 8 1 . 3 2 9 ± 0 .4 6 4 1 .8 7 3 ± 0 .2 6 4 77

HAR 4 3 .2 ± 4 .7 0 .8 8 7 ± 0 . 0 9 7 0 .9 2 6 ± 0 . 2 3 6 1 . 8 6 4 ± 0 .3 3 2 1 . 9 2 2 ± 0 . 3 8 3 42

KOU 42.1  ±3.7 0 . 8 9 6 ± 0 . 0 4 6 0 .8 5 0 ± 0 . 0 5 8 1 . 4 3 7 ± 0 .2 5 4 1 . 5 6 6 ± 0 . 2 2 9 66

LOB 42.1  ±6.6 0 .8 7 5 ± 0 . 0 6 2 0 . 8 1 8 ± 0 . 0 8 4 1 .8 1 7 ± 0 . 1 8 9 1 . 8 9 9 ± 0 . 3 4 6 65

VRO 5 1 .6 ± 4 .3 0 .9 9 9 ± 0 .0 5 1 0 . 9 2 9 ± 0 . 0 5 7 1 .6 6 2 ± 0 . 3 0 5 1 . 9 7 6 ± 0 . 2 8 6 49

Mean 56

SE 16

F l o u n d e r

AMS 2 9 .0 ± 4 .2 0 . 9 1 6 ± 0 . 1 1 8 0 . 9 6 0 ± 0 . 1 0 7 2.011 ± 0 .7 4 9 2 . 5 1 2 ± 0 . 9 1 6

NWK 31.6± 4 .1 0 . 8 2 0 ± 0 . 0 7 3 0 . 9 3 5 ± 0 . 1 4 7 1 .8 1 7 ± 0 . 8 1 5 3 . 8 5 5 ± 1 .010

OEG 3 1 .8 ± 2 .2 0 . 8 9 0 ± 0 . 2 4 0 0 .8 5 8 ± 0 . 1 4 3 1 . 0 9 7 ± 0 .5 7 4 1 .9 5 2 ± 0 .4 6 1

OEV 3 2 .0 ± 2 .9 0 .8 2 8 ± 0 . 0 6 4 0 .8 6 3 ± 0 . 0 9 3 1 .2 2 0 ± 0 . 2 2 9 1 . 9 9 9 ± 0 . 4 1 3

SOD 2 7 .8 ± 3 .8 0 . 8 7 7 ± 0 . 1 1 8 0 . 9 7 6 ± 0 . 1 6 2 1 .7 9 9 ± 0 .8 9 1 1 .8 0 8 ± 0 .6 2 2

SPL 3 0 .8 ± 4 .4 0 . 8 2 9 ± 0 . 1 0 9 0 . 8 3 7 ± 0 . 1 4 4 1 .3 2 8 ± 0 . 4 2 0 1 .4 6 3 ± 0 .4 0 4

VLI 2 6 .8 ± 3 .7 0 . 8 6 0 ± 0 . 0 9 5 1 . 0 5 8 ± 0 .1 0 3 1 .6 5 3 ± 0 . 8 5 8 1 .5 2 2 ± 0 .3 7 1

VRO 2 7 .0 ± 3 .3 1 . 0 4 7 ± 0 .0 5 7 1 .0 9 4 ± 0 .0 7 4 1 .9 8 7 ± 0 .3 9 1 1 . 9 4 9 ± 0 . 5 0 0

AMS 2 8 .8 ± 3 .0 0 .9 8 2 ± 0 . 1 0 7 1.021 ± 0 .0 7 6 1 .3 4 0 ± 0 . 3 7 0 1 . 1 8 5 ± 0 . 3 8 8 64

BVW 2 6 .2 ± 2 .3 1 .1 0 0 ± 0 .0 7 1 1 . 1 0 7 ± 0 . 1 26 1 .9 7 6 ± 0 . 2 9 3 2 . 0 8 5 ± 0 . 6 4 3 34

DAN 2 6 .2 ± 3 .4 1 .0 8 0 ± 0 .0 4 3 1 . 1 2 6± 0 .0 81 2 .1 3 7 ± 0 . 3 7 3 2 .4 0 8 ± 0 .5 3 2 59

HAM 3 0 .0 ± 2 .3 1 . 0 5 4 ± 0 .0 7 7 1 . 0 6 8 ± 0 . 1 24 2 .3 5 2 ± 0 . 7 4 9 2 .2 2 0 ± 0 .7 3 4 54

MAA 2 7 .3 ± 3 .0 1 .1 3 8 ± 0 .1 3 9 1 . 1 4 7 ± 0 .1 0 3 1 .7 4 4 ± 0 . 5 0 3 1 . 8 7 3 ± 0 . 3 0 9 43

NWK 2 7 . 9 ± 1 .3 1 .071 ± 0 .0 83 1 . 1 0 8 ± 0 .0 9 6 2 .5 0 9 ± 0 . 7 8 5 2 .2 1 7 ± 0 .5 6 7 58

OEV 23.6± 3 .1 0 .9 91  ±0 .08 2 0.981  ± 0 .0 9 3 1 .5 3 0 ± 0 . 3 1 9 1 . 4 1 5 ± 0 . 4 0 6 39

SOD 2 3 .6 ± 3 .3 0 .9 71  ±0 .09 4 0 .9 6 2 ± 0 . 0 7 5 1.281 ±0.202 1 . 3 4 3 ± 0 . 2 6 9 35

VLI 28 .8± 4 .1 0 .9 7 0 ± 0 . 0 9 7 1.041 ± 0 .1 0 4 1 .7 4 5 ± 0 . 4 6 9 1 . 7 1 0 ± 0 . 3 3 0 48

VRO 3 1 .2 ± 2 .4 1 . 0 6 9 ± 0 .0 7 4 1 . 0 6 6 ± 0 .0 6 5 1 .8 2 4 ± 0 . 4 3 6 1 .4 6 5 ± 0 .4 2 4 50

WST 2 6 .5 ± 3 .2 1 .0 0 3 ± 0 .0 9 5 1 . 0 2 9 ± 0 .0 7 6 1 .2 7 5 ± 0 . 3 0 6 1 . 4 9 5 ± 0 . 3 3 8 53

UM 2 7 .8 ± 3 .3 1 . 0 1 4 ± 0 .0 5 4 1 . 0 3 4 ± 0 .0 8 6 1 .3 7 7 ± 0 . 3 5 9 1 . 4 6 8 ± 0 . 5 5 0 55

Mean 49

SE 10



rep ro d u c tiv e  activity o f  th e  m ale  fish , th e  tu b u les  

a re  filled  w ith  a varying a m o u n t o f  sm all, very 
dark ly  s ta in ed  sp e rm  cells.

O ocyte c lassifica tion , b o th  in  m ales a n d  fem ales , 

w as derived  fro m  Y am am oto  (1965; rev iew ed  by 
N agaham a, 1983). T h ree  c lasses w ere  defin ed  as 
follow s. C lass I co rre sp o n d ed  w ith  p e rin u c leo la r 

stages p reced in g  class II, th e  yolk vesicle stage; 

class III in c lu d ed  stages w ith  a b u n d a n t yolk- an d  

fatty  g lobules a n d  m a tu re  oocytes. Fem ale  ovary 
m a tu ra tio n  w as c lassified  acco rd ing  to th e  

p a ra m o u n t class o f  oocytes p resen t.

Biliary 1 -O H  pyrene

To qu an tify  PAH up tak e  by fish , b io -tran sfo rm a- 

tio n  p ro d u c ts  (m etabolites) can  be m e a su re d  in  

th e  b ile  flu id  (K rahn et al., 1987; A riese et al., 
1993). A nalysis o f  PAH accu m u la tio n  levels in  fish  
tis su e  is u su a lly  n o t p o ss ib le  as a re s u lt o f  rap id  

tra n s fo rm a tio n  (m etabo lism ) in to  m o re  p o la r an d  

m o re  easily  excretab le  fo rm s. A n estab lish ed  

m e th o d  fo r a sse ss in g  PAH u p tak e  by m e tab o liz in g  
species is to analyze b io - tran sfo rm a tio n  p ro d u c ts . 

T he  exposu re  to  PAH s w as in ves tiga ted  d irectly  by 

m e a s u r in g  co n cen tra tio n s  o f  i-O H  p y rene , a 

m a rk e r  m e tabo lite , in  sam p les o f  f ish  b ile  u s in g  
sy n ch ro n o u s  flu o rescen ce  sp ec tro m e try  as de­

scribed  by A riese  et al. (1993). T he  d e tec tion  lim it 

o f  th e  i-O H  py ren e  m e th o d  u n d e r  s tan d a rd  co n d i­
tio n s  w as 4 n g /m L . Bile a b so rp tio n  a t 380  n m  w as 
c h o sen  as th e  n o rm a liza tio n  p a ra m e te r  (e.g. to 

ad ju s t fo r d ifferences in  feed ing  sta tus).

2.3 Results
Catch characteristics and general health

A to ta l o f  7 9 8  b ream  a n d  1403 f lo u n d e r  w ere 
ex am ined . T he  ta rg e t sam p le  size  (25 m a tu re  
m a les  a n d  25 m a tu re  fem ales in  sp r in g  a n d  20  

m a tu re  m ales  a n d  2 0  m a tu re  fem ales in  fall) fo r 

each  site  w as n o t always reach ed . N otab le  excep­

tio n s  w ere  b re a m  a t EIJS (bo th  sam p lin g  periods), 
DOM an d  LOB (only in  fall) a n d  flo u n d e r a t VLI, 

SOD VRO, AMS (only in  sp ring ). T he  m e a n  len g th  

o f  b re a m  sam p led  a t th e  various locations varied  
be tw een  39.5 cm  (AMS) a n d  51.6 cm  (VRO) (table
5.2). T he  m e a n  le n g th  o f  b ream  show ed  no  im p o r­

ta n t varia tions a t th e  d iffe ren t sites be tw een  sp rin g  

a n d  fall (table 5.2). T he  m e a n  len g th  o f  th e  f lo u n ­
d e r also  varied  considerab ly  be tw een  sam p lin g  
sites (23.6 -  31.8 cm ), b u t aga in  th e re  w ere  no 

m a jo r seaso n a l d ifferences w ith  p e rh ap s  the  

n o tab le  excep tion  o f  OEV, w h ere  flo u n d e r w as 
considerab ly  la rg e r in  sp r in g  (3 2 .0+ 2 .9  cm ) th a n  
in  fall (23.6 +2.1). T h is  m ay  be due  to a h ig h  

n u m b e r  o f  large p o st-sp aw n in g  f lo u n d e r  th a t 

a tte m p t to m ig ra te  fro m  th e  W ad d en  Sea in to  the  

fre sh w ate r lake Lake IJssel in  sp rin g  b u t are  
h in d e re d  fro m  d o ing  so by slu ices.

Gross pathology

M acroscopic  ex am in a tio n  o f  th e  ex te rna l body 
o f  th e  fish  in d ica ted  th a t a lm o s t all b ream  w ere 

free  fro m  gross lesions an d  an o m alie s , except fo r 

b ream  a t VRO w h ich  show ed  ep id e rm a l p ap illom a 
(8 %  in  sp ring) a n d  sk in  u lcers (2 %  in  sp r in g  an d
2.5 % in  fall). F lo u n d e r w as genera lly  affected  by 

sk in  u lcers; th e  h ig h e s t p revalence  w as observed  

in  fall in  th e  N o rth  Sea C anal (IJM, AMS, WST) 
( 1 6 .7 -1 8 .4  %) an d  a t OEV(i6.7 % ).T h e  occu rrence  
o f  sk in  u lcers in  f lo u n d e r  a t th e se  sites is p robab ly  

assoc ia ted  w ith  d ischarges o f  fre sh w ate r an d  

assoc ia ted  sa lin ity  flu c tu a tio n s as rep o rted  by 
V ethaak  (1996). V isib le signs o f  go n ad a l d iso rders  
w ere  observed  occasionally , in c lu d in g  1 m ale  

b ream  w ith  a s ing le  g onad  (2.4 % a t BER in  

sp ring ) a n d  1 fem ale  b ream  w ith  h a rd  n o d u lo u s  
gonads (2.9 %  a t DON in  sp rin g ). T he  la tte r  
observa tion  w as n o t co n firm e d  th ro u g h  h isto logy.

Condition factor (CF)

T h ere  w as no  ev idence o f  d iffe ren t co n d itio n  
factors (CFs) be tw een  m ales an d  fem ales fo r e ith e r 

species a t m o s t o f  th e  sam p lin g  sites (table 5.2). 

Seasonal an d  g eo g raph ica l varia tion  in  C F show ed 
a g rea t deal o f  sca tte r an d  s ig n ifican t seaso n a l an d  
spatia l d iffe rences w ere  observed  a t a few  

sam p lin g  s ta tio n s. T he  h ig h e s t C F values for 

f lo u n d e r  w ere  fo u n d  a t VRO an d  MAA an d  fo r 
b ream  in  th e  DON (close to th e  sew age tre a tm e n t 
p la n t) .

Hepatosom atic Index (HSI)

M ean  relative liver w eigh ts (HSI) in  f lo u n d e r and  
b ream  varied  a m o n g  sites (table 5.2), w ith  clearly
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i Gonadosomatic index in male and female flounder
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F 5.1 Average relative gonadal weight (gonadosomatic index, GSl) of 

male and female bream (Abram is brama) captured at various 

freshwater locations in the Netherlands during the spring and fall 

o f 1999.

F 5 .2  Average relative gonadal weight (gonadosomatic index, GSl) of 

male and female flounder (Platichthysflesus) captured at various 

marine, estuarine and freshwater locations in the Netherlands 

during the spring and fall of 1999.

h ig h e r  values a t A M S, D O N , an d  LOB in  b ream  

sam p les in  sp rin g . T h ese  a re  all po llu ted  sites. No 

obvious d ifferences be tw een  sexes w ere  fo und , 
w ith  th e  excep tion  o f  fem ale  f lo u n d e r  a t som e 
coastal sites in  sp rin g  su ch  as N W K , O E G  an d  OEV. 

T he H S I in  b re a m  w as h ig h e r  in  sp rin g  th a n  in  

fall. T he  only  excep tion  w as H A R  w h ere  n o  c lea r 
d iffe rences w ere  observed . By co n trast, th e  H S I o f  
f lo u n d e r  show ed  no  c lear seaso n a l tren d . V alues, 

how ever, seem  to have b een  sligh tly  elevated  in  

so m e  locations in  sp rin g , b u t in  g en e ra l th e  
h ig h e s t H S I s w ere  fo u n d  in  th e  coastal zone  in  
fall.

Gonadosomatic Index (GSl)

In  g en era l, th e  G S l o f  b ream  w as far h ig h e r  th a n  
th a t in  f lo u n d e r. T he  m e a n  fem ale  a n d  m ale  G S l 

o f  b re a m  also  w as h ig h e r  in  sp rin g  th a n  in  fall, 

re flec ting  th e  sp aw n in g  seaso n  a n d  rep roductive  
s ta tu s  o f  th e  species (figure 5.1). E xceptions w ere 
H A R , A M S (fem ales) an d  V R O  (fem ales) w here  

seaso n a l varia tion  w as less m ark ed . A verage G S l 

fo r b o th  m a les  a n d  fem ales d iffered  by no  m o re  

th a n  a fac to r o f  approx im ate ly  2 be tw een  sam p lin g  
sites, b u t th is  m ay  n o t have any  p a rticu la r s ig n ifi­

cance  as th e  varia tio n  be tw een  ind iv idua ls fro m  

th e  sam e  site  w as also large.

T he  m e a n  G S l o f  fem ale  f lo u n d e r  w as co n s id e r­

ably h ig h e r  in  sp r in g  a t O E G  an d , to a le sse r 

ex tend , a t A M S (figure 5.2). T h is f in d in g  reflects

T 5.3 O ccu rren ce  o f  ovo tes tis  in m ale bream.

Ovo testis was only found at the locations shown.

th e  rep roduc tive  s ta tu s  a n d  associa ted  m ig ra to ry  

behav io r o f  th is  species th a t spaw ns in  th e  open  
sea (O EG ) d u rin g  w in te r . M ale G S l s varied  co n sid ­
erab ly  be tw een  sp rin g  a n d  fall a n d  be tw een  sites. 

T he  h ig h e s t values w ere  fo u n d  a t O E G  a n d  A M S in  

sp r in g  (as fo r th e  fem ales), a n d  a t W ST, V L I, D A N  

a n d  BVW in  fall.

Plasma vitellogenin (VTG)

A t m an y  o f  th e  locations sam p led  fo r LOES, VTG 

co n cen tra tio n s  in  b o th  fish  species w ere  h igh ly  
variab le  be tw een  in d iv id u a l fish . To co m p are  th e  

re su lts  o f  d iffe ren t sam p lin g  locations, VTG levels 

m e a su re d  w ere  th e re fo re  d iv ided in to  6 d iffe ren t 
c lasses as follow s: < io 3 n g /m L  p lasm a; io? -  i o 4 

n g /m L ; i o 4 -  i o 5 ng /m L ; i o 5 -  10s ng /m L ;

10s -  i o 7 n g /m L ; > io 7 n g /m L . T he  p e rcen tag e  o f  

fish  w ith  p la sm a  VTG co n cen tra tio n s  in  each  class 
w as ca lcu la ted  p e r  location .

T he  re su lts  o f  VTG analysis in  p la sm a  o f  m ale  

b ream  are  sh o w n  in  fig u re  5.3. M ost V TG  co n cen ­
tra tio n s  m e a su re d  w ere  h ig h e r  th a n  th o se  in  m ale  
f lo u n d e r  b u t w ere  h igh ly  variab le  p e r  location .

VTG levels in  m a le  b re a m  also  te n d e d  to be co n sid ­

erab ly  h ig h e r  in  sp rin g  th a n  in  fall a t m an y  
sam p lin g  sites. H ig h  V TG levels, i.e . u p  to 
1 ,0 0 0 ,0 0 0  n g /m L  b lood  p lasm a , occu rred  w here  

th e  rivers R h ine  a n d  M euse  e n te r  th e  N eth erlan d s 

(at L obith  a n d  a t E ijsden  respectively), in  m a jo r 
river sed im en ta tio n  areas su ch  as H aringv lie t, at 
A m ste rd am  in  th e  in d u s tr ia l p a r t o f  th e  N o rth  Sea 

C anal, an d  in  th e  F riesian  w ater K oude V aart.

VTG levels w ere  low er in  th e  A peldoorns K anaal 
(a cana l sam p led  only d u rin g  fall) an d  a t 
V ro u w en zan d . In  Lake B e rg u m erm ee r in  

F riesland , levels w ere  q u ite  e levated  in  sp rin g , i.e. 

u p  to 8 .8  m illio n  n g /m L  p lasm a, b u t all w ere 

below  1 ,0 0 0  n g /m L  in  fall.

T he  h ig h e s t co n cen tra tio n s  o f  VTG w ere  observed  

in  m a le  b re a m  fro m  th e  sm all in lan d  s tre am  called 
D om m el. In  b o th  sp rin g  a n d  fall, all p la sm a  
sam p les co n ta in ed  levels o f  1 m illio n  ng  VTG/mL 

or h ig h e r  a n d  m o re  th a n  8 0  %  even  co n ta in ed  

levels h ig h e r  th a n  io  m illio n  n g /m L .

Location S eason Number  o f  m ale s  exam ined ■ O v o te s t i s  in m ales  (%)

- + + +

Koude Vaart Spring 25 24 1 0 4

Vrouwenzand Spring 23 21 2 0 9

D om m el Spring 14 8 4 2 47

D om m el Fall 9 6 3 0 33

*  -  : n o  o o c y te s  in testicu lar  tis su e + : sp orad ic  to  sev era l o o c y te s  in testicu lar tis su e + +: n u m ero u s o o c y te s  in testicu lar  tissu e



T he re su lts  o f  th e  VTG analyses in  th e  p la sm a  o f  

m a le  sp ec im en s  o f  f lo u n d e r  fro m  th e  locations 

in v estiga ted  can  be fo u n d  in  fig u re  5.4. At 
m o s t sites, VTG levels w ere  genera lly  below

1 ,0 0 0  n g /m L  p lasm a. A t qu ite  a few  o f  th o se  sites, 

how ever, one o r tw o ind iv idua ls cap tu red  

co n ta in ed  ex trem ely  h ig h  levels (> 1 ,0 0 0 ,0 0 0  ng  
VTG/mL p lasm a). In  sp rin g  th e se  locations w ere 

Schaar van  O u d en  D oei an d  F lu sh in g  (V lissingen) 

in  th e  W e ste rn  Scheldt, th e  o ffshore  location  
O e s te rg ro n d en , D en  O ever in  th e  tida l W ad d en  
Sea an d  N oordw ijk  n e a r  th e  D u tch  coast. D u rin g  

th e  fall cam p a ig n , th e se  locations in c lu d ed  

V ro u w en zan d  in  Lake IJssel, a n d  A m ste rd am  and  

W estp o o rt, b o th  in  th e  N o rth  Sea C anal. T he 
dev ian t sp ec im en s in  sp rin g  w ere  th e re fo re  only 

fo u n d  a t locations w ith  d irec t access to  an d  close 

to  th e  N o rth  Sea, w hile  in  fall su ch  ind iv iduals 
w ere  only  en c o u n te re d  in  b rack ish  in la n d  w aters 
a n d  fre sh w a te r en v iro n m en ts .

In  flo u n d er, elevated, b u t h ig h ly  variab le  VTG 
levels w ere  m e a su re d  a t 4  sam p lin g  sites. T hese  
w ere  th e  tw o sites in  th e  N o rth  Sea C anal n e a r 

A m ste rd a m  (in b o th  sp rin g  a n d  fall), th e  N o rth  

Sea location  O este rg ro n d en , a n d  th e  fre sh w ate r 
loca tion  V ro u w en zan d . A t all th e  o th e r locations, 
th e  d is tr ib u tio n  o f  VTG co n cen tra tio n s  am o n g  

in d iv id u a l flo u n d ers  w as m o re  or less s im ila r in  

sp rin g  an d  fall.

H i s t o p a t h o l o g y

In  th e  liver sec tions, th e  o ccu rren ce  o f  paras itic  

g ra n u lo m a s , m e lan o m ac ro p h ag es  an d  g en era l 

baso p h ilia  in  th e  fish  w as evenly  d is tr ib u ted  
across th e  sites (data n o t show n). Inc reased  

baso p h ilia  o f  hepatocy tes, th e  re s u lt o f  active 

sy n th esis  o f  yolk p re c u rso r  p ro te in s  (Aida et al., 

I 973), w as n o t assoc ia ted  w ith  an im a ls  show ing  
h ig h  levels o f  p la sm a  v ite llogen in .

T he  gonads o f  fem ale  an d  m a le  f ish  show ed 
d iffe ren t ex ten ts o f  m a tu ra tio n  as d e te rm in e d  by 
c lassifica tion  o f  th e  a m o u n ts  o f  r ip e  ova and  

s p e rm  respectively . No d ifferences w ere  fo u n d  in  

m a tu ra tio n  b e tw een  g ro u p s th a t w ere  sam p led  on  
vary ing  sites (data n o t show n). A ten d en cy  tow ards

m o re  m a tu re  stages o f  g e rm  cells in  sp rin g  as 

co m p ared  to  fall w as fo u n d  in  b o th  species.

In  sp r in g , th e  tes tes  o f  47 %  o f  th e  m a le  b ream  

sp ec im en s  fro m  th e  river D om m el clearly  

co n ta in ed  oocytes in s id e  th e  sem in ife ro u s  tu b u les  
(table 5.3). In  fall, 33 %  o f  m ales h ad  th is co n d i­
tion . O ocytes fo u n d  in  te s ticu la r tissu e  w ere  o f  

C lass I type an d  w ere  n ev er su rro u n d e d  by a layer 

o f  g ran u lo sa  cells. O votestis w as also  fo u n d  in  
m ale  b re a m  sp ec im en s  fro m  th e  sam p lin g  sites 
K oude V aart an d  V ro u w en zan d  (table 5.3), b u t at 

a low er freq u en cy  (4 %  a n d  9 %  respectively) an d  

only in  sp rin g . F igu re  5.6 show s oocytes in  a m ale  
b ream  testis .

O ne m ale  b re a m  cap tu red  in  th e  D o m m el in  

sp rin g  show ed  ex tensive sq u am o u s  m e tap las ia  o f  
th e  sem in ife ro u s  tubu les: th e  e p ith e liu m  show ed 
p ro life ra tio n  w ith  a fla tten ed  asp ec t o f  th e  top  

layer cells, w h ich  show  s igns o f  k e ra tin iza tio n  

(s ta in ing  acco rd ing  to A youb-Skhlar co n firm ed  
th is). T h ese  s tru c tu re s  a re  d is tin c t fro m  paras itic  
g ran u lo m as , w here , a m o n g  o th e r types o f  in f la m ­

m ato ry  cells, m acro p h ag es  a re  involved th a t m ay  

re sem b le  ep ith e lo id  cells b u t w ill n o t fo rm  k era tin . 
No in f lam m ato ry  cells w ere  p re s e n t in  m etap las tic  
sem in ife ro u s  tu b u le s . M oreover, no  p aras ite s  w ere  

fo u n d  in  th e  liver o f  th is  an im a l, w h ich  genera lly  

is th e  case w h en  gonads a re  affected  by paras itic  

in fes ta tio n .

S e x  ra t io

T he sex ra tio s fo r b re a m  a n d  f lo u n d e r  in  fall a re  
exp ressed  as th e  p ercen tag e  o f  fem ale  fish  (table
5.2). T he  m e a n  sex ra tio s o f  b re a m  an d  flo u n d e r

F 5.3  Frequency distribution o f  the concentrations o f  the yolk protein 

vitellogenin (VTG) in  blood plasm a o f male bream  (Abramis brama) 

captured at various freshwater locations in  the Netherlands during 

the spring and  fall o f  1999 .

F 5.4  Frequency distribution o f  the concentrations o f  the yolk

protein vitellogenin (VTG) in  blood plasm a o f male flounder 

(Platichthysflesus) captured a t various m arine, estuarine and 

freshwater locations in the Netherlands during  the spring and 

fall o f 1999 .
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F5.4Vitellogenin flounder
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o f  all sam p led  sites w ere  close to 50 % fem ales (for 

b re a m  an d  f lo u n d e r  56 %  a n d  4 9  %  respectively). 
B ream  fro m  th e  D om m el, th e  m o s t affected  site  in  
th is  stu d y  (see re su lts  o f  VTG a n d  o th e r analyses), 

show ed  a n o rm a l sex ra tio  o f  50 %. T he  sex ratios 

a t o th e r sites w ere  h ig h ly  variab le  b u t no  co n s is ­

te n t tre n d  w as observed .

Biliary 1 -O H  pyrene

B iliary i-O H  p y ren e  co n cen tra tio n s  (no rm alized  
values) in  b re a m  w ere  genera lly  h ig h e r  th a n  in  
flo u n d er. T h e re  w as no  a p p a re n t seaso n a l tren d . 

As show n  in  fig u re  5.7 an d  fig u re  5.8, th e  h ig h es t 

i-O H  py ren e  co n cen tra tio n s  w ere  fo u n d  in  bile 

sam p les o f  b re a m  fro m  KOU a n d  APK a n d  in  
b re a m  an d  f lo u n d e r  fro m  th e  N o rth  Sea C anal 

(IJM, AMS). In te rm e d ia te  an d  low er co n cen tra ­

tio n s  w ere  observed  in  th e  M euse , H aringv lie t, th e  
R h ine , th e  R o tte rd am -E u ro p o o rt area, th e  W este rn  
Scheldt, th e  E m s-D ollard  estuary , a long  th e  N o rth  

Sea coast, a n d  a t OEV close to th e  A fslu itd ijk  

d ra in ag e  slu ices. T he  low est co n cen tra tio n s  w ere 
fo u n d  a t HAM a n d  VRO.

2.4  Discussion
Increased plasma VTG and its effects

A large n u m b e r  o f  th e  ex p erim en ta l s tud ies  and  

fie ld  surveys on  e s tro g en ic  effects in  fish  

p u b lish e d  to date  co n ce rn ed  th e  effects in  ra inbow  

tro u t (O ncorhynchus mykiss). T he  effects o f  STP 
d ischarges on  (caged) ra in b o w  tro u t in  sm all 

s tre am s in  th e  U n ited  K ingdom  w ere  a m o n g  the  

firs t to be rep o rted  an d  have tr ig g e red  m u c h  o f  th e  

c u rre n t co n ce rn  ab o u t e stro g en ic  co n tam in a tio n  
in  th e  aq u a tic  e n v iro n m e n t (e.g., P u rd o m  et al., 

1994; S u m p te r a n d  Jobling , 1995; H arrie s  e ta l., 

1 9 9 6 ,1 9 9 7 ,1 9 9 9 ;  R outledge et al., 1998). In  m o s t 
o f  th e se  s tu d ies , th e  in c rease  in  average VTG levels 
in  m ale  ra in b o w  tro u t p la sm a  b ecam e statistically  

s ig n ifican t a t levels above 1 ,0 0 0 -1 0 ,0 0 0  n g /m L . 

T he  sam e  ap p rox im ate  th re sh o ld  w as also 
observed  in  a UK field  survey  o f  m a le  flo u n d e r 
VTG in  e s tu a rie s  (A llen et al., 1 9 9 9 a), in  labora to ry  

ex p e rim en ts  w ith  carp  (Cyprinus carpio) exposed  to 

es tro g en ic  su b s tan ces  (G im eno, 1997), a n d  d u rin g  

a field  survey  o f  carp  n e a r  a STP (F o lm ar et al., 

I 9 9 6 )-

T yler et al. (1996) ded u ced  th a t n a tu ra l VTG 

co n cen tra tio n s  in  th e  p la sm a  o f  various m ale  

cyp rin id  fish  species su ch  as carp  w ere  usua lly  
below  2 0  n g /m L  w h ereas th e  levels in  fem ales 

w ere  alw ays g rea te r th a n  2 0 0  n g /m L , even  in  

im m a tu re  sp ec im en s . A ccord ing  to th e  sam e 

au th o rs , levels in  m a tu re  fem ales ran g e  from
1 0 0 .0 0 0  to 1 ,0 0 0 ,0 0 0  n g  VTG/m L p lasm a . VTG 

c o n cen tra tio n s  in  fem ale  fish , how ever, change  

d u rin g  th e  year d ep en d in g  on  rep roduc tive  s ta tu s . 
V an  B o h em en  et al. (1981) observed  levels in  
fem ale  ra in b o w  tro u t o f  1 0 0 ,0 0 0  n g  VTG/m L 

p lasm a  in  M ay an d  1 2 ,9 0 0 ,0 0 0  n g /m L  in  

N ovem ber d u rin g  ovu lation  an d  sp aw n in g . Scott 
a n d  S u m p te r  (1983) show ed  th a t VTG peaked  a t 
d iffe ren t m o m e n ts  in  ra in b o w  tro u t fro m  fall- 

sp aw n in g  an d  w in te r-sp aw n in g  stra in s  o f  th e  

species. T hey  even  m e a su re d  p eak  co n cen tra tio n s  
g rea te r th a n  5 0 ,0 0 0 ,0 0 0  n g /m L . B esides a 
seaso n a l effect, VTG levels also d ep en d  on  th e  age 

o f  th e  fish . T he  levels in  fem ale  ra in b o w  tro u t m ay  

rise  a m illion -fo ld  d u rin g  th e  tw o or th re e  years 

th a t a re  n eed ed  to reach  sexual m a tu rity  w hereas 
they  do n o t o ften  exceed 1 ,0 0 0  n g /m L  p la sm a  in  

m a tu re  m ales (C opeland  et al., 1986; B on et al., 

1997). K orsgaard  E m m e rse n  an d  P e te rsen  (1976) 
have also rep o rted  s im ila r d ifferences in  VTG 
c o n te n t be tw een  th e  life stages o f  fem ale  flo u n d er.

In  view  o f  th e  d iscu ss io n  above, it seem s re a so n ­
able to a s su m e  th a t VTG levels in  m a le  f ish  m ay  be 
u n n a tu ra lly  h ig h  a t co n cen tra tio n s  g rea te r th a n

1 .0 0 0  - 1 0 ,0 0 0  n g /m L  p lasm a . M ale fish , con tra ry  

to fem ales , a re  u n ab le  to tra n s fo rm  VTG in to  th e  
yolk p ro te in  th a t is in co rp o ra ted  in  eggs an d  th e re ­
fore accu m u la te  VTG in  th e  b lood  s tre am . It has 

b een  d e m o n s tra te d  th a t th e  p ro d u c tio n  o f  VTG in  

m ale  f ish  m ay  cau se  k idney  d am age  (W ester an d  
C an ton , 1986). It has also b een  su g g es ted  th a t 
VTG p ro d u c tio n  in  m a les  m ay  decrease  m etabo lic  

ex p en d itu re  fo r g row th  an d  sp e rm ato g e n esis  

(H e rm an  a n d  K incaid, 1988; see also  S h eah an  et 
al., 1994). In  fem ale  fish , an  u n n a tu ra lly  in c reased  
level o f  VTG has b een  assoc ia ted  -  via a feedback  

m e c h a n ism  -  w ith  red u ced  e strad io l p ro d u c tio n  

(R eis-H en riques et al., 1997), w h ich  in  tu rn  m ay  
negatively  in f lu en ce  egg quality . VTG in d u c tio n  in  
fem ale  fa th ead  m in n o w s (Pimephales promelas)



exposed  to iy a -e th y n y les trad io l a n d  iyß -estrad io l 

h as b een  associa ted  w ith  decreased  egg p ro d u c tio n  
(Laenge et al., 1997; K ram er et al., 1998).

A t p re sen t, w e do n o t k now  th e  cau se  o f  th e  

occasionally  h ig h  levels o f  VTG m e a su re d  in  m ale  
f lo u n d e r  fro m  ap p aren tly  ‘clean’ LOES sites. T he 
fact th a t m o s t o f  th e se  observa tions w ere  m ad e  in  

p la sm a  sam p les  tak en  d u rin g  th e  sp rin g  sam p lin g  

cam p a ig n  su g g ests  th a t th e  p h e n o m e n o n  m ay  be 

lin k ed  to seaso n a l a n d /o r  m ig ra to ry  factors. 
Ind iv id u a l f ish  cap tu red  in  sp rin g  a t th ese  sites 

m ay  e m a n a te  fro m  elsew here , possib ly  fro m  

p laces w h ere  they  have b een  exposed  to (xeno-) 

e s tro g en s . T he  m e a su re m e n ts , on  th e  o th e r h an d , 
m ay  also  in d ica te  th a t a frac tion  o f  th e  m ale  

f lo u n d e r  p o p u la tio n  co n sis ts  o f  sp ec im en s  w ith  

a genetica lly -d e te rm in ed  h ig h  n a tu ra l VTG level 
o r in c reased  sensitiv ity  to (xeno-)estrogens.

T he  only  f lo u n d e r  sp aw n in g  g ro u n d s  sam p led  

w ere  th e  O e s te rg ro n d en . It is th e re fo re  th o u g h t 
th a t th is  w as th e  only  site  in  sp rin g  w h ere  flo u n d e r 
w ou ld  su re ly  n o t have b een  on  m ig ra tio n , b u t th a t 

th ey  w ou ld  have re s id ed  th e re  fo r a lo n g e r perio d  

befo re  cap tu re . V ite llogen in  rep o rted ly  has a half- 

life o f  approx im ate ly  2 w eeks in  f lo u n d e r  (Allen 
et al., 19 9 9 a). It w as th e re fo re  th eo rized  th a t VTG 

levels in  m ales a t th e  O es te rg ro n d en  in  sp rin g  

sh o u ld  re flec t th e  low  exposu re  level to e strogens 
in  th is p re su m ab ly  c lean  area . T he  opposite  w as 
fo u n d , how ever. VTG co n cen tra tio n s  d iffered  

w idely, fro m  less th a n  1 ,0 0 0  n g /m L  p lasm a  u p  to

1 0 0 ,0 0 0  n g /m L . In  one  sp ec im en , th e  concen tra-

F 5.6 Ovotestis in male bream (Abramis brama). Normal testicular tissue

(a): tubules filled with spermatozoa (asterisks) and lined with clustered 

pre-stages of spermatozoa associated with Sertoli cells (arrows)

(bar = 67 pm). Testis of a hermaphroditic bream at a greater 

magnification (b) showing an oocyte in a testicular tubule and testicular 

tubules containing (few) spermatocytes (arrows) (bar = 34 pm).

The follicular epithelium that differentiates into granulóse cells is 

absent and no yolk granules are deposited in this oocyte.

Tissues were stained with haematoxylin-eosin.

F 5.7 Average concentrations of the pah-metabolite i-OH pyrene in bile 

of bream (Abramis brama) captured at various freshwater locations 

in the Netherlands during the spring and fall o f 1999. Data for 

males and females are pooled. Concentrations normalized to 

absorbance at 380 nm.

F 5.8 Average concentrations of the pah-metabolite i-OH pyrene in bile 

of flounder (Platichthysflesus) captured at various marine, 

estuarine and freshwater locations in the Netherlands during the 

spring and fall of 1999. Data for males and females are pooled. 

Concentrations normalized to absorbance at 380 nm.
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tio n  fo u n d  w as g rea te r th a n  1 0 ,0 0 0 ,0 0 0  n g /m L . 

T he  cau se  o f  th ese  observations is u n k n o w n , b u t 
th e re  a re  several possib ilities:
•  E xcretion o f  e stro g en ic  co m p o u n d s  u n d e r  cold 

w in te r  co n d itio n s slows dow n. VTG levels th e re ­

fore  re flec t exposu re  a t an  ea rlie r stage, p robab ly  
w h en  th e  flo u n d e r w ere  still in la n d  o r in  (polluted) 
es tu a rie s .

•  T he  p o p u la tio n  o f  f lo u n d e r  a t th e  O este r­

g ro n d e n  in  early  M arch  co n sis ts  b o th  o f  speci­

m e n s  th a t have b een  th e re  fo r a lo n g er p e riod  o f  
tim e  an d  o f  sp ec im en s  th a t have only  recen tly  

arrived , possib ly  fro m  p o llu ted  sites e lsew here  

(it is n o t kno w n  w h e th e r  th e  O es te rg ro n d en  are  
only  u se d  by th e  D u tch  p o p u la tio n  o r also  by those  
fro m  B elg ium  an d  especially  fro m  th e  heavily  

po llu ted  Elbe R iver in  G erm any ; th e  flo u n d e r 

p robab ly  d o esn ’t o rig in a te  fro m  th e  U K  since  
B ritish  p o p u la tio n s  a re  k now n  to spaw n  in  several 
sm a lle r  pockets close to e s tu a rie s  o ff  th e  B ritish  

ea s t coast).

•  In c reased  VTG levels in  m ales m ig h t be a 
n a tu ra l p h e n o m e n o n  d u rin g  th e  sp aw n in g  season , 
b u t i f  so VTG sy n th esis  w ill p robab ly  vary betw een  

in d iv id u a l fish  as a re s u lt o f  g en e tic  d ifferences 

(varia tion  be tw een  in d iv id u a l VTG  levels in  sp rin g  
w as also  observed  a t o th e r n o n -sp aw n in g  
locations, m ostly  in lan d ).

•  Inc reased  p la sm a  VTG co n cen tra tio n s  are  

cau sed  by th e  re lease  o f  e s tro g en ic  chem ica ls 
s to red  in  fatty  tissu es  in to  th e  b lood  s tre am . It is 
w ell k n o w n  th a t f lo u n d e r starve d u rin g  th e  sp aw n ­

in g  seaso n  in  w in te r  an d  early  sp ring .

T he  only  in c reased  VTG levels in  m ales d u rin g  fall, 
w h en  f lo u n d e r is m o re  re s id en tia l, w ere  fo u n d  in  

th e  v icin ity  o f  th e  N o rth  Sea C anal (AM S an d  W ST). 

T his  m ay  re flec t th e  w ell-know n heavy p o llu tio n  o f  
th is  p o rt zo n e  w ith  m icro -p o llu tan ts .

Occurrence and significance of intersex in m ale fish

S ubstances th a t in d u ce  VTG p ro d u c tio n  in  m ale  
f ish  m ay  also  red u ce  te s ticu la r g ro w th  (rainbow  
trou t: Job ling  et al., 1996 ) o r cause  m o rpho log ica l 

ab n o rm alitie s  in  tes tes  (flounder: Lye et al., 1997). 

H ig h  levels o f  VTG in  m ale  f ish  so m etim es  
co incide  w ith  th e  observa tion  o f  in te rsex  co n d i­
tio n s  su ch  as ovotestis (roach: Job ling  et al., 1998;

flo under: A llen  et al., 1 9 9 9 a , 1 9 9 9 b ). G im en o  et al. 

(1996) have sh o w n  th a t exposu re  to h ig h  levels o f  
i7 ß -estrad io l m ay  even  re s u lt in  a to ta l sex reversa l 
o f  genetically  m a le  carp  (Cyprinus carpio).

It is k n o w n  th a t in te rsex  in  m ales (also re fe rred  
to as h e rm a p h ro d itism ) is a n a tu ra lly  o ccu rring  
p h e n o m e n o n  in  various species o f  fish . W here  

in te rsex  m ales w ere  fo u n d  in  th e  p re s e n t study, 

a lm o s t all fro m  th e  river D om m el, th is  fea tu re  
w as a lm o s t en tire ly  d e te rm in e d  by th e  occurrence  
o f  p rim a ry  (Class I) oocytes, co n ta in in g  no  yolk 

g ran u le s . In  fem ales th a t also  fea tu red  secondary  

a n d  te rtia ry  oocytes, a n o rm a l g ran u lo sa  layer 
w as p re sen t. T he  fa ilu re  o f  th e  ‘m a le ’ oocytes to 
develop beyond  th e  p rim a ry  stage m ay  be due  to 

th e  absen ce  o f  a su r ro u n d in g  g ran u lo sa  cell layer. 

O ka (1931) rep o rted  th is  fea tu re  o f  te s ticu la r 

oocytes in  m ed ak a  fish  (O ryzias latipes) an d  
Josh i an d  S a thyanesan  (1980) described  s im ila r 

m o rp h o lo g ica l ab n o rm a litie s . T hey  fo u n d  C lass I 

oocytes in  th e  testes o f  m ale  ch a n n e l ca tfish  
C hanna puncta ta . T h ese  oocytes w ere  ran d o m ly  
d is tr ib u ted  in  o therw ise  re s tin g  te s ticu la r tissu e . 

T he  inc id en ce  w as low: tw o an im a ls  o u t o f  over 

one h u n d re d  m ales  sam p led . Little stu d y  has so 
fa r  b een  devoted  to th e  co n seq u en ces  o f  ovotestis 
fo r th e  rep roduc tive  fitn ess  o f  m a les . R ecen t w ork  

by Job ling  et al. (2 0 0 0 ) h as d em o n s tra ted , 

how ever, th a t w ild  ro ach  (Rutilus rutilus) exposed 
to STP efflu en ts  w ere  rep roductive ly  co m p ro m ised  
a n d  th a t th e  low er fe rtiliza tio n  success o f  these  

p o p u la tio n s  w as p robab ly  due  to th e  in fe rio r 

sp e rm  quality  o f  in te rsex  m ales.

S quam ous m e tap las ia  o f  m a le  accessory  re p ro d u c ­

tive o rgans re su ltin g  fro m  es tro g en ic  s tim u la tio n  

is a w ell-know n fea tu re  in  m a m m a ls  (Kroes an d  
T ep p em a , 1972). To th e  b es t o f  o u r know ledge, 
e s tro g en -in d u ced  m e tap las ia  o f  th e  rep roduc tive  

trac t has n o t b een  prev iously  rep o rted  in  fish .

S ince th e  a n im a l in  w h ich  th is fea tu re  w as fo u n d  
w as p a rt o f  th e  ca tch  fro m  th e  riv er D om m el an d  
in d eed  show ed  a relatively  h ig h  level o f  p lasm a 

v ite llogen in  (approxim ately  2 6 ,0 0 0 ,0 0 0  n g /m L ), 

th is  f in d in g  m ay  ind ica te  th a t m e tap las ia  re la ted  

to estro g en ic  activity s im ila r to th a t fo u n d  in  
m a m m a ls  m ay  occur in  fish . H ow ever, in  view



o f  th e  low  frequency , th is  f in d in g  m ay  be  a co in c i­

d ence . F u rth e r  s tud ies  w ill be  re q u ire d  to e s tab lish  
th e  p revalence  o f  th is  ab n o rm ality  in  (xeno-) 
e s tro g en  r ic h  en v iro n m en ts .

In  g en era l, ovotestis in  f ish  (review ed in  C h an  an d  
Y eung, 1983) is expected  to be largely  d e p e n d e n t 
on  th e  n o rm a l sexual d ev e lo p m en t o f  th e  species 

o f  in te re s t. In  m an y  species o f  fish , th e  yo u n g  set 

o u t w ith  a n  u n d if fe re n tia te d  gonad . W hereas th e  
lite ra tu re  on  estro g en ic  exposu re  s tu d ies  ten d s  to 
focus on  in d u c tio n  o f  ovotestis, e s tro g en s  cou ld  

also  be  re sp o n sib le  fo r in co m p le te  re g re ss io n  o f  

th e  fem ale  co m p o n e n t fro m  im m a tu re , u n d if fe r­

e n tia ted  g o nads. M any factors o th e r th a n  sex 
s te ro id s  m ay  in f lu en ce  sexual d iffe ren tia tio n  

(C han  an d  Y eung , 1983).

T he  in c id en ce  o f  ovotestis w as h ig h e s t in  b ream  
fro m  th e  river D om m el, also  th e  location  w ith  th e  

h ig h e s t levels o f  th e  p la sm a  p ro te in  v ite llogen in . It 

is te m p tin g  to a s su m e  a d irec t co rre la tio n  be tw een  

th e  in c reased  p lasm a  v ite llogen in  co n cen tra tio n s  
a n d  ovotestis fo rm atio n . A llen  et al. (1999a,

:1999b) observed  ovotestis in  m ale  f lo u n d e r  a t VTG 

levels h ig h e r  th a n  approx im ate ly  1 0 0 ,0 0 0  n g /m L  

p lasm a . H ow ever, they  also  observed  h ig h  VTG 

levels a t sites w h ere  no  ovotestis occu rred  an d  

fo u n d  no  c o n s is te n t p a tte rn  o f  VTG in d u c tio n  in  

in te rsex  m ales . F u rth e rm o re , H a sh im o to  et al. 
(1999) fo u n d  ovotestis in  th e  f lo u n d e r  Pleuronectes 
yokoham ae  fro m  Japan  th a t co n ta in ed  relatively 

low  p la sm a  VTG levels (25 - 2 ,2 0 0  n g /m L ). It is 

conceivab le  th a t ovotestis in  a d u lt m ale  fish  

reflec ts exposu re  to (xeno-)estrogens d u rin g  
y o u n g e r life stages w h en  sexual d iffe ren tia tio n  

took  place (also see p a ra g ra p h  5.4.2), w hile  

e levated  levels o f  V TG in  th e  p la sm a  o f  ad u lt m ales 
is cau sed  by m o re  re c e n t exposure .

A llen  et al. (1999b) also a rg u ed  th a t s ince  ovotestis 

is a lm o s t certa in ly  in d u ced  a t th e  larval stage, 

th e re  m ay  be a d ifference  in  th e  o ccu rren ce  o f  
ovotestis in  f lo u n d e r  p o p u la tio n s  be tw een  those  

th a t b reed  in  (m ore co n tam in a ted ) e s tu a rie s  an d  

th o se  th a t b reed  in  th e  (cleaner) o p en  sea due  to 
d iffe rences in  exposu re  to  (xeno-)estrogens d u rin g  
th e se  sensitive  stages. S ince, in  co n tra s t to th e  U K

p o p u la tio n s , m o s t D u tch  f lo u n d e r  b reed  a t sea, 

th is  m ay  explain  w hy no  ovotestis w as observed 

in  th is species in  th e  N eth e rlan d s.

Other parameters

N one o f  th e  p a ram e te rs  d iscu ssed  in  th is  
p a rag rap h  are  a (u n am b ig u o u s) m e a su re  o f  
e stro g en ic  effects. T hey  a re  u se fu l, how ever, as 

m e a su re s  o f  co n d itio n , rep roduc tive  s ta tu s  an d  

exposu re  to o th e r p o llu tan ts  an d  m ay  th e re fo re  

facilita te  in te rp re ta tio n  o f  th e  re su lts  o f  re sea rch  
on  estro g en ic  effects in  fish .

In  g en era l, CF values in  th is study  w ere  evenly  
d is tr ib u ted  a m o n g  th e  d iffe ren t sam p lin g  sites 
a n d  d iffered  little  be tw een  sp rin g  an d  fall. T here  

a re  th e re fo re  no  in d ica tio n s th a t e stro g en ic  or 

o th e r p o llu tio n -in d u ced  effects m ay  have d ra m a ti­
cally decreased  th e  co n d itio n  o f  th e  fish  cap tu red . 
O n  th e  o th e r h an d , th is  m e a n s  th a t d ifferences 

observed  fo r o th e r p a ram e te rs  w ere  n o t re la ted  to 

th e  g en era l co n d itio n  o f  th e  fish .

T oxican ts, in  p a rticu la r o rgan ic  m icro -p o llu tan ts , 

m ay  in c rease  relative liver size  (H S I)  o f  fish . 

M easu red  average H S I values d iffered  am o n g  
d iffe ren t sam p lin g  sites, b u t in  p a rticu la r w ith  
re sp ec t to season . For b o th  b ream  an d  flo u n d er, 

h ig h e r  values w ere  fo u n d  in  sp rin g . T h is  m ay  

re flec t a p o o re r n u tr it io n a l s ta tu s  in  sp rin g  w h en  

fat reserves have b een  co n su m e d  d u rin g  w in te r 
w hile  liver w eigh ts re m a in e d  s im ila r. H s i  values 

m ay  so m e tim es  have b een  in c reased  by 

(additional) ac tion  o f  p o llu tan ts  (in b re a m  a t 
L obith in  sp ring ), b u t h ig h e r  values d id  n o t n ece s­
sarily  co rre sp o n d  w ith  estrogen ic ity , i.e ., w ith  h ig h  

VTG levels o r h ig h  ER-CA LU X  values in  f ish  bile 

(p arag raph  5.3).

Relative average go n ad a l size also d iffered  

b e tw een  sam p lin g  sites, b u t th is  varia tio n  w as 

sm all co m p ared  to th e  effect o f  sam p lin g  season . 
In  sp r in g , G S l values fo r b re a m  w ere  considerab ly  
h ig h e r , th ereb y  re flec ting  rep ro d u c tiv e  s ta tu s .

T he  excep tions m e n tio n e d  ea rlie r  (H aringv lie t an d  

V ro u w en zan d  fo r fem ales; H arin g v lie t fo r m ales) 
a re  m o s t likely th e  re s u lt o f  co lder w a te r te m p e ra ­
tu re s  cau sed  by th e  early  sam p lin g  date  in  sp rin g



rela tive to th e  o th e r sites (see ch ap te r 2) an d  th e  

fact th a t th e se  w a te r bod ies a re  very large an d  

th e re fo re  w a rm  slow ly in  sp rin g . T h ere  w ere  no 
in d ica tio n s th a t th e  G S l in  e ith e r  m ale  o r fem ale  

b re a m  w as so m eh o w  in flu en ced  by estro g en ic  

activity in  th e  w ater. A verage G S l values p e r 
loca tion  w ere  fa r  m o re  variab le  fo r flo u n d er, bo th  
fo r m ales an d  fem ales . H ow ever, as exp la ined  

earlie r , th is  varia tio n  is m o s t likely due  to d iffer­

ences in  rep roduc tive  s ta tu s  be tw een  sp ec im en s  o f  

th is  m ig ra to ry  species cap tu red  a t d iffe ren t tim es 
a n d  a t in lan d , e s tu a rin e  an d  o ffshore  locations.

A poss ib le  excep tion  is th e  unexpec ted ly  h ig h  G S l 

value  fo r m ale  f lo u n d e r  cap tu red  n e a r  th e  o u tle t 
o f  th e  W estp o o rt STP in  fall.

R eliable e s tim a tio n  o f  th e  sex ra tio s be tw een  

fem ale  a n d  m a le  f ish  req u ire s  th a t a large n u m b e r  
o f  f ish  is cap tu red  an d  exam ined . T h is was 
how ever n o t always p oss ib le  in  o u r study . It 

h as  genera lly  b een  su g g es ted  th a t e stro g en ic  

co m p o u n d s  m ay  in te rfe re  w ith  sexual d iffe ren tia ­

tio n  an d  th ereb y  affect, fo r in s tan ce , th e  re p ro d u c ­
tive po ten tia l, i.e. sex ratio  o f  f ish  pop u la tio n s . 

H ow ever, data  fro m  th e  stu d y  a t h a n d  suggests 

th a t th e  sex ra tio s observed  in  th e  w ild  fish  
sam p les w ere  largely  d e te rm in e d  by sm a ll sam p le  
sizes an d  o th e r in te rfe r in g  factors su ch  as season- 

re la ted  an d  possib ly  sex-related m ig ra to ry  behavior.

S tatistical analysis o f  lo n g -te rm  data  (1 9 6 0 -1 9 9 5 )  
o n  p o p u la tio n s  o f  N o rth  Sea p laice (Pleuronectes 

platessa) an d  sole (Solea solea) show ed  a d ecrease  in  

size  a n d  age to m a tu ra tio n , b u t no  ch an g e  in  sex 
ra tio s w ere  observed  (R ijnsdorp  a n d  V ethaak ,

1997). Lang et al. (1995) have sh o w n  an o m alie s  in  
th e  sex ratio  o f  dab (L im anda lim anda) fro m  th e  

N o rth  Sea, w ith  in c reased  re p re se n ta tio n  o f  
fem ales in  so m e  areas , a n d  decreased  re p re se n ta ­
tio n  in  o th ers . It ap p ea rs  un likely , how ever, th a t 

th e se  ch an g es in  N o rth  Sea plaice, sole an d  dab 

a re  solely re la ted  to specific co n ta m in a n ts , b u t 

m ay  ra th e r  be cau sed  by ch an g es in  p o p u la tio n  
dynam ics due  to p re ss in g  factors su ch  as food 

availability, ch an g es in  h a b ita t an d  fish in g . 

A nalysis o f  b iliary  i - O H  py rene  in  b o th  species 
revealed  so m e  k now n  sites w ith  PA H  po llu tion , 
m o s t no tab ly  th e  p o rt a rea  o f  th e  N o rth  Sea C anal.

T he  h ig h  levels en c o u n te re d  in  b re a m  fro m  th e  

K oude V aart in  F rieslan d  w ere  unexpec ted . I f  PA H  

po llu tio n  cou ld  also  acco u n t fo r th e  m odera te ly  
elevated  p la sm a  VTG levels in  m ale  b re a m  fro m  

th is site , it  sh o u ld  be th e  su b jec t o f  fu r th e r  

research .

•  In  genera l, d ifferences in  g en era l cond ition , 
rela tive liver size a n d  relative g o n ad  size fo r b o th  
b ream  an d  f lo u n d e r  cou ld  n o t be assoc ia ted  w ith  

p o ten tia l sou rces o f  (xeno-)estrogens o r w ith  

observed  e s tro g en ic  effects (see below ), b u t g e n e r­
ally seem ed  th e  re s u lt o f  seaso n a l effects th a t 
a ffect th e  rep roduc tive , m ig ra to ry  an d  n u tr itio n a l 

s ta tu s  o f  th e  fish .

•  Levels o f  th e  yolk p ro te in  v ite llogen in  (VTG) in  
b lood  p la sm a  o f  m a le  f lo u n d e r  w ere  low  a t m o s t 
in v es tiga ted  sites. A t two sites, how ever, m o d e r­

ately elevated  levels w ere  fo u n d  in  fall. B oth sites 

w ere  s itu a ted  in  th e  N o rth  Sea C anal, a n  in d u s tr ia l 
p o rt zo n e  th a t also receives e ff lu en t fro m  sew age 
tre a tm e n t w orks.

•  A t m an y  sites, VTG levels in  m ale  b re a m  w ere  

m o re  elevated , no tab ly  in  sp rin g . E xtrem ely  h ig h  

levels w ere  observed  in  ind iv idua ls co llected  fro m  
th e  D om m el, a sm a ll s tre am  th a t receives 

d ischarge  fro m  th e  large m u n ic ip a l sew age tre a t­

m e n t p la n t o f  th e  tow n  o f  E indhoven .
•  T he  D o m m el w as also  th e  only  site  w ith  co n sid ­
e rab le  in te rsex  th a t w as d em o n s trab le  th ro u g h  

h is to log ica l analysis; so m e  37 %  o f  m a le  b ream  

show ed  ovotestis (the o ccu rren ce  o f  oocytes in  th e  
m ale  testis).
•  No in te rsex  w as observed  in  any  o f  th e  4 0 0  m ale  

f lo u n d e r  cap tu red  a t various o ffshore , e s tu a rin e  

a n d  in la n d  locations.
•  C o n cen tra tio n s  o f  th e  P A H  m etab o lite  i -O H  

p y ren e  w ere  m o stly  assoc ia ted  w ith  (know n) 

p o llu ted  sites su ch  as th e  p o rt a rea  o f  th e  N o rth  

Sea C anal a n d  th e  A peldoo rns K anaal, n o t w ith  
sites w h ere  e s tro g en ic  effects w ere  observed  or 
expected .

5 .2.5  Highlights



5.3 M easurem ent of in vitro 
estrogenic activity in fish bile

5 .3.1 Introduction
E strogens a re  e lim in a ted  by m e tabo lic  convers ion  
to  less active o r inactive w ater-so lub le  m etabo lites  
th a t a re  excreted  via u r in e  a n d /o r  via bile in  

excreta. In  fish , g lu cu ro n id a tio n  is th e  d o m in a n t 

co n ju g a tio n  reac tio n  fo r b iliary  excre tion  o f  
s te ro id s  as w ell as xeno-biotic c o m p o u n d s  
(T rusco tt, 1979; T ru sco tt, 1983). In  ra in b o w  tro u t, 

fo r exam ple, over 9 0  %  o f  e s tro g en s  a re  excreted  

in  bile as E 2-g lucuron ides (Forlin  an d  H aux,
1985). E strogens in  b ile  are  excreted  in to  th e  in te s ­
tin e s , w h ere  they  m ay  be b ro k en  dow n by in te s ­

tin a l bacte ria , fo rm in g  a de novo sou rce  o f  th e  

active p a re n t c o m p o u n d  (K laassen an d  W atk ins, 
1981). B acterial en zy m es su ch  as ß -g lucu ron idase , 
fo u n d  in  various m ic ro o rg a n ism s su c h  as E. coli, 

a re  capab le o f  hydro lyzing  acid  g lu cu ro n id es  back 

to  th e ir  p rim a ry  co m p o u n d s  (Ralovich et al., 1991).

In cu b a tio n  o f  m a le  f ish  bile sam p les w ith  

ß -g lu cu ro n id a se  w as u sed , a n d  th e  e stro g en ic  

activity o f  d eco n ju g a ted  (xeno-)estrogens was 
q u an tified  u s in g  th e  in  vitro e s tro g en  recep to r 
(E R em ed ia ted  C hem ica l A ctivated L uciferase g ene  

e x p re s s io n  (ER-CALUX) assay  w ith  stab ly -tran s­

fected  T 47D  b rea s t can ce r cells (please re fe r to 

ch ap te r 4).

To d e te rm in e  w h e th e r  e stro g en ic  activity in  deglu- 

cu ro n id a ted  fish  b ile  sam p les  cou ld  p rov ide an  

in d ica tio n  o f  in te rn a l dose o f  (xeno-)estrogens, it 
w as co m p ared  w ith  in d u c tio n  o f  p la sm a  vite l­

lo g en in  in  th e  sam e  fish , as w ell as w ith  (xeno-) 

e s tro g en ic  activity in  w ate r fro m  th e se  locations.

