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ABSTRACT

The aim  o f  t h i s  s tu d y  was to  p r e d i c t  th e  e f f e c t s  o f  d is c h a r g in g  
w astew ater from a  h e rb ic id e  m anufactu ring  p la n t  in to  a  m arine environm ent. 
The f a t e  and e f f e c t s  on th e  m arin e  e n v iro n m e n t o f  th e  w a s te w a te r  and i t s  
f iv e  m ajor components (MCPA, MCPP, 2,4-DP, 4 -ch lo ro -2 -m eth y lp h en o l, and
2 ,4 ,6 - tr ic h lo ro p h e n o l)  have been  s tu d ie d .

The p r o c e s s e s  o f  e v a p o ra t io n ,  b io c o n c e n t r a t io n ,  and a d s o r p t io n  o n to  
s e d im e n ts  have been  e v a lu a te d  on th e  b a s i s  o f  l i t e r a t u r e  s t u d i e s  on 
p h y s ic o c h e m ic a l  p r o p e r t i e s  o f  th e  f iv e  m ajor components. B io d e g ra d a b ility  
h a s  been  e s t im a te d  on th e  b a s i s  o f  s im u la t io n  t e s t s ,  p e rfo rm e d  in  th e  
la b o ra to ry  as die-aw ay te s t s ,  w ith  in o cu la  tak en  from th e  re c e iv in g  w a te r. 
No b io d ég rad a tio n  o f  phenoxyacids was observed, w h ile  ch lo ropheno ls showed 
to  be b iod eg rad ab le .

The to x ic  e f f e c t s  o f the  w astew ater and th e  f iv e  su b stan ces have been 
e s tim a te d  on th e  b a s is  o f  l a b o r a to r y  s c r e e n i n g - t e s t s  w i th  v a r io u s  m arin e  
o rganism s in c lu d in g  f i s h ,  c ru s ta c e a n s , a lg a e , b a c te r ia ,  and h ig h er p la n ts .  
When p o s s ib l e ,  b o th  a c u te  and c h ro n ic  e f f e c t s  w ere  s tu d ie d .  The to x i c  
e f f e c t s  o f  th e  w astew ater could be accounted fo r  assum ing an a d d itiv e  e f f e c t  
o f  t h e  p h e n o x y a c id s ,  w h i l e  t h e  c h l o r o p h e n o l s  -  due  t o  t h e i r  lo w  
c o n c e n tra tio n s  -  d id  no t c o n tr ib u te  s ig n i f i c a n t ly  to  th e  o v e ra l l  to x ic i ty .
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In  s i t u  s tu d ie s  o f  o f f - f la v o u r in g  and  b ioaccum ulation  w ith  tra n sp la n te d  
e e l ,  p laced  in  cages near th e  w astew a te r o u t l e t  and a t  a  re fe re n ce  s ta t io n  
d u r i n g  6 w e e k s , show ed  no d i f f e r e n c e  i n  t a s t e  n o r  in  c o n t e n t  o f  
ch lo ropheno ls.

KMWGRDS

M arin e  e c o to x ic o lo g y , C ase s tu d y ,  I n d u s t r i a l  e f f l u e n t ,  H e rb ic id e s ,  
P h e n o x y a c id s , C h lo ro p h e n o ls , C h e m ic a l f a t e ,  B io d e g r a d a b i l i ty ,  O ff -  
f la v o u r in g , B ioaccum ulation.

IHTRÖKJCTIQK

D ire c t d isch arg e  o f in d u s t r ia l  w astew a te r i s  one o f  th e  major ro u te s  
f o r  c h e m ic a ls  to  re a c h  th e  a q u a t ic  e n v iro n m e n t. I n  o rd e r  to  a s s e s s  th e  
p o s s ib le  im pact on th e  aq u a tic  ecosystem  o f in d u s t r ia l  chem icals , th e re  i s  
an in c re a s in g  need to  make use o f  p r e d ic t iv e  methods. In  re c e n t y e a rs , th e  
W ater Q u a l i ty  I n s t i t u t e  (WQl) h as  c o n d u c te d  a  la r g e  number o f  a s s e s s m e n t 
s tu d ie s  o f  m arine in d u s t r ia l  d isc h a rg e s , and v a lu ab le  experience has been 
gained on th e  s tep w ise  study  com prising  :

