
UNITED NATIONS ENVIRONMENT PROGRAMME 12 November 1984

Determination o f methylmercury in 

selected marine organisms by gas chromatography

Reference M ethods For M arine Fbliution Studies N o. 13

P r e p a r e d  i n  c o - o p e r a t i o n  t i i t h



h q  t o  i  t h i s  d  o c  LU o n t  h a «  h a a n  p r e p a r a d  i n  c o - o p e r a t i o n  b e t w e e n  t h e  F o o d  w * j  

A g r i c u l t u r a  O r g a n i z a t i o n  o f  t h e  U U t e d  N a t l  o n a  ( F A O ) ,  t h e  I n t e r n a t i o n a l  

A t o o  i o  C n e r g y  A g e n c y  ( I A E A )  a n d  t h a  U n i t e d  N a t i  o n a  e n v i r o n m e n t  P r o g  r a i a e  
(U N E P )  u > d w  p r o j e c t a  F P / « / Q 5 Q 5 - 7 5 - 0 7 ,  H E / S 1 0 2 - 8 1 - 0 1 ,  F P / 5 1 0 2 - 7 7 - 0 }  a n d  

F P / 3 1 0 1 - 8 4  * 4 1 .

F o r  b i b l i o g r a p h i c  p u r p o s e s  t h i s  d o c  u s a n t  may  b e  c i t e d  o s :

U N E P /F A Q /IA E A : D e t e r m i n a t i o n  o f  m e t h y l m e r c u r y  i n  s e l e c t e d  a a r i n «  o r g a n  i  a n a  b y

g « s  c h r o m a t o g r a p h y .  R e f e r e n c e  M e t h o d s  f o r  M a n n ©  P o l l u t i o n  

S t u d i e s  N o .  1 3 ,  UNEP 1 9 8 4 .



-  i  “

PftErACE

The R e g io n a l  S e a s  Prog to n n e  waa i n i t i a t e d  by (MEP i o  177A. S in c e  th e n  th e  
G o v ern in g  C o u n c i l  o f  UNEP h a a  r e p e a t e d l y  e n d o r s e d  a  r e g i o n a l  ap p ro a c h  t o  t h e  
c o n t r o l  o f  m a r in e  p o l l u t i o n  and t h e  management o f  m a r in e  an d  c o a s t a l  r e s o u r c e s  
end lias r e q u e s t e d  th e  O cvelo fm ent o f  r e g i o n a l  a c t i o n  p la n s *  The R e g io n a l  Seas 
Programme e t  p r e s e n t  i n c l u d e s  t e n  r e g i o n s  and h a s  o v a r  120 c o a s t a l  S t a t e s  
p a r t i c i p a t i n g  i n  i t .  ^  ^

One o f  t h e  b a s i c  com ponents  o f  t h e  a c t i o n  p l a n s  s p o n s o re d  by UnEP i n  th e  
framework o f  R eg io n a l  S e a s  Programme i s  t h e  a s s e s s m e n t  Of t h e  s t a t e  o f  n e r i n e  
en v iro n m e n t  end o f  i t s  r e s o u r c e s }  o f  t h e  s o u r c e s  and t r e n d s  o f  t h e  
p o l l u t i o n ,  and th e  im p ac t  o f  p o l l u t i o n  on human h e a l t h }  m ar in e  ec o sy s te m s  an d  
art an i  l i e s .  In  o r d e r  t o  a s s i s t  t h o s e  p a r t i c i p a t i n g  i n  t h i s  a c t i v i t y  en d  t o  
e n s u r e  t h a t  t h e  d a t a  o b t a i n e d  th ro u g h  t h i s  a s s e s s m e n t  can  b e  com pared on a  
w o r ld -w id e  b a s i s  and t h u s  c o n t r i b u t e  t o  t h e  G lo b a l  E nv ironm ent M o n ito r in g  System 
(GEMS) o f  UNEP« a  s e t  o f  r e f e r e n c e  m ethods  and g u i d e l i n e s  f o r  m ar in e  p o l l u t i o n  
s t u d i e s  a r e  b e in g  d ev e lo p e d  and a r e  recommended t o  b e  a d o p te d  b y  Governments 
p a r t i c i p â t  trig  i n  t h e  R e g io n a l  S e a s  Programme.

The m ethods  end g u i d e l i n e s  a r e  p re p a re d  i n  c o - o p e r a t i o n  w i th  t h e  r e l e v a n t  
s p e c i a l i z e d  b o d ie s  o f  t h e  U n i te d  N a t io n s  a y a te «  a s  w a l l  a s  o t h e t  o r g a n i z a t i o n s  
and a r e  t e s t e d  by a  number o f  e x p e r t s  c o m p e te n t  i n  t h e  f i e l d  r e l e v a n t  t o  t h e  
¿Aetbods d e s c r i b e d .

I n  t h e  d e s c r i p t i o n  o f  t h e  m e th o d s  end g u i d e l i n e s  t h e  s t y l e  u se d  by t h e  
I n t e r n a t i o n a l  O r g a n iz a t io n  f o r  S t a n d a r d i z a t i o n  (ISO ) i s  fo l lo w e d  a s  c l o s e l y  a s  
p o s s i b l e .

The Arathods en d  g u i d e l i n e s ,  a s  p u b l i s h e d  i n  UNEP1 a  s e r i e s  o f  R e fe re n c e  
M ethods f o r  M arine  P o l l u t i o n  S tu d i e s «  a r e  n o t  c o n s i d e r e d  e s  f i n a l .  They a r e  
p l a n n e d  t o  b e  p e r i o d i c a l l y  r e v i s e d  t a k i n g  i n t o  e c o o in t  t h e  d eve lopm en t o f  o u r  
u n d e r s t a n d in g  o f  t h e  p ro b le m s ,  o f  a n a l y t i c a l  i n s t r u m e n t a t i o n  and t h e  a c t u a l  need 
o f  t h e  u s e r s .  I n  a rd o r  t o  f a c i l i t a t e  t h e s e  r e v i s i o n s  t h e  u s e r s  a r e  i n v i t e d  to  
en n v ey  t h e i r  comments and s u g g e s t i o n s  t o :

I n t e r n a t i o n a l  L a b o r a to ry  o f  M arine 
K 4 d L O $ c tlv ity  

I n t e r n a t i o n a l  Atomic E nergy  Agency 
c / o  i lusde O céanographique  
MC9SOOQ MONACO

w hich  i s  r e s p o n s i b l e  f o r  t h e  t e c h n i c a l  c o - o r u i n a t i o n  o f  t h e  d ev e lo p m e n t,  t e s t i n g  
an d  i n t e r c a l i b r a t i u n  o f  r e f e r e n c e  m ethods .