5 .3.2 Materials and Methods
C h e m i c a l s

i7 ß -estrad io l (E2, 9 9  %), ß -estrad io l(B )-D - 
g lu cu ro n id e  (E 2-g lucuron ide, 9 9  %) a n d  e th an o l 

(100 %, p.a.) w ere  p u rc h a se d  fro m  Sigm a 

C hem ica ls. D im ethy l su lfoxide (DMSO, 9 9 .9  %, 
sp ec tro p h o to m e tr ic  g rade) w as p u rch ased  from  
A cros.

ER -C A L U X  a s s a y  p r o c e d u r e

T he ER-CALUX assay  p ro ced u re  a n d  cell cu ltu re  is 
described  in  m o re  deta il by Legier et al. (1999). 
S tab ly-transfected  T 47D  cells w ere  p la ted  in  clear 

p lastic  96 -w ell p la tes (N ucleon, D enm ark ) a t a 

den sity  o f  5 ,0 0 0  cells in  0.1 m L  DMEM-F12 
w ith o u t p h e n o l red  su p p le m e n te d  w ith  5 % 
dex tran -coated  charcoal trea ted  fetal bovine s e ru m  

(DCC-FBS) p e r  w ell. Follow ing 2 4  h o u rs  o f  in cu b a ­

tion , th e  m e d iu m  w as ren ew ed  a n d  th e  cells w ere 

in cu b a ted  fo r a n o th e r  24  h o u rs . T he  m e d iu m  w as 
th e n  rem oved  an d  th e  cells w ere  dosed  in  trip lica te  

by ad d in g  th e  dosin g  m e d iu m  c o n ta in in g  th e  

ch em ica l o r ex trac t to  be te s ted  d isso lved  in  

e th an o l o r DMSO (m ax. 0 .2  %). C on tro l w ells, 
so lven t co n tro l w ells an d  E2 ca lib ra tio n  p o in ts  

(6 pM  an d  30 pM ) w ere  in c lu d ed  in  trip lica te  

on  each  p late . A fter 24  h o u rs  o f  tre a tm e n t, th e  
m e d iu m  w as rem oved  an d  th e  cells w ere  lysed  in  
50 p i triton -lysis bu ffer, pH  7.8 (co n ta in in g  1 % 

tr ito n  X -100, 25 m M  glycylglycin, 15 m M  MgSC>4,

4 m M  EGTA an d  1 m M  DTT) fo r a m in im u m  
o f  i h o u r  w ith  gen tle  sh ak in g  a t 4°C. A sam p le  
o f  25 p i lysate w as th e n  tra n sfe rre d  to a black 

96-w ell p la te  (Costar) an d  25 p i o f  lu c ife rin  

so lu tio n  (Luclite, Packard) w as ad d ed  p e r  well. 
L uciferase activity w as assayed  in  a sc in tilla tion  
c o u n te r  (Top C o u n t, H ew lett-Packard) fo r 0.1 

m in u te  p e r  well.

D e c o n j u g a t i o n  o f  b i l i a r y  e s t r o g e n  c o n j u g a t e s

As a positive co n tro l o f  th e  d eco n ju g a tio n  

reac tio n s in  all ex p e rim en ts , 1 n m o l iy ß -estrad io l 

3(B )-D -glucuronide p e r  m L  bile  w as in c lu d ed  in  

th e  p ro ced u res  desc rib ed  below .

T he  fre sh w ate r an d  m a r in e  sam p lin g  locations for 

b ream  (A bram is brama) an d  f lo u n d e r  (Platichthys 
flesus) in  th e  N e th e rlan d s  a re  described  in  ch ap te r 
2. Bile sam p les w ere  fro zen  an d  s to red  a t -20°C . 

Bile sam p les w ere  thaw ed  on  ice, a n d  sam p les o f  

100  p i bile w ere  tra n sfe rre d  to g lass te s t tu b es .
7 0 0  p i o f  so d iu m  ace ta te -3 H 2 0  b u ffe r (100 m M , 
pH  5.0 a t 37°C) w as th e n  added . D istilled  w ater 

(6 0 0  pi) a n d  100 p i o f  4 0 0  U /m L  ß-g lucuron i- 

dase /a ry lsu lfa ta se  (from  H .pom atia )  w as added . 
T ubes w ere  in cu b a ted  o v e rn ig h t (17-18 h rs) in  a 
37°C w a te r b a th  w ith  g en tle  shak ing .

(S)



Extraction o f deconjugation products

Follow ing in cu b a tio n  o f  th e  f ish  b ile  sam p les w ith  
ß -g lu cu ro n id a se , d eco n ju g a tio n  p ro d u c ts  w ere 
ex trac ted  w ith  ethy l acetate . Two d rops o f  H C l  

(i N) w ere  ad d ed  to each  tu b e  an d  vortexed. Ethyl 

ace ta te  (2 mL) w as th e n  added , an d  th e  sam p les  
w ere  vortexed fo r 1 m in u te  an d  cen tr ifu g ed  at 
3 ,8 0 0  rp m  fo r 5 m in u te s . T he  overlying ethyl 

ace ta te  frac tion  w as tra n sfe rre d  to a c lean  tube , 

an d  th e  ex trac tion  p ro ced u re  w as rep ea ted  a to tal 
o f  th ree  tim es . T he  e thy l ace tate  ex tract co llected  at 
37°C w as carefu lly  evapora ted  to a sm all d rop  

u n d e r  a g en tle  flow  o f  N2 gas. T he  ex tract was 

th e n  tra n sfe rre d  to a g lass con ica l vial a n d  th e  te s t

T 5 .4  E s t r o g e n ic  a c t i v i t y  ( p m o l  e s t r a d io l  e q u i v a l e n t s  EEQ/mL  

bile )  o f  d e g l u c u r o n l d a t e d  e s t r o g e n  g l u c u r o n l d e s  In m a l e  

f is h  b i le  s a m p l e d  In p e r i o d  1 ( s p r in g ) .  Bile w as te s ted  w ith  

overn ig h t d eg lu cu ro n id a tio n  in  th e  e r - c a l u x  assay.

Fish no. Location EEQ a

pm ol/m L

bile

2 Amsterdam NZK 40

4 2 Amsterdam NZK 202
2 9 Bergumermeer 48

4 0 Bergumermeer 4

11 Dommel 3 3 8

13 Dommel 304

19 Dommel 2 9 6

12 Eijsden 4

14 Eijsden 3

2 3 Haringvliet 17

31 Lobith 9

13 Vrouwenzand 26

6 Koude Vaart 24

3 8 Koude Vaart 20
41 Koude Vaart 23

4 9 Koude Vaart 314

5 Amsterdam NZK 44

7 Amsterdam NZK 78

9 Amsterdam NZK 12

3 Den Oever 67

10 Den Oever 71

13 Den Oever 10

3 8 Den Oever 30

2 6 N w  W aterw eg  Splitsingsdam 34

4 8 N w  W aterw eg  Splitsingsdam 31

1 Noordwijk 31

2 5 Noordwijk 12

13 Oestergronden 53

17 Schaar van O u d e  Doei 13

27 Schaar van O u d e  Doei 30

9 Vrouwenzand 3

3 2 Vrouwenzand 4

a ß-g lucu ron idase  purified from  H. pomatia  w as  incubated  w ith  b ile fo r 18  h ours

tu b e  w as r in se d  3 tim es  w ith  ethy l acetate , an d  

tra n sfe rre d  to th e  conica l vial. T he  re m a in in g  ethy l 

ace tate  w as evapora ted  a t 37 °C u n d e r  N2 gas. T he 
ex tract w as th e n  tak en  up  in  25 p i  D M S O  an d  

tes ted  in  th e  E R - C A L U X  assay  as described  above.

Data analysis

D ata show n  re p re se n ts  a t lea s t th re e  in d e p e n d e n t 

assays. For q u an tifica tio n  o f  th e  e s tro g en ic  activity 

o f  an  en v iro n m e n ta l sam p le  o r b ile extract, th e  
re sp o n se  o f  th e  ex tract w as in te rp o la ted  in  a 
d o se-resp o n se  curve o f  th e  s tan d ard , E2. T he 

cu rve-fitte r o f  S lideW rite  4 .0  w as u sed  to do th is 

(cum ulative fit). T he  co rre la tio n  coeffic ien t r  o f  
th e  fit o f  th e  s tan d a rd  curve w as above 0 .9 8 . T he 
extracts w ere  d ilu ted  so th a t th e  re sp o n se  u sed  

fo r in te rp o la tio n  w as be tw een  th e  sig n a l o f  1 an d  

6 pM  only  (linear p o rtio n  o f  curve). T he  e strogen ic  
activity o f  th e  ex tract is exp ressed  as E E Q  (estradiol 
equ ivalen ts) p e r  vo lum e o f  m ate ria l.

5 .3.3 Results and Discussion
T47D.LUC cells show ed  m in im a l in tr in s ic  d e co n ju ­

ga tio n  activity, as exposu re  to in c rea s in g  co n cen ­

trations o f  ß-estradiol-(B-D)-glucuronide(E2-gluc) 
d id  n o t re su lt in  in c reased  luc ife rase  activity.

D u rin g  LOES perio d  1, bile w as sam p led  fro m  

m ale  b re a m  fro m  e ig h t locations a n d  m a le  f lo u n ­
d e r fro m  seven  locations in  th e  D u tch  aquatic  
e n v iro n m e n t. T h ese  bile sam p les  co n ta in ed  

m etab o lites  th a t cou ld  be converted  to active 

e s tro g en s  via en zy m a tic  hydro lysis. A ctivities 

fo llow ing  d e g lu cu ro n id a tio n  o f  b ile sam p les w ere 
2 to  28  tim es h ig h e r  th a n  befo re  (data n o t show n). 

For b ream , e strad io l equ ivalen ts (EEQs) in  bile 

ran g ed  fro m  3 p m o l/m L  bile  in  E ijsden  (M euse 
River) to ab o u t 3 0 0  p m o l/m L  in  th e  D o m m el 
R iver (table 5.4). For f lo u n d e r, less varia tion  

in  ran g e  as w ell as low er EEQs w as fo u n d , fro m  

io  p m o l EEQ /m L in  D en  O ever (N orth  Sea) 
to 78 p m o l EEQ /m L in  th e  N o rth  Sea C anal 
(A m sterdam ) (table 5.4).

C o m p ariso n  o f  th e  re su lts  o f  b iliary  (xeno-) e s tro ­
gen ic  activity an d  V T G  in d u c tio n  in  m a le  b ream  
(parag raph  5.2) suggests th a t m e a s u re m e n t o f

©



e stro g en ic  activity in  bile m ay  p rovide a u se fu l 

in d ica tio n  o f  in te rn a l dose o f  (xeno-)estrogens fo r 

th is  f ish  species (figure 5.9). A good  co rre la tion  
(r = 0.81) w as fo u n d  be tw een  bile EEQs an d  

p la sm a  v ite llo g en in  in d u c tio n  in  th ese  fish . O f 

co u rse , ch em ica l analysis o f  bile sam p les is n ece s­
sary  to d e te rm in e  th e  id en tity  o f  (xeno-)estrogens 
th a t m ay  co n tr ib u te  to  in te rn a l levels. In  ad d itio n  

to  e s tro g en  g lu cu ro n id e s , BaP a n d  nony lp h en o ls  

a re  two exam ples o f  xeno -es trogens th a t w ere 

p re s e n t in  fish  b ile m a in ly  as g lu cu ro n id es  (Jam es 
et al., 1991; A rukw e et al., 2 0 0 0 ) . BaP (Legier et al., 

2 0 0 0 b , 2001) a n d  n o n y lp h en o l (Legier et al., 

1 9 9 9 ), w ere  d em o n s tra ted  to be e stro g en ic  in  the  
ER-CA LU X  assay.

1e + 0 9  3  
v ite llogen in  E n g /m L  plasm a  

1 e + 0 8  =

1 e + 0 7 =

1,000,000  =

100,000  =

10,000  =

1000  =

100  =

10 " --------
10 100 

EEQ p m ol/m L  bile

F 5 .9  Estrogenic activity ( e e q ,  pmol/mL) in bile and vitellogenin (ng/mL plasma) 

in male bream from 8 different locations in the Netherlands.

D u rin g  LOES p e rio d  3, b ile  sam p les fro m  m ale  

b re a m  an d  f lo u n d e r  co llected  fro m  5 locations 
w ere  analyzed  u s in g  m o re  fish  p e r  location . 
A ctivation  factors fo llow ing  d e g lu cu ro n id a tio n  o f  

b ile  sam p les  ran g ed  fro m  1 7 - 5 9 0  (data n o t 

show n). M ale b ream  sam p led  fro m  th e  D o m m el 

show ed  h ig h e r  levels o f  b iliary  (xeno-)estrogens 
th a n  d u rin g  perio d  1 (up to 8 ,7 0 0  p m o l EEQ/mL) 

as co m p ared  to th e  fre sh w a te r re fe ren ce  site  

V ro u w en zan d  (up to 65 p m o l EEQ/mL) (table 5.5). 

A ccordingly , e levated  EEQs w ere  fo u n d  in  the  
su rface  w ate r o f  th is  riv er (8.5 p m o l EEQ/L) (table 

5.5). A dd itiona l ev idence o f  exposu re  to (xeno-) 

e s tro g en s  a t th is  location  w as fo u n d  in  th e  

ex trem ely  h ig h  p lasm a  v ite llogen in  levels in  the  
sam e  b re a m  (table 5.5, see also  p a ra g ra p h  5.2).

In te restin g ly , b ile  sam p led  fro m  m ale  f lo u n d e r  in  
b o th  sp rin g  an d  fall show ed  relatively  little  d iffer­
en ce  in  estro g en ic  activity be tw een  relatively 

u n p o llu te d  a reas (E astern  Scheld t, V rouw enzand) 

a n d  relatively  po llu ted  areas (A m sterdam ) (table 

5.4 an d  tab le  5.5). P lasm a v ite llo g en in  levels in  
th e se  f lo u n d e r w ere  also  n o t e levated  (data for 

sp r in g  n o t show n , fall data  in  tab le  5.5). E strogenic  

activity in  th e  w ate r w as low  in  all th re e  locations 
sam p led  in  fall (table 5.5), su g g es tin g  th a t the  
f lo u n d e r  w as n o t exposed  to  e levated  levels o f  

(xeno-)estrogens. In  ad d itio n , flo u n d e r m ay  n o t 

be  as sensitive  to estro g en ic  co m p o u n d s  as o th e r 

fish  species, as labo ra to ry  exposu re  o f  f lo u n d e r to 
EE2 show ed  a th re sh o ld  value fo r v ite llogen in

W a s te w a te r

discharge F low  back  in to  t h e  river

O verflow  s y stem

200  L tan k s w ith  carp

25%
500  L tan k s w ith  
rainbow  trout

theim  pum ps & filters hheim pum ps & filters

Plunger pum p Plunger pum p

River, upstream  (E indhoven) B uffer tan k s  
Tap w ater  (Am sterdam  W estpoort)

Effluent stream  STP

F 5 .1 0  Schematic representation of a MobyDick experiment. Effluent from a sewage treatment 

plant (blue) is mixed with clean water in buffer tanks of 200 L. In order to obtain 

different dilutions, the effluent and dilution water are pumped at different relative 

rates into the fish exposure tanks, first in 500 L tanks containing rainbow trout and 

from these tanks into 200 L tanks with carp. The flow rate was approximately 

i m3 per hour in each of the exposure tanks.



in d u c tio n  th a t w as som e io  tim es  h ig h e r  th a n  in  

ra in b o w  tro u t (A llen et al., 1999a).
In  con c lu s io n , a m e th o d  has b een  developed  to 
te s t w h e th e r  estro g en ic  m etab o lites  p re s e n t in  

sm a ll sam p les  o f  b ile can  be tra n sfo rm e d  to active 

e s tro g en s  th ro u g h  en zy m a tic  hydro lysis u s in g  a 

rap id  an d  sens itive  in  vitro re p o r te r g ene  assay. 
In d eed , enzy m a tic  hydrolysis by en zy m es p re se n t 

in  bacte ria  su ch  as E. coli is very effective in  tr a n s ­

fo rm in g  co n ju g a ted  m etab o lites  to active p a re n t 

co m p o u n d s . T h o u g h  chem ica l valida tion  is 
req u ired , u s in g  th e  ER-CA LU X  assay  w ith  d eco n ju ­

ga ted  bile e s tro g en  m etab o lite s  m ay  be a p ro m is ­

in g  b io m ark e r fo r in te rn a l exposu re  in  m a le  fish .

T 5 .5  E s t r o g e n ic  a c t i v i t y  o f  d e g l u c u r o n i d a t e d  e s t r o g e n

g l u c u r o n i d e s  in m a l e  f i s h  b i le  s a m p l e d  in t h e  fall o f  1 9 9 9  

( p m o l  e s t r a d io l  e q u i v a l e n t s  E E Q / m L  b i le ) .  D eg lucu ron ida ted  

(xeno-) e s tro gens were extracted and tested in the e r - c a l u x  assay. 

E e q s  in extracts of water (pmol/L), suspended matter and sediment 

(pmol/g) and biota (fish and mussels) (pmol/kg) taken from the 

same location (see also chapter 4). Vitellogenin (V T G , ng/mL) was 

measured in plasma of the same fish (see paragraph 5.2).

Fish no. Location VTG in male  

fish p lasma

B i l e 3 Water

1 Vrouwenzand 65 0.0 51

2 58 143

4 34 141

5 51 54

3 Dommel 2 2 6 5 8 . 5 b 26E6

4 8 6 7 0 25E6

9 3 8 6 5 15E6

13 1 1 5 0 3E6

37 Eastern 92 0.1 511

9 Scheldt 61 < d .i.“

27 281 < d.i.

3 38 1 ,0 9 5

1 Amsterdam 1 6 6 0.1 888

9 North Sea 164 1 ,2 87

16 Canal 1 1 5 242

34 59 < d.i.

4 Den Oever 3 2 8 0.0 330

16 54 < d.i.

14 76 < d.i.

21 56 < d.i.

5 .3.4 Highlights
•  E strogen ic  m etab o lites  p re s e n t in  sm all sam p les 
o f  fish  bile can  be  tra n sfo rm e d  to active e stro g en s 

th ro u g h  en zy m a tic  hydro lysis a n d  th e  estro g en ic  

p o tency  can  be detec ted  u s in g  th e  rap id  and  
sensitive  in vitro  ER-CA LU X  re p o r te r  g en e  assay 
(see also ch ap te r 4).

•  E nzym atic  hydro lysis by enzym es p re s e n t in  
bacte ria  su ch  as Escherichia coli is h igh ly  effective 
in  tra n s fo rm in g  co n ju g a ted  m e tab o lite s  to active 

p a re n t co m p o u n d s .

•  T he  firs t re su lts  o b ta ined  w ith  th e  b iliary  
ER-CA LU X  co rre la ted  w ith  a se lec tion  o f  p la sm a  

v ite llogen in  levels in  m a le  b ream  (see p a rag rap h

5.2) an d  in d ica ted  c lea r d ifferences betw een  
d iffe ren t LOES locations.

•  T he  h ig h e s t estro g en ic  po tency  in  fish  bile 

w as fo u n d  in  m ale  b re a m  fro m  th e  riv er D om m el. 
Som e ind iv idua ls fro m  th e  N o rth  Sea C anal an d  
th e  K oude V aart also show ed  elevated  po tenc ies . 

T h o u g h  chem ica l valida tion  is n eed ed , th e  u se

o f  th e  ER-CA LU X  assay  w ith  d econ juga ted  bile 
es tro g en  m etab o lites  is a p ro m is in g  b io m ark e r 
fo r in te rn a l e s tro g en  exposu re  in  m a le  fish .

5.4 Sewage t rea tm en t  plant (STP) 
case studies

5 .4.1 In situ fish exposure 
experiments
Intr o du ct io n

In  situ  e ff lu en t f ish  exposu re  ex p erim en ts  w ere 

ca rried  o u t a t th e  A m ste rd a m  W estp o o rt Sewage 
T re a tm e n t P lan t (STP) an d  a t th e  E indhoven  STP. 

T h ese  tw o ex p erim en ts  w ere  also  p a r t o f  a la rg er 

E u ropean  re sea rch  p ro g ram  on  en d o crin e  

d is ru p tio n  k n o w n  as C O M P R E H E N D . Full details 
w ill th e re fo re  be p u b lish e d  e lsew here . T he  experi­
m e n ts  w ere  d esig n ed  to e s tab lish  causa l re la tio n ­

sh ip s be tw een  p o ten tia l sou rces (in th is  case 

effluen ts) an d  p o ss ib le  effects o f  en v iro n m en ta l 
(xeno-)estrogens. R ainbow  tro u t (Oncorhynchus 
mykiss) an d  carp  (Cyprinus carpio) w ere  exposed

a ß-glucuronidase purified from H. p o m a tia  w as incubated with bile for 1 8  hours 

b sam ple taken from receiving w aters o f  w astew ater treatm ent plant effluent (paragraph 5 .4 .2 )  

* n.m.: not measured ** < d.i.: below  detection  limit



d irectly  to e fflu en ts  in  th e  field . As an  en d p o in t, 

v ite llo g en in  (VTG) in  m a le  sp ec im en s  (see 
p a ra g ra p h  5.1) w as m e a su re d  in  th e  b lood  p lasm a 
sam p les  tak en  fro m  th e  fish .

M a t e r i a l s  a n d  M e t h o d s  

F l o w - t h r o u g h  ( M o b y D i c k )  e x p e r i m e n t s

R ainbow  tro u t a n d  carp  w ere  o b ta ined  fro m  

co m m erc ia l h a tch e rie s  an d  k ep t in  q u a ra n tin e  fo r 

a t leas t two w eeks p rio r  to  exposure . W h en  p o ss i­

b le, only m ales  w ere  u sed . T he  fish  w ere  exposed  
to  4  co n cen tra tio n s  o f  e fflu en t, o  %, 25 %, 50 % 

a n d  100 %, u n d e r  co n tin u o u s  flow  co n d itio n s . In  

th e  case o f  A m ste rd am  W estpoo rt, tap  w a te r was 

u se d  as d ilu tio n  w ater, w hereas in  th e  E indhoven  
case, d ilu tio n  w ater u sed  w as su rface  w ate r 

co llected  in  th e  river D o m m el d irectly  u p s tre a m  

fro m  th e  p o in t o f  e ff lu en t en try . T he  te s t se tu p  is 
sh o w n  in  fig u re  5.10. As a re s u lt o f  th e  h ig h  flow 
ra te  in  th e  exposu re  tanks (approxim ately  1 m ?/h ) 

n o  special a tte n tio n  w as pa id  to th e  u se  o f  c o n ta m ­

in an t-free  m a te ria ls .

A t th e  s ta rt o f  each  ex p e rim e n t (tQ), a re p re se n ta ­

tive n u m b e r  o f  carp  an d  ra in b o w  tro u t w as sacri­

ficed  fo r u se  as re fe ren ce  fo r m e a su rin g  
v ite llo g en in  (VTG) levels a n d  co n d itio n  index  
(som atic  w e ig h t (g)/ length? (cm?)). T he  exposu re  

tim e  w as 12 days a t A m ste rd a m  W estp o o rt an d  

17 days a t E indhoven . In  th e  co u rse  o f  th e  experi­
m e n ts , observations on  th e  co n d itio n  o f  th e  fish , 
checks on  th e  p e rfo rm an ce  o f  th e  te s t sy s tem  an d  

m e a s u re m e n ts  o f  secondary  w a te r quality  p a ra m e ­

te rs w ere  carried  o u t on  a re g u la r  basis (twice or 

th re e  tim es  a w eek). A t th e  en d  o f  th e  ex p erim en ts  

(tend)> th e  surv iv ing  fish  w ere  a n aes th e tiz ed  w ith  
M S222 a n d  a 0.5-2 m L  sam p le  o f  th e ir  b lood  was 

tak en  fro m  th e  cauda l vein , u s in g  a h ep a rin ized  
sy ringe. A fter b lood sam p lin g , th e  an im a ls  w ere  
sacrificed  a n d  sexed by v isual observa tion  o f  

th e  g o nads. Som atic w e ig h t an d  le n g th  w ere 

m e a su re d  to calcu la te  th e  co n d itio n  index  a t t  ^ 
B lood sam p les o f  all su rv iv ing  m ales w ere 
analyzed  fo r VTG (accord ing  to th e  m e th o d s 

described  in  p a ra g ra p h  5.2). T he  gonads w ere 

rem oved  a n d  conserved  in  b u ffe red  fo rm a lin  fo r 

fu tu re  re fe ren ce , i.e . th ey  w ere  n o t analyzed  
fu r th e r .

C a g e  e x p e r i m e n t s  w i t h  carp

Juvenile  carp  (Cyprinus carpio) (leng th  betw een  
14 a n d  2 0  cm ) fro m  a co m m erc ia l h a tch e ry  w ere 
exposed  to su rface  w aters a t five locations: at 

A m ste rd am  W estpoo rt, n e a r  th e  d isch a rg e  o f  th e  

STP, in  Lake B e rg u m e rm e e r an d  in  th e  river 
D om m el (one cage u p s tre a m , a cage d o w n stream  
a n d  a cage n e a r  th e  o u tle t o f  th e  E indhoven  STP). 

C ages m e a su re d  0 .8  m  x 0.5 m  x 0.5 m  (L x W  x D) 

a n d  co n sis ted  o f  a n  a lu m in u m  fram e  w ith  p lastic 

m esh in g . Tw enty-five fish  w ere  exposed fo r 21 
days. A t th e  e n d  o f  th e  ex p e rim en ts , all fish  w ere 

sacrificed , th e  sex w as d e te rm in ed  a n d  blood 

sam p les  fro m  th e  m ales  w ere  tak en  fo r VTG analy ­
sis acco rd ing  to th e  p ro ced u res  described  above.

R e s u l t s

F l o w - t h r o u g h  ( M o b y D i c k )  e x p e r i m e n t s

D etailed  re su lts  o f  th e  in  situ  e ff lu en t exposure  
ex p erim en ts  a t th e  A m ste rd am  W estp o o rt a n d  the  

E indhoven  location  have b een  p u b lish ed  

e lsew here  (A quaS ense, 2 0 0 0 , 2001).

A su m m ary  o f  tes t characteristics an d  fish  recovery 

can  be fo u n d  in  tab le  5 .6 . W h ereas survival o f  

ra in b o w  tro u t w as n o t sign ifican tly  affected  a t th e  
E indhoven  location , survival w as genera lly  po o r a t 
th e  A m ste rd am  W estp o o rt location , a t only  6 0  % 

in  th e  p u re  d ilu tio n  w ater. S ince th e re  ap p ea red  to 

be no  d irec t re la tio n  w ith  th e  e ff lu en t d ilu tio n  

factor, it  is believed th a t h ig h  te m p e ra tu re s  d u rin g  
th e  e x p e rim en t w ere  th e  m a in  cause  o f  m orta lity .

T he  re su lts  o f  th e  VTG analyses a re  p re se n te d  in  
figu res 5.10 to 5.12. M ore th a n  8 0  %  o f  th e  VTG 
levels m e a su re d  in  m a le  ra in b o w  tro u t fro m  th e  

con tro ls  (o %  effluen t) w ere  low er th a n  1 ,0 0 0  

n g /m L  p lasm a , b u t levels be tw een  1 ,0 0 0  an d
1 0 ,0 0 0  n g  VTG/m L w ere  m e a su re d  on  occasion. 
B oth STP efflu en ts  in d u ced  elevated  levels o f  VTG 

in  m a le  ra in b o w  tro u t as co m p ared  to con tro ls. 

T h is effect w as m o s t p ro n o u n c e d  fo r th e  
E indhoven  location  w h ere  very h ig h  levels o f  VTG 
w ere  m e a su re d  an d  a c lear d o se-resp o n se  re la tio n ­

sh ip  w as observed  b e tw een  VTG an d  th e  co n cen ­

tra tio n /d ilu tio n  o f  th e  efflu en t. VTG levels in  
m ales exposed  a t th e  A m ste rd am  W estp o o rt 
location  w ere  also elevated  b u t to a fa r le sse r



ex ten t. D ue to th e  low  n u m b e rs  o f  su rv iv ing  m ales 

a t W estp o o rt, th e  do se -resp o n se  re la tio n sh ip  is 

less s tra igh tfo rw ard .

Survival o f  carp  (m ale an d  fem ale) w as genera lly  

good  in  b o th  ex p e rim en ts  except in  th e  u n d ilu ted  
A m ste rd a m  W estp o o rt e fflu en t, w h ere  app rox i­
m ate ly  h a lf  o f  th e  sp ec im en s  o f  b o th  fish  species 

d ied . It is a s su m e d  th a t th e  h ig h  m o rta lity  ra te  in  

th is  u n d ilu te d  e ff lu en t w as cau sed  by toxic stress .

M ale carp  d id  n o t show  elevated  v ite llogen in  levels 

a fte r  exposu re  to th e  e fflu en ts  in  any  o f  th e  in situ  

e ff lu en t ex p erim en ts .

T 5 .7  A v e r a g e  v i t e l l o g e n i n  (VTG) c o n c e n t r a t i o n s  in p l a s m a  o f  

m a l e  c a r p  (C yprinus carpio) b e f o r e  a n d  a f t e r  21  d a y s  

e x p o s u r e  in f l o a t i n g  c a g e s  t o  s u r f a c e  w a t e r s  a t  v a r i o u s  

l o c a t i o n s .

Site (exposure  tim e in days) Average3 

VTG concentration ± SE 

(ng/m L plasma)

Number o f  fish

Before exposure  (t = 0) 391 ± 434 7

Bergumermeer (t = 21) 99 ± 91 13

Amsterdam W es tpoort  at STP (t = 21) 176 ± 104 14

Dom m el  upstream o f  STP (t = 21) 190 ± 115 14

Dom m el  at STP (t = 21) 129 ± 98 13
Dom m el  d ow n stream  o f  STP (t = 21) 137 ± 83 15

a half the detection limit was used to calculate averages when concentrations were below 

the detection limit

T 5 .6  S u m m a r y  o f  t e s t  c h a r a c t e r i s t i c s  a n d  r e c o v e r y  o f

r a i n b o w  t r o u t  a n d  c a r p  in t h e  in s itu  e f f l u e n t  e x p o s u r e  

e x p e r i m e n t s  a t  t h e  S e w a g e  T r e a t m e n t  P la n t s  (STPs) o f  

A m s t e r d a m  W e s t p o o r t  a n d  E in d h o v e n .

Cage experim ents w ith  carp

All carp  in  th e  cage ex p erim en ts  surv ived  th e  
exposu re  p eriod . V T G  c o n cen tra tio n s  fro m  th e  five 
locations w ere  all below  5 0 0  n g /m L  p lasm a  

(table 5.7). N one o f  th e  m a le  carp  fro m  th e  cage 

ex p erim en ts  th e re fo re  show ed  in c reased  levels o f  
V T G  a fte r exposu re  to su rface  w ate rs , even  th o u g h  
m o d era te ly  (B erg u m erm eer, A m ste rd am  

W estpoort) o r strong ly  (D om m el) e levated  V T G  

levels w ere  m e a su re d  in  w ild  b re a m  or flo u n d e r 

c ap tu red  a t th e  sam e  sites. B ream  an d  flo u n d e r 
a re  bo ttom -dw elling  fish  an d  m ay  th e re fo re  be 

exposed  to  o th e r (xeno-)estrogens a n d /o r  h ig h e r  

c o n ta m in a n t levels th a n  carp  h e ld  in  cages in  
su rface  w ater. H ow ever, it  is m o re  likely th a t carp  
is a species th a t is relatively  to le ra n t to estrogen ic - 

ity. T h is w as co n firm e d  by th e  d irec t in  situ  

exposu re  o f  carp  to th e  d ischarges o f  the  
A m ste rd am  W estp o o rt a n d  E indhoven  STPs.

Discussion

As m e n tio n e d  ea rlie r in  th e  d iscu ss io n  in  
p a rag rap h  5.1, m a n y  o f  th e  ex p e rim en ta l s tud ies  
an d  fie ld  surveys on  estro g en ic  effects in  fish  

p u b lish ed  to date  w ere  co n ce rn ed  w ith  th e  effects 

in  ra in b o w  tro u t (O ncorhynchus mykiss). E strogenic  
effects o f  STP d ischarges o n  caged  ra in b o w  tro u t 
in  th e  U n ited  K ingdom  w ere  a m o n g  th e  firs t to be 

rep o rted  (e.g., P u rd o m  et al., 1994; S u m p te r an d  

Jobling , 1995; H arrie s  et al., 1 9 9 6 ,1 9 9 7 ,1 9 9 9 ;  
R outledge et al., 1998).

In  th e  p re s e n t study , it  w as d e m o n s tra te d  th a t 

su ch  effects a re  n o t con fin ed  to th e  UK b u t can  
also be observed  in  th e  N e th e rlan d s . T he  ra inbow  
tro u t in  th e  D u tch  flow -th rough  system s show ed 

c lear e stro g en ic  effects, i.e., e levated  V T G  levels 

a fte r exposu re  to b o th  e fflu en ts  tes ted . T he  experi-

STP s it e Date  started Duration

(days)

Concentration  

(% eff luent)

l0 ^end Males M iss in g l0 hnd Males M iss in g

alive  at fish alive at fish

^end hnd

A msterd am W estpoort 1-9-99 12 0 20 12 8 - 10 10 6 -

25 20 10 1 - 10 8 2 -
50 25 19 7 - 10 10 9 -

100 35 15 31 2 20 11 6 1

Eindhoven 2-11-99 17 0 13 13 12 _ 12 11 8 1
25 12 12 11 - 12 12 9 -

50 12 12 12 - 12 12 6 -

100 12 10 9 1 12 9 4 3

1 high mortality probably due to  periods o f  high tem peratures (up to  25  °C)
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m e n ta l d e s ig n  p e rm itte d  unequ ivoca l d e m o n s tra ­
tion  th a t th e  observed  effects w ere  due to e ff lu en t 

exposu re . V ite llogen in  in d u c tio n  in c reased  
m ark ed ly  w ith  in c re a s in g  e ff lu en t co n cen tra tio n . 

T h is  w as m o re  ev id en t for th e  E indhoven  STP  

th a n  fo r th e  A m ste rd am  STP.

In  e a rlie r  s tu d ie s  w ith  ra in b o w  tro u t, su c h  dose- 
re sp o n se  re la tio n sh ip s  w ere  es tab lish ed  on the 

basis  o f  fie ld  m e a s u re m e n ts  w ith  f ish  caged 

u p s tre a m , as a  co n tro l, a n d  cages d o w n stream  

fro m  th e  p o in t o f  e ff lu e n t d isch a rg e  (H arries  
et al., 1997). In  a la te r study , th e  en v iro n m en ta l 

re levance  o f  m e a s u re m e n ts  u s in g  ra in b o w  tro u t, 

a sa lm o n id  fish  species, w ere  co n firm e d  for roach , 

a cy p rin id  species co m m o n  to m an y  E u ropean  
te m p e ra te  fre sh w a te r sy s tem s (R odgers-G ray et al.,

t o 4 W l0 4 -1 0 b W l0 b- 1 0 '  VTG (ng/m L) 

103- 104 105- 106 > 10 7

0%
n=8

100%
n=4

Eindhoven

1 0 b W l0 4-1 0 b W l0 b- 1 0 '  VTG (ng/m L) 

103- 104 105- 106 > 10 7

F 5 .1 2  Frequency distributions of vitellogenin (ng/mL) in male carp after in situ  exposure 

to effluents of the s t p s  of Amsterdam Westpoort (a) and Eindhoven (b).



2 0 0 i) .  Job ling  et al. (1998) have already  id en tif ied  

b o th  elevated  VTG levels a n d  in te rsex  gonads in  
m a le  ro ach  in  m an y  U K  rivers, b u t an  on-site  study  
w ith  roach , s im ila r to th e  one  described  here , 

clearly  d e m o n s tra te d  th e  re la tio n sh ip  be tw een  

e ff lu en t exposu re  a n d  th e  observed  effects.

In  th e  p re s e n t study, a cyprin id  species w as also 

u sed , nam ely  co m m o n  carp . U n like  tro u t, carp  did 

n o t show  elevated  VTG in  e ith e r  e x p e rim en t and , 
fu r th e rm o re , th e  sam e w as tru e  in  ex p e rim en ts  
ca rried  o u t a t 7 o th e r locations n o t in c lu d ed  in  th e  

LOES C O M P R E H E N D  p ro jec t (A quaSense 2 0 0 0 , 

2001). So far, only one  study  has b een  p u b lish ed  

in  w h ich  carp  show  es tro g en ic  effects due  to e fflu ­
e n t exposu re  (F o lm ar et al., 1 9 9 6 ). T h is study, 

how ever, deals w ith  w ild ind iv idua ls cap tu red  n e a r  

a m a jo r m e tro p o litan  STP in  th e  U SA. In  ad d itio n  
to  th e  severe effects observed  in  b ream  (para­
g ra p h  5.2), also  a cyp rin id  species, a re c e n t survey 

o n  w ild  carp  fro m  th e  river D o m m el revealed  th a t 

elevated  VTG levels a re  also fo u n d  in  w ild  m ale  
carp  (u n p u b lish ed  re su lts  R IZ A ). It seem s th e re ­
fore  th a t, a lth o u g h  carp  ten d s  to  be less sensitive  

th a n  ra in b o w  tro u t in  o u r  e ff lu en t te s t system s 

an d  d id  n o t show  a n  estro g en ic  re sp o n se , th e re  is 

re a so n  to a ssu m e  th a t carp  in  th e  field  m ay  
n o n e th e le ss  be affected  by exposu re  to th e  e ff lu en t 

receiv ing  w a te r o f  th e  E indhoven  STP. A pparen tly , 

a d iffe rence  a m o n g  species in  th e  M obyD ick tes t 
system , an d  possib ly  in  te s t system s u sed  
e lsew h ere  as w ell, c a n n o t easily  be  ex trapo la ted  to 

s im ila r d ifferences be tw een  species in  th e  field . 

P ossib le  ex p lana tions fo r th is  p h e n o m e n o n  are  
th a t in  ex p e rim en ta l te s t sys tem s, th e  exposure  
ro u te s  o r th e  reac tio n  to (xeno)estrogens m ay  

d iffer fro m  th e  s itu a tio n  in  th e  field . It also can n o t 

be  excluded  th a t free -sw im m in g  carp  in  the  
D o m m el m ay  be exposed  to estro g en ic  su b s tan ces 
o th e r th a n  th o se  th a t o rig in a te  fro m  th e  

E indhoven  STP.

N evertheless, th e  te s tin g  ap p a ra tu s  u sed  has 
c learly  d e m o n s tra te d  th a t on -site  te s ting , 

especially  w h en  u s in g  u p s tre a m  su rface  w ate r 

fo r d ilu tio n , can  p rovide ad eq u a te  in fo rm a tio n  on 

p o ten tia l e s tro g en ic  r isk  o f  STP e ff lu en t d ischarges 
in to  fre sh w a te r ecosystem s.

T he  poss ib le  causative  ag en ts  m e a su re d  in  th e  

efflu en ts  a re  d iscu ssed  in  c h a p te r  7.

H i g h l i g h t s

M ale ra in b o w  tro u t exposed  in  situ  fo r a p e riod  

o f  3 w eeks to tw o STP e ff lu en t s tream s in  flow ­
th ro u g h  ex p erim en ts  show ed  c lear e strogen ic  
re sp o n se . T he  effect w as d o se -d ep en d en t, i.e., 

th e  re sp o n se  in c reased  w ith  d ecreas ing  d ilu tio n  

o f  th e  p u re  e ff lu en t w ith  c lean  w ater.
A t th e  A m ste rd am  W estp o o rt STP, m odera te ly  
elevated  p la sm a  v ite llogen in  (VTG) levels w ere 

reco rd ed  in  th e  tro u t fo llow ing exposu re  to the  

u n d ilu te d  e fflu en t. A t th e  E indhoven  STP, very 
h ig h  p lasm a  VTG levels w ere  reco rded .
E xposure o f  m ale  carp , k ep t s im u ltan eo u sly  w ith  

th e  tro u t in  th e  flow -th rough  system s a t b o th  STP 

locations, d id  n o t re su lt in  in c reased  p la sm a  VTG 

c o n cen tra tio n s .
N one o f  th e  m ale  carp  u se d  in  cage ex p erim en ts  

show ed  in c reased  levels o f  VTG a fte r  exposu re  

to a se lec ted  n u m b e r  o f  su rface  w ate rs , even 

th o u g h  m o d era te ly  (B erg u m erm eer, A m ste rd am  
W estpoort) o r strong ly  (D om m el) e levated  VTG 

levels w ere  m e a su re d  in  w ild  b re a m  or flo u n d e r 

fro m  th e  sam e  sites d u rin g  th e  fie ld  stu d y  (para­

g ra p h  5.2).
T he  study  clearly  d e m o n s tra te d  th a t on -site  te s tin g  

u s in g  flow -th rough  sy s tem s (M obyDicks) can  

prov ide ad eq u a te  in fo rm a tio n  on  th e  p o ten tia l 

es tro g en ic  risk  o f  STP e ff lu en t d ischarges in to  
fre sh w ate r ecosystem s, no tab ly  w h en  ra inbow  

tro u t is u sed  as a te s t species.

estrogenic activity and 
effects of STP effluents

I n t r o d u c t i o n

T h ree  recen tly  developed bioassays fo r e strogen ic  

activity w ere  u se d  to  d e te rm in e  e s tro g en ic  activity 

in  th e  e ff lu en t o f  th e  E indhoven  sew age tre a tm e n t 
p la n t (STP). T his p a rticu la r e ff lu en t w as ch o sen  as 

a m o d e l e ff lu en t fo r e stro g en ic  effects because  

w ild  m a le  b ream  sam p led  fro m  th e  river receiv ing  
th is  STP eff lu en t show ed  elevated  v ite llogen in  
levels as w ell as a h ig h  p revalence  o f  in te rsex

5 .4.2  In  v itro  and in  vivo



gonads (parag raph  5.2). T he  th re e  assays w ere  th e  

in  vitro E strogen  R ecep to r-m ed ia ted  C hem ical 
A ctivated  L U ciferase g en e  e x p re s s io n  (ER-CALUX) 
assay  u s in g  h u m a n  T 47D  b rea s t can ce r cells 

(Legier et al., 1 999 ; ch ap te r 4), th e  in  vivo t r a n s ­

gen ic  z eb ra fish  assay  (Legier et al., 2 0 0 0 a )  an d  
th e  in  vivo z eb ra f ish  P artia l Life Cycle (PLC) te s t 
in  w h ich  ad u lts  an d  th e ir  o ffsp rin g  can  be 

(separately) exposed  to  w a te r sam p les  (B ulder et 

al., 2 0 0 0 ) .

All th re e  assays w ere  u se d  to d e te rm in e  th e  e s tro ­

gen ic  activity o r effects o f  th e  STP e ff lu en t an d  a 

sy n the tic  e ff lu en t ana log  c o n sis tin g  o f  ind iv idua l 
(xeno-)estrogens th a t h ad  b een  p rev iously  
m e a su re d  in  th e  STP efflu en t. In  ad d itio n , b o th  

re p o r te r  g ene  assays (ER-CALUX an d  th e  tr a n s ­

gen ic  z eb ra fish  assay) w ere  u se d  to d e te rm in e  th e  

e s tro g en ic  po tency  o f  th e  STP rece iv ing  surface  
w ater. T he  re p o r te r  g ene  assays w ere  also  u se d  to 

d e te rm in e  d ifferences in  rela tive p o tenc ies  o f  

in d iv id u a l su b s tan ces  in  vitro  an d  in  vivo in  o rd e r 
to  d e te rm in e  w h e th e r  effects could  be p red ic ted  on  
th e  basis o f  know ledge o f  th e  co n cen tra tio n s  o f  

in d iv id u a l c o m p o n en ts  o f  a m ix tu re .

Principles o f the assays

A n E R-m ed ia ted  lu c ife rase  re p o r te r  g en e  co n s tru c t 

co n ta in in g  3 e s tro g en  re sp o n se  e lem en ts  (ERE) 

w as stably  in tro d u ced  an d  in teg ra ted  in  th e  
g en o m e  o f  th e  T 47D  cells a n d  tran sg en ic  
zeb ra fish . In  th e  ER-CALUX assay, exposu re  o f  

cells to (xeno-)estrogens re su lts  in  d iffu sio n  o f  

chem ica ls  th ro u g h  th e  cell m e m b ra n e , b in d in g  to 

th e  en d o g en o u s  E R, ac tiva tion  o f  th e  recep to r, an d  
co n seq u en tly , b in d in g  o f  th e  lig and -recep to r 

com plex  to  E RE s p re s e n t in  th e  p ro m o te r  reg io n  o f  

th e  lu c ife rase  gene . L uciferase p ro te in  is th e n  

in d u ced , a n d  is easily  m e a su re d  by lysing  th e  cells, 
ad d in g  lu c ife r in  su b s tra te , an d  m e a su rin g  p h o to n  

p ro d u c tio n .

In  th e  tran sg en ic  z eb ra fish  re p o r te r  g en e  assay, 
exposu re  o f  th e  liv ing  fish  to te s t su b s tan ces  or 

sam p les  takes p lace via th e  w ate r p h ase . T he 

en v iro n m e n ta l ch em istry , b io-availability  and  

toxico-kinetics o f  th e  te s t su b s tan ce  in  vivo th e re ­
fore  d e te rm in e  u ltim a te  exposu re  o f  ta rg e t cells in

th e  tran sg en ic  fish . L uciferase p ro te in  w ill only  be 

in d u ced  in  z eb ra fish  ta rg e t cells in  w h ich  th e  te s t 
su b s tan ce  is available an d  w h en  active en d o g e­
n o u s  ERs an d  co-factors n ecessa ry  fo r ER 

tra n sc rip tio n  are  p re se n t. T issu e  a n d  life stage- 

specific effects o f  (xeno-)estrogens in  th e  tr a n s ­
gen ic  z eb ra fish  can  th e n  be  d e te rm in ed .

In  th e  PLC b ioassay, ad u lt z eb ra fish  are  exposed  

fo r 25 days to (m ix tures of) (xeno-)estrogens 

th ro u g h  th e  w ate r p h ase . T he  effect o n  ov iposition  
is th e n  m easu red . In  ad d itio n , th e  o ffsp rin g  o f  

th ese  exposed  ad u lts  a re  exposed  in  th e  sam e 

m a n n e r  u n ti l  th e  co m p le tio n  o f  sexual d iffe ren tia ­

tio n  (6 w eeks o f  age). T he effects on  th e  g row th  
a n d  sexual d ev e lo p m en t o f  th e  o ffsp rin g  a re  th e n  

d e te rm in e d  h isto logically .

M ateria ls  and M ethods

Test substances and effluent samples

For th e  ER-CALUX an d  tran sg en ic  zeb ra f ish  assays 

w ith  in d iv id u a l su b s tan ces , iyß -estrad io l (E2,
9 9  %) an d  e th an o l (100 %, p.a.) w ere  p u rch ased  
fro m  S igm a C hem icals Co. E strone  (Ei, p.a.) cam e 

fro m  B runschw ig . E thyny lestrad io l (EE2, 98  %) 

a n d  b ispheno l-A  (BPA, 9 9  %) w ere  p u rch ased  
fro m  A ldrich . 4 -n o n y lp h en o l (NP, 91 %) a n d  di- 
(2-ethylhexyl) p h th a la te  (DEHP, 9 8  %  purity) w ere 

p u rch ased  fro m  TCI, Japan . D im ethy l su lfoxide 

(DMSO, 9 9 .9  %, sp ec tro p h o to m etr ic  g rade) w as 
p u rch ased  fro m  A cros.

T he  levels o f  a n u m b e r  o f  k now n  (xeno-)estrogens 

in  th e  e ff lu en t o f  th e  E indhoven  STP w ere 
analyzed  d u rin g  th e  p ilo t stu d y  in  th e  fall o f  1997 
(B elfroid et al., 1 9 9 9 b ). B ased on  th e se  co n cen tra ­

tio n s, a sy n the tic  e ff lu en t o f  (xeno-)estrogens w as 

m ad e  up , c o n sis tin g  o f  fo u r  g ro u p s  o f  co m p o u n d s : 

e s tro g en s  (Ei, EE2), b ispheno l-A , alky lpheno ls 

(NP, NP-(4)-EO a n d  OP-(8/9)-EO) a n d  th e  p h th a ­
late DE HP. T he  o ccu rren ce  o f  free  E2 w as n o t 

detec ted  in  th e  o rig inal STP sam ple . All com p o u n d s 
w ere  d isso lved  in  a stock  so lu tio n  o f  e th an o l (p.a.).

Real e ff lu en t sam p les  w ere  collected  tw ice w eekly 

in  th e  perio d  S ep tem b er to N ovem ber 1 9 9 9  (LOES 

perio d  3) a n d  u sed  fre sh  fo r ren ew al in  ongo ing  
zeb ra fish  PLC te s ts . S u b sam p les fo r chem ica l



analysis, th e  ER-C A LU X  a n d  tran sg en ic  zeb ra fish  

assays (2 0 0  mL) w ere  fro zen  in  g lass bo ttles at 

-20°C . A fter co m p le tio n  o f  th e  PLC assay, th e  
fro zen  e ff lu en t su b sam p le s  w ere  thaw ed , an d  th e  

2 0 0  m L  p o rtio n s  w ere  m ixed . A 6 -lite r sam p le  

o f  th is  m ixed  e ff lu en t as w ell as a 6 -lite r sam p le  

o f  STP-receiving su rface  w a te r fro m  th e  river 
D o m m el w as ex tracted  u s in g  a p rev iously  

described  solid  p h ase  ex trac tion  m e th o d  (S tru ijs et 

al., 1998) fo r te s tin g  in  th e  ER-CA LU X  an d  tr a n s ­
gen ic  z eb ra fish  assay. E ffluen t an d  e ffluen t-receiv ­
in g  w ate r sam p les  w ere  m ixed  fo r 24  h o u rs  w ith  

m acro -re ticu la r re s in s  (XAD). T he XAD w as th e n  

sieved an d  d ried  a t ro o m  te m p e ra tu re  fo r 12 h o u rs . 
(xeno-)estrogens w ere  ex tracted  by e lu tio n  w ith  
acetone . T he  ace tone  frac tion  w as evaporated  

u n d e r  a g en tle  N2 gas flow  a t ro o m  te m p e ra tu re , 

an d  tak en  u p  in  6 0  p i  D M SO. T he  D M SO frac tion  
w as fu r th e r  d ilu ted  fo r te s tin g  in  th e  ER-CA LU X  

a n d  tran sg en ic  z eb ra fish  assays. T h is  XAD extrac-

T 5 .8  E s t r o g e n ic  p o t e n c y  o f  ( x e n o - ) e s t r o g e n s  in in vitro  
ER -C A L U X  a n d  in v ivo  t r a n s g e n i c  z e b r a f i s h  a s s a y s .

C o m pound

EC50 (nM) e e f“ ‘ EC50 (nM) “
EEF«“

E2 0 .0 0 6 1 10 1

EE2 0 .0 0 5 1.2 0.1 10 0

E1 0.1 0.1 10 1

NP 2 6 0 2.3  x IO'6 > 1 ,0 0 0 “ “ < 0.01

B PA 7 7 0 7.8  x 1 0 -6 > 1 ,0 0 0 “ “ < 0.01

DEHP > 1 0 , 0 0 0 “ < 6 .0  x 10  7 > 6 ,0 0 0 “ “ < 0 .0 0 1 7

‘ source: Murk e ta ! . (2001), also s e e  chapter 4.

**EC50 is the nominal concentration at which 50%  o f  maximum response is reached.

***EEF is ra tio  EC50E2: EC 50i;ompi;iund.

****EC 50 could n ot b e calculated as n o maximal estrogenic response w as achieved as a result o f  

cyto-toxicity (ER-CALUX) or acute mortality (transgenic zebrafish assay) at higher concentrations

T 5 .9  C o n c e n t r a t i o n s  o f  ( x e n o - ) e s t r o g e n s  d e t e r m i n e d  in t e s t  

w a t e r  a n d  f ish  m e a s u r e d  d u r in g  e x p e r i m e n t s  w i t h  

t r a n s g e n i c  z e b r a f i s h  e x p o s e d  t o  t h e  in d iv id u a l  c o m p o u n d s

Sam ples w ere taken  at the  start (T=o) a n d  e n d  ( I g 0 h) o f  

the  experim en t.

C o m pound M easured concentrations

nM pg/L T=0 T=96 h T=0 T = 9 6 h

E2 1 0 0  27 2 0 .3  1 NA NA

EE2 1 0 .3 0 .4  < d l “ NA NA

E1 1 0 0  27 30 0 .2 NA NA

NP 1 ,0 0 0  2 2 0 1 3 3  7 < d.l 8 ,9 4 0

NA: n ot analyzed ** < d.i.: below  detection limit

tio n  w as d iffe ren t fro m  th e  ex trac tion  p ro ced u re  

u sed  fo r o th e r LOES w ater sam p les  (see ch ap te r 3 

an d  ch ap te r 4).

Analysis o f actual exposure concentrations

Levels o f  h o rm o n e s , b isphenol-A , a lky lphenols 
an d  p h th a la te s  in  te s t w aters w ere  m e a su re d  
acco rd ing  to th e  m e th o d s  described  in  ch ap te r 3.

In  ad d itio n  to analysis o f  exposu re  m ed ia  co n cen ­

tra tio n s , NP w as m e a su re d  in  h o m o g en a te s  o f  
w hole tran sg en ic  zeb ra f ish  h o m o g en a te s  accord ­
in g  to  Z hao  et ul. (1999). Extracts w ere  analyzed  by 

rev ersed -p h ase  H P L C  w ith  flu o rescen ce  detec tion .

ER-CALUX assay

T he ER-CA LU X  assay  p ro ced u re  is described  in  

p a rag rap h  5.2, ch ap te r 4  an d  in  g rea te r detail in  

Legier et a l.( 199 9 ).

Transgenic zebrafish assay

T he re c e n t d ev e lo p m en t o f  th e  tran sg en ic  zeb ra ­

fish  assay  is described  by Legier et al. (2 0 0 0 a). 
H ete rozygous tran sg en ic  juven iles o f  th e  F4 
g en e ra tio n  o f  th e  age o f  4  -  5 w eeks w ere  u sed  fo r 

th e  assays. Juvenile  tran sg en ic  zeb ra fish  u n d e rg o ­

in g  g o n ad  d iffe ren tia tio n  w ere  u sed  becau se  th is 

p erio d  w as prev iously  sh o w n  to be m o s t re s p o n ­
sive to e s tro g en s  d u rin g  d ev e lo p m en t (Legier et al., 

2 0 0 0 a ) . Juvenile  f ish  (n = 5-6) w ere  exposed  fo r 

9 6  h o u rs  in  150 m L  acc lim ated  tap  w ater 
(2 6 —27°C) in  g lass aq u aria . T he  ch em ica l or 
ex tract to be te s ted  w as ad d ed  to th e  w a te r a t 

vo lum es n o t exceeding  0 .01  %  e th an o l. F ish  w ere 

fed  once daily  w ith  live b rin e  sh r im p  (A rtem ia  
salinas). H a lf  th e  te s t m e d iu m  w as ren ew ed  daily. 
A fter te rm in a tio n  o f  th e  exposu re , fish  w ere 

sacrificed , tra n sfe rre d  to E p p e n d o rf  vials, an d  

im m ed ia te ly  fro zen  a t -8o°C . To assay  luc iferase , 
E p p en d o rf vials c o n ta in in g  fish  w ere  tran sfe rred  
to ice, 5 0 0  p i o f  cold triton -lysis b u ffe r w as added , 

a n d  th e  fish  w ere  h o m o g en ized  u s in g  a m ic ro ­

p estle  (E ppendorf). M e a su re m e n t o f  luc ife rase  is 
described  e lsew h ere  (Legier et al., 2 0 0 0 a ) .

Zebrafish partial life cycle (PLC) test

T he m ed ia  te s ted  d u rin g  th e  zeb ra fish  PLC 

ex p erim en ts  w ere:
•  D u tch  S tan d ard  W ate r (DSW ; N N I, 1980), a



sy n the tic  w a te r th a t served  as negative contro l; 

i  nM  iyß -estrad io l in  DSW as a positive con tro l 
fo r estro g en ic  effects;

•  e ff lu en t fro m  th e  E indhoven  STP (see p rev ious 

parag raphs);

•  syn thetic  e ff luen t  (DSW-based) o f  the  
E indhoven  effluent.

E2 solutions and  th e  synthetic effluen t w ere prepared  

fro m  an  e th an o l stock  so lu tio n  d ilu ted  in  DSW. For 
so lven t con tro l, e th an o l w as also  ad d ed  to th e  
DSW in  th e  h ig h es t so lvent con cen tra tio n  u sed  

( < 0 . 0 1  % ) .

T he PLC c o n sis ted  o f  tw o parts: a d u lt a n d  juven ile  
exposure .
E igh t-m on ths-o ld  ad u lt z eb ra fish  w ere  sem i-stati- 

cally exposed  to th e  various te s t m ed ia  fo r 25 days 

in  a den sity  o f  1 f ish  p e r  2 lite rs in  g lass aq u aria  at 

27° ± 2°C. Each te s t m e d iu m  w as tes ted  in  tr ip li­
cate a n d  th e  te s t m ed ia  w ere  ren ew ed  tw ice a 

w eek. S paw ning  coup les o f  2 m a les  a n d  1 fem ale  

w ere  p u t to g e th e r a fte r  te s t m e d iu m  renew al. A fter 
sp aw n in g , th e  m ales a n d  fem ales w ere  sep a ra ted  
ag a in . Effects o n  ov iposition , fe rtiliza tio n  an d  

h a tc h in g  o f  th e  eggs w ere  th e n  analyzed .

F ertile  eggs fro m  th e  2 n d , 4 th  an d  6 th  b rood  o f  
all sp aw n in g  coup les w ere  co llected  an d  fu r th e r  

sem i-sta tica lly  exposed . To d e te rm in e  th e  effect o f  

p a ren ta l exposure , th e  fertile  eggs o f  each  brood  
w ere  d iv ided  in to  2 g ro u p s o f  50 eggs in  g lass p e tri 
d ish es a t 28° ± 2°C: one g ro u p  w as exposed  to th e  

p a ren ta l te s t m e d iu m  a n d  th e  second  g ro u p  

to  th e  negative  co n tro l (DSW). In  th e  case o f  th e  
sp aw n in g  coup les exposed  to  DSW, th e  second  
g ro u p  o f  eggs w as exposed  to  e fflu en t. Exposure 

c o n tin u e d  fo r an  ad d itio n a l 6 w eeks. A fter th is 

p eriod , sexual d iffe ren tia tio n  is com p le te . A fter 

exposure , all a d u lt an d  juven ile  f ish  w ere  sacri­
ficed , le n g th  an d  w e ig h t w ere  d e te rm in ed , fixed in  

B ouins m e d iu m , p a ra ffin -em b ed d ed  a n d  H&E 

sta in ed . T he  fish  w ere  analyzed  h is to log ically  to 

d e te rm in e  th e  sex ra tio s , any  v isib le v ite llogen in  
p ro d u c tio n  a n d  o th e r re lev an t changes.

Data analysis

EC50 values fo r  th e  ER-CALUX a n d  th e  tran sg en ic  
ze b ra f ish  tes t  w ere  calculated by d e te rm in in g  the

co n cen tra tio n  a t w h ich  50 %  o f  m ax im u m  

luc ife rase  activity w as reach ed  u s in g  th e  curve- 

f itte r  o f  S lideW rite  4 .0  (cum ulative fit). For 
q u an tifica tio n  o f  th e  e s tro g en ic  p o tency  o f  an  

ex tract o r c o m p o n e n t o f  th e  syn the tic  m ix, th e  

re sp o n se  o f  th e  ex tract w as in te rp o la ted  in  the  
d o se -re sp o n se  curve o f  th e  s tan d a rd  E2 curve.
T he  estro g en ic  po tency  o f  th e  ex trac t is expressed  

as EEQ (estrad io l equ ivalen ts) p e r  v o lu m e o f  

m a te ria l. E strad io l eq u iv a len t factors (EEF) w ere 

d e te rm in e d  as th e  ratio  EC50E2: EC5 0 testcompound. 
EEQ a n d  EEF values w ere  ca lcu la ted  on  th e  basis 

o f  an  average o f  3 to 5 in d e p e n d e n t ex p erim en ts .

