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O ver th e  la s t th ree  decades organic con tam inan ts 
have been o f  increasing im portance in environm en­
tal m onitoring. Dioxins, fu rans, polychlorinated 
biphenyls and  organochlorine pesticides have 
determ ined  th e  environm ental research agenda. 
This has led to  an increasing dem and fo r certified 
reference m ateria ls (C R M s). However, CRMs have 
only been m ade available in lim ited num bers, as the  
p roduction  and  certification o f  CRMs is norm ally a  
relatively slow  process. This p ap er gives an over­
view o f  th e  available CRM s fo r b io ta  and  sed im ents 
fo r th ese  co n tam in an ts  and  the  developm ents in 
the ir quality. © 2001 Elsevier Science B.V. All 
rights reserved.
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1. In t ro d u c t io n

T he analysis o f o rgan ic  contam inants such  as 
po lych lo rinated  d ibenzo-p-d ioxins (PCDDS), poly­
ch lorinated  d ibenzofurans (PCDFs), polychlori­
na ted  b ipheny ls (PCBs), polycyclic arom atic 
hyd rocarbons (PAHs), ch lo rinated  benzenes, and  
o rganoch lo rine  pestic ides in environm ental m atri­
ces is com plex . T he con tam inan ts are often  com ­
plex  m ixtures consisting  o f  m any different co n g e­
ners. A determ ination  o f the  total concentration  of, 
for exam ple, PCBs leads to  significant errors as, due  
to w eathering  effects and  m etabolism , the patterns 
in the environm enta l sam ples are different from 
those  in the  technical m ixtures. A congener-specific 
ap p ro ach  is th erefo re  desirab le , as only th en  can
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possib le  toxic congeners be specifically deter­
m ined. H ow ever, chrom atograph ic  separa tion  is 
o ften  insufficient to offer a full separa tion  o f all con ­
geners presen t. In  addition, the environm ental 
m atrices are re la th  ely difficult to  handle . All these 
factors m ake the  analysis of organic contam inants 
in environm ental sam ples ra ther com plicated . Lab­
oratories perform ing this type o f analysis and  trying 
to  co p e  w ith the h igh degree  o f analytical difficulty 
are  obviously  in n e e d  of a good  quality  control sys­
tem . In ternational m onitoring program m es, w hich 
include the  analysis o f m any o f these  organic con­
tam inants have regularly stressed  the  need  for a 
g o o d  com parability  o f the laboratories [1]. C onse­
quently , for m any years there  has b e e n  a con tinu­
o u s  request for reliable certified re fe rence  m aterials 
(CRM s). A lthough the p roduction  o f  CRMs for this 
field  has increased, the  available n u m b er o f CRMs is 
still to o  sm all to cover the n eed s  o f the laboratories 
[2,31.

O n e  o f  the first initiatives to  dev e lo p  CRMs for 
PCBs in Europe w as taken  by  the  Com m unity 
B ureau  o f Reference o f the  E uropean  U nion 
(BCR). In  the m id 1980s a p rogram m e o f step­
w ise designed  in terlaboratory stud ies w as started, 
finally resulting in the p roduction  o f tw o  CRMs for 
PCBs: PCB in cod  liver oil (CRM 349) a n d  PCBs in 
m ackere l oil (CRM 350) [41. This ap p ro ach  to 
im prove the agreem ent b e tw e e n  laboratories 
using  different m ethods w as also u sed  in the 
ICES. IOC OSPARCOM PCB interlaboratory 
study, in w hich over 60 laboratories participated 
an d  w h ich  w as ver)' successful in im proving the 
perfo rm ance of participating [5-71. Later several 
laborato ries involved in the ICES IOC OSPAR­
COM study  and the  BCR w ork  in itiated  the  QUASI- 
MEME program m e (Quality A ssurance o f Inform a­
tion for Marine Environm ental M onitoring in
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Table  1
RM s for  hydrocarbons  in b iota

C ode SRM 1974a SRM 2 9 7 4 SRM 2977 SRM 2978 1 4 0 / O C

O rganisa t ion SRM NIST2 SRM NIST2 SRM NIST2 SRM NIST2 IAEA2
C oun try  o f  origin USA USA USA USA M onaco
Matrix Mussel tissue Mussel t issue Mussel tissue Mussel tissue Fucus ( s e a  p lant  h o m o g e n a te )
Units Mg/ kg Mg/kg M g/kg Mg-kg M g/kg
As Dry weight Dry weight Dry weight Dry weight Dry weight
[ ± ] expressed as ±9 5 %  Cl ± 95% Cl ± 95% Cl ± 95% Cl 95% Cl
Units o f  issue 3 X 1 5  g 8 g 1 0 g 10  g 3 0  g
Form Frozen tissue Freeze-dried Freeze-dried Freeze-dried Freeze-dried and  micronised
Resolved aliphatics *13  000  ( 6 4 0 0 - 2 4  0 0 0 )
Unresolved aliphatics * 2 6  000 ( 1 2  0 0 0 - 4 8  00 0 )
Tota l  aliphatics 2 7  000 (2 5  0 0 0 - 4 2  0 0 0 )
n-C14 *83 .8  ± 3 .0
n-C1 5 *108  + 12
n-C1 6 *161 ± 2 8
n-C1 7 *280  ± 5 7 8 9 0  ( 3 0 0 - 1 3 0 0 )
n-C1 8 *153  ± 1 7 9 9  ( 4 5 - 1 4 0 )
n-C1 9 * 4 0 .4 ±  1.1
n-C20 *65.1 ± 6 .0
n-C22 *46 .7  ± 1 .9
n-C24 *57.2  ± 5 .7
n-C26 *49 .3  ± 6 .3
n-C28 *64 .5  ± 3 .3
n-C30 *47.8  ±7 .3
n-C32 *55.9  ± 4.2
n-C34 *28 .5  ± 1 .9
Pris tane *74.1 ± 5 .8 50  ( 1 5 - 6 9 )
Phytane *56.9  ± 6 .8 56  ( 2 5 - 1 0 0 )
Sum alkanes ( C 1 4 - C 3 4 ) 11 0 0 0  ( 5 6 0 0 -2 1  0 0 0 )
T ota l  a rom atics * 5 8 0 0  ( 7 5 0 - 1 6  0 0 0 )
Resolved a rom atics *350  ( 1 5 0 - 5 0 0 )
Unresolved a rom atics *8 1 0 0  ( 3 9 0 0 - 1 7 0 0 0 )
A cen a p h th e n e *3.15 ± 0.26 * 2 .7 4  ± 0.52 *4.2  ± 0 .4 *6 ± 2 *3 .4  ( 3 .3 - 7 .0 )
Acenaphthylene *5.25 ± 0 .3 8 *4 .60  ± 0 .8 8 *4 ± 1
A nthracene 6.1 ± 1 .7 6.1 ± 1 .7 *8 ± 4 *5 .4  ± 2.2 14 ( 4 - 9 3 )
A nthranene *1.15 ± 0.31 *1.15 ±0 .31
B e n z [a ]a n th ra c e n e 32 .5  ± 4.7 32 .5  ± 4.8 2 0 .3 4  ± 0 .7 8 *25 ± 7 25  ( 1 4 - 3 2 )
Benzo[ b Jchrysene *1 .60  ± 0 .1 5 1.07 ±0.1  5 *2.1 ± 0 .4
Benzof a  Jfluoranthene *4.0  ±1 .9 *4 .0  ± 1 .9
Benzo[ b Jfluoranthene 4 6 .4  ± 3 .7 4 6 .4  ± 4 .0 11.01 ± 0 .2 8 *58  ± 1 5 *37  ( 3 3 - 3 7 )
Benzofj  j f luoranthene *20 .5  ± 1 .7 * 2 0 .5  ± 1 .8 *4.6  ± 0 .2 *23 ± 2
Benzo[ k j f luoranthene 20.18 ± 0 .84 20 .2  ± 1 .0 *4 ± 1 24.1 ± 3 .4 19 ( 1 5 - 2 7 )
Benzo[ghi J f luoranthene *28.3  ± 5 .5
Benzofghi jperylene 22.0  ± 2.2 22 .0  ± 2.3 9 .53  ± 0 .4 3 19.7  ± 4 .4 20 ( 1 7 - 3 5 )
B e nzo[c  Jphenan th rene *19 .5  ± 6.7 *9.4  ± 0 .3 *31 ± 2
B enzo [a ]p y ren e 15.63 ± 0.65 15 .63  ± 0.80 8.35 ± 0 .7 2 *7 ± 3 20 ( 1 6 - 2 2 )
Benzo[ e ] pyrene 84 .0  ± 1 .9 84 .0  ± 3 .2 13.1 ±1.1 89 .3  ± 6 .3 26 ( 1 9 - 3 3 )
Biphenyl *5.11 ± 0 .3 2 * 4 .6 8  ± 0.56 *6.8  ± 0.6 *8 ± 1
Ch rysene 44 .2  ± 2 .3 44 .2  ± 2 .7 *49 ± 2 *59  ± 1 0 40  ( 2 5 - 4 9 )
Dibenz[ a ,h  jan th racen e 1.41 ± 0 .1 9 *4.5  ( 2 .6 - 1 6 0 )
Dibenzf a ,h  J a n th ra c e n e / *3 .00  ± 0 .2 0 * 3 .0 0  ± 0.16 *2.0  ± 0.2 *3.5  ± 0.5
dibenzf a , c Janthracene
Dibenzf a,j Janthracene *1 .247  ± 0 .075 *1 .2 4 7  ± 0 .0 8 4
Fluoranthene 163 .7  ± 9.1 1 63 .7  ± 10.3 3 8 .7  ± 1 .0 166  ± 1 2 88  ( 5 7 - 1 1 0 )
Fluorene *5 .72  ±0.91 * 4 .6 9  ± 0 .3 4 10 .24  ±0 .4 3 *7  ± 1 *6.5  ( 4 . 6 - 1 6 0 0 )
lndeno[  1 ,2 ,3-cd ] pyrene 14.2  ± 2 .8 14 .2  ± 2 .8 4 .8 4  ±0.81 12.2  ± 2.9 33 ( 2 0 - 5 3 )
1 -M ethy lnaphthalene *5.3  ± 1.8 *3 .47  ± 0 .8 5 *1 6 ± 5 *21 ± 5 *13 ( 6 . 5 - 1 5 )
2-Methyl naph tha lene *10 .2  ±1 .5 *6 .48  ± 0 .8 5 *18 ± 5 *23  ± 4 * 16  ( 9 - 2 3 )