-  in v e n to r ie s  o f  used chem icals and p ro cesses  ;
-  e c o to x ic o lo g ic a l and chem ical c h a ra c te r iz a t io n  o f th e  e f f lu e n t  ;
-  b io lo g ic a l  and chem ical m o n ito rin g  in  th e  v ic in i ty  o f  th e  o u t le t  ;
-  b ioaccum ulation  and to x ic i ty  s tu d ie s  on b lue  m ussels o r e e l  grown in  

cages in  th e  v ic in i ty  o f  th e  d isc h a rg e  ;
-  d i lu t io n  and chem ical f a te  m odelling  based upon h y d rau lic  d isp e rs io n  

m odels ( u s u a l ly  e s t a b l i s h e d  b y  a  s i s t e r  i n s t i t u t e ,  th e  D anish  
H ydrau lic  I n s t i t u t e ) .

R ecen tly , a  s im i la r  procedure to  c h a ra c te r iz e  in d u s t r ia l  e f f lu e n ts  has 
been  p ro p o se d  by L in d en  e t  a l .  (1983). T h is  p ap er p r e s e n t s  an im p ac t s tu d y  
on th e  b i o l o g i c a l  e f f e c t s  on a  m a rin e  e n v iro n m e n t (Bay o f  K0ge, Denmark) 
re c e iv in g  a.o. w astew ater from a  h e rb ic id e  m anufactoring p la n t (Kemisk Vaerk 
K/ge A/S (KVK)). Chemical an a ly ses  showed phenoxyacids and chlorophenols to  
be m ajor components o f  th e  w astew ater from  KVK. The in d u s t r ia l  w astew ater i s  
d is c h a rg e d  in to  a  s e w a g e - t r e a tm e n t  p l a n t  r e c e iv in g  b o th  d o m e s tic  and 
in d u s t r i a l  w astew ater ; th e  e f f l u e n t  fro m  t h i s  s e w a g e - tr e a tm e n t  p l a n t  i s  
th en  d ischarged  in to  th e  Bay o f  K/ge.
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MATERIAIfî AHD MKTHÖDS

CHEMICALS

The p h e n o x y a c id s  MCPP, MCPA, and 2,4-D P o f  t e c h n i c a l  g ra d e  were 
d e liv e re d  by KVK. The 4 -c h lo ro -2 -m e th y lp h en o l and 2 ,4 ,6 - t r i c h lo r o p h e n o l  
were o f  a n a ly t ic  grade.

SAMPLERS

W astew ater was sampled a t  th re e  s i t e s  ( i )  a t  th e  d isch arg e  p o in t o f  the  
w astew ater poo ls o f  h e rb ic id e  p la n t, which led  to  th e  sew age-treatm en t 
p la n t ; ( i i )  a t  th e  se c o n d a ry  e f f l u e n t  o f  th e  t r e a tm e n t  p l a n t ,  and ( i i i )  a t  
th e  s e c o n d a ry  e f f l u e n t  o f  th e  t r e a t m e n t  p la n t  d u r in g  a  p e r io d  o f  no 
d isch arg e  by th e  h e rb ic id e  p la n t .

A ll sam ples were tak en  as f lo w -p ro p o r tio n a l 5-week sam ples. The d a i ly  
su b sa m p le s  w ere  f r o z e n  ( -  20 °C). At th e  end o f  th e  sa m p lin g  p e r io d ,  a l l  
subsam ples were thawed in  a  w a te r  b a th  and mixed p ro p o r t io n a lly  to  the  d a ily  
d ischarged  amount o f  w astew ater. During th e  period  o f  sam pling, th e  average 
in f lu e n t  ( i)  amounted to  600 m^.day“ 1, th e  secondary  e f f lu e n t  ( i i )  to  
16 000 m^.day- 1 , and th e  secondary e f f lu e n t  w ith  no d isch arg e  from h e rb ic id e  
p l a n t  ( i i i )  to  15 600 m ^.day- ^ . A l l  sa m p le s  w ere  a n a ly z e d  w ith o u t  
p r e t r e a tm e n t ,  a ta  pH o f  8.1 o f  th e  r e c i p i e n t  w a te r , a  s a l i n i t y  o f  9 i°° o f  
b r a c k is “h w a te r ,  and a  te m p e ra tu re  r a n g in g  fro m  15 to  20° C ( in  th e  
b io d e g ra d a b ili ty  s tu d y  a lso  4 °C).