1 /  UNEP: A ch ievem ents  and p la n n e d  d eve lopm en t o f  UNEP's R eg io n s!
Programme an d  co m p arab le  program mes s p o n s o re d  b y  o l f te r  b o d ie s»  UNEP 
R eg io n a l  S eas  R e p o r t s  and 5 t u d i c a  No. 1 UNEP, 19Q2.

2 /  P .  HUIM: A S t r a t e g y  f o r  t h ?  S e a s .  The R e g io n a l  Sooa Programme: H ast  and
<- I _ . I «neo  ̂Qfl Ç



T h is  i s s u e  o f  t h e  R e fe r e n c e  Method f o r  M arine  P o l l u t i o n  S t u d i e s  No. i ;  
was p r e p a r e d  in  c o - o p e r a t i o n  w i th  t h e  Food and A g r i c u l t u r e  O r g a n iz a t i o n  o f  th i  
U n i ted  N a t i o n s  (FAQ) an d  t h e  I n t e r n a t i o n a l  Atomic E nergy  Agency (IA EA). II 
i n c l u d e s  comments r e c e i v e d  from th e  FAO/UNEP/IAEA E x p e r t s  C o n s u l t a t i o n  Meetiru 
o n  R e fe r e n c e  Methods f o r  t h e  D e te rm in a t io n  o f  C hem ica l C o n tam in a n ts  i n  H arin t  
O rganism s (Rome, 4 -8  Ju n e  1994) and from a  number o f  s c i e n t i s t s  who review ec 
and t e s t e d  t h e  m e th o d .  The a s s i s t a n c e  o f  a l l  th o s e  vho c o n t r i b u t e d  t o  th< 
p r e p a r a t i o n  o f  t h i a  r e f  e r a n e a  method i s  g r a t e f u l l y  acknow ledged .
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j .  s c o p e  ant> f i e l d  or a p p l i c a t i o n

' f t i i s  ce  f e r e n e e  m eth o d  d e s c r ib e s  a g a s  c b r c « e t o g r # p b l c  a n a l y s i s  f o r  t h e  
d e t e r m i n a t i o n  o f  m eth y lm ercu ry  (MeHg) i n  b i o l o g i c a l  m a t e r i a l  a f t e r  l i b e r a t i o n  o f  
Kerig w i th  a  s t r o n g  a c i d  from  a  h o n o q en ized  s a m p le .  D e te c t i o n  l i m i t  0.G01 mgkg 
IX ,
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d e t e r m in a t i o n  o f  m e th y lm e rcu ry  i n  f i s h  b y  g a s - l i q u i d  ch ro m a to g rap h y .  3.A04C 
55 /590-595 .

UNEP/FA0/1AEA (1 9 8 4 )  S am p lin g  o f  s e l e c t e d  m ar in e  o rg a n ism s  and sam ple  
p r e p a r a t i o n  f o r  t r a c e  m e t a l  a n a l y s i s *  Ref©pence M ethods f o r  M arino P o l l u t i o n  
S tu d ie s  No. 7 R ev .  Z ,  UNEP, G eneva.

UN£P/FAO/IAEA ( i n  p r e p a r a t i o n )  G u i d e l i n e s  f o r  m o n i to r in g  c h e m ic a l  c o n ta m in a n ts  
i n  m arine  o rg a n is m e .  R e fe r e n c e  M ethods f o r  M arine  P o l l u t i o n  S t u d i e s  Wo. 6 , 
UNEP» Geneva.

WESTOO, G. (1 9 7 4 )  M ethodology f o r  m ercury  an d  m eth y lm ercu ry  f o r  food  
c o n ta m in a t io n  m o n i t o r i n g .  Working p a p e r  f o r  FAD/WHO e x p e r t  c o n s u l t a t i o n  to  
i d e n t i f y  t h *  fo o d  c o n ta m in a n t s  to  b e  m o n i to r e d  an d  t o  recommend sam p lin g  p ln n s  
ond m ethodology . Rama, 7 -1 1  O c to b e r ,  1974. Rome, FAQ-ESN:M0N/74/17.

3 .  PRINCIPLES

An a l i q u o t  o f  t h e  s a m p le ,  p r e p a r e d  a c c o rd in g  t o  UNEP/FAO/ÍAEA (1 9 8 4 )  i s  
homogenized an d  t h e  m e th y lm e rcu ry  (MeKq) i n  b i o l o g i c a l  n o t a r i a l  i s  l i b e r a t e d  
w i th  a  s t r o n g  a c i d  ( H B r ) . The MeHg i s  t h e n  e x t r a c t e d  w i t h  a n  o r g a n ic  s o lv e n t  
(benzene)  and th e  MeHg s e p a r a t e d  from i n t e r f e r i n g  i m p u r i t i e s  by e x t r a c t i o n  w i th  
a n  aqueous e t h a n o l i c  s o l u t i o n  c o n t a i n i n g  s  th io l-co m p o u n d  ( c y s t e i n e ) .  A f t e r  
l i b e r a t i n g  t h e  MeHg from  t h e  th io l-co m p o u n d  w i t h  a  s t r o n g  a c i d  and e x t r a c t i n g  
a g a in  w i th  4n o r g a n i c  s o l v e n t  t h e  e x t r a c t  i s  a n a ly s e d  by g a s - l i q u i d  
C hrom atography .
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4 .  REAGENTS

F o r  t n i s  a n a l y s i s  u s e  o n ly  d i s t i l l e d  w a t e r  en d  r e a g e n t s  o f  r e c o g n iz e d  
a n a l y t i c a l  q u a l i t y .

4 . 1  D e m in e re l iz e d  d i s t i l l e d  w a t e r  o r  w a te r  o f  e q u i v a l e n t  q u a l i t y ,  f r e e  from 
m e rc u ry .

4 . 2  C o n c e n t r a t e d  IC I  ( ¿ ¿ qoq s  1 -1 9  g l  ^ ) ,  s u p ra p u re  o r  s i m i l a r .