( Continued on next page )
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Table 1 ( continued)

Code SRM 1 9 7 4 a SRM 2974 SRM 2977 S R M  2978 1 4 0 / O C

1-Methyl p henan th  rene *1 0 .5 ± 4 .8 *10 .5  ±4 .8 * 4 4  ± 2 * 6 . 8  ± 0.1 11 ( 9 - 1 4 )
2-M ethyl p henan th  rene *20.6  ± 8 .0 *20 .6  ±8 .0 *43 ±1 19 ( 1 5 - 4 0 )
3-Methyl p henan th  rene *13.5  ± 9 .7 *13 .5  ± 9.7 *44.2  ±0 .4
4-M ethyl p henan th  rene / *14.7  ± 9.2 *14 .7  ± 9.2 *36 ± 2
9-m ethy lphenan threne
N aph tha lene 23 .5  + 4 .4 *9 .63  ± 0.61 * 19 ± 5 *31 ± 6 17 ( 9 - 4 3 )
Perylene 7.68 ± 0 .2 7 7.68  ± 0 .3 5 3 .50  ± 0.76 4 . 0 9  ± 0 .3 2 *5 ( 2 . 5 - 9 . 8 )
Phenan th  rene 22 .2  ± 2 .4 22 .2  ± 2 .5 35.1 ± 3 .8 * 7 4  ± 7 76 ( 4 0 - 1 1 0 )
Picene 2 .29  ± 0.27 * 4 .5  ± 0 .5
Pyrene 151.6  ± 6.6 1 51 .6  ± 8.0 78 .9  ± 3.5 2 5 6  ± 2 1 67 ( 4 6 - 7 9 )
Triphenylene 50.7  ±5 .9 50 .7  ± 6.1 *39 ±1 * 6 3  ± 9
UVF chrysene *3 5 0 0  ( 1 2 0 0 - 5 4 0 0 )
UVF ROPM Eoil *29 000  (11 0 0 0 - 3 9  0 0 0 )

For non-IAEA mater ials,  values preceded by an as terisk (*) are non-certified;  all o th e r  v a lu e s  are certified. For IAEA mater ials,  values 
preceded by an as terisk are classified as inform ation  values; all o th e r  values are classified a s  r ecom m ended .
ty h e  following com m ents  apply  to  these tables :  the  compiled tables are for information. A l th o u g h  every e f fo r t  has been m a d e  to  ensure th a t  
these  tab les  are accurate , users o f  CRMs should  consu l t  vendors for full and accurate  in fo rm a t io n ;  certified calibration materials and 
s ta n d a rd s  are n o t  included; these  tab les  d o  n o t  p u rp o r t  to  be com ple te  and  all the  CRMs l is ted  may no t  be  commercially available; methyl 
m ercury  is n o t  considered as an organic c o n ta m in a n t  f o r  the  pu rposes  o f  this list.
2NIST: USA National Institute o f  S tandards  and  Technology. IAEA: International Atomic Energy Agency. BCR: EC Bureau o f  Community  
Reference, now  EC Insti tute fo r  Reference Materials and  M easurem ents  ( IR M M ).  NRC: C a n a d a  National  Research Council , Institute for 
National M e asu rem en t  S tandards  ( IN M S ).  NWRI: National W ate r  Research Insti tute,  E nvironm ent  C anada .  CIL: Cambridge Isotope 
Laboratories, USA. NIES: National Inst itute fo r  Environmental S tandards ,  Environment Agency, Ja p an ;  LGC: Labora tory  o f  the  Government 
Chemist.

E urope), w hich  started  as a E uropean  research  
project, b u t later con tinued  on  its o w n  as a profi­
ciency testing  schem e [8]. This QUASIMEME p ro ­
gram m e n o t only includes organic contam inants, 
bu t also trace  m etals, nutrients and  m any o ther 
param eters w hich  are relevant in m arine env iron­
m ental m onitoring. M eanw hile, the  IAEA (In te rn a ­
tional Atom ic Energy A gency) h a d  co n d u c ted  sev­
eral in terlaboratory  studies w hich  resu lted  in a 
nu m b er o f CRMs. O ther d eve lopm en ts took  place 
in the  USA an d  Canada and  also in Jap an , resulting 
in a n u m b er o f CRMs for organic contam inants 
w h ich  will b e  discussed below .