T he  re sp o n ses  o f  th e  PLC te s t to d iffe ren t te s t 
m ed ia  w ere  co m p ared  to DSW co n tro l u s in g  a 

one-w ay ANOVA an d  C h i-square  analysis fo r 

in d ep en d e n ce .

Results and Discussion

Reporter gene assays w ith  individual substances

T he in  vitro ER-CALUX assay  u s in g  stab ly -tran s­
fected  T 47D  cells can  detec t iy ß -estrad io l (E2) a t 
co n cen tra tio n s  as low  as 0.5 pM  a n d  is h igh ly  

rep ro d u c ib le , w ith  a coeffic ien t o f  varia tion  (CV) 

o f  ab o u t 5 %  (see ch ap te r 4).

T he  in  vivo tra n sg e n ic  z eb ra f ish  assay  u s in g  96- 

h o u r  exposed  juven ile  tran sg en ic s  has a d e tec tion  

lim it o f  ab o u t 30 0  pM  E2, w ith  a CV o f  2 0 - 3 0  %. 
As th e  p h eno typ ic  sex o f  th e  tran sg en ic  zeb ra fish  
is n o t a p p a re n t a t th e  age o f  f ish  u sed , b o th  m ales 

a n d  fem ales are  assayed  to g e th e r, th e reb y  possib ly  

co n tr ib u tin g  to th e  varia tio n  in  re sp o n se .

T he  ER-CALUX an d  tran sg en ic  zeb ra f ish  rep o r te r  

g en e  assays d e m o n s tra te  a dose-re la ted  in c rease  in  

luc ife rase  in d u c tio n  fo llow ing  exposu re  to E2, 

e s tro n e  (Ei) an d  e th y ny lestrad io l (EE2). H ow ever, 
th e  sensitiv ity  o f  th e  re sp o n se  o f  th e  tw o assays 

d iffers, an d  th e  relative po tenc ies o f  (xeno-)estro- 

gens vary acco rd ing  to th e  assay  u sed  (table 5.8).
In  th e  ER-CALUX assay, th e  EC50 o f  E2 an d  Ei 
w ere  two to th re e  o rders o f  m a g n itu d e  low er th a n  

in  th e  tran sg en ic  zeb ra f ish  (table 5.8). T h ere  m ay  

be several reaso n s  fo r th is  d iffe rence  in  sensitiv ity . 
In  th e  tra n sg e n ic  z eb ra fish  assay, ac tua l ta rg e t cell 
exposu re  w ill likely be fa r low er th a n  in  th e  ER-



CALUX assay, d ep en d in g  on  th e  fate  o f  the 
c o m p o u n d  in  th e  a q u a riu m  a n d  its toxico-kinetics 
in  th e  fish . C hem ical analysis o f  ac tu a l E2 an d  Ei 
levels in  exposu re  w a te r revealed  th a t th o u g h  

ac tu a l co n cen tra tio n s  w ere  s im ila r to n o m in a l 

c o n cen tra tio n s  a t th e  b e g in n in g  o f  th e  exp e rim en t, 
very low  a m o u n ts  o f  these  e s tro g en s  w ere  p re s e n t 
a fte r  9 6  h o u rs  o f  exposu re  (table 5.9) desp ite  the 

fact th a t h a lf  o f  th e  exposu re  w ate r w as renew ed  

daily. T he  d isap p ea ran ce  o f  E2 an d  Ei fro m  the 
w a te r c o lu m n  is likely to be due  to rap id  up tak e  by 
th e  fish  over th e  gills. In  vivo, f ish  a re  able to 

ex tensively  tra n s fo rm  E2 an d  Ei to less p o ten t 

m etab o lite s  (Bone et al., 1995). In  th e  tran sg en ic  
z eb ra fish , h ig h e r  co n cen tra tio n s  o f  E2 o r E i are 
th e re fo re  re q u ire d  to in d u ce  luc ife rase  in  ta rge t 

cells. In  th e  ER-CALUX assay , m e tab o lism  d u rin g  

th e  2 4 -h o u r exposu re  perio d  is only sligh t. A n 
ad d itio n a l re a so n  fo r th e  d ifference  in  re sp o n se  to 
E2 a n d  Ei can  be  fo u n d  a t th e  level o f  th e  e stro g en

T 5.10 Estrogenic p o ten cy  o f  (synthetic mixtures of) (xeno-)  

e s t ro g en s  and  se w a g e  t r e a tm e n t  p lan t  (STP) ex trac ts  in 

t h e  ER-CALUX (ERC) and  t ransgen ic  zebrafish  (FISH)

assay. Composition of compounds and nominal concentrations 

tested were based on levels in S T P  effluent. Estradiol equivalents 

( e e q s ,  pmol/L) are averages (± SE ) for 3-5 independent experiments.

re cep to r (e r ). F ish  ERs (tran sgen ic  zeb rafish ) m ay  
have a low er affin ity  fo r E2 th a n  m a m m a lia n  ERs 

(used  in  th e  ER-CALUX). R ainbow  tro u t ER has 
b een  show n  to req u ire  io  tim es  h ig h e r  E2 co n cen ­

tra tio n s  th a n  th e  h u m a n  ER fo r tran s-ac tiva tion  

(Petit et al., 1 9 9 5 ; Le D rean  et al., 1 9 9 5 ).

In te resting ly , Ei in d u ced  luc ife rase  in  th e  tr a n s ­

gen ic  z eb ra fish  a t s im ila r co n cen tra tio n s  as E2 
(EEF=i, table  5 .8 ).  In  the  ER-CALUX assay, 

how ever, E i d e m o n s tra te d  an  EEF o f o . i  (table 
5 . 8 ).  T h ese  re su lts  ind ica te  th a t Ei m ay  be a m o re  

p o te n t e s tro g en  in  fish  th a n  in  m a m m a ls . W hile  
Ei b in d s  w ith  only  io  % affin ity  to th e  ra t ER 

relative to E2 (Blair et al., 2 0 0 0 ) , no  d iffe rence  w as 
fo u n d  in  th e  ability  o f  E i a n d  E2 to trans-activate  

two ra in b o w  tro u t ER iso fo rm s o f  th e  tro u t ER 
gene (Pakdel et al., 2 0 0 0 ) . A ccordingly , a recen t 

study  by P a n te r  a n d  colleagues d e m o n s tra te d  th a t 
Ei in d u ced  v ite llogen in  a t co n cen tra tio n s  s im ila r 

to E2 in  m ale  fa th ead  m in n o w s (P an te r et al.,

1 9 9 8 ). R outledge et al. (1 9 9 8 ) also show ed  th a t Ei 

w as only sligh tly  less p o te n t th a n  E2 in  in d u c in g  
v ite llogen in  in  ra in b o w  trou t.

In  b o th  assays, e thyny lestrad io l (EE2) w as the 

m o s t p o te n t (xeno-) e s tro g en  te s ted  w ith  only a 
20 -fo ld  d ifference  in  E C 5 0  b etw een  th e  ER-CALUX 

(0 . 0 0 5  n M) a n d tran sg en ic  z eb ra fish  (0.1 nM )

Test m ediu m

Theoretical Measured Theoretical Measured

(ng/L) (pM) ERC-EEF ERC-EEQ EEQs FISH-EEF FISH-EEQ EEQs

E1 5 

EE2 2.8  

B PA 4 ,0 0 0  

Sum EEQs

18

9

1 7 ,5 2 0

0 .0 5 6

1.2
7.8  x 10  6

1.0

11
0.1

12 11 (0.5)

1

100 
< 0.01

18

9 4 4

< 17 5  

9 6 2

(max. 1 ,13 7 ) 3 6 0  (110)

NP 2 ,0 0 0  

NP (4) E 9 ,3 0 0  

OP ( 8 /9 )  E 5 0 0  

Sum EEQs

9 ,1 0 0

2 4 .0 0 0

1 8 .0 0 0

2.3  x 10  5 
7 x 10  73 

< 6.0  x 10 73

0.2 
0 .0 1 7  

< 0.011 

0.2 0.4  (0.0)

< 0.01
n.mb

n.m

< 91 

n.m 

n.m

(max. 91) 10  (2)

DEHP 2 ,7 0 0 6 ,9 1 0 < 6.0  x 10 7 < 0 .0 0 4 0 (0 .0) < 0 .0 0 1 7 < 12 8 (2)

Total in synthetic ef fluent  (containing 1-3)' 12 10  (0.5) 9 6 2

(max. 12 40)

5 7 0

(140)

STP effluent  extract

STP receiving surface water  extract c

12 (0.7)  

9 (0.4)

1 8 9  (32) 

2 3 7  (54)

*Theoretical estradiol equivalents (EEQ) w ere calculated by multiplying concentration (pM) by estradiol equivalency factor (EEF= ratio EC50E2:EC50compOuncj). 

a from Legier (2001) b n ot measured c concentrations o f  (xeno-)estrogens not m easured



assays (table 5.8). In te resting ly , in  th e  tran sg en ic  

fish , EE2 w as 100 tim es m o re  p o te n t th a n  E2 
w hile  in  th e  ER-CALUX, EE2 was 1.2 tim es  m o re  
p o te n t (table 5.8). T he  h ig h  po tency  o f  EE2 in  b o th  

assays can  be exp la ined  in  p a rt by th e  h ig h  ER- 

b in d in g  affin ity  o f  EE2. In  ra t u te ru s , EE2 exhib its 
over 2 tim es  h ig h e r  b in d in g  affin ity  to th e  E R th a n  
E2 (Blair et al., 2 0 0 0 ) . In  b in d in g  s tud ies  w ith  

ch a n n e l ca tfish  ER, EE2 w as fo u n d  to be  five tim es 

m o re  p o te n t th a n  E2 (N im rod  a n d  B enson , 1997). 
Im p o rtan tly , becau se  E E2 is poorly  m e tab o lized  by 
th e  liver a n d  su b jec t to in ten siv e  en te ro  hepa tic  

recycling  (G uengerich , 1 9 9 0 ), it  is m o re  re s is ta n t 

to  m e tab o lism  in  vivo th a n  E2 a n d  Ei.
C hem ica l analysis o f  th e  ac tua l EE2 co n cen tra tio n s  
in  th e  exposu re  w ate r o f  th e  tran sg en ic  z eb ra fish  

assay  revealed  th a t a lth o u g h  EE2 w as p re s e n t a t 

th e  n o m in a l co n cen tra tio n  a t th e  b e g in n in g  o f  th e  

ex p e rim en t, no  EE2 w as m e a su re d  above th e  
d e tec tio n  lim it (20 ng /L ) a t th e  en d  o f  exposure  

(table 5.9). T h is ind ica tes  th a t EE2 m ay  be h igh ly  

actively tak en  u p  by tran sg en ic  fish  an d  is p e rs is t­

e n t in  vivo w h ere  it exerts e s tro g en ic  activity to  a 
h ig h e r  degree  th a n  E2.

E xposure to  4 -n o n y lp h en o l only  sligh tly  in d u ced  
lu c ife rase  in  tran sg en ic  z eb ra fish  (13-fold in d u c ­
tio n  a t 1 ,0 0 0  nM  or i % o f  th e  re sp o n se  o f  io  nM  

E2) w hile  it  w as a fu ll a g o n is t in  th e  ER-CA LU X  

assay. N om in a l te s t co n cen tra tio n s  above
1 ,0 0 0  nM  cau sed  m o rta lity  o f  tran sg en ic  z e b ra ­
fish . C hem ica l analysis o f  ac tu a l non y lp h en o ls  

co n cen tra tio n  in  exposu re  w ate r revealed  th a t only 

ab o u t 6 0 %  o f  th e  n o m in a l co n cen tra tio n  o f  N P  

w as fo u n d  a t th e  s ta rt o f  th e  exposu re  period , p rio r 
to  ad d itio n  o f  th e  f ish  (table 5.9). T h is is likely to 

be  d u e  to ad so rp tio n  by th e  g lass w alls. Follow ing 

9 6 -h o u r  exposure , only 7 p g /L  N P o f  th e  n o m in a l 
2 2 0  p g /L  N P  w as detec ted . A nalysis o f  th e  fish  
fo llow ing  exposu re  revealed  th a t N P w as a c c u m u ­

la ted . T he  low  estro g en ic  po tency  o f  N P  in  the  

tra n sg e n ic  z eb ra fish  is un ex p ec ted  c o n sid e rin g  th e  

n u m b e r  o f  d o cu m en ted  rep o rts  on  th e  in  vivo 
e stro g en ic ity  o f  n o n y lp h en o ls  (review ed in  T yler et 

al., 1998 ). It is p oss ib le  th a t th e  9 6 -h o u r  exposure  

d u ra tio n  o f  th e  tran sg en ic  z eb ra fish  w as too sh o r t 
to  achieve an  in te rn a l dose th a t cou ld  in d u ce  
luc ife rase . N P  h as b een  show n  to be read ily

m etab o lized  in  th e  liver o f  ra in b o w  tro u t, w ith  

a 6 -h o u r half-life (Lewis an d  Lech, 199 6 ).
R ecen t s tu d ies  in  th e  lab have d em o n s tra ted  
th a t p ro lo n g ed  (3-week) exposu re  o f  a d u lt m ale  

tran sg en ic  z eb ra fish  to 100  p g /L  N P  re su lted  

in  e levated  luc ife rase  activity in  th e  liver (Legier, 

u n p u b lish e d  re su lts ), su g g es tin g  th a t th e  sh o r t 
in cu b a tio n  p e rio d  ra th e r  th a n  th e  in sen sitiv ity  

o f  th e  tran sg en ic  f ish  cau sed  th e  absen ce  o f  a 

re sp o n se  to N P .

B isphenol-A  p rov ided  a n  exam ple  o f  a xeno- 

e s tro g en  th a t w as n o t a t all e s tro g en ic  in  th e  t r a n s ­

gen ic  z eb ra fish  assay, th o u g h  it in d u ced  dose- 

re sp o n se  m ed ia ted  in d u c tio n  in  th e  ER-CA LU X  

assay. T h o u g h  ch em ica l analyses o f  th e  ac tua l 

co n cen tra tio n s  o f  B PA in  th e  w a te r a n d  fish  w ere 

n o t p e rfo rm ed , b o th  sh o r t (9 6 -hou r) an d  

p ro lo n g ed  (3-week) exposu re  (Legier et al., u n ­
p u b lish ed  resu lts ) d id  n o t in d u ce  luc ife rase  in  th e  

tran sg en ic  zeb ra fish . As a low  b io accu m u la tio n  

p o ten tia l h as b een  rep o rted  fo r B PA in  th e  aqua tic  
e n v iro n m e n t (Staples et al., 1998), it  is likely th a t 
ta rg e t cell exposu re  in  th e  tran sg en ic  zeb ra f ish  

ca n n o t reach  levels h ig h  e n o u g h  to in d u ce  e s tro ­

gen ic  effects.

T he  p h th a la te  D E H P  d e m o n s tra te d  very w eak 

estro g en ic  po tency  in  b o th  th e  ER-CA LU X  a n d  the  

tran sg en ic  z eb ra fish  assay. In  th e  ER-CA LU X  

assay, io  pM  D E H P  in d u ced  luc ife rase  ab o u t 13 
tim es above so lven t con tro ls (or ab o u t 13 %  o f  

m ax im al E2 levels). In  th e  tran sg en ic  zeb ra f ish  

assay, 1 ,0 0 0  a n d  5 ,0 0 0  nM  (nom inal) D E H P  

in d u ced  luc ife rase  ab o u t io  tim es  above so lven t 
con tro ls  (or less th a n  1 %  lu c ife rase  in d u c tio n  

relative to  io  nM  E2). In  b o th  assays, no  com plete  

d o se -re sp o n se  curves could  be p e rfo rm ed  as 
co n cen tra tio n s  above io  pM  re su lte d  in  cell toxic­
ity in  th e  ER-CA LU X  assay, a n d  co n cen tra tio n s  

tes ted  above 5 pM  w ere  toxic to  th e  tran sg en ic  

zeb ra fish . To o u r know ledge, specific estro g en ic  

effects o f  D E H P  in  f ish  in  vivo have n o t b een  
d e m o n s tra te d  prev iously , th o u g h  rap id  m e tab o ­

lism  o f  D E H P  in  ra in b o w  tro u t has b een  rep o rted  

(B arron et al., 1987).



Reporter gene assays w ith  effluents  

and surface w ater

T he es tro g en ic  p o tency  o f  th e  syn thetic  e ff lu en t 
co m p o sed  o f  th ree  g ro u p s  o f  (xeno-)estrogens at 

c o n cen tra tio n s  fo u n d  in  a m u n ic ip a l STP e ff lu en t 

w as tes ted , as w as an  ex tract o f  to ta l e ff lu en t an d  
receiv ing  su rface  w aters (table 5.10). T he  to tal 
th eo re tica l es tro g en ic  po tency  (EEQ) o f  th e  

sy n the tic  e ff lu en t w as ca lcu la ted  by su m m in g  th e  

p ro d u c ts  o f  th e  EEF o f  th e  (xeno-)estrogens in  the  
sy n the tic  m ix  a n d  th e ir  m o la r co n cen tra tio n  (table 
5.10). In  th e  ER-CALUX assay, th e  th eo re tica l EEQs 

in  th e  h o rm o n e  an d  B PA g ro u p  (12 pM ) co rre la ted  

w ell w ith  th e  m e a su re d  EEQ s (11 pM ), as d id  th e  
alky lpheno l g ro u p  (theore tica l EEQ 0 .2  pM  vs. 
m e a su re d  EEQ 0 .4  pM ) (table 5.10). D e H P did  n o t 

in d u ce  m u c h  lu c ife rase  activity in  th e  ER-CALUX 

assay. T he  m e a su re d  EEQ (io  pM ) in  th e  syn thetic  
e ff lu en t w as o f  th e  sam e o rd e r o f  m a g n itu d e  as th e

T 5.11 C h e m i c a l  a n a ly s i s  o f  t h e  t e s t  m e d i a  In t h e  z e b r a f i s h

PLC t e s t .  T he negative con tro l cou ld  n o t be ana lyzed  a n d  is n o t 

p re se n te d  h e re . NA = n o t analyzed .

th eo re tica l EEQ (12 pM ) based  on  th e  EEF 

ap p ro ach . T h ese  re su lts  o f  th e  to ta l in  vitro  e s tro ­
gen ic  p o tency  o f  th e  syn thetic  e ff lu en t ind ica te  
th a t th e  in d iv id u a l estro g en ic  c o m p o u n d s behaved  

in  a response-add itive  m a n n e r .

H ig h e r  estro g en ic  activity w as fo u n d  w h en  te s tin g  
th e  syn thetic  e ff lu en t in  th e  tra n sg e n ic  zeb ra fish  

assay  th a n  th a t in  th e  ER-CALUX assay  (table 5.10). 

T he  m a jo r re a so n  fo r th e  relatively  h ig h  estro g en ic  
activity in  th e  zeb ra f ish  is p robab ly  th e  occu rrence  
o f  EE2 in  th e  sy n the tic  efflu en t, w h ich  is 100 

tim es m o re  p o te n t th a n  E2 a n d  Ei in  th e  tr a n s ­

gen ic  f ish  (table 5.8). T he  g ro u p  co m p o sed  o f  Ei, 
EE2 an d  B PA co n tr ib u ted  m o s t to to ta l e s trogen ic  
activity m e a su re d  (table 5.10). B oth th e  a lky lphe­

no l g ro u p  an d  DEHP w ere  only sligh tly  estro g en ic  

in  th e  tran sg en ic  fish  assay  (table 5.10) a lth o u g h  
NP m ay  have co n tr ib u ted  to th e  estro g en ic ity  in  
th e  zeb ra fish . C o m p ariso n  o f  th e  to ta l theo re tica l 

e stro g en ic  activity o f  th e  syn thetic  e ff lu en t (9 6 0  to 

a m a x im u m  1,240 pM  EEQ) based  on  th e  zebra- 

fish-EE Fs o f  th e  in d iv id u a l co m p o u n d s  re su lted  in  
a va lue  com p arab le  to th e  ac tua l m e a su re d  activity 

(5 7 0 ± i4 0  pM  EEQ).

In  th e  ER-CALUX assay, little  d iffe rence  w as fo u n d  
in  e stro g en ic  activity be tw een  th e  w hole e ff lu en t 

ex tract a n d  th e  sy n the tic  e ff lu en t (12 a n d  io  p m o l 

EEQ/L, respectively). Extracts o f  th e  STP receiv ing  
su rface  w ate r show ed  elevated  EEQs in  th e  ER- 
CALUX (9 pM ) su g g es tin g  a m in im a l effect o f  

d ilu tio n  by su rface  w aters . W h en  tes ted  in  the  

tran sg en ic  z eb ra fish  assay, b o th  th e  w hole e ff lu en t 

ex tract a n d  th e  receiv ing  w aters ex tract d e m o n ­
s tra ted  approx im ate ly  th e  sam e  estro g en ic  activity 

(189 a n d  237 pM  EEQ, respectively , tab le  5.10), 

also su g g es tin g  th a t d ilu tio n  by river w a te r d id  n o t 

affect th e  levels o f  p o te n t (xeno-)estrogens. In  th e  
tran sg en ic  zeb ra fish , how ever, th e  estro g en ic  

activity in  th e  w hole e ff lu en t ex tract w as ab o u t two 

to th ree  tim es  low er th a n  in  th e  sy n the tic  e ffluen t. 
Levels o f  p o te n t (xeno-)estrogens, s u c h a s  EE2 
(0.3 ng /L ), w ere  fa r low er th a n  in  th e  syn thetic  

e ff lu en t (table 5.10: 3rd LOES period ). E e q  values 

in  th e  STP e ff lu en t extracts exceed th e  th re sh o ld  
values o f  E2 an d  E E2 re q u ire d  to in d u ce  vitel- 

T 5 .1 2  N u m b e r  o f  b r o o d s  a n d  total n u m b e r  o f  e g g s  p e r  lo g en in  in d u c tio n  (R outledge et al., 1998 ), red u ce

adult e x p o s u r e  g r o u p .

Test m ediu m DSW 1 nM E2 Effluent Synthetic

eff luent

Number  o f  broods

Total number  of e g g s  produced

17

4 ,3 6 6

15

3 ,2 1 5

5

1 ,8 5 9

10

2,80 2

C o m po u n d s  Nominal

concentration  in 

synthet ic  eff luent

Synthetic Synthetic Effluent Effluent

eff luent eff luent Oh 7 2  h

Oh 7 2  h

Effluent in 

3 rd LOES 

period

17 a -es tra d io l 0 < 0.3 3.6 NA NA 0.3

17ß-estrad io l 0 < 0.8 < 0.8 NA NA 0.8

Estrone 5 3.1 5 .4 NA NA 0.6

1 7a -eth y n y les tra d io l 2.8 3.3 4 .3 NA NA 0.3

Bisphen ol-A 4 ,0 0 0 3 ,8 0 0 4 ,0 0 0 NA NA 190

NP(4)EO 9.3 8 .1 5 1 .63 0 .9 6 < 0 .32 NA

OPE 0.5 < 0 .24 < 0 .3 3 < 0 .3 5 < 0 .35 NA

NP 2 0 .6 5 < 0 .1 9 0 .3 6 < 0 .19 NA

OP 0 < 0 .0 6 < 0 .0 8 < 0 .0 9 < 0 .08 NA

DEHP 2.7 4 .4 8 1 .80 NA NA NA

DMPP 0 0 .7 9 0.20 NA NA NA

DBP 0 0 .4 8 0 .1 4 NA NA NA

DEP 0 0 .4 8 1 .39 NA NA NA
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Combination  

o f  exposure
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Parantal exposure DSW E2 Effluent Synthetic

effluent

DSW E2 Effluent Synthetic

Effluent

Juvenile  exposure DSW DSW DSW DSW Effluent E2 Effluent Synthetic

eff luent

te s ticu la r  g ro w th  (Jobling et al., 1996 ) as w ell as 
in h ib it egg p ro d u c tio n  (K ram er et al., 1998) an d  

d ev e lo p m en t (K im e a n d  N ash , 1 9 99 ).

Zebraf ish  PLC t e s t  w i th  e f f lu en ts

C hem ica l analysis o f  th e  PLC te s t m ed ia  show ed 

th a t th e  syn the tic  e ff lu en t co n ta in ed  e strogen ic  

co m p o n en ts  in  th e  expected  co n cen tra tio n  ran g es  
(table 5.11). T h ese  co n cen tra tio n s  co rre sp o n d ed  
w ith  re su lts  fro m  ea rlie r m e a s u re m e n ts  in  th e  

E indhoven  e ff lu en t in  1997 (B elfroid et al., 1 9 9 9 a , 

1 9 9 9 b ). H o rm o n e  an d  b ispheno l-A  co n cen tra tio n s  
m e a su re d  in  rea l e ff lu en t in  1 9 9 9  w ere  far low er, 
how ever (table 5.11; 3rd LOES sam p lin g  period).

A n a p p a re n t red u c tio n  in  th e  n u m b e r  o f  b roods 
a n d  a red u ced  to ta l n u m b e r  o f  eggs w as observed  
fo llow ing  exposu re  o f  ad u lt z eb ra fish  to th e  e fflu ­

e n t an d  th e  sy n the tic  e ff lu en t co m p ared  to  DSW  

(table 5.12). T h is  red u c tio n  w as n o t statistically  
s ign ifican t, how ever. F u rth e rm o re , n o  s ig n ifican t 
effects on  ov iposition , fe rtiliza tio n  a n d  h a tch in g  o f  

th e  eggs w ere  fo und .

C learly  v isib le sy m p to m s o f  v ite llogen in  p ro d u c ­
tio n  w ere  detec ted  by h is to log ica l analysis o f  th e  

liver an d  p la sm a  o f  th e  m ales exposed  to 17 ß- 

e strad io l (E2) (data n o t show n). T he  fem ales o f  

th is  g ro u p , on  th e  o th e r h an d , d id  n o t d em o n s tra te  
h isto logically-visib le in c reased  v ite llogen in

S e x u a l d i f f e r e n t ia t io n  o f  ju v e n i le  z e b ra f is h  a f te r  p a r e n t a l  a n d  

ju v e n i le  e x p o s u re  i n  se v e ra l  c o m b in a t io n  g r o u p s .  S ta tis tic a lly  

s ig n i f ic a n t  d i f f e re n c e s  f r o m  th e  c o n tr o l  w e re  t e s te d  (o n  m e a n  

a b s o lu te  n u m b e r s )  u s in g  C h i- s q u a re  a n a ly s is  f o r  in d e p e n d e n c e :  

* p < o .c> 5 , * * p < o .o c > 5 , * * * p < o .o o o i .

p ro d u c tio n . Effects o f  exposu re  to e ff lu en t an d  

syn thetic  e ff lu en t w ere  n o t de tec ted  th ro u g h  

h is to log ica l analysis in  adu lts .

E xposure to 1 nM  E2, th e  STP e ff lu en t an d  th e  

syn thetic  e ff lu en t re su lted  in  s ig n ifican t changes 

in  th e  sex ra tio  o f  th e  exposed  juven iles (figure 

5.13, exposu re  g ro u p s  5 - 8 ) .  In  th e se  g ro u p s , m o re  
th a n  7 0  %  o f  juven iles developed  in to  fem ales 

w ith  ovaries. A lso, h ig h e r  p revalence  o f  u n d if fe r­

e n tia ted  juven iles w as observed  in  th e se  exposu re  

g ro u p s as co m p ared  to th e  g ro u p s w h ere  juveniles 
w ere  only exposed to DSW . Since exposu re  to th e  

positive con tro l, iyß -estrad io l, re su lte d  in  a s im ila r 

effect, it is likely th a t th e  effect observed  can  be 

a ttr ib u ted  to estro g en ic  activity o f  th e  e fflu en t. T he 
fact th a t th e  syn the tic  e fflu en t, c o n ta in in g  k now n  

estro g en ic  c o m p o u n d s , in d u ced  an  effect co m p a ­

rab le  to  th e  u n tre a te d  e ff lu en t is fu r th e r  ev idence 

fo r th is  a s su m p tio n . T he  effects o n  th e  p o p u la tio n  
re m a in  u n k n o w n , how ever, a lth o u g h  a p o p u la tio n  

w ith  very few  m ales w ill p robab ly  b ecom e extinct.

B ecause m o re  th a n  9 0  % o f  th e  observed  effects o f  
th e  e ff lu en t a n d  th e  sy n the tic  e ff lu en t in  th e  tr a n s ­

F 5 .1 3



gen ic  z eb ra fish  assay  cou ld  be exp la ined  by e s tro ­

gen ic  h o rm o n e s , no tab ly  EE2 (table 5.11; 5.10), it 
seem s p lau s ib le  th a t th e  sam e  co m p o u n d s  w ere 
re sp o n sib le  fo r th e  observed  sh ift in  sex ratio  in  

th e  PLC tes t. T h is  also co rresp o n d s  w ith  fin d in g s 

in d ica tin g  th a t n a tu ra l e s tro g en s in  u n tre a te d  

e ff lu en t are  fo u n d  to be th e  m aj o r c o n tr ib u to rs  to 
e s tro g en ic  activity (R odgers-G ray et al., 2 0 0 0 ) . A t 

th e  relatively  low  levels u sed  fo r te s tin g , th e  o th e r 

e s tro g en ic  co m p o u n d s  in  th e  PLC probab ly  h ad  no 

effect. F or n o n y lp h en o ls , th is  is in  a g re e m e n t w ith  

o th e r f in d in g s . G ray a n d  M etcalfe (1997), fo r 
in s tan ce , actually  fo u n d  a ch an g e  in  juven ile  sex 
ra tio  o f  Jap an ese  m ed ak a  (O ryzias latipes) a fte r 
exposu re  to 100 p g /L  no n y lp h en o l. Such  h ig h  
levels w ere  n o t fo u n d  in  th e  E indhoven  e ffluen t, 

how ever.

N on-exposed  juven iles fro m  exposed  p a ren ts  
(figure 5.13, exposu re  g ro u p s  1 -4 )  d id  n o t d e m o n ­
s tra te  any  clearly  ch an g ed  sex ra tio s . T he  in f lu en ce  

o f  p a ren ta l exposu re  on  th e  sex ra tio  o f  u n exposed  

juven iles th e re fo re  seem s neglig ib le .

In te rsex  fea tu res  in  z eb ra f ish  w ere  n o t fo u n d  

d u rin g  th e  c u rre n t study. T he  sexual d iffe ren tia ­

tio n  w as c lear a n d  specific fo r b o th  sexes.

Highlights

•  A pp lica tion  o f  in  vitro ER-CALUX an d  in  vivo 

tra n sg e n ic  zeb ra f ish  re p o r te r  g ene  assays to  te s t 

e stro g en ic ity  o f  several su b s tan ces  revealed  c lea r 
d iffe rences in  e stro g en ic ity  be tw een  d iffe ren t 

co m p o u n d s  a n d  be tw een  in vitro  a n d  in  vivo 

e s tro g en ic  p o tency  o f  c o m p o u n d s .
•  In  b o th  te s ts , s te ro id  h o rm o n e s  w ere  fa r 
m o re  e s tro g en ic  th a n  o th e r su b s tan ces  su ch  as 

no n y lp h en o ls , b ispheno l-A  a n d  DEHP (a ph tha- 

late). T he  po tency  o f  th e  sy n the tic  stero id  
i7 a -e th y n y les trad io l (the active in g re d ie n t in  th e  
con tracep tive  pill) w as a lm o s t 100  tim es  g rea te r 

in  vivo th a n  in  vitro.

•  U sin g  th e  ER-CALUX a n d  tran sg en ic  zeb ra fish  
assays, th e  e stro g en ic  po tenc ies m e a su re d  in  th e  
E indhoven  STP efflu en t, a syn thetic  analog  o f  

th is  e ff lu en t an d  th e  receiv ing  su rface  w ater 

(river D om m el) w ere  all o f  th e  sam e  o rd e r o f  
m a g n itu d e  in  each  assay.
•  B oth in  th e  ER-CALUX an d  in  th e  tran sg en ic

zeb ra fish  assay, th e  e s tro g en ic  p o tency  o f  th e  

syn thetic  e ff lu en t co m p ared  ra th e r  w ell to th e  
p red ic ted  estro g en ic  p o tency  based  on  th e  
ch em ica l co m p o s itio n . T he  po tency  o f  th e  

syn thetic  e ff lu en t w as a lm o s t en tire ly  due  to 

th e  o ccu rren ce  o f  iya-e th y n y lestrad io l.
•  T he  E indhoven  e ff lu en t a n d  its syn thetic  analog  
also provoked  a co n sid erab le  an d  s ig n ifican t effect 

in  a p artia l life cycle (PLC) te s t u s in g  zeb ra fish . 

M ore th a n  7 0  %  o f  exposed  juven iles d iffe ren ti­
a ted  in to  fem ales an d  a h ig h e r  p revalence  o f  
u n d iffe ren tia ted  juven iles w as observed .

•  T he  effect observed  in  th e  zeb ra fish  PLC seem s 

to be largely  d u e  to juven ile  an d  n o t to p a ren ta l 

exposure .

5.5 Summary and conclusions

•  T he  LOES fie ld  stu d y  focused  o n  th e  effects o f  

e stro g en ic  co n ta m in a n ts  on  fera l fish  pop u la tio n s . 
F resh w a te r b ream  (A bram is brama) an d  e s tu a rin e  
f lo u n d e r  (Platichthysflesus) w ere  sam p led  a t a large 

n u m b e r  o f  locations in  th e  sp rin g  a n d  fall o f  1 9 9 9 .

•  A t th e  m a jo rity  o f  th e  14 sites w h ere  flo u n d e r 
w as cap tu red , average co n cen tra tio n s  o f  th e  yolk 
p ro te in  v ite llogen in  (VTG) in  b lood  p la sm a  o f  

m ales w ere  n o t elevated. M ale f lo u n d e r  fro m  the  

open  sea, coastal w aters a n d  m a jo r  e s tu a rie s  th e re ­
fore seem  relatively  free  fro m  es tro g en ic  effects, 
even  w h ere  an th ro p o g en ic  in f lu en ce  is co n sid e red  

large as in  th e  Scheldt, N ew  W aterw ay  (port area 

n e a r  R o tterdam ) an d  E m s e s tu a rie s . A t two 
sam p lin g  sites in  th e  N o rth  Sea C anal (port a reas 
o f  A m ste rd am ), h ig h e r  b u t ra th e r  variab le  p lasm a 

VTG co n cen tra tio n s  w ere  m e a su re d  in  m ale  f lo u n ­

d e r in  fall.
•  T he  re su lts  fro m  flo u n d e r fro m  D u tch  estu a rie s  
revealed  fa r low er co n cen tra tio n s  o f  VTG th a n  

f lo u n d e r  cap tu red  in  various e s tu a rie s  in  th e  

U n ited  K ingdom . In  ad d itio n , n o n e  o f  th e  m ale  
f lo u n d e r  fro m  th e  D u tch  sites show ed  ovotestis, 
w hile  in  th e  UK th e  co n d itio n  w as observed  in  the  

m o s t p o llu ted  e s tu a rie s .

•  In  genera l, VTG co n cen tra tio n  m e a su re d  in  
p la sm a  o f  m ale  b re a m  d u rin g  LOES w as h ig h e r  
th a n  in  m a le  flo u n d er. VTG co n cen tra tio n  in  m ale

5 .5.1 Field study



5 .5.2  Case studiesb re a m  also  te n d e d  to be m o re  elevated  in  sp rin g  

th a n  in  fall a t m an y  sam p lin g  sites. B ream  was 

cap tu red  a t 9 locations. M oderately  in c reased  VTG 
levels in  m ales w ere  fo u n d  w h ere  th e  rivers R h ine  

a n d  M euse  e n te r  th e  N e th e rlan d s  (at L obith  an d  at 

E ijsden  respectively), in  th e  so u th w es te rn  D elta 
area , a t som e locations in  F rieslan d  a n d  in  th e  
N o rth  Sea C anal.

•  T he  h ig h e s t co n cen tra tio n  o f  VTG in  m ale  

b re a m  fo u n d  d u rin g  LOES w as observed  in  th e  

riv er D om m el. T h is w as also th e  only  location  
w h ere  ovotestis (fem ale oocytes in  m ale  te s ticu la r 

tissu e) w as observed  in  a co n sid erab le  n u m b e r  o f  

m a les  (33 -43  %). T he  D o m m el receives th e  e fflu ­
e n t fro m  th e  E indhoven  sew age tre a tm e n t p la n t 
(STP), b u t is also in f lu en ced  by in d u s try  an d  

ag ricu ltu re .

•  Elevated VTG co n cen tra tio n s  in  m a le  b ream  
co inc ided  w ith  h ig h e r  e s tro g en ic  activity  in  deco n ­
ju g a ted  bile c o n ten ts  fro m  th e  sam e  fish , 

m e a su re d  w ith  th e  in  vitro ER-CALUX g ene  

re p o r te r  assay. T h is  assay  is th e re fo re  a p ro m is in g  

ad d itio n a l b io m ark e r fo r in te rn a l exposu re  o f  fish  
to  (xeno-) estro g en ic  su b s tan ces .

•  T he  re su lts  o f  b ream  fro m  th e  D o m m el seem  to 

co m p are  w ell w ith  th o se  observed  in  th e  UK w here  
s ig n ifican t effects in  several o th e r fre sh w ate r fish  
species w ere  p re d o m in a n tly  fo u n d  a t locations 

th a t receive a m a jo r in p u t o f  STP efflu en ts , 

especially  in  sm a lle r  rivers. H ow ever, th e  D o m m el 
w as th e  only  sm all river inves tiga ted  d u rin g  LOES.
•  B ased on  th is  f irs t su rvey  in  th e  N e th e rlan d s , it 

m ay  cau tiously  be co n c luded  th a t th e  is su e  o f  

e s tro g en ic  en d o c rin e  d is ru p tio n  in  f ish  in  D u tch  
w aters does n o t seem  w id esp read  in  m a rin e , 
e s tu a r in e  an d  large in lan d  w aters . T he  s itu a tio n  in  

th e  N e th e rlan d s  th e re fo re  seem s less a la rm in g  

th a n , fo r in s tan ce , th e  w ell-know n exam ples from  

th e  UK. T h is is p robab ly  d u e  to th e  fact th a t D u tch  
w astew ater d ischarges a re  d ilu ted  m o re  rap id ly  

becau se  in lan d  w a te r bodies in  th e  N eth erlan d s 

a re  genera lly  fa r la rger. F u rth e r  surveys in  sm all 

in la n d  w aters are  cu rren tly  u n d erw ay  to d e te rm in e  
w h e th e r  e s tro g en ic  effects do occur in  sm a lle r 

reg io n a l w aters , o r w h e th e r  th e  D om m el re p re ­

sen ts  an  iso la ted  case o f  e levated  e s trogen ic ity  
(som e in itia l re su lts  a re  b riefly  m e n tio n e d  in  
p a ra g ra p h  8.8).

•  In  o rd e r to ob ta in  fu r th e r  ev idence o f  th e  p o ss i­
b le causality  be tw een  estro g en ic  c o m p o u n d s 

m e a su re d  in  e ff lu en t d ischarge  a n d  observed  

b io logical effects, a n u m b e r  o f  ad d itiona l, m o re  

in -d ep th  s tu d ies  w ere  co n d u c ted  a t th e  sew age 
tre a tm e n t p la n t (STP) o f  A m ste rd am  W estp o o rt 

a t th e  N o rth  Sea C anal, an d  m o s t notab ly , a t the  

E indhoven  STP an d  th e  river D om m el.
•  F ish  w ere  exposed  in  situ  to e fflu en ts  u s in g  flow ­
th ro u g h  tan k s . T he  p u re  e ff lu en t o f  th e  E indhoven  

STP w as h igh ly  e s tro g en ic  to m a le  ra in b o w  tro u t 

(VTG in d u c tio n ) . T he  e ff lu en t fro m  th e  W estp o o rt 
STP cau sed  m o d era te  e s tro g en ic  effects in  tro u t. 
D ilu tion  o f  th e  e ff lu en t w ith  c lean e r su rface  w ater 

show ed  th a t th e  e s tro g en ic  effects in  tro u t cou ld  

be a ttr ib u ted  to exposu re  to th e  e fflu en t, i.e., 

effects d ecreased  w ith  in c rea s in g  d ilu tion . 
E strogen ic  effects in  m a le  carp  w ere  observed  a t 

n e ith e r  o f  th e  tw o STP locations.

•  T he  a p p a re n t in sen sitiv ity  o f  m ale  carp  to (xeno-) 
estrogens w as co n firm e d  d u rin g  ex p e rim en ts  in  
w h ich  carp  w ere  exposed  to effluen t-receiv ing  

su rface  w ate rs . No effects w ere  observed.

•  In  a p artia l life cycle (PLC) te s t co n d u c ted  in  th e  
laboratory , it w as fu r th e r  d e m o n s tra te d  th a t 
exposu re  to th e  e ff lu en t o f  th e  E indhoven  STP 

could  sign ifican tly  sh ift th e  sex ratio  o f  juvenile  

z eb ra fish  tow ards fem ales . T h is  effect occu rred  

th ro u g h  exposu re  o f  th e  juven iles an d  n o t o f  th e  
p a re n t fish .

•  A nalyses w ith  th e  in vitro ER-CALUX an d  in vivo 

tran sg en ic  z eb ra fish  re p o r te r  g en e  assays 

co n firm e d  th e  e s tro g en ic  p o tency  o f  th e  
E indhoven  STP e ff lu en t a n d  show ed  th a t th e  e s tro ­

gen ic  p o tency  o f  th e  w ate r in  th e  D o m m el 

d o w n stream  fro m  th e  o u tle t w as in  th e  sam e 
ran g e  as th e  e fflu en t. T h ese  ex p erim en ts  fu r th e r  
ind ica ted  th a t m o s t o f  th e  e s trogen ic ity  m e a su re d  

w ith  th e se  tw o tes ts  in  th e  e ff lu en t m ay  have b een  

due  to th e  o ccu rren ce  o f  th e  syn the tic  ste ro id  170c- 
e thyny lestrad io l. ■
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6Statistical analysis: integration 
of chemical and biological data

6.1 Introduction

In order to provide an integrated in terp re­
tation of the results of the chemical and 
biological analyses of the LOES baseline 
study, m ultivariate analyses were 
perform ed on the individual and com bined 
LOES datasets. The following datasets were 
analyzed individually and in  combination:
•  Time-averaged results of chemical 
analyses (contam inant concentrations) 
per sam pling location in  eight different 
com partm ents (rainwater, surface water, 
suspended m atter, sedim ent, the fresh­
water m ussel Dreissena polymorpha, the 
m arine m ussel Mytilus edulis, freshwater 
bream  Abramis brama and euryhaline 
flounder Platichthys flesus);
•  Averaged biom arker results per sam pling 
location;
•  Biomarker results per individual fish 
per sam pling site in  bream  and flounder.

The m ajor techniques chosen to investigate 
the general correlations w ithin and 
between datasets were analysis o f variance 
(ANOVA, Kruskal-Wallis test), principal 
com ponents analysis (PCA), classical 
supervised cluster analysis, and partial 
least squares regression analysis (p l s ).

This chapter describes the results and 
conclusions o f these statistical analyses. 
They represent an addition to the results 
and interpretations provided in previous 
chapters.

6.2 Material and Methods

6 .2.1 Statistical Techniques
Descriptive statistics

D escrip tive sta tis tics , analysis o f  variance  an d  non- 

p a ram e tr ic  sta tistica l ca lcu la tions w ere  p e rfo rm ed  

u s in g  StatV iew  (StatV iew , 1 9 9 9 ). Som e K ruskal- 
W allis n o n -p a ram e tric  tes ts  (ANOVAs) w ere  

ca lcu la ted  u s in g  a cu s to m  MATLAB (M oler et al., 

1982-1998) ro u tin e , based  on  N eave an d  
W o rth in g to n  (1988). For excellen t d escrip tions 
o f  p a ram e tr ic  a n d  n o n -p a ram e tric  te s ts , in c lu d in g  

ANOVA a n d  K ruskal-W allis te s ts , p lease  re fe r to 

N eave an d  W o rth in g to n  (1988), o r to  Sokal an d  
R o h lf (1985) fo r m o re  g en e ra l in fo rm a tio n .

Principal Com ponents Analysis

P rin c ip a l co m p o n en ts  deco m p o s itio n s (PCA) w ere 
ca lcu la ted  u s in g  th e  MATLAB (M oler et al., 1982- 
98) n u m e ric a l analysis p ro g ra m m in g  en v iro n ­

m e n t. A ctual ca lcu la tion  w as done  w ith  cu s to m  

ro u tin e s  b ased  on  th e  PCA en g in e  in  th e  
PLS_Toolbox (W ise, 1994). For b ack g ro u n d  in fo r­
m a tio n  o n  PCA, p lease  re fe r to Sokal an d  R oh lf 

(1985) fo r a basic  d escrip tio n , o r to M o rriso n  

(1990) fo r a h igh ly  th eo re tica l d isco u rse . Exam ples 
o f  PCA ap p lica tion  in  c h em is try  a n d  en v iro n ­
m e n ta l science  can  be  fo u n d  in  C ash  an d  B reen 

(1992), D el V ails et al. (1997), P o is san t et al.

(I 9 9 7 )> S tone a n d  Brooks (1990), o r W old et al. 
(1987).

In  brief, PCA is a p ro jec tio n  m e th o d  in  w h ich  a 

da ta se t c o n sis tin g  o f  several m o re  o r less co rre ­
la ted  d esc rip to r variab les is ‘p lo tted ’ in  th e  m u lti­
varia te  d e sc r ip to r space. T h is space is th e n  

‘ro ta te d ’ so th a t th e  f irs t d im e n s io n  (the firs t 

p rin c ip a l co m p o n en t) is ch o sen  as p ara lle l to the  
d irec tio n  o f  th e  la rg es t variance  in  th e  data. T he 
nex t d im e n s io n  is ch o sen  as para lle l to th e  direc-
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F 6.1 Hypothetical example of principal component decomposition 

in two dimensions. If the second component was much 

smaller, i.e. if the data was grouped far more tightly around
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th e  lin e  fro m  LL to UR in  th e  le f t g raph , th e  second  

co m p o n e n t cou ld  be reg a rd e d  as n o ise  a n d  d isca rded .

F 6.2 Examples of a data matrix, and its mean-centered and auto s caled versions.

Matrix M ean centered  Matrix A utoscaled  Matrix

30.0 -1.0 -30.0
55.0 0.0 -29.9
70.0 1.0 -29.95
118.3 3.0 -29.98

-38.3250 -1.7500 -0.0425 
-13.3250 -0.7500 0.0575 

1.6750 0.2500 0.0075
49.9750 2.2500 -0.0225

-1.0308 -1.0247 -0.9772 
-0.3584 -0.4392 1.3220
0.0451 0.1464 0.1724
1.3442 1.3175 -0.5173

tio n  o f  th e  nex t la rg es t variance  in  th e  data , su b jec t 

to  th e  c o n s tra in t th a t i t  m u s t  be p e rp e n d ic u la r  to 

th e  f irs t d im en s io n , an d  so fo rth . D escrip to rs in  
da tase ts  a re  u su a lly  co rre la ted , as a re s u lt o f  w h ich  

only  a few  d im e n s io n s  a re  n eed ed  to c ap tu re  m o s t 

o f  th e  variance  in  su c h  a da tase t. T he  re m a in in g  

d im e n s io n s  can  be d iscarded  as n o ise , re su ltin g  in  
a su b s tan tia l red u c tio n  o f  da ta se t com plexity .

S ince PCA can  be described  geom etrica lly  as a 

ro ta tio n  o f  th e  d im e n s io n s  in  th e  m u ltivaria te  
space sp a n n e d  by th e  data , th e  n ew  d im en sio n s  
(p rincipa l co m p o n en ts) can  be described  as 

lin e a r  co m b in a tio n s  o f  th e  o rig ina l variables 

(the load ing), an d  m ay  be in te rp re te d  as ‘la ten t 
va riab le s’. A n  exam ple  o f  th is  ro ta tio n  in  a two- 
d im e n s io n a l space, u s in g  hypo thetica l data, is 

sh o w n  in  fig u re  6 .i.

P rin c ip a l c o m p o n en ts  analysis is usua lly  
p e rfo rm e d  o n  p re -trea ted  data.

Two a ssu m p tio n s  a re  genera lly  m ad e  w h en  a 

d a tase t is red u ced  to p rin c ip a l c o m p o n en ts , 
nam ely :

•  All variab les in  a da tase t a re  equally  im p o rta n t 

in  d esc r ib in g  th e  u n d erly in g  s tru c tu re  o f  th e  
data , an d

•  W e are  in te re s te d  in  p a tte rn s  o f  co rre sp o n d in g  

variability .

To e m p h a s iz e  th ese  a s su m p tio n s , data  is 
‘autoscaled’, i.e. cen te red  on  zero  (by su b trac tin g  

th e  m e a n  o f  each  variab le  fro m  th e  in d iv idua l 

observations o f  th a t variable), an d  scaled  to u n it  
variance  (by d iv id ing  each  observation  o f  a variab le  
by th e  variance  o f  th a t variable). See fig u re  6.2 

fo r an  illu s tra tio n  o f  th is  p rocess . I f  data  is n o t 

au toscaled , th e  f irs t p rin c ip a l c o m p o n e n t is d e te r­

m in e d  com pletely , o r a t leas t to a very large ex ten t, 
by th e  variab le  w ith  th e  la rg es t (average or 

abso lu te) m ag n itu d e . In  a da ta se t w ith , fo r 

exam ple, several variab les c o n ta in in g  m e a su re d  
values fo r m ic ro -c o n tam in an ts  in  su rface  w a te r (in 
pg /L  o r low er) a t several locations, an d  a variable 

fo r th e  sa lin ity  o f  th e  w ate r (con cen tra tio n  o f  C1' 

in  m g/L ), a PCA d eco m p o s itio n  o f  th e  raw  values 
w ou ld  yield a f irs t p rin c ip a l c o m p o n e n t th a t 
basically  only reflects th e  sa lin ity  a t each  location .

0



U n d e r ce rta in  c ircu m stan ces , how ever, w e m ay  

be  in te re s te d  n o t in  p a tte rn s  o f  variab ility  b u t in  

p a tte rn s  in  ab so lu te  m a g n itu d e  o f  variab les, e.g. 
to  d e te rm in e  w h ich  locations a re  m o re  heavily 

c o n tam in a ted , an d  w h ich  co m p o u n d , o r 

co m p o u n d s , a re  re sp o n sib le  fo r th e se  h ig h  levels 
o f  co n tam in a tio n . In  su c h  a case, w e w ou ld  u se  
PCA on  raw  values to f in d  th e  ap p ro p ria te  p a tte rn s . 

F or th a t sam e  reaso n , it  is u su a lly  m o re  in fo rm a ­

tive to n o t lo g -tran sfo rm  th e  data . PCA m odels 
w ere  th e re fo re  ca lcu la ted  on  th e  basis o f  n o n ­
tra n sfo rm e d  data.

Partial Least Squares regression

P artia l leas t sq u ares  reg ress io n s  w ere  ca lcu la ted  
u s in g  cu s to m  ro u tin e s  based  on  th e  PLS en g in e  in  

th e  PLS_Toolbox. PLS reg re ss io n  can  be  loosely 

reg a rd ed  as a re g re ss io n  in  w h ich  n o t th e  o rig inal 
variab les a re  th e  d escrip to rs  (the X -vector, or 
-m atrix) in  th e  reg re ss io n  analysis, b u t one  or 

m o re  la te n t variab les. T h ese  la te n t variab les are 

closely  re la ted  to  p rin c ip a l co m p o n en ts , w ith  the  
d iffe rence  th a t in  PLS analysis, th e  cho ice o f  axes 
is u n d e r  th e  ad d itio n a l c o n s tra in t o f  m ax im al 

covariance be tw een  th e  co rre sp o n d in g  X- an d  

Y-axes. T he  firs t X- an d  Y -latent variab les a re  those  
d im e n s io n s  th a t m ax im ize  th e  co m p o u n d  
c o n s tra in t o f  m a x im u m  variance  in  X (or Y) an d  

m a x im u m  covariance b e tw een  X an d  Y. T he  nex t 

la te n t variab les m ax im ize  th e  re s id u a l variance  in  
X (or Y) fo r each  add itio n a l step , to g e th e r w ith  th e  
covariance be tw een  X a n d  Y.

T he  o p tim u m  n u m b e r  o f  la te n t variab les to be 
in c lu d ed  in  th e  PLS reg re ss io n  m o d e l (com parab le  
to  th e  n u m b e r  o f  s ig n ifican t p rin c ip a l c o m p o n en ts  

in  a p rin c ip a l co m p o n en ts  decom position ) is 

g enera lly  d e te rm in e d  th ro u g h  cross-validation , 

u s in g  a ‘leave-one-ou t’ p ro ced u re . In  su ch  a p ro ce­
d u re , reg re ss io n  m odels are  ca lcu la ted  fo r su b se ts  

o f  th e  data . T h ese  reg re ss io n  m odels  a re  th e n  u sed  

to  p red ic t th e  Y values fo r th e  observations th a t 
w ere  excluded  fro m  th e  m odel. T h is  p rocess is 
ite ra ted  so th a t each  observa tion  is le ft o u t an d  

p red ic ted  exactly once. A n r 2-like sta tistic , u sua lly  

called  Q 2, is th e n  ca lcu la ted  on  th e  basis o f  th e  
su m  o f  th e  sq u ared  d ifferences be tw een  th e  
observed  Y values a n d  th e  p red ic tio n s ca lcu lated

w ith  th e  m odels fro m  w h ich  th e  observations w ere 

excluded . T h is  p ro ced u re  gives a ro b u s t in d ica tio n  
o f  th e  p red ictive p ro p ertie s  o f  a m odel. I f  th is 
p rocess is rep ea ted  fo r in c rea s in g  n u m b e rs  o f  

la ten t variab les, th e re  is genera lly  an  o p tim u m  

n u m b e r  o f  la ten t variab les, a t w h ich  th e  Q 2 value 

is a t a m a x im u m . T h is  n u m b e r  o f  la ten t variab les, 
u n d e r  a few  ad d itio n a l co n s tra in ts , is ch o sen  as 

th e  b es t n u m b e r  o f  la ten t variab les fo r a p a rticu la r 

m odel.

For a m o re  th o ro u g h  th eo re tica l d isco u rse  on  PLS 

analysis, p lease  re fe r to H ö sk u ld sso n  (1988),

S tone a n d  Brooks (1990), W old (1975), o r W old et 
al. (1984), an d  fo r so m e  exam ples o f  app lica tions 
o f  PLS reg re ss io n  to Eide an d  Jo h an sso n  (1994), 

E riksson  et al. (1995), S jö s tröm  a n d  E riksson  
(1995), o r V erh aa r et al. (1994). T he re su lts  o f  
a PLS reg re ss io n  are  u su a lly  exp ressed  as g rap h s 
o f  p red ic ted  vs. observed  d e p e n d e n t values, the  

co rre la tio n  coeffic ien t r 2 fo r th e se  p red ic ted  vs. 

observed  d e p e n d e n t va lues, an d  th e  c ro ss­
validated  or leave-one-ou t r 2 o r Q 2. T he  r 2 
ind ica tes  th e  fit o f  th e  co rre la tio n , w hile  th e  Q 2, as 

said , ind ica tes  th e  p red ic tive  pow er o f  th e  m odel.

T he  re la tio n  be tw een  th e  in d e p e n d e n t, o r p red ic ­
to r variab les a n d  th e  d e p e n d e n t variab les , or 

effects, is u su a lly  p re se n te d  as scores an d  load ing  

plo ts fo r th e  la te n t variab les. H ow ever, in  o rd e r to 

in te rp re t th e  re su lts  in  te rm s  o f  th e  o rig inal 
variab les, th e  PLS so lu tio n  can  be tra n sfo rm e d  in to  

o rd in ary  leas t sq u ares fo rm , w h ich  is exp ressed  as 

a se t o f  p seu d o -reg re ss io n  coeffic ien ts in  th e  o rig i­

n a l variab les. T h ese  coeffic ien ts are  ‘p se u d o ’- 
reg re ss io n  coeffic ien ts since  they  do n o t deno te  

th e  tru e  OLS so lu tio n  b u t th e  PLS so lu tio n . All PLS 

reg ress io n s  a re  ca lcu la ted  as PLSi m o d e ls , w h ere  a 
s ing le  d e p e n d e n t variab le  is m o d e led  by the  
com ple te  se t o f  p red ic to r variab les. S ince (the 

in te rp re ta tio n  of) a reg re ss io n  m o d e l is m o re  

sensitive  to n o n -lin ea ritie s  in  th e  data  th a n  p a tte rn  
reco g n itio n  m o d e ls , th e  PLS reg re ss io n  m odels 
w ere  ca lcu la ted  u s in g  lo g -tran sfo rm ed  data.

Cluster Analysis

Superv ised  c lu s te r analysis w as p e rfo rm ed  u s in g  
th e  P a tte rn  R ecogn ition  Toolbox (Ahlea System s



C orp, 1 9 9 6 ), w ith  so m e  c u s to m  ch an g es in  th e  

p lo ttin g  ro u tin e s . Superv ised  c lu s te rin g  w as based  
on  b o th  M ahalanob is a n d  B ayesian  s ta tis tics . For 
b ack g ro u n d  in fo rm a tio n  on  p a tte rn  reco g n itio n  

te ch n iq u es , p lease  re fe r to W old et al. (1983),

D u n n  an d  W old (1990), M o rriso n  (1990), or 

W an g  an d  M ilne, (1993).

2.2 Missing data
All data  labeled  as below  th e  lim it o f  d e tec tio n  w as 
se t as m iss in g  data. In  th e  M ATLAB ro u tin e s  u sed , 

m iss in g  data  is coded  as ‘N aN ’ (no t-a-num ber, 

com p arab le  to th e  re s u lt ob ta in ed  w h en  lo g -tran s­

fo rm in g  negative  n u m b e rs ) . T he  to k en  N aN  w as 
c h o sen  in s tead  o f  th e  m o re  g en e ra l co n v en tio n  o f  

-9 9 9  s ince  u s in g  N aN s au tom atica lly  excludes any  

co n fu s io n  be tw een  m iss in g  values an d  in c id en ta l 
observa tions th a t h a p p e n  to yield values at, or 
c lose to, th e  value ch o sen  as th e  m iss in g  value 

label. F u rth e rm o re , N aN  w ill yield invalid  re su lts  

(in essen ce , op e ra tio n s w ith  N aN s yield NaN 
resu lts ), th e reb y  clearly  s ig n a lin g  w h e th e r  m iss in g  
values w ere  h a n d le d  ap p ro p ria te ly  o r n o t. W h en  

u s in g  s tan d a rd  n u m e ric a l to k en s (such  as -9 9 9 ) 

to  code fo r m iss in g  values, in ad v e r ten t fa ilu re  to 

acco u n t fo r th ese  m iss in g  values w ill yield n u m e r ­
ically valid re su lts  th a t a re  com plete ly  m e a n in g ­

less.

M issing observations

In  PCA a n d  PLS analyses, m is s in g  observations are 

d efin ed  as observa tions w ith  a N aN  value  fo r each  

o f  th e  variab les in c lu d ed  in  th e  specific data 
m atrix . In  PCA analysis, m is s in g  observations 
w ere  excluded  fro m  a data  m atrix . In  PLS analysis, 

observa tions th a t w ere  m iss in g  in  e ith e r  th e  X 

(descrip tor) m a trix  o r th e  Y (effector) m a trix  w ere 
excluded  fro m  a reg re ss io n  analysis. In  ce rta in  
c ircu m stan ces , observations w ith  m an y  m iss in g  

values w ere  also  excluded  fro m  analyses, since  

su c h  observations te n d  to be d o m in a ted  by th e  
ra n d o m  effects o f  m iss in g  data  su b s titu tio n , an d  
th e re fo re  te n d  to b ecom e severe ou tlie rs.

M issing variables

M issing  variab les a re  defined  as variab les w ith  a 
N aN  value fo r each  (rem ain ing ) observation . Such

m iss in g  variab les w ere  excluded  fro m  analysis. 