4 . 3  H v d r o c h lo r i c  a c i d ,  6  N.

Mix e q u a l  v o lu n e s  o f  d i s t i l l e d  w a te r  ( 4 . 1 )  w i th  c o n c e n t r a t e d  HC1 ( 4 . 2 ) .

4 . 4  Sodium brom ide .

4 . 5  Sodium s u l p h a t e ,  a n h y d r o u s .  D r ie d  o v e r n i g h t  e t  45<)*C.

NOTE: Sodiun  s u l p h a t e  may b e  c o n ta m in a te d  w i th  s u b s t a n c e s  w hich  c a u aa
i n t e r f e r e n c e s .  C a r e f u l l y  c h e c k  t h i a  r e a g e n t .

4 . 6  C y s te in e  s o l u t i o n .

1 .0 0  g  c y s t e i n e  h y d r o c h lo r id e  (1  H^O)
0 .7 7 5  g  sodium a c e t a t e  (3  HjQ)
12 .5  g  anhydrous  sodium  s u l p h a t e  
ab o u t  50 ml e t h a n o l ,  m ercu ry  f c e e

D is s o lv e  t h e  r e a g e n t s  i n  a b o u t  50 ml o f  d i s t i l l e d  w a te r  ( 4 . 1 )  and d i l u t e  
t o  100 ml w i th  e t h a n o l .  P r e p a r e  a  f r e s h  s o l u t i o n  e v e ry  3 d a y s .

4 . 7  B enzene .  O i s t i l  w i th  a  Widmer column ( 3 . 1 2 ) .

4 . 8  S ta n d a rd  s o l u t i o n s  o f  m c th y lm e rc u c y .

4 . 8 . 1  S to c k  s o l u t i o n :  100 t ¡q H gl“1 . Weigh Û .1254 g m eth y lm ercu ry  
c h l o r i d e  t o  t h e  n e a r e s t  0 .0 0 0 1  g . T r a n s f e r  t o  a  1000 ml v o l u n e t n c  f l a s k .  
B r in g  to  volume w i t h  d i s t i l l e d  w a te r  ( 4 .1 )  and m ix.

MU i t  : I h i e  s o l u t i o n  i s  s t a b l e  f o r  y e a r s .

4 . 3 . 2  C a l i b r a t i o n  s o l u t i o n ;  1 .00  / jg  Hgl 1 . D i l u t e  l.CU ml o f  t h e  s t o c k
s o l u t i o n  ( 4 . 3 . 1 )  i n  a  100 ml v o lu m e t r i c  f l a s k  and b r i n g  up t o  volume w i th  
d i s t i l l o d  w a te r  ( 4 . 1 ) .

NOTE: T h is  s o l u t i o n  m ust n o t  b e  o l d e r  t h a n  2 d ay s .

4 . 8 . 3  S tock  so L u t io n  f o r  g a s  ch ro m a to g rap h y :  100 p g  Hgl Weigh 0 .1 2 5 4
g  m eth y lm ercu ry  c h l o r i d e  to  t h e  n e a r e s t  0 .0 0 0 1  q .  T r a n s f e r  t o  a  1000 ml
v o l u m e t r i c  f laS K - B r in g  to  volum e w i th  b en z en e  ( 4 . 7 )  and n i x .
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NOTE: m i s  s o l u t i o n  l a  s t a b l e .

à , 8 .A  S ta n d e r d  s o l u t i o n s :  0 . 0 5 f 0*10, 0 . 2 0 ,  0 .3 0  ng Hçÿjl

» s i n g  v o lu m e t r i c  f l a s k s  ( 5 . 9 ) ,  d i l u t e  a p p r o p r i a t e  a l i q u o t s  ( e . g .  0 . 0 5 ,
1 . 1 0 ,  0 . 2 0 ,  0 . 3 0  tol) o f  t h e  s t o c k  s o l u t i o n  ( f t .8 . 3 )  i n  b en z en e  ( f t . 7) so  t h a t  w i th  
5  p i  t h e  f a l l o w in g  m o u n t s  c a n  b e  i n j e c t e d  i n t o  t h e  g a s  ch ro m a to g rap h  » 0 .2 5 ,
0 . 5 ,  1 . 0 ,  1 . 5  ng Hg. Keep t h e  s o l u t i o n s  w e l l  c l o s e d  t o  a v o id  e v a p o r a t i o n .

NOTE: T h is  s o l u t i o n  I s  s t a b l e  f o r  s e v e r a l  m o n th s .

4 . 9  T t j ram i l ic  a l c o h o l ,  a n t i f o a m  6  em u ls io n  ( e . g .  f i s h e r  C o rp .)  o r  s i a l l l a r .

f t . l d  W orking « a t r i t f s  P r e p o r e  e  s u f f i c i e n t l y  l a r g e  amount o f  b i o l o g i c a l  t i s s u e  
t o  l a s t  s e v e r a l  d e t e r m i n a t i o n s  ( e . g .  300 g fW) a c c o rd in g  t o  ( 9 . 1 ) .  Homogenize 
w i t h  a  s t a i n l e s s  s t e e l  b l e n d e r  o r  o t h e r  homogenize? ( 5 . 1 ) .

T e s t  f o r  hom ogeneity  b y  r u i n i n g  5 e x t r a c t i o n s  ( 9 . 1 )  and a n a l y s e s  ( 1 0 . 3 ) .  
I f  t h e  c o e f f i c i e n t  o f  v a r i a t i o n  i s  l e s s  t h e n  20% t h e  w o rk in g  n a t r i x  i s  r e e d y  f o r  
u s e .  O th e rw is e  hom ogenize t h e  w ork ing  m a t r i x  a g a in  o r  p r e p a r e  a  new w ork ing  
m a t r i x .

KOTE*. The w orking m a t r ix  s h o u ld  h e  p r e p a r e d  from sp e c im e n s  o f  t h e  ssffie 
s p e c i e s  w hich  w i l l  b e  a n a ly s e d .

5 . APPARATUS

5 . 1 .  hom ogenize? ( e . g .  P o l y t r c n ) .