T he criteria u sed  by the  organisations re sponsi­
ble fo r p roduc ing  CRMs are som etim es different 
and  are o ften  subject o f debate . O ne  o f the best 
definitions o f  a CRM is p resum ab ly  th e  following: 
a CRM is a reference m aterial (RM), o n e  o r m ore 
p roperties o f  w hich  are certified, w ith  a stated  
uncerta in ty , by  a technically  valid  p rocedure , 
w hich  are  traceable to a sta ted  re fe rence  and  
acco m p an ied  by  a certificate o r o th e r  do cu m en ta ­
tion  issued  by an  accreditation  body, to  be  used  for 
the evaluation  o f the  m e th o d (s )  u se d  by  the  labo­
ratory  [9 l. N ot all CRMs d iscussed  b e lo w  com ply

w ith this defin ition . Som e m aterials w ere  just ‘certi­
fied’ as a re su lt o f an  in terlaboratory  study  only. 
O bviously, th a t  d id  n o t include a technically  valid 
procedure. S uch  m aterials shou ld  no t b e  confused  
w ith CRMs w h ic h  have b e e n  subm itted  to  a very 
thorough p ro cess  of certification by  expert labora­
tories only fo llo w ed  by  an  ex tensive technical dis­
cussion. L aboratories shou ld  inform  them selves 
abou t the b ack g ro u n d  o f available CRMs before 
they  buy  th e se  relatively expensive m aterials. If a 
CRM is b o u g h t w h ich  has e.g. relatively w ide  uncer­
tainties for a n u m b e r o f param eters, this could even 
be coun ter-p roductive  as the  laboratory  m ight soon 
conclude th a t the ir m ethods com ply w ith  the  certi­
fied values w h e re a s  in reality the  results p roduced  
are only at o n e  en d  o f the  w ide  uncerta in ty  range 
and  therefo re  relatively far aw ay from  the  target 
value. A w aiting a definition o f m inim um  require­
m ents for the  p roduction  o f  CRMs an d  the  registra­
tion  an d  accred itation  o f p roducers, laboratories 
shou ld  be very- critical w h en  buying  an d  using the 
available CRMs. This is particularly true  for the field 
o f organic con tam inan ts as errors can  easily be 
m ade, and  uncertain ty  ranges m ay soo n  becom e 
relatively w ide.
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Table 2
RMs fo r  ch lorinated pestic ides in b io ta

SRM 1 9 7 4 a SRM 1 5 8 8 a SRM 1945 SRM 2974 SRM 2977 SRM 2978 1 4 0 / O C BCR 598

Organisation SRM NIST SRM NIST SRM NIST SRM NIST SRM NIST SRM NIST IAEA BCR2
Country  o f  origin USA USA USA USA USA USA M onaco EC
Matrix Mussel Cod liver oil Whale Mussel Mussel Mussel F u c u s ( s e a  p lant C od liver oil

t issue b lubber tissue tissue tissue h o m o g e n a te )
Units E g / k g E g /k g E g /k g E g /k g E g /k g E g /k g E g /k g E g / k g
As Dry weight W e t  weight W e t  weight Dry weight Dry weight Dry weight Dry weight W e t  weight
[ ± ] expressed as ± 95% Cl ± 95% Cl ±9 5 %  Cl ± 95% Cl ± 95% Cl ± 9 5 %  Cl 95% Cl 95% Cl
Units o f  issue 3 X 1 5  g 5 X 1 . 2  m l /  

am pou le
Set  2, 15 g /  
ampoule

8 g 1 0 g 1 0 g 3 0  g Sg

Form Frozen Oil Frozen Freeze-dried Freeze-dried Freeze-dried Freeze-dried and 
micronised

Oil

Hexachloro- 157.8  ± 5.0 32.9  ± 1.7 *1 .3  ( 0 .3 5 - 3 .3 ) 55 .7  ± 2.0
benzene
a -H C H 85 .3  ± 3 .4 16.2  ± 3 .4 * 1 .4  ( 1 .3 - 1 .5 ) 42  ± 3
ß-HCH *8.0  ± 1.4 4 .6  ( 2 .4 - 9 .5 ) 16 ± 3
Y-HCH 24.9  ± 1 .7 3 .30  ± 0.81 *11 ( 5 .4 - 1 6 ) 23 ± 4
Aldrin * 0 .7 6  ( 0 .5 -4 .5  )
trans-Chlordane 16 .6  + 1.7 *52  ± 7 16.6  ± 1.8 11 .38  ± 0 .56 6 .9 ±  1.6
c/s-Chlordane 17.2  ± 2 .8 167 .0  ± 5.0 4 6 .9  ± 2 .8 17.2  ± 2 .9 1.42 ± 0 .1 3 15 .56  ±0 .83 * 1 .4  ( 0 .3 6 - 2 .8 ) 2 4 .4  ± 1 .8
H eptachlor *3  ( 0 .9 9 - 4 .4 )
H eptachlor 3 1 .6  ± 1 .5 10.8  ± 1.3 * 0 .7 9  ( 0 .3 2 - 1 .4 )
epoxide
traws-Nonachlor 18.0  + 3 .6 2 1 4 .6  ± 7.9 231 ±11 18 ± 3.6 1.43 ±0 .1 0 11.5  ± 1.0 39  ± 4
c/s-Nonachlor 6 .8 4  ± 0 .90 94 .8  ± 2 .8 4 8 .7  ±7 .6 6 .8 4  ± 0 .9 2 8.23 ± 0 .5 6
Dieldrin *6 .2  ± 1 .3 1 55 .9  ± 4 .5 *37.5 ±3 .9 * 6 .2  ± 1 .3 6 .0 4  ± 0.52 6 .30  ± 0.67 1 .7  ( 0 .7 2 - 2 .8 ) 59  ± 4
Oxychlordane *38 ± 4 19.8  + 1.9 2.13 ± 0 .2 7 11.0  ±1 .8
2 ,4 '-D D E * 5 .2 6  ± 0 .2 7 22 .0  ± 1.0 12.28 ± 0.87 *5 .26  ± 2 .8 4.41 ± 0 .5 6
4 ,4 '-D D E 5 1 .2  ± 5.5 651 ±11 445  ± 3 7 51.2  ± 5.7 12.5  ± 1.63 37.5  ±1 .5 1 .2  (0 .8 6 -1 .6 ) 6 1 0  ± 4 0
2 ,4 '-D D D * 1 3 .7  ± 2.8 36 .3  ± 1 .4 18.1 ± 2 .8 *13 .7  ± 2.8 3 .32  ± 0 .2 9 10.5  ± 1.0 30  ± 4
4 ,4 '-D D D 4 3 .0  ± 6 .3 2 5 4  ±11 133 ± 10 43  ± 6 .4 4 .30  ± 0 .3 8 38 .8  ± 2.3 0 .7  ( 0 .6 1 - 0 .9 0 ) 4 0 0  ± 3 0
2 ,4 '-D D T *8 .5  ± 1 .9 156 .0  ± 4 .4 106 ± 14 *8.5  ± 1 .9 9.2  ±1 .6
4 ,4 ' -D D T 3.91 ± 0 .5 9 5 2 4  ± 1 2 2 4 5 ± 1 5 3.91 ± 0 .6 0 1.28 ± 0.1 8 3 .8 4  ± 0.28 2 .2  ( 1 .4 - 3 .6 ) 1 79  ± 18
M i rex *16  ± 3 28.9  ±2 .8
Endrin *0.71 ( 0 .4 3 - 1 .6 )

For non-IAEA materials ,  values p receded  by an as terisk (* )  a re  non-certif ied;  all o th e r  va lues are certified. For IAEA materials,  values 
preceded by an as terisk  are classified as  information values; all o th e r  values are classified as  recom m ended .