F u rth e rm o re , variab les w ith  m o re  th a n  a ce rta in  
a m o u n t o f  m iss in g  observations (usually  2 0  %, 
so m e tim es  m o re , d ep en d in g  on  th e  overall avail­

ab ility  o f  data) w ere  also excluded  fro m  analysis. 

T he  re m a in in g  m iss in g  values, u su a lly  less th a n  
2 0  % in  a com p le te  data  m atrix , an d  p referab ly  
ran d o m ly  d is tr ib u ted  over said  m atrix , w ere  

e s tim a ted  u s in g  th e  m d p ca  ite ra tive  in te rn a l PCA 

p red ic tio n  a lg o rith m  fro m  th e  PLS_Toolbox.

6 .2.3 Data
T he defin itive LOES data  to be analyzed  w as 
ob ta ined  as fo u r M icrosoft Excel sp read sh ee ts  in  
m a trix  fo rm a t fo r easy  co n v ers io n  to MATLAB 

b in a ry  files. T he sp read sh ee ts  con ta ined :

1. T he  poo led  a n d /o r  averaged  data  fo r chem ica l 
analyses, b ioassays, an d  b io m ark e rs  fo r e ig h t 
co m p a rtm e n ts , by location  an d  period ; th is  data 

w as log -transfo rm ed .

2.T he  in d iv id u a l data  fo r th e  tw o fish  species fo r 
th e  b io m ark ers  p la sm a  v ite llo g en in  co n cen tra tio n , 
p e rcen tag e  ovotestis (intersex), b iliary  i-O H  py rene  

co n cen tra tio n , co n d itio n  factor, h ep a to so m atic  

index  an d  go n ad o so m atic  index; th e  c o n tin u o u s  
data  in  th is  data  se t w as lo g -tran sfo rm ed .
3. Two m ask  files in d ica tin g  w h e th e r  th e  data  in  

th e  data  file w as below  th e  lim it o f  de tec tion , 

b e tw een  th e  lim it o f  d e tec tio n  a n d  th e  lim it o f  
q u an tifica tio n , o r above th e  lim it o f  q u an tifica tion .

A nalyses w ere  p e rfo rm e d  u s in g  only data  above 

th e  lim it o f  de tec tion . All da ta  below  th e  lim it o f  
de tec tion  w as trea ted  as m iss in g  data.

6.3 Results and discussion

6 .3.1 Individual biomarker data
Several b io m ark e r a n d  b ioassay  data  fo r b ream  

a n d  f lo u n d e r  w ere  received  n o t only  as data  pooled  

by location  x period , b u t also on  an  ind iv idua l 
fish  basis, sp lit by location , p e rio d  a n d  sex.

T he  fo llow ing  b io m ark e r data  w as analyzed  on 

an  in d iv id u a l f ish  basis:
•  B iliary i-OH py ren e  co n cen tra tio n .
•  C o n d itio n  factor.



•  H ep a to so m atic  index.

•  G on ad o so m atic  index.
•  O ccurrence o f  ovotestis (m ale fish  only).
•  P lasm a v ite llogen in  (m ale fish  only).

D istribution o f biomarker variables

P lasm a V T G  level data  is n o t n o rm ally  d is trib u ted . 
For th e  m o s t pa rt, th e  dev ia tion  o f  th is da ta  fro m  

a n o rm a l d is tr ib u tio n  is cau sed  by ex trem e d iffe r­

ences be tw een  locations; b ream  cau g h t a t ce rta in  

locations in  th e  D om m el c a tc h m e n t a rea  (part o f  
th e  M euse  system ) h ad  p lasm a  V T G  levels th a t 

w ere  o rders o f  m ag n itu d e  h ig h e r  th a n  th o se  in  

b re a m  fro m  o th e r locations. H ow ever, w h en  

ana lyz ing  th e  d is tr ib u tio n  o f  th e  p la sm a  V T G  

data  w ith in  location  x perio d  x fish  su b se ts , i t  is 

c lea r th a t even  th e n , th e  data  is n o t d is tr ib u ted  

no rm ally . T he  re su lts  o f  th is  analysis su g g es t th a t 
w ith in  p o p u la tio n s  o f  m a le  fish , it is p o ss ib le  to 
iden tify  tw o su b p o p u la tio n s , V T G  re sp o n d e rs  an d  

V T G  n o n -re sp o n d e rs . Pooled  p la sm a  V T G  data  w as 

th e re fo re  ca lcu la ted  separa te ly  fo r all m ale  fish , 

a n d  fo r V T G  re sp o n d e r  m ale  fish  (defined  as the  
9 0 th p e rcen tile  o f  m ale  fish). H ow ever, w h en  

poo ling  p lasm a  V T G  data  by location  x period  

x fish , th e  d is tr ib u tio n  o f  th e  re su ltin g  pooled  

variab le  ap p ears  to be s im ila r fo r b o th  variab les. 
T he  poo led  variab les b ased  on  all m ale  f ish  w ere 

th e re fo re  u sed  fo r fu r th e r  analyses o f  th e  p la sm a  

V T G  levels.

T 6.1 S u m m a r y  o f  ra w  a n d  a u to s c a le d  PC  d e c o m p o s it io n

p e r fo r m e d  o n  t h e  p o o le d  c h e m is tr y  d a ta , a n d  a s u m m a r y  

o f  t h e  r e su lts  In te r m s  o f  h ig h ly  c o n ta m in a te d  lo c a t io n s .

A s im ila r n o n -n o rm a l d is tr ib u tio n , b u t w ith  h ig h  

‘re s p o n d e rs ’ m a in ly  in  fem ale  fish , w as observed 
fo r th e  go n ad o so m atic  index. T he  hepa to so m atic  
index  w as qu ite  n o rm ally  d is trib u ted .

T he  co n d itio n  fac to r d id  n o t vary w ith  p e riod  or 
sex fo r b re a m  an d  only  sligh tly  w ith  perio d  fo r 
flo u n d er. A u tu m n  f lo u n d e r h ad  a h ig h e r  co n d itio n  

fac to r th a n  sp rin g  flo u n d er.

T he  h ep a to so m atic  index  ( H S l )  w as basically  th e  
sam e  fo r all f ish  in  fall. In  sp rin g , th e  h ep a to so ­

m atic  index  w as h ig h e r  fo r all fish , except fo r m ale  

flo u n d er. T h is  is also th e  su b se t o f  data  w ith  th e  

m o s t skew ed d is tr ib u tio n , w ith  low er averages 
b u t relatively  m an y  ‘o u tlie rs ’ a t th e  h ig h -en d  side. 

For b ream , d is tr ib u tio n s  w ere  fairly  n o rm a l, w ith  

som e in te rlo ca tio n  varia tio n  in  averages a m o n g s t 
m ales , an d  a lm o s t no  in te rlo ca tio n  varia tion  
a m o n g s t fem ales .

T he  go n ad o so m atic  index  ( G S l )  w as fa r h ig h e r  in  
fem ales th a n  in  m a les , in  b o th  b re a m  a n d  f lo u n ­
der. In  b o th  m ales an d  fem ales , G S l  w as h ig h e r  

in  b ream  th a n  in  flo u n d er. F u rth e rm o re , th e  G S l  

w as h ig h e r  in  sp rin g  th a n  in  fall, except fo r m ale  
flo u n d er. In  f lo u n d e r th e re  w as in te rlo ca tio n  
varia tion  in  th e  go n ad o so m atic  index  in  b o th  

m ales a n d  fem ales in  sp rin g , b u t m u c h  less so in  

fall. T he  in te rlo ca tio n  varia tio n  w as fa r low er in  

b ream , w ith  th e  excep tion  o f  th e  o ccu rren ce  o f  
several ‘very h ig h  re sp o n d e rs ’. T he  h ig h  G S l  in  

th ese  ind iv idua ls ap p ea rs  n o t to be re la ted  to any  

o th e r reco rd ed  variab les.

C om partm ent Type C hem icals C om pounds H ighly C ontam inated  
L ocations

1 2

Surface w ater raw

raw

raw

autoscaled

All

Alkyl phenol (eth oxy la te)s

P ht ha lates  

All

9 9 .8

6 1 .7

7 0 .5

2 7 .6

1 8 .9

1 6 .6

2 0 .6

8 .5

1 1 .6

N onylphenol eth oxy lates  

N onylphenol eth oxy la tes, 

DEHP

DEHP, DBP, DMPP

OEG, NWKa 

REMb

BVW, OEV, DOV

Susp en d ed  m atter raw

raw

raw

raw

autoscaled

All

Alkyl phenol (eth oxy la te)s  

P ht ha lates  

Flame retardants 

All

7 4 .3

9 8 .2

7 4 .3  

9 9 .5  

2 3 .7

2 0 .3

2 0 .3  

14 .2 9 .4

DEHP, (DMP, DPP) 

N onylphenol eth oxy lates  

DEHP, (DMP, DPP)

BDE 2 09

EYS, DOV, UM, SOD  

EYS, TER

EYS, DOV, UM, SOD  

SOD

Sed im en t raw

raw

raw

Raw

autoscaled

All

Alkyl phenol (eth oxy la te)s

P ht ha lates  

Flame retardants 

All

7 0 .8

9 0 .8

8 3 .9

9 9 .7

4 5 .7

2 0 .0

9.2

13 .4

19 .2

8 .0

1 1 .6

DEHP, (DMP, DMPP) 

N onylph en ols and  

nonylphenol eth oxy lates  

DEHP, (DMP, DOP, DMPP) 

BDE 2 09

BVW, UM 

D O V /D O N , SOD

BOR, D O V /D O N  

SOD

a These results m ay represent sampling artifacts (see paragraph 3 .4 .3 .3 ) b After removal o f  th e  artifact observations for NWK and OEG



P lasm a V ite llogen in  (VTG) levels in  m ales show ed 

m ark ed  in te rlo ca tio n  variability , fo r b o th  b ream  

a n d  flo u n d er, an d  fo r an im a ls  c ap tu red  in  b o th  
sp rin g  an d  fall. P lasm a VTG levels d id  n o t co rre la te  

w ith  any  o th e r b io m ark e rs  reco rded . M ore speci­

fically, th e re  seem ed  to be no  co rre la tio n  be tw een  

th e  o ccu rren ce  o f  ovotestis in  m a le  fish  an d  th e ir  
p la sm a  VTG levels, s ince  ovotestis w as fo u n d  in  

ind iv idua ls w ith  b o th  h ig h  an d  low  p lasm a  VTG 

levels, an d  m o s t an im a ls  w ith  h ig h  p lasm a  VTG 

levels did n o t show  any  h is to log ica l signs o f  
ovotestis.

P re lim in a ry  reg re ss io n  analyses (resu lts n o t 
show n) in d ica ted  th a t o f  th e  b io m ark ers  th o u g h t 
to  be re lev an t fo r th e  a s se ssm e n t o f  estro g en ic  

effects in  th e  field , only  p la sm a  VTG levels show ed 

re lev an t co rre la tio n s w ith  c o n ta m in a n t levels, a fter 

co rrec tio n  fo r f ish  species, an d  p eriod . B ased on 
th e se  p re lim in a ry  reg re ss io n  re su lts , an d  th e  o th e r 

f in d in g s  described  above, it  w as decided  to fu r th e r  

co n s id e r only th e  p la sm a  VTG level in  m a le  fish  

a n d  th e  ER-CALUX activity in  f ish  bile. It w as also 
decided , o n  th e  basis o f  fin d in g s  fo r th e  variab le  

d is tr ib u tio n s , th a t all analyses, w ith  th e  exception  

o f  th e  reg re ss io n  analyses, w ou ld  be p e rfo rm ed  on 
n o n -lo g -tran sfo rm ed  data.

Highlights

•  B iom arker variab les (biliary i-O H  pyrene; 
p la sm a  VTG levels in  m a le  fish; h ep a to so m atic  
index; g o n ad o so m atic  index) ap p ea r to be d is tr ib ­

u te d  approx im ate ly  n o rm ally  w ith in  locations by 

p erio d s. T he  d is tr ib u tio n  o f  p la sm a  VTG levels is 

especially  skew ed be tw een  locations, w ith  m an y  
observa tions a t th e  low  en d  o f  th e  scale, a n d  a few  

locations w h ere  VTG levels a re  ex trem ely  h igh .

It is th e re fo re  u se fu l to u se  lo g -tran sfo rm ed  VTG 
co n cen tra tio n s  fo r co rre la tions be tw een  p lasm a 
VTG levels an d  ex te rna l p a ram e te rs .

•  T h ere  is so m e  in d ica tio n  in  p la sm a  VTG level 

d is tr ib u tio n  by loca tion  x p e riod  th a t th e re  a re  VTG 
re sp o n d e rs  an d  VTG n o n -re sp o n d e rs . H ow ever, 
w h en  th e  9 0 th percen tile  VTG level p e r  location

is u se d  in s te a d  o f  th e  m e a n  VTG level p e r  location , 

co rre la tio n s be tw een  ex te rn a l factors an d  p lasm a  
VTG levels do n o t im prove.
•  VTG levels in  m a le  f ish  a re  d iffe ren t by location

i f  co rrec ted  fo r period , w hereas HSI an d  GSl do 

n o t d iffer by location  w h en  co rrec ted  fo r sex an d  

p eriod . T h ere  w as in su ff ic ie n t data  available on  
ovotestis to p e rfo rm  a m e a n in g fu l sta tistica l 

analysis, an d  n o  s ig n ifican t co rre la tio n  w as fo u n d  

b e tw een  p la sm a  VTG levels an d  th e  o ccu rren ce  o f  
ovotestis. It is c lea r how ever th a t th e  location  
w ith  th e  h ig h e s t VTG levels also  h a d  th e  h ig h e s t 

p revalence  o f  ovotestis.

Clustering o f chemical data

Superv ised  c lu s te r  analyses w ere  p e rfo rm ed  on 
th e  poo led  ch em ica l data  fo r fish  by ca tc h m e n t 
area . P re lim in a ry  analyses in d ica ted  th a t th ere  

w ere  no  s ig n ifican t d ifferences b e tw een  ca tch ­

m e n t a rea  fo r th e  o th e r co m p a r tm e n ts . G roups o f  

chem ica ls w ere  trea ted  separately . C lu s te rin g  w as 
in v estiga ted  on  th e  firs t two or th ree  p rin c ip a l 

c o m p o n en ts  fo r each  c o m p a r tm e n t an d  th e  se t 

o f  chem ically -re la ted  co m p o u n d s . T he  n u m b e r  o f  
re lev an t p rin c ip a l co m p o n en ts  w as d e p e n d e n t on 
th e  m a g n itu d e  o f  th e  e igenva lue  o f  th e  co m p o ­

n e n ts , w ith  a ru le  o f  th u m b  th a t e igenva lues 

g rea te r th a n  one  are  re levan t. P rinc ipa l co m p o ­

n e n t deco m p o s itio n s w ere  ca lcu la ted  on  th e  
au to sca led  d esc r ip to r m atrices .

T he  re su lts  show ed  th a t th e re  ap p ears  to be  little 
c lu s te rin g  in fo rm a tio n  (i.e. d ifference) in  
ch em is try  p a tte rn s  fo r f ish  in  d iffe ren t c a tc h m e n t 

areas , except fo r p h th a la te s  a n d  flam e re ta rd an ts . 

In  ana lyz ing  th e  re su lts  o f  b ioassays a n d  b io ­
m ark e rs  by ca tc h m en t, th e re  w ere  re levan t 
c lu s te rs  in  b ream , an d  to  a le s se r ex ten t in  f lo u n ­

der. D ifferences in  b ioassays in  b ream  by e ith e r 

location  o r c a tc h m e n t w ere  d efin ed  by VTG, GSl, 

a n d  b iliary  i-O H  pyrene . In  flo u n d er, th e  p rin c i­
pal co m p o n en ts , an d  th ereb y  sep a ra tio n  in to  

c lasses, w as defined  m a in ly  by VTG a n d  a co m b i­

n a tio n  o f  b iliary  i-O H  py ren e  an d  GSl.

P eriod  (sp ring , su m m e r  a n d  fall) w as n o t 

co n sid e red  a re lev an t d e te rm in a n t p a ram e te r . 

D ifferences in  c o n ta m in a n t levels, an d  b ioassay  
a n d  b io m ark e r re su lts  in  th e  d iffe ren t c o m p a rt­
m e n ts  w ere  investiga ted  in  o rd e r to  d e te rm in e

6 .3.2  Chemical analyses



w h e th e r  sp rin g , su m m e r  a n d  fall values cou ld  

s im p ly  be reg a rd ed  as tr ip lica te  m e a su re m e n ts , 
a n d  th e reb y  give a yearly  average value fo r each  o f  
th e  re su lts . T h ese  analyses in d ica ted  th a t th e re  is 

no  s ig n ifican t tre n d  in  th e  re su lts  fo r th e  separa te  

e n d p o in ts . M easu rem en ts  fo r d iffe ren t periods 
w ere  th e re fo re  poo led  fo r c lu s te rin g  p u rp o se s .

Environmental compartments 

Highly contaminated locations

H igh ly  co n tam in a ted  locations w ere  d efin ed  as 
locations th a t a re  sign ifican tly  m o re  c o n tam in a ted  

w ith  several o r all co n ta m in a n ts  u n d e r  inves tiga­

tio n  th a n  o th e r locations. W h en  co n sid e rin g  field  
data  fo r in d iv id u a l co m p o u n d s , it is poss ib le , even 
q u ite  stra ig h tfo rw ard , to iden tify  h igh ly  c o n ta m i­

n a te d  locations fo r in d iv id u a l co m p o u n d s . 

H ow ever, a m o re  g en e ra l c lassifica tion  o f  h igh ly  
c o n ta m in a te d  locations is u su a lly  req u ired , 
m e a n in g  th a t th e  d e s ig n a tio n  o f  su ch  a location  

sh o u ld  ind ica te  th a t it is ‘h ig h ly ’ co n tam in a ted  for 

several o r m o s t o f  th e  co m p o u n d s  u n d e r  in vestiga­
tio n . To th a t en d , it is im pera tive  to u se  m u lti­
varia te  sta tistica l te ch n iq u es  to convert field  data 

fo r th e  in d iv id u a l c o m p o u n d s  by location  in to  

p a tte rn s  o f  co n ta m in a tio n  by location .

T he  pooled , u n tra n s fo rm e d  field  data  w as th e re ­

fore  su b jec ted  to p rin c ip a l c o m p o n en ts  deco m ­

p o sitio n , o f  b o th  th e  raw  data  a n d  th e  au to  scaled 
data . PC deco m p o s itio n  o f  th e  au to sca led  data  w ill 
m a in ly  focus on  p a tte rn s  o f  variab ility  o f  

c o m p o u n d  c o n cen tra tio n s , w hereas PC deco m p o ­

sitions o f  th e  raw  data  w ill focus o n  th o se  co n ­
ta m in a n ts  th a t have h ig h  ab so lu te  co n cen tra tio n s . 
A PC deco m p o s itio n  on  th e  raw  data  w ill th e re fo re  

a lso  in d ica te  w h e th e r  th e  b u lk  o f  th e  co n ta m i­

n a tio n  (in th e  sen se  o f  ab so lu te  o ccu rrence , n o t 

n ecessa rily  th a t o f  risk) is acco u n ted  fo r by a sing le  
c o m p o u n d  o r several co m p o u n d s th a t vary 

to g e th e r, o r by several c o m p o u n d s  th a t are 

u n re la te d  in  th e ir  p a tte rn  o f  o ccu rren ce  a n d  th e re ­

fore vary separately . In  th e  fo rm er, w e expect a 
f irs t p rin c ip a l c o m p o n e n t th a t is fa r  la rg er th a n  

th e  o th e r PCs, an d  one  th a t has h ig h  load ing  fo r 

one  co m p o u n d  only, o r approx im ate ly  equally  
h ig h  load ing  fo r tw o o r m o re  co m p o u n d s . In  th e  
second  case, w e expect m o re  th a n  one  large (i.e.

sign ifican t) p rin c ip a l co m p o n en t, w ith  d iffe ren t 

co m p o u n d s  load ing  p re d o m in a n tly  on  d iffe ren t 

co m p o n en ts . S ince th is  m e th o d  o f  ca lcu la ting  PC 
deco m p o s itio n s on  th e  raw  data  ten d s  to d raw  th e  

focus aw ay fro m  co m p o u n d s  w ith  low  abso lu te  

c o n cen tra tio n s , su ch  a n  analysis sh o u ld  be 

rep ea ted  fo r g ro u p s  o f  co m p o u n d s  th a t are 
th o u g h t to be o f  som e im p o rtan ce  in  de fin in g  

h igh ly  co n tam in a ted  locations. In  th is  case, it w as 

decided  th a t p rin c ip a l co m p o n en ts  d eco m p o s i­
tions o n  th e  raw  field  data  sh o u ld  be ca lcu la ted  fo r 
th e  com ple te  se t o f  co m p o u n d s , a n d  fo r th e  

su b se ts  ‘a lky lpheno ls (ethoxylates), ‘p h th a la te s ’, 

a n d  ‘flam e re ta rd a n ts ’.

As said , p rin c ip a l c o m p o n en ts  deco m p o s itio n  o f  

th e  au to sca led  data  focuses o n  variab ility  p a tte rn s , 

g ro u p in g  co m p o u n d s  n o t on  th e  basis o f  th e ir  

ab so lu te  m ag n itu d e  b u t on  w h e th e r  h ig h  levels 
occu r to g e th e r (even i f  th e  ab so lu te  h ig h  levels are  

o rders o f  m ag n itu d e  apart). T h ere  is th e re fo re  no  

n eed  to calcu late  sep a ra te  deco m p o s itio n s fo r 
su b se ts  o f  c o m p o u n d s .

R esu lts o f  th e  h igh ly  c o n ta m in a te d  location  analy ­

ses are  sh o w n  in  T able 6.1. H o rm o n e s  w ere  n o t 
in c lu d ed  separa te ly  because  th e se  occu rred  a t too 
few  locations fo r p ro p e r  analysis.

Surface water

T he co n cen tra tio n s  rep o rted  fo r a lky lpheno l 
(ethoxylate)s fo r tw o N o rth  Sea locations (NWK 

a n d  OEG) w ere  o rders o f  m ag n itu d e  h ig h e r  th a n  

co n cen tra tio n s  a t any  o th e r locations. It has now  

b een  e s tab lish ed  th a t th ese  values m ay  re p re se n t 
m e thodo log ica l artifac ts (see also p a ra g ra p h  3.4.3). 

T he  decis ion  w as th e re fo re  to analyze fo r co n tam i­

n a tio n  levels in  su rface  w ate r exclud ing  observa­

tions fo r th ese  tw o locations. W h en  observations 
fo r NWK a n d  OEG w ere  d iscarded , th e  c o n ta m in a ­

tio n  o f  su rface  w a te r w ith  xeno-estrogen ic  

co m p o u n d s  w as d o m in a ted  by th e  levels o f  

n o n y lp h en o l e thoxylates an d  n o n y lp h en o ls , a n d  to 
a le s se r ex ten t by th e  p h th a la te  DEHP. T h ese  

co m p o u n d s  h ad  th e  h ig h e s t load ing  on  PC 1 

(62 %). PC 2 (19 %) w as governed  m a in ly  by 
DEHP. See fig u re  6.3 fo r th e  average PC 1 values 
fo r th e  to ta l su rface  w a te r co n ta m in a tio n  by
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lo ca tion  by p eriod . It w as n o t poss ib le  to s ing le  ou t 
p a rticu la r locations as fa r m o re  se riously  c o n ta m i­

n a te d  th a n  o th e r locations. R E M  h ad  th e  h ig h es t 

score on  PC i , b u t n o t by far.

P las tic izer (phthalate) co n tam in a tio n s  w ere 

d o m in a ted  by D E H P , w ith  m in o r  c o n tr ib u tio n s  

fro m  D B P  an d  D M P P , w ith  th e  h ig h e s t co n c e n tra ­
tio n s  rep o rted  fo r locations BVW, O E G  a n d  DOV.

Suspended matter

P h th a la te s  w ere  th e  m o s t c o m m o n  xeno -estrogens 
in  su sp en d ed  m a tte r . T he  m o s t co m m o n  p h th a la te  
in  su sp en d ed  m a tte r  w as D E H P , w ith  m in o r  

co n tr ib u tio n s  fro m  D M P  an d  D P P . T he m o s t 

c o n ta m in a te d  locations w ere  EYS, DOV, IJM , a n d  
SO D . A lky lpheno l (ethoxylate)s in  su sp en d ed  
m a tte r  w ere  fo u n d  m a in ly  a t EYS a n d  T E R  a n d  

w ere  d o m in a ted  by n o n y lp h en o l e thoxylates. 

P h th a la te s , i f  analyzed  indiv idually , w ere  fo u n d  
m a in ly  in  su sp e n d e d  m a tte r  fro m  locations EYS, 

D OV, an d  I JM , w hereas co n ta m in a tio n  o f  

su sp e n d e d  m a tte r  a t SO D  w as ch arac te rized  by th e  

o ccu rren ce  o f  flam e re ta rd an ts , w ith  BDE 2 0 9  as 
m a jo r  co m p o n en t. See figu res 6 .4  a n d  6.5 for 
g rap h ica l rep re se n ta tio n s  o f  average PC 1 values 

fo r su sp e n d e d  m a tte r  co n tam in a tio n s  fo r alkylphe- 

n o l (ethoxylate)s a n d  p h th a la te s , respectively , by 

loca tion  by period .

Sediment

P h th a la te s  w ere  th e  m o s t c o m m o n  c o n ta m in a n t 
xeno -es trogens fo u n d  in  sed im en t, w ith  D E H P  

fo u n d  m o s t o ften  a n d  w ith  m in o r  co n tr ib u tio n s  

fro m  D M P  an d  D M P P . T he locations w ith  the  

h ig h e s t co n tam in a ted  se d im e n t overall w ere  BVW 

a n d  IJM , w hereas locations B O R  an d  D O V /D O N  

co n ta in ed  m o s t p h th a la te s  in  sed im en t. Alkyl-

F 6.3 Average values for raw principal component i for all contaminants 

in surface water by location by period.
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F 6.4 Average values for raw principal component i for alkylphenol (ethoxylate)s 

in suspended matter by location by period.
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F 6.5 Average values for raw principal component i for phthalates in 

suspended matter by location by period.
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p h e n o l (ethoxylate)s w ere  fo u n d  m a in ly  in  th e  

sed im en ts  a t DOV/DON, a n d  SOD. In te resting ly , 
a lky lpheno l (ethoxylate) c o n ta m in a tio n  in  sed i­
m e n t  w as d o m in a ted  by th e  d eg rad a tio n  p ro d u c t 

n o n y lp h en o ls  (som e 70  %  o f  variance) as w ell as 

p a re n t n o n y lp h en o l e thoxylates (som e 30 %  o f  
variance). See figu res  6 .6  a n d  6.7 fo r g raph ica l 
rep re se n ta tio n s  o f  average PC 1 values fo r su s p e n d ­

ed  m a tte r  a n d  se d im e n t co n tam in a tio n , re sp ec ­

tively, fo r flam e re ta rd an ts  by location  by period .

O v e r a ll  c o n t a m in a t io n

L ocations EYS, SOD, DOM (DOV/DON) an d  IJM 

show ed  h ig h  co n tam in a tio n s  in  m o re  th a n  one 
c o m p a r tm e n t a n d /o r  fo r m o re  th a n  one  g ro u p  o f  
co m p o u n d s . O nly  su rface  w ate r w as h igh ly  

c o n tam in a ted  a t KO5, LUI, a n d  SL2 (see figu re  

6.3). A t SOD, c o n ta m in a tio n  w as ch a rac te rized  by 
relatively  h y d rophob ic  co m p o u n d s , w ith  flam e 
re ta rd a n ts  fea tu rin g  s trong ly  (see figu res 6 .6  an d  

6.7).

P a t te r n s

T he re su lts  o f  th e  p rin c ip a l co m p o n en ts  deco m p o ­

sitions on  th e  au to sca led  c o n ta m in a n t co n cen tra ­

tio n  data  in  th e  th re e  c o m p a rtm e n ts  w ere  u se d  to 

inves tiga te  p o ss ib le  p a tte rn s  in  th e  o ccu rren ce  o f  
c lu s te rs  o f  co n ta m in a n ts  in  th e se  co m p a rtm e n ts .

T he  re su lts  o f  th e se  p a tte rn  analyses fo r co n tam i­
n a n ts  in  su rface  w a te r a re  show n  in  fig u re  6 .8 .
T he  firs t th in g  th a t becom es a p p a re n t fro m  the  

load ing  p lo t is th a t PC 1 (28 %  o f  variability) is 

d e te rm in e d  by th e  alky lpheno l (ethoxylate) s an d  
th e ir  d eg rad a tio n  p ro d u c ts  o n  th e  positive side, 
w h ile  m o s t p h th a la te s  c lu s te r  on  th e  negative side. 

T h is  im p lie s  th a t th e re  is n o  s tro n g  co rre la tio n  

b e tw een  th e  o ccu rren ce  o f  a lky lpheno l (ethoxylate) 

co m p o u n d s  a n d  p h th a la te  co m p o u n d s  in  su rface  
w ater. T he  one sa lien t fe a tu re  in  PC 2 (21 %) is th e  

fact th a t th e re  is s tro n g  sep a ra tio n  be tw een  th e  

o ccu rren ce  o f  p h th a la te  DEP a n d  o th e r co n tam i­
n a n ts .

T he  score p lo t in d ica tes  th a t location  REM is m o re  

co n ta m in a te d  w ith  alky lpheno l (ethoxylate) s th a n  
o th e r locations, a n d  th a t locations EYS, HAR, an d  
especially  BVW show  h ig h  levels o f  p h th a la te s .

P a tte rn  analysis in  th e  su sp e n d e d  m a tte r  co m p art­

m e n t show s th a t th e  o ccu rren ce  o f  n o n y lp h en o l 

ethoxylates a n d  th e ir  d eg rad a tio n  p roduc ts  
n o n y lp h en o ls  in  su sp en d ed  m a tte r  is co rre la ted . 

O cty lpheno l e thoxylates a n d  octy lpheno ls do n o t 

load appreciab ly  an d  can  th e re fo re  be said  to be 

non-variab le  in  su sp en d ed  m a tte r . T h ere  are  
d is tin c t c lu s te rs  o f  p h th a la te s  th a t can  be 

d isce rn ed  in  th e  load ing  p lo t o f  fig u re  6 .9 , all 

c lu s te re d  a ro u n d  a p h th a la te  th a t is im p o rta n t in  

th e  ab so lu te  sense . T h ere  a re  c lu s te rs  a ro u n d  
p h th a la te s  DEHP, DMP a n d  DMPP. T h e re  is also 

som e d is tin c tio n  in  p a tte rn s  fo r flam e re ta rd an ts . 

BB 2 0 9  ap p ears  as one  ‘cluster’, BB 15, BB 4 9 , BB 
52, BB 101 a n d  BDE 153 as an o th e r , an d  th e  o th e r 
flam e re ta rd an ts  as a so m ew h a t d iffuse  th ird  

c lu s te r. P a tte rn s  in  th e  o ccu rren ce  o f  co m p o u n d s  

in  PCs i vs. 3 (figure 6.10) a re  n o t all th a t d iffe ren t 
fro m  th e  p a tte rn s  observed  in  PCs 1 vs. 2 (figure 
6 .9 ).

T he  m a in  fea tu re  in  th e  score p lo t fo r PCs 1 vs. 2 is 

th a t several Scheld t locations are  d o m in a ted  by th e  
o ccu rren ce  o f  flam e re ta rd an ts  fro m  th e  th ird  
(diffuse) c lu s te r, w ith  h ig h  co n cen tra tio n s  o f  BDE 

2 0 9  occu rrin g  m a in ly  a t SOD in  sp rin g  an d  

su m m e r. F igure  6.10 ind ica tes  th a t su sp en d ed  
m a tte r  a t location  AMS is d iffe ren t fro m  o th e r 
locations, m a in ly  governed  by PC3. Several flam e 

re ta rd an ts  a n d  th e  p h th a la te  D BP se e m  re s p o n ­

sib le fo r th is  dev ia tion . In  b o th  p lo ts (figures 6 .9  
a n d  6 .10), TER is assoc ia ted  w ith  flam e re ta rd an ts  
in  su sp e n d e d  m a tte r .

B ased en tire ly  on  PCi, p a tte rn  analysis o f  the  
se d im e n t data  ind ica tes  th a t loca tion  O Pi, an  oil 
rig  in  th e  N o rth  Sea, w as very d iffe ren t fro m  all 

o th e r locations. T he  m a in  ch arac te ris tics  o f  th is 

site  as co m p ared  to o thers  w as a n  absen ce  o f  flam e 
re ta rd an ts  BDE 138 a n d  BB 2 0 9 , a n d  th e  occu r­
ren ce  o f  a w hole c lu s te r  o f  o th e r flam e re ta rd an ts  

(BB 15, BB 4 9 , BB 52, BB IOI, BB 169, BDE 85,

BDE 9 9  an d  BDE 153) (see figu res  6.11 an d  6.12).

S ed im en t fro m  BVW a n d  IJM w ere  d iffe ren t fro m  

o th e r sed im en ts  in  th e ir  p h th a la te  c o n te n t (occur­

ren ce  o f  DEHP, DCHP an d  BBP, a n d  ab sen ce  o f  
DMP, DPP, DEP an d  DOP; PC2, see fig u re  6.11). 
Several sed im en ts  in  th e  M euse  c a tc h m e n t area
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F 6.7 Average values for raw principal com ponent i  for flame retardants in 

sedim ent by location by period.
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( D O N ,  D O V , H A R )  a n d  a t S O D  in  th e  S cheld t w ere  

ch a rac te rized  by th e  o ccu rren ce  o f  a co m b in a tio n  
o f  n o n y lp h en o ls  an d  its e thoxylates, D E H P ,  B D E  

47 a n d  B D E  2 0 9  ( P C 3 , see fig u re  6.12).

C o m p o u n d s

A nalysis ind ica tes  th a t, overall, n o n y lp h en o l 
ethoxylates a n d  th e  p h th a la te  D E H P  w ere  th e  m o s t 

a b u n d a n t c o m p o u n d s .

H ig h  co n cen tra tio n s  o f  a lky lpheno l (ethoxylate)s 
w ere  d o m in a ted  by n o n y lp h en o l e thoxylates in  
b o th  su rface  w a te r an d  su sp e n d e d  m a tte r , b u t by 

n o n y lp h en o ls  in  sed im en t. T h is ap p aren tly  

reflec ts th e  tim e  fram e  o f  co n tam in a tio n , w here

T 6 .2  Clean locations according to  th e  occurrence (or absence) 

o f  contam inants, averaged  over periods.

A veraged Location A veraged Location A veraged Location

d istan ce d istan ce d istance

to  origin to  origin to origin

0 .4 8 OP1 1 .5 0 MAA 0 .5 2 LOB

0 .6 5 OP2 1 .8 5 SPL 0 .6 0 VRO

0 .6 9 K 0 5 1 .92 KOU 0 .8 5 BOR

0 .94 K 04 1 .9 6 HAM 0 .8 7 DOV

1.02 KRL 2 .1 3 BVW 0 .9 0 NWK

1.02 HAM 2 .34 EYS 0 .9 2 OEG

1.07 KOI 2 .37 VLI 0 .9 5 DAN

1.19 OEV 2 .4 3 VRO 0 .9 8 HAR

1.23 BER 2 .4 5 AMS 1 .0 3 TER

1.25 VLI 2 .5 6 UM 1 .0 3 BER

1.33 SOD 2 .5 8 HAR 1.04 MAA

1.38 LUI 2 .6 3 DAN 1.10 VLI

1 .46 LOB 2 .6 9 DOV 1.17 SPL

1 .49 K 0 6 2 .7 0 BER 1.27 AMS

1 .49 SPL 2 .94 SOD 1.42 HAM

1.53 AMS 2 .9 6 LOB 1 .5 0 OEV

1.55 VRO 3 .14 OEV 1.51 KOU

1.58 DAN 4 .7 4 TER 1 .5 5 OP2

1.62 K 0 3 1 .82 DON

1.63 KOU 2 .0 9 SOD

1.71 MAA 2 .3 8 BVW

1.78 TER 3.62 UM

1.85 TBW 1 6 .5 0 OP1

1.94 BEL

1 .95 DOM

2.11 K 02

2.24 NAM

2.42 EYS

2 .46 APK

2.54 KEI

2 .56 UM

2.58 WPR

2.85 WPH

2.96 HAR

3.11 DOV

3.72 REM

5 .6 6 BVW

n o n y lp h en o l e thoxylates co n tam in a tio n s  in  

se d im e n t have aged  long  e n o u g h  fo r d eg rad a tio n  
(into non y lp h en o ls) to p lay a s ig n ifican t ro le  in  th e  
fate  o f  to ta l co n tam in a tio n .

P h th a la te  co n tam in a tio n s  are  d o m in a ted  by D E H P  

in  all c o m p a r tm e n ts . In  su rface  w ater, th e  o th e r 
p h th a la te s  w ith  s ig n ifican t co n cen tra tio n s  are 

D M P P  an d  D B P ,  w hereas in  se d im e n t th e  re levan t 

add itio n a l p h th a la te s  a re  D M P P  a n d  D M P . In  
su sp en d ed  m a tte r , th e  ad d itio n a l p h th a la te s  are 
D M P  a n d  D P P .

Flam e re ta rd an ts  m a in ly  occu r a t S O D , T E R  an d  
V L I in  th e  Scheld t c a tc h m e n t area. A pparen tly  
th e re  is a m a jo r sou rce  o f  flam e re ta rd a n t 

c o n ta m in a tio n  u p s tre a m  o f  S O D  an d  also  a local 

sou rce  a t T E  R . T he m a jo r flam e re ta rd a n t p re se n t 
in  su sp e n d e d  m a tte r  as w ell as in  se d im e n t is 
B D E  2 0 9 .

'C le a n '  lo c a t io n s

A n o th e r in te re s tin g  q u es tio n  is w h e th e r, b ased  on  
th e  analy tical re su lts , it is poss ib le  to iden tify  loca-

T 6 .3  L o c a t io n s  t h a t  w e r e  in c lu d e d  in t h e  a n a ly s is  o f

c o n t a m in a t io n  le v e ls  o f  b o r d e r  lo c a t io n s  v s . d o w n s tr e a m  

lo c a t io n s .  B= b o rd er location; 1= in te rm e d ia te  location;

E= es tu a ry  location .

C atchm ent Location Surface

w ater

S usp en d ed

m atter
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K 0 5

K 0 6

B

B

B

B

B

B

B

LOB B B

AMS I I

MAA I I

UM E I

M eu se REM

NAM

LUI

B

B

B

EYS

WPR

WPH

BEL

B

I

I

I

B

DOM

KEI

I

I

I

HAR E I

Scheldt SOD B B

TER B B

VLI I I

HAM E I



Principal Com
ha

m

p o n en t 2 
n

A t . B ° p 1

jL

▲

1 bvw

• ijm
A

■  Ems

0  Lake IJssel 

A , M euse

■  North Sea 

9  Rhine

▲  Scheldt

-2  0  2 4  6  8  1 0  12 14  1 6  18
Principal C o m p on en t 1

0 ■
- 0.1

-0 .3

-0 .4

C om p on en t 2
BB52B " DMPP

B D E 153«
B 49 b  ■ BB101

D B I^

B B209 O PE "

BB15 
O P ^ "

DBD

DEP Sp

: h p " Bl 1 6 9 " BDE138B

BDE47B " BB153
DPI*

BDE20 >■ B DE 9 9 "  

3 ° F ^  _  - ß pA
DLHP ■  IV K t

N P " B

-0 .3  -0 .2  -0 .1  0  0.1 0 .2  0 .3

Principal C om p on en t 1

F 6.11 Scores (locations) and loading (contaminants) for the first two 

principal components of the pattern analysis for sediment.

Principal
1 f r

1  C o m p on en t 3 Principal
0 .4

0 .3o p 1

0 .2

a ^ har 0.1

▲  M aas 0

dov
B  N oord zee - 0.1

•  Rijn - 0 .2

don
-0 .3

-0 .4
-2  0  2 4  6  8  1 0  12  1 4  1 6  18

Principal C o m p on en t 1

C o m p on en t 2 D
D P P .

BDE138 BDE209
E

BPA NP

B B 209"

DEHPB

/IPb  DEP 

IO P"

BDE47
B153É

DMPP 
BDE153  

BDE99b  ■ ■  BB52•^-BDE85
OPE,

u  m
BB 169 DBP

B B 491  
BB101

Principal C om p on en t 1

F 6.12 Scores (locations) and loading (contaminants) for the first and third 

principal components of the pattern analysis for sediment.

2 .2 5
■ borderA veraqe  PC 1 score  

2.00 ■ interm ediate

estuary

M eu se  Rhine Scheld t

■ border

■ interm ediate
■ estuary

A verage PC 1 score

M euse Rhine Scheld t

F 6.13 Contamination gradients in surface water from border locations to

estuary locations for the three different catchments for (a) alkylphenol 

(ethoxylate)s, and (b) phthalates.



tio n s  in  th e  N e th e rlan d s  th a t a re  c lean e r (i.e. less 

c o n ta m in a te d  w ith  (xeno-)estrogens) th a n  o th ers . 
I f  so, su ch  locations cou ld  be d es ig n a ted  as 
re fe ren ce  sites fo r fu tu re  in v estiga tions. S ince in  

th e  d e fin itio n  o f ‘clean  lo ca tio n s’ no  p re fe ren ce  

w as exp ressed  fo r em p h as is  o n  absen ce  o f  ce rta in  
c lasses o f  chem ica ls , it w as decided  to sta tistically  
d efin e  ‘clean  lo ca tio n s’ as locations w ith  th e  low est 

level o f  co n ta m in a tio n  fo r all co m p o u n d s . T h is  is 

eq u iv a len t to ‘locations w ith  th e  low est score fo r 

a ll p rin c ip a l c o m p o n e n ts ’ in  th e  p rin c ip a l co m p o ­
n e n ts  d eco m p o s itio n  o f  th e  au to sca led  co n ta m i­

n a n t  co n cen tra tio n  data  m atrix .

To e lim in a te  n o ise  fro m  th e  analysis , th e  c lean ­
lin ess  o f  th e  locations, acco rd ing  to th e  d e fin itio n  

g iven  above, w as ca lcu la ted  u s in g  only th e  s ig n ifi­

c a n t co m p o n en ts  fro m  th e  au to sca led  p rin c ip a l 

c o m p o n e n t deco m p o s itio n s, as p re se n te d  in  th e  
sec tion  on  ‘p a tte rn s ’. Lowest overall scores w ere  

d efin ed  as ‘th e  sm a lle s t E uclidean  d is tance  to th e  

o rig in  o f  th e  PC sp ace’. D istances to th e  o rig in  o f  
th e  (sign ifican t) PC space w ere  ca lcu la ted  fo r 
su rface  w ater, su sp en d ed  m a tte r , an d  se d im e n t 

respectively . Locations w ere  th e n  ran k ed  accord ­

in g  to th is d is tance . M ultip le  scores fo r d iffe ren t 

p eriods w ere  averaged . T he  re su lts  o f  th ese  
ran k in g s  can  be fo u n d  in  table  6 .2 .

Border locations

In  o rd e r to inves tiga te  th e  hy p o th es is  th a t a t least 
so m e  (xeno-) estro g en ic  co n tam in a tio n s  have a 

tran s-b o u n d a ry  o rig in , th e  sam e  p rin c ip a l c o m p o ­

n e n ts  over raw  co n cen tra tio n  data  th a t w ere  u sed  

in  d e fin in g  h igh ly  co n tam in a ted  locations w ere 
analyzed  fo r d ifferences be tw een  b o rd e r locations, 

in te rm e d ia te  locations, an d  e s tu a ry  locations. To 

th a t en d , th e  locations on  th e  th ree  m a in  ca tch ­

m e n t  a reas (R hine, M euse , an d  Scheldt) w ere

4 S u m m a r y  o f  ra w  a n d  a u t o s c a le d  PC  d e c o m p o s it io n  

p e r fo r m e d  o n  t h e  p o o le d  c h e m is tr y  d a ta  fo r  f iv e  s e le c t e d  

u n tr e a te d  w a s t e w a t e r  a n d  e f f lu e n t  s it e s  o f  S T P s r e le v a n t  

to  t h e  s u r fa c e  w a t e r s  s a m p le d  in t h e  LOES p ro je c t .

classified  as e ith e r  b o rd e r (B), in te rm e d ia te  (I), or 

e s tu a ry  (E) locations, as show n  in  tab le  6.3. T he 
values fo r th e  f irs t p rin c ip a l co m p o n en ts  fro m  the  
raw  data  PC deco m p o s itio n s fo r th e  d iffe ren t 

co m p o u n d  se lec tions w ere  analyzed  by ANOVA, 

w ith  th e  B /I/E  c lassifica tion  an d  c a tc h m e n t area 
as g ro u p in g  variab les.
For su sp e n d e d  m a tte r  analyses, n o  d is tin c tio n  w as 

m ad e  be tw een  in te rm e d ia te  a n d  e s tu a ry  locations, 

due  to th e  relatively  lim ited  a m o u n t o f  in fo rm a ­
tio n  available.

Surface water

For su rface  w ater, th e  ANOVA re su lts  fo r overall 
co n ta m in a tio n  (i.e. m a in ly  a lky lpheno l (ethoxy- 
late)s, fig u re  6.13a) an d  fo r p h th a la te s  (figure 

6.13b) in  su rface  w a te r show  th a t th e re  is n o  s ta tis ­

tically s ig n ifican t d is tin c tio n  b e tw een  b o rd e r 

locations an d  o th e r locations, in d e p e n d e n t o f  th e  
exact su b d iv is io n  o f  ‘o th e r lo ca tio n s’ (analytical 

re su lts  n o t show n). Even so, as can  be seen  from  

th e  g rap h s , th e re  seem s to be  a n  up w ard  tre n d  in  

a lky lpheno l (ethoxylate) a n d  p h th a la te  co n c e n tra ­
tions fro m  b o rd e r to d o w n stream  locations, except 

fo r a lky lpheno l (ethoxylate)s in  th e  Scheld t ca tch ­

m e n t area  w h ere  a dow nw ard  tre n d  w as observed.

T he  p rim a ry  rea so n  th a t th e  observed  d ifferences, 

o r tre n d s , ap p ea r to  be sta tistically  n o t s ig n ifican t 

is th e  fact th a t th e  rep lica te  observations fo r the  

locations show  a large a m o u n t o f  varia tion . T h is 
fact re m a in s  even  a fte r co rrec tin g  fo r period . A n 

ANOVA analysis w ith  c a tc h m en t, b/ i / e , a n d  p erio d  

as g ro u p in g  variab les also  in d ica te s  no  s ig n ifican t 
d ifferences be tw een  u p s tre a m  an d  d o w n stream  
locations (analysis re su lts  n o t show n).

Suspended m atter

In  su sp e n d e d  m a tte r , a lky lpheno l (ethoxylate)s are  
fo u n d  in  h ig h e r  co n cen tra tio n s  a t b o rd e r locations 

in  th e  M euse  a n d  th e  Scheld t c a tc h m e n t areas 

(figure 6.14). It sh o u ld  be n o ted  th a t th e  co n c lu ­
sions fo r a lky lpheno l (ethoxylate) s in  su sp en d ed  
m a tte r  in  th e  S cheld t c a tc h m e n t a rea  a re  h igh ly  

sensitive  to th e  w o rk in g  d e fin itio n  o f  b o rd e r

C om partm ent Type C hem icals C om pounds Highly

or param eters C ontam inated

L ocations

1 2

Effluent (AE) raw All 9 9 .8 BOD, COD EHV

au toscaled All 4 2 .6 3 0 .6 1 7 .9

U ntreated  w a stew a ter  (AI) raw All 8 3 .2 16 .2 BOD, COD AML, ANP

au toscaled All 39.1 19 .2 1 5 .0



locations, s ince  th e  alky lpheno l (ethoxylate) 

co n cen tra tio n s  a re  d o m in a ted  by h ig h  levels fo u n d  

a t th e  T e rn e u z e n  location . T e rn e u z e n  is th e  site 
w ere  th e  cana l G h en t-T e rn eu zen , o rig in a tin g  in  

B elg ium , en te rs  th e  W e ste rn  Scheldt, b u t 

ad d itio n a l in p u t o f  p o llu tio n  a t T e rn e u z e n  its e lf  

can  be expected  fro m  th e  p o rt an d  fro m  in d u s tr ia l 
activity a ro u n d  th e  tow n.

A verage PC 1 score

P h th a la te  co n ta m in a tio n  show s a s ig n ifican t 
d ec reas in g  g ra d ie n t fro m  b o rd e r locations to 
d o w n stream  locations in  th e  M euse  a n d  Scheldt 

c a tc h m e n t areas , b u t n o t in  th e  R h ine  c a tc h m e n t 

area . F lam e re ta rd an ts  w ere  m a in ly  fo u n d  in  the  
Scheld t c a tc h m e n t a rea  an d  w ere  h ig h e s t a t th e  
Schaar van  O u d en  D oei b o rd e r location .

U n tr e a te d  m u n ic ip a l  w a s t e w a t e r  a n d  STP e f f lu e n t

Since th e  g rea te s t estro g en ic  effects w ere  fo u n d  in  
th e  river D om m el, p a rt o f  w h ich  is u n d e r  th e  

in f lu en ce  o f  th e  E indhoven  STP, it  w as in v es ti­

ga ted  w h e th e r  th e re  w as a d iffe rence  in  co n tam i­

n a n t  levels a n d  p a tte rn s  be tw een  th is STP and  
several o th e r STPs in  th e  N e th e rlan d s . Five STP 

u n tre a te d  w astew aters a n d  e fflu en ts  w ere  co n sid ­

e red  w ith  reg a rd  to  th e ir  levels o f  (xeno-)estrogens, 
ER-CALUX re su lt, BOD, COD an d  TOC co n ten t. In  
do ing  so, th e  values o f  th e  variab les in  th ese  

u n tre a te d  w astew aters a n d  e fflu en ts  w ere  

su b jec ted  to p rin c ip a l c o m p o n en ts  deco m p o sitio n  
fo r b o th  raw  an d  au to sca led  data . T able  6 .4  
p re se n ts  a b r ie f  su m m a ry  o f  th e  re su lts  o f  th ese  

PC deco m p o s itio n s. F igure  6.15 show s a g raph ica l 

re p re se n ta tio n  o f  PCs 1 a n d  2 fo r th e  raw  data  o f  
e f f lu e n ts .

It sh o u ld  be n o ted  th a t, fo r th e  PC s show n  in  

fig u re  6.15, PCi re p re se n ts  a lm o s t all (94.3 %) o f  
th e  variance  in  th e  dataset; PC2 sh o u ld  be co n sid ­
e red  n o n -s ig n if ic an t as fa r as ab so lu te  m ag n itu d e  

is co n ce rn ed . T he  re su lts  show  th a t COD a n d  BOD 

are  by fa r th e  m o s t im p o rta n t variab les in  m e a s u r­

in g  th e  in ves tiga ted  STP efflu en ts  as fa r  as 
ab so lu te  m a g n itu d e  is co n cern ed , an d  th a t th e  

E indhoven  STP h as th e  h ig h e s t levels o f  th ese  

fac to rs. In te resting ly , th e  second  p rin c ip a l co m p o ­

n e n t  is d e te rm in e d  m a in ly  by BOD an d  e s tro n e . 
E strone  loads s trong ly  on  ANP b u t n o t on  EHV.

A verage
score

10,000
b o r d e r

intermediate

Avera g i ■ border
■ intermediate

M eu se Rhine Scheldt

F 6 . 1 4 C o n ta m in a t io n  g r a d ie n ts  i n  s u s p e n d e d  m a t t e r  f ro m  b o r d e r  lo c a t io n s

to  e s tu a r y  lo c a t io n s  f o r  t h e  t h re e  d i f f e r e n t  c a tc h m e n ts  f o r  (a) a lk y lp h e n o l 

(e th o x y la te )s , (b) p h th a la te s ,  a n d  (c) f la m e  r e ta rd a n ts .



F igure  6.16 show s th e  p a tte rn s  fo r th e  au to sca led  

data  fo r (xeno-)estrogens in  STP efflu en ts . T his 
f ig u re  clearly  show s th a t th e  E indhoven  STP n o t 
only  d iffers fro m  th e  o th e r STP s in  ab so lu te  

m a g n itu d e  o f  COD a n d  BOD b u t also  in  th e  p a tte rn  

o f  variab les . T he  E indhoven  STP is ch arac te rized  
by h ig h  relative values fo r (levels of) BOD, COD, 
TOC a n d  b ispheno l-A  in  sp rin g . In  th e  o th e r 

sam p lin g  perio d s, no  relative d iffe rences betw een  

th e  E indhoven  STP an d  m o s t o th e r STP s w ere 
observed . T he  ANP STP is qualitatively  d iffe ren t 
f ro m  th e  o th e r STP s in  sp rin g  an d  su m m e r.

A s im ila r analysis o f  th e  u n tre a te d  w astew ater 
variab les show s th a t no  su ch  d ifferences occur 
be tw een  th e  E HV u n tre a te d  w astew ater an d  o th e r 

STP u n tre a te d  w astew ater (resu lts n o t show n  

here).

In te restin g ly , n e ith e r  th e  u n tre a te d  w astew ater 

n o r  th e  e ff lu en t o f  th e  E indhoven  STP w ere  ch arac­

te r iz ed  by h ig h  relative levels o f  h o rm o n e s , as 

co m p ared  to u n tre a te d  w astew ater a n d  e ff lu en t 
fro m  o th e r STp ’s in  th e  N e th e rlan d s . T h is can  

e ith e r  m e a n  th a t th e  e s tro g en ic  effects fo u n d  in  

th e  river D o m m el a re  n o t cau sed  by h o rm o n e s  b u t 

by o th e r e s tro g en ic  co m p o u n d s , o r th a t th e  d e te r­
m in in g  fac to r in  th e  river D o m m el is n o t so m u c h  

th e  ab so lu te  level o f  h o rm o n e s  in  th e  e ff lu en t b u t 

r a th e r  th e  low  level o f  d ilu tio n  o f  e ff lu en t in  th e  

receiv ing  su rface  w ater.

Highlights

•  No clear-cu t c lu s te rs  in  th e  c o n ta m in a n t levels 
in  su rface  w ater, su sp e n d e d  m a tte r , o r se d im e n t 
w ere  fo u n d  w h en  classify ing  observa tions by 

e ith e r  c a tc h m e n t o r period , w ith  th e  excep tion  o f  

p h th a la te s  in  su sp e n d e d  m a tte r  by p eriod , an d  

flam e re ta rd an ts  in  su sp en d ed  m a tte r  by period  
a n d  by c a tc h m e n t area . S ince flam e re ta rd an ts  

d e m o n s tra te d  th e  la rg est ran g e  o f  spatia l varia tion , 

th is  is n o t a n  un ex p ec ted  fin d in g .
•  N o ny lpheno l e thoxylates w ere  th e  c o n tam in an ts  
fo u n d  in  h ig h e s t ab so lu te  co n cen tra tio n s  in  

su rface  w ate r in  th e  LOES study. PCA analyses o f  

th e  raw  co n cen tra tio n  values over all c o n tam in an ts  
show  th a t PC 1 is m a in ly  d e te rm in e d  by n o n y lp h e ­
n o l e thoxylates a n d  DE H P in  su rface  w ater.

•  S u sp en d ed  m a tte r  a n d  se d im e n t co n tam in a tio n  

a re  ch a rac te rized  by h ig h  co n cen tra tio n s  o f  p h th a ­

lates. PCA analyses o f  th e  raw  co n cen tra tio n  values 
over all co n ta m in a n ts  show  th a t PC 1 is m ain ly  

d e te rm in e d  by D E H P , D M P , an d  D P P  in  

su sp en d ed  m a tte r . In  sed im en t, P C i is m a in ly  
d e te rm in e d  by DE H P , D M  P a n d  D M P P . It can  
th e re fo re  be co nc luded  th a t, overall, p h th a la te s  in  

th e  D u tch  aqua tic  e n v iro n m e n t a re  m a in ly  ch a rac ­

te r ized  by h ig h  co n cen tra tio n s  o f  DE H P  a n d  DM  P.

•  PCA analysis o f  th e  au to sca led  co n cen tra tio n s  
show  th a t DE H P , D M  P an d  D M P P  load  in to  

com plete ly  sep a ra ted  a reas o f  th e  load ing  plot, 

each  w ith  th e ir  ow n c lu s te rs  o f  assoc ia ted  p h th a ­

lates. T h e re  a re  ap p aren tly  spa tia l a n d /o r  physical- 
ch em ica l d iffe rences b e tw een  th e se  c lu s te rs  o f  

p h th a la te s , su c h  as d iffe ren t sou rces o r d ifferences 

in  en v iro n m e n ta l behavior.
•  H igh ly  co n tam in a ted  locations; su rface  w ater:
•  •  V ery h ig h  co n cen tra tio n s  o f  a lky lpheno l

(ethoxylate)s w ere  fo u n d  a t two N o rth  Sea 

locations (NWK an d  O E G ), b u t th e se  values 
p roved  to be sam p lin g  artifac ts.

•  •  A lky lpheno l (ethoxylate) s an d  p h th a la te s  in

su rface  w ate r w ere  basically  fo u n d  th ro u g h o u t 

th e  N e th e rlan d s .
•  H igh ly  c o n ta m in a te d  locations; su sp en d ed  
m atte r:

•  •  Relatively h ig h  co n cen tra tio n s  o f  a lky lpheno l

(ethoxylate)s w ere  fo u n d  in  E ijsden  an d  
T e rn e u z e n

•  •  Relatively h ig h  co n cen tra tio n s  o f  p h th a la te s

w ere  fo u n d  in  th e  en tire  M euse  ca tc h m e n t 

area , in  th e  R h ine  c a tc h m e n t a rea  w ith  a peak  

a t IJm u id en , a n d  in  th e  S cheld t c a tc h m e n t 
area , w ith  a decrease  fro m  Schaar van  O u d en  

D oei to V lissingen .

•  •  F lam e re ta rd a n ts  w ere  specifically  fo u n d  in  th e
Scheld t c a tc h m e n t area, w ith  a c lear decrease 
fro m  S chaar van  O u d en  D oei dow n to 

V lissingen .

•  H igh ly  c o n ta m in a te d  locations, sed im en t:
•  •  H ig h  co n cen tra tio n s  o f  a lky lpheno l (ethoxy-

late)s w ere  fo u n d  in  B o rgharen , th e  river 

D o m m el an d  in  Schaar van  O u d en  Doei.

•  •  H ig h  co n cen tra tio n s  o f  p h th a la te s  w ere  fo u n d
in  B orgharen , th e  river D om m el, Lobith, 
A m ste rd a m  an d  Schaar van  O u d en  D oei
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•  •  F lam e re ta rd an ts  w ere  fo u n d  m a in ly  in  S chaar
van  O u d en  D oei. Elevated co n cen tra tio n s  w ere 
also observed  in  th e  river D o m m el, a t L obith 

a n d  T e rn eu zen .

•  P a tte rn  analysis o f  co n ta m in a n ts  in  su rface  
w a te r in d ica tes  th a t th e  M euse  c a tc h m e n t a rea  has 
th e  la rg es t varia tio n  in  c o n ta m in a n t p a tte rn s , w ith  

EYS a n d  H A R  d o m in a ted  by p h th a la te s  an d  REM  

by n o n y lp h en o l e thoxylates. T he  BVW lo ca tion  is 
ch a rac te rized  by u n u su a lly  h ig h  (relative) levels o f  
p h th a la te s .

•  P a tte rn  analysis o f  co n ta m in a n ts  in  su sp en d ed  

m a tte r  m a in ly  show s th a t th e  S cheld t locations 
Schaar van  O u d en  D oei an d  T e rn e u z e n  an d  som e 
M euse locations are  do m in a ted  by flam e re ta rd an ts .