TEST MATRIX

T e s ts  w ere  p e rfo rm e d  on w a s te w a te r  s a m p le s  i ,  i i ,  and i i i  ; and th e  
f iv e  major components, MCPA, MCPP, 2 ,4-D P , 4 -c h lo ro -2 -m e th y lp h e n o l ,  and
2 ,4 ,6 - tr ic h lo ro p h e n o l.

P o r p r a c t i c a l  (and e c o n o m ic a l)  r e a s o n s ,  a  t e s t  m a tr ix  (T ab le  I )  was 
d ev e lo p e d . T h is  m a tr ix  p r e s e n t s  th e  t e s t s  p e rfo rm e d  on th e  sa m p le s  in  
q u e s tio n .
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CHEMICAL AJSAEESIS

W astew a te r  sam p le s  w ere e x t r a c te d  w ith  h e x a n e /e th e r  (2 + 1) a t  pH 2 
ju s t  a f t e r  thaw ing. The is o la te d  ch lorophenols o f  th e  sewage sam ples were 
e x t r a c t iv e ly  a c e ty la te d  and m onitored by GC/MS a t  s e le c te d  ion m onitoring 
(SIM) u s in g  s p e c if ic  stan d ard s. The i s o l a t e d  p h en o x y ac id s  w ere  e s t e r i f i e d  
w ith  co n cen tra ted  su lp h u ric  a c id  and 2 ,2 ,2 - tr if lu o ro e th a n o l.  The m ixture 
was s to c k e d  a t  50 °C in  a  w a te r  b a th  f o r  30 m in, th e n  1 M d ip o ta s s iu m  
hydrogen phosphate was added. The hexane phase was is o la te d  and analyzed by 
GC/MS u sin g  s p e c if ic  s tan d ard s.

MARINE BGOTOXIOQLOGICAL TESTS

B iodégradation  s tu d ie s  on th e  f iv e  m ajor components and a  w astew ater 
sam p le  ( i )  w ere p e rfo rm ed  a s  shake  f l a s k  d ie -a w a y  t e s t s  w i th  n a tu r a l  
s e a w a te r  fro m  th e  r e c e iv in g  w a te r . B e fo re  u s e ,  th e  s e a w a te r  w as f i l t e r e d  
th rough co arse  paper and enriched  w ith  n u tr ie n ts  ( s o lu t io n  a, b, c , and d in 
th e  MOST t e s t ,  OECD's G u ide lines, 1980). T es ts  were c a r r ie d  ou t a t  15 and 
4 °C in  c l i m a t i c  room s in  d i f f u s e  l i g h t  a t  two c o n c e n t r a t io n s  : 10 m g.l-  ̂
m easured  a s  d is s o lv e d  o rg a n ic  c a rb o n  (DOC), and 0.1 mg.I- ”' m easured  as 
s p e c i f ic  compound. The deg rada tion  was d e tec ted  by a  com bination o f DOC and 
s p e c i f ic  a n a ly s is . Sodiumbenzoate served  as a  re fe re n ce  compound o f  ready 
b iodegradabi l i  t y .

On th e  b a s i s  o f  l i t e r a t u r e  d a ta  on th e  p h y s ic o c h e m ic a l p r o p e r t i e s  o f  
th e  f i v e  m ajo r com ponents, e v a p o ra t io n  p ro c e s s e s  w ere e v a lu a te d  b ased  on 
c o r r e la t io n s  shown by L is s  and S la te r  (1974), th e  b io co n cen tra tio n  accord ing  
to  c o r r e l a t i o n s  shown by V e ith  e t  a l .  (1979), and th e  a d s o r p t io n  on 
s e d im e n ts  b ased  on c o r r e l a t i o n s  shown by K a r ic k h o f f  _et a l .  (1979). 
Phenoxyacids and some ch lorophenols io n ize  in  the  re c e iv in g  w ater depending 
on th e  pKA o f  th e  s u b s ta n c e s  and th e  pH o f  th e  r e c i p i e n t .  C o n se q u e n tly , 
b ioaccum ulation  (Pow) and a d so rp tio n  onto the  sed im ent were c o rre c ted  fo r 
io n iz a t io n  o f  the  substances u s in g  th e  fo llo w in g  d is t r ib u t io n  c o e f f ic ie n t  :

D = P0W/(1 + 10PH "  1 % ), (F reese  e t  a í . ,  1979).