5 . 2  B ulb  p i p e t t e s ,  1 .0 0  m l ,  2 .0 0  m l ,  3 .0 0  m l ,  4 .0 0  m i ,  5 .0 0  m l ,  1 0 .0 0  m l,
1 5 .0 0  m l ,  5 0 .0  ml and g r a d u a t e d  p i p e t t e s ,  1 . 0  m l ,  5 . 0  m l an d  IO  m l.

5 -3  G ra d u a te d  c y i i n d e c ,  100 m l.

5 . 4  Çrlenm«syer f l a s k s ,  200  ml and 2000 ml»

5 . 5  S epar« t i o n  f u n n e l s ,  75 ml c a p a c i t y .

5 . 8  T e s t  t u h e a  w i th  g ro u n d  j o i n t s  ond s t o p p e r s  , 5  ml and 15 ml c a p a c i t y .

5 .7  C e n t r i f u g e  t u b e s ,  200 ml c a p a c i t y ,  co m p le te  w i t h  g ro u n d  g l a s s  s t o p p e r s .

5 .8  C e n t r i f u g e  t u b e s ,  1 0 -15  ml c a p a c i t y .

5 .9  V o U m e tr ic  f l a s k s ,  10 m l,  100 m l,  200 m l ,  500 ml an d  1QOO ml c a p a c i t y .

5 .1 0  C e n t r i f u g e ,  600 g  o r  f a s t e r ,  a t  l e a s t  200 mi c a p a c i t y .
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I

5 .11  M e c h a n ic a l  s h a k e r  f o r  m ix in g  s o l u t i o n s .

5 .1 2  Widmer d i s t i l l a t i o n  a p p a r a t u s  c o m p le te  w i th :

-  f l a s k ,  round  b o ttom  and g ro u n d  j o i n t  2 9 /3 2 ,  3  1 c a p a c i t y .

-  H e a t in g  m a n t le  f o r  t h i s  3 1 f l a s k  w i th  e n e rg y  r e g u l a t o r ,  500 W.

-  A d a p te r  w i th  two g r o u id  j o i n t s  29 /32  end one g ro u n d  j o i n t  i f t / 2 3 ,  w i t t  
th e rm o m e te r .

-  C o i l  c o n d e n s e r  w i th  ground j o i n t  2 9 /3 2 ,  c o i l  l e n g t h  20 cat.

-  D i s t i l l a t i o n  c o l im a ,  W idner ,  w i t h  g ro u n d  J o i n t s  2 9 /3 2 ,  e f f e c t i v e  leng th
2 0  cm.

5 .13  Gas ch ro m a to g rap h  w i th  e l e c t r o n  c a p t u r e  d e t e c t o r  (^H o r  ^ N i )  ani 
r e c o r d e r ,  c o m p le te  w i th :

-  5  X 1 / 8 °  g l a s s  c o i  i n n  c o n t a i n i n g  l i t h i u m  c h l o r i d e  an d  5 5  phenyl
d i e t h a n a l a m i n e  s u c c i n a t e  (POCAS) on Chroraosorb W, AW, DMCS, o r  s i m i l a r : 
6 0 /3 0  mesh;

-  a  s u p p ly  o f  c a r r i e r  gaa  (g a s  f lo w  r a t e  6 0 -7 5  ml min * )  p u r i f i e d  bj
a  M o lecu la r  S ie v e .

P r e p a r a t i o n  o f  t h e  c o i  i n n  and c o n d i t i o n i n g :

D i s s o l v e  0 . 5  g l i t h i u m  c h l o r i d e  and 1 . 5  g pheny l d i e t h a n o l  d io th y lo m in t  
s u c c i n a t e  in  2 . 5  ml e t h a n o l  and 50 ml a c e to n e  i n  a  round  b o t to m  f l a s k .  Add 10 < 
Chroflicsorb W, 6 0 /8 0  mesh, AW, CMC S o r  s i m i l a r  . E v a c u a te  t h e  f l a s k  u n t i l  a lJ  
a i r  b u b b le s  h a v e  d i s a p p e a r e d .  A f te r  1C ra in , t r a n s f e r  t h e  m ix tu r e  i n t o  a  q l a s ¡  
f i l t e r  f u n n e l  and remove t h e  l i q u i d  by s u c t i o n .  A i r - d r y  on f i l t e r  p a p e r ,  f i l !  
t h e  column w i th  t h e  d r y  Chromosorb. H ea t  t h e  column u n d e r  low g a s  f lo w  ra t*
(2 5 -3 0  ml N?  m in " 1 ) a t  2 lO gC f o r  18 h o u r s  WITHOUT a t t a c h i n g  th e  en d  n f  th<
colvmn to  t h e  d e t e c t o r .  Then b r i n g  th e  g a s  ch ro m a to g rap h  t o  normal c o n d i t i o n s
i . e . ,

G as f lo w  6 0 -70  u l  miii-1  
Column te m p e r a tu r e :  1 7 5 flC

-  I n j e c t i o n  t e m p e r a tu r e :  2G0gC
D e t e c t o r  t e m p e c a tu r e :  20bgC ( f o e  ^ N i  d e t e c t o r  u s e  220°C)

and s a t u r a t e  t h e  colum n w i th  MeHg by i n j e c t i n g  l a r g e  am ounts ( a t u u t  10 n j )  c 
MeHq s t a n d a r d  s o l u t i o n  ( f t . 8 . A) r e p e a t e d l y .  CAUTION: In  o r d e r  n o t  t<
co n ta m in a te  t h e  d e t e c t o r  i t  i s  im p o r ta n t  t o  e n s u r e  t h a t  i t  i s  a t  o p e r a t i o n s  
t e m p e ra tu re  (205°C) b e f o r e  c o n n e c t in g  th e  column w h i l e  t h e  c a r r i e r  g a s  i  
f lo w in g .  Check t h e  e f f i c i tw ie y  n f  t h e  new ly  p r e p a r e d  colum n b y  i n j e c t i n g  Û.1Q iv 
Hg a s  MeHg. The p e a k  h e i g h t  s h o u ld  be a t  l e a s t  20% o f  th n  maximal o b s e r v a b l  
peak h e i g h t .  I f  t h e  s e n s i t i v i t y  i s  n o t  s u f f i c i e n t  o r  t h e  peaks  a r e  b ro ad en ed  
t l *  column can  b e  improved by k e e p in g  i t  a t  w o rk in g  t e m p e r a tu r e  i n j e c t i n g  (abou



4 0  ng Mg p e r  i n j e c t i o n )  r e p e a t e d l y  b enzene  s o l u t i o n s  o f  MeHg i o d i d e  o r  
m e t to x y e th y l -m e fc u ry .  These s o l u t i o n s  e r e  p r  epa r e d  b y  a d d in g  sodium  i o d i d e  to  
*  quenua s o l u t i o n s  o f  MeHg c h l o r i d e  o r  f l ie th o x y e th y l-m ercu ry  h y d r o x id e  and  
e x t r a c t i n g  w i th  b e n z e n e .  T h is  s o l u t i o n  i s  s t a b l e  f o r  o n l y  two h o u r s .  The 
benzene l a y e r  l a  t h a n  d r i e d  w i th  sodium  s u l p h a t e .