2.  CRM s f o r  PAHs

An overv iew  o f the  available CRMs for organic 
contam inants in b io ta  is given in Tables 1-5. A sim ­
ilar overv iew  fo r o rganics in sed im ents in g iven in 
Tables 6-13- O nly five m aterials are available for 
PAHs in. biota: four m ussel tissues o f the US 
N ational Institute fo r S tandards an d  Technology 
(NIST) and  a sea  p lan t h o m o g en a te  o f the  IAEA 
(Table 1 ). Tw o m ussel m aterials are alm ost similar, 
show ing  only so m e m inor d ifferences in their certi­
fied  values due  to freeze-dry  losses. O ne m aterial 
(1 9 7 4 a) is o ffered  as w et, frozen  m aterial [ 10], the 
o ther one  (2 9 7 4 ) is freeze-dried . T he w et m aterial 
is, how ever, n o t sh ip p ed  to E urope. The freeze- 
d ried  m aterial is available in E urope, bu t is rela­

tively expen siv e  ($ 4"?0 fo r 8 g ). Tw o new  NIST 
freeze-dried  m ussel tissue m aterials, SRM 2977 
a n d  2978, are  available an d  SRM 2977 has low er 
PAH values th an  the o ther th ree  NIST m ussel tissue 
m aterials. O bviously, this very  lim ited n u m b er of 
PAH CRMs is insufficient to s e n e  the m arket. 
PAHs are m etabo lised  in fish, so  there  is no  n eed  
for that m atrix, bu t m ore shellfish CRMs are 
requ ired , particularly  in E urope. The analysis of 
PAHs in m ussels is included in  several in ternational 
m arine m onitoring program m es. In addition , the 
analysis o f PAHs in shellfish is often requ ired  during 
sm veys fo llow ing oil pollu tion incidents. T he p ro ­
duction  o f CRM PAHs in shellfish, p referab ly  a w et 
m aterial, is therefo re  o f high priority.
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T ables 6 and  7 sh o w  that there  are 18 CRMs for 
PAHs in sed im ent. T hese  include harbour sed i­
m ents, estuarine sed im ent, and lake sedim ents. 
Rem arkably, no  m arine sed im ent is included, not 
ev en  from  coastal w aters, in spite of the fact that 
PAHs are regularly  analysed  w ithin the fram ew ork 
o f various m arine m onitoring program m es. A ppar­
ently, relatively low  PAH levels as occur in m arine 
sedim ents, still cause problem s for the laboratories, 
so certification o f PAHs in such m aterials w as not 
possib le until now . T he C anadian m aterials EC-1 to 
EC-8 also have PAH values. Howev er, generally  the 
m aterials w ith relatively low  PAH levels (b e lo w  
1 m g k g ) prov ide only  non-certified values. This 
situation o f cou rse  also  rises d oub t on the quality  of 
data ob ta ined  for PAHs in m arine m onitoring p ro ­
gram m es.

The NIST 1944 sed im en t is the m ost com plete 
CRM w ith 56 PAHs, m ost o f w hich have b e e n  certi­
fied, and  includes non-certified  reference values for 
m any alkylated  PAHs.

3.  CRM s fo r  O C P s

Eight CRMs are  available for OCPs in biota (Table 
2). T hese include tw o co d  liver oils, four m ussel 
tissues, a w hale  b lubber, an d  a sea p lan t h o m o g e­
nate. As described  above , the tw o NIST m ussel sam ­
ples 1974a and  29“’4 are  identical, one  being  a w et 
m aterial an d  one  being  the sam e m aterial, but 
freezed-dried  ( s e e  Section 2). The o ther w et m ate­
rial is the w hale  b lu b b e r [11]. U nfortunately, the 
w hale  b lu b b er can n o t b e  sen t to countries outside 
the USA, d u e  to  restrictions o n  transporta tion  of 
m arine m am m al m aterials. The availability of 
m ore w et CRMs w o u ld  b e  beneficial to  the labora­
tories. W et m aterials have the advantage o f  allow ­
ing the u se r to contro l his extraction step , w hich  
canno t be d o n e  w ith  an  oil and  w hich is norm ally 
less reliable w h en  using  a freeze-dried  m aterial. In 
addition, w e t m aterials have realistic concen tra ­
tions w hich  are low er th an  those  in oils o r freeze- 
dried m aterials, and  are  therefo re  better com para­
ble w ith  sam ples th a t are being  analysed in  the  lab ­
oratory’s rou tine m onitoring  w ork. Table 2 show s 
that m ost CRMs in d eed  have OCP concentrations 
that are m uch  h ig h er th an  concentrations w hich 
can norm ally b e  fo u n d  in m arine fish sam ples (ca . 
0 .1 -2  ng g).

P ro p er CRMs for OCPs in sed im ents are  hardly 
available (Table 8). In  fact only the NIST SRM 1944

is certified fo r  four OCPs: HCB, cz's-chlordane, 
ira n s-n o n a c h lo r and  p,p'~DDT and  SRM 1939a has 
only th ree  certified  values. Tw o n e w  IAEA sed i­
m ents, IAEA 383 and  IAEA 408, have inform ation 
values for a  w id e r  range o f OCPs. So, for a large 
n u m b er o f O C Ps there  is no  sed im ent CRM at all. 
Although O C P concentrations are decreasing  in 
m any co asta l w aters, OCPs are still be ing  m oni­
tored, w h ich  is also true  for m any freshw ater loca­
tions. C onsequen tly , CRMs for OCPs in sedim ents is 
an o th er h igh  priority item  for CRM producers.

4.  CRMs f o r  PCBs

T w elve m ateria ls a re  available as CRMs for PCBs 
in b io ta  (T ab le  3). T hese include tw o cod  liver oils, 
a m ackerel o il, five m ussel tissues, a carp , a w hale  
b lu b b er an d  a  sea p lan t hom ogenate . T he m ussels 
are  the  NIST m aterials 1974a, 2974, 2977 an d  2978 
d iscussed  a b o v e  and  BCR 682. The w hale  b lubber 
has also b e e n  d iscussed  as regards its transport 
restrictions ( s e e  CRMs for OCPs). As for OCPs the 
fish oil has th e  d isadvantage o f unrealistic high lev­
els o f PCBs. In  addition, the cod  liver oil (BCR 349) 
and  the m ackere l oil (BCR 350) originate from  1986 
an d  are relatively  old now . As n ew er analytical 
techn iques su ch  as n ew er gas chrom atography  
(G C ) m ass spectrom etry  system s an d  m ulti­
dim ensional GC techn iques w ere  no t available at 
the  tim e o f p roduction , som e o f the certified values 
m ay be b iased  to som e ex ten t as som e co-elution, 
e.g. for the CBs 101 and. 138 w ere  no t observed  
during the certification [12,131. The recently  p ro ­
d u ced  sterilised  w et m ussels (BCR CRM 682) are 
presum ably  o f  a be tte r quality. This is the first 
w et, sterilised  m aterial that w as p ro d u ced  as CRM 
for PCBs. It has realistic PCB concentrations w hich 
co rresp o n d  w ith  values w hich  have to b e  deter­
m ined  by  laboratories in m arine m onitoring p ro ­
gram m es. T he CRM is p ack ed  in tins w hich can 
easily b e  transpo rted  an d  stored  at room  tem per­
ature  for a long  time. It is also the  only CRM for PCBs 
w ith  a certified value for CB 138. In the  o th e r CRMs 
CB 138 w as determ ined  as the sum  o f the  CBs 138 
an d  163 or 138, 163 an d  164. The IAEA sea plant 
hom ogena te  does no t include m ore detailed  infor­
m ation  on  a possib le separa tion  of these  CBs, bu t 
m ost likely the  certified value is only valid for the 
sum  o f  the th ree  CBs. A nother CRM PCB in w et 
sterilised  herring has recently  b een  certified for 13 
PCBs, including CB 138 as a single com pound . This
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Table 4
RMs fo r  chlorinated  dioxins, furans and  non-ortho  PCBs in b io ta