•  P a tte rn  analysis o f  co n ta m in a n ts  in  se d im e n t 

show  th a t BVW a n d  I JM  co n ta in  h ig h  relative 
co n cen tra tio n s  o f  th e  D E H P  an d  DC H P  c lu s te r 
p h th a la te s , a n d  th a t O Pi is ch a rac te rized  by the

occu rren ce  o f  a specific c lu s te r  o f  flam e re ta rd an ts  
in  h ig h  co n cen tra tio n s  (BB 4 9 , BB 52, BB 101 an d  
several o th e r co m p o u n d s). T h is  is ap p a ren tly  a 

c lu s te r  o f  old flam e re ta rd an ts  th a t a re  no  lo n g er 

u sed . T he  river D o m m el a n d  th e  location  H A R  are  
ch a rac te rized  by th e  occu rrence  o f  D E H P  (and 
several o th e r p h th a la te s  th a t c lu s te r  a ro u n d  

D E H P ) an d  m a in ly  n o n y lp h en o ls  in  sed im en t.

•  B order locations; su rface  w ater:
•  •  A t m o s t b o rd e r locations (L iège/E ijsden ,

C o logne /L ob ith , Schaar van  O u d en  

D o e l/T ern eu zen ) an d  fu r th e r  u p s tre a m , 

su rface  w ate r seem s less co n tam in a ted  w ith  
co n ta m in a n ts  (m ain ly  a lky lpheno l (ethoxy- 
late)s a n d  D E H P ) th a n  fu r th e r  d o w n stream  in  

th e  respective  c a tc h m e n t a reas (M euse, R hine, 

Scheld t). T he  excep tion  w ere  alky lpheno l 

(ethoxylate)s in  th e  Scheld t a rea  th a t seem  to 
d ecrease  d o w n stream .



Descriptor com partm ent LVa Q 2b O verall r2 c

C ontam inan ts in com partm ent Biomarker

M u ltip le -Y  models

Surface w ater S uspended  m atter 2 0 .0 2  0 .21

Sedim ent 3 - 1 . 0 4  0 .4 5

M ussels 1 - 1 . 4 0  0 .3 2

Bream 3 - 4 . 4 9  0 .4 7

Flounder 3 - 1 . 9 8  0 .2 8

S u sp en d ed  m atter Sedim ent 3 - 0 . 8 0  0 .31

M ussels 2 - 0 .7 1  0 .2 9

Bream 3 - 4 . 4 4  0 .41

Flounder 6 -  2 .2 8  0 .51

Sed im en t M ussels 2 -  2 .9 5  0 .4 7

Flounder 4 - 4 . 1 0  0 .1 2

Bream ER-CALUX in bile 3 - 1 . 0  0 .9 5

Flounder ER-CALUX in bile 1 - 0 . 2 5  0 .6 3

Surface w ater Plasma VTG in bream 3 - 0 . 4 0  0 .7 4

Plasma VTG in flounder 1 0.01  0 .51

S u sp en d ed  m atter Plasma VTG in bream 1 - 0 . 6 9  0 .3 4

Plasma VTG in flounder 2 - 0 . 0 5  0 .4 5

Bream Plasma VTG in bream 3 0 .6 2  0 .9 2

Flounder Plasma VTG in flounder 5 - 8 0 .4 8 - 0 . 6 0  0 .91  - 0 .9 6

Ordinary Least Squares analysis

Plasma VTG in bream d 0 .1 8 0 .4 8

Plasma VTG in flounder d - 0 . 4 8 0 .0 8

ER-CALUX in b ile

a Number o f'sign ifican t'la ten t variables. b  Cross-validated r (predictive relevance).

c  Explained variance o f  th e com plete Y-matrix, d  N ot relevant since this is an ordinary linear regression analysis w ith 1 independent and 1 dependent variable.

T 6 .5  S u m m a r y  o f  PLS r e g r e s s io n  r e su lts  fo r  c o n ta m in a t io n

le v e ls  In d i f fe r e n t  c o m p a r tm e n t s  a n d  c o n ta m in a t io n  le v e ls

a n d  b io m a r k e r  r e s p o n s e s .  T 6 .6  S u m m a r y  o f  c o m p o u n d s  o r  g r o u p s  o f  c o m p o u n d s  o f

w h ic h  t h e  o c c u r r e n c e  s h o w s  a c o r r e la t io n  t o  c o n t a m in a t io n  

le v e ls  In 'p r e v io u s ' c o m p a r t m e n t s .

C om partm ent C om pound(s) is correlated  to in com partm ent
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General contam ination  level 

D PP/D O P

Surface w ater  

S uspended  m atter



•  B order locations; su sp e n d e d  m a tte r

•  •  A lkylphenol (ethoxylate) levels w ere  h ig h e r  in
su sp e n d e d  m a tte r  a t E ijsden  a n d  Schaar van 
O u d en  D o e l/T e rn e u z e n  th a n  in  th e  

d o w n stream  p a rt o f  th e  M euse  an d  Scheld t 

respectively . T he  opposite  w as tru e  fo r th e  
R h ine  ca tc h m e n t area.

•  •  P h th a la te  co n cen tra tio n s  w ere  h ig h e r  a t b o th

E ijsden  an d  Schaar van  O u d en  Doei; again , 

co n cen tra tio n s  a t L obith  w ere  low er th a n  

fu r th e r  d o w n stream  th e  R hine.
•  •  F lam e re ta rd an ts  levels in  su sp en d ed  m a tte r

w ere  fa r h ig h e r  in  Schaar van  O u d en  Doei 

th a n  d o w n stream  in  th e  Scheld t c a tc h m en t 

area.
•  T he  e fflu en ts  o f  th e  E indhoven  STP w ere  d iffer­

e n t fro m  th e  o th e r STP e fflu en ts  in  sp rin g , in  b o th  

ab so lu te  levels o f  co n ta m in a n ts  an d  c o n ta m in a n t 

p a tte rn s , b u t n o t in  fall. T he  e ff lu en t o f  STP EHV 
in  sp rin g  w as ch a rac te rized  by h ig h  ab so lu te  levels 

o f  BOD a n d  COD, an d  by h ig h  relative levels o f  

BOD, COD, TOC a n d  b isphenol-A . T he  E indhoven  
STP u n tre a te d  w astew ater d id  n o t d iffer sig n ifi­
can tly  fro m  u n tre a te d  w astew ater fro m  o th e r STPs.

•  T he  u n tre a te d  w astew ater a n d  e ff lu en t fro m  the  

E indhoven  STP w ere  n o t ch a rac te rized  by h ig h  
levels o f  h o rm o n e s . T he  estro g en ic  effects fo u n d  
in  th e  river D om m el are  th e re fo re  n o t p e r  se 

cau sed  by m easu rab ly  h ig h e r  levels o f  syn thetic  

h o rm o n e s  in  th e  e fflu en t, b u t possib ly  by little  
d ilu tio n  w h en  th e  e ff lu en t is d ischarged .

3.3 Correlations between 
contamination levels and 
m easurem ents  in biota

P artia l leas t sq u ares  reg re ss io n  analyses w ere 
p e rfo rm e d  be tw een  several su b se ts  o f  th e  pooled  
da tase t. T he  ex istence  o f  co rre la tio n s w as in v es ti­

ga ted  be tw een  levels o f  (xeno-)estrogens in  d iffe r­

e n t ab io tic  co m p a rtm e n ts , b o th  overall (m any-X 
vs. many-Y) a n d  fo r in d iv id u a l c o n tam in an ts  
(m any-X  vs. single-Y ), be tw een  co n ta m in a tio n  

levels in  ab io tic  c o m p a rtm e n ts  a n d  b io ta  (overall 

a n d  fo r in d iv id u a l c o m p a rtm en ts ) , a n d  betw een  

co n ta m in a tio n  levels in  m u sse ls  vs. fish . 
R eg ress ion  analyses w ere  also p e rfo rm ed  fo r

c o n ta m in a tio n  levels in  ab io tic  c o m p a rtm e n ts  an d  

in d iv id u a l b io m ark e r re sp o n ses  in  b io ta , as w ell as 

fo r c o n ta m in a tio n  levels in  b io ta  a n d  th e  ind iv id ­
u a l b io m ark e r re sp o n se s  in  th o se  b io ta. A b r ie f  

su m m a ry  o f  th e  reg re ss io n  analyses re su lts  is 

p re se n te d  in  tab le  6.5.

As can  be  seen  fro m  th e  firs t p a r t o f  tab le  6.5 

(u n d e r ‘m ultip le-Y  m o d e ls ’), th e re  w ere  n o  s tro n g  

co rre la tions b e tw een  overall co n ta m in a tio n  s i tu a ­

tions in  d iffe ren t co m p a rtm e n ts . All co rre la tions 
show  n o n -re lev an t Q 2 values, excep t fo r th e  co rre ­

la tion  be tw een  co n ta m in a n ts  in  su rface  w a te r an d  

co n ta m in a n ts  in  su sp e n d e d  m a tte r , w h ich  has a 
Q 2 value  o f  0 .0 2 , w h ich  is re lev an t b u t n o t s ig n ifi­
can t. See p a rag rap h  6 .2  fo r a sh o r t desc rip tio n  o f  

th e  m e a n in g  o f  Q 2.

N o tw ith s tan d in g  th ese  p o o r overall re su lts , th e  
occu rren ce  o f  several in d iv id u a l co n ta m in a n ts  in  

su sp en d ed  m a tte r  o r se d im e n t seem s to  be 

co rre la ted  to th e  o ccu rren ce  o f  co n ta m in a n ts  in  
‘p rev io u s’ c o m p a r tm e n ts  (if w e a s su m e  th a t co n ­
ta m in a n ts  re ach  th e  se d im e n t c o m p a r tm e n t fro m  

th e  su rface  w ate r c o m p a r tm e n t th ro u g h  th e  su s ­

p en d ed  m a tte r  c o m p a rtm en t) . C o n tam in an ts  fo r 
w h ich  th e  o ccu rren ce  in  c o m p a rtm e n ts  ap p ears  to 
be co rre la ted  to th e  co n ta m in a tio n  level in  p rev i­

ous c o m p a rtm e n ts  are  p re se n te d  in  tab le  6 .6 .

Contam inants in com partm ent biota

T ables 6.5 a n d  6 .6  show  th a t th e re  is genera lly  

lim ited  co rre la tio n  be tw een  co n ta m in a tio n  levels 

b e tw een  co m p a rtm e n ts . Several p h th a la te s  in  

b ream  show  h igh ly  s ig n ifican t co rre la tion , p r im a ­
rily  w ith  th e  o ccu rren ce  o f  DEP in  su rface  w ate r 

a n d  DPP in  su sp e n d e d  m a tte r . In te restin g ly , th e  

occu rren ce  in  b ream  o f  several flam e re ta rd an ts , 
w hile  less w ell co rre la ted  to en v iro n m en ta l 
c o n ta m in a tio n  levels, show s a co rre la tio n  w ith  th e  

sam e  p h th a la te  co m p o u n d s , as do th e  p h th a la te s . 

It sh o u ld  be n o ted  th a t flam e re ta rd an ts  w ere  n o t 
analyzed  in  su rface  w ater. A pparen tly , DEP in  
su rface  w ate r an d  DPP in  su sp e n d e d  m a tte r  ac t as 

m a rk e r  co m p o u n d s  fo r c o n ta m in a tio n  levels w ith  

(xeno-)estrogens in  th e ir  respective  c o m p a rt­
m e n ts , a t lea s t w ith in  th e  fram ew o rk  o f  th is  study.



F igure  6.17 show s g rap h ica l exam ples o f  so m e  o f  

th e  co rre la tio n s p re se n te d  in  tab le  6 .6 .

Jud g in g  fro m  th e  re su lts , i t  ap p ears  th a t co n ta m i­

n a tio n  levels in  b re a m  are  sligh tly  m o re  co rre la ted  

w ith  co n ta m in a tio n  levels in  su rface  w ater, as 
co m p ared  to c o n ta m in a tio n  levels in  su sp en d ed  
m a tte r , an d  th a t co n ta m in a tio n  levels in  f lo u n d e r 

a re  sligh tly  m o re  co rre la ted  w ith  c o n ta m in a tio n  

levels in  su sp e n d e d  m a tte r , as co m p ared  to 

c o n ta m in a tio n  levels in  e ith e r  su rface  w a te r or 
sed im en t.

Biomarkers in biota

T h ere  a re  two estro g en ic  effect p a ram e te rs  in  b io ta 
th a t ap p ea r to be  re levan t, b ased  o n  th e  ANOVA 

re su lts  fo r th e  in d iv id u a l f ish  data  as w ell as on  th e  

reg re ss io n  re su lts  fo r th e  poo led  data. T h ese  are  

th e  p la sm a  VTG levels in  b re a m  a n d  flo u n d er, and  
th e  in  vitro ER-CALUX activity in  fish  b ile  (see also 

tab le  6.5).

ER-CALUX activity in bile

E r -CALUX assay  re su lts  fro m  th e  bile o f  b ream  

show  very s tro n g  co rre la tio n  w ith  c o n ta m in a n t 

levels in  b ream . T he  co rre la tio n  is n o t predictively  
s ig n ifican t as in d ica ted  by Q 2. T he  m o s t im p o rta n t 
xeno -es trogens in  b ream  m u sc le  tis su e  th a t 

co rre la te  w ith  th e  bile E R-CALUX re su lts  a re  

n o n y lp h en o l e thoxylates a n d  DBP. ER-CALUX 

activity in  f lo u n d e r b ile show s so m e  co rre la tion  
to  overall c o n ta m in a tio n  levels in  flo u n d er, b u t 

to  a fa r  le s se r ex ten t th a n  th o se  in  b re a m  bile.

T he  re su lts  w ere  n o t sign ifican t. F igure  6.18 
show s g rap h ica l rep re se n ta tio n s  o f  co rre la tions 
w ith  c o n ta m in a n t levels fo r th e  re lev an t an d  

s ig n ifican t ER-CALUX activ ities m e a su re d  in  fish  

b ile.

Plasma VTG levels

P lasm a VTG levels in  b o th  b ream  a n d  f lo u n d e r  are 

s trong ly  an d  h igh ly  sign ifican tly  co rre la ted  w ith  
c o n ta m in a n t levels in  b ream  a n d  f lo u n d e r m usc le  
tis su e  respectively . Som e co rre la tio n , a lb e it n o t 

s ign ifican t, is also fo u n d  be tw een  p la sm a  VTG 

levels an d  c o n ta m in a n t levels in  su rface  w ater.
In  b ream , p la sm a  VTG levels a re  ‘acco u n ted  fo r’ 
a lm o s t en tire ly  by th e  levels o f  non y lp h en o ls

an d  n o n y lp h en o l e thoxylates in  m u sc le  tissu e .

In  f lo u n d e r, p la sm a  VTG corre la tes positively  w ith  
n o n y lp h en o ls , a p h th a la te  (DOP) an d  tw o flam e 
re ta rd an ts  (BB 101 an d  BB 2 0 9 ), b u t negatively  

w ith  n o n y lp h en o l e thoxylates an d  BDE 2 0 9 .

F igure  6.19 is a g rap h ica l re p re se n ta tio n  o f  th e  
co rre la tio n  o f  p la sm a  VTG levels in  b ream  an d  
f lo u n d e r  w ith  co n ta m in a tio n  levels in  th e  re levan t 

co m p a rtm en ts .

Overall

P lasm a VTG levels in  m a le  f ish  ap p ea r to be th e  

b e s t an d  m o s t s ig n ifican t m a rk e r  o f  ac tu a l e s tro ­

gen ic  effects in  fish  fro m  exposu re  to (xeno-) 

es tro g en s . P lasm a VTG levels in  b ream  corre la te  
ex trem ely  w ell w ith  body co n cen tra tio n  o f  

n o n y lp h en o ls  an d  n o n y lp h en o l e thoxylates in  

b ream . F ro m  th e  data  analyzed , it  is n o t poss ib le  

to conc lude  w h e th e r  n o n y lp h en o ls  a n d  n o n y lp h e ­
no l ethoxylates are  th e  causative  ag en ts  o f  VTG 

in d u c tio n , o r ju s t m a rk e r  co m p o u n d s  w hose  

occu rrence , a n d  b io co n ce n tra tio n  p ro file , is closely 
re la ted  to th e  o ccu rren ce  o f  one  o r m o re  causative 
(xeno-)estrogens.

T he  co rre la tions be tw een  c o n ta m in a n t levels in  
fish  an d  th e  re su lts  o f  th e  E R-CALUX assay  in  
fish  bile are , as in d ica ted  above, n o t s ig n ifican t 

(Q2 = -1.0 fo r b re a m  an d  -0.25 fo r flounder). 

H ow ever, they  a re  s tro n g  e n o u g h  (r2 = 0 .95  fo r 
b ream  an d  0 .63  fo r flounder) to w a rra n t a m o re  
deta iled  in v estig a tio n  in to  th e  re levance  o f  th e  E R- 

CALUX assay  in  f ish  b ile  as a b ioassay  o r poss ib le  

b io m ark e r fo r th e  exposu re  o f  f ish  to p o ten tia l 
(xeno-)estrogens. T h is co n c lu s io n  is su p p o rted  
by th e  fo llow ing co nsidera tion : th e  s itu a tio n  in  

b ile, w h ich  th e  ER-CALUX assay  in  bile rep re se n ts , 

is an  in d ica tio n  o f  exposu re  to en v iro n m en ta l 

c o n ta m in a n ts , b u t n o t n ecessarily  fo r th e  fina l 
e ffect th a t th e se  co n ta m in a n ts  have. C o rre la tion  

analysis ind ica tes  th a t th e re  is a positive b u t no  

s tro n g  co rre la tio n  be tw een  th e  ER-CALUX assay  
re sp o n se s  in  b re a m  bile  an d  p la sm a  VTG levels, 
as in d ica ted  by th e  Q 2 an d  r 2 values g iven in  th e  

‘b ioassays vs. b io m a rk e rs ’ sec tion  o f  tab le  6.5.

T he  co rre la tio n  be tw een  p la sm a  VTG an d  b iliary  
ER-CALUX in  b ream  rep o rted  in  p a rag rap h  5.2 
(r2 = 0.81) w as s tro n g e r th a n  rep o rted  h e re
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(r2 = 0 .4 8 ). H ow ever, th e  analysis in  p a rag rap h  5.2 

w as b ased  o n  only  a se lected  n u m b e r  o f  fish  fro m  
8 locations in  sp rin g  w hereas th e  analysis 
p re se n te d  h e re  is based  on  LOES data  o f  all 

locations a n d  periods.

T h ese  f in d in g s , tak en  to g e th e r w ith  th e  re su lts  for 
th e  c o n ta m in a n t p a tte rn s  in  STP u n tre a te d  w aste ­
w a te r an d  e fflu en t, also su g g es t th a t n o n y lp h en o ls  

m ay  possib ly  be involved as an  ac tua l causative 

a g e n t o f  VTG in d u c tio n  in  fish . It m ay  th e re fo re  

be  adv isab le  to m o re  closely inves tiga te  possib le  
causative  ag en ts  o f  th e  h ig h  levels o f  m a le  b ream  

p la sm a  VTG in  th e  D om m el ca tc h m en t.

H ig h l ig h t s

•  C o n ta m in a n t levels in  m u sse ls  (freshw ater an d  

m a r in e  m u sse ls  com b ined ) w ere  m a in ly  co rre la ted  

w ith  c o n ta m in a n t levels in  sed im en t. T he levels o f  
no n y lp h en o ls  a n d  flam e re ta rd an ts  in  m u sse ls  in  
p a rticu la r re flec t th e  se d im e n t c o n ta m in a n t levels 

very well.

•  C o n ta m in a n t levels in  b o th  b re a m  an d  flo u n d e r 
co rre la te  to som e ex ten t w ith  c o n ta m in a n t levels 
in  b o th  su rface  w ate r an d  su sp e n d e d  m a tte r . For 

b ream , th e re  is n o t su ffic ien t data  to d e te rm in e  

w h e th e r  th e re  is any  co rre la tio n  be tw een  body 
c o n ta m in a n t levels in  th e  f ish  an d  in  sed im en t.
F or flo u n d er, th e  co rre la tio n  be tw een  c o n ta m in a n t 

levels in  se d im e n t a n d  in  th e  fish  is less im p o rta n t 

th a n  be tw een  th e  fish  an d  th e  co m p a rtm en ts  
su rface  w ate r an d  no tab ly  su sp en d ed  m a tte r .
•  B oth ER-CALUX activity in  b ile an d  p la sm a  VTG 

co rre la ted  very w ell w ith  body c o n ta m in a n t levels 

in  b o th  b re a m  an d  flo u n d er.
•  T he  co rre la tio n  be tw een  ER-CALUX activity  in  
b ile  an d  co n ta m in a n ts  in  b ream  w as m ain ly  

d efin ed  by th e  o ccu rren ce  o f  n o n y lp h en o l ethoxy­

lates an d  d ibu ty l p h th a la te  (DBP). In  flo u n d er, 

th e re  w as a qualita tive co rre la tio n  be tw een  ER- 
CALUX activity in  b ile  an d  co n ta m in a n ts  th a t is n o t 

s ig n ifican t an d  n o t in te rp re tab le , b u t ind ica tive  o f  

th e  fact th a t ER-CALUX activity in  b ile  o f  th is  fish  

m ay  still be a n  in te re s tin g  b io m ark e r fo r e s tro ­
gen ic  c o n ta m in a n t levels in  genera l.

•  T he  co rre la tio n  be tw een  p lasm a  VTG in  b ream  

a n d  co n ta m in a n ts  in  b re a m  w as d o m in a ted  by th e  
o ccu rren ce  o f  n o n y lp h en o ls  a n d  n o n y lp h en o l 
e thoxylates. T h is w as also  th e  m o s t im p o rta n t

fac to r in  th e  co rre la tio n  be tw een  VTG a n d  co n ta m ­

in a n ts  in  su rface  w ater.
•  In  flo u n d er, p la sm a  VTG co rre la ted  w ith  th e  
o ccu rren ce  o f  n o n y lp h en o ls , a p h th a la te  (DOP), 

a n d  tw o flam e re ta rd an ts  (BB 101 a n d  BB 2 0 9 ), 

a n d  w ith  th e  ab sen ce  o f  n o n y lp h en o l ethoxylates 

a n d  a n o th e r  flam e re ta rd a n t (BDE 2 0 9 ). In  
su sp en d ed  m a tte r , th e  only  variab les su itab le  for 

co rre la tin g  w ith  p la sm a  VTG in  f lo u n d e r  w ere  th e  

p h th a la te s . T hey  m ay  serve m o re  as g en e ra l in d i­

cators o f  co n tam in a ted  locations th a n  as po ten tia l 
causative  ag en ts  fo r exp la in ing  p la sm a  VTG levels 

in  flo u n d er.

6.4 Summary and conclusions
•  C o n cen tra tio n s  o f  a lky lpheno l (ethoxylate)s an d  

p h th a la te s  in  su rface  w ate r w ere  low er a t b o rd e r 

locations th a n  in  th e  d o w n stream  p a r t o f  th e  ca tch ­
m e n t areas , except fo r a lky lpheno l (ethoxylate)s in  

th e  Scheldt. S u sp en d ed  m a tte r  w as m o re  co n ta m i­

n a ted  w ith  (xeno-)estrogens a t b o rd e r locations in  

th e  M euse  a n d  Scheld t c a tc h m en ts  as co m p ared  to 
su sp en d ed  m a tte r  d o w n stream , b u t less co n tam i­

n a ted  th a n  su sp e n d e d  m a tte r  d o w n stream  in  th e  

R h ine  c a tc h m e n t area.
•  T h ere  ap p ea r to be no  g en e ra l h igh ly  co n tam i­
n a ted  locations a m o n g  th e  locations in c lu d ed  in  

th e  LOES study, m e a n in g  th a t th e re  is no  location  

in  th e  N e th e rlan d s  th a t is sign ifican tly  m o re  

c o n tam in a ted  w ith  all (xeno-)estrogens con sid e red  
in  th e  LOES stu d y  th a n  any  o th e r location . 

H ow ever, it is p oss ib le  to define  h igh ly  co n tam i­

n a ted  locations fo r sep a ra te  classes o f  c o m p o u n d s .
•  F lam e re ta rd an ts  w ere  p re d o m in a n tly  fo u n d  in  
su sp en d ed  m a tte r  an d  se d im e n t o f  th e  Scheld t 

c a tc h m en t, m a in ly  in  S chaar van  O u d en  D oei an d  

T e rn e u z e n . In  genera l, flam e re ta rd a n t co n c e n tra ­
tions w ere  h ig h e s t in  su sp e n d e d  m a tte r .
•  P h th a la te s  w ere  fo u n d  in  all fre sh w a te r ca tch ­

m e n t areas , w ith  th e  h ig h e s t aq u eo u s co n cen tra ­

tions a t BVW, OEV, an d  D om m el, a n d  th e  h ig h es t 
se d im e n t co n cen tra tio n s  in  th e  river D om m el. 
P h th a la te  co n cen tra tio n s  w ere  h ig h e s t in  

su sp en d ed  m a tte r .

•  A lky lpheno l (ethoxylate) s occur in  all locations 
in  su rface  w ater, b u t it w as n o t p o ss ib le  to s ing le  
o u t any  rea l ‘h o t sp o ts ’. In  su sp e n d e d  m a tte r , th e
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T e rn e u z e n  an d  E ijsden  locations show ed  th e  

h ig h e s t co n cen tra tio n s  (nony lpheno l ethoxylates), 

an d  in  se d im e n t it  w as m a in ly  th e  river D o m m el 
a n d  S chaar van  O u d en  D oei th a t show ed  the  

h ig h e s t co n cen tra tio n s  (nony lpheno ls). 

A pparen tly , d eg rad a tio n  o f  n o n y lp h en o l e thoxy­
lates in to  n o n y lp h en o ls  takes place, o r is reflected , 
p re d o m in a n tly  in  sed im en t. C o n cen tra tio n s  o f  

a lky lpheno l (ethoxylate) s w ere  h ig h e s t in  surface  

w a te r an d  low est in  sed im en t.
•  T he  very good  co rre la tio n s be tw een  several 
xeno -es trogens in  m u sse ls  a n d  th e  g en e ra l levels 

o f  th e se  classes o f  co m p o u n d s  in  se d im e n t 

ind ica te  th a t m u sse ls  ap p aren tly  ac t as a tim e- 

averag ing  in d ica to r c o m p a r tm e n t fo r sed im en t.
It m ay  be p oss ib le  to  u se  th e  levels o f  n o n y lp h e ­

no ls in  m u sse ls  an d  o f  ce rta in  flam e re ta rd an ts  

in  p a rticu la r as a qu ick  in d ica to r fo r se d im e n t 

c o n ta m in a tio n  levels.
•  In  co n tra s t to th is fin d in g , c o n ta m in a n t levels in  

b o th  fish  species co rre la ted  fa r  less w ith  co n ta m i­

n a n t  levels in  en v iro n m e n ta l co m p a r tm e n ts . It is 

po ss ib le  th a t th is  f in d in g  reflects th e  fact th a t fish  
are  fa r m o re  m ob ile  th a n  m u sse ls , an d  th e re fo re  

th a t th e  c o n ta m in a n t levels in  fish  are  n o t only  a 

tim e-averaged  m e tric  o f  en v iro n m e n ta l co n ta m i­

n a tio n  b u t also , an d  m aybe even  m o re , a location- 
averaged  m e tric  o f  en v iro n m en ta l co n tam in a tio n .

•  B oth ER-CALUX activity in  f ish  b ile  an d  fish  

p la sm a  VTG co n cen tra tio n s  co rre la ted  very well 
w ith  body co n cen tra tio n s  o f  xeno -es trogens in  
fish . T he co rre la tio n  be tw een  th e se  b io m ark ers  

a n d  co n cen tra tio n s  o f  xeno -es trogens in  en v iro n ­

m e n ta l c o m p a rtm e n ts  w as n o t nearly  as good.
T h is  ap p a ren tly  reflects th e  fact th a t xeno -estrogen  
co n cen tra tio n s  in  fish  a re  ind ica tive  o f  w h ere  th e  

f ish  h as been , m o re  th a n  w h ere  it w as cap tu red .

•  P lasm a VTG levels in  b re a m  co rre la ted  m ain ly  
w ith  th e  in te rn a l levels o f  n o n y lp h en o l ethoxylates 
an d  n o n y lp h en o ls . VTG in  f lo u n d e r  also co rre la ted  

positively  w ith  n o n y lp h en o ls  b u t negatively  w ith  

n o n y lp h en o l e thoxylates. T h ro u g h  sta tistica l analy ­
sis only, it  is n o t p oss ib le  to d e te rm in e  w h e th e r 
n o n y lp h en o l (ethoxylate)s a re  th e  ac tua l causative 

ag en ts  fo r VTG in d u c tio n , o r m ere ly  m a rk e r 

co m p o u n d s  fo r th e  o ccu rren ce  o f  o th e r xeno- 

e s tro g en s  o f  an th ro p o g en ic  o rig in  by m e a n s  o f  
sta tistica l analysis only. T he  fact th a t th e  co rre la ­

tio n  is m a in ly  fo u n d  w ith  levels in  f ish  suggests 

th a t n o n y lp h en o ls , a n d  in  b re a m  also n o n y lp h en o l 

ethoxylates, m ay  in d eed  be causative  agen ts .
•  T he  co rre la tio n  o f  th e  re su lts  o f  th e  ER-CALUX 

activity in  f ish  b ile  w ith  co n ta m in a n ts  in  f ish  is 

m a in ly  d e te rm in ed  by th e  o ccu rren ce  o f  n o n y lp h e ­

n o l ethoxylates an d  d ibu ty l p h th a la te . T aken  
to g e th e r, th e  fin d in g s  fo r p la sm a  VTG levels an d  

fo r th e  ER-CALUX activity in  b ile  offer an  

add itio n a l su g g es tio n  th a t n o n y lp h en o l (ethoxy­

late) levels in  fish  m ay  be a rea l causative  ag e n t o f  
e stro g en ic  effects, ra th e r  th a n  m ere ly  a m a rk e r  for 

a n th ro p o g en ic  x eno -es trogens . ■
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7 Sewage treatment plant case studies

7.1 Introduction

A s a b a se lin e  study , LOES p rim a rily  

fo c u se d  o n  th e  o c c u rre n ce  o f  su sp e c te d  
(x en o -)estro g en s a n d  o n  e s tro g e n ic  effec ts 

in  th e  b ro a d e s t p o ss ib le  se n se . A se lec ted  
n u m b e r  o f  b o th  c h e m ic a l a n d  b io log ica l 

p a ra m e te rs  w ere  m e a s u re d  in  a v arie ty  o f  
e n v iro n m e n ta l c o m p a r tm e n ts , in c lu d in g  

b io ta  co llec ted  f ro m  n u m e ro u s  m a r in e , 
e s tu a r in e  a n d  fre sh w a te r  lo ca tio n s . As 

il lu s tra te d  in  th e  p re v io u s  c h a p te rs , th is  
re s u lte d  in  a w ea lth  o f  da ta  o n  th e  c u r re n t  

s ta tu s  o f  (x en o -)estro g en s a n d  e s tro g e n ic  
e ffec ts  in  th e  aq u a tic  e n v iro n m e n t in  th e  
N e th e r la n d s . H ow ever, in  a tte m p tin g  to 
lin k  e s tro g e n ic  e ffec ts  to  a so u rce  o f  (xeno-) 

e s tro g e n s , b u ild in g  a case  o n  th e  b a s is  o f  
w e ig h t o f  sc ien tific  ev id en ce  w as c o n s id ­

e re d  e sse n tia l. T h e  a s s u m e d  c h a in  o f  cause  
a n d  e ffec ts  in  th e  case s tu d y  s itu a tio n  plays 

a c ritica l ro le  in  th is  (fig u re  7.1).
By in v e s tig a tin g  a n d  ev a lu a tin g  in d iv id u a l 

l in k s  w ith in  th e  ch a in , an  a tte m p t w as 
m a d e  to  co llec t ev id en ce  to  g rad u a lly  b u ild  

u p  th e  case.
T w o lo ca tio n s  w ith  m u n ic ip a l Sew age 

T re a tm e n t P lan ts  (STPs), n a m e ly  
E in d h o v en  a n d  A m s te rd a m  W estp o o rt, 

w ere  se lec ted  to  fu r th e r  e lab o ra te  o n  th e  
s itu a tio n . T h e  E in d h o v en  STP a n d  its 
rece iv in g  su rface  w a te r, th e  riv e r D o m m el, 
w ere  se lec ted  m a in ly  b e c a u se  th e  fie ld  
p o p u la tio n  o f  b re a m  h a d  a lread y  sh o w n  
s tro n g  e s tro g e n ic  e ffec ts  in  th e  f irs t 
s a m p lin g  se ss io n  o f  th e  study . F u r th e rm o re  
th e  D o m m e l w as a s s u m e d  to  b e  a h o rm o n e

h o ts p o t s in ce  it  is a re la tive ly  sm all s tre a m  
(flow a p p ro x im a te ly  1 8 5 ,0 0 0  m 3 p e r  day) 
th a t  is a ffec ted  by  th e  e f f lu e n t o f  th e  large , 
re la tive ly  h ig h -lo a d e d  m u n ic ip a l STP in  
E in d h o v en  (flow ap p ro x im a te ly  1 7 0 ,0 0 0  m 3 

p e r  day). In  c o n tra s t, th e  se c o n d  case s tu d y  
lo ca tio n , A m s te rd a m  W e s tp o o rt STP, is 
s im ila r  in  size  b u t  w ith  lo w er lo ad in g . It 
a lso  d isc h a rg e s  in to  a fa r la rg e r  su rface  
w ate r, th e  N o rth  Sea C ana l. M oreover, th e  
A m s te rd a m  W e s tp o o rt STP rece ives only  
w astew a te r, w h e re a s  th e  E in d h o v en  STP 
rece ives b o th  w a s te w a te r  a n d  ra in w a te r . 

D u rin g  p e r io d s  o f  in te n s iv e  ra in fa ll, th e  
E in d h o v en  STP m ay  th e re fo re  be  less effi­
c ie n t a n d  p ro d u c e  a p o o re r  q u a lity  e ff lu en t.

T h e  im p o r ta n t  lin k s  b e tw een  th e  o ccu rren ce  
o f  x en o -e s tro g e n s , b o th  in  e ff lu e n t a n d  
rece iv in g  su rface  w a te r, an d , even tually , 
th e ir  o c c u rre n ce  a n d  e ffec ts  in  b io ta , w as 
p re d o m in a n tly  b u il t  a ro u n d  th e  E indhoven - 
D o m m e l case. T h e  m o s t  im p o r ta n t  
q u e s tio n  fo r th is  lo ca tio n  w as w h e th e r  th e  
o b se rv ed  e s tro g e n ic  effec ts  in  th e  f ish  fie ld  
p o p u la tio n  co u ld  b e  ex p la in ed  by th e  o c c u r­
re n c e  o f  (x en o -)estro g en s in  th e  e ff lu e n t 
a n d  su rface  w a te r. In  o rd e r  to  id e n tify  th e  
re sp o n s ib le  ch em ica ls , a d d itio n a l c h em ica l 
m e a s u re m e n ts  a n d  b io lo g ica l te s ts  w ere  
c a rr ie d  o u t. In  e v a lu a tin g  a n d  d isc u ss in g  

th e  re su lts , th e  A m s te rd a m  W e s tp o o rt 
lo ca tio n  is  on ly  in c lu d e d  w h e re  re lev an t. 
T h e  re a so n  fo r  th is  is th a t, fo r  th e  
A m ste rd a m -W e s tp o o rt lo ca tio n , th e  rece iv ­
in g  su rface  w a te r  is so la rg e  a n d  co m p lex  
th a t  n o  cau sa l re la tio n sh ip s  co u ld  be



e x p ec ted  o n  th e  b a s is  o f  th e  re la tive ly  
few  m e a s u re m e n ts  ta k e n  in  th e  c o u rse  o f  
th is  s tudy . T h e  in fo rm a tio n  is im p o r ta n t, 
h o w ever, in  a n  ex trap o la tio n  o f  th e  case 
s tu d y  re su lts  to  a g e n e ra l r is k  a s s e s s m e n t 
fo r  e s tro g en ic ity  in  D u tch  su rface  w a te r.

7.2 Description of the sites

7 .2.1 Sewage Treatment Plant 
Eindhoven (EHV)
STP Eindhoven

T he E indhoven  STP is an  activated  s ludge  system  
o f  th e  ‘a e ra tio n  ta n k ’ type. D u rin g  tre a tm e n t, 
th e  w astew ater successively  passes  a g ross so lids 

sc reen , a san d  filter, a p re -se ttlin g  tank , an  

ae ra tio n  ta n k  an d  a post-se ttlin g  tank . In  
E indhoven , th e  w astew a te r is su p p lied  by a 
co m b in ed  sew erage system , w h ich  co n sis ts  o f  

d om es tic  an d  in d u s tr ia l w astew ater a n d  ‘ru n  o f f  

ra in w a te r fro m  paved su rfaces in  th e  tow n. As a 

re su lt, m a jo r f lu c tu a tio n  in  w astew ater flow  m ay  
o ccu r d u rin g  or a fte r p eriods o f  heavy ra in fa ll. 

U n d e r  dry w ea th e r con d itio n s , so m e  th ree  

q u a rte rs  o f  th e  w astew ater is m u n ic ip a l an d  one 

q u a rte r  is in d u s tria l. D u rin g  th e  LOES pro ject, 
th e  to ta l d esig n  capacity  o f  7 5 0 ,0 0 0  p o p u la tio n  

equ iva len ts  w as in  u se . T he  m e a n  flow  w as som e

1 7 0 ,0 0 0  m 3 p e r  day an d  sludge  load ing  in  th e  
ae ra tio n  tanks w as approx im ate ly  0 .2  kg BOD1-kg 
d s '1 • day '1. It sh o u ld  be n o ted  th a t th is  is h ig h  w ith  

re sp ec t to  o th e r STPs in  th e  N e th e rlan d s , w h ich  

a re  typically in  th e  ran g e  o f  0 .0 2  to 0 .0 8  kg 
BOD1-kg d s^ -d a y '1. S tatistical analysis o f  e ff lu en t 
ch arac te ris tics  d u rin g  th e  LOES p ro jec t revealed  

th a t b o th  BOD an d  COD w ere  sign ifican tly  h ig h e r  

in  th e  E indhoven  STP e ff lu en t th a n  in  o th e r STP 

efflu en ts  sam p led .

Release (source)

M

F 7.1 C hain  o f  cause a n d  effect as a s su m ed  in  the  case study situa tion .

River Dommel

U p stre a m  fro m  th e  d ischarge  p o in t o f  the  
E indhoven  STP, th e  river D om m el b a s in  consis ts  
o f  th e  sm a ll rivers th e  ‘Boven D o m m el’ an d  th e  

‘T o n g e lre ep ’. B oth rivers o rig in a te  in  B elg ium  an d  

flow  th ro u g h  p rim arily  ag ricu ltu ra l a reas an d  p as t 

a n u m b e r  o f  sm a ll tow ns. Shortly  befo re th e  
rivers converge in  th e  city o f  E indhoven , th e  w ate r

©



quality  and  capacity are m easu red  (‘Boven D o m m el’

9 7 ,0 0 0  n f l /d a y '1; ‘T o n g e lre ep ’ 8 8 ,0 0 0  n f l /d a y '1). 
T h is  su rface  w a te r a n d  th e  STP e ff lu en t m ix  n e a r 
th e  E indhoven  STP d ischarge  p o in t in  an  approx i­

m a te  1:1 ra tio . T h ree  m e a s u re m e n t locations w ere 

c h o sen  fo r th e  study; one  a t th e  d isch a rg e  po in t, 
one  u p s tre a m  fro m  th e  d ischarge  p o in t a n d  one 
d o w n stream  fro m  th e  d ischarge  p o in t. T he  la tte r 

tw o w ere  som e 3 0 0  m e te rs  fro m  th e  d ischarge  

p o in t. A n u m b e r  o f  sew er overflow s a re  activated 

in  th e  v icin ity  o f  th e  d ischarge  p o in t in  th e  even t 
o f  in te n se  p rec ip ita tio n .

2.2 Sewage Treatment Plant 
A m sterdam -W estpoort (WST)
STP Am sterdam -W estpoort

T he A m ste rd am -W estp o o rt STP is o f  th e  sam e 
type o f  STP as th e  one  in  E indhoven . T h e re  are  
tw o im p o rta n t d ifferences , how ever. Firstly , th e  

A m ste rd am -W estp o o rt STP is loaded  relatively 

low . T he  STP h as a design  capacity  o f  6 0 0 ,0 0 0  

p o p u la tio n  equ iva len ts , o f  w h ich  so m e  6 0  %  is 
cu rren tly  u sed . T he  m e a n  flow  is som e 4 3 ,0 0 0  m? 

p e r  day an d  th e  s ludge load ing  in  th e  ae ra tio n  

tan k s  is genera lly  0 .05  kg BOD1-kg d s^ -d a y '1. 
Secondly, th e  sew er sy s tem  in  th e  d ra in ag e  a rea  is 
sep ara ted . T h is m e a n s  th a t th e  p la n t p rocesses a 

relatively  c o n s ta n t w astew a te r s tre a m  an d  th e re ­

fore  p ro d u ces e ff lu en t o f  a relatively  c o n s ta n t 
quality . W ith  dry  w ea th er, th e  u n tre a te d  w aste ­
w a te r co n sis ts  o f  so m e  th re e  q u a rte rs  m u n ic ip a l 

w astew ater an d  one q u a rte r  in d u s tr ia l w astew ater.

North Sea Canal near Amsterdam (AMS)

T he e ff lu en t o f  th e  A m ste rd a m  W estp o o rt STP 

is d isch a rg ed  in  th e  N o rth  Sea C anal, a m a jo r 

w aterw ay  in  th a t p a r t o f  th e  coun try . N ow adays, 
it  is p rim arily  u se d  fo r d isch a rg in g  su rp lu s  
fre sh w a te r to  th e  N o rth  Sea, b u t h is to rica lly  it 

w as c o n stru c te d  to give large sea-going  vessels 

access to  th e  in la n d  A m ste rd a m  p o rt area . T he 
A m ste rd am -W estp o o rt STP is s itu a ted  close to 
th e se  po rts  w est o f  A m ste rd am . T he  m e a n  flow  in  

th e  N o rth  Sea C anal is ab o u t 8 - i o s m 3 p e r  day. It 

can  be expected  th a t, d u e  to d ilu tio n , th e  co n cen ­

tra tio n  o f  W estp o o rt STP e ff lu en t in  th e  N o rth  Sea 
C anal w ill n o t exceed 1 %  by vo lum e.

7.3 Occurrence of
(xeno-)estrogens

7 .3.1 Hormones and bisphenol-A
O f all h o rm o n e s  m ea su re d , only  e s tro n e  was 
detec ted  above th e  lim it o f  d e tec tion  in  b o th  th e  
E indhoven  STP e ff lu en t a n d  D om m el su rface  

w ate r (see ch ap te r 3). E strone  w as reco rd ed  in  

e ff lu en t an d  su rface  w ate r in  co n cen tra tio n s  above 

th e  lim it o f  d e tec tio n  to 11 ng /L . It w as rem ark ab le  
th a t th e  h ig h e s t co n cen tra tio n  in  su rface  w ater 

w as reco rd ed  u p s tre a m  fro m  th e  E indhoven  STP 

(3.0 n g  estro n e /L ). T h is m ay  have b een  cau sed  by 
sew erage overflow s or ag ricu ltu ra l sou rces. 17a- 
e thyny lestrad io l w as only reco rd ed  above th e  lim it 

o f  d e tec tion  (0.3 ng /L ) in  one  e ff lu en t sam p le  in  

th e  LOES pro jec t, n am ely  th a t fro m  th e  E indhoven  
STP in  sp rin g . T h is m e a s u re m e n t (2.6 ng /L ) was 
also h ig h e r  th a n  th a t reco rded  fo r th e  u n tre a te d  

w astew ater on  th e  sam e  day (1.4 ng /L ). T he 

co m p o u n d  w as also fo u n d  in  one  su rface  w ate r 
sam p le , n am ely  th a t fro m  th e  N o rth  Sea C anal in  
sp rin g . T h is value o f  0 .4  n g /L  w as ju s t above th e  

lim it o f  de tec tio n  an d  th e re fo re  th e  exact co n cen ­

tra tio n  is less reliable.

As co m p ared  to o th e r LOES e ff lu en t sam p les , 

considerab ly  h ig h e r  levels o f  b ispheno l-A  (4 ,0 9 0  

ng/L ) w ere  fo u n d  in  th e  e ff lu en t o f  th e  E indhoven  
STP in  sp rin g . T he  b ispheno l-A  level in  th e  
u n tre a te d  w astew ater sam p le  o f  th e  sam e day was 

5 ,6 2 0  ng /L . In  th e  even t o f  c o n s ta n t supply , th is  

w ou ld  in d ica te  ex trem ely  in e ffic ien t rem oval. It is 
know n , how ever, th a t b ispheno l-A  is b ro k en  dow n 
biologically  relatively  easily . It is th e re fo re  m o re  

likely th a t th e re  is a m a jo r f lu c tu a tio n  in  supply . 

D esp ite  th e  relatively  sm all d ilu tio n  factor, no  
rem ark ab ly  h ig h  level o f  b ispheno l-A  w as recorded  
in  th e  su rface  w ate r sam p le  th a t w as tak en  on  th e  

sam e  day a t th e  p o in t o f  d ischarge .

H o rm o n es  an d  b ispheno l-A  w ere  n o t fo u n d  in  
su sp en d ed  m a tte r , s e d im e n t o r b io ta. T he  1997 

p ilo t study  in d ica ted  th a t several a ttem p ts  to do so 

w ere  u n su c c e ss fu l (B elfroid et al., 1 9 9 8 ,1 9 99b ).



In summary:

E strone  is fo u n d  in  e ff lu en t an d  su rface  w a te r in  
com p arab le  c o n cen tra tio n s . I t is n o t p o ss ib le  to 
d raw  any  co n c lu s io n s w ith  re sp ec t to th e  relative 

co n tr ib u tio n  o f  e ff lu en t as sou rce  on  th e  basis o f  

th e  m e a s u re m e n ts . E thyny lestrad io l w as fo u n d  in  

u n tre a te d  w astew ater, b u t w as only  very rarely  
fo u n d  in  e fflu en t. T he  co n cen tra tio n s  recorded  

offer n o  in fo rm a tio n  w ith  re sp ec t to th e  relative 

co n tr ib u tio n  o f  e ff lu en t as a source . H ow ever, 

co n sid e rin g  th e  a rea  o f  app lica tion , h o u seh o ld  
w astew ater is likely to be by far th e  m o s t im p o r­

ta n t source.

3.2 Phthalates
In  p e riod  i , all p h th a la te s  m e a su re d  w ere  fo u n d  

in  b ream  fro m  th e  river D om m el. T he  h ig h es t 

co n cen tra tio n s  reco rd ed  w ere  th o se  fo r DEP an d  
DEH P, fo llow ed by DBP, BBP, DCHP e n  DPP,

DM P a n d  DOP. U n fo rtu n a te ly  th e  m e a su re m e n ts  

fo r DEHP an d  DEP are  m iss in g  fo r p e rio d  3, b u t 

th e  o th e r p h th a la te s  show  th e  sam e  p a tte rn . T he 
h ig h e s t co n cen tra tio n  reco rd ed  in  se d im e n t w as 

th a t o f  DEHP, follow ed by DBP a n d  to  a le sse r 

deg ree  DM P. It w as n o t poss ib le  to show  th e  

occu rren ce  o f  th e  o th e r p h th a la te s . T he  co n cen ­
tra tio n s  w ere  h ig h e r  d o w n stream  th a n  u p s tre a m . 

P h th a la te  co n cen tra tio n s  in  su sp e n d e d  m a tte r  

fro m  th e  D o m m el w ere  com p arab le  to th o se  fo u n d  

in  sed im en t; DOP w as fo u n d  in  su sp e n d e d  m a tte r  
only. T he  su rface  w a te r co n ta in ed  p rim arily  

DEH P a n d  DM PP, fo llow ed by DBP, BBP an d  DEP. 

DCHP w as n o t fo u n d  in  su rface  w ater. M ainly  

DEH P w as fo u n d  in  su sp e n d e d  m a tte r  o f  th e  e fflu ­
en t, w ith  DOP also fo u n d  in  le s se r co n cen tra tio n s . 

T he  to ta l e ff lu en t also co n ta in ed  DEP, DMPP, BBP 

a n d  DBP.

In summary:

P h th a la te s  w ere  fo u n d  in  e fflu en t, su rface  w ater 

a n d  b io ta . M easu rem en ts  o f  se d im e n t fro m  th e  
D o m m el also ind ica te  re latively  elevated  levels 
o f  th re e  co m p o u n d s , DBP, DEHP an d  DM P, 

d o w n stream  fro m  th e  E indhoven  STP. T he  e fflu ­

e n t can  th e re fo re  be  seen  as a source.

7 .3.3 Alkylphenol (ethoxylate)s
N o n y lpheno l e thoxylates (NPE) a n d  n o n y lp h en o l 
(NP) w ere  fo u n d  in  b re a m  in  th e  river D om m el in  

clearly  elevated  c o n cen tra tio n s . T he NPE co n cen ­

tra tio n s  in  th e  sp rin g  a n d  a u tu m n  sam p le  w ere 

respectively  0.52 an d  0.43 m g /g  w et w e ig h t (w.w.) 
a n d  th e  N P co n cen tra tio n s  w ere  respectively  0.12 

a n d  0.15 m g /g  w .w . O cty lpheno ls (OP) an d  

octy lpheno l e thoxylates (OPE) w ere  n o t reco rd ed  in  
th e  m u sc le  tissu e . In  th e  su rface  w ate r o f  th e  river 
D om m el, th e  co n cen tra tio n s  o f  all APE s in  th e  

w ate r frac tion  w ere  genera lly  below  th e  lim it o f  

de tec tion . In  co n tra st, NPE w as fo u n d  in  a clearly 
e levated  co n cen tra tio n  in  th e  d o w n stream  
sed im en t, 2.75 m g /g  dry  w e ig h t (d.w.), as 

co m p ared  to  th e  u p s tre a m  sed im en t, 0.31 m g /g  

d.w . In te restin g ly , th is  w as n o t th e  case fo r NP.
In  th e  u p s tre a m  a n d  d o w n stream  sed im en ts , th e  
co n cen tra tio n s  o f  NP w ere  respectively  2.38 an d  

2 .8 0  m g /g  d.w . T h ese  levels a re  clearly  h ig h e r  

th a n  th o se  in  th e  o th e r su rface  w ate r locations.
T he  p a tte rn s  o f  APE in  th e  e ff lu en t o f  th e  
E indhoven  STP w ere  s im ila r to th o se  fo u n d  in  th e  

su rface  w ate r o f  th e  river D om m el. T hey  w ere 

below  th e  lim it o f  d e tec tion  fo r th e  w ate r fraction , 
w ith  h ig h  co n cen tra tio n s  o f  NP a n d  NPE in  th e  
su sp en d ed  m a tte r  in  th e  efflu en t. T he  NP c o n cen ­

tra tio n s  an d  even  m o re  so th e  NPE co n cen tra tio n s  

w ere  also clearly  h ig h e r  in  th e  su sp e n d e d  m a tte r  
fro m  th e  E indhoven  STP th a n  th a t fro m  th e  
A m ste rd am -W estp o o rt location . T he  NPE co n cen ­

tra tio n  in  su sp en d ed  m a tte r  o f  th e  E indhoven  STP 

sp rin g  an d  a u tu m n  e ff lu en t sam p le  w ere  69 .5  an d
25.7 m g /g  d.w . an d  NPE w as below  th e  lim it o f  
de tec tion  a t th e  A m ste rd am -W estp o o rt STP in  th e  

sp rin g  sam p le . T he  sp rin g  an d  a u tu m n  values fo r 

NP w ere  9 .7  a n d  11.6 m g /g  d.w . fo r E indhoven  
a n d  3.4 m g /g  d.w . fo r th e  A m ste rd am -W estp o o rt 
sp rin g  sam p le .

In summary:

N ony lpheno ls a n d  th e ir  e thoxylates w ere  fo u n d  in  
th e  solid  frac tions o f  th e  e ff lu en t (residue) an d  

su rface  w ate r (su sp en d ed  m a tte r  an d  sed im en t). 

O nly  se d im e n t levels ind ica te  th a t th e  e ff lu en t is 
an  im p o rta n t sou rce  o f  n o n y lp h en o ls , an d  possib ly  
also o f  n o n y lp h en o l ethoxylates.



4 Brominated Flame Retardants
G enera lly  speak ing , th e  sam e  flam e re ta rd an ts  
w ere  fo u n d  in  th e  D om m el in  se d im e n t as w ere 

fo u n d  in  su sp e n d e d  m a tte r . T h is in c lu d ed  BB 153, 

BB 169, BDE 47, BDE 9 9 , BDE 153 an d  BDE 2 0 9 . 
O f  th is  se ries, only  BDE 2 0 9  w as n o t fo u n d  in  
b ream , w hile  it  w as p re s e n t in  h ig h  co n cen tra tio n s  

in  su sp en d ed  m a tte r  (to 0.57 n g /g  d.w.) an d  in  

se d im e n t (to 0 .0 9  n g /g  d.w.) fro m  th e  D om m el, 
b u t also in  th e  in  su sp e n d e d  m a tte r  o f  STP e fflu en t 
(0.35 n g /g  d.w . a n d  0 .9 2  n g /g  d.w .). In  ad d itio n  to 

BDE 2 0 9 , BDE 47 a n d  BDE 9 9  w ere  also fo u n d  in  

th e  su sp e n d e d  m a tte r  in  th e  STP effluen t.

In summary:

T he b ro m in a te d  flam e re ta rd an ts  w ere  fo u n d  in  

th e  so lid  frac tions o f  b o th  e ff lu en t an d  su rface  
w ater. S u sp en d ed  m a tte r  levels fo r BDE 47, BDE 
9 9  an d  BDE 2 0 9  ind ica te  th a t th e  E indhoven  STP 

e ff lu en t is a sou rce  o f  th e se  co m p o u n d s . H ow ever, 

se d im e n t levels w ere  co n sis ten tly  h ig h e r  u p s tre a m  
fro m  th e  d ischarge  po in t.

.4 Biological effects
T he E in d h o v en /D o m m el an d , to a le s se r extent, 
th e  A m ste rd a m  W estp o o rt location  w ere  u se d  as 

cases to e labo ra te  a w e ig h t o f  ev idence analysis. 

T he  re su lts  o f  th e  d iffe ren t a n d  bio logical m e th o d s 
em p loyed  fo r th e  E in d h o v en /D o m m el location  are  
p rov ided  in  ch ap te r 5 b u t su m m a riz e d  in  th e  lig h t 

o f  th e  case study  below .

.1 Field populations
It p roved  d ifficu lt to ca tch  su ffic ien t n u m b e rs  o f  

b re a m  in  th e  D om m el. T he  ind iv idua ls even tua lly  

c au g h t show ed  relatively  h ig h  som atic  liver 
ind ices, a g en e ra l in d ica to r o f  po llu tio n . H ow ever, 

th e  sam e  b ream  h ad  a relatively  h ig h  co n d itio n  

fac to r th ro u g h o u t th e  year, in d ica tin g  good 

n u tr it io n a l s ta tu s . T h is is p laus ib le , g iven  th a t 
STP e fflu en ts  o ften  a ttra c t large n u m b e rs  o f  fish  

d u e  to th e  g rea te r a b u n d a n c e  o f  food.

T he  fie ld  survey  revealed  th a t m a le  b re a m  in  
th e  D om m el co n ta in ed  ex trem ely  h ig h  levels o f

p la sm a  v ite llogen in  a n d  a h ig h  p revalence  o f  in te r­

sex gonads (p arag raph  5.2). T h ese  p h e n o m e n a  are  
lin k ed  to  th e  o ccu rren ce  o f  e s tro g en s , e ith e r 
e n d o g en o u s  o r exogenous. In  th e  N o rth  Sea C anal, 

VTG levels in  w ild  b ream , b u t also  in  flo u n d er, 

w ere  low er an d  m o re  variable. In te rsex  w as n o t 
observed  in  m a le  f ish  o f  e ith e r  f ish  species 
c ap tu red  a t th is  site . T he observations on  VTG 

levels an d  in te rsex  in  th e  D o m m el a re  c o n s is te n t 

w ith  th e  h ig h  estro g en ic  activity in  b re a m  bile 
m e a su re d  w ith  th e  ER-CALUX. Bile is th e  m a in  
excre tion  ro u te  fo r stero id s an d  h o rm o n es . 

A queous ER-CALUX re sp o n se  levels (expressed  in  

EEQs) in  th e  E indhoven  e ff lu en t an d  th e  receiv ing  
w aters w ere  o f  th e  sam e o rd e r o f  m a g n itu d e  as at 
o th e r STPs (no t sh o w n  in  tab le  7.2, see ch ap te r 4).

7 .4.2 In situ exposure
A t b o th  th e  E indhoven  a n d  th e  A m ste rd am - 

W estp o o rt STP, 3-week in  situ  flow -th rough  

ex p erim en ts  (M obyDicks) w ith  th e  e fflu en ts  w ere 

co n d u c ted  u s in g  ra in b o w  tro u t an d  carp  as te s t 
species a n d  VTG in d u c tio n  as an  en d p o in t.

C arp  d id  n o t re sp o n d  to e ith e r  o f  th e  e ffluen ts . 

VTG co n cen tra tio n  in  ra in b o w  tro u t in c reased  
sign ifican tly  a fte r exposu re  to th e  two efflu en ts , 
how ever. In  E indhoven , levels in  all exposed 

ind iv idua ls w ere  1 0 0 ,0 0 0  n g  VTG/m L b lood 

p lasm a  or h ig h e r . A t A m ste rd am -W estp o o rt, th e  

re sp o n se  w as m o re  variab le  a n d  less s trong , w ith  
VTG co n cen tra tio n s  ran g in g  fro m  less th a n

1 ,0 0 0  n g /m L  to 1 0 0 ,0 0 0  n g /m L  b lood  p lasm a.

T he  re su lts  o b ta ined  fo r ra in b o w  tro u t exposed  to 
th e  e ff lu en t d ischarges th e re fo re  seem  c o n s is te n t 

w ith  th o se  ob ta in ed  fo r feral b re a m  c ap tu red  in  

th e  n ea rb y  receiv ing  su rface  w ate rs . A n im p o rta n t 

po in t, how ever, is th e  co n c lu s io n  th a t th e  
E indhoven  STP e ff lu en t a n d  n o t th e  u p s tre a m  

su rface  w a te r fro m  th e  D o m m el in d u ced  th e  

e stro g en ic  effect in  th e  ra in b o w  tro u t. A second  

im p o rta n t co n c lu s io n  th a t can  be d raw n  fro m  th e  
M obyD ick ex p erim en ts  is th a t so m e  species are  

a p p a ren tly  less sensitive  th a n  o th e rs  a n d  th a t 

ex trapo la tion  o f  one  fish  species to  a n o th e r  sho u ld  

th e re fo re  be done  w ith  care . M ore im p o rtan t, 
how ever, is th e  co n c lu s io n  th a t th e  E indhoven  STP



e ff lu en t an d  n o t th e  u p s tre a m  su rface  w a te r fro m  

th e  D om m el in d u ced  th e  e s tro g en ic  effec t in  th e  

ra in b o w  tro u t.

M ale carp , exposed  fo r 3 w eeks to d o w n stream  

receiv ing  su rface  w a te r u s in g  in situ  cages d id  n o t 
show  in c reased  VTG levels in  th e ir  b lood  p lasm a, 
e ith e r  in  th e  D om m el, o r in  th e  N o rth  Sea C anal. 

T h ese  re su lts  th e re fo re  co n firm  th e  relative in s e n ­

sitivity  o f  th is  species to e s tro g en s  in  STP effluen ts  

observed  in  th e  M obyD ick ex p erim en ts . 
In te restin g ly , m a le  carp  co llected  fro m  th e  river 

D o m m el in  a re c e n t stu d y  d id  show  elevated  VTG 

levels. A lth o u g h  n o t qu ite  as h ig h  as fo u n d  in  

b re a m  fro m  th e  sam e  location , th is  d em o n s tra te s  
th a t carp  is n o t en tire ly  in sen sitiv e  o r unaffec ted . 