5 .1 4  C hrom atog raph ic  s y r i n g e s  5 f i  1 .

5 .1 5  W eighing b o t t l e s  w i th  g ro u n d  s t o p p e r s .

5 .16  D ry in g  oven  (105®C) -

5 .1 7  S t a i n l e s s  s t e e l  t w e e z e r s .

5 .18  D e s i c c a t o r .

5 .1 9  f r e e z e  d r y e r •

5 .2 0  A n a l y t i c a l  b a l a n c e .

NOTE: A l l  g l a s s w a r e  t o  b e  used  i n  a n a l y t i c a l  p r o c e d u r e  s h o u ld  b e  c l e a n e d
f i r s t  by o r d i n a r y  l a b o r a t o r y  p r o c e d u r e s  and  t h e n  b y  r i n s i n g  w i th  1 N ammonium 
h y d ro x id e  s o l u t i o n ,  fo l lo w e d  by r i n s i n g  w i th  d e a t i l L e d  w a te r  and e t h a n o l .

6 .  SAMPLING

f o r  a  s a m p l in g  p i a n  f o l l o w  UNCP/fAO/lAZA ( i n  p r e p a r a t io n )  a n d  f o r  sam p lin g  
o f  n a r i n e  o rg a n ism e  fo l lo w  UNEP/PAO/IAEA (1 9 8 4 ) .

7 .  SAMPLE PREPARATION 

f o r  sam ple  p r e p a r a t i o n  fo l lo w  UNEP/fAO/fAEA (19M4).

8 .  DETERMINATION Of DP.Y HEIGHT

6«1 O ven-d ry ing

A c l e a n  w e ig h in g  b o t t l e  ( 5 . 1 5 ) ,  w i th  i t s  g ro u n d  s t o p p e r  rem oved , i s  p la c e d  
in to  e  d r y in g  oven ( 5 . 1 6 )  s e t  a t  105°C. I t  i a  i m p o r t a n t  to  u s e  t h e  tw e e z e r s  
( 5 - 1 7 )  ev e ry  l im e  th e  g l a s s  i s  to u c h e d ,  to  a v o id  l e a v i n g  f i n g e r p r i n t s  ond 
p a r t i c l e s  n f  d i r t  o n  t h e  w e ig h in g  b o t t l e .  A f t e r  2  h o u r s  a t  105®C p l a c e  th e  

ijnri ihe* b o t t l e  s e p a r a t e l y  i n t o  a  d e s i c c a t o r  ( 5 . 1 0 )  t o  c o o l .
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Weigh t h e  empty b o t t l e  w i th  i t s  s t o p p e r  i n  p l a c e  o n  t h e  a n a l y t i c a l  b a l a n c e  
( 5 . 2 0 ) .  Note t h e  w e ig h t .  P la c e  1 -2  g o f  t h o  spec im en sam ple  ( 7 )  i n  t h e  
w e igh ing  b o t t l e  and c l o s e  w i th  t h e  s t o p p e r .  Weigh i t  a g a in  and n o t e  t h e  w e ig h t .

P la c e  t h e  w e igh ing  b o t t l e  c o n t a i n i n g  t h e  s u b  sam ple  i n  t h e  d r y i n g  o v en  a e t
a t  105®C. remove t h e  s t o p p e r  w i t h  tw e e z e r s  and p l a c e  t h e  s t o p p e r  a l s o  i n  t h e
Ovan.

A f t e r  24 h o u r s  r e p l a c e  t h e  s t o p p e r  o n  th e  b o t t l e ,  remove th e  b o t t l e  w i th  
s t o p p e r  f r o n  th e  d r y in g  o v e n ,  open  th e  b o t t l e  an d  p l a c e  i t  a n d  th e  s t o p p e r  í n  a 
d e s i c c a t o r  t o  c o o l .

Weigh th e  b o t t l e  w i th  s t o p p e r  i n  p l a c e  and n o t e  t h e  w e ig h t .

R ep as t  t h e  d r y in g  c y c l e  u n t i l  t h e  d i f f e r e n c e  b e tw een  s u b s e q u e n t  w e ig h in g s  
i s  l e s s  t h a n  Q.5S o f  t h e  t o t a l  w e ig h t ;  c a l c u l a t e  t h e  d r y  w e ig h t  (OW) end r e c o rd
t h e  f r e s h  w e igh t (FH) end DW/FW r a t i o .

NOTE: B i o lo g i c a l  m a t e r i a l s  c o n t a i n i n g  l a r g e  am ounts o f  l i p i d s  c a n n o t  b e
o v e n - d r i e d  to  c o n s t a n t  w e ig h t  and m u s t ,  t h e r e f o r e ,  b e  f r e e z e - d r i e d  ( 8 . 2 ) .

8 .2  £ r e e z e ^ r ^ i n < i

P l a c e  a  1 -2  g  e x a c t l y  w eighed  ( 5 . 2 0 )  su b sam p le  o f  t h e  spec im en sam ple  ( 7 )  
•in a  c l e a n  c o n t a i n e r  s u i t a b l e  f o r  f r e e z e - d r y i n g  and f r e e z e - d r y  ( 5 .1 9 )  f o r  24 
h o u r s .  Weigh th e  sub  sample e x a c t l y  and f r e e z e - d r y  f o r  a n o t h e r  24 h o u r s .  
D e te rm in e  ag a in  t h e  w e ig h t  o f  t h e  su b a a m p le .  I f  t h e  d i f f e r e n c e  betw een  th e  two 
w e ig h in g s  i s  l e s s  t h a n  0.5% d e te r m in e  th e  DW and OW/FW r a t i o .  O th e rw ise  r e p e a t  
t h e  d r y in g  c y c le  u n t i l  th e  d i f f e r e n c e  betw een  s u c c e s s i v e  w e ig h in g s  i s  l e s s  t h a n  
0.5%.

