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A B S T R A C T

The extent o f  mercury lo s s  from f is h  f le s h  by heat treatment 
(during cooking) was in v estig a ted . The re su lts  o f  these experiments 
v e r i f ie d  that the f is h  con ta in in g  mercury should only be allowed 
to  human consumption with sp e c ia l hea lth  con s id era tion  sin ce  the 
mercury lo s s  due to  even rather d r a s t ic  cooking co n d it io n s , i s  
about 50%.

The amount o f  mercury was determined by neutron a c t iv a t io n  
203an a lysis  based on Hg is o to p e . The radiochem ical separation  o f

mercury was performed by using iod in a ted  re s in . The e f f i c ie n c y  o f
th is  separation  was compared with that o f  the p r e c ip ita t io n  method
o f  mercury as copperethylenediam ine mercury iod id e  complex. No
gold  could  be d etected  in  the spectrum o f  copperethylenediam ine
mercury iod id e  complex whereas the co n tr ib u tio n  o f  gold  a c t iv i t y

203to  the 0.279 MeV peak o f  Hg which was reta ined  on iod in a ted
re s in  cou ld  not be considered  n e g l ig ib le .  T herefore ; when the
mercury in  any m atrix in  which gold  a lso  l ik e ly  to  be p resen t,
i s  determined by neutron a c t iv a t io n  an a lysis  using iod in ated  r e s in ,
the co n tr ib u tio n  o f  gold  should be taken in to  con s id era tion  or

203the 0.279 MeV peak a c t iv i t y  o f  Hg should be counted a f t e r
198complete decay o f  Au.

Ö Z E T

PİŞİRMENİN BALIK ETİNDEKİ CIVA MİKTARINA ETKİSİ

B alık  e t in in  ih t iv a  e t t i ğ i  c iv a  m iktarında, ı s ı  iş lem i ( p i ş i r ­
me) s ıras ın d a  ne oranda b i r  eksilm e olduğu in ce le n m iş t ir . Bu deney­
le r in  son u çla r ı yüksek s ıca k lık la rd a k i pişirm e k oşu lla rın d a  (150 -170°c) 
b i l e  cıvan ın  ancak % 50 oranında e k s i ld iğ in i  g ö s te rm iş t ir . Cıva 
ih t iv a  eden b a lık la r ın  tüketim inde insan s a ğ l ığ ı  yönünden bu hususun 
göz önüne alınm ası gerekm ektedir.



Cıva m iktarı, Hg-203 izotopuna dayanan nötron aktivasyon 
a n a liz i yöntemi i l e  tayin  e d ilm iş t ir . Cıvanın radyokimyasal a y r ı ­
mı, iy o t la n d ın lm ış  reh in e ler  ku llan ılarak  y a p ılm ış tır . Bu a y ır ­
manın e tk in liğ i  c ıvan ın , bakıretilendiam in İyodür kompleksi ha­
linde çöktürülmesi yontemininki i l e  k a r ş ı la ş t ır ı lm ış t ır .  B akır- 
etilendiam in c ıv a  iyodür kompleksinin gamaspektrumunda a lt ın  gö*- 
rülm em iştir. İy o t la n d ın lm ış  reçine üzerinde ayırmada ise  Kg-203 
izotopuna a it  0.279 MeY peak a k tiv ites in a  Au-198 izotopunun a k t i-  
v ite s in in  k a tk ıs ı saptanm ıştır, Bu nedenle, a lt ın ın  da mevcut o l ­
duğu b ir  ortamda nötron aktivasyon a n a liz i yöntemi i l e  ve iyo tla n  
d ir ilm iş  r e ç in e le r  ku llan ılarak  c lva  tayin  ed ile cek se , Au-198 ±zo 
topunun katk ısın ın  göz önüne alınm ası veya Hg-203'ün 0.279 MeY 
peak a k t iv ite s in in , Au-198 in  tamamen bozunmasından sonra ö lç ü l ­
mesi gerekmektedir.
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THE INFLUENCE OF HEAT TREATMENT ON THE MERCURY CONTENT OF FISH FLESH