M obyD ick ex p e rim en ts  w ith  carp  as ca rried  o u t in  

th is  p ro jec t a re  ap p a ren tly  ineffective in  p red ic tin g  

p o ten tia l es tro g en ic  effects fo r carp  an d  o th e r 
species o f  f ish  in  th e  field . A poss ib le  exp lana tion  

fo r th is cou ld  be th a t th e  tim in g , d u ra tio n  an d  

ro u te  o f  exposu re  a re  im p o rta n t factors fo r carp  

th a t m ay  have a p ro fo u n d  effect o n  th e  estro g en ic  
re sp o n se  in  th is te s t system .

4.3 Laboratory tes ts
In  o rd e r to investiga te  th e  causative  ag en ts  in  th e  

E indhoven  STP efflu en t, ad d itio n a l labora to ry  

s tu d ies  w ere  ca rried  out. T he estro g en ic ity  o f  th e  
e ff lu en t d e m o n s tra te d  ea rlie r  w as co n firm e d  by 
tw o s tu d ies  w ith  zeb ra fish  (D anio rerio). 

Ind iv idua ls o f  various ages, m ales a n d  fem ales 

to g e th e r, w ere  exposed  to e ff lu en t ex tracts a n d  to a 
sy n the tic  e ff lu en t ana logue , re flec ting  th e  co n cen ­
tra tio n s  o f  e s tro g en s  as m e a su re d  d u rin g  th e  p ilo t 

s tu d y  in  1997  (B elfroid et al., 1 9 9 9 b ). In  P artia l 

Life Cycle tes ts  (p arag rap h  5.4.2), b o th  th e  e ff lu en t 
a n d  th e  syn thetic  an a lo g u e  in d u ced  a s ig n ifican t 
sh ift in  sex ra tio  o f  z eb ra f ish  o ffsp rin g  tow ards 

fem ales.

In  th e  second  labo ra to ry  study, tran sg en ic  
zeb ra fish , exposed  to extracts o f  th e  E HV e ff lu en t 

a n d  th e  syn thetic  an a lo g u e  show ed  in c reased  

lu c ife rase  activity (p arag raph  5.4.2). T he  o rd in ary  
ER-CALUX re sp o n se  to  th e  sam e  extracts w as also 
elevated  (this value d iffered  co n siderab ly  fro m  th e

value o b ta ined  w ith  ro u tin e  m e a s u re m e n t w ith  th e  

ER-CALUX in  th e  sam e period , how ever. T h is was 
m o s t likely cau sed  by th e  d iffe ren t ex traction  
m e th o d s  used ; see ch ap te r 4  a n d  p a ra g ra p h  5.4.2). 

For th e  syn thetic  e ff lu en t an a lo g u e , it  w as show n  

th a t b o th  th e  in  vivo an d  in  vitro e s tro g en ic  p o te n ­
cies w ere  largely  th e  re s u lt o f  th e  o ccu rren ce  o f  
i7 a -e th y n y les trad io l (EE2). It w as also fo u n d  th a t 

th e  po tency  in  th e  sy n the tic  an a lo g u e  d e m o n ­

stra ted  w ith  b o th  re p o r te r  g ene  assays w as o f  th e  

sam e  o rd e r o f  m a g n itu d e  as th e  estro g en ic  p o te n ­
cies o f  th e  rea l e ff lu en t an d  th e  su rface  w ate r o f  

th e  D om m el in  th e  fall o f  19 9 9  (p arag raph  5.4.2).

7.5 Discussion
As in d ica ted  in  th e  in tro d u c tio n , th e  case study  

w as carried  o u t in  o rd e r to f in d  th e  an sw ers  to 
th re e  im p o r ta n t q u es tio n s . T h ese  q u es tio n s  w ere 
respectively:

•  C ould  th e  case stu d y  e fflu en ts  have cau sed  

e s tro g en ic  effects in  w ild  fish?
•  W hich  agen ts in  th e  e ffluen t m ay  be responsib le?
•  W h a t does th is m e a n  fo r f ish  in  o th e r D u tch  

su rface  w a te r ecosystem s?

In  o rd e r to an sw er th ese  q u es tio n s , a so-called 
‘w eigh t-of-ev idence’ ap p ro ach  w as u sed , th e  

re su lts  o f  w h ich  a re  su m m a riz e d  in  table  7.1. Each 

o f  th e  th ree  q u es tio n s  are  ad d re ssed  an d  d iscu ssed  
in  th e  p a rag rap h s  below .

7 .5.1 Effluent estrogenicity
Follow ing th e  ch a in  o f  cause  a n d  effect as show n 
in  fig u re  7.1, it  b ecom es c lear tha t, even  th o u g h  

th e  data  is so m e tim es  in co m p le te  o r even  conflic t­

ing , th e  g en e ra l p ic tu re  is th a t b o th  th e  E indhoven  

a n d  A m ste rd am -W estp o o rt STP e ff lu en t a re  e s tro ­
gen ic  a n d  tha t, in  th e  case o f  th e  E in d h o v en / 

D om m el case, it  is m o s t likely th a t th e  estro g en ic  

effects as seen  in  w ild  fish , in  b o th  b re a m  an d  carp  

can  be exp la ined  by th e  e stro g en ic  po tency  o f  th e  
STP effluen t.

C hem ica l analysis o f  u n tre a te d  w astew ater, e fflu ­

en t, su rface  w ate r an d  b io ta  c learly  in d ica ted  th e  
occu rren ce  o f  (xeno-)estrogens. H ow ever, due  to 
relatively  h ig h  d e tec tion  lim its , particu la rly  fo r th e



m o s t p o te n t es tro g en , EE2, a n d  due  to an  in a d e ­

qu a te  sam p lin g  reg im e, th e  relative co n tr ib u tio n  

o f  th e  e ff lu en t to th e  su rface  w a te r co m p o s itio n  
re m a in e d  obscu re . N evertheless, th e  on-site  exper­

im e n ts  w ith  ra in b o w  tro u t unequ ivoca lly  show ed 

th a t b o th  e fflu en ts  w ere  e s tro g en ic  to  fish . In  line  
w ith  th e  expecta tions based  on  th e  p e rfo rm an ce  
a n d  load ing  o f  th e  STP, th e  E HV e ff lu en t h ad  a far 

g rea te r im p a c t o n  th e  exposed  ra in b o w  tro u t th a n  

th o se  a t A m ste rd am -W estp o o rt STP (see ch ap te r
5). T h ese  fin d in g s  also  c o rre sp o n d ed  w ell w ith  
VTG levels in  w ild  fish  cap tu red  in  receiv ing  

su rface  w aters . In  th e  D o m m el, ex trem ely  h ig h  

p la sm a  levels w ere  fo u n d  in  m a le  b ream , w h ile  in  

th e  N o rth  Sea C anal n e a r  W estpoo rt, levels in  
m a le  b ream  (and flounder) w ere  only  m odera te ly

elevated. M oreover, a large p ro p o rtio n  o f  in te rsex  

w as observed  in  w ild  m a le  b re a m  in  th e  D om m el, 

w hereas th is  fea tu re  w as n o t fo u n d  in  m a le  b ream  
(or flounder) fro m  th e  N o rth  Sea C anal.

A dditionally , labo ra to ry  re sea rch  co n d u c ted  w ith  
th e  EHV e ff lu en t an d  its syn thetic  an a lo g u e  
seem ed  to ind ica te  s tro n g  estro g en ic  effects in  th e  

ER-CALUX in  vitro assay  a n d  in  tw o tes ts  w ith  

zeb ra fish , b o th  a t th e  in d iv id u a l a n d  th e  p o p u la ­

tio n  level.

O n  th e  basis o f  th e  co m b in a tio n  o f  chem ica l an d  

b io logical m e a s u re m e n ts , i t  ap p ears  leg itim ate  to 

co n c lu d e  th a t th e  e ff lu en t is one  o f  th e  e strogen ic  
sources fo r th e  effects as seen  in  w ild  b re a m  an d

Level Evidence Remarks

R elease (source)

O ccurrence and d istribution

U ptake and accum ulation

P h ysio log ica l ch an ges

Effects on  ind ividuals  

Effects on  p op u lation s

Estrogenic h orm ones and (x en o -)estrogen s  

identified in effluent

Estrogenic h orm ones and (x en o -)estrogen s identified in 

surface w ater; h orm ones and bisphenol-A  in aq ueous  

fraction, APEs and brom inated flam e retardants in sed im en t 

and su sp en d ed  solids, phthalates in both  

Estrogenic com p ou nd s identified  in fish and m ussel tissue  

and fish bile

V itellogenin  induction in w ild fish and in experim ental fish  

exp osed  in situ  and in laboratory  

Intersex gon ad s in w ild fish

Skew ed  sex  ratios (tow ards m ore fem ales) in experim ental fish

D etection  limits ham per com p lete  characterization o f  

effluent com position

The field data did not positively identify th e  EHV effluent  

as a source for any o f  th e  chem ical groups, w ith th e  

excep tion  o f  th e  APEs

C annot be linked to  effluent

Experimental stud ies positively identify effluent as source

Exact s ite  o f  exp osure unknow n  

Experimental fish population

T 7.1 S u m m a r y  o f  t h e  'w e i g h t  o f  e v i d e n c e ’ a n a ly s is . T 7 .2  C o m p o s it io n  o f  e f f lu e n t  a n d  s u r fa c e  w a t e r  o f  th e

E in d h o v e n /D o m m e l  a n d  A m s t e r d a m -W e s t p o o r t /N o r t h  

S e a  C a n a l c a s e s  a n d  th a t  d u r in g  e x p e r im e n t s  w ith  

r a in b o w  tr o u t.

Eindhoven/Dom m el A m sterdam -W estpoort/N orth  Effect eone.
Sea Canal VTG induction

Effluent D om m el U pstream  

D ischarge p oin t

In s itu  fish  

exp osure

Effluent In s itu  fish  

exp osure

N om inal

eone.

sy n th etic

efflu en t

LOEC NOEC

Period 1 3 3 1 3 1 3 3 3

E1 (ng/L) 4.7 < *0.6 3.0 < 0.3 < *2.9 2.0 11 5.5 5 3 2 -6 6 9 .9 - 2 5

«-E 2  (ng/L) < 0.3 < 0.3 < 0.3 < 0.3 < *2.2 < 0.3 < 0.4 < 0.3

ß-E2 (ng/L) < 0.8 < 0.8 < 0.8 < 0.8 < 1.1 < 0.8 < 0.7 < 0.8 10-100 1 -3 2

EE2 (ng/L) 2.6 < 0.3 < 0.3 < 0.3 < 1.1 < 0.3 < 0.3 < 0.3 2.8 0.5 0.1
B PA (ng/L) 4090 190 <11.8 130 310 1,830 1,830 44 4000 4 10 4- 1 1 IO4 4 10 4- 1 1

NP (pg/L) n.m. < 0.39 < 0.31 < *1.48 0.61 < 0.43 < 0.14 0.43 2.0 10
NP(4) EO (pg/L) n.m. < 1.88 < 0.59 < *1.48 < 0.68 < 0.31 9.3

NP(1) EO (pg/L) 0.44 0.18

NP(2) EO (pg/L) 0.51 0.23 30 10
OP (pg/L) n.m. < 0.18 < 0.14 < 0 1 7 < 0.16 < 0.06 5
O P (8 /9 )  E (pg/L) n.m. < 0.46 < 0.31 < 0.42 < 0.40 < 0.25 0.5

DEHP (pg/L) 2.35 1.92 4.96 0.20 1.84 1.21 2.7



carp  co llected  fro m  th e  river D om m el. B ased on  

th e  labo ra to ry  ex p e rim en ts  w ith  zeb ra fish , it also 

ap p ears  to be leg itim ate  to a s su m e  effects a t th e  
p o p u la tio n  level.

5.2 Causative agents
T he labo ra to ry  s tud ies  w ith  th e  E indhoven  e ff lu en t 

a n d  its syn thetic  an a lo g u e  in d ica ted  th a t th e  e s tro ­

gen ic  effects as observed  in  w ild  fish  in  th e  
D o m m el m ig h t be largely  due  to th e  o ccu rren ce  o f  
EE2 (chap ter 5). H ow ever, th e  sy n the tic  m ix tu re  

co n ta in ed  a n o m in a l d isso lved  co n cen tra tio n  o f

2 .8  n g /L  o f  th is  ste ro id  (based on  th e  1997  p ilo t 
survey), w hereas th e  co n cen tra tio n s  m e a su re d  
d u rin g  th e  LOES sam p lin g  cam p a ig n  in  th e  fall o f  

1 9 9 9 , w h en  th e  e ff lu en t fo r th e  labora to ry  experi­

m e n ts  w as collected , d id  n o t exceed th e  lim it o f  
de tec tio n  o f  0.3 n g /L  in  e ith e r  th e  e ff lu en t o r th e  
su rface  w ate r d o w n stream . O n  th e  o th e r h an d , a 

sin g le  m e a s u re m e n t o f  th e  E HV e ff lu en t in  th e  

sp rin g  o f  19 9 9  yielded  a co n cen tra tio n  o f  2 .6  n g /L  
EE2.

W h ereas th e  e s trogen ic ity  o f  th e  E HV (synthetic) 

e ff lu en t to z eb ra fish  seem s to be  largely  exp la ined  

by E E 2, it  is n o t en tire ly  c lear w h ich  su b s tan ces 
a re  re sp o n sib le  fo r th e  estro g en ic  effects observed  

in  w ild  m a le  b re a m  fro m  th e  D om m el. F irstly, 

h ig h  ste ro id  levels w ere  also m e a su re d  in  D o m m el 
w a te r u p s tre a m  o f  th e  d ischarge  p o in t o n  som e 
occasions (in sp rin g , see tab le  7.2). Secondly, it 

seem s easy  to  ex trapo la te  th e  effects observed  in  

th e  e ff lu en t to th e  receiv ing  su rface  w ater. T he 
ou tflow  o f  th e  e ff lu en t is a lm o s t eq u a l to  th e  flow  
o f  th e  D o m m el u p s tre a m  fro m  th e  d isch a rg e  p o in t 

a n d  th e  re su ltin g  d ilu tio n  o f  e ff lu en t w ith  river 

w a te r is th e re fo re  only  1:1. H ow ever, it  w as also 
sh o w n  in  ch ap te r 6 th a t VTG levels in  m a le  b ream  
in  th e  N e th e rlan d s  co rre la ted  w ell w ith  co n cen tra ­

tio n s  o f  n o n y lp h en o l an d  n o n y lp h en o l ethoxylates 

in  b ream  body tissu e  a n d  to a le s se r ex ten t w ith  

co n cen tra tio n s  in  su rface  w ater. T h is ind ica tes 
th a t th e se  co m p o u n d s m ay  also have c o n tr ib u ted  

to  th e  effects observed.

In  o rd e r to investiga te  p o ss ib le  causative agen ts 
fo r th e  e s tro g en ic  effects in  f ish  observed  at 
EHV/DOM an d  WST/AMS, th e  re su lts  o f  the

various analyses o f  d isso lved  estro g en ic  

c o m p o u n d s  in  w ate r sam p les w ere  co m p ared  to 

kno w n  effect th re sh o ld  co n cen tra tio n s  (Lowest 
O bserved  Effect C o n cen tra tio n s , LOEC s). T h is is 

also show n  in  tab le  7.2.

E strone  (Ei) in d u ces  VTG p ro d u c tio n  in  m ale  
ra in b o w  tro u t a t 32 n g /L  an d  h ig h e r  (O kkerm an  

et al., 2001). C o n cen tra tio n s  so m ew h a t low er th a n  

th is th re sh o ld  (approxim ately  5 ng /L ) w ere  
observed  in  th e  e ff lu en t sam p les. S im ila r values 
w ere  observed  (2 to 11 ng /L ) in  a n u m b e r  o f  the  

e ff lu en t a n d  su rface  w ate r sam p les tak en  

rou tine ly . F or iy ß -estrad io l (E2), th e  sam e  VTG 

in d u c tio n  th re sh o ld  ran g es  fro m  io  to 100  n g /L  
(O kkerm an  et al., 2001). All co n cen tra tio n s  

m e a su re d  in  su rface  an d  e ff lu en t w ate r sam p les 

w ere  below  th e  d e tec tio n  lim it o f  0 .8  to 1.1 n g /L  
E2. T h is lim it, how ever, is very close to th e  
m in im a l LOEC o f  1 ng /L . For iy a-e th y n y les trad io l 

(EE2), m o s t co n cen tra tio n s  m e a su re d  in  STP 

e ff lu en t a n d  in  th e  ad jacen t su rface  w aters w ere 

below  th e  d e tec tion  lim it o f  0 .7 -1.1 n g /L  EE2. 
T h ese  d e tec tion  lim its  a re  approx im ate ly  one o rd e r 

o f  m a g n itu d e  h ig h e r  th a n  th e  th re sh o ld  fo r VTG 

in d u c tio n  in  ra in b o w  tro u t, i.e ., o .1-0.5 n g /L  
(O kkerm an  et al., 2001). O n  th e  basis o f  these  
analyses, it  can  th e re fo re  n e ith e r  be  excluded  th a t 

n a tu ra l an d  syn the tic  s te ro id s have co n tr ib u ted  to 

th e  effects observed  in  b o th  ra in b o w  tro u t in  flow ­

th ro u g h  ex p erim en ts  w ith  th e  e fflu en ts  o f  E HV 
a n d  WST an d  in  w ild b re a m  (and p robab ly  in  

f lo u n d e r  a t WST) in  th e  receiv ing  su rface  w aters , 

n o r  can  it  be  m a d e  conv incing ly  p laus ib le . T he 
various s te ro id s  a n d  xeno -es trogens m ay  have 
w orked  in  c o m b in a tio n  (H ea lth  C ouncil o f  th e  

N e th e rlan d s , 1 9 99 ).

T he  co n cen tra tio n s  o f  s te ro id s  in  th e  in f lu e n t o f  
b o th  STPs exceeded th e  th re sh o ld s  fo r VTG in d u c ­

tio n  by several o rders o f  m a g n itu d e . It is th e re fo re  

likely th a t th e  in f lu e n t w ou ld  be h igh ly  e stro g en ic  

to (m ale) fish . T he  overflow  o f  sew ers in  w ate r 
bod ies m ay  th e re fo re  co n tr ib u te  sign ifican tly  to 

th e  e s trogen ic ity  o f  su rface  w aters to fish .

F rom  tab le  7 .2 , it  can  fu r th e r  be con c lu d ed  th a t 
b ispheno l-A  (BPA) is n o t expected  to c o n tr ib u te



sign ifican tly  to th e  e stro g en ic ity  o f  e ff lu en t an d  

receiv ing  su rface  w a te r to fish . T he  co n cen tra tio n s  

m e a su re d  w ere  one  or m o re  orders o f  m ag n itu d e  
low er th a n  th e  k n o w n  ran g e  o f  NOECs an d  LOECs 

fo r VTG in d u c tio n  (4 0 ,0 0 0  to 115,000 ng/L ) 

(G ro sh art et al., 2001a). Even B PA levels in  STP 
in f lu e n t (up to 5 ,6 0 0  ng /L ) w ere  low er th a n  th ese  
th re sh o ld  levels.

T he  e ff lu en t an d  su rface  w a te r co n cen tra tio n s  o f  
d isso lved  4 -n o n y lp h en o l (NP) w ere  also w ell below  
th e  LOEC fo r VTG p ro d u c tio n  in  m ale  ra inbow  

tro u t (10-30 pg/L) (G roshart et al., 2001). D issolved 

octy lpheno l co n cen tra tio n s  w ere  below  th e  detec­
tio n  lim it o f  0 .0 5 -0 .2 7  p g /L  co m p ared  to a LOEC 
fo r VTG in d u c tio n te s tic u la r ab n o rm alitie s  in  m ale  

ra in b o w  tro u t o f  5 - 30 p g /L  (VTG in d u c tio n  cou ld  

possib ly  be in d u ced  a t low er con cen tra tio n s). 
H ow ever, b o th  co m p o u n d s a re  fa r m o re  
hyd ro p h o b ic  th a n  s te ro id s . T h is  is illu s tra ted  by 

th e  h ig h  co n cen tra tio n s  o f  4 -n o n y lp h en o l in  the  

su sp e n d e d  m a tte r  o f  STP efflu en ts  an d  surface  
w ater, as w ell as its e levated  co n cen tra tio n  in  
se d im e n t (octy lphenol, on  th e  o th e r h an d , w as 

hard ly  detec ted  in  solids above its lim it o f  de tec­

tion ). S u sp en d ed  m a tte r  in  th e  EHV e ff lu en t 

co n ta in ed  particu la rly  h ig h  levels o f  N P p a rticu ­
larly  in  th e  d o w n stream  se d im e n t in  th e  D om m el. 

T he  b ioavailability  to f ish  o f  NP b o u n d  to 

su sp e n d e d  m a tte r  an d  se d im e n t is u n k n o w n , 
b u t in g es tio n  o f  partic les cou ld  possib ly  increase  
exposu re  o f  (benthic) f ish  in  ad d itio n  to b io ­

co n cen tra tio n  o f  th e  d isso lved  frac tion  o f  the  

co m p o u n d .

F or a lky lpheno l e thoxylates, no  th re sh o ld s  for 

e s tro g en ic  effects in  f ish  a re  know n. G row th  o f  

ra in b o w  tro u t w as affected  a t NP(2)EO co n cen tra ­

tio n  be tw een  io  m g /L  (NOEC) an d  30 m g /L  
(LOEC) (G ro sh a rt et al., 2001b ). N evertheless, it is 

conceivable  th a t f ish  m ay  b reak  dow n ethoxylated  

a lky lpheno ls relatively  easily  to th e  p a re n t 

a lky lpheno ls , th u s  p re se n tin g  a h id d e n  risk  fo r 
estrogen ic ity . D issolved nonylpheno l-4 -e thoxy la te  

(n p (4)EO) w as p re se n t in  th e  in f lu e n t o f  b o th  

STP s b u t w as n o t reco rd ed  in  e ff lu en t o r receiv ing  
w a te r (table 7.2). In  co n trast, e levated  co n cen tra ­
tio n s  o f  NP(4)EO w ere  detec ted  in  th e  se d im e n t o f

th e  D om m el an d  in  th e  su sp en d ed  m a tte r  o f  

e ff lu en t an d  su rface  w ater. N ony lpheno l 

ethoxylates (for exam ple by b io d eg rad a tio n )an d  
o th e r derivatives su ch  as aceta tes (not m e a su re d  

in  th is study) m ay  add  to  th e  e s tro g en ic  effects o f  

n o n y lp h en o ls , a lth o u g h , ag a in , it  is n o t know n 

how  th e  ad so rb ed  frac tio n  o f  th e se  c o m p o u n d s  
c o n tr ib u te s  to th e  overall exposu re  o f  fish .

In  su m m ary , it  has n o t b een  clearly  estab lish ed  
w h e th e r  e ith e r ste ro id s , n o n y lp h en o l (ethoxylate)s 
o r b o th  g ro u p s  o f  su b s tan ces  m ay  be held  

re sp o n sib le  fo r th e  estro g en ic  effects observed  in  

f ish  a t th e  STP case stu d y  sites a t E in d h o v en / 
D o m m el an d , to a le s se r ex ten t, a t A m ste rd am - 
W estpoo rt. D etec tion  lim its  o f  s te ro id s in  w ate r 

w ere  o ften  close to  o r h ig h e r  th a n  know n  

estro g en ic  th re sh o ld  co n cen tra tio n s  w hile , in  th e  

case o f  N P a n d  N PEs, th e  b ioavailability  o f  th e  
elevated  co n cen tra tio n s  o f  th ese  co m p o u n d s in  

su sp en d ed  m a te r  a n d  se d im e n t is largely 

u n k n o w n . R esu lts fro m  th e  ex p e rim en ta l s tud ies  

co n d u c ted  w ith  e ff lu en t an d  su rface  w a te r a re  n o t 
fu lly  com p arab le  w ith  th e  re su lts  o f  th e  field  

in vestiga tions becau se  th e  re sea rch  o ften  d id  n o t 

take p lace in  th e  sam e  perio d  a n d  w h en  it did , th e  
sam p les u se d  w ere  n o t th e  sam e . M oreover, th e  
u se  o f  d iffe ren t f ish  species fo r ex p erim en ts  an d  

in  th e  field  m ak es it h a rd e r  to co m p are  o r ex tra­

po late  observed  effects, g iven th e  seem ing ly  

co n sid erab le  d ifferences in  sensitiv ity  to e strogens 
(see d iscu ss io n  in  p a rag rap h  5.5).

A c o m p ariso n  be tw een  th e  E in d h o v en /D o m m el 

an d  A m ste rd am -W estp o o rt/N o rth  Sea C anal 

locations allow s ex trapo la tion  to a m o re  g en era l 

co n c lu s io n  on  th e  risk s  o f  e s tro g en s  in  D u tch  
fre sh w ate r aqua tic  ecosystem s. T he  estro g en ic  

effects observed  in  th e  A m ste rd am -W estp o o rt 

e ff lu en t an d  in  th e  N o rth  Sea C anal w ere  less 
se rious th a n  in  th e  E indhoven  STP e ff lu en t an d  
th e  river D om m el. T h is  d ifference , how ever, is 

n o t su p p o rted  by th e  co n cen tra tio n s  o f  know n  

e stro g en ic  su b s tan ces  m e a su re d  in  th e  e ffluen ts . 
T he  in  situ  flow -th rough  ex p erim en ts  a t b o th  sites 
in d ica ted  th a t, a t lea s t to  ra in b o w  tro u t, the

7 .5.3  Extrapolation



E indhoven  e ff lu en t w as fa r m o re  estro g en ic  th a n  

th e  e ff lu en t o f  th e  A m ste rd am -W estp o o rt STP. 
E strogen ic  effects in  w ild  f ish  c ap tu red  a t b o th  
sites fu r th e r  reflec ted  th is  d ifference . Lower VTG 

levels in  th e  N o rth  Sea C anal m ay  be cau sed  by 

th e  fact th a t th e  e ff lu en t o f  A m ste rd am -W estp o o rt 

in  th e  N o rth  Sea C anal is d ilu ted  fa r m o re  th a n  
E indhoven  STP e ff lu en t in  th e  sm all river 

D o m m el. A dditionally , s ince  th e  N o rth  Sea 

C anal rep re sen ts  su c h  a vast a rea  o f  w ater, b ream  
cap tu red  n e a r  th e  STP o u tle t can  ro am  m u c h  
fu r th e r  th a n  th o se  in  th e  D o m m el an d  a re  th e re ­

fore less likely to re flec t th e  e s trogen ic ity  o f  th e  

W estp o o rt e ff lu en t a lone  b u t also th a t o f  o th e r 
e s tro g en ic  sou rces, u n re la te d  to  th e  A m ste rd am - 
W estp o o rt e ffluen t.

T h ese  observations can  be u sed  as a basis fo r th e  
fo llow ing  con c lu s io n . A lth o u g h  ch em ica l in fo rm a ­
tio n  on  exact e ff lu en t co m p o s itio n  is lim ited , it 

ap p ears  th a t th e re  a re  only  m in o r  d ifferences 

be tw een  th e  tw o e fflu en ts  investiga ted . D iffer­

ences in  p o ten tia l risk s , nev e rth e less , m ay  be  very 
m u c h  d e p e n d e n t on  th e  type o f  receiv ing  w ater.

As a ru le  o f  th u m b , it  seem s ju s tified  to a ssu m e  

th a t, th an k s  to d ilu tio n , e fflu en ts  d isch a rg ed  in  

large o p en  w ater bodies w ill pose  a le s se r th re a t 
th a n  th o se  d isch arg ed  in to  relatively  sm all o r 

en c lo sed  w a te r bod ies . As a re su lt, f ish  p o p u la ­

tio n s  in  th e  sm a lle r  enc lo sed  w aters a re  m o re  a t 

risk  th a n  th o se  in  large o p en  bod ies o f  w ater.

7.6  Summary and conclusions
•  T he  c o m b in a tio n  o f  various b io logical m e th o d s , 
i.e ., fie ld  inv estig a tio n s, on -site  exposu re  to 

e fflu en ts  a n d  in  vitro assays, has unequ ivoca lly  

d e m o n s tra te d  th a t b o th  th e  e ff lu en t an d  th e  
receiv ing  su rface  w a te r a t th e  E indhoven  STP and , 
to  a so m ew h a t le s se r ex ten t, a t th e  A m sterdam - 

W estp o o rt STP, a re  estrogen ic , particu la rly  to 

c e rta in  species o f  fish .
•  A dd itiona l laborato ry  ex p e rim en ts  w ith  
E indhoven  e ff lu en t an d  a syn thetic  ana log  o f  th is 

STP e ff lu en t have show n  th a t th ese  effects m ay  

even  ex tend  to th e  p o p u la tio n  level. T he  sex ratio  
o f  juven ile  f ish  ex p erim en ta lly  exposed to th is

w astew ater sh ifted  tow ards a la rg er p ro p o rtio n  o f  

fem ales .
•  O th e r labo ra to ry  ex p erim en ts  d e m o n s tra te d  th a t 
th e  e s trogen ic ity  o f  th e  E indhoven  STP e ff lu en t 

m ay  be largely  d u e  to th e  o ccu rren ce  o f  17a- 

e thyny lestrad io l (EE2). H ow ever, it  is n o t c lea r 
w h e th e r  EE2 w as also  th e  causative  ag en t fo r th e  
elevated  p lasm a  levels o f  th e  fem ale  yolk p ro te in  

v ite llogen in  (VTG) observed  in  w ild  ind iv idua l 

m ale  b ream , cap tu red  in  th e  river D o m m el n e a r 

th e  STP ou tle t. T h is  is because  VTG levels in  b ream  
m e a su re d  d u rin g  th e  LOES field  study  co rre la ted  

w ell w ith  body b u rd e n s  o f  n o n y lp h en o ls  and  

n o n y lp h en o l e thoxylates in  th is  species (chap ter
6). It sh o u ld  be n o ted  h e re  th a t th e  co n tr ib u tio n  o f  
th e  o th e r ste ro id  h o rm o n e s  sh o u ld  also n o t be 

neg lec ted .

•  E xtrapolation  o f  th e  re su lts  ob ta in ed  fro m  th is 
study  in d ica tes  th a t p o ten tia l risks o f  e strogen ic  
effects in  w ild  fish  a re  h ig h  in  s itu a tio n s  w here  

sources o f  (xeno-)estrogens can  in f lu en ce  co n sid ­

erab ly  th e  quality  o f  su rface  w ater, i.e. w h ere  a STP 
d ischarges in to  a relatively  sm a ll body o f  surface  
w ater. ■
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8 General Discussion

8.1 Sources of (xeno-)estrogeris
T he cho ice  o f  sam p lin g  locations fo r sou rces o f  
em iss io n  w as b ased  o n  th e  re q u ire m e n t th a t it 
sh o u ld  p rov ide an  o p tim al re flec tion  o f  th e  D utch  

s itu a tio n . As such , th e  u n tre a te d  m u n ic ip a l w aste ­

w a te r an d  STP e ff lu en t sam p led  can  be co n sid e red  
rep resen ta tiv e  fo r th e  N e th e rlan d s . Specific local 
in f lu en ces  have b een  excluded  as fa r as possib le . 

F or th e  in d u s tr ia l w astew ater, th e  choice o f  

loca tion  w as h igh ly  specific . S am p ling  locations 
se lec ted  w ere  su c h  th a t they  excluded  local 
in f lu en ces  w ith  specific w astew ate r s tre am s as far 

as possib le . O n  th e  o th e r h an d , sam p lin g  locations 

fo r in d u s tr ia l w astew ate r w ere  ch o sen  w h ereby  it 

cou ld  be expected  th a t th e  w astew ater co n ta in ed  
h ig h  es tro g en ic  p o tency  or one o r several o f  th e  

se lec ted  (xeno-)estrogens on  th e  basis o f  th e  

co m p an y  activ ities. T h ese  sam p lin g  locations are 

com pany-specific , a n d  ca n n o t be d irectly  tr a n s ­
la ted  to o th e r co m p an ies  w ith in  th e  sam e  sector.

In  ad d itio n , o th e r w astew ater s tream s a re  im ag i­

n ab le  fo r en tire ly  d iffe ren t in d u s tr ia l sec to rs th a t 
w ou ld  also be expected  to co n ta in  (xeno-)estrogens 
a n d  h ig h  e s tro g en  potency . It th e re fo re  re m a in s  a 

very lim ited  se lec tion . T he  sam e  is tru e  fo r th e  

cho ice  o f  location  a n d  freq u en cy  o f  sam p lin g  fro m  

cattle  h u sb a n d ry  a n d  ag ricu ltu re , as only  a few  
sam p les in  th e  LOES p ro jec t cam e fro m  m a n u re  

b a s in  a n d  su rface  w ate r sam p les fro m  ag ricu ltu ra l 

a reas . S ince h o rm o n e  co n cen tra tio n s  in  m a n u re  

a re  h ig h  a n d  ru n -o ff  fro m  th e  su rface  an d  leach ing  
via soil in to  genera lly  sm all p o ld e r d itches is likely, 

it  is re c o m m e n d e d  th a t fu r th e r  in v es tig a tio n  be 

p e rfo rm e d  in to  th is  e m iss io n  ro u te  fro m  cattle  

h u sb a n d ry  a n d  its p oss ib le  e stro g en ic  effects on  
aq u a tic  b io ta . T he  e s tro g en ic  po tency  fro m  h o r ti­

c u ltu re  seem s m in im a l. U se  o f  pestic ides in  arab le  

fa rm in g  as a (potential) sou rce  o f  e strogen ic  

e m iss io n  in to  su rface  w a te r is u n k n o w n .

O th e r sources o f  e m iss io n  covered in  th e  LOES 

p ro jec t in c lu d e  oil p la tfo rm s an d  ra in w a te r. T he 

a reas su r ro u n d in g  th e  two oil p la tfo rm s s tu d ied  in  
LOES show ed  d is tin c t d ifferences in  th e  p a tte rn s  
o f  sed im en ta ry  PBDEs, w ith  p red o m in an tly  pen ta- 

BDEs only o ccu rr in g  n e a r  one  o f  th e  p la tfo rm s. 

T h is m ay  ind ica te  th a t th e  o ccu rren ce  o f  PBDEs 
n e a r  oil p la tfo rm s m ay  be  d irectly  a ttrib u tab le  to 
th e  (form er) u se  o f  th e se  co m p o u n d s  in  th e  oil 

in d u s try . T he  E u ropean  U n io n  is cu rren tly  devel­

o p ing  leg is la tion  th a t w ill serve to b a n  th e  u se  o f  
m ix tu res  o fpen ta -B D E s.

In  th e  LOES p ro ject, th e  o ccu rren ce  o f  all selected  

p h th a la te s , w ith  th e  excep tion  o f  DPP an d  DCHP 
w as reco rd ed  in  a lm o s t all ra in w a te r sam p les at 
th re e  d iffe ren t locations in  th e  N e th e rlan d s . T he 

p h th a la te  co n cen tra tio n s  fo u n d  w ere  even  sligh tly  

h ig h e r  th a n  th o se  in  su rface  w ater. T he  h ig h e s t 

co n cen tra tio n s  reco rd ed  w ere  th o se  o f  DE H P.
It w ou ld  ap p ea r th e re fo re  th a t th e re  is ongo ing  

load ing  o f  su rface  w ate r th ro u g h  p rec ip ita tio n . It 

sh o u ld  also be n o ted , how ever, th a t th e  n u m b e r  

o f  ra in w a te r sam p les  (three) w as very lim ited . In  
ad d itio n  to th e  h ig h  co n cen tra tio n s  o f  p h th a la te s , 

e stro g en ic  po tenc ies w ere  m e a su re d  in  ra in w a te r 

w ith  th e  ER-CALUX in  vitro assay  th a t w ere  co m p a­
rab le , o r even  sligh tly  h ig h e r , th a n  th e  e stro g en ic  
po tenc ies m e a su re d  in  su rface  w ater. As a re su lt 

o f  th e  less e ffic ien t ex trac tion  an d  c lean-up  

m e th o d  u sed  as p re tre a tm e n t fo r th e  ER-CALUX 

m e a su re m e n ts , it is n o t p oss ib le  to  co m p are  th is 
e stro g en ic  po tency  m e a su re d  w ith  th e  po tency  

ca lcu la ted  on  th e  basis o f  p h th a la te  c o n cen tra ­

tio n s. T he  o th e r (xeno-)estrogens se lected  w ere  n o t 

p re s e n t in  ra in w ater, o r w ere  p re s e n t only  very 
occasionally  in  low  co n cen tra tio n s .

S ince levels o f  th e  an th ro p o g en ic  xeno -estrogens 

in  ra in w a te r w ere  neg lig ib le  o r very low, except 

fo r p h th a la te s , u n tre a te d  or b io logically-treated  
m u n ic ip a l an d  in d u s tr ia l w astew ate r seem  to be



th e  m o s t im p o r ta n t ro u te  o f  e m iss io n  in to  the  

aq u a tic  e n v iro n m e n t fo r th ese  su b s tan ces . 
M u n ic ip a l w astew ater m ay  be d isch a rg ed  in  
su rface  w ate r in  u n tre a te d  fo rm  via sew er 

overflow s d u rin g  heavy p rec ip ita tio n . G enera lly  

speak ing , how ever, m u n ic ip a l w astew ater is 
tre a ted  bio logically  in  an  STP. For a lm o s t all 
co m p o u n d s  se lec ted  in  LOES, rem oval by m ean s  

o f  b io logical tre a tm e n t seem s effic ien t, w ith  over 

9 0  %  b e in g  rem oved . D om estic  w astew ate r fro m  a 
re s id en tia l a rea  (HHW ) d iffered  little  fro m  m u n ic i­
pal w astew ater, w h ich  co n sis ts  o f  com parab le  

w astew a te r m ixed  w ith  in d u s tr ia l w astew ater. In  

g en era l, it can  be said  th a t th e  in f lu en ce  o f  th is 

in d u s tr ia l w astew ater on  th e  co m p o s itio n  o f  
m u n ic ip a l w astew ate r in c reases  th ro u g h  AM L, 

ANP, WST to EHV. T h is is also  broad ly  reflec ted  in  

th e  co n cen tra tio n s  o f  th e  (xeno-)estrogens. 
B isphenol-A , n o n y lp h en o l an d  th e  b ro m in a ted  
flam e re ta rd a n t BDE 2 0 9  w ere  fo u n d  in  low er 

co n cen tra tio n s  in  d om estic  w astew ater th a n  in  th e  

m ixed  m u n ic ip a l w astew ater. T he  co n cen tra tio n s  
o f  DE H P an d  DEP, on  th e  o th e r h an d , w ere 
consid erab ly  h ig h e r . T h is data  co n firm s th e  

p o ss ib le  o rig in  o f  th e se  co m p o u n d s . T he  e s tro ­

gen ic  po tency  in  d om estic  w astew ater, m e a su re d  

by m ean s  o f  th e  ER-CALUX, w as also h ig h e r  th a n  
in  m u n ic ip a l w astew ater. In  th e  p ilo t study, 

(B elfroid et al., 1 9 9 9 b ), they  w ere  o f  th e  sam e 

o rd e r o f  m ag n itu d e . T he  co n cen tra tio n  o f  o th e r 

su b s tan ces , su ch  as h o rm o n e s , w as com parab le . 
T he  m in o r  d iffe rence  in  co m p o s itio n , also  fo r 

h o rm o n e s , be tw een  th e  w astew ater fro m  a h o sp i­

ta l a n d  th a t o f  a re s id en tia l a rea  w as no tew orthy . 
T he  e s tro g en ic  po tency  m e a su re d  w as in  th e  sam e 
o rd e r o f  m a g n itu d e  as well.

T he  b io log ically -treated  e ff lu en t fro m  STPs was 
o ften  sh o w n  to co n ta in  e s tro n e , b isphenol-A , 
a n u m b e r  o f  p h th a la te s  a n d  occasionally  17a- 

e th y ny lestrad io l an d  n o n y lp h en o l (ethoxylate)s in  

th e  to ta l w ate r sam p le  (dissolved an d  su sp en d ed  

m a tte r). T h is  STP e ff lu en t genera lly  co n ta in ed  
less th a n  5 - 1 0  m g /L  su sp e n d e d  m a tte r , a t w h ich  

m ic ro -p o llu tan ts  su ch  as ce rta in  xeno -estrogens 

m ay  be so rbed . By cen tr ifu g in g  th e  STP e ff lu en t on 
site  fo r one  day, it w as p o ss ib le  to collect su ffic ien t 
su sp e n d e d  m a tte r  fo r fu r th e r  analysis. T he

co n cen tra tio n s  o f  n o n y lp h en o l (ethoxylate)s, 

p h th a la te s  an d  flam e re ta rd a n ts  in  th is  collected 
su sp en d ed  m a tte r  w ere  o f  th e  sam e  o rd e r o f  
m ag n itu d e  as th o se  in  th e  sew age s ludge  o f  the  

STP.

In  th e  LOES study, th o se  (xeno-)estrogens w ere 
fo u n d  in  in d u s tr ia l w astew a te r th a t w ere  expected  

on  th e  basis o f  th e  p ro d u c tio n  p rocess o r app lica­

tio n  w ith in  th e  co m p an y  itself. T h is in c lu d ed  

n a tu ra l/sy n th e tic  h o rm o n e s  fro m  a p h a rm a c e u ti­
cal com pany , p h th a la te s  an d  n o n y lp h en o l (ethoxy- 

late) s fro m  ca rp e t m a n u fa c tu re rs , b isphenol-A , 

p h th a la te s  an d  n o n y lp h en o l (ethoxylate)s fro m  

p ro d u cers  an d  su p p lie rs  o f  chem ica ls , an d  so on.
It w as also  sh o w n  th a t, a fte r ex tensive tre a tm e n t o f  

ce rta in  in d u s tr ia l w astew aters, very low  co n c e n tra ­

tions o f  xeno -es trogens are  fo u n d  in  th e  b io log i­

cally trea ted  e fflu en t. S ince, w ith  th e  excep tion  o f  
iy a -e th y n y lestrad io l, th e  estro g en ic  po tency  o f  th e  

xeno -es trogens is m an y  o rders o f  m a g n itu d e  low er 

th a n  th o se  o f  th e  n a tu ra l h o rm o n e s , th e  ER- 
CALUX values m e a su re d  in  in d u s tr ia l w astew ater 
w ere  genera lly  low er th a n  th o se  in  m u n ic ip a l 

w astew ater. T h is w as n o t tru e  fo r in d u s tr ia l w aste ­

w aters w ith  h ig h  h o rm o n e  co n ten ts .

B esides in d u s tr ia l an d  m u n ic ip a l w astew ater, it  is 

c lea r fro m  th is  stu d y  th a t (xeno-) estro g en ic  

c o m p o u n d s  do occu r in  th e  th ree  m a jo r rivers 

e n te r in g  th e  N e th e rlan d s . T h is w as p articu la rly  
tru e  fo r a lky lpheno l e thoxylates an d  p h th a la te s  

so rbed  to su sp en d ed  a n d  solid  m a tte r  im p o rted  by 

th e  rivers M euse  a n d  Scheldt.

8.2  Occurrence of (xeno-)estrogens
A lm ost all su b s tan ces  investiga ted  w ere  detec ted  
in  th e  en v iro n m en t, w ith  th e  excep tion  o f  3 o f  
th e  h o rm o n e s  (iy a -estrad io l, iy ß -estrad io l an d  

iya-e th y n y lestrad io l) th a t w ere  n o t fo u n d  above 

th e  lim it o f  d e tec tio n  (l.o.d.). O cty lpheno ls (OP), 
octy lpheno l e thoxylates (OPE) an d  po ly b ro m in a ted  
b ipheny ls  (PBBs) w ere  detec ted  in  only  a few  

sam p les.

E strone  levels de tec ted  in  p o ld e r d itches w ere 
relatively  h ig h  in  c o m p ariso n  to o th e r su rface



w aters . As p o ld e r d itches are  sm all bod ies o f  w ate r 

w ith  only  little  d ilu tio n , in p u t fro m  m a n u re  m ay  
co n tr ib u te  to th e  observed  h ig h  co n cen tra tio n s  in  
th e se  cattle  h u sb a n d ry  areas.

B isphenol-A  (BPA) w as m e a su re d  in  all su rface  
w a te r th ro u g h o u t th e  N e th e rlan d s , w ith  th e  excep­
tio n  o f  th e  la rg e r bod ies o f  w a te r su c h  as Scheldt, 

Lake IJssel a n d  th e  N o rth  Sea. D esp ite  its relatively 

h ig h  w a te r so lub ility  (1 2 0 -3 0 0  m g/1), th e  

c o m p o u n d  w as fo u n d  in  a lm o s t all se d im e n t an d  
su sp e n d e d  m a tte r  sam p les, a lth o u g h  genera lly  

c lose to o r below  th e  lim it o f  quan tifica tio n  

(several n g /g  dry  w eight). It is rem ark ab le  th a t th e  
o ccu rren ce  o f  b ispheno l-A  in  se d im e n t w as n o t 
en tire ly  c o n s is te n t w ith  its o ccu rren ce  in  su rface  

w ater. For exam ple, th e  relatively  h ig h  BPA levels 

in  su rface  w aters fro m  th e  W ad d en  Sea (BVW and  
DAN) d id  n o t co rre sp o n d  w ith  s im ila r relatively 
h ig h  levels in  sed im en t. H ow ever, th e  co n cen tra ­

tio n  in  w a te r obviously  flu c tu a tes  m o re  strong ly  

th a n  th a t in  sed im en t.

N ony lpheno ls a n d  n o n y lp h en o l e thoxylates, less 

w ater-so lub le  th a n  h o rm o n e s  a n d  bisphenol-A , 

w ere  m a in ly  fo u n d  in  su sp en d ed  m a tte r  an d  
sed im en t. S u sp en d ed  m a tte r  genera lly  co n ta in ed  
h ig h e r  levels th a n  sed im en t, possib ly  because  

su sp e n d e d  m a tte r  co n sis ts  o f  sm a lle r  partic les.

T he  NPE a n d  NP levels in  se d im e n t an d  
su sp e n d e d  m a tte r  w ere  relatively  h ig h  in  th e  river 
M euse  w h ere  th is en te rs  th e  N e th e rlan d s  as 

co m p ared  to th e  river R hine. H ow ever, as th e  

M euse  d ischarges in to  relatively  large e s tu a rie s , 
th e  co n cen tra tio n s  ap p ea r to be  ‘d ilu ted ’ 
sign ifican tly . In  co n tra s t, levels in  se d im e n t an d  

su sp e n d e d  m a tte r  in c rease  in  th e  R h ine  fro m  

LOB a t th e  G e rm an  b o rd e r to  S PL, w h ere  th e  river 
flows in to  th e  N o rth  Sea. NPE in  th e  aqua tic  
e n v iro n m e n t o ften  deg rade  to NP.

P h th a la te s  w ere  fo u n d  everyw here in  th e  surface  
w aters in  th e  N e th e rlan d s , n o t only  in  th e  in lan d  
w aters b u t also in  o p en  sea (N orth  Sea) w here  

m o re  d ilu tio n  occurs. In  ad d itio n , all p h th a la te s  

w ere  fo u n d  in  a lm o s t all ra in w a te r sam p les . D e H P 
w as th e  m o s t a b u n d a n t p h th a la te  in  su rface  w ater, 
su sp e n d e d  m a tte r  an d  sed im en t. T h is m ay  be due

to its large-scale p ro d u c tio n  a n d  u se . O th e r 

ph th a la te s  p re s e n t in  h ig h  co n cen tra tio n s  

in c lu d ed  DMPP a n d  DBP in  su rface  w ater,
DMP a n d  DPP in  su sp e n d e d  m a tte r  an d  DMP an d  

DMPP in  sed im en t. In  g en era l, th e  co n cen tra tio n s  

o f  p h th a la te s  in  se d im e n t w ere  low er th a n  in  

su sp en d ed  m a tte r . It is su rp ris in g  th a t th e  
p h th a la te s  fo u n d  in  su sp e n d e d  m a tte r  w ere  n o t 

alw ays fo u n d  in  th e  c o rre sp o n d in g  su rface  w ater.

P b b s  an d  PBDEs a re  u sed  as flam e re ta rd an ts . 
P ro d u c tio n  is g radually  in c reas in g , an d  has sh ifted  

fro m  th e  p ro d u c tio n  o f  pen ta- a n d  octa-BDE m ixes 

to BDE 2 0 9  (de B oer et al., 2 0 0 0 ) . T h ese  h igh ly  
hy d rophob ic  c o m p o u n d s are  p rim arily  fo u n d  in  
th e  e n v iro n m e n t in  su sp e n d e d  m a tte r , s e d im e n t 

an d  b io ta , as w ell as in  h u m a n  sam p les  (N orén 

an d  M eyronite , 1998; de B oer et al., 1998; A llch in  

et al., 1 9 9 9 ). T he  h ig h  BDE 47 a n d  BDE 99  
co n cen tra tio n s  in  su sp e n d e d  m a tte r , se d im e n t 

an d  b io ta  fro m  R hine  locations in d ica te  a re la tion  

w ith  th e , possib ly  fo rm er, in d u s tr ia l u se  o f  pen ta- 
BDE. M arkedly  h ig h  co n cen tra tio n s  o f  th e  flam e 
re ta rd a n t BDE 2 0 9  w ere  fo u n d  in  su sp en d ed  

m a tte r  a n d  se d im e n t fro m  th e  W este rn  Scheldt, 

w h ere  clearly  h ig h e r  co n cen tra tio n s  w ere  observed  
in  th e  ea s t p a r t o f  th e  river n e a r  A n tw erp  (SOD) 
co m p ared  to  th e  location  n e a r  th e  sea (VLl) .  T his 

m ay  in d ica te  a re la tio n sh ip  w ith  th e  textile in d u s ­

try  in  A n tw erp , w h e re  PBDEs a re  u sed . In  

ad d itio n , th e  local b ro m in e  in d u s try  halfw ay a long  
th e  D u tch  p a rt o f  th e  W este rn  S cheld t m ay  also 

have in f lu en ced  PB DE levels. A n in te re s tin g  

q u estio n  th a t still n eed s to be an sw ered  is w h e th e r  

d eca-b ro m in a ted  BB 2 0 9  a n d  BDE 2 0 9 , cu rren tly  
w idely  u sed , can  be d eb ro m in a ted  to  m o re  toxic 

co m p o u n d s  su ch  as p en tab ro m o  BDEs, in  a w ay 

s im ila r to th e  d ech lo rin a tio n  o f  PC B s u n d e r  a n a e r­

obic con d itio n s .

Follow ing sta tistica l evalua tion  (chap ter 6), th e re  

ap p ea r to be no  specific sites a m o n g  th e  locations 
w h ere  th e  levels o f  all m e a su re d  g ro u p s  o f  (xeno)- 
estro g en ic  su b s tan ces  a re  co n cu rren tly  elevated. 

N o n e th e le ss , a n u m b e r  o f  lo ca tio n s /a rea s  can  be 

id en tif ied  w h ere  h ig h e r  levels o f  specific c lasses 
o f  estro g en ic  c o m p o u n d s do occur. Firstly , th is 
in c lu d ed  th e  W este rn  Scheld t e s tu a ry  (particu larly



a t location  SOD) w h ere  h ig h  co n cen tra tio n s  o f  th e  

flam e re ta rd an ts  an d  to a le s se r deg ree  n o n y lp h e ­

n o l (ethoxylate)s a n d  p h th a la te s  w ere  fo u n d . T he 
h ig h  co n cen tra tio n  o f  p h th a la te s  a n d  n o n y lp h en o l 

(ethoxylate)s in  su sp en d ed  m a tte r  an d  se d im e n t at 

th e  b o rd e r locations (EYS, BOR) o f  th e  river M euse 
w ere  also  no tew orthy . R elatively h ig h  p h th a la te  
co n ta m in a tio n  w as reco rd ed  a t locations in  th e  

W ad d en  Sea (BVW, OEV), as w ell as a t IJM in  th e  

N o rth  Sea C anal. P h th a la te s  an d  n o n y lp h en o l 
w ere  fo u n d  in  relatively  h ig h  co n cen tra tio n s  in  th e  
sm a ll river D om m el. F inally, e s tro n e  co n cen tra ­

tio n  in  p o ld e r d itches w as h ig h  co m p ared  to  la rg er 

su rface  w aters.

It is also in te re s tin g , how ever, to p in p o in t th o se  

locations in  th e  N e th e rlan d s  th a t a re  c lean er 

(i.e. less co n tam in a ted  w ith  (xeno-)estrogens) th a n  
o th e rs . A t th e  s ta rt o f  th e  p re s e n t study, VRO an d  
H A M  w ere  ch o sen  as p o ten tia l ‘c lean ’ re fe ren ce  

locations fo r fre sh  a n d  sa ltw ate r respectively. 

H ow ever, a lth o u g h  th e se  locations are  genera lly  
less co n tam in a ted  th a n  m o s t (see ch ap te r 6) they  
ca n n o t be labeled  as ‘c lea n ’ locations. O th e r 

locations w ith  a relatively  low  overall c o n ta m in a ­

tio n  in c lu d ed  SPL,  v u ,  LOB,  BER,  AM S,  an d  OEV. 

H ow ever, it  m u s t  be n o ted  th a t so m e  ind iv idua l 
chem ica ls  m ay  be p re s e n t in  h ig h  co n cen tra tio n s  

(i.e. D E H P  in  OEV) at th ese  locations.

8.3 Uptake by biota 
and bioaccumulation
S tatistical analysis o f  th e  LOES re su lts  show ed  th a t 
c o n ta m in a n t levels in  m u sse ls  genera lly  co rre la te  
w ith  co n ta m in a tio n  levels in  th e  sed im en t, 

especially  fo r NP an d  som e b ro m in a te d  flam e 

re ta rd a n ts . M ussels a re  filte r feeders, how ever, 

a n d  it is th e re fo re  expected  th a t th e ir  exposure  
occurs th ro u g h  u p tak e  fro m  su sp e n d e d  m a tte r  

a n d  w ater. C o n ta m in a n t levels in  m u sse ls  co rre ­

la ted  less w ell w ith  th o se  in  su sp en d ed  m a tte r  
sam p led  a t th e  various sites, b u t a positive 
co rre la tio n  be tw een  co n ta m in a n ts  in  se d im e n t 

a n d  su sp en d ed  m a tte r  w as fo u n d  (see ch ap te r 6). 

C o n ta m in a n t levels in  b re a m  a n d  flo u n d e r 
co rre la ted  fa r less w ell w ith  c o n ta m in a n t levels 
in  en v iro n m e n ta l co m p a r tm e n ts , a lth o u g h  levels

in  b o th  fish  ten d ed  to co rre la te  a little  b e tte r  w ith  

th o se  in  w a te r a n d  su sp e n d e d  m a tte r  as co m p ared  

to th o se  in  sed im en t. O verall, th ese  re su lts  
ind ica te  th a t m u sse ls  a re  b e tte r  in d ica to rs  o f  th e  

c o n ta m in a n t levels b ioavailable locally th a n  m o re  

m ob ile  f ish  species.

B ioaccum ula tion  is th e  p rocess  by w h ich  

c o m p o u n d s  fro m  th e  e n v iro n m e n t a ccu m u la te  in  

o rg an ism s . U p take  o f  th e  c o m p o u n d s  in to  aqua tic  

o rg an ism s can  occu r th ro u g h  d irec t up tak e  fro m  
w ater (b ioconcen tra tion ) o r th ro u g h  u p tak e  fro m  

food (b iom agn ifica tion ). T he  b io co n cen tra tio n  

fac to r (b c f ) is a m e a su re  o f  th e  ten d en cy  o f  a 
co m p o u n d  to accu m u la te  in  o rg an ism s , a n d  is 
defin ed  as th e  ratio  be tw een  th e  co n cen tra tio n  in  

th e  o rg an ism  an d  in  th e  w a te r a t a steady  state. 

A ccord ing  to co m m o n ly  u se d  g u id e lin es  fo r c lassi­
fica tion  o f  en v iro n m e n ta l h aza rd  o f  chem icals 
w ith in  th e  E u ropean  U n io n , chem ica ls  w ith  a 

BCF h ig h e r  th a n  io o  (L/kg w et w eig h t (w.w.)) 

a re  co n sid e red  to have b ioaccum ula tive  po ten tia l.

In  th e  p re s e n t study , b io co n ce n tra tio n  factors 

w ere  derived  fro m  th e  re su lts  o f  ch em ica l analysis 

a t th e  locations w h ere  co n cen tra tio n s  in  b o th  b io ta 

a n d  in  w a te r w ere  above th e  lim it o f  de tec tion . 
H ow ever, th ese  BCF s m u s t be seen  as ro u g h  

e s tim a te s  as they  a re  based  on  co n cen tra tio n s  o f  

c o m p o u n d s  in  w ate r a n d  o rg an ism s , w ith o u t any  

in d ica tio n  o f  a steady  sta te . I t m u s t also be no ted  
th a t fish  cap tu red  a t one site  m ay  have b een  

exposed  e lsew here . T he  m e a su re d  co n cen tra tio n s  

in  fish , as u sed  in  th e  BCF calcu la tions, a re  th e re ­

fore n o t n ecessarily  re la ted  to th e  co n cen tra tio n s  
m e a su re d  in  th e  w ater.

A m e a n  BCF fo r b ispheno l-A  (BPA) (fish an d  
m u sse ls ) w as ca lcu la ted  as 9 L /kg (s.d. 9 , n= 6). 
T h is is com p arab le  to th e  ran g e  o f  BCFs th a t w as 

rep o rted  fo r BPA in  fish  (5 -1 0 0  L/kg) in  o th er 

s tud ies  (G roshart et al., 2001a). T h is m e a n s  th a t 
th e re  is h a rd ly  any  b io acc u m u la tio n  o f  BPA in  
aqua tic  o rg an ism s .

B ioconcen tra tion  data  fo r oc ty lphenols and  
octy lpheno l e thoxylates w as n o t fo u n d  in  the  
lite ra tu re . H ow ever, on  th e  basis o f  th e  ch em ica l



sim ila ritie s  be tw een  th e  en v iro n m e n ta l behav io r 

o f  oc ty lphenolic  an d  n o n y lp h en o lic  c o m p o u n d s , 
b io acc u m u la tio n  data  fo r n o n y lp h en o l and  
n o n y lp h en o l e thoxylates a re  expected  to be re p re ­

sen ta tive  fo r octy lpheno l an d  octy lpheno l e thoxy­

lates (G roshart et al., 2001b). A review  o f  the  
lite ra tu re  (G roshart et al., 2001b) show ed  th a t 
no n y lp h en o ls  b io co n cen tra te  sub s tan tia lly  in  

aq u a tic  species: BCFs rev iew ed by th ese  au th o rs  

w ere  a ro u n d  2 ,0 0 0 - 3 ,0 0 0  L /kg w .w. fo r m u sse ls  
an d  u p  to 1,300 L /kg w .w. fo r fish . F ar less data 
w as available fo r NPE. T he  m in o r  a m o u n t o f  BCF 

data  fo r f ish  rep o rted  by G ro sh a rt et al. (2001b) 

w as co n siderab ly  low er (7 8 -1 4 9  L /kg dry  w eig h t 
(d.w.); BCFs based  o n  w et w eig h t w ill be low er 
still) th a n  fo r NP (7 5 -1 ,3 0 0  L /kg w .w.). T h is  m ay  

be  due , a m o n g  o th e r reaso n s , to m e tab o lism  o f  

NPE to N P by th e  o rg an ism s . Relatively low 
average BCFs fo r NPE in  fish  w ere  also fo u n d  in  
th e  p re s e n t study: 190  a n d  4 0  L /kg w .w . fo r b ream  

an d  flo u n d er, respectively . No re liab le  BCFs could  

be  ded u ced  fro m  LOES data  fo r NP as co n c e n tra ­

tio n s  above th e  lim it o f  d e tec tio n  in  w a te r w ere  
m e a su re d  ra re ly  a t sites w ere  b io ta  w as sam p led .