9 .  EXTRACTION AM) CLEAN-UP

9 .1  Sample

Homogenize ( 5 . 1 )  ab o u t  5 g  o f  t i s s u e  ( n o t e  t h e  e x a c t  w e ig h t  in  th e  
p r o t o c o l )  i n  « 200 ml c e n t r i f u g e  t u b e  ( 5 . 0 ) .  Add 60 ml o f  d i s t i l l e d  w a te r  ( 4 . 1 )  
and th e n  14 ml o f  c o n c e n t r a t e d  IC I  ( 4 . 2 )  and 10 g Naßc ( 4 . 4 ) .  Mix and t h e n  add
7 0 .0  ml benzene ( 4 . 7 ) ,  sh ak e  m e c h a n ic e l ly  ( 5 . 1 1 )  f o r  5 ,  o r  15 m in u te s  v ig o r o u s ly  
by h a n d .  C e n t r i f u g o  (3 .1Û ) and th e n  t r a n s f e r  5 0 .0  ml o f  t h e  b en z en e  e x t r a c t  
i n t o  a  s e p a r a t i n g  funne l  ( 5 . 5 ) .  Add 6 .0  ml c y s t e i n e  s o l u t i o n  ( 4 . 3 )  w i th  * 
p i p e t t e  ( 5 . 2 )  and shako  v i g o r o u s l y  f a r  2  m i n u te s .  C e n t r i f u g e .  I f  to o  much 
em u ls io n  o r  foam i s  p r e s e n t  edd an  a n t i fo a m  a g e n t  ( 4 . 9 ) .  The em u ls io n  can  a l s c  
be  b roken  by v ig o ro u s  s t i r r i n g  w i th  a  g l a s s  r o d .  C e n t r i f u g e  a g a i n .  T ra n s fe r
2 . 0  ml o f  th e  c l e a r  aqueous l a y e r  i n t o  a  15 ml t e s t  t u b e  w i th  g ro u n d  j o i n t
( 5 . 6 ) .  A c id i fy  w i th  1 .2  i i i  6 N HC1 ( 4 . 3 ) ,  add 0 . 5  q NaDt ( 4 . 4 )  and e x t r a c t  w i t t
4 .0  ml bnnzane by s h a k in g  ^or 2  m in .  T r a n s f e r  Ui« e x t r a c t  i n t o  a  5 m i t e s t  tub«
( 5 . 6 ) .  Dry w ith  an h y d ro u s  sodium  s u l p h a t e  ( 4 . 5 ) .
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T h is  b en z en e  e x t r a c t  r e p r e s e n t s  t h e  t e s t  s o l u t i o n  used  i n  t h e  g a s  
c  h ro m a to g ra p h i  c  a n a ly s t  s .

9 .2  B lank

F o llo w  p r o c e d u r e  ( 9 . 1 )  r e p l a c i n g  th e  5 g t i s s u e  sam p le  will» 5 mi o f  
d i s t i l l e d  w a te r  ( 4 . 1 ) •  I f  t h e  b l a n k  g i v e s  a  p e a k  a t  t h e  r e t e n t i o n  t im e  o f  MeHg 
( 1 . 5  mI n )  c h e c k  a l l  r e a g e n t s  an d  s o l u t i o n s  f o r  i m p u r i t i e s .

NUTE: The e x t r a c t i o n  an d  c l e a n - u p  s h o u ld  b e  c a r r i e d  o u t  i n  o n e  ru n  i n  
o r d e r  to  o i n j m i z e  l o s s  o f  MeHg. I f  t h e  p r o c e d u r e  h a s  t o  b e  i n t e r e s t e d  b r i e f l y  
t h e n  i t  s h o u ld  b e  d i s c o n t i n u e d  o n l y  a f t e r  t h e  f i r s t  c e n t r i f u g a t i o n ,  i . e .  when 
t h e  Mehg l a  boirud to  c y s t e i n e .  Longer i n t e r r u p t i o n  ( i . e .  o v e r n i g h t )  s h o u ld  
o n l y  o c c u r  when t h e  sam ple  l a  i n  b en z en e  s o l u t i o n .  U s u a l l y  t h e  f i n a l  b enzene  
e x t r a c t  ( i . e .  t h e  t e s t  s o l u t i o n )  i s  s t a b l e  and c a n  b e  s t o r e d  f o r  sever&L w eeks, 
b u t  on e x t r a c t  k e p t  Longer may l o s e  MeHg.

2 0 .  CAS CftfUHftTOGffAPHlC ANALYSIS

1 0 .1  S ta n d a r d  i z a t  ion

S e t  up t h e  g a s  ch ro m a to g rap h  t o  normal o p e r a t i n g  c o n d i t i o n *  ( 5 . 1 3 )  and 
i n j e c t  (5 .1 f t )  5 fJ i b enzene  ( 4 . 7 )  a s  a  s o l v e n t  b l a n k  f o l lo w e d  by 5 u l  e a c h  o f  t h e  
s t a n d a r d  s o l u t i o n s  ( 4 . 8 . 4 )  c o n t a i n i n g  0 .Q 5 ,  0 . 1 ,  O.Z an d  Û .3  og H gu l"  i n  o r d e r  
t o  o b t a i n  s t a n d a r d s  o f  0 . 2 5 ,  0 . 5 ,  1 . 0 ,  1 . 5  rg  Mg. P l o t  p eak  h e i g h t  a g a i n s t  
amount o f  m ercu ry  i n j e c t e d ,  A s t r a i g h t  l i n e  c u t t i n g  t h e  at-ex i s  a t  t h e  m ost a t
0 .0 5  ng Hg fcum zero  s h o u ld  b e  o b t a i n e d .  O th e r w is e ,  c h e c k  th e  g o s  ch ro m a to g rap h  
f o r  mai f u n c t i o n i n g  o r  c h e c k  t h e  b e n z e n e  ( 4 . 7 )  f o r  i / o p u r i t i e s .