C ode SRM 1588a CARP-1 E D F 2 5 2 4 E D F 2 5 2 5 E D F 2 5 2 6 1 4 0 / O C

Organisation SRM NIST NRC CIL2 CIL CIL IAEA
C ountry  o f  origin USA C an ad a USA USA USA M onaco
Matrix Cod liver C om m on Clean natural C on tam ina ted Fortified fish F u c u s ( s e a  p lan t

oil carp matrix  ( f ish) natura l  matrix  (fish) h o m o g e n a te )
Units n g / k g n g /k g n g / k g n g / k g n g /k g H g /k g
As W e t  weight W et  weight W e t  weight W e t  weight W e t  w e igh t Dry weight
[ ± ] expressed as ± 95% Cl ± 95% Cl 95% Cl 95% Cl 95% Cl 95% Cl
Units o f  issue 5 X 1 . 2  m l / 6 X 9  g Set 1, 10  g / Set  1 , 1 0  g / Set  1, 10  g / 30  g

am pou le am pou le am pou le am poule
Form Oil Slurry Slurry Slurry Slurry Freeze-dried and  

micronised
2,3 ,7 ,8-TCDF 11.9  ± 2.7 2 .5  ± 0.16 22  ± 1.6 17  ± 1.5 ( 25  )b
1 ,2 ,3 ,7 ,8 -PC D F 5.0  ± 2 .0 ND a 4.9  ± 0 .5 6 4 0  ± 3 .7  ( 5 0 )
2 ,3 ,4 ,7 ,8 -PC D F ND 1 4 ±  1.3 38  ± 3.5  ( 5 0  )
1 ,2 ,3 ,4 ,7 ,8-HxCDF ND 8.2 ± 3 .7 80 ± 8.4 ( 7 5 )
1,2 ,3 ,6 ,7 ,8-HxCDF ND 2.7 ± 1 .2 63 ± 5 .5  ( 7 5 )
1,2 ,3 ,7 ,8 ,9-HxCDF ND 0.76  ± 0 .3 5 58 ± 7.0 ( 7 5 )
2 ,3 ,4 ,6 ,7 ,8-HxCDF ND 2.3 ± 1 .9 60 ± 5 .5  ( 7 5 )
1,2 ,3 ,4 ,6 ,7 ,8 -H pC D F ND 4.4  ± 6 .0 83 ± 9 .2  ( 1 0 0 )
1,2 ,3 ,4 ,7 ,8 ,9 -H pC D F ND 0.63 ± 0 .2 3 73 ± 7 .7  ( 1 0 0 )
OCD F *1.00 ND 2.6  ± 1 .3 190 ± 22 ( 1 0 0 )
1,2,7-TriCDD *0.32
1,2 ,3,4-TCDD *0.38
2 ,3 ,7 ,8-TC DD *0.21 6.6 ± 0.6 ND 17 ± 1 .4 19 ± 1 .4  ( 2 5 )
1 ,2 ,3 ,7 ,8-PCDD 4 .4  ± 1.1 ND 4.0  ± 0.57 40  ± 3 .0  ( 5 0 )
1 ,2 ,3 ,4 ,7 ,8-HxCDD 1.9 ± 0.7 ND 0.77  ± 0 .27 60  ± 4 .8  ( 7 5 )
1 ,2 ,3 ,6 ,7 ,8-HxCDD *0.39 5.6  ± 1 .3 ND 3.0  ± 1.2 56  ± 4.8 ( 7 5 )
1 ,2 ,3 ,7 ,8 ,9-HxCDD *0.22 0.7  ± 0 .4 ND 0.79  ± 0.26 60 ± 4 .4  ( 7 5 )
1 ,2 ,3 ,4 ,6 ,7 ,8 -H pC D D 6.5 ± 1 .8 ND 1.4  ± 0.53 76  ± 5 .9  ( 1 0 0 )
OCDD *1.01 6.3 ± 1 .9 ND 7.2 ± 3 .7 192 ± 1 4  ( 3 5 0 )
PCB 77 13.8  ± 7.0 1945  ± 3 5 4 61 9 ± 107 ( 6 0 0 ) *0.19 ( 0 . 0 4 - 6 . 9 )
PCB 126 3.9  ± 1 .8 6 4 7 ± 1 4 8 1140  ± 4 6 5  ( 6 0 0 )
PCB 169 1.8 ± 2.3 50 ± 12 1416 ± 553  ( 6 0 0 )

Values p receded  by an as ter isk  (*) are non-certif ied;  all o th e r  values are certified.

aND -  n o t  detected .
bFigure in brackets  represen ts  the  a m o u n t  o f  each an alyte a d d e d  to  the  matrix.

Table  5
RMs fo r  o rganot in  c o m p o u n d s  in b io ta

Antifouling BCR 477 NIES 11

Country  o f  origin EU Ja pan
Matrix Mussel tissue Fish tissue
Units mg / k g m g /  kg
As Dry weight Dry weight
[ ± ] expressed as 1 /  2-width o f  95% Cl o f  mean 2 X S .D .
Units o f  issue 14 g 20  g
Form Dried Freeze-dried
Triphenyltin ( a s  chlor ide) *6.3
TBT 2.2  ± 0.19 1-3 ± 0.1
DBT 1.54  ± 0.12
MBT 1.50 ± 0 .28

Values preceded by an  as terisk  (*) are non-certif ied;  all o th e r  values a re  certified.



148 trends in analytical chemistry, vol. 20 , no. 3, 2001

m aterial (BCR CRM 718 )  is waiting for the last stabil­
ity tests an d  is expec ted  to becom e available in 
2001. The advantage o f the NIST m aterials is that 
th ey  give certified values for a b road  range o f PCB 
congeners, w hereas the BCR m aterials and  the  carp  
CRM of the  National R esearch Council (NRC, Can­
ada  ) have only  certified values for a lim ited n u m b er 
o f PCBs, a lthough  those  PCBs are the ones w hich 
are being  analysed  for m onitoring purposes. In  p ar­
ticular, the  cod  liver oil, NIST SRM 1588a, contains a 
large suite of certified and  reference values for 
PCBs. Recently, NIST has certified a n ew  CRM, 
co d ed  SRM 1946 [14]. This CRM has b een  certified 
for fatty acids b u t includes certified values for 10 
PCBs and  th ree  OCPs.

T here are 18 RMs for PCBs in sedim ent, o f w hich  
eight con ta in  certified values. Some o f  them  (NRC 
CS-1, NWRI EC-1 and  EC-2) have only  b e e n  certi­
fied for to tal PCB (Tables 9 and 10). T he list includes 
h a rb o u r sedim ents, estuarine sed im ents an d  lake 
sedim ents. As for OCPs, no  m arine sed im en t is 
available, w h ereas  PCBs are frequently  m onito red  
in m arine m onitoring  program m es such  as the  Joint 
M onitoring a n d  A ssessm ent Program m e (JAMP ) of 
the  O slo a n d  Paris Com m issions. T he SRM 1944 
offers the  m ost com plete  set of certified values, 
including 35 PCBs (som e in com bination). W et 
sed im ents have no t b een  p ro d u ced  until now . 
Recently, w et sed im ents have successfully b een  
used  in in terlaboratory  studies w ithin the QUASI- 
MEME program m e [15]. This show s that in princi­
p le the techno logy  for p roducing  v e t  sed im ent 
CRMs is available. W et sed im ent CRMs for PCBs 
w ould  b e  a useful addition to the cu rren t list.

5. CRM s f o r PCD Ds,  PCDFs and  
dioxin-l ike PCBs

T here  are six CRMs for PCDDs, PCDFs and  
dioxin-like PCBs in biota: a cod  liver oil, a carp, 
th ree  un iden tified  fish sam ples o f w hich o n e  has 
b e e n  sp iked , an d  a sea  p lan t hom ogenate  (Table 
4). The NIST 1588a cod  liver oil has only  indicative 
values for these  contam inants, w hereas the  carp  
CRM CARP-1 only  has certified values for a lim ited 
n u m b er of PCDDs. T he tw o fish CRMs p ro d u ced  by 
C am bridge Iso tope  Laboratories com prise a ra ther 
com plete  set o f PCDDs, PCDFs and  dioxin-like 
PCBs. T he uncerta in ty  ranges are, how ever, re la­
tively large for the  unsp iked  m aterial (ca . 3 0 - 
140% for som e PCDDs and  PCDFs and  PCB 169)