A cute  t o x i c i t y  t e s t s  on h e te r o t r o p h ic  m icroorganism s were perform ed 
accord ing  to  th e  ISO (1982) proposed standard .
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I n h i b i t i o n  o f  p h o to s y n th e s is  ( 1 ^C -u p ta k e )  by m a rin e  p h y to p la n k to n , 
tak en  from  th e  re c e iv in g  w ater, was s tu d ie d . The t e s t  d u ra tio n  was 6 h and 
th e  methods were describ ed  by Damgaard and Nyholm (1980).

A g ro w th  i n h i b i t i o n  t e s t  w i th  th e  m a rin e  d ia to m  (P h aeo d ac ty lu m  
t r i c o r n u tu m ) k e p t  in  c u l t u r e  a t  th e  WQI was c o n d u c te d . The medium was 
n a tu ra l  seaw ater, w ith  a  s a l i n i t y  o f 20 en riched  w ith  n u tr ie n ts .  The t e s t  
a lg a e  w ere  grown in  E rle n m e y e r  f l a s k s  on a  s h a k in g  t a b l e  u n d er a  l i g h t  
i n t e n s i t y  o f  6.7 -  7-3 q u a n ta  x 10^.cm- ^.s~^ (4 200 lu x ) and a  te m p e ra tu re  
o f  19 °C + 2 °C. The i n i t i a l  c e l l  d e n s ity  was 10^ c e lls .m l- 1 . The c e l l s  were 
c o u n te d  e v e ry  24 h d u r in g  96 h , and a g a in  a f t e r  168 h w i th  a  p a r t i c l e  
c o u n te r .  The t e s t  was p e rfo rm e d  a c c o rd in g  to  th e  p r i n c i p l e s  o f  th e  ISO 
s tan d a rd  TC147/SC5/VG5/N67 (1982b).

A 96 h a c u te  t o x i c i t y  t e s t  w i th  th e  m a rin e  i n v e r t e b r a t e  (N i to c r a  
s p i n i p e s ) k e p t  in  c u l t u r e  a t  th e  WQI, was p e rfo rm e d  a s  a  s t a t i c  t e s t .  The 
t e s t s  were perform ed in  th e  dark  in  n a tu ra l  seaw a te r w ith  a  s a l i n i t y  o f 9 
a t  20 °C, accord ing  to  th e  t e s t  method describ ed  by Bengtsson (1981).

R eproduction s tu d ie s  w ith  N ito c ra  sp in ip e s  were c a r r ie d  ou t as  s t a t i c  
t e s t s .  The t e s t s  w ere  a l s o  done in  th e  d a rk  in  n a t u r a l  s e a w a te r  w i th  a  
s a l i n i t y  o f  9 a t  20 “C. A dult fem ales  w ith  an egg sac  were t r a n s fe r re d  to  
th e  t e s t  io n  c o n ta in e r s ,  and th e  d ev e lo p m en t o f  th e  la r v a e  was fo llo w e d  
throughout a  period  o f  12 days when th e  number o f  o f f s p r in g  was determ ined. 
The t e s t  th u s  provided in fo rm a tio n  on th e  e f f e c ts  on egg h a tch in g  as  w e ll 
a s  on l a r v a l  d ev e lo p m en t. T e s t  m ethod was m o d if ie d  a f t e r  R enberg  je t a l . 
(1980).

Acute to x ic i ty  t e s t s  o f  96 h w ith  fem ale guppies (P o e c i l ia  r e t i c u l a t a ) 
( t o t a l  le n g th  4-4 + 0.4 cm, w e ig h t  0 .89  + 0.09 g) w ere  co n d u c ted  a t  room 
te m p e r a tu r e .  The t e s t  was p e rfo rm e d  a c c o rd in g  to  th e  ISO s ta n d a rd ,  
TC147/SC5/WG3/N37 ( 1982 c ) .