1 0 .2  Cal i b r o t io n

Add 1 . 0  m l ,  2 . 0  m i ,  3 . 0  m l,  4 . 0  ml end 5 . 0  m i c f  t h e  c a l i b r a t i o n  s o l u t i o n  
( 4 . 8 . 2 )  i n t o  S d i f f e r e n t  200 rai c e n t r i f u q e  t u b e s  ( 5 . 8 ) .  Add to  each  60 mi o f  
d i s t i l l e d  w a te r  ( 4 . 1 )  and th e n  14 ml o f  c o n c e n t r a t e d  HOI ( 4 . 2 )  and 10 g NaCr 
( 4 . 4 ) .  Mix asid th en  add 7 0 . 0  ml b enzene  ( 4 . 7 ) ,  sh ak e  m e c h a n i c a l l y  ( 5 .1 1 )  f o r  15 
m in . ,  o r  5 m in .  v i g o r o u s l y  by h a n d .  Then t r a n s f e r  5 0 .0  ml o f  t h e  benzene 
e x t r a c t  i n t o  a  s e p a r a t i n g  f u n n e l  ( 5 . 5 ) .  Add 6 . 0  ml c y s t e i n e  s o l u t i o n  ( 4 . 5 )  w i th  
a  p i p e t t e  ( 5 . 2 )  snd sh ak e  v i g o r o u s l y  f o r  2 m i n u te s .  t r a n s f e r  2 . 0  ml o f  t h e  
c l e a r  aqueous l a y e r  in to  a  15 ml t e a t  t u b e  w i t h  a g ro u n d  j o i n t  ( 5 . 6 ) .  A c id i f y  
w i th  1 .2  mi 6  N HCl ( 4 . 3 ) ,  add 0 . 5  g  NaBr ( 4 . 3 )  and e x t r a c t  w i th  4.(1 m l benzene 
b y  sh a k in q  f o r  2  m in .  T r- in rr -»r t h e  e x t r a c t  i n t o  a  5  ®1 t e s t  t u b e  ( 5 . 6 ) .  Ory 
w i th  an h y d ro u s  sodium su L p h a te  ( 4 . 5 ) .

P r e p a r e  a  subsam plc  o f  t h e  w ork ing  m a t r ix  and e x t r a c t  I t  a s  d e s c c ih e d  
u n d e r  ( 9 . 1 ) .
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I n j e c t  ( 5 . 1 4 )  5 /j 1 o f  e a c h  o f  t h e  e x t r a c t s  c o n t a i n i n g  t h e  d i f f e r e n t  
c a l i b r a t i o n  s o l u c i o n a  ( 4 . 8 . 2 )  and th e  e x t r a c t  o f  t h e  w ork ing  n a t r i x  an d  p l o t  
p e a k  h e i g h t s  o b t a i n e d  a g a i n s t  Kg c o n t e n t .

O ieck  p eak  h e i g h t  o f  w ork ing  m a t r ix  a g a i n s t  p r e v io u s  v a l u e s .

1 0 .3  A n a ly s i s  o f  sam ple

S t a r t  e a c h  s e r i e s  o f  s am p le  a n a l y s e s  w i th  a  s t a n d a r d i z a t i o n  ( 1 0 . 1 ) ,  e  
c a l i b r a t i o n  ( 1 0 . 2 )  and a  b l a n k  ( 9 . 2 ) .

I n j e c t  5 jjI  o f  t h e  t e s t  s o l u t i o n  ( 9 .1  f ) fo l lo w ed  b y  5  /jL o f  a  s t a n d a r d  
s o l u t i o n  ( 4 . 6 . 4 )  whose p eak  h e i g h t  d o e s  n o t  d i f f a r  more t h a n  25% from t h a t  o f  
t h e  s a m p le .  Check t h e  c o r r e c t  f u n c t i o n  o f  t h e  goo ch ro m a to g rap h  b y  com paring  
t h i s  p eak  h e i g h t  w i th  t h e  c o r r e s p o n d in g  o n e  o b t a i n e d  i n  p r e v io u s
s t a n d a r d i z a t i o n s  ( 1 0 . 1 ) .

Hake d u p l i c a t e  i n j e c t i o n s  o f  b o th  t h e  sam ple  an d  th e  s t a n d a r d  f o r  each  
sam p le  a n a ly s e d .

NOTE: i f  MeHg l e v e l s  a r e  e x p e c te d  t o  b e  so  h i g h  t h a t  t h e  p eak  o b ta in e d
T iea  beyond t h e  l i n e a r  p a r t  o f  t h e  s t a n d a r d i z a t i o n  c u r v e ,  e i t h e r  l e s s  t i s s u e  
m ust b e  e x t r a c t e d  ( 9 . 1 )  o r  t h e  t e s t  s o l u t i o n  ( 9 . 1 )  m ust b e  d i l u t e d .  I f  o n  th e  
o t h e r  hand th e  p e a k  h e i g h t  i s  s m a l l  t h e  s e n s i t i v i t y  o f  t h e  p ro c e d u re  c a n  b e  
i n c r e a s e d  e i t h e r  b y  i n c r e a s i n g  sam ple  s i z e  t o  a  maximum o f  LO g ,  o r  b y  em ploying 
a  s m a l l e r  amount o f  t h e  c y s t e i n e  s o l u t i o n  and ch a n g in g  th e  s u b s e q u e n t  volum es 
a c c o r d i n g l y .

1 1 .  EXPRESSION OF RESULTS

Read th e  MeHg c o n c e n t r a t i o n  c o r r e s p o n d in g  to  t h e  p eak  h e i g h t  o b t a i n e d  from 
th e  c a l i b r a t i o n  c u r v e  ( 1 0 . 2 )  and c o r r e c t  t h e  w e ig h t  d i f f e r e n c e  w i th  r e s p e c t  to  
t h e  t h e o r e t i c a l  5 g  o f  t i s s u e  t o  b e  e x t r a c t e d .  C o r r e c t  a l s o  f o r  d i f f e r e n c e s  in  
vo lum es used  In  t h e  c a l i b r a t i o n  ( 1 0 .2 )  end i n  t h e  sam p le  e x t r a c t i o n  ( 9 . 1 ) .

E x p re ss  t h i s  c o n c e n t r a t i o n  h o th  i n  ngkg 1 FH and in  mgkg 1 0W u t i l i z i n g  
t o r  the* l a t t e r  t h e  r e s u l t s  o f  ( 8 ) .