and  EDF 2524  m ostly has values g iven as no n ­
detected . A can d id a te  CRM for non-ortho  PCBs 
(77, 81, 126 a n d  169) in chub  has b e e n  prepared  
for BCR. T h is m aterial is currently  being  certified 
and , in case th a t  will b e  successful, it will becom e 
available in 2002. O bviously, also here  is a clear 
n e e d  for m o re  CRMs. Particularly since the  Belgian 
dioxin crisis in  1999 [16], discussions o n  new  m ax­
im um  resid u e  limits for PCDDs, PCDFs and  dioxin­
like PCBs a re  tak ing  p lace  at national levels and  in 
the  E u ro p ean  U nion [17,18]. From  these  discus­
sions it b e c o m e s  clear th a t the  h ighest risks can be 
found  in fish a n d  in anim al feed  b ased  o n  fish p rod ­
ucts, particu larly  because  the  dioxin-like PCBs have 
relati\ el)' h ig h  con tribu tion  to the  total TCCD equiv­
alent. A lthough  this ra th er serves the  food  control 
laboratories th a n  environm ental laboratories, it is 
clear that th e re  is a n e e d  for CRMs for PCDDs, 
PCDFs and  dioxin-like PCBs in fish, n ex t to such 
CRMs for o th e r  food  stuffs an d  anim al feed. Such 
CRMs for fish sh o u ld  include certified values for all 
PCDDs, PCDFs and  dioxin-like PCBs w hich  have 
b een  given a TCDD equivalency  factor by the 
W orld H ealth  O rganisation (W H O ) [19]. Given 
the possib le relatively  strict m axim um  residue limits 
w hich m ay b e  p roposed , such  CRMs are of high 
priority.

Table 11 show 's that th e re  are seven  sedim ent 
CRMs for PCDDs, PCDFs an d  dioxin-like PCBs. 
U nfortunately , the  EC-1 to  EC-3 sed im ents only 
contain  ind icative values for the  th ree  non-ortho 
PCBs, w h ereas  the o ther five sed im ents only have 
ind icath  e  (NIST SRM 1944, NWRI DX-3 ) o r certified 
values (NWRI DX-1 and  DX-2) for the  PCDDs and  
PCDFs. The CIL m aterial has b e e n  fortified. A pref­
erably u n sp ik ed  sed im ent CRM in w hich  both  
dioxin-like PCBs and  PCDDs and  PCDFs w ould  
b e  certified w o u ld  be m ost w elcom e.

6. CRMs f o r  ch lor ina te d  benzenes

T here are n o  CRMs for ch lorinated  benzenes in 
biota. O nly HCB is certified in a n u m b er of OCP 
CRMs (Table 2). Table 12 sh ow s eigh t CRMs 
w hich  all hav e  predom inantly  indicative values 
for chlorinated  benzenes, hexach lo robu tad iene , 
and  octachlorostyrene in sedim ents. T hese m ateri­
als, EC-1 to EC-8, w ere all m ade available by the 
National W ater Research Institu te (NW RI), Canada. 
No E uropean  CRMs are available for chlorinated  
b en zen es  in biota. HCB is certified in th ree sedi-
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Table 7
RMs fo r  hydrocarbons  in sediments

C ode EC-1 EC-2 EC-3 EC-4 EC-5 EC-6 EC-7 EC-8

O rganisa t ion  
C ountry  o f  origin 
Matrix

Units
As
[ ± ] expressed as 
Units o f  issue 
Form
A cenaph thene  
Acenaphthylene 
Anthracene  
Benzof a  jan th racene  
Benzo[ b j f luor­
an thene
Benzo[ k jf luoran thene  
Benzo[j  j f luo ran thene  
B e nzo[a ]py rene  
Benzo [ e ] pyrene 
Benzof ghi jperylene 
C hryse ne / t r i -  
phenylene 
Dibenzf a ,h  j a n th r a ­
cene
F luoran thene
Fluorene
Indenof 1 ,2 ,3-cd ]-
pyrene
N a p h th a len e
Perylene
P h e n a n th rene
Pyrene

NWRI NWRI
C a n a d a  Canada
Freshwater  Lake
h a rb o u r  Ontario
sed im e n t  sed iment

M g /g Mg/g
Dry weight Dry weight
± S.D. ±S.D.
100 g  100 g
Freeze-dried Freeze-dried

*0.20 + 0 .04  
* 0 .1 2  ±  0 .0 2

1 .2  ± 0 .3  *0.11 ± 0 .0 2
8 .7  ± 0 .8  1.42 ± 0 .2 5
7.9  ± 0 .9  2.48  ± 0 .0 4 3

4 .4  ± 0 .5  1.93 ± 0 .3 6

5.3 ± 0 .7  1.21 ± 0 .2 8
5.3  ± 0 .6  1.91 ± 0 .3 6
4 .9  ± 0 .7  1.47  ± 0 .3 3
*9.2  ± 0.9  *2.1 5 ± 0.86

*1.3  ± 0.2 0 .49  ± 0.10

2 3 .2  ± 2.0  3 .55  ± 0.41
*2.14 ±0 .4 0

5 .7  ± 0.6  1.55 ± 0.26

*1.47 ±1 .0 5  
*1.1 ± 0 .2  *0 .80  ± 0.26
1 5 .8  ± 1 .2  *1.41 ± 0 .1 6

NWRI NWRI
C a n a d a C a n ad a
Lake Freshwater
O n ta r io ha rb o u r
se d im e n t sed im en t

ng / g ng / g
Dry weight Dry weight
± S.D. ± S.D.
1 0 0 g 1 0 0 g
Freeze-dried Freeze-dried
*22  ± 9 *32  ± 9
*25 ± 8 * 4 8 ± 12
*59  ± 11 * 1 2 4  ± 16
3 1 2  ± 28 * 7 1 2 ± 1 1 7
*505  ± 8 8 * 7 5 3 ± 1 4 8

*271 ± 1 0 4 * 560  ± 5 6 2

386  ± 5 0 * 6 7 5  ± 1 1 4
4 5 0  ± 4 9 * 747  ± 9 3
* 3 4 8  ± 7 0 * 576  ± 122
* 4 5 8  ± 5 9 * 1073  ± 1 5 0

*109  ± 1 7 *241 ± 9 6

5 5 8  ± 46 *1 087  ± 1 3 9
*42  ±21 * 88  ± 3 5
*359  ± 3 6 * 5 6 4  ± 1 01

*35  ± 2 0 * 5 8 ±  14
*195  ±21 * 280  ± 9 3
293  ± 3 3 *732  ± 7 5
4 3 6  ± 4 7 * 1 0 8 5  ± 170

NWRI NWRI
C an ad a C a n a d a
River Lake Erie
sediment sed im e n t

" g / g " g / g
Dry weight Dry w eig h t
± S.D. ± S.D.
100 g 1 0 0 g

* 1 1 3  ± 17 *37 ± 5
*503  ± 4 7 184  ± 27
*480  ± 8 8 267  ± 9 0

*419  ± 4 9 *159  ± 50

*449  ±61 *250  ± 7 6
* 4 4 0  ± 76
*333  ± 5 3 * 1 7 6  ± 4 3
*61 9 ± 6 0 *279  ± 2 9

*195  ± 44 *42 ± 9

*823 ± 74 * 2 9 7  ± 48
*84  ± 26 *17 ± 3
*386  ± 66 * 1 5 7  ± 53

*26 ± 6 *75 ± 1 2
* 1 8 7  ± 2 8 *0 .075
*612  ± 57 * 138  ± 12
* 9 8 7  ± 1 3 4 * 337  ± 4 8

NWRI NWRI
C a n a d a  C an ad a
Lake Lake
St. Clair  O ntar io
sed im e n t  sed im ent

*3 ± 1 * 13 ± 3
*13 ± 7 *28  ± 4
*22 ± 5 *41 ± 6
* 1 1 0  ± 22 *168  ± 1 8
*90  ± 3 2 *208  ± 2 4

* 8 4  ± 2 * 2 9 4  ± 37

* 1 0 3  ± 48 *207  ± 26
*531 ± 1 7 7

*95  ± 8 *1 76 ± 32
* 1 8 2  ±51 *378 ± 3 8

*34  ± 6 * 3 1 6  ± 79

* 1 9 6  ± 32 *462 ±41
*1 6 ± 4 *19  ± 2
*62 ± 1 4 *34  ± 6

*40  ± 9 +io*

*0 .040 *202 ± 2 5
*180  ± 1 7 * 2 3 4 ± 1 9
*306  ± 58 *327 ± 3 016.7  ± 2 .0  2 .92  ± 0.31

Values preceded  by an  asterisk (*) are non-certif ied;  all o th e r  values are certified.

ng / g  Rg / g
Dry weight Dry weight 
± S.D. ± S.D.
1 0 0  g  1 0 0  g

Freeze-dried Freeze-dried Freeze-dried Freeze-dried
*29 ± 9  *7 ± 2
*41 ± 9  *12 ± 4

m ent CRMs (NIST 1944, NWRI EC-2 an d  EC-3) for 
OCPs (Tables 8 an d  12). T he deg ree  o f difficulty of 
this ty p e  o f analysis m ay be one  o f the  reasons for 
th e  lack  o f g o o d  CRMs. O bviously, there  is a  need  
for m ore  CRMs for ch lo rinated  b en zen es  and octa- 
ch lo rosty rene  in b io ta  an d  sedim ents.