B io concen tra tion  o f  p h th a la te s  in  f ish  seem s to be 
low er th a n  in  o th e r aqua tic  o rg an ism s (algae, 
m o llu sk s), p o in tin g  to h ig h e r  m etabo lic  capacities 

o f f is h  (Van W ezel et al., 1 9 9 9 ). B ioconcen tra tion  

factors fo r p h th a la te s  in  f ish  a re  rep o rted  as 
1 -1 2  L /kg w et w e ig h t fo r BBP, 2 .6 -1 7 2  L /kg w et 
w e ig h t fo r D B P a n d 2 - 0 5 0  L /kg w et w e ig h t fo r 

D EH P (Staples et al., 1997). For m o llu sk s, a BCF o f  

133 L /kg w et w eig h t fo r DOP an d  a ran g e  o f  BCF 
values be tw een  100 L /kg w et w e ig h t and  
3 ,8 9 0  L /kg w et w eig h t fo r DEHP w as rep o rted  

(Staples et al., 1997). In  th e  p re s e n t study  co m p a­

rab le  BCF values w ere  fo u n d , as th ey  ran g e  fro m  
several h u n d re d s  u p  to  th o u sa n d s  (D M P:i20 L/kg 
w .w. (s.d. 100, n = i9 ) , DEP: 70  L /kg w .w .(s.d . 4 0 , 

n=3), DPP: 340  L /kg w .w. (n= i), DBP: 8 0 0  L /kg 

w .w. (s.d. 1,300, n=23), BBP: 4 0 0  L /kg w .w. (s.d. 
7 0 0 , n = 2 i), DCHP: 1 ,6 0 0  L /kg w .w . (s.d. 1 ,6 0 0 , 
n = i ,6 o o ,  n = 6 ), d e h p : 8 0 0  L /kg w .w. (s.d. 1,300, 

n= i7 ), DOP: 3 ,0 0 0  L /kg w .w . (s.d. 6 ,0 0 0 ,  n= 6)).

No BCFs cou ld  be ca lcu la ted  fo r PPB s a n d  PBDEs, 
as no  co n cen tra tio n s  o f  th e se  co m p o u n d s  w ere

m e a su re d  in  w ate r in  th e  p re s e n t study. N everthe­

less, con sid erab le  a c cu m u la tio n  can  be expected  
on  th e  basis o f  th e ir  h ig h  octanol-w ater p a rtitio n  
coeffic ien ts (see p a rag rap h  3.6.1). H ow ever, BCFs 

fo r th e se  co m p o u n d s  do n o t always re flec t th e ir  

K„„„ a n d  as selective b io accu m u la tio n  o f  these
O W

co m p o u n d s  is o ften  observed  (G ro sh a rt et al., 
2 0 0 0 ; de B oer et al., 2 0 0 0 ) . For in s tan ce , h ig h e r  

b ro m in a te d  PBBs are  hard ly  tak en  u p  fro m  w ater 

by fish . T h ese  fin d in g s  a re  co n firm e d  by th e  

p re s e n t study  w h ere  n o  BB 2 0 9  a n d  BDE 2 0 9  
w ere  fo u n d  in  fish  an d  m u sse l tissu e .

In  su m m ary , th e  g ro u p s  o f  co m p o u n d s  w ith  a 
b io acc u m u la tio n  p o ten tia l acco rd ing  to the  
E u ropean  U n io n  s tan d a rd  p robab ly  in c lu d e  NP, 

a n u m b e r  o f  p h th a la te s  an d  a lm o s t certa in ly  also 

non -deca  b ro m in a te d  PBBs a n d  PBDEs. 
C o m p o u n d s  w ith  le sse r b io acc u m u la tio n  p o ten tia l 
in c lu d e  b ispheno l-A , p robab ly  n o n y lp h en o l 

ethoxylates a n d  octy lpheno l e thoxylates, a n d  the  

deca-brom inated  com pounds BB 2 0 9  an d  BDE 2 0 9 .

8.4 Biological effects
T he eco-ep idem iolog ical fie ld  surveys o f  e s tro ­
gen ic  effects in  b ream  an d  f lo u n d e r  y ielded  an  
e n o rm o u s  a m o u n t o f  data  an d  in fo rm a tio n . 

C o n cen tra tio n s  o f  fem ale  yolk p ro te in  v ite llogen in  

(VTG) in  m ale  fish  p la sm a  proved  a h igh ly  su itab le  
a n d  sensitive  b io m ark e r fo r d em o n s tra tin g  d iffer­
ences in  estro g en ic  effects be tw een  in d iv id u a l fish  

a n d  be tw een  fish  cap tu red  a t d iffe ren t locations. 

M ost o f  th e  co n c lu s io n s on  th e  estro g en ic  effects 
in  fish  fro m  th e  field  survey  a re  th e re fo re  d raw n  
u s in g  th e  VTG re su lts . T he  re su lts  o f  th e  VTG 

analyses, nev e rth e less , co rre la ted  reaso n ab ly  w ell 

(but n o t sign ifican tly ) w ith  th e  estro g en ic  po tency  
in  fish  bile m e a su re d  w ith  th e  in  vitro ER-CALUX 
re p o r te r  g en e  assay. T h is assay  in  f ish  bile, 

how ever, w as ap p lied  to few er locations an d  

sam p les.

O n  th e  basis o f  th e  VTG analysis in  m a le  flo u n d er, 

it m ay  in  g en e ra l be co nc luded  th a t m o s t D u tch  

o ffshore  locations, sites in  th e  N o rth  Sea, W ad d en  
Sea a n d  o p en  e s tu a rie s  do n o t seem  to be in f lu ­
en ced  to a large ex ten t by (xeno-)estrogens, i.e.,



th e re  a re  few  m easu rab le  effects in  flo u n d er, even  

w h ere  an th ro p o g en ic  in f lu en ce  is co n sid e red  large 
as in  th e  W e ste rn  Scheldt, N ew  W aterw ay  an d  
E m s estuary . Elevated VTG w as, how ever, 

m e a su re d  occasionally  in  in d iv id u a l m ale  speci­

m e n s  fro m  th e se  sites, especially  in  sp rin g . A t 

p re se n t, it is n o t c lea r w h a t th is  p h e n o m e n o n  
cou ld  m ean . T he  observations m ay  be m e th o d ­

ological a rtifac ts, b u t it is also  p o ss ib le  th a t on 

occasion  f lo u n d e r  w ere  cap tu red  th a t h ad  b een  
exposed  to (xeno-)estrogens in  heavily  po llu ted  
a reas e lsew here , o r th a t th e  f lo u n d e r  p o p u la tio n  

co n ta in s  a m in o rity  o f  m a le  sp ec im en s  th a t is 

genetica lly  p red isp o sed  to VTG p ro d u c tio n . T he 
only  excep tional sp aw n in g  site  w h ere  f lo u n d e r  was 
cap tu red  w as th e  O e ste rg ro n d en  in  th e  N o rth  Sea. 

T he  site  w as only sam p led  in  sp rin g , b u t VTG 

levels in  m ale  flo u n d e r w ere  fo u n d  to be som e 
w h a t e levated . A p ro p e r ex p lana tion  fo r th is  o b se r­
va tion  is p re sen tly  lack ing . A few  poss ib ilities  are  

p ro p o sed  in  th e  d iscu ss io n  in  p a ra g ra p h  5.2.4.

In  in la n d  w aters , th e  s itu a tio n  w as so m ew h a t 
d iffe ren t. M any sam p lin g  sites o f  f ish  w ere 

s itu a ted  in  th e  la rg e r w ate rs . T h ese  in c lu d ed  bo th  

sites w h ere  little  VTG eleva tion  w as fo u n d  in  m ale  
b re a m  a n d /o r  flo u n d er, su ch  as Lake IJssel, b u t 
also  locations w h ere  VTG in  fish  p la sm a  was 

m o d era te ly  in creased , su ch  as th e  b o rd e r locations 

w h ere  th e  rivers R h ine  an d  M euse  e n te r  th e  
N e th e rlan d s , an d  areas w ith  se d im e n t p o llu tio n  
su c h  as H arin g v lie t (silt d ep o sitio n  fro m  th e  R h ine  

a n d  M euse) an d  th e  N o rth  Sea C anal (port an d  

in d u s tr ia l activity).

Sm all s tream s seem  so m ew h a t vu ln e rab le  to 

e s tro g en ic  effects (e.g., H arrie s  et al., 1 9 9 6 ,1 9 9 7 ). 

O ne su c h  sm all s tream , w h ich  is also u n d e r  
an th ro p o g en ic  in f lu en ce , w as inves tiga ted  d u rin g  
LOES, n am ely  th e  river D o m m el th a t receives 

e ff lu en t fro m  th e  E indhoven  STP. T h is  site  show ed 

th e  m o s t e levated  co n cen tra tio n s  o f  VTG in  m ale  

b re a m  an d  th e  h ig h e s t ER-CALUX activity in  bile, 
a n d  w as also th e  only location  w ith  a h ig h  p reva­

lence  o f  th e  in te rsex  co n d itio n  ovotestis in  m ale  

fish . VTG co n cen tra tio n s  in  m ales even  exceeded 

th e  levels in  fem ale  b re a m  c ap tu red  a t th e  sam e 
site . T he  d ischarge  o f  th e  E indhoven  STP is s im ila r

to th e  flow  o f  th e  D o m m el its e lf  an d  is th e re fo re  

th o u g h t to have a co n sid e rab le  im p ac t on  th e  
w ate r co m p o s itio n  in  th is  s tre am . T h is  ind ica tes  
th a t th e  estro g en ic  effects observed  m ay  be re la ted  

to STP e ff lu en t d ischarge . Effects observed  follow ­

in g  ex p e rim en ta l exposu re  o f  ra in b o w  tro u t (in 
situ) a n d  zeb ra fish  (in th e  laboratory) co n firm ed  
th e  h ig h  es trogen ic ity  o f  th e  E indhoven  e ffluen t. 

S im ilar on-site  ex p e rim en ts  also  d em o n s tra ted  

m o d e ra te  e stro g en ic ity  o f  th e  e ff lu en t fro m  

a n o th e r  STP, A m ste rd am -W estp o o rt, th a t 
d ischarges in to  th e  N o rth  Sea C anal. STP e ff lu en t 

m ay  th e re fo re  be co n sid e red  a p o ten tia l cau se  o f  

e stro g en ic  effects in  w ild  f ish  liv ing in  th e  vicin ity  
o f  d ischarge  p o in ts . I t is poss ib le  th a t th e  m o d e r­
ately elevated  VTG levels en c o u n te re d  in  f ish  fro m  

som e reg io n a l w aters m ay  also  be  (in part) due  to 

STP d ischarges, fo r in s ta n c e  in  th e  K oude V aart 
canal (STP S in t A n n ap aro ch ie ). T he  fin a l im p ac t 
o f  STP e ff lu en t on  fish  p o p u la tio n s  m ay  largely  

d ep en d  on  th e  d ilu tio n  th a t occurs in  th e  receiv ing  

su rface  w ater.

T he  g en e ra l p ic tu re  th a t can  be cau tiously  deduced  

fro m  m e a s u rin g  e s tro g en ic  effects in  f ish  in  th e  

N e th e rlan d s  is th a t th e re  seem s to  be little  reaso n  
fo r co n ce rn  o f  severe e stro g en ic  effects in  f ish  th a t 
pass m o s t o f  th e ir  tim e  a t open  sea an d  in  D u tch  

es tu a rie s  th a t a re  co n n ec ted  to th e  open  sea. It is 

n o t exactly c lea r how  seriously  th e  m o d e ra te  an d  

ra th e r  variab le  estro g en ic  effects th a t occur in  
som e in la n d  w aters sh o u ld  be tak en  (see also th e  

d iscu ss io n  in  th e  nex t pa rag rap h ). H ow ever, th e  

ex trem e effects observed  in  sm all w ate rs , in  one 
s tre am  in  pa rticu la r, in d ica te  th a t locally, e s tro ­
gen ic ity  o f  th e  aqua tic  e n v iro n m e n t is a p o ten tia l 

th re a t to th e  o ccu rren ce  an d  fu n c tio n in g  o f  fish  

p o p u la tio n s . U n til m o re  sm a ll in lan d  s tream s 

a n d  o th e r sm all w aters are  investiga ted , it 
c a n n o t be co nc luded  w h e th e r  a site  like th e  

D om m el is an  iso la ted  case o f  h ig h  estrogen ic ity  

o r th a t m o re  sm all w aters in  th e  N eth erlan d s 
are  affected  in  th is  way. Som e in itia l f in d in g s o f  
fu r th e r  inves tiga tions since LOES th a t focused 

specifically  on  sm all in la n d  w aters w here  

a n th ro p o g en ic  s tress  w as th o u g h t to be h ig h  
(not yet pub lished ), in d ica te  th a t e s tro g en ic  effects 
in  f ish  (bream ) a re  a local p h e n o m e n o n  and



n o t u n iq u e  to th e  D om m el; nam ely  estro g en ic  

effects w ere  observed  a t fo u r  o u t o f  e ig h t sites.

8.5 Ecological relevance

8 .5.1 Differences among species
T he es tro g en ic  effects fo u n d  in  f ish  d u rin g  th e  

LOES field  survey, m ostly  e levated  VTG levels, 

g enera lly  seem ed  m o re  se rious a t in la n d  surface  
w a te r locations th a n  in  e s tu a rie s  a n d  offshore . A t 
m o s t o f  th e  in la n d  locations, how ever, VTG was 

m e a su re d  in  b re a m  only. I t cou ld  th e re fo re  be 

a rg u ed  th a t th is  is th e  re s u lt o f  a d iffe rence  in  
species, ra th e r  th a n  th e  re su lt o f  exposu re  to 
(xeno-)estrogens, i.e ., b re a m  is m o re  sensitive  

th a n  flo u n d e r. F lo u n d e r m ay  in d eed  be less se n s i­

tive th a n  o th e r fre sh w a te r fish . A llen  et al. (1999a) 
rep o rted  th a t VTG re sp o n se  to e thyny lestrad io l 
(EE2) in  f lo u n d e r w as ab o u t one o rd e r o f  m a g n i­

tu d e  less th a n  th a t o f  ra in b o w  tro u t. In  th e  N orth  

Sea C anal n e a r  A m ste rd a m  (m odera te ly  elevated  
VTG levels) a n d  a t V ro u w en zan d  (less VTG eleva­
tion ), w h ere  b o th  b ream  an d  f lo u n d e r  w ere  

cap tu red  d u rin g  th e  field  study , th e  re su lts  fo r th e  

tw o species seem ed  to co rre sp o n d  w ell, in d ica tin g  

th a t th e re  m ay  n o t be a n  im p o rta n t d ifference  in  
sensitiv ity  be tw een  th e  species. H ow ever, it is n o t 

k n o w n  exactly how  rep resen ta tiv e  th e  fish  

cap tu red  are  fo r th e  sites.

T he  re su lts  o f  th e  on -site  exposu re  ex p erim en ts  

(p arag rap h  5.4.1) c learly  show ed  th a t ra in b o w  tro u t 

w as fa r m o re  sensitive  th a n  carp  w h en  exposed  to 
p o ten tia l e s tro g en s  in  d ischarge  w a te r fro m  the  
E indhoven  STP. T he ag en ts  re sp o n sib le  in  the  

E indhoven  e ff lu en t an d  th e  receiv ing  w ater o f  th e  

r iver D om m el w ere  p robab ly  n a tu ra l an d  syn thetic  
s te ro id s  (p arag raph  5.4.2), b u t th e  effect o f  n o n y l­
p h e n o l an d  a lky lpheno l e thoxylates can  also n o t be 

excluded  (see d iscu ss io n  o f  th e  case s tu d ies , 

c h ap te r 7).

O n  th e  basis LOES’ overall re su lts , it can  te n ta ­

tively be d educed  th a t ra in b o w  tro u t an d  b ream  are  

a m o n g  fish  species m o s t sensitive  to e stro g en ic  

effects. F lo u n d e r m ay  be equally  o r less sensitive  
an d  carp  seem s relatively  in sen sitiv e . H ow ever,

only fu r th e r  re sea rch  w ith  in d iv id u a l co m p o u n d s 

a n d  d iffe ren t fish  species w ill reveal how  c u rre n t 

te s t a n d  sen tin e l species d iffer in  th e ir  sensitiv ity  
to (xeno-)estrogens (add itional re sea rch , fo r 

in s tan ce , has recen tly  sh o w n  th a t w ild  m ale  carp  

in  th e  D om m el also  co n ta in  elevated  p lasm a  VTG 

levels).

8 .5.2 Effects a t the population level
As a re su lt o f  th e ir  effects on  th e  ind iv idua l 
o rg an ism , (xeno-)estrogens po ten tia lly  affect 

rep ro d u c tio n  a n d  th e re fo re  th e  survival o f  p o p u ­

la tions (A rukw e an d  G oksoyr, 1998 , et al.). 
H ow ever, causa l re la tio n sh ip s  be tw een  estro g en ic  
su b s tan ces  a n d  ecological effects re m a in  elusive 

due  to th e  com plex  n a tu re  o f  c o n ta m in a tio n  in  th e  

aqua tic  e n v iro n m e n t a n d  becau se  o f  th e  scarcity  o f  
data  on  th e  s ta tu s  o f  f ish  p o p u la tio n s . Possib ly  th e  
m o s t se rio u s effects observed  d u rin g  LOES w ere  

m ale  b re a m  th a t p o sse ssed  gonads w ith  in te rsex  

ch arac te ris tics , th a t is, eggs w ere  fo u n d  in  m ale  

testis  tissu e  (ovotestis). T h is ind ica tes  th a t th ese  
m ales h a d  b een  partly  fem in ized . T he  exact 

ecological sign ificance  o f  th is  p h e n o m e n o n  is 

still n o t en tire ly  clear, a lth o u g h  Job ling  et al.

(2 0 0 0 ) have d e m o n s tra te d  th a t th e  rep roductive  
p e rfo rm an ce  o f  m a le  f ish  (roach) m ay  be  affected . 

V ite llogen in  p ro d u c tio n  in  m a le  fish  is a good 

in d ica to r o f  th e  exposu re  to e s tro g en ic  co m p o u n d s 

b u t is n o t n ecessarily  linked  to th e  o ccu rren ce  o f  
ovotestis. O votestis m ay  be th e  re s u lt o f  exposure  

to (xeno-)estrogens d u rin g  th e  early  life stages in  

w h ich  sexual d iffe ren tia tio n  takes place. Inc reased  

VTG levels in  m ale  fish  have a half-life o f  several 
w eeks an d  m ay  th e re fo re  be an  in d ica tio n  o f  re la ­

tively re c e n t exposu re  to estro g en ic  su b s tan ces .

D u rin g  th e  E indhoven  STP case study, it was 
show n  th a t th e  e ff lu en t h ad  an  effect, p resu m ab ly  

e strogen ic , on  th e  sexual d iffe ren tia tio n  o f  

juven ile  zeb ra fish . T he sex ratio  sh ifted  s ig n ifi­

can tly  tow ards fem ales . In  th e  long  te rm , su ch  
effects a re  po ten tia lly  h a rm fu l fo r th e  rep roduc tive  

o u tp u t o f f is h  p o p u la tio n s . In  co n tra st, a s im ila r 

e ffect on  th e  sex ratio  w as n o t reflec ted  by th e  local 

b ream  p o p u la tio n  in  th e  river D o m m el th a t 
receives th e  sam e  e ff lu en t a t a v o lu m e ratio  o f  1:1.

©



T h ere  m ay  be m an y  reaso n s  w hy th e  sex ra tio  o f  

w ild  b ream  seem ed  u n affec ted . For exam ple , it  is 
still n o t k n o w n  w h e th e r  juven ile  fish  can  recover 
fro m  p h eno typ ic  sex a lte ra tio n s in d u ced  by (xeno-) 

e s tro g en s  a t a la te r stage o f  deve lopm en t. It is also 

feasib le  th a t b re a m  is less sensitive  to pheno typ ic  
sex ch an g es. A sc reen in g  exercise o f  m o n ito r in g  
a n d  re sea rch  p ro jec ts on  b re a m  co n d u c ted  in  th e  

N e th e rlan d s  be tw een  1965 an d  19 9 9  yielded  som e 

p o ten tia l dev iations, in c lu d in g  d ecreas ing  gonad  
w eigh ts o f  m a les , early  m a tu ra tio n  an d , im p o r­
tan tly , sex ra tio s in  favor o f  fem ales (W in ter an d  

S luis, 2 0 0 0 ) . H ow ever, th e  au th o rs  co nc lude  th a t 

th e se  fin d in g s  can  be  exp la ined  by a w ide ran g e  o f  

en v iro n m e n ta l facto rs, a n d  th e re fo re  p re se n t only 
c ircu m stan tia l ev idence a t best.

To date , no  clearly  es tab lish ed  decline  in  fish  
p o p u la tio n s  has b een  observed  in  n u m e ro u s  river 
system s an d  coastal w aters o f  th e  N eth e rlan d s. 

H ow ever, su c h  s tud ies  are  ted io u s by th e ir  

com plex  n a tu re  an d  lack  ecological b ack g ro u n d  
data . F or flo u n d er, lo n g -te rm  m o n ito r in g  data  has 
n o t in d ica ted  any  c lea r dec line  o f  p o p u la tio n s  or 

ch an g es in  sex ra tio s th a t m ay  be th e  re s u lt o f  

e s tro g en ic  effects (R ijnsdorp  an d  V ethaak , 1989).

To th is  day, th e re fo re , th e  ecological co n seq u en ces  

o f  in c reased  levels o f  m a le  v ite llogen in  an d  in te r ­

sexuality  in  w ild  f ish  (and o th e r w ildlife) p o p u la ­
tio n s  a re  n o t en tire ly  clear. In  p a s t years, several 
sc ien tis ts  have ad d re ssed  th is  is su e  (e.g., T yler et 

al., 1998; M atth ie ssen , 2 0 0 0 ) . In  fu tu re  in ves tiga­

tio n s , it  w ill be im p o r ta n t to collect b ase lin e  data 
o n  fish  p o p u la tio n s  fro m  b o th  su sp ec t estro g en ic  
sites a n d  non -exposed  re fe ren ce  p o p u la tio n s . S uch 

fie ld  data  sh o u ld  be co m p lem en ted  by e x p e rim en ­

ta l ev idence su ch  as m eso co sm  stud ies  in  w h ich  

fish  a re  c o n tin u o u sly  exposed  to p o te n t estro g en ic  
ag en ts  fo r lo n g er p eriods o f  tim e .

It sh o u ld  also be n o ted  th a t es tro g en ic  effects 
a re  n o t lim ited  to m ale  fish . P o llu tion -induced  
seaso n a l asy n ch ro n y  in  ovarian  d ev e lo p m en t o f  

fem ale  f lo u n d e r  has b een  d em o n s tra ted  in  a 3-year 

m eso co sm  stu d y  p e rfo rm ed  in  th e  N eth erlan d s 
(Janssen  et al., 1997). D u rin g  th is study, a f lo u n ­
d e r p o p u la tio n  w as ch ron ica lly  exposed  to p o llu ted

dredge  spoil fro m  th e  p o rt o f  R o tte rdam . Fem ale 

fish  in  th e  study  also  exh ib ited  p re m a tu re  VTG 
syn thesis  th a t w as a ttr ib u ted  to iyß -estrad io l 
h ig h e r  p la sm a  levels. In  co n tra s t to th e  p re se n t 

study, th e  au th o rs  could  n o t d e m o n s tra te  VTG 

in d u c tio n  in  m a le  flo u n d er. D u rin g  ad d itio n a l 

labora to ry  ex p erim en ts , in d ica tio n s w ere  fo u n d  
th a t th e  in c reased  estrad io l levels w ere  th e  re su lt 

o f  decreased  c learance  o f  e strad io l ra th e r  th a n  

e n h an ced  p ro d u c tio n . To o u r know ledge, how  

estro g en ic  effects in  m a le  a n d  fem ale  fish  
co m b in e  to fo rm  p o ss ib le  p o p u la tio n  effects has 

n ev er b een  s tud ied .

8.6 Evidence for causality

Evidence fo r th e  cau se  o f  th e  estro g en ic  effects in  

fish  a t som e LOES locations can  be o b ta ined  u s in g  
d iffe ren t app roaches .

F irst, a n  eco-ep idem io log ica l ap p ro ach , i.e., e s tab ­

lish in g  co rre la tio n  p a tte rn s  be tw een  th e  occu r­

ren ce  o f  (xeno-)estrogens an d  observed  estro g en ic  
effects, w as app lied  to th e  data  fro m  th e  field  study  

(chap ter 6). S tatistical analysis revealed  th a t 

ER-CALUX activity in  f ish  b ile  a n d  p la sm a  VTG 
co n cen tra tio n s  in  m a le  f ish  co rre la ted  w ell w ith  
som e body tis su e  co n cen tra tio n s  o f  xeno -estro ­

g ens, no tab ly  n o n y lp h en o l (b ream  a n d  flounder) 

a n d  n o n y lp h en o l e thoxylates (b ream  only). O th e r 

c o m p o u n d s  also co rre la ted  w ith  th ese  effect 
p a ram e te rs , b u t n o t as strongly . T h is in c lu d ed  

p h th a la te s  DBP (bream ) a n d  DOP (flounder), an d  

th e  p o ly b ro m in a ted  flam e re ta rd an ts  BB 101 an d  
BB 2 0 9  (flounder). H ow ever, c o n ta m in a n t levels 
in  b o th  fish  species d id  n o t co rre la te  w ell w ith  

c o n ta m in a n t levels in  en v iro n m en ta l co m p a rt­

m e n ts . T h is p robab ly  reflects th e  m ob ile  lifestyle 
o f  th e  fish  or, in  o th e r w ords, th e  fina l in te rn a l 
co n cen tra tio n s  o f  xeno-biotic su b s tan ces  are  

th e  re su lt o f  th e ir  exposu re  in  m an y  d iffe ren t 

locations. T he  fact th a t th e  co rre la tio n  is m ain ly  

fo u n d  w ith  n o n y lp h en o l levels su g g ests  th a t 
n o n y lp h en o ls  m ay  be  causative ag en ts  fo r 

e stro g en ic  effects in  f ish  in  th e  N eth e rlan d s.

T he  second  m a jo r ap p ro ach  fo r e s tab lish in g  
causality  d u rin g  LOES co n sis ted  o f  several experi-



m e n ts  a n d  labora to ry  assays. H ow ever, th ese  

m e th o d s  w ere  only  u se d  a t tw o STP sites. It w as 

c learly  d e m o n s tra te d  th a t STP e ff lu en t can  be 
h ig h ly  estro g en ic  to fish , a n d  labo ra to ry  assays 

w ith  e ff lu en t fro m  th e  E indhoven  STP in d ica ted  

th a t th e  sy n the tic  e s tro g en  iy a -e th y n y les trad io l 
w as largely  re sp o n sib le  fo r th e  observed  e s tro ­
genicity .

A th ird  ap p ro ach  w as to  co m p are  levels o f  (xeno-) 
es tro g en s  in  th e  aqua tic  e n v iro n m e n t to effect 
th re sh o ld s  fo u n d  in  th e  lite ra tu re . For th is  type o f  

r isk  a s se ssm e n t, a rap id  ap p ra isa l w as m ad e  to 

in te rp re t th e  g en e ra l fin d in g s  o f  th e  study. In  
sh o rt, th ese  re su lts  in d ica ted  th a t local effects on  
f ish  o f  estro g en ic  h o rm o n e s  an d  a lky lphenolic  

co m p o u n d s  in  w astew ater a n d  su rface  w ate r w ere 

p lau s ib le . E strogen ic  effects o f  b ispheno l-A  w ere 

m o re  o r less ru led  o u t w hereas th e  exact e s tro ­
gen ic ity  o f  p h th a la te s  a n d  m o s t b ro m in a te d  flam e 

re ta rd a n ts  to fish  rem a in s  largely  u n k n o w n . 

H ig h e r  b ro m in a te d  flam e re ta rd a n ts  su ch  as 
(deca-) B B209 a n d  (deca-) BDE 2 0 9  do n o t seem  to 
be  tak en  u p  by b io ta  since  th e  m o lecu les  a re  too 

large to pass th ro u g h  th e  cell m e m b ra n e  (see 

p a ra g ra p h  3.6).

T he  various ap p roaches to f in d in g  th e  causative 

ag en ts  o f  th e  observed  estro g en ic  effects on  fish  in  

LOES have th e re fo re  revealed  tw o g ro u p s  o f  m a jo r 
can d id a te s , nam ely  s te ro id  sex h o rm o n e s  (notably 
iy a-e th y n y lestrad io l) an d  alky lpheno ls/a lky lphe- 

n o l e thoxylates (m ostly  no n y lp h en o ls). S ince 

d iffe ren t species w ere  u se d  in  d iffe ren t surveys 
a n d  ex p erim en ts , it  re m a in s  u n c e rta in  w h ich  
o f  th e  tw o co m p o u n d s  m ay  be re sp o n sib le  for 

th e  e s tro g en ic  effects in  w ild  f ish  a t d iffe ren t 

locations. B ream  in  th e  river D om m el, fo r 

in s tan ce , a re  u n d o u b ted ly  exposed  to th e  
E indhoven  STP e ff lu en t th a t is h ig h ly  e strogen ic , 

a t lea s t to ra in b o w  tro u t an d  zeb ra fish . B ut the  

e s tro g en ic  effects in  th e se  b ream  also co incide 
w ith  h ig h  n o n y lp h en o ls  a n d  n o n y lp h en o l ethoxy- 
la te  co n cen tra tio n s  in  se d im e n t a n d  su rface  w ater 

o f  th e  D o m m el (su sp en d ed  m a tte r  in  th e  

E indhoven  STP e ff lu en t also co n ta in ed  h ig h  levels 
o f  th e se  c o m p o u n d s b u t it  is u n k n o w n  w h e th e r  
th is  is th e  cau se  o f  th e  p o llu tio n  in  th e  river), b u t

th e  availability  o f  th ese  b o u n d  co m p o u n d s to 

b ream  is n o t know n . In  o th e r w ords, th e  q u es tio n  

as to th e  cau se  o f  th e  e stro g en ic  effects in  w ild  fish  
re m a in s  u n an sw ered , even  fo r th e  th o ro u g h ly  

in v es tiga ted  exam ple  a t th e  E in d h o v en /D o m m el 

site.

It sh o u ld  be n o ted  th a t th e  f ish  cap tu red  a t one 

p a rticu la r site  m ay  have b een  exposed e lsew here . 

B ream  in  th e  D om m el m ay  also sw im  large 
d is tances u p s tre a m  fro m  th e  STP o u tle t a n d  th e re ­
fore be exposed to o th e r p o ss ib le  (xeno-)estrogens 

in  th e  largely  ag ricu ltu ra l a rea . T h is m ay  in c lu d e  

p hy to -estrogens an d  e stro g en s fro m  cattle 

fa rm in g . F u rth e rm o re , local effects o f  o th e r e s tro ­
gen ic  su b s tan ces  also n eed  to be investiga ted . 

C ould  th e  m o d e ra te  e stro g en ic  effects observed  in  

f ish  fro m  th e  N o rth  Sea C anal, fo r in s tan ce , be 
due  in  p a r t to th e  h ig h  se d im e n t levels o f  PAHs? 
T h e re  is also  th e  is su e  o f  b ro m in a te d  flam e re ta r­

dan ts  in  th e  W este rn  Scheldt. A lth o u g h  flo u n d e r 

c ap tu red  in  th is  area  d id  n o t show  any  s igns o f  

e stro g en ic  effects, flo u n d e r m ove co n sid erab le  
d is tances a n d  it  is p o ss ib le  th a t less m ig ra to ry  

species could  still be a t risk .

8.7 Comparison of concentrations 
of substances to their 
estrogenicity to  fish

To inves tiga te  w h ich  su b s tan ces  analyzed  d u rin g  

LOES m ay  re p re se n t a risk  to th e  aqua tic  en v iro n ­

m e n t, th e  co n cen tra tio n s  in  d iffe ren t co m p art­

m e n ts  can  be co m p ared  to k now n  toxicity data 
an d  to en v iro n m e n ta l th re sh o ld  levels su c h  as 

M ax im u m  P erm iss ib le  C o n cen tra tio n s  (M PCs).

M PC s fo r su b s tan ces  a re  derived  sta tistically  u s in g  
so-called Species Sensitiv ity  D istrib u tio n s (SSDs) 
w h en  toxicity data  fo r su ffic ien t te s t species are 

available. T he  M PC is d efin ed  as th e  co n cen tra tio n  

a t w h ich  95 %  o f  all species in  an  ecosystem  are 
theore tica lly  p ro tec ted  (A ldenberg  an d  Slob, 1991). 
A n o th e r th re sh o ld  is th e  P red ic ted  No Effect 

C o n cen tra tio n  (PNEC). P n e C s a re  u se d  by th e  

E u ropean  U n io n  an d  a re  com p arab le  to M PCs. 
Som e ad hoc M PCs w ere  derived  fo r h o rm o n es , 
b isphenol-A , a lky lpheno ls an d  a few  g ro u p s  o f



b ro m in a te d  flam e re ta rd an ts  (respectively, 

O k k e rm an  et al., 2001; G ro sh a rt et al., 2001a; 
G ro sh a rt et al., 2001b ; G ro sh a rt et al., 2 0 0 0 )  on 
th e  basis o f  an  in itia l qu ick  sc reen in g  o f  th e  avail­

ab le  lite ra tu re . M PCs have b een  deduced  by th e  

RIVM fo r a n u m b e r  o f  p h th a la te s  (Van W ezel et 
al., 1 9 9 9 ), b u t th e  s ta tu s  o f  th is  data  is u n su re  
s ince  th e  quality  o f  th e  u n d e rly in g  s tu d ies  is still 

u n d e r  d iscu ss io n  w ith in  th e  fram ew o rk  o f  the  

E u ro p ean  U n ion . A s im ila r MPC exercise is also 
ap p ro ach in g  th e  fina l stages fo r PBBs 
(V erb ruggen  et al., in  p rep .), b u t h as n o t yet b een  

officially p u b lish ed .

As a re s u lt o f  th e  p re lim in a ry  a n d  u n su re  n a tu re  
o f  th e  m e n tio n e d  M PCs, a n d  because  m an y  o f  

th e se  M PCs are  n o t o r hard ly  b ased  on  e stro g en ic  

effects b u t ra th e r  on  o th e r toxic effects, w e decided  

it  w as too early  a t th is  stage to co m p are  th e  re su lts  
o f  th e  LOES ch em ica l analyses w ith  th e se  en v iro n ­

m e n ta l r isk  lim its . In s tead , as a g en e ra l in d ica tion , 

w e briefly  co m p are  th e  ran g es  o f  co n cen tra tio n s  in  

w a te r fo u n d  fo r several su b s tan ces  w ith  a lim ited  
se lec tion  o f  data  fro m  th e  lite ra tu re  on  th e ir  e s tro ­

gen ic ity  in  fish .

7.1 Hormones
T he Low est O bserved  Effect C o n cen tra tio n  (LOEC) 

o f  1701-ethynylestradiol (EE2) fo r VTG in d u c tio n  
in  fish  is 0.5 n g /L  (O kkerm an  et al., 2001) a n d  th e  
No O bserved  Effect C o n cen tra tio n  (NOEC) fo r 

b io ch em ica l effects in  p la sm a  is <0.1 ng /L . T he 

NOEC an d  LOEC fo r rep ro d u c tiv e  effects in  a lo n g ­
te rm  life cycle labora to ry  study  w ith  fish  w ere  
i n g /L  a n d  4 n g /L  respectively , an d  ch an g es in  fish  

m o rp h o lo g y  a n d  histo logy , even  a fte r  only  4  days 

o f  exposure , m ay  already  be in d u ced  a t levels 
below  0.1 n g /L  EE2 (O kkerm an  et al., 2001). T he 
p ro p o sed  ad  hoc MPC o f  1 p g /L  derived  by 

O k k e rm an  et al. (2001) is th e re fo re  in  no  sen se  

ad eq u a te  fo r p ro tec tin g  aq u a tic  life fro m  es tro ­

gen ic  effects o f  EE2.

S ince co n cen tra tio n s  o f  EE2 m e a su re d  d u rin g  

LOES ran g ed  fro m  <0.3 n g /L  to 2 .6  n g /L  in  
m u n ic ip a l an d  in d u s tr ia l STP e fflu en ts  a n d  fro m  
<0.3 n g /L  to 0 .4  n g /L  in  su rface  w aters , levels in

th e  N e th e rlan d s  m ay  be h ig h  e n o u g h  locally to 

cau se  e s tro g en ic  effects in  fish , ce rta in ly  a t th e  

physio log ical level a n d  possib ly  also a t th e  p o p u la ­
tio n  level. In  ad d itio n , it  can  be co n c luded  th a t the  

c u rre n t d e tec tion  lim it o f  EE2 in  w a te r o f  a ro u n d  

0.3 n g /L  is h ig h e r  th a n  th e  low est EE2 co n cen tra ­
tions th a t m ay  cau se  effects. LOES’ bio logical 
re sea rch  co n firm e d  th a t estro g en ic  effects in  fish  

w ere  fo u n d  a t sites w h ere  m easu rab le  EE2 co n cen ­

tra tio n s  occu rred  o r w h ere  EE2 d ischarges w ere 
su sp ec ted , no tab ly  in  STP e ff lu en t an d  in  w aters 
th a t receive STP d ischarge  (see d iscu ss io n  case 

s tud ies  in  ch ap te r 7).

For o th e r ste ro id  h o rm o n e s , co n cen tra tio n s  
observed  d u rin g  LOES m ay  also be close to 

th e  levels th a t m ay  in d u ce  e s tro g en ic  effects. 

C o n cen tra tio n s  o f  iy ß -estrad io l (E2) in  STP efflu ­
en ts  a n d  su rface  w aters ran g ed  fro m  < 0 .8  n g /L  to
1.0 ng /L . T he  k n o w n  NOECs fo r VTG p ro d u c tio n  

in  m a le  f ish  fo r E2 fo u n d  in  th e  lite ra tu re  ran g e  

fro m  i n g /L -3 2  n g /L  an d  LOEC’s fro m  
io  n g /L -1 0 0  n g /L  (O kkerm an  et al., 2001). ‘Sex 
rev e rsa l’ by E2 w as observed  a t 4  p g /L  an d  io  p g /L  

in  m ed ak a  (rice fish) a n d  carp  respectively , b u t 

d u rin g  LOES it  w as sh o w n  th a t sexual d iffe ren tia ­
tio n  o f  juven iles in  a z eb ra fish  p artia l life cycle te s t 
is affected  a t levels as low  as 272 n g /L  E2 

(p arag raph  5.3.2). K ram er et al. (1998) rep o rted  an  

EC50 fo r VTG in d u c tio n  o f  251 n g /L  a n d  a n  EC50 
fo r egg p ro d u c tio n  o f  120 n g /L  by E2 in  fa thead  
m in n o w s a fte r  19 days o f  exposure . E2 levels 

observed  d u rin g  LOES m ay  th e re fo re  be h ig h  

en o u g h  to provoke b io ch em ica l o r physio log ical 

ch an g es, b u t p o p u la tio n  effects in  f ish  probab ly  
occu r a t co n cen tra tio n s  o f  tw o o r m o re  o rders  o f  

m ag n itu d e  g rea te r.

E strone  (Ei) w as m e a su re d  d u rin g  LOES in  th e  
ran g e  o f  <0.3 n g /L -1 1  n g /L  in  STP e fflu en ts  and  

<0.3 n g /L -7 .2  n g /L  in  su rface  w ate rs . T he  values 

a re  c lose to th e  ran g es  o f  NOEC an d  LOEC values 

fo r VTG p ro d u c tio n  in  fish , 9 .9  n g /L -2 5  n g /L  an d
31.8 n g / L - 6 6  n g /L  respectively  (O kkerm an  et al., 

2001). T estes m o rp h o lo g y  is a ffected  a t 31.8 n g /L  

a n d  h ig h e r  (O kkerm an  et al., 2001). T he  co n cen ­
tra tio n s  o f  e s tro n e  observed  in  e fflu en ts  an d  
su rface  w ate r in  th e  N e th e rlan d s  m ay  th e re fo re



occasionally  be h ig h  e n o u g h  to provoke estrogen ic  

effects in  fish . M oreover, th e  H ea lth  C ouncil o f  

th e  N e th e rlan d s  (1999) rep o rted  th a t e s tro n e  m ay  
en h a n c e  th e  ac tion  o f  iy ß -estrad io l in  fish .

O n  th e  basis o f  th is  analysis, it can  be  co n c luded  
th a t b o th  n a tu ra l an d  sy n the tic  ste ro id  h o rm o n es  
d isch a rg ed  in  th e  D u tch  aq u a tic  e n v iro n m e n t 

m ay  locally provoke e s tro g en ic  effects in  fish , b u t 

th a t th is  co n c lu s io n  is so m ew h a t h a m p e re d  by 

relatively  h ig h  d e tec tion  lim its  o f  so m e  o f  these  
su b s tan ces  in  w ater.

8 .7.2 Bisphenol-A
T he ran g es  o f  aq u eo u s  co n cen tra tio n s  m e a su re d  

fo r b ispheno l-A  d u rin g  LOES w ere  < 0 .0 4  p g /L -

4.1 p g /L  in  STP e fflu en t, < 0 .0 0 9  h g /L - i-O  P g /L  in  
su rface  w ater, a n d  <0.015 h g /L -0 .0 5 7  p g /L  in  
ra in w a te r. NOEC s a n d  LOEC s fo r all k in d s o f  

b io ch em ica l a n d  p o p u la tio n  effects in  various fish  

species, even  a fte r  p ro lo n g ed  exposure , ran g ed  
fro m  0 .4  m g /L  to 11 m g /L  (G roshart et al., 2001a), 
fa r  h ig h e r  th a n  th e  co n cen tra tio n s  fo u n d  d u rin g  

LOES in  various types o f  w ater.

It can  th e re fo re  be co n c luded  tha t, a t p re sen t, 
b ispheno l-A  levels in  th e  D u tch  aqua tic  en v iro n ­

m e n t  seem  n o t to pose  a th re a t to fish . H ow ever, 

G ro sh a rt et al. (2001a) also cite s tu d ies  w h ere  the  
sex o f  m o llu sk s a n d  am p h ib ia n s  a re  affected  a fte r 
p ro lo n g ed  exposu re  a t co n cen tra tio n s  o f  1 p g /L  

a n d  23 p g /L  respectively.

8 .7.3 Alkylphenols and 
alkylphenol ethoxylates
O p  co n cen tra tio n s  fo u n d  to cause  a n  effec t on  VTG 
p ro d u c tio n  a n d  te s ticu la r g ro w th  in  ra in b o w  tro u t 
are  5 p g /L  a n d  30 p g /L  respectively  (H ealth  

C ouncil o f  th e  N e th e rlan d s , 1 9 9 0 ). M ax im um  

aq u eo u s  co n cen tra tio n s  in  STP e ff lu en t an d  
su rface  w ate r d u rin g  LOES w ere  1.3 p g /L  and
6.3 p g /L  respectively . Effects m ay  th e re fo re  be 

p o ss ib le  in  so m e  su rface  w ate rs . H ow ever, 

m e a su ra b le  co n cen tra tio n s  o f  oc ty lpheno l in  w ate r 
w ere  only  detec ted  a t 8 o u t o f  86  locations.

To o u r know ledge th e re  is no  su itab le  toxicity data 

on  aqua tic  b io ta  fo r oc ty lpheno l e thoxylates, (also 

see G ro sh a rt et al., 2001b).

C o n cen tra tio n s  as low  as 0.5 pg /L , b u t no tab ly  

c o n cen tra tio n s  o f  io  p g /L  an d  h ig h e r  NP m ay  

re s u lt in  all k inds o f  toxic effects su ch  as VTG 
in d u c tio n , g ro w th  red u c tio n , physio log ical an d  

h is to log ica l ch an g es, an d  rep roduc tive  im p a ir ­

m e n t (G roshart et al., 2001b). T h ese  co n cen tra ­
tions a re  in  th e  sam e  ran g e  as th e  m a x im u m  
c o n cen tra tio n s  in  STP e ff lu en t (m ax. 1.5 pg/L ) an d  

su rface  w a te r (m ax. 4.1 pg/L ) en co u n te re d  d u rin g  

LOES.

G row th  o f  ra in b o w  tro u t w as affected  a t NP(2)EO 

c o n cen tra tio n s  be tw een  io  p g /L  (NOEC) an d  

30 p g /L  (LOEC) (G ro sh art et al., 2001b). M ax im um  
c o n cen tra tio n s  o f  NPE w ere  2.2 p g /L  in  STP 
e ff lu en t an d  87 p g /L  in  su rface  w ater.

D u rin g  LOES, no  d irec t cau sa l in d ica tio n s w ere 
fo u n d  sh o w in g  th a t a lky lpheno ls a n d /o r  a lky lphe­
no l ethoxylates w ere  re sp o n sib le  fo r any  o f  th e  

estro g en ic  effects observed  in  fish . H ow ever, 

m u ltiv a ria te  sta tistica l analysis revealed  a c lear an d  
s ig n ifican t co rre la tio n  be tw een  accu m u la ted  levels 
o f  NP a n d  NPE in  m a le  b re a m  an d  in c reased  

p lasm a  VTG levels a n d  be tw een  N P a n d  VTG in  

flo u n d er.

In  su m m ary , a lky lpheno ls an d  alky lpheno l ethoxy­

lates levels in  w aters in  th e  N e th e rlan d s  m ay  be 

su ffic ien tly  h ig h  locally to provoke estro g en ic  
effects in  aq ua tic  o rg an ism s , no tab ly  fish . It 
sh o u ld  also  be  n o ted  th a t a lky lpheno ls an d  th e ir  

ethoxylates m ay  act jo intly , th u s  in c rea s in g  to tal 

e s trogen ic ity  in  th e  en v iro n m en t. Lower detec tion  

lim its  cou ld  im prove  fu tu re  risk  analysis o f  
a lky lpheno lic  co m p o u n d s  in  th e  D u tch  aqua tic  

e n v iro n m en t.

8 .7.4 Phthalates
Pred ic ted  no  effect co n cen tra tio n s  (PNECs) fo r 

w ate r an d  se d im e n t have b een  es tab lish ed  by th e  
E u ropean  U n io n  on  th e  basis o f ‘fish  te s ts ’ fo r two 
o f  th e  p h th a la te s  analyzed  d u rin g  LOES, d i-n-butyl



p h th a la te  (DBP) a n d  benzyl-bu ty l p h th a la te  (BBP) 

(S ijm , 2001). In  th e  LOES sam p les , th e  PNEC o f  

DBP in  w ate r (io  pg/L ) w as n o t exceeded in  STP 
efflu en t, su rface  w a te r o r ra in w a te r. T he  PNEC o f  

DBP in  se d im e n t (3.1 m g /k g  w et w e ig h t (w.w)) w as 

n o t exceeded e ith e r  (range o f  m e a su re d  co n cen tra ­

tio n s  0 .0 3 4  h g /k g  dry  w eig h t (d .w .) - i .o  p g /k g  
d.w .). T he  PNECs fo r BBP in  w ate r (14 pg/L ) an d  

se d im e n t (2.83 m g /k g  w.w.) w ere  also  n o t 

exceeded.

No PNECs cou ld  be  derived  fo r DEHP, b u t th e  

E u ro p ean  U n io n  has co n c lu d ed  th a t ‘th e re  seem s 

to  be n o  c o n ce rn  fo r aq u a tic  o rg an ism s exposed  

to  di(2-ethylhexyl) p h th a la te  (DEHP) via th e  w ate r 
p h ase  on ly ’ since  n o  effects could  be d em o n s tra ted  

below  its so lub ility  o f  3 p g /L  (see 3 .5 .1) .  T he 
h ig h e s t co n cen tra tio n s  o f  DEHP in  STP efflu en ts , 
su rface  w ate r an d  ra in w a te r m e a su re d  d u rin g  
LOES, 2 .4 , 5 .0  a n d  1.7 p g /L  respectively , a re  o f  

th e  sam e  o rd e r o f  m a g n itu d e  as th is  so lubility .

T h ere  is little  da ta  on  th e  estro g en ic  effects o f  
p h th a la te s  in  f ish  o r o th e r aq u a tic  o rg an ism s .

It w as th e re fo re  n o t p oss ib le  to e s tab lish  w h e th e r 

th e  levels o f  p h th a la te s  observed  in  LOES could  

have co n tr ib u ted  to som e o f  th e  e stro g en ic  effects 
observed . In  th e  tran sg en ic  z eb ra fish  ex p e rim en ts  

w ith  th e  E indhoven  STP e ff lu en t an d  its syn thetic  

an a lo g u e , D EH P w as fo u n d  to c o n tr ib u te  little  to 

th e  e s tro g en ic  p o tency  observed. VTG levels in  
th e  p la sm a  o f  m a le  flo u n d er, o n  th e  o th e r h an d , 

w ere  co rre la ted  w ith  body co n cen tra tio n s  o f  th e  

p h th a la te  DOP b u t m o re  strong ly  w ith  n o n y lp h e ­

no ls . M oreover, d esp ite  th e ir  in  vitro e s tro g en ic  
po ten c ie s , th e  E u ro p ean  U n io n  has recen tly  

co n c lu d ed  th a t th e  rep ro d u c tiv e  toxicity o f  

p h th a la te s  is m o re  im p o rta n t th a n t th e ir  e s tro ­

gen ic ity  (Sijm , 2001).
It th e re fo re  re m a in s  largely  u n k n o w n  to w hat 

ex ten t p h th a la te s  actually  c o n tr ib u te  to estro g en ic  

effects in  w aters in  th e  N eth e rlan d s.

7.5 Brominated flame re tardants
PBDEs an d  PBBs m ay  in te rac t w ith  th e  e stro g en  
recep to r, b u t th e ir  m o s t im p o rta n t effect seem s 
to  be th e ir  (in vitro) activity as p a rtia l ag on is ts  an d

an tag o n is ts  o f  th e  A h-recep to r, i.e ., a m o d e  o f  

ac tion  s im ila r to PC B s an d  diox ins, an d  th e ir  

effects o n  thy ro id  h o rm o n a l balance . T h e ir  d iox in­
like po tency  h as b een  co n firm e d  by th e  e s tab ­

lish ed  co rre la tio n  be tw een  co n cen tra tio n s  o f  

PBDEs in  b io ta  an d  DR-CALUX activity.

In  LOES, th e se  su b s tan ces  w ere  only  m e a su re d  in  

b io ta  an d  sed im en t. H ow ever, th e re  is little  a p p ro ­

p ria te  data  o n  th e  co m p o u n d s  fo r co m p a riso n  

b e tw een  estro g en ic  o r g en e ra l toxicity th resh o ld s  
(G roshart et al., 2 0 0 0 )  a n d  th e  m e a su re d  levels. 

T he  E u ropean  U n io n  has recen tly  rep o rted  PNECs 

fo r penta-B D E s (ECB, 2001). T h ese  w ere  
0.31 m g /k g  d.w . fo r n o n -s tan d a rd ized  se d im e n t 
a n d  1.55 m g /k g  d.w . fo r s ta n d a rd  sed im en t.

T he  m a x im u m  se d im e n t co n cen tra tio n s  o f  th e  

th re e  penta-BD E co n g en ers  m e a su re d  d u rin g  
LOES, BDEs 85, 9 9  an d  100, w ere  approx im ate ly  
th re e  orders o f  m ag n itu d e  low er th a n  th ese  values.

H ow ever, es tro g en ic  effects in  f ish  ca n n o t be  fully 
excluded . T he  LOES re su lts  in d ica te  th a t p lasm a 
VTG in  m ale  f lo u n d e r  w as positively  co rre la ted  

w ith  body co n cen tra tio n s  o f  BB101 an d , su rp r is ­

ingly, B B 209. A negative co rre la tio n  w as fo u n d  

b e tw een  VTG an d  in te rn a l BDE 2 0 9  levels. T his 
m ay  be re la ted  to th e  fact th a t th is  co m p o u n d  is 

hard ly  tak en  u p  by o rg an ism s (see p a ra g ra p h  3.6), 

w h ich  is also th o u g h t to be th e  case fo r BB 2 0 9 .

In  b rief, th e  poss ib le  e s tro g en ic  effects o f  the  

o ccu rren ce  o f  b ro m in a te d  flam e re ta rd an ts  in  

D u tch  w aters re m a in s  elusive. F u rth e r  re sea rch  
in to  th e  effects o f  PBDEs an d  PBBs sh o u ld  also 
ta rg e t th e  d is ru p tio n  o f  o th e r en d o crin e , non- 

e stro g en ic  fu n c tio n s .

8.8 Comparison of LOES results 
to those  from o ther countries

8 .8.1 Sources and occurrence
T he p re s e n t study  h as show n  th a t a lm o s t all 

(xeno)-estrogens m e a su re d  d u rin g  LOES are 

fo u n d  in  th e  D u tch  aqua tic  en v iro n m en t. 
C o m p ariso n  to o th e r co u n tr ie s  show s th a t, in  
genera l, levels o f  th e  co m p o u n d s  m e a su re d  are



com p arab le  to levels rep o rted  in  o th e r E u ropean  

c o u n tr ie s  (G erm any , Italy, Sw eden, D en m ark  an d  

th e  U n ited  K ingdom ). C o m p ariso n  can  be d ifficu lt 
as a re s u lt o f  d iffe ren t analy tical te ch n iq u es  (for 

in s ta n c e  HPLC a n d  ELISA tech n iq u es  fo r 

h o rm o n es), a n d /o r  d iffe ren t d e tec tion  lim its  u sed .

H ow ever, th e re  a re  a few  rem ark ab le  d ifferences . 

F irstly , b iologically  trea ted  w astew ater co n c e n tra ­

tio n s  o f  h o rm o n e s  in  th e  N e th e rlan d s  are  in  th e  

low  ran g e  or low er co m p ared  to data  rep o rted  fo r 
Italy, G erm any , an d  th e  UK (Johnson  et al., 2 0 0 0 , 

D esbrow  et al., 1 998 , Shore et al., 1993, L arsson  et 

al., 1 9 9 9 ). T h is  is rem ark ab le  because  levels o f  
h o rm o n e s  in  u n tre a te d  m u n ic ip a l w astew ater are  
s im ila r to th o se  in  Italy an d  G erm an y  (Johnson  

et al., 2 0 0 0 ) . T h is d iffe rence  m ay  be cau sed  by a 

h ig h e r  effic iency  o f  D u tch  STP s as co m p ared  to 

th o se  in  o th e r c o u n tr ie s . In  co m p a riso n  to m an y  
o th e r c o u n tr ie s , a t th e  m o m e n t o f  sam p lin g  

d u rin g  LOES, D u tch  STPs app lied  several 

ad d itio n a l b io logical tre a tm e n t steps to rem ove 

p h o sp h o ru s  an d  n itro g en .

Levels o f  AP(E) in  se d im e n t a n d  fish  in  th e  

N e th e rlan d s  also a p p ea r to be relatively  low  co m ­
p ared  to o th e r a reas in  th e  w orld , w h ile  p h th a la te  
c o n cen tra tio n s  in  b io ta  seem  to be h ig h e r  th a n  

fo u n d  ab ro ad  (C anada). F inally, BDE 2 0 9  levels in  

se d im e n t are  th e  h ig h e s t rep o rted  to date  (de B oer 

et al., 2 0 0 0 ) , w hile  BDE 47, BDE 9 9  an d  BDE 153 
c o n cen tra tio n s  in  su sp en d ed  m a tte r , s e d im e n t 

a n d  b io ta  a re  n o t as h ig h  as th e  h ig h e s t co n c e n tra ­

tio n s  rep o rted  in  th e  lite ra tu re  (de B oer et al., 
2 0 0 0 ) .

8 .2  Effects
T he re su lts  o f  th e  p re s e n t stu d y  have so fa r 
d e m o n s tra te d  th a t e s tro g en ic  exposu re  a n d  bio- 

log ica lly -sign ifican t effects do occu r in  D u tch  

w aters . H ow ever, based  on  th is f irs t  survey, th e  
p ro b lem  seem s co n fin ed  to only  a sm all w aters 
th a t a re  in f lu en ced  considerab ly  by (xeno-)estro- 

gen ic  sources.

C o m p ared  to  th e  se rio u s e stro g en ic  effects 
observed  in  several m a jo r e s tu a rie s  a long  th e

E ng lish  an d  W elsh  coast (A llen et al., 19 9 9 a , 

:1999b), very few  w ere  observed  in  f lo u n d e r  from  
D u tch  coasta l w aters an d  o ffshore  sites. In  
genera l, VTG levels in  f lo u n d e r  m e a su re d  d u rin g  

LOES w ere  co n siderab ly  low er an d , in  c o n tra s t 

to th e  UK w h ere  a h ig h  in c id en ce  o f  ovotestis was 

fo u n d  in  f lo u n d e r  fro m  th e  m o s t p o llu ted  
es tu a rie s  (M ersey a n d  T yne), n o t a sin g le  flo u n d e r 

cap tu red  d u rin g  LOES w as fo u n d  to have th is 

in te rsex  co n d itio n . F in d in g s th e re fo re  p o in t 

tow ards a s ig n ifican t d iffe rence  in  e s trogen ic ity  in  
th e  m a r in e  en v iro n m en ts  in  th e  UK an d  th e  

N e th e rlan d s . It is still n o t c lear w h e th e r  th e  effects 

observed  in  UK flo u n d e r m ay  be due  to d ischarges 

o f  (raw) sew age w ate r in to  th e  e s tu a rie s  o r to 
d iffuse  p o llu tio n  w ith  xeno-biotic su b s tan ces  o f  

in d u s tr ia l o rig in  (A llen et al., 1 9 9 9 a , 1 9 9 9 b ). A n 

add itio n a l poss ib le  ex p lana tion  fo r th e  d ifference  

in  co n cen tra tio n s  is th a t flo u n d e r fro m  th e  UK 
te n d  to re m a in  an d  spaw n  c lo ser to  th e ir  (polluted) 

‘h o m e ’ e s tu a rie s , w hereas D u tch  f lo u n d e r  m ig ra te  

fu r th e r  to  th e ir  o ffshore  sp aw n in g  g ro u n d s  w here  

they  sp en d  p a rt o f  th e  year u n d e r  p re su m ab ly  
c lean e r co n d itions .

T he  c lear e s tro g en ic  effects observed  in  ra inbow  
tro u t exposed  d irectly  to STP efflu en t, no tab ly  at 
E indhoven , a re  co m p arab le  to th o se  observed  in  

th e  UK w h ere  tro u t w ere  exposed  in  cages to 

su rface  w aters in  th e  p rox im ity  o f  STP d ischarge  
p o in ts  (P u rd o m  et al., 1994; H arrie s  et al., 1 9 9 6 , 
1997). M oreover, in c reased  VTG levels an d  th e  

o ccu rren ce  o f  in te rsex  in  m a le  b re a m  fro m  th e  

river D om m el th a t receives th e  E indhoven  STP 

e ff lu en t also  seem  com p arab le  to th e  re su lts  o f  
surveys on  ro ach  (Jobling et al., 1998). O n th e  

b asis o f  th e se  s tu d ies , it can  be con c lu d ed  th a t 

th e re  is a n  in c rea sed  risk  o f  estro g en ic  effects in  

f ish  liv ing n e a r  sites w h ere  STP e ff lu en t is 
d isch a rg ed  in to  sm a ll s tre am s . H ow ever, in  

c o m p arin g  th e  effects, it is im p o r ta n t to n o te  th a t 

th e  in d ica to r species o f  f ish  u se d  in  th e  field  study  
d u rin g  LOES, b ream , is n o t th e  sam e  as th o se  
u sed  in  UK fie ld  re sea rch  (rainbow  tro u t an d  

roach). T he  h ig h e s t p revalence  o f  ovotestis in  th e  

UK w as observed  in  ro ach  (Jobling et al., 1998).
It is n o t k n o w n  w h e th e r  th e re  a re  d ifferences in  
sensitiv ity  to (xeno-)estrogens be tw een  th ese



species. T h is cou ld  be verified  by m e a n s  o f  lab o ra­

tory  ex p erim en ts . M oreover, s ince  ro ach  also 
occurs in  th e  N e th e rlan d s , it is re c o m m e n d e d  th a t 
th is  species be in co rp o ra ted  in  fu tu re  field  surveys 

in  th e  N e th e rlan d s .