T e s t s  on f i s h  l a r v a e  w e re  c o n d u c te d  w i th  2 -m o n th s -o ld  tu r b o t  
(S co p h th a lm u s  m axim us) ( t o t a l  le n g th  15 + 4 mm, w e ig h t 0.4 + 0.1 mg). The 
t e s t s  were perform ed as s e m is ta t ic  t e s t s  in  n a tu ra l  seaw ater ( s a l in i ty  
28 ioo) in  15 1 b lack  p l a s t i c  c o n ta in e rs  a t  15 °C under a  l ig h t /d a rk  regim e 
o f  16 : 8 h. The l a r v a e  w ere  fe d  d a i ly .  The t e s t  d u r a t io n  was 1 month and 
m o r ta l i ty  and growth (by w eight) were used as e f f e c t  c r i t e r i a .
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L a b o ra to ry  t e s t s  on e e lg r a s s  ( Z o s te r a  m a r in a ) w ere  p e rfo rm ed  as 
s e m is ta t ic  t e s t s .  The p la n t  m a te r ia l  c o lle c te d  in  th e  f i e l d  was c u ltu red  in  
10 1 p l e x i g l a s s  c o n ta in e r s  in  tw o ways : 1) w ith  th e  r o o t s  and rh izo m es 
exposed  d i r e c t l y  to  th e  w a te r  ; 2) w ith  t h e  r o o ts  and rh iz o m e s  co v ered  by 
f i n e - g r a in e d  sa n d in  p o ts .  The p l a n t s  w ere  c o n t in u o u s ly  i l lu m in a te d  by 
f l u o r e s c e n t  tu b e s  and k e p t a t  15 “C. The grow thm edium  was c o n tin u o u s ly  
ae ra ted  and th e  t e s t  la s te d  fo r  6 weeks. Once a  week th e  fo llo w in g  program 
was c a r r ie d  o u t :

-  th e  grow th o f  th e  leaves was measured by means o f  a  m arking system  ;
-  number o f  new leaves were r e g is te re d , new leav es  were measured and 

marked ;
-  th e  number o f  new shoo ts were recorded ;
-  sam ples f o r  chem ical a n a ly s is  were c o lle c te d  ;
-  the  growth c o n ta in e rs  were changed ;
-  th e  medium was changed.

FIELD iNVJSSTIGATICKS

F ie ld  i n v e s t i g a t i o n s  on e e lg r a s s  w ere perform ed as a  t r a n s p la n ta t io n  
experim ent. Mats o f  p la n ts  were placed in  p la s t i c  boxes, 20 p la n ts  in  each 
box w ere  m arked , and th e  boxes w ere  p la c e d  a t  v a r io u s  d i s t a n c e s  from  th e  
w astew ater o u t l e t  a t  a  depth o f 5 m. The grow th o f  th e  leav es  was measured 
every  2 weeks d u rin g  6 weeks.

In  s i t u  s tu d ie s  on o ff - f la v o u r  and b ioaccum ulation  were perform ed w ith  
t r a n s p l a n t e d  e e l  (A n g u i l la  a n g u i l l a ) c a u g h t n e a r  th e  Sw edish  B a l t i c  s e a  
c o a s t .  The e e l s  w ere  p u t in  c ag es  and p la c e d  a t  s i x  s t a t i o n s  in  a  n o r th -  
so u th  d i r e c t i o n  a ro u n d  th e  w a s te w a te r  o u t l e t .  A t o t a l  o f  180 e e l  was u sed  
(30 a t  e a c h  s t a t i o n ) ,  and 70 a t  a  r e f e r e n c e  l o c a l i t y .  A f te r  2 , 4 , and 6 
weeks f iv e  e e ls  from  each s ta t io n  were c o lle c te d  f o r  m acroscopic c l i n i c a l  
exam ination , t a s t in g ,  and chem ical a n a ly s is . The o ff - f la v o u r  was determ ined 
by an o rg a n o le p tic  t r ia n g le  t e s t ,  in  which 12 persons subsequen tly  ta s te d  
one e e l  from  th e  r e f e r e n c e  l o c a l i t y ,  and one e e l  from  each  o f  th e  exposed 
s t a t io n s .
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Table I I .  B iodég rada tion  ( in  i )  o f  th e  i n i t i a l  t e s t  co n c e n tra tio n  a f t e r  14, 
28, and 56 days a t  4 and 15 °C, c o rre c ted  f o r  b lank  co n cen tra tio n