7. C R M s fo r  o r g a n o t in  c o m p o u n d s

T w o CRMs are available for antifouling com ­
poun d s: BCR 477, show ing  certified values for tri-, 
di- and  m onobuty ltin  (TBT, DBT and  MBT) an d  the 
Ja p a n e se  m aterial NIES 11 show ing a certified value 
fo r TBT an d  an  indicative value for triphenyltin  
(Table 5). G iven the  concern  abou t environm ental

levels o f TBT in m arine organism s, the production  
o f m ore CRMs seem s to be  justified . Table 13 show s 
o n e  CRM for antifouling co m p o u n d s  in sedim ent: 
BCR 462, w hich is a coastal sed im en t and  has certi­
fied  values for TBT an d  for DBT. A lthough, adm it­
tedly, only a few  specialised  laboratories study  
organo tin  com pounds in sed im ents, tone  CRM is a 
very  sm all basis, ev en  to serve  this lim ited num ber 
o f laboratories.

8. Conclus ions

A lthough a n u m b er of g o o d  quality  CRMs have 
b e e n  p ro d u ced  over the last tw o decades, th e re  is 
still a n eed  for a num ber o f  g o o d  CRMs to s e n  e
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Table  8
RMs fo r  chlorinated pesticides in sediments

Code SRM 1944 SRM 1939a IAEA 383 IAEA 408

O rganisa tion SRM NIST SRM NIST IAEA IAEA
C oun try  o f  origin USA USA M onaco M onaco
Matrix New York, New Jersey, River Sediment Sedim ent

W aterway sediment sed iment (Tagus E stuary  m udfla ts) (Venice Lagoon )
Units m g / k g f ig /k g f ig /k g f ig /k g
As Dry weight Dry weight Dry weight Dry weight
[ ± ] expressed as 95% Cl 95% Cl 95% Cl 95% Cl
Units o f  issue 50 g 50 g 35 g 40  g
Form Freeze-dried Air-dried Freeze-dried, <  250  Um Freeze-dried, < 1 5 0  gm
Hexach lorobenzene 6.03 ± 0 .3 5 *38 ( 1 7 - 5 7 ) 0.41 ( 0 .3 0 - 0 .5 7 )
a -H C H *2.0  ± 0 .3 *0.29 ( 0 . 1 3 - 3 . 7 ) *0.61 ( 0 . 2 1 - 1 . 5 )
ß-HCH *0.57 ( 0 . 2 6 - 9 . 7 ) *0 .55  ( 0 . 3 8 - 1 . 7 )
y-HCH *0.46 (0 .1 6 -1 .1  ) 0 .19  ( 0 .1 1 - 0 .2 0 )
Aldrin *1.4  ( 0 . 8 4 - 5 . 9 ) *0.41 ( 0 . 2 - 0 . 2 3 )
traws-Chlordane *8 ± 2 *1.4  ( 0 . 8 - 1 . 9 ) *0 .27  ( 0 . 0 6 - 0 . 4 8 )
cis-C h lo rdane 16.51 ± 0 .8 3 4 .8  ± 1 .3 *0.47 ( 0 . 0 6 - 0 . 7 3 ) *0.12 ( 0 .1 0 - 0 .3 4 )
H eptach lor *1 ( 0 . 5 1 - 2 . 5 ) *0.42 ( 0 . 2 3 - 0 . 7 0 )
H ep tach lo r  epoxide *1.5  ( 0 . 4 2 - 5 . 9 ) *0 .64  ( 0 . 4 3 - 1 . 5 )
trafls-Nonachlor 8.20 ± 0.51
c/s-Nonachlor *3.7  ±0 .7
Dieldrin *0.27  ( 0 . 1 - 0 . 5 7 ) *0.3  ( 0 . 3 0 - 0 . 4 8 )
2 ,4 '-D D E *1.9  ± 3 *0.21 ( 0 . 0 6 2 - 0 . 7 3 )
4 ,4 '-D D E * 8 6 ± 1 2 1.2 ( 0 . 7 5 - 1 . 8 ) 1 .4  ( 0 . 8 8 - 2 . 0 )
2 ,4 ' -D D D *38 ± 8 *1.2  ( 0 . 5 4 - 2 . 5 ) *0.19 ( 0 .1 8 -0 .3 3 )
4 ,4 ' -D D D *108 ± 1 6 5 .50  ± 0.97 *1.8  ( 0 . 8 - 3 . 6 ) *0 .87  ( 0 .5 6 - 1 .7 )
2 ,4 ' -D D T *0.39 ( 0 . 0 6 7 - 0 . 8 2 ) *0 .38  ( 0 .0 9 - 3 .8 )
4 , 4 ' -DDT 119 ± 11 2 .72  ± 0 .4 2 *2.4  (0 .8 6 -6 .1  ) 0 .67  ( 0 .4 8 - 0 .9 8 )
Endrin *1.1 ( 0 . 4 - 1 . 8 ) *0 .57  ( 0 .1 4 - 1 .2 )
a -E ndosu lfan *0.31 ( 0 . 1 5 - 0 . 5 7 ) *1.6  ( 0 .3 -6 .2  )
Endosulfan sulfate *1.7  (0 .9 2 -7 .1  ) *1 .6  ( 0 . 5 - 8 . 2 )

For non-IAEA materials, values preceded by an asterisk (*) a re  non-certified;  all o th e r  va lues are certified. For IAEA mater ials,  values 
preceded  by  an asterisk are classified as  information values; all o th e r  values are classified a s  recom m ended .
Note:  NWRI EC1-8 contain  certified and  reference ch lorobenzene values in sediments a n d  include hexach I o ro  benzene HCB. These results 
are p resen ted  in Table 12.

laborato ries w ork ing  in the field of organic co n tam ­
inan t analysis in the aquatic  environm ent. In  order 
o f priority, there  is a n eed  for CRMs for PCDDs, 
PCDFs an d  non- and  m ono-ortho  PCBs having 
W H O  TEF values in b io ta  an d  sedim ents, PAHs in 
shellfish, OCPs in w et biota an d  sedim ent, PCBs in 
w et sed im ent, ch lorinated  b en zen es  in b io ta  and  
sed im en t an d  organotin  com pounds in b io ta  and  
sedim ent. In  addition, the p roduction  o f CRMs for 
n ew  contam inants such  as b rom inated  flam e 
retardants shou ld  be considered. As regards the 
available CRMs, laboratories shou ld  critically eval­
ua te  the  p rocess o f their p roduction  and certifica­
tion, p rio r to  using  them , as there  is a w ide range in 
quality. Also, supp liers o f CRMs shou ld  inform  the 
users on  ho w  to use the available CRMs [20]. A

definition o f  m inim um  requ irem ents for the 
production  o f  CRMs and registration and  accredita­
tion  of p roducers, w hich w o u ld  help  the  user to 
distinguish CRMs from  RMs, is h ighly recom ­
m ended.
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Table 11
RMs fo r  chlorinated dioxins and  furans and non-ortho  PCBs in sediments