In  o rd e r to d iscover m o re  ab o u t th e  estrogen ic ity  
o f  sm a lle r  D u tch  w aters to  fish , a n  ad d itio n a l 

s tu d y  in  w ild  b ream  w as u n d e rta k e n  fo llow ing 

LOES. T he  in itia l re su lts  (not yet pub lish ed ) 
ind ica te  th a t in  one  o th e r s tre am , situ a ted  in  th e  
sam e  p a rt o f  th e  N e th e rlan d s  as th e  D om m el, VTG 

levels an d  in te rsex  in  m ale  b re a m  w ere  equally  

h ig h  as in  th e  D om m el. O n th e  w hole it  appears  

th a t e s tro g en ic  effects occu r a t h a l f  o f  th e  selected  
locations.

B ream  has also  b een  u se d  to m o n ito r  estro g en ic  
effects in  th e  river Elbe in  G erm any . T he  Elbe 
is co n sid e red  a heavily  po llu ted  river. F rom  a 

p re lim in a ry  p u b lica tio n  available a t th e  tim e  th is 

re p o r t w as w ritten , it  cou ld  be ded u ced  th a t VTG 

levels in  m ales in  various p a rts  o f  th e  river w ere  
sign ifican tly  h ig h e r  th a n  in  a n  u n d is tu rb e d  

re fe ren ce  lake site  o u ts id e  th e  river b a s in  (L. 

K arbe, p e rso n a l co m m u n ica tio n ) . T he  VTG levels 
m e a su re d  ap p ea r com p arab le  to  th o se  fo u n d  at 
m o s t in la n d  LOES sites, i.e ., g enera lly  betw een  

2 0  n g /m L  a n d  2 ,0 0 0  n g /m L  p lasm a  w ith  an  

occasional fa r h ig h e r  value (up to 5 4 ,0 0 0  ng  
VTG/mL). H ow ever, they  w ere  fa r low er th a n  
th o se  fo u n d  in  th e  river D om m el.

In  su m m ary , th e  s itu a tio n  in  th e  N eth erlan d s 
ap p ears  to be  so m ew h a t less a la rm in g  th an , for 
in s tan ce , th e  w ell-know n exam ple  fro m  th e  UK. 

O ne fac to r th a t m ay  co n tr ib u te  to th is  d ifference  

is th e  p re d o m in a n t size o f  th e  w a te r bod ies in  

b o th  c o u n tr ie s . A m a jo r d iffe rence  is tha t, fo r 
topo g rap h ica l re a so n s , su ch  sm a ll s tre am s a re  far 

m o re  a b u n d a n t in  th e  h illy  in la n d  o f  th e  UK th a n  

in  th e  N e th e rlan d s , w h ich  basically  co n sis ts  o f  a 

fla t low land  a rea  w ith  p red o m in an tly  large in lan d  
w aters . Severe e stro g en ic  effects as observed  in  

fish  fro m  sm all s tream s could  th e re fo re  be less 

w id esp read  in  th e  N e th e rlan d s  w h ere  STP 
d ischarges are  m o re  rap id ly  d ilu ted . T h is w as 
m o re  o r less co n firm e d  by th e  o ften  m ild  to

m o d e ra te  effects in  b ream  fro m  th e  o th e r sites o f  

th e  LOES p ro g ram . A n o th e r fac to r cou ld  be  a 
d ifference  in  se tu p  th a t m ig h t lead  to m o re  effec­
tive rem oval o f  (xeno-)estrogens by STPs in  th e  

N eth erlan d s: in  D u tch  STPs, b io logical p rocesses 

a re  ap p lied  to rem ove n itro g e n  a n d  p h o sp h o ru s  

a n d  relatively  low  sludge load ings a re  u se d  as 
co m p ared  to , fo r exam ple, th e  UK.

8.9  Limitations of LOES: 
in re trospect

T he LOES study  w as a m a jo r  m u ltid isc ip lin a ry  
p ro jec t w ith  in p u t fro m  m an y  d iffe ren t o rg an iza ­

tions an d  en co m p a ss in g  com plex  sam p lin g  

p ro g ram s, logistics an d  data  tre a tm e n t. In  genera l, 

th e  objectives o f  th e  p ro jec t m e t w ith  success.
W e successfu lly  app lied  a c o m b in a tio n  o f  c h e m i­

cal m e a su re m e n ts  an d  b io logical effect tech n iq u es  

in  several d iffe ren t c o m p a rtm e n ts  o f  th e  aquatic  

en v iro n m e n t. In  ad d itio n  to  several sta te-of-the a rt 
b io m ark ers  fo r a sse ss in g  e s tro g en ic  effects in  

in d iv id u a l fish , a n u m b e r  o f  novel te ch n iq u es  w ere 

also app lied . T h ro u g h o u t th e  p ro jec t, w e e n c o u n ­

te red  a n u m b e r  o f  p ro b lem s th a t w ere  n o t an tic i­
pa ted  a t th e  s ta rt. T h ese  p ro b lem s a re  d iscu ssed  

below .

It is fa ir to say th a t th e  a m o u n t o f  tim e  a n d  b u d g e t 
o u tlin ed  d u rin g  th e  p la n n in g  o f  th e  LOES p ro jec t 
w as u n d e re s tim a te d . T h is  w as m a in ly  due  to th e  

com plex  logistics an d  especially  s to rage , quality  

a ssu ra n c e  an d  data  analysis. M easu rem en ts  w ith  

th e  in vitro  ER-CALUX b ioassay  w ere  only partly  
successfu l. P rob lem s w ere  en c o u n te re d  d u rin g  

th e  co u rse  o f  th e  stu d y  w ith  th e  ex traction  

m ethodo logy , in  p a rticu la r extracts fro m  solid 
sam p les . F or reaso n s  described  ea rlie r (see 
ch ap te r 4), th e  p ro toco l w as a lte red  d u rin g  

p re tre a tm e n t o f  th e  sam p les . T h is also h am p e red  

th e  ability  to lin k  th ese  re su lts  to th e  chem ica l data 

a n d  th e re fo re  in h ib ite d  u se fu l in te rp re ta tio n  o f  
th e  re su lts . F inally, due  to h u m a n  erro r, o rgan ic  

carb o n  c o n te n t w as only m e a su re d  in  a lim ited  

n u m b e r  o f  su sp e n d e d  solid  a n d  se d im e n t 
sam p les .

8 .9.1 Logistics and execution



In  LOES, th e  o ccu rren ce  o f  e s tro g en ic  a n d  xeno- 

e s tro g en ic  co m p o u n d s  in  various en v iro n m en ta l 

c o m p a rtm e n ts  an d  e s tro g en ic  effects on  fish  has 
b een  m ap p ed . W e have a ttem p ted  to  describe  

g en e ra l spa tia l tre n d s  in  th e  da tase t a n d  to detec t 

s ig n ifican t e m iss io n  ro u tes  o f  e strogen ic  
co m p o u n d s  in to  th e  aqua tic  en v iro n m e n t. It 
a p p ea red  th a t o u r cho ice  o f  th e  two re fe ren ce  sites 

w as largely  b u t n o t com plete ly  ju s tified . R eference 

sites th a t can  be  ch a rac te rized  as tru ly  c lean  are  
n o t to be  fo u n d  in  th e  N e th e rlan d s , how ever.

P ossib le  cau sa l re la tio n sh ip s  be tw een  observed  

e s tro g en ic  effects in  w ild  fish  p o p u la tio n s  an d  
th e  exposu re  to estro g en ic  c o m p o u n d s w ere  also 

explored  a n d  p re sen ted . As a m a jo r case study, 

th e  sam p lin g  site  STP E indhoven  an d  receiv ing  

su rface  w ate r o f  th e  river D om m el w ere  ch o sen  fo r 
id en tify in g  th e  m o s t likely causative  agen ts . T he 
a p p ro ach  has genera lly  p roven  successfu l, in c lu d ­

in g  th e  ap p lica tion  o f  tw o novel in  vivo b ioassays 

w ith  (transgen ic) zeb ra fish . T he  toxicity and  
id en tif ica tio n  evalua tion  (TIE) p ro ced u re  in itia lly  
p la n n e d  fo r d e te rm in in g  th e  m o s t likely causal 

ag en ts  ap p ea red  only  partly  feasib le . In  th is  

respec t, it w as d ifficu lt to collect a n d  tra n sp o rt 

e ff lu en t an d  su rface  w a te r sam p les s im u ltan eo u sly  
to  labo ra to ries  fo r a long  perio d  fo r c o n c u rre n t 

ex trapo la tion  o f  ex p e rim en ta l exposu re  levels to 

th o se  occu rrin g  in  th e  field.

A n o th e r im p o rta n t p ro b lem  en c o u n te re d  

co n ce rn ed  th e  relatively  h ig h  an d  variab le  de tec­

tio n  lim its  fo r th e  estro g en ic  h o rm o n e s  w ith  

re sp ec t to  th e  levels a t w h ich  b io logical effects m ay  
occur. In  o rd e r to ob ta in  b e tte r  in s ig h t in to  occur­

ren ce , an d  especially  in to  th e  sign ificance  o f  th ese  

h o rm o n e s , it is abso lu te ly  e ssen tia l th a t de tec tion  

lim its  be low ered  in  fu tu re  study.

F inally, a large a m o u n t o f  data  w as co llected  re la t­

in g  to secondary  variab les a t th e  su rface  w ate r 

locations d u rin g  LOES. H ow ever, th is  in fo rm a tio n  
w as n o t fu r th e r  p ro cessed  or sta tistically  analyzed . 

T he  in f lu en ce  o f  th e se  variab les o n  th e  re su lts  o f  

LOES, no tab ly  on  th e  ou tco m e  o f  th e  bio logical 
effects survey, re m a in s  u n k n o w n  to date.

8 .9 .2  Gaps due to the LOES setup
T he LOES stu d y  w as se t u p  in  su ch  a w ay to 
p rov ide a rep resen ta tiv e  p ic tu re  o f  th e  s itu a tio n  in  

D u tch  w a te r system s in  1 9 9 9 . S am p ling  sites w ere  

se lected  in  d iffe ren t reg ions a n d  in c lu d ed  a variety  

o f  e m iss io n  sources a n d  c o n ta m in a n t g rad ien ts . 
T he  g en e ra l se tu p , how ever, w as so m ew h a t 

focused  on  la rg e r su rface  w ate rs . T he  n u m b e r  o f  

sam p lin g  sites in  reg io n a l w aters d id  n o t p rov ide 
an  exhaustive  p ic tu re . H ow ever, a lth o u g h  reg iona l 
w aters w ere  only  sam p led  to a lim ited  degree  in  

LOES, th is  asp ec t has recen tly  b een  in v es tiga ted  in  

m o re  detail in  a follow -up stu d y  (see p a rag rap h  
8.4).

O th e r possib le  gaps o f  th e  LOES stu d y  co n ce rn ed  

th e  lim ited  n u m b e r  o f  a lte rna tive  sources o f  
(xeno-)estrogens, o th e r p o ten tia l xeno-estrogen ic  
su b s tan ces  a n d  fish  species investiga ted .

O u tp u t fro m  ag ricu ltu ra l p rac tice  w as only re p re ­
sen ted  by two cattle  m a n u re  sam p les a n d  by a few 
locations in  p o ld e r d itches an d  h o rticu ltu ra l a reas. 

B esides cattle  h u sb an d ry , o th e r ag ricu ltu ra l 

c o n tr ib u to rs  to (xeno-)estrogens load ing  surface  
w ate r in  th e  N e th e rlan d s  a re  possib le , fo r exam ple 
p ig  an d  pou ltry  fa rm s, th e  bu lb -g row ing  in d u stry , 

an d  so fo rth . P o ten tia l (xeno-) estro g en ic  

su b s tan ces  th a t w ere  n o t in v es tiga ted  inc lude , 
a m o n g  o th ers , phy to -estrogens, several p e rs is te n t 
o rg an o ch lo rin e  co m p o u n d s , som e pestic ides an d  

ce rta in  PBDEs.

O nly  tw o se n tin e l f ish  species w ere  s tu d ied  in  th e  
LOES field  study . B oth, b u t especially  flo u n d er, 

m ig ra te  on  a seaso n a l basis. G iven th e  o u tcom e o f  

th e  survey, i.e., th a t severe estro g en ic  effects in  th e  
N e th e rlan d s  seem  to occu r locally in  fre sh  w aters , 
it can  be h y p o th es ized  th a t f ish  th a t do n o t m ig ra te  

m ay  be exposed  to estro g en ic  sou rces m o re  co n tin ­

u o u sly  th a n  b re a m  a n d  flo u n d er. M ore re s id en tia l 

f re sh w ate r species o f  fu tu re  in te re s t in  s tu d ies  on  
e stro g en ic  effects in c lu d e  stick leback  and  

g u d g eo n , b u t also  roach , w h ich  w as fo u n d  to be 

seriously  affected  in  th e  UK. ■
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9General conclusions and recommendations

9.1 Conclusions

9 .1.1 Wastewater
•  T he  m ajo rity  o f  th e  e s tro g en s  an d  xeno -estrogens 

se lec ted  fo r study  d u rin g  LOES w ere  fo u n d  in  

m u n ic ip a l an d  in d u s tr ia l e m iss io n  sou rces. 
E xceptions in c lu d ed  octy lphenols an d  octy lphenol 
ethoxylates a n d  th e  flam e re ta rd an ts  polybrom i- 

n a te d  b ipheny ls  (PBBs),  w h ich  w ere  genera lly  

n o t observed  above d e tec tion  lim its .

•  U n trea ted  m u n ic ip a l w astew ater co n ta in ed  all 

fo u r  ste ro id  h o rm o n e s  m e a su re d  (nyß-estradiol, 

nya-estrad io l, e s tro n e  an d  iy a-e th y n y lestrad io l), 
b ispheno l-A  (BPA), n o n y lp h en o ls  (NP) and  
n o n y lp h en o l e thoxylates (NPE) a n d  so m e  p h th a ­

la tes. U n trea ted  w astew ate r fro m  a re s id en tia l a rea 

co n ta in ed  less b ispheno l-A , less n o n y lp h en o ls  an d  

less o f  th e  p o ly b ro m in a ted  d ipheny l e th e r  flam e 
re ta rd a n t, BDE 2 0 9 . C o n cen tra tio n s  o f  p h th a la te s  

d iethy l p h th a la te  (DEP) an d  di(2-ethylhexyl) 

p h th a la te  (DEHP) w ere  h ig h e r . O verall e stro g en ic  

p o tency  o f  th is d om estic  w ater, as m e a su re d  u s in g  
th e  in  vitro ER-CALUX assay, w as h ig h e r  th a n  

m u n ic ip a l w astew ater.

•  T he  co m p o s itio n  o f  in d u s tr ia l w astew ate r varied  
acco rd ing  to th e  type o f  in d u s try  an d  in d u s tria l 

p rocess . As expected , w astew ater fro m  ch em ica l 

m a n u fa c tu re rs  a n d  su p p lie rs  c o n ta in ed  b ispheno l- 
A, p h th a la te s  a n d  a lky lpheno l e thoxylates (APE); 

w astew ater fro m  a textile in d u s try  co n ta in ed  

alky lpheno l ethoxylates; w astew ater fro m  a carp e t 

m a n u fa c tu re r  co n ta in ed  a lky lpheno l ethoxylates 

an d  p h th a la tes ; an d  w astew ate r fro m  a p h a rm a ­
ceu tica l co m p an y  co n ta in ed  h o rm o n e s . T he 

sew age w a te r fro m  an  in d u s tr ia l a rea  co n ta in ed  

a lm o s t all th e  se lec ted  co m p o u n d s . T he  in  vitro

E R-CALUX p o te n c y  o f  i n d u s t r i a l  w a s t e w a t e r  w a s  

l e s s  t h a n  t h a t  o f  m u n i c i p a l  w a s te w a te r .

•  In  th is  study , b io logical tre a tm e n t o f  w astew ater 

w as show n  to rem ove m o re  th a n  9 0 %  o f 

h o rm o n e s , b ispheno l-A , a lky lpheno l e thoxylates 

an d  p h th a la te s . T he  rem oval o f  estro g en ic  
su b s tan ces  w as also  reflec ted  in  a s im ila r red u c ­

tio n  in  estro g en ic  activity m e a su re d  u s in g  th e  in  

vitro ER-CALUX assay. T he  sew age s ludge  o f  the  
sew age tre a tm e n t p lan ts  (STPs) co n ta in ed  
n o n y lp h en o ls , n o n y lp h en o l e thoxylates, p h th a la te s  

a n d  so m e  p o ly b ro m in a ted  d ip h en y l e th e rs . 

C o n cen tra tio n s  s im ila r to o r h ig h e r  th a n  those  
fo u n d  in  th e  sew age s ludge  w ere  m e a su re d  in  
su sp en d ed  m a tte r  o f  th e  e ff lu en t leav ing  th e  STP, 

a lth o u g h  th is  a m o u n t w as lim ited  d u e  to th e  low  

c o n te n t o f  su sp e n d e d  m a tte r  in  STP e ff lu en t
(< io  m g/L ).

•  D esp ite  e ffic ien t rem oval, sew age tre a tm e n t p lan t 

(STP) e ff lu en t still co n ta in ed  detec tab le  levels o f  
h o rm o n e s  (m ostly  estro n e ), b ispheno l-A  an d  
a lky lpheno l e thoxylates. O n th e  basis o f  a co m p a ri­

son  w ith  kno w n  data  on  th e ir  estrogen ic ity , it  was 

co n c luded  th a t th e  levels o f  h o rm o n e s  an d  

a lky lpheno l e thoxylates observed  in  STP eff lu en t 
m ig h t o ften  still be estro g en ic . T h is  estrogen ic ity  

w as co n firm e d  th ro u g h  in  vivo assays u s in g  fish . 

A t tw o STPs, f ish  (rainbow  trou t) w ere  e x p e rim en ­
tally exposed  to e fflu en ts  on  site. O ne e ff lu en t 
p rovoked  m o d e ra te  e s tro g en ic  effects, w h ile  th e  

o th e r cau sed  se rio u s e s tro g en ic  effects.

9 .1.2 Manure
•  L iquid a n im a l m a n u re  co n ta in s  h ig h  levels o f  

ste ro id  h o rm o n e s  an d  m ay  th e re fo re  re p re se n t a 

s ig n ifican t sou rce  o f  th ese  h ig h ly  p o te n t e stro g en s 
to sm a lle r  reg io n a l w aters in  ag ricu ltu ra l areas. 

T h is w as co n firm e d  by th e  relatively  h ig h  co n cen ­

tra tio n  o f  h o rm o n e s  fo u n d  in  a n u m b e r  o f  p o ld er 
d itches as co m p ared  to  o th e r su rface  w aters , 
no tab ly  o f  th e  h o rm o n e  es tro n e . H ow ever, th e



e s t r o g e n i c  p o te n c y  o f  p o l d e r  d i t c h  w a t e r  m e a s u r e d  

b y  m e a n s  o f  t h e  in  vitro ER-CALUX a s sa y  w a s  

c o m p a r a b l e  to t h a t  o f  o t h e r  s u r f a c e  w a te r .

9 .1.3 Other sources
•  T he  co n cen tra tio n  o f  h o rm o n e s  in  su rface  w ate r o f  

d itches located  in  a n  a rea  w ith  g reen h o u ses  w as 

s im ila r to th a t o f  o th e r su rface  w ate r (except 

p o ld e r d itches). Er-C A L U X  activity in  th e se  w aters 
w as relatively  low.

•  T he  e n v iro n m e n t s u r ro u n d in g  tw o oil p la tfo rm s 

s tu d ied  in  LOES show ed  a d is tin c t d ifference  in  
p a tte rn s  o f  p o ly b ro m in a ted  d ipheny l e th e rs  in  
sed im en t. M ostly  pen ta -d ip h en y l e th e rs  an d  

p o ly b ro m in a ted  b ipheny ls w ere  detec ted  n e a r  one 

o f  th e  p la tfo rm s. T h is  is m o s t likely a co n seq u en ce  

o f  th e  (form er) u se  o f  th e se  flam e re ta rd an ts  in  the  
oil in d u s try .

•  T he  o ccu rren ce  o f  p h th a la te s  in  ra in w a te r is
a rem ark ab le  o u tcom e o f  th e  ch em ica l analyses 
d u rin g  LOES a n d  th is  f in d in g  in d ica te s  th a t 

a tm o sp h e ric  d ep o sitio n  o f  th e se  su b s tan ces 

th ro u g h  ra in w a te r m ay  be w idesp read . T he  in  vitro 
ER-CALUX assay  also  show ed  in c reased  estro g en ic  
activity in  ra in w a te r sam p les . B ecause th e  ex trac­

tio n  te ch n iq u es  fo r p h th a la te s  an d  th e  ER-CALUX 

w ere  n o t s im ila r, i t  c a n n o t be e s tab lish ed  w h e th e r  
th is  activity can  be a ttr ib u ted  to th e  o ccu rren ce  o f  
th e se  p h th a la te s . T he  o th e r su b s tan ces  m e a su re d  

in  ra in w a te r w ere  below  d e tec tion  lim its .

9 .1.4 Aquatic environment
•  Except fo r th ree  o f  th e  fo u r  h o rm o n e s , octylphe- 

no ls , octy lpheno l e thoxylates an d  po ly b ro m in a ted  

b ip heny ls , m o s t o f  th e  c o m p o u n d s analyzed  
w ere  also  detec ted  in  th e  aq u a tic  en v iro n m en t.

T he  read ily -so lub le  c o m p o u n d s  e s tro n e  an d  

b ispheno l-A  w ere  fo u n d  disso lved  in  su rface  
w ater; th e  so m ew h a t m o re  h y d rophob ic  n o n y l­
p h e n o l e thoxylates an d  th e ir  en v iro n m e n ta l 

d eg rad a tio n  p ro d u c ts  n o n y lp h en o ls  w ere  detec ted  

in  w ater, su sp e n d e d  m a tte r , se d im e n t a n d  biota; 

p o ly b ro m in a ted  d ipheny l e th e rs  w ere  id en tif ied  in  
su sp e n d e d  m a tte r , s e d im e n t a n d  b io ta . P h tha la tes

w ere  fo u n d  th ro u g h o u t th e  N e th e rlan d s , b u t 

d ep en d in g  o n  th e ir  so lub ility  o r hyd rophob ic  
p ro p ertie s , th e  in d iv id u a l co m p o u n d s  w ere  
m o stly  re s tr ic ted  to  one  or several en v iro n m en ta l 

co m p a rtm e n ts . D i(2-ethylhexyl) p h th a la te  (DEHP) 

w as th e  m o s t co m m o n  p h th a la te  in  all en v iro n ­
m e n ta l c o m p a r tm e n ts  an d  show ed  a ten d en cy  
to accu m u la te  in  b io ta.

•  In  g en era l, th e  various e s tro g en s  a n d  xeno -estro ­
gens d e m o n s tra te d  no  specific geog raph ica l 
p a tte rn  o f  o ccu rren ce  in  th e  aq u a tic  en v iro n m e n t 

o f  th e  N e th e rlan d s . B isphenol-A , a lky lpheno l 

ethoxylates a n d  p h th a la te s , in  pa rticu la r, w ere 

fo u n d  a t a lm o s t all localities, b o th  in la n d  an d  
offshore . O ne m ay  speak  o f  a ‘g ray  veil’ o f  d iffuse 

c o n ta m in a tio n  w ith  p o ten tia l (xeno-)estrogens.

•  A n excep tion  to th e  p rev ious co n c lu s io n  w as th e  
e s tu a ry  o f  th e  river Scheldt, th e  W este rn  Scheldt. 

T h is area  w as ch arac te rized  by elevated  co n c e n tra ­

tions o f  p o ly b ro m in a ted  d ipheny l e th e rs  in  
su sp en d ed  m a tte r  a n d  sed im en t, in  p a rticu la r o f  
BDE 2 0 9 . T he  h ig h e s t co n cen tra tio n s  w ere  fo u n d  

a t th e  location  Schaar van  O u d en  D oei w h ere  th e  

river Scheld t e n te rs  th e  e s tu a ry  a fte r p ass in g  

th ro u g h  th e  p o rt o f  A n tw erp  in  B elgium . 
P o lyb rom ina ted  d ipheny l e th e rs  a re  only very 

w eak  estro g en ic  agon is ts  an d  no  estro g en ic  effects 

could  be observed  in  fish  cap tu red  in  th e  W este rn  
Scheld t. H ow ever, th ey  p o ly b ro m in a ted  d ipheny l 
e th e rs  d isp lay  a s tro n g e r  d ioxin-like activity, i.e., 

they  d is ru p t th e  thy ro id  h o rm o n e  balance. 

In c reased  d ioxin-like activity, as m e a su re d  w ith  
th e  in vitro DR-CALUX assay, w as observed  in  
su sp en d ed  m a tte r  sam p les fro m  th e  canal G hent- 

T e rn e u z e n  b u t n o t in  su sp en d ed  m a tte r  fro m  the  

W este rn  Scheld t a t Schaar van  O u d en  Doei.

•  Levels o f  h o rm o n e s  an d  m o s t (xeno-) estro g en ic  

su b s tan ces  in  th e  D u tch  aq u a tic  e n v iro n m e n t w ere 

com p arab le  to th o se  rep o rted  fo r o th e r E u ropean  

co u n tr ie s  (G erm any, Italy, Sw eden, D enm ark , 
U n ited  K ingdom ). H ow ever, co n cen tra tio n s  in  

D u tch  STP efflu en ts  w ere  no tab ly  low er th a n  those  

rep o rted  in  B ritish  e fflu en ts . T he  exact re a so n  fo r 

th is is u n k n o w n , b u t th e  d iffe rence  m ay  be due  to 
add itio n a l b io logical steps o f  n itro g e n  an d

©



p h o sp h o ru s  rem oval th a t a re  ap p lied  in  D u tch  

STPs. O nly p h th a la te s  in  b io ta  w ere  fo u n d  in  
h ig h e r  co n cen tra tio n s  th a n  in  o th e r co u n tr ie s  
(com pared  to C anada) as w ere  excep tionally  h ig h  

levels o f  BDE 2 0 9  in  su sp e n d e d  m a tte r  and  

se d im e n t in  th e  W este rn  Scheldt.

1.5  Potential biological effects
•  O rig inally , th e  in te n tio n  w as to u se  th e  re su lts  o f  

a ll ch em ica l analyses to ca lcu la te  th e  theore tica lly  
expected  in  vitro po ten c ies  o f  sam p les a n d  to 

assess  w h e th e r  th e  activities m e a su re d  by m ean s  

o f  th e  E R-CALUX assay  cou ld  ac tua lly  be exp lained . 
H ow ever, d u e  to  a less effective ex trac tion  p ro ce­
d u re  fo r th e  ER-CALUX an d  low  co n cen tra tio n s  o f  

(xeno-) estro g en ic  su b s tan ces  (often  low er th a n  the  

d e tec tio n  lim it), th is  exercise proved  n o t to be 
m ean in g fu l.

•  O n  th e  basis o f  a lim ited  ev a lua tion  o f  en v iro n ­

m e n ta l co n cen tra tio n s  an d  th re sh o ld  co n cen tra ­

tio n s  fo r fish , it  w as con c lu d ed  th a t, locally, th e  
c o n cen tra tio n s  o f  h o rm o n e s  an d  a lky lpheno l 

e thoxylates in  th e  aq u eo u s  frac tion  o f  su rface  

w aters in  th e  N e th e rlan d s  m ig h t be h ig h  en o u g h  
to  in d u ce  estro g en ic  effects in  fish , especially  
s ince  they  m ay  ac t in  co m b in a tio n . E strogenic 

effects o f  b isphenol-A , p o ly b ro m in a ted  b ipheny ls 

a n d  m o s t p o ly b ro m in a ted  d ipheny l e th e rs  (notably 
BDE 2 0 9 ) in  f ish  can  a lm o s t ce rta in ly  be ru led  out. 
T h e re  is no  in fo rm a tio n  on  es trogen ic ity  o f  p h th a ­

la tes w ith  re sp ec t to fish .

•  T he  fact th a t c u rre n t co n cen tra tio n s  o f  ce rta in  
(xeno-)estrogens in  th e  D u tch  aq u a tic  en v iro n ­

m e n t  do n o t give rea so n  fo r too m u c h  co n ce rn  

ab o u t e stro g en ic  effects o f  th e se  su b s tan ces  in  

fish  does n o t m e a n  th a t su ch  effects m ay  n o t 
occu r in  o th e r aqua tic  o rg an ism s . B isphenol-A , 

fo r in s tan ce , seem s to provoke fe m in iz in g  effects 

in  som e m o llu sk s a n d  am p h ib ia n s  a t fa r low er 
w a te r co n cen tra tio n s  th a n  in  fish .

•  T he  b ioavailability  o f  (xeno-)estrogens so rbed  

to  su sp e n d e d  m a tte r  a n d  se d im e n t is largely  

u n k n o w n . T h o u g h  m u sse ls  filte r su sp en d ed  
m a tte r  in  su rface  w ater, s ta tistica l analysis o f  th e

LOES re su lts  show ed  th a t c o n ta m in a n t levels in  

m u sse ls  co rre la te  m a in ly  w ith  c o n ta m in a n t levels 

in  sed im en t, especially  fo r N P  a n d  som e b ro m i­
n a ted  flam e re ta rd an ts . C o n ta m in a n t levels in  

b ream  an d  f lo u n d e r  co rre la te  fa r less w ith  c o n ta m ­

in a n t levels in  en v iro n m e n ta l co m p a r tm e n ts , 

a lth o u g h  levels in  b o th  fish  ten d ed  to co rre la te  
so m ew h a t b e tte r  w ith  th o se  in  w a te r an d  

su sp en d ed  m a tte r  th a n  th o se  in  sed im en t. Overall, 

th ese  re su lts  ind ica te  th a t m u sse ls  p rov ide a fa r 

clearer p ic tu re  o f  th e  local bioavailable co n tam in an t 
levels in  se d im e n t th a n  m o re  m o b ile  f ish  species.

9 .1.6  Actual estrogenic effects 
in surface waters

•  In  fish , co n cen tra tio n s  o f  th e  yolk p ro te in  

v ite llogen in  (VTG) show ed  th e  g rea te s t varia tion  
be tw een  locations. V ite llogen in  is m e a su re d  in  th e  
b lood  p la sm a  o f  m a le  f ish  an d  w as th e  p rin c ip a l 

b io m ark e r o f  e stro g en ic ity  u sed  d u rin g  LOES. 

P lasm a VTG analysis w as ap p lied  to m a le  flo u n d e r 
an d  m a le  b ream . VTG co n cen tra tio n s  co rre la ted , 
a lth o u g h  n o t en tire ly  sign ifican tly , w ith  th e  in  vitro 

ER-CALUX activity d e te rm in e d  in  d econ juga ted  

b ile flu ids o f  th e  sam e  m ale  fish . T h is app lica tion  
o f  th e  ER-CALUX assay  th e re fo re  seem s to  be a 
p ro m is in g  sc reen in g  tool.

•  V ite llogen in  co n cen tra tio n  in  f lo u n d e r  cap tu red  
o ffshore  (N orth  Sea a n d  W ad d en  Sea) a n d  in  
e s tu a rie s  w ith  an  open  c o n n ec tio n  to th e  sea w ere 

m ostly  low, w h ich  ind ica tes  th a t th ese  a reas are  

p robab ly  only  sligh tly  e strogen ic , a t lea s t to  f lo u n ­
der. T h is w as even  th e  case in  relatively  p o llu ted  
e s tu a rin e  a reas su ch  as th e  W este rn  Scheldt, th e  

N ew  W aterw ay (port o f  R o tterdam ) an d  th e  Em s- 

D ollard. H isto log ica l analysis show ed  th a t n o n e  o f  
th e  f lo u n d e r h ad  th e  in te rsex  co n d itio n  ovotestis, 
w hereby  fem ale  oocytes a re  fo u n d  in  m a le  tes tis  

tissu e . T h ese  re su lts  a re  in  sh a rp  co n tra s t to those  

fro m  flo u n d e r cap tu red  in  e s tu a rie s  in  th e  U n ited  
K ingdom . H ig h  VTG levels w ere  observed  a t m an y  
B ritish  sites an d  ovotestis w as fo u n d  in  th e  e s tu a r­

ies o f  th e  m o s t po llu ted  rivers, th e  M ersey  an d  

T yne. T he  rea so n  fo r th is d iffe rence  w ith  re sp ec t 
to th e  U n ited  K ingdom  is n o t yet know n.



•  M oderately  elevated  VTG levels i n  th e  p la sm a

o f  m a le  f lo u n d e r  a n d  m a le  b ream  w ere  m e a su re d  
a t m an y  in lan d  locations, especially  in  sp rin g  in  
b ream . T h ese  locations in c lu d ed  th e  N o rth  Sea 

C anal (port o f  A m ste rd am ), th e  low land  rivers 

R h ine  a n d  M euse , a n d  reg io n a l w aters in  th e  
p rov ince  o f  F riesland . T he exact con seq u en ces 
fo r ind iv idua l fish  an d  fo r f ish  p o p u la tio n s  o f  

su c h  m o d era te ly  elevated  VTG co n cen tra tio n s  in  

th e  b lood  o f  m ale  fish  a re  n o t w ell know n . It is 

th e re fo re  d ifficu lt to ind ica te  w h e th e r  th ese  effects 
sh o u ld  be seen  as c o n seq u en tia l o r no t.

•  S tatistical analysis revealed  th a t VTG in  b ream  
co rre la ted  positively  a n d  h igh ly  w ith  m u sc le  
co n cen tra tio n s  o f  n o n y lp h en o ls  an d  n o n y lp h en o l 

e thoxylates, an d  in  f lo u n d e r  w ith  m u sc le  tissu e  

w ith  n o n y lp h en o ls , di-n-octyl p h th a la te  (DOP) and  
flam e re ta rd an ts  BB 101 a n d  BB 2 0 9  (correlation  
w ith  BB 2 0 9  m ay  n o t be bio logically  re levan t 

becau se  th is co m p o u n d  can n o t be tak en  u p  by 

o rg an ism s). N ony lpheno ls m ay  th e re fo re  be one 

o f  th e  m a jo r d e te rm in a n ts  o f  e s tro g en ic  effects in  
fish  in  th e  D u tch  aq u a tic  en v iro n m en t, especially  

in  in lan d  w ate rs . T he  co rre la tio n  be tw een  ER- 

CALUX activity in  b ream  bile an d  c o n tam in an ts  
in  b re a m  w as m a in ly  d efin ed  by th e  occu rrence  
in  m u sc le  tis su e  o f  n o n y lp h en o l e thoxylates an d  

di-n-butyl p h th a la te  (DBP).

1.7  Estrogenic effects a t  STP sites
•  T he  m o s t elevated  p la sm a  VTG co n cen tra tio n s  

w ere  observed  in  m a le  b ream  fro m  th e  D om m el. 

T h is  is a sm all s tre am  th a t receives th e  e ff lu en t 
fro m  th e  E indhoven  bio logical STP. T he D o m m el 

w as also  th e  only  site  w h ere  a con sid erab le  

p e rcen tag e  o f  m a le  b ream  w ere  fo u n d  w ith  in te r ­
sex tes te s . T he  exact cau se  o f  th is e s trogen ic ity  in  
th e  D om m el is n o t know n. It is how ever th e  only 

site  in  LOES w h ere  STP e ff lu en t w as only sligh tly  

d ilu ted  an d  estro g en ic  p ro p e rtie s  o f  th is  
E indhoven  e ff lu en t w ere  clearly  sh o w n  w ith  
ad d itio n a l in  vitro an d  in  vivo ex p e rim en ts . T h ese  

ex p e rim en ts  w ere  n o t co n d u c ted  w ith  b ream , 

how ever, b u t w ith  z eb ra f ish  an d  ra in b o w  tro u t 
(bo th  sensitive), an d  w ith  carp  (in sensitive). T he 
m o s t p robab le  causative  ag en ts  in  th e  e ff lu en t

w ere  iy a -e th y n y lestrad io l, n o n y lp h en o ls  and  

n o n y lp h en o l e thoxylates. iy a-e th y n y les trad io l 

acco u n ted  fo r m o s t o f  th e  e stro g en ic ity  w h en  
tran sg en ic  z eb ra fish  w ere  exposed  to syn thetically  

co m p o sed  STP efflu en t, b u t co n cen tra tio n s  o f  

n o n y lp h en o ls  an d  n o n y lp h en o l e thoxylates in  th e  
E indhoven  e ff lu en t an d  in  th e  D om m el w ere  also 
h ig h e r  th a n  a t m o s t o th e r locations (and, as show n  

earlier, n o n y lp h en o ls  an d  n o n y lp h en o l e thoxylates 

co n cen tra tio n s  in  f ish  co rre la ted  very w ell w ith  
VTG levels in  m ale  b re a m ).

•  A dd itiona l p a rtia l life cycle (PLC) tes ts  in  th e  

labora to ry  w ith  zeb ra fish  a n d  th e  E indhoven  STP 

e ff lu en t show ed  th a t th e  trea ted  w astew ater was 
able to in d u ce  fem in iz in g  ch an g es  in  zeb ra fish  

o ffsp ring  d u rin g  th e  sexual d iffe ren tia tio n  p h ase .

A sign ifican tly  la rg e r p ro p o r tio n  o f  juven iles 
co n sis ted  o f  fem ales . T h is  effect w as cau sed  by 
exposu re  o f  th e  juven iles them selves a n d  n o t

by exposu re  o f  th e  p a re n ts . A lth o u g h  it  is n o t 

kno w n  w h e th e r  th is  p h eno typ ic  ch an g e  in  sex is 

reversib le , th e  re s u lt c learly  ra ises  co n ce rn  th a t 
STP efflu en ts  m ay  cau se  ecological effects a t th e  

p o p u la tio n  level. T he  zeb ra f ish  PLC w as n o t 

ap p lied  to o th e r e fflu en ts  o r su rface  w a te r sam p les 
d u rin g  LOES.

•  T he  E indhoven  STP a n d  its relatively  sm a ll receiv­

in g  w ater, th e  river D om m el, re p re se n t a case th a t 

is com p arab le  to th e  s itu a tio n  in  m an y  o th e r 
co u n tr ie s  an d  w h ere  estro g en ic  effects in  f ish  have 

often  b een  detec ted , especially  in  th e  U n ited  

K ingdom . H ow ever, th e  E in d h o v en /
D om m el s itu a tio n  is relatively  u n iq u e  in  th e  
N e th e rlan d s . T he N e th e rlan d s  is basically  a large 

estuary , an d  its w aters co n s is t m a in ly  o f  large 

lakes an d  low land  rivers. In  su ch  a n  en v iro n m en t, 
d ischarges o f  (treated) w astew ater are  o ften  rap id ly  
d ilu ted . T h is  m ay  exp lain  w hy, in  g en era l, th e  

e stro g en ic  effects observed  in  f ish  fro m  D u tch  

w aters w ere  n o t ex trem e. M ale b re a m  a n d  flo u n ­
d e r c ap tu red  n e a r  th e  o u tle t o f  a n o th e r  STP at 
A m ste rd am  W estp o o rt co n ta in ed  only  m odera te ly  

in c reased  p lasm a  VTG levels. T h is STP is very 

s im ila r to th e  E indhoven  STP, b u t th e  fo rm e r 
d ischarges its e ff lu en t in  a fa r la rg e r body o f  w ater, 
th e  N o rth  Sea C anal. H ow ever, on -site  exposure



o f  ra in b o w  tro u t a t W estp o o rt show ed  th a t th e  

u n d ilu te d  e ff lu en t its e lf  w as a lready  less e s tro ­

gen ic  to f ish  th a n  th e  E indhoven  e ffluen t.

9 .1.8 Regional waters
•  T he  w ork  co n d u c ted  a t th e  E in d h o v en /D o m m el 

site  show s th a t th e  g rea te s t e s tro g en ic  risk  to fish  

in  th e  N e th e rlan d s  is observed  w h ere  e stro g en ic  

w astew ater is d isch a rg ed  in to  relatively  sm all 

w ate rs . T h is m e a n s  th a t th e  g rea te s t estro g en ic  
effects m ay  po ten tia lly  occu r in  sm alle r, reg iona l 

w ate rs . A dd itiona l inves tiga tions o f  b ream  th a t are 

n o t rep o rted  h e re  have already  sh o w n  th a t th e re  

are  ad d itio n a l sm a lle r  w aters in  th e  N e th e rlan d s 
w h ere  co n sid e rab le  estro g en ic  effects in  fish  are  

fo u n d , b u t th a t it is also  a local p h e n o m e n o n  th a t 

does n o t occur in  all reg io n a l w aters.

9.2 Recommendations

9 .2.1 Recommendations for national 
and international policies

•  In  th e  LOES in v es tiga tion , only  lim ited  a tten tio n  

w as devoted  to th e  e m iss io n  o f  h o rm o n e s  fro m  
m a n u re  fro m  in ten siv e  a n im a l h u sb a n d ry  to 
su rface  w ate r an d  to th e  o ccu rren ce  o f  th ese  

h o rm o n e s  in  p o ld e r d itches. T he  gross excre tion  

fro m  D u tch  livestock is m a n y  tim es la rg e r th a t 

th o se  o f  th e  h u m a n  p o p u la tio n . It is u n c lea r w h a t 
p e rcen tag e  o f  th is  sou rce  o f  n a tu ra l h o rm o n es  

ac tua lly  reaches th e  su rface  w ater. F u rth e r  in v es ti­

ga tio n  in to  th e  e m iss io n  ro u te  o f  th e  n a tu ra l 

h o rm o n e s  fro m  in ten siv e  a n im a l h u sb a n d ry  to 
su rface  w aters is th e re fo re  desirab le .

•  In  ra in w a te r, in  vitro  e s tro g en ic  activity was 
com p arab le  o r even  sligh tly  h ig h e r  th a n  surface  
w ater. It sh o u ld  be in ves tiga ted  w h e th e r  th is e s tro ­

gen ic  po tency  is m e a su re d  m o re  freq u en tly  in  

ra in w a te r, a n d  i f  so, w h ich  estro g en ic  su b s tan ces 

b esides p h th a la te s  cau se  th is  potency.

•  H ig h  co n cen tra tio n s  o f  b ro m in a te d  flam e re ta r­

d an ts , in  p a rticu la r o f  BDE 2 0 9 , w ere  fo u n d  in  
su sp e n d e d  m a tte r  in  th e  W este rn  Scheld t. It 
sh o u ld  be a sse ssed  w h a t th e  negative effects m ay

be fo r th e  aqua tic  e n v iro n m e n t as a re s u lt o f  su ch  

h ig h  co n cen tra tio n s . T he  o ccu rren ce  o f  o th e r 
(b rom inated ) flam e re ta rd an ts  in  th e  W este rn  
S cheld t sh o u ld  also be investiga ted .

•  O nly  lim ited  in fo rm a tio n  is c u rren tly  available on  
th e  rep roduc tive  effects o f  chem ica ls in  aqua tic  
o rg an ism s . It is th e re fo re  only p oss ib le  to g a in  a 

lim ited  p ic tu re  o f  th e  severity  o f  th e  occu rrence  

o f  (xeno-) e s tro g en ic  co m p o u n d s in  th e  aqua tic  
e n v iro n m e n t. In  vivo in v es tig a tio n s in to  th e  e s tro ­
gen ic  effects on , fo r exam ple, f ish  fo r a n u m b e r  o f  

(xeno-) e s tro g en ic  co m p o u n d s  is th e re fo re  d e s ir­

able. W h e n  se lec ting  th e se  (xeno-) estro g en ic  

co m p o u n d s , th e  EU lis t o f  co m p o u n d s  on  
e n d o c rin e  d is ru p tio n  sh o u ld  be tak en  in to  

accoun t. LOES ind ica tes  th a t th is  certa in ly  

in c lu d es th e  n a tu ra l h o rm o n e s  iyß -estrad io l, 

e s tro n e , th e  syn thetic  h o rm o n e  iy a-e th y n y lestra - 
diol, th e  n o n y lp h en o l e thoxylates, n o n y lp h en o ls  

a n d  possib ly  p h th a la te s  di(2-ethylhexyl) p h th a la te  

(D E H P),  diethy l p h th a la te  (DEP) an d  d im ethy l 
p h th a la te  (DMP).

•  E ndocrine  d is ru p tio n , in  p a rticu la r th e  occu rrence  

o f  estro g en ic  effects, sh o u ld  be in c lu d ed  as one o f  
th e  eco-toxicological p a ram e te rs  in  th e  en v iro n ­
m e n ta l h aza rd  a sse ssm e n t. E strogen ic  effects m ay  

occu r in  fa r  low er co n cen tra tio n s  th a n  can  be 

d e te rm in e d  by m ean s  o f  c u rre n t s tan d a rd  toxicity 
tes ts  fo r th e  evalua tion  o f  su b s tan ces . LOES clearly 
ind ica tes  th a t read ily -so lub le  co m p o u n d s  su ch  as 

h o rm o n e s  ca n n o t be  ig n o red  on  th e  basis o f  th e ir  

m in o r  p e rs is ten ce  a n d  low  b io accu m u la tio n  

po ten tia l.

•  E ffluen ts fro m  STPs, w h ereby  th e  STP e ff lu en t 

s tream  m ak es u p  a co n sid e rab le  p ro p o rtio n  o f  th e  
receiv ing  su rface  w ater, have b een  id en tif ied  as
a sou rce  o f  estro g en ic  e m iss io n  th a t m ay  cause  

fem in iz in g  effects in  f ish  in  su rface  w ater. O th e r 

p o ten tia l sou rces o f  e m iss io n  in c lu d e  specific 

in d u s tr ia l w astew ater s tre am s , m a n u re , ra in w a te r 
an d  u n tre a te d  m u n ic ip a l w astew ater. F u rth e r 

a tte n tio n  sh o u ld  be devoted  to th ese  o th e r 

p o ten tia l sou rces o f  e stro g en ic  e m iss io n .

©



•  It is re c o m m e n d e d  th a t re su lts  fro m  b ase lines 

s tu d ies , su ch  as LOES in  th e  N e th e rlan d s , th e  
Elbe study  in  G erm any , e d m a r  in  th e  u k  and  
c o m p r e h e n d  by th e  E U  are  evalua ted  to g e th e r 

in  o rd e r to iden tify  e s tro g en ic  p rio rity  su b s tan ces 

th a t n eed  m o re  a tte n tio n  an d  to develop reco m ­

m e n d a tio n s  a n d  gu id e lin es  fo r a pan -E u ro p ean  
m o n ito r in g  p ro g ram .

•  Existing  m o n ito r in g  p ro g ram s sh o u ld  be u p g rad ed  
to  assess  an d  iden tify  th e  h aza rd s  o f  e stro g en ic  
co m p o u n d s . S ince LOES has revealed  th a t sm a lle r 

w aters m ay  be  m o s t v u ln erab le  to e strogen ic  

effects, reg io n a l w a te r boards m ig h t op t to  inv es ti­

gate  th o se  su rface  w aters in  th e ir  ju r isd ic tio n  
w h ere  e s tro g en ic  effects can  be expected.

2.2 Technical research 
requirements

•  A b e tte r  p ic tu re  sh o u ld  be  ob ta in ed  as to ecological 

re levance, in c lu d in g  th e  co n seq u en ces  on  re p ro ­
du c tio n  an d  w ild  fish  p o p u la tio n s , o f  fem in iz in g  
effects su ch  as v ite llogen in  in d u c tio n  in  b lood 

p la sm a  a n d  th e  o ccu rren ce  o f  in te rsex u a lity  in  

m a le  fish . It w ill th e re fo re  be n ecessa ry  to e s tab ­

lish  b ack g ro u n d  levels o f  v ite llo g en in  in d u c tio n  
a n d  in te rsex  in  non -exposed  p o p u la tio n s  o f  b ream  

a n d  flo u n d er. To d e te rm in e  w h e th e r  th e  p o p u la ­

tio n s  o f  f ish  a n d  species d iversity  a re  affected , 
specific po p u la tio n -re la ted  p a ram e te rs  sh o u ld  be 
inves tiga ted . T h is cou ld  in c lu d e  p o p u la tio n  s tru c ­

tu re , g row th  ra tes, sex ra tio , fecund ity , egg 

q u an tity  an d  quality , a n d  sp e rm  co n cen tra tio n  
a n d  m obility .

•  T he  fe m in iz in g  effects show n  in  f ish  in  reg iona l 

su rface  w aters m ay  be cau sed  by (xeno-) estro g en ic  
co m p o u n d s  fro m  u n tre a te d  m u n ic ip a l w astew ater 
(inc lud ing  sew er overflow s), fro m  biologically- 

tre a ted  e ff lu en t fro m  STPs an d  fro m  m a n u re  fro m  

in ten siv e  an im a l h u sb an d ry . It is u n c le a r  w hy 

e s tro g en ic  effects w ere  fo u n d  in  ce rta in  reg iona l 
su rface  w aters an d  n o t in  o th e rs . A large n u m b e r  

o f  variab les m ay  be re sp o n sib le  fo r th is . A b e tte r  

p ic tu re  sh o u ld  be ob ta in ed  in to  th e  variab les th a t 

a re  o f  decisive s ign ificance

•  T h ere  is little  in fo rm a tio n  on  th e  b iodegradab ility  

o f  th e  n a tu ra l e s tro g en ic  h o rm o n e s  iyß -estrad io l, 

iy a -e s trad io l, e s tro n e  an d  th e  sy n the tic  h o rm o n e  
iy a -e th y n y lestrad io l. M ore in fo rm a tio n  o n  th e  ra te  

o f  b io logical b reakdow n  u n d e r  an ae ro b ic  (m anu re) 

a n d  aerob ic  (surface w ater, soil) co n d itio n s is 

req u ired .

•  A p ro b lem  en c o u n te re d  in  th e  a s se ssm e n t an d  

in te rp re ta tio n  o f  th e  re su lts  co n ce rn ed  th e  low  

a n d  variab le  d e tec tion  levels fo r th e  various 
co m p o u n d s , in  p a rticu la r th e  e s tro g en ic  h o rm o n es  

(l.o.d. 0 .3 -0 .8  ng /L ). M oreover th e  d e tec tion  lim its  

o f  th ese  co m p o u n d s  w ere  in  th e  ran g e  of, or 
above, NOEC/LOEC values fo r estro g en ic  effects
in  fish . It is th e re fo re  re c o m m e n d e d  th a t m o re  

sensitive  analy tical m e th o d s  a re  developed  th a t 

allow  th e  d e tec tion  o f  very low  co n cen tra tio n s  
(sub-ng/L ) o f  n a tu ra l a n d  sy n the tic  e s tro g en s  an d  
ce rta in  xeno -es trogens in  th e  aq u a tic  en v iro n ­

m en t.

•  In  th e  LOES p ilo t study, th e  b io log ical sc reen in g  
assay  ER-CALUX was show n  to be th e  m o s t 

su itab le  in  vitro te s t fo r in d ica tin g  estrogen ic  

po tency  in  en v iro n m e n ta l c o m p a r tm e n ts  as 

co m p ared  to  th e  in  vitro te s ts  o ften  u sed  ab road  
(estrogen  recep to r b in d in g  test, th e  ‘yeast estrogen’ 

te s t an d  th e  ‘E-screen’ test). In  o rd e r to be able to 

u se  th e  in  vitro ER-CALUX te s t as sc reen in g  test, 
th e  p re tre a tm e n t (extraction  m e th o d  a n d  clean-up) 
o f  th e  en v iro n m e n ta l sam p les in  p a rticu la r w ill 

have to be fu r th e r  o p tim ized  an d  validated . T he 

re la tio n sh ip  w ith  in  vivo te s ts  w ill also have to be 
fu r th e r  d e te rm in ed .

9 .2.3  Technical recommendations 
for future monitoring

•  W h en  c o m p le m e n tin g  ex is ting  m o n ito r in g  

p ro g ram s, it  is re c o m m e n d e d  th a t a co m b in a tio n  

o f  th e  fo llow ing  co m p o u n d s  an d  b io logical effects 
te ch n iq u es  be  used :
•  E strone , iy ß -estrad io l, an d  iy a -e th y n y les trad io l 

in  w ate r (in p a rticu la r in  sm alle r-s ized  freshw ater) 

w h en  m o re  sensitive  analy tical m e th o d s  are 
available a n d  validated;



•  N ony lpheno ls a n d  n o n y lp h en o l e thoxylates in  

f re sh w a te r /m a r in e  sed im en ts  an d  su sp en d ed  

m atte r;
•  E r -CA LU X  bioassay  in  su rface  w ate r a n d  w aste ­

w a te r as a p re -sc reen  to assess  to ta l estrogen-like  

activity (w hen th e  ex trac tion  an d  assay  m e th o d s  

are  fu lly  developed a n d  validated);
•  E strogen ic  effects in  fre sh w a te r an d  m a r in e  

f ish  by b iom arkers:

•  •  G en era l co n d itio n  o f  th e  fish  (inc lud ing
co n d itio n  factor, size  o f  sexual o rgans and  
g e n d e r  d is tribu tion );

•  •  v ite llogen in  in  b lood  p la sm a  o f  m a le  fish ,

•  •  ER-CALUX activity in  b ile flu id  o f  m ale  f i s h

(w hen  th e  te s t is fu lly  developed and; 
validated), and;

•  •  gonada l h is to logy  in  m a le  fish  in  case o f  h ig h

p l a s m a  v i t e l lo g e n in  c o n c e n t r a t i o n s  a n d / o r  

s i g n i f i c a n t  ER-CALUX r e s p o n s e s  i n  bile .

•  B ream  an d  f lo u n d e r  m ay  n o t be th e  op tim al 

se n tin e l species in  w h ich  to stu d y  m ax im al e s tro ­
gen ic  im pac t. B ream  is n o t c ap tu red  everyw here 
a n d  flo u n d er, an d  to a le s se r  deg ree  b ream , 

u n d e rg o  d is tin c t seaso n a l m ig ra tio n s . F u tu re  

s tu d ies  sh o u ld  also focus on  n o n -m ig ra to ry  

species w h ich  co m m o n ly  occu r in  D u tch  fre sh  an d  
coastal w aters an d  w h ich  m ay  be m o re  re p re se n ta ­

tive fo r specific sam p lin g  locations. T h ese  m ay  

in c lu d e  roach , gu d g eo n , th ree -sp in ed  stick leback  

an d  ee lpou t. T h ese  species cou ld  also  be  u se d  in  in  
situ  exposu re  ex p erim en ts . ■



List o f abbreviations

Chemicals
AP alkylphenols
APE alkylphenol ethoxylates
BB 15 4,4' dibromobiphenyl
BB 49 2,4,2',5'-tetrabromobiphenyl
BB 52 2,5,2',5'-tetrabromobiphenyl
BB 101 2,4,5,2',5'-pentabromobiphenyl
BB 153 2,4,5,2',4',5'-hexabromobiphenyl
BB 169 3,4,5,3',4',5'-hexabromobiphenyl
BB 209 2,3,4,5,6,2',3',4',5',6'-decabromobiphenyl
BBP butylbenzyl phthalate
BDE 47 2,4,2',4'-tetrabromodiphenyl ether
BDE 85 2,3,4,2',4'-pentabromodiphenyl ether
BDE 99 2,4,5,2',4'-pentabromodiphenyl ether
BDE 100 2,4,6,2',4'-pentabromodiphenyl ether
BDE 138 2,3,4,2',4',5'-hexabromodiphenyl ether
BDE 153 2,4,5,2',4',5'-hexabromodiphenyl ether
BDE 209 2,3,4,5,6,2',3',4',5',6'-decabromodiphenyl ether
B PA bisphenol-A
C18 octadecyl silica
CB 112 2,3,5,6,3'-pentachlorobiphenyl
CPRG chlorophenol red-B-D-galactospyranoside
DAP diallyl phthalate
DBP di-n-butyl phthalate
DCHP dicyclohexyl phthalate
DCM dichloromethane
DEE diethyl ether
DEHP di(2-ethylhexyl) phthalate
DEP diethyl phthalate
DMP dimethyl phthalate
DMPP dimethylpropyl phthalate
DMSO dimethyl sulfoxide
DNA deoxyribonucleic acid
DOP di-n-octyl phthalate
DPP dipropyl phthalate
Ei estrone
E2 i7ß-estradiol
E2-170C i7oc-estradiol

E? estrióle
EE2 17 a-ethynyle s tradiol
mRNA messenger ribonucleic acid
NP nonylphenols
NPE nonylphenol ethoxylates
NP(n)EO nonylphenol ethoxylates,

where n is the number of ethoxylate groups
o,p’-DDT o,p'-dichlorodiphenyl trichloroethane
OP octylphenol
OPE octylphenol ethoxylates
OP(n)EO octylphenol ethoxylates,

where n is the number of ethoxylate groups

PAH polycyclic aromatic hydrocarbon
PBBs polybrominated biphenyls
P B D Es polybrominated diphenyl ethers
PCBs polychlorinated biphenyls
RNA ribonucleic acid
TBA tetrabutylammonium
TBBP-A tetrabromobisphenol-A
TBT tributyltin
TCDD 2,3,7,8-tetrachlorodibenzo-p-dioxin

Technical terms
BCF bioconcentration factor
BOD biological oxygen demand
CALUX chemical activated lucifera se gene expression
CARP-HEP carp hepatocyte
C F condition factor
COD chemical oxygen demand
d.w. dry weight
DCC-FB S dextran-coated charcoal-treated fetal bovine serum
DR dioxin receptor
DR-CALUX dioxin receptor (DR)-mediated

chemical activated lucifera se gene expression 
D RE dioxin responsive element
DSW Dutch standard water
EC50 effective concentration causing 50% effect
E DC endocrine-disrupting chemicals
EEF estradiol equivalent factor
EEQ estradiol equivalents
ELI S A enzyme-linked immuno sorbent assay
EO ethoxylate units
ER estrogen receptor
ER-CALUX estrogen receptor (ER)-mediated

chemical activated lucifera se gene expression 
ERE estrogen response elements
FC S fetal calf serum
GC-MS gas chromatography-mass selective detection spectrometer
G PC gel permeation chromatography
GSF grain size fraction
GSI gonadosomatic index
H P LC high performance liquid chromatography
HSI hep ato somatic index
Row octanol-water partition coefficient
LC-M S liquid chromatography-mass spectrometer
1.0.d. limit of detection
LO EC lowest observed effect concentration
1.0.q. limit of quantification
MPC maximum permissible concentration (in Dutch: MTR)
M S PD matrix solid-phase dispersion
MTR maximaal toelaatbaar risiconiveau (in English: MPC)



MW molecular weight
NOEC no observed effect concentration
NPHPLC normal phase high performance liquid chromatography
o.c. organic carbon
PC principal components
PCA principal components analyses
PLC partial life cycle
PLS partial least squares regression
pM pico molar
pmol pico mol
PNEC predicted no effect concentration
RLU relative light unit
RPHPLC reversed phase high performance liquid chromatography
SGI somatogonadic index
SPE solid phase extraction
SS suspended solids
STP sewage treatment plant
TEQ TCDD equivalents
TOC total organic carbon
VTG vitellogenin
w.w. wet weight
XAD macro-reticular resins
YES yeast estrogen screen

Institutes, committees 
and research programs

COMPREHEND

CSTEE

IRAS
IVM

LOES

MTC

PRISTINE

RIKZ
RIVM
RIVO
RIWA
RIZA

SOMS

STOWA
V&W

VROM

WU

Community Programme of Research on Environmental 
Hormones and Endocrine-Disruptors 
Scientific Committee for Toxicity, Ecotoxicity and 
the Environment
Institute of Risk Assessment, Utrecht University 
Institute for Environmental Studies. Free University 
Amsterdam
national investigation into the occurrence and effects 
of estrogenic compounds in the aquatic environment.
(in Dutch: Landelijk Onderzoek oEstrogene Stoffen) 
Department of Environmental and Toxicological 
Chemistry, University of Amsterdam 
Priority Surfactants and their Toxic Metabolites 
in Effluents.
National Institute for Coastal and Marine Management 
National Institute o f Public Health and the Environment 
Netherlands Institute for Fisheries Research 
International Association of River Waterworks 
National Institute o f Inland Water Management 
and Waste Water Treatment 
Strategy Memo for Handling Compounds 
(in Dutch: Strategienota Omgaan Met Stoffen)
Dutch Foundation for Applied Water Research 
Ministry of Transport, Public Works and 
Water Management
Ministry of Housing, Spatial Planning and 
the Environment 
Wageningen University
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