Í  D egradation

Compound I n i t i a l  T e s t tem pera tu re  T est ta n p e ra tu re
t e s t  c o n cen tra tio n  15 °C 4 °C

(mg.1 ) _______________________________________

14 d 28 d 56 d 14 d 28 d 56 d

PC PA 13 0 0 0 0 0 0
MCPP 15 0 0 0 0 0 0
2,4-DP 13 0 0 13 0 0 14
2 ,4 ,6 - 1 r  i  c h lo rophenol 14 0 10 10 0 0 0

0 . 18a 45 99 99 80 99 99
4-ch lo ro -2 -m ethy lpheno l 16 0 2 2 0 0 V 0

0 .1 5a 93 93 99 49 n .a . 99

aMeasured as s p e c i f ic  chem ical compound. A ll o th e r  c o n c e n tra tio n s  measures 
as DOC

u'lot analyzed

Table I I I .  B io d é g ra d a tio n  ( in  i )  o f  i n i t i a l  t e s t  co n c e n tra tio n  a f t e r  14, 
28, and 56 days a t  15 °C in  w a s te w a te r  sam p le  ( i )  d i lu te d  40 
tim es  w ith  n a tu ra l  seaw ater from  the  re c e iv in g  w ater

Compound I n i t i a l  i  D egradation
t e s t  c o n cen tra tio n  

(m g.l )
14 d 28 d 56 d

MCPA 9 .4 0 0 0
MCPP 2 .8 0 0 0
2,4-DP 0 .5 0 0 0
4 -chlo  r  0 -2 -m ethylphenol 0.003 10 30 98
2 ,4 ,6 - t r  i  chlorophenol 0.003 10 10 20
2 ,6 -d ich lo ro p h en o l 0.0005 15 40 90
2 ,4 -d ich lo ro p h en o l 0.C002 15 40 95
4 ,6 -d ich lo ro -2 -m ethy lpheno l 0.0001 0 0 0
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P ig . 1 . D a ily  d ischarged  amounts o f  phenoxyacids and ch lo ropheno ls. The 
f ig u re  shows th e  d a ily  d ischarged  amounts from th e  h e rb ic id e  
m a n u fa c tu r in g  p l a n t  ( i ) ,  th e  s e c o n d a ry  e f f l u e n t  ( i i ) ,  and th e  
secondary e f f lu e n t  taken  in  a  perio d  o f no d isch arg e  from th e  
h e r b ic id e  p la n t  ( i i i ) .

RESULTS AND DISCUSSION

CHEMICAL ANALISIS

The r e s u l t s  o f  th e  c h e m ic a l a n a l y s i s  o f  th e  w a s te w a te r  sa m p le s  a r e  
p r e s e n te d  in  P ig .  1. The d a i l y  d is c h a rg e d  am ounts w ere o b ta in e d  by 
m u ltip ly in g  th e  c o n c e n tra tio n  o f  th e  ch lo ropheno ls and phenoxyacids in  th e  
f lo w -p ro p o rtio n a l 3-w eeks-sam ples w ith  th e  d a ily  average amount of w ater 
d ischarged  over th e  same p erio d .
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CHEMICAL PATE

No s ig n if ic a n t  b io d ég rad a tio n  in  seaw ater a t  4 and 15 °C was observed 
fo r  MCPA, MCPP, and 2,4-DP when th e se  were th e  only su p p lied  carbon source 
(Table I I ) ,  or as components in  th e  complex w astew ater (Table I I I ) .

Both 4 -ch lo ro -2 -m ethy lpheno l and 2 ,4 ,6 - tr ic h lo ro p h e n o l were biodegraded 
fo r  more than  90 %  a t  4 and 15 °C when sup p lied  a s  th e  on ly  carbon source in  
a  c o n c e n tr a t io n  o f  0.1 m g.l-1 o f  s p e c i f i c  com pounds. No d e g ra d a t io n  was 
observed in  a  co n c e n tra tio n  o f app rox im ate ly  14 mg.l-1 DOC (Table I I ) .  The 
m issing  b io d e g ra d a b ili ty  a t  th e  h igh co n c e n tra tio n  m ight be exp la ined  by a  
to x ic  e f f e c t  o f  t h i s  c o n c e n t r a t io n  on th e  m ic ro o rg a n ism s  in  th e  inocu lu m  
(T ab le  IV).