Code SRM 1944 EC-1a EC-2a EC-3a DX-1 DX-2 DX-3

Organisation SRM NIST NWRI NWRI NWRI NWRI NWRI NWRI
Country  o f  origin USA C a n a d a C a n a d a C a n a d a C a n ad a C a n a d a C a n ad a
Matrix New York, H arb o u r Lake River Grea t  Lakes Lake O ntar io G rea t  Lakes

New Jersey, sed iment sediment sed im en t blend sediments sed iment
W aterway
sediment

Units P g / kg ng / g P g / g P g / g P g / g P g / g P g / g
As Dry weight Dry weight Dry weight Dry weight Dry weight Dry weight Dry weight
[ ± ] expressed as 95% Cl ± S.D. ± S.D. ± S.D. 95% Cl 95% Cl R obus t  95% 

pred intervals
Units o f  issue 50  g 1 0 0 g 1 0 0 g 1 0 0 g 50 g 5 0  g 50  g
Form Freeze-dried Freeze-dried Freeze-dried Freeze-dried Freeze-dried Freeze-dried Freeze-dried
2,3,7 ,8 -TCDF *0 .0 3 9  ± 0.01 5 *89 ± 4 4 * 1 3 4  ± 61 *47 ±31
Tota l TCDF *0.7  ±0 .2 659 ± 2 5 9 9 7 5  ± 5 8 8 *555  ± 359
1 ,2,3 ,7 ,8 -PCDF *0.045  ± 0 .0 0 7 39  ± 14 4 6  ± 10 *35 ± 1 7
2,3 ,4 ,7 ,8-PCDF *0 .0 4 5  ± 0 .0 0 4 62 ± 32 8 8  ± 2 8 * 4 5 ± 1 6
Tota l PCDF * 0 .7 4  ± 0.07 790  ± 4 8 9 91 6 ± 351 *589  ± 3 6 9
1 ,2 ,3 ,4 ,7 ,8-HxCDF *0 .22  ±0 .0 3 7 1 4  ± 276 8 2 5 ± 3 4 8 * 4 3 7 ± 1 5 1
1 ,2 ,3 ,6 ,7 ,8-HxCDF *0 .09  ±0.01 116 ± 3 7 153  ±61 *96 ± 4 6
1 ,2 ,3,7 ,8 ,9 -HxCDF *0 .0 1 9  ± 0.01 8 *28 ± 4 2 * 3 6  ± 45 *16 ± 3 2 b
2 ,3 ,4 ,6 ,7 ,8-HxCDF * 0 .0 5 4  ± 0 .006 *57 ± 36 * 7 0  ± 4 7 *39 ± 31
Total  HxCDF * 1 .0 ± 0 .1 1800  ± 8 0 9 2111 ± 6 6 2 *1241 ± 4 7 7
1 ,2 ,3 ,4 ,6 ,7 ,8 -H pC D F * 1 .0 ± 0 .1 2 3 9 7  ± 7 9 6 3 0 6 4  ± 7 4 5 *1923  ± 5 5 8
1 ,2 ,3 ,4 ,7 ,8 ,9 -H pC D F *0 .0 4 0  ± 0 .0 0 6 137 ± 62 152  ± 8 4 *98 ± 3 9
Total  HpCDF *1.5  ± 0.1 3 5 6 7 ± 1 1 6 5 4 0 6 8  ± 1306 * 2 4 5 5  ± 7 3 7
OCD F *1.0  ±0.1 7 1 2 2  ± 2406 7 8 3 0 ± 3 0 8 7 * 3 8 7 5 ± 1 3 2 8
2,3 ,7,8-TCDD *0.133  ± 0 .0 0 9 263 ± 5 3 2 6 2  ± 51 *121 ± 4 3
Tota l TCDD *0 .25  ± 0.01 4 1 6  ± 121 41 8 ± 1 2 5 *251 ± 1 5 7
1 ,2 ,3 ,7 ,8-PCDD *0.019  ± 0 .002 22 ± 8 2 8  ± 14 *19  ± 7
Tota l PCDD *0.19 ± 0 .06 2 2 6 ± 1 4 3 2 5 3 ± 1 5 0 * 2 0 4 ± 1 4 3
1,2 ,3 ,4 ,7 ,8-HxCDD *0.026  ± 0 .0 0 3 23 ± 7 25  ± 8 *20  ± 1 0
1,2 ,3 ,6 ,7 ,8-HxCDD *0.056  ± 0 .0 0 6 77  ± 2 7 85  ± 3 3 *60  ± 1 8
1 ,2 ,3,7 ,8 ,9 -HxCDD *0.053  ± 0 .0 0 7 53 ± 2 4 5 8  ± 1 9 *37  ± 1 6
Tota l HxCDD *0.63 ± 0 .0 9 669  ± 1 8 5 7 3 9  ± 2 1 8 * 5 4 7 ± 1 5 8
1 ,2 ,3 ,4 ,6 ,7 ,8 -H pC D D * 0 .8 0  ± 0 .07 6 3 4 ± 1 8 2 7 5 7  ± 320 *501 ± 1 2 9
Tota l HpCDD *1.8  ± 0.2 1251 ± 9 3 3 1 4 8 6  ± 476 * 9 4 2 ± 2 8 3
OCDD *5.8  ± 0.7 3 9 3 2  ± 9 3 3 4 4 0 2 ± 1 2 5 7 *3067  ± 8 8 8
Tota l CDFs *5.0  ± 0 .9 13 676  ± 3 7 7 7 1 5 9 8 1  ± 4 1 7 7
Tota l CDDs *8 .7  ± 0 .9 6 4 9 0  ± 1309 7 2 9 4  ± 1 7 8 3
Tota l toxic equivalent *0 .25  ± 0.01
PCB 77 *4.1 *4.8 *4.5 *2 5 6 0  ± 9 9 0
P C B 126 *0.7 *0.175 *0 .175 * 1 0 7  ± 8 0
PCB 1 69 * < 0 . 0 1 6 *0 .020 *0 .018 * 14 ± 13

Values preceded by an  as terisk (*) are non-certified;  all o ther  values are certified.
aNWRI EC1-3 no n -o r th o  PCBs -  these  values are preliminary in n a tu re  and are provided as guideline only. 
'’NWRI note  -  this distr ibution implies less th an  95% confidence.

determ ination o f trace organic constituents in enviro- 
mental sam ples, in: D. Barceló (Editor), Sample Han­
dling and Trace Analysis o f Pollutants: Techniques, 
Apllication and Quality Assurance, Elsevier Science 
BV, Amsterdam, 1999.

[4] D.E. Wells, J. de Boer, L.G.M.Th. Tuinstra, L. Reuter- 
gârdh, B. Griepink, Fresenius Z. Anal. Chem. 332 
(1988) 591.

[ 5 ] J. de  Boer, j .C.. Duinker, J.A. Calder, J. van der Meer, 
J. Assoc. Off. Anal. Chem. "~5 (1992) 1054.

[6] J. de  B oer,J. van der Meer, L. Reutergârdh, J.A. Calder, 
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Table  13
RMs fo r  organic  c o m p o u n d s  in m arine sed im ents

Code BCR 462

Organisation BCR
C ountry  o f  origin EU
Matrix Coastal  sed im en t
Units hg/l<g
As Dry weight
[ ± ] expressed as Expanded uncertain ty3
Units o f  issue 25g
Form Air-dried
TBT 54 ± 15
DBT 68 + 12

Values preceded by  an asterisk (*) are non-certified; all o ther  
values are certified.
' 'Expanded uncertainty U = h u c calculated accord ing  to  ISO / 
BIPM guide with coverage fac tor  k = 2.
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