1 2 .  ESTIMAI1UN OF PRECISION AND ACCURACY

1 2 .1  P r e c i s l u n

E s t im a te  t h e  p r e c i s i a n  o f  t h e  e n t i r e  a n a l y t i c a l  p ro c e d u re  (9  to  10) 
by a n a ly s i n g  5 s u h sam p les  from one o r i g i n a l  s a m p le .  I f  t h e  c o e f f i c i e n t  o f  
v a r i a t i o n  i s  g r e a t e r  t h e n  20%, c h e c k  th e  p ro c e d u re  f o r  
„ « . „ „ ¡ u i , ,  ^  n  r- o  r r tn V a m  i n a  t  i  n f i .
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ROTE: The s t a n d a r d i z a t i o n  t e s t  ( 1 0 .1 )  can  a l s o  bo u se d  f o r  t h e  e s t i m a t i o n
Of t h e  p r e c i s i o n  n f  t h e  g a s  c h ro m a to g ra p h ic  a n a l y s i s .

1 2 .2  A ccuracy

-  P a r t i c i p a t e  i n  t h e  i n t e r c a l i b r a t i o n  e x e r c i s e s  a n d ,  i n  a d d i t i o n ,

-  i n c l u d e  a n a l y s e s  o f  t h e  w ork ing  n a t r i x  ( 4 . 1 0 ) .

1 2 .3  Q u a l i t y  c o n t r o l

[ f  t h e  q u a l i t y  c o n t r o l  c h e c k s  r e v e a l  a  f l u c t u a t i o n  i n  t h e  s t a n d a r d  
d e v i a t i o n  o r  t h e  a c c u r a c y  by more th a n  5%, c h e c k  t h e  f o l l o w in g  F a c t o r s :  
S t a b i l i t y  o f  s t o c k  s o l u t i o n s  ( p r e p a r e  new s o l u t i o n s ) ;  i n s t r u m e n t a l  d r i f t  o r  
i n a d v a r t a n t  c h a n g e s  i n  o p e r a t i o n a l  p a r a m e te r s ;  c o n t a m in a t io n  o f  t h e  w orking 
m a t r ix  ( s e l e c t  a l t e r n a t i v e  r e f e r e n c e  m a t e r i a l  f o r  a n a l y s i s ) ;  c o n t a m i n a t i o n  o f  
s h i p m e n t  e . g .  g l a s s w a r e ,  o p e r a t o r  e r t o r ( s ) .

1 3 . r ts r  REPORT

f i l l  in  t h e  t e a t  r e p o r t  ( t a b l e  I )  g i v i n g  f u l l  d e t a i l s  i n  e v e r y  c o i  u r n .  
A t ta c h  sam p lin g  and sam p le  p r e p a r a t i o n  p r o t o c o l  (UNEP/FAG/IAEA 19&4).
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T ab le  1 : T es t  R ep o r t  o n  T o ta l  M ethylm ercury  C o n c e n t r a t io n  i n
B i o l o g i c a l  M a te r ia l

1 .  Sample c o d e :

2 .  D e te rm in a t io n  o f  d r y  w e ig h t  by f r e e z e - d r y i n g   o r  i n  oven

2 . 1  D u ra t io n  o f  d ry in g s  _  h o u r s

2 .2  D a te  o f  d r y i n g  ( d a y ,  m o n th ,  y e a r ) :

2 . 3  OH/KW r a t i o :

3 .  E x t r a c t i o n  and c l e a n - u p

3 .1  Date ( d a y ,  m onth , y e a r ) :

3 . 2  A nom alies o b s e r v e d  w hich  may i n f l u e n c e  t e s t  r e s u l t a :

4 .  Cas ch ro m a to g ra p h ic  a n a l y s i s

4 .1  Date ( d a y ,  m o n th ,  y e a r ) :  .

4 . 2  S ta n d a rd  i  z a t io n :

B lan k  0 .2 3  0 . 5  1 . 0  1 .5

peak h e ig h t

C a l i b r e t i a n

Blank 1 ml 2  ml 5 ml 4  ml 5 ml

peak h e ig h t

m a tr ix  s u b s ta n d a r d

peak h e ig h t



4 . 4  A n a ly s i s  O f  sam ple

w e ig h t  a f  s o u p le  (gratus) 

FV/ûW r a t i o s   ___

peak  h e i g h t : ________________________________

4 . 5  R e s u l t  o f  a n a l y s i s  (ogkg  * fW) __ __ __

E s t i m a t i o n  o f  p r e c i s i o n

5 .1  D a te  ( d a y ,  m o n th ,  y e a r )  _

5 .2  R e s u l t s :

r e p l i c a t e s  1 2  3 4  5

g sam ple  

peak h e i g h t

mean p eo k  h e i g h t  mean e o n e .  mako ^

s t a n d ,  d e v i a t i o n  . c o e f f .  o f  v a r i a t i o n  _3

E s t im a t io n  o f  a c c u ra c y

6 .1  D a te  ( d a y ,  « e n t h ,  y e a r )  _  _  _  _  _ _  _

6 .2  O r ig in  an d  ty p e  o f  c e r t i f i e d  s t a n d a r d  used  ;

6 .3  D e c la re d  mg MeHgkg ^ o f  c e r t i f i e d  s t a n d a r d ;

6 . 4  R e s u l t a :

r e p l i c a t e s  1 2  3 4  5

g sam ple  

peak h e i g h t

mean p e a k  h e i g h t mean e o n e .
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7 .  A nom alies o b s e rv e d  d u r in g  t e s t  en d  o t h e r  c o n d i t i o n s  w hich  co u ld  
i n f l u e n c e  th e  t e s t  r e s u l t e :

9 .  f n t e r c e l  i d e a  t icm  e x e r c i s e  ( g i v e  d e t a i l s ) :

9 .  F u l l  a d d r e s s  o f  t h e  i n s t i t u t i o n  w hich  c a r r i e d  o u t  t h e  t e s t :

1 0 .  Nameis) ana  s i g n e t u r e ( s )  o f  t h e  p e r s o n ( s )  who c a r r i e d  o u t  t h e  
t e s t :

D a te  :

A t ta c h m e n t ;  Sam pling and sam ple  p r e p a r a t i o n  p r o t o c o l  r e l e v a n t  to  
th e  a n a ly z e d  sam p le .
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