When 4 -c h lo ro -2 -m e th y lp h e n o l  w as s u p p l ie d  t o  th e  t e s t  sy s te m  as 
components of th e  w astew ater, th e  compound was biodegraded fo r  more than  
90 %  a t  15 °C w h ile  on ly  a  m inor decom position (20 $> a f t e r  56 days) o f 2 ,4 ,6  
- tr ic h lo ro p h e n o l o f  th e  w astew ater was observed (Table I I I ) .

Two o th e r  c h lo ro p h e n o ls  in  th e  w a s te w a te r ,  nam ely  2 ,4 -  and 2 ,6 -  
d ic h lo ro p h e n o l w ere  b o th  d e g ra d e d  f o r  more th a n  90 %  in  56 days a t  15 °C, 
w h ile  4 ,6 - d ic h lo r o - 2 - m e th y lp h e n o l  w as n o t b io d e g ra d e d  (T ab le  I I I ) .  In  
an o th er study  De Kreuk and H a n s tv e it (1981) found 2 ,6 -d ich lo ro p h en o l and 
2 ,4 , 6 - tr ic h lo ro p h e n o l to  be b iodeg rad ab le  in  seaw ater.

The chem ical f a t e  o f  th e  f iv e  m ajor components i s  summarized in  Table 
IV g iv in g  th e  s ig n if ic a n c e  o f  th e  r e s u l t s  to  the  re c e iv in g  seaw ater.

TOXIC EFFECTS

The to x ic  e f f e c t s  o f th e  w astew ater sam ples a re  summarized in  Table V. 
M icroalgae proved to  be th e  most s e n s i t iv e  organism s to  th e  w astew ater from 
th e  h e r b ic id e  m a n u fa c tu r in g  p l a n t  ( i ) .  The p h o to s y n th e s is  o f  n a t u r a l  
phytoplankton, th e  grow th o f  th e  c u ltu re d  a lg ae  Phaeodactylum tr ic o rn u tu m , 
and m o r t a l i t y  and r e p r o d u c t io n  o f  th e  c r u s ta c e a n  N i to c r a  s p in ip e s  showed 
a lm o s t  th e  sam e s e n s i t i v i t y  to w a rd s  sam p le  ( i ) .  G uppies w ere  a lm o s t  
i n s e n s i t i v e  to  th e  w a s te w a te r ,  and tu r b o t  la r v a e  showed to  be o n ly  
s l ig h t ly  more s e n s i t iv e  th an  a d u l t  f i s h .  No su b le th a l e f f e c t s  on f i s h  la rv a e  
d u r in g  lo n g  e x p o su re  p e r io d s  w ere  o b se rv e d . The l e a s t  s e n s i t i v e  t e s t  
organism s were h e te ro tro p h ic  m icroorganism s.
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T ests  on th e  e f f lu e n t  from th e  sewage tre a tm e n t p la n t  ( i i )  showed the  
re d u c tio n  in  to x i c i t y  caused by th e  d i lu t io n  o f th e  w astew ater ( i )  and the 
deg rada tion  o f  phenoxyacids and ch lo rophenol in  th e  tre a tm e n t p la n t.

T e s ts  on th e  e f f l u e n t  in  p e r io d s  o f  no d is c h a rg e  from  th e  h e r b ic id e  
p l a n t  ( i i i )  sh o w ed  t h a t ,  e x c e p t  f o r  t h e  p h o to s y n th e s is  o f  n a tu r a l  
p h y t o p l a n k t o n ,  no t o x i c  e f f e c t s  c o u ld  be d e t e c t e d .  The e f f e c t  on 
p h y to p la n k to n  o f  sam p le  ( i i i )  co u ld  n o t be e x p la in e d  by th e  p re s e n c e  o f  
phenoxyacids o r chlorophenols in  th e  w astew ater bu t no f u r th e r  a ttem p t was 
made to  ex p la in  th e  observation .

Many s t u d i e s  have shown t h a t  t o x i c  e f f e c t s  o f  m ix tu re s  co u ld  be 
p re d ic te d  by co n cen tra tio n  a d d itio n  (Sikka e t  a l . ,  1976 ; Kfnemann, 1981).

The p re se n t s tu d y  showed th a t  th e  to x ic  e f f e c t  o f  the  w astew ater from 
th e  h e rb ic id e  p la n t  ( i )  and e f f lu e n t  from th e  sewage tre a tm e n t p la n t ( i i ) ,  
c o u ld  be e x p la in e d  by th e  c o n c e n t r a t io n  o f  p h e n o x y a c id s  p r e s e n t  w h ile  
ch lo ropheno ls d id  no t a t  a l l  c o n tr ib u te  to  th e  e f f e c t  o f  th e  w astew ater.

FIELD INVJSTIGASTCKS

The f i e l d  in v e s t ig a tio n s  w ith  tra n sp la n te d  e e lg ra s s  and e e l  p o s itio n e d  
near th e  w astew ater o u t le t  d u rin g  6 weeks and on a  re fe re n ce  l o c a l i t y  showed 
no s ig n i f ic a n t  d if fe re n c e  in  l e a f  p roduction  o f  th e  e e lg ra s s , nor in  t a s t e  
o f  th e  e e l  ( t e s t e d  in  an o r g a n o le p t ic  t r i a n g l e  t e s t )  o r  in  c h lo ro p h e n o l 
co n ten t (d e te c tio n  l i m i t  0.5- ng*g-  ̂ e e l  muscle and sk in ).

CÜNCIIKLCW

T h is  s tu d y  show s th a t  m ethods to  e v a lu a te  b i o l o g i c a l  e f f e c t s  on th e  
m arine environm ent -  in c lu d in g  b io d ég rad a tio n  s tu d ie s  in  seaw ater, b io te s ts  
on m arine organism s and f i e ld  in v e s t ig a tio n s  -  a re  a v a ila b le  and can be used 
to  c h a ra c te r iz e  a  complex w astew ater.

By u s in g  a  c h a r a c t e r i z a t i o n  p ro c e d u re  co m b in in g  c h e m ic a l a n a ly s i s ,  
c h e m ic a l f a t e  e v a lu a t io n s ,  and l a b o r a to r y  and f i e l d  i n v e s t i g a t i o n s ,  
p h en o x y ac id s  p ro v e d  n o t to  be s i g n i f i c a n t l y  e l im in a te d  from  th e  m arin e  
environm ent, w h ile  no a d so rp tio n  onto th e  sedim ent o r b ioaccum ulation  could
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be e x p e c te d . The c o n c e n t r a t io n  o f  p h en o x y ac id s  in  th e  in d u s t r ia l  e f f lu e n t  
s tu d ie s  e x p la in s  th e  acu te  and chronic  to x ic  e f f e c t s  o f  th e  w astew ater on 
marine t e s t  o rganism s o f  which m icroalgae  showed to  be most s e n s i t iv e .

The ch lo ropheno ls 2 ,4 ,6 - tr ic h lo ro p h e n o l and 4 -c h lo ro -2 -m e th y lp h e n o l  
a re  b io d e g ra d e d  in  s e a w a te r  and some a d s o r p t io n  o n to  th e  s e d im e n t and 
b ioaccum ulation  o f  th e se  substances i s  to  be expected. The ch lo ropheno ls d id  
n o t -  due to  th e  low  c o n c e n t r a t io n s  p r e s e n t  -  c o n t r ib u t e  to  th e  t o x i c  
e f f e c ts  o f  th e  w astew ater.

I n  s i t u  i n v e s t i g a t i o n s  w i th  t r a n s p l a n t e d  e e lg r a s s  p o s i t io n e d  on a  
re fe ren ce  l o c a l i t y  and near th e  w astew ater o u t le t  showed no d if fe re n c e  in  
l e a f  p r o d u c t i o n .  L ik e w i s e ,  _in s i t u  s t u d i e s  on o f f - f l a v o u r  and  
b ioaccum ulation  w ith  e e l  p laced  in  cages n ear th e  w astew ater o u t le t  and a t  a  
r e f e r e n c e  s t a t i o n ,  show ed no d i f f e r e n c e  i n  t a s t e  n o r in  c h lo ro p h e n o l 
c o n te n t.
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