M eriç Alkan and S erin  Okar

I .  I N T R O D U C T I O N

The determ in ation  o f  mercury content o f  f ia h  f le s h  has 
gained wide in te r e s t  in  recen t years from human h ea lth  p o in t o f  
r iew . There are numerous methods f o r  the determ ination  o f  mercury 
in  f i s h ,  such as atom ic a b sorp tion  sp ectrom etry , neutron  a c t iv a t io n  
a n a ly s is , sp ectrop h otom etrlc  and chrom atographic m ethods. The main 
common problem in  a l l  o f  these methods in  the l o s s  o f  mercury during 
sample h and ling . I t  i s  known that the lo s s  o f  mercury can be o v e r -  
comed o r  at le a s t  decreased  down to  a n e g l ig ib le  l e v e l  by ca rry in g  
out the n ecessary  op era tion s  at low  tem peratures and in  c lo s e d  
systems,, Without doubt, the most im portant fa c t o r  a f f e c t in g  the 
v o l a t i l i t y  o f  m ercury, thus causing the l o s s  o f  the element from 
f i s h  f le s h ,  i s  h e a t . Most o f  the f i s h  meals f o r  human consum ption 
req u ire  heat in  t h e ir  p rep a ra tion . The f i s h  which are con s id ered  
u n fit  f o r  human consum ption due to  t h e ir  h igh mercury co n te n t, 
cou ld  be consumed on ly  i f  s u f f i c ie n t  amount o f  mercury lo s s  o ccu rs  
(during  c o o k in g ). T h ere fore ; i t  seemed worthwhile to  f in d  out the 
exten t o f  mercury lo s s  from  f is h  f le s h  by heat treatm ent.

In the present work the amount o f  mercury was determ ined
203by neutron a c t iv a t io n  a n a ly s is  based on Hg is o t o p e . The r a d io ­

chem ical sep a ra tion  o f  mercury was perform ed by usin g  iod in a te d  
r e s in . The e f f i c i e n c y  o f  t h is  sep a ra tion  was compared with th at o f  
the p r e c ip it a t io n  method o f  mercury as copperethylenediam ine mercury 
io d id e  complex which was p re v io u s ly  a p p lied  in  our la b o r a to r y .

I I .  E X P E R I M E N T S

P reparation  and ir r a d ia t io n  o f  sam ples: Samples o f  1 -2  g 
homogenized f i s h  f le s h  were weighed in  quartz am poules. Some o f  
these samples were kept in  an oven at 150-180°C f o r  20 m inutes in  
o rd er  to  sim ulate the cook in g  p rocedu re. Known amounts o f
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Hg^CNO^Îg* 211^0 in  id e n t ic a l  quartz ampoules were used as
standards. P ish samples (cooked  and raw) and the mercury
standards, a l l  sea led  in  quartz am poules, were ir r a d ia te d  in

12 -2 -1TR-1 r e a c to r  in  a f lu x  o f  1 .2  x 10 n.cm .s e c  f o r  7 hours 
and then co o le d  f o r  about 4-5 days.

At the end o f  c o o lin g  p eriod  a l l  quartz ampoules were 
washed in  IN HNO ,̂ r in sed  with w ater and fro z e n  in  l iq u id  n i t r o ­
gen. The ampoules were broken and the f is h  m a teria l to g e th e r  
with broken quartz p ie ce s  were tra n s fe rre d  to  50 ml d ig e s t io n  
f la s k s .

750 ^ug o f  H g -ca rr ie r  and 3 ml o f  a m ixture o f  
HNO /̂H^SO  ̂ ( 5 : 1 )  were added to  the sam ples. The m ixture was 
heated under r e f lu x  f o r  30 minutes in  ord er  to  w et-ash the 
sam ples. The s o lu t io n  was d ilu te d  with a few m i l l i l i t e r s  o f  
Water and f i l t e r e d .  A dju sting  the pH o f  the f i l t r a t e  to  2 -2 .5 ,  
the aqueous s o lu t io n  was passed through an iod in a ted  re s in  
column prepared as d escr ib ed  by H eurtebise [ l ] .  The column 
was washed with 2-3 ml 10% N aB r-so lu tion  and f i n a l l y  with 
d i s t i l l e d  w ater. The re s in  was tra n s fe rre d  to  a g la ss  cou n tin g  
d isk  o f  2 .5  cm diam eter and d r ied  at room tem perature. The 
standard mercury was processed  in  the same manner as the sam ples.

Another group o f  ir r a d ia te d  f i s h  samples and a mercury 
standard were w et-ashed in  id e n t ic a l  co n d it io n s  by adding 10 mg 
o f  mercury as c a r r ie r .  The wet-ashed m a teria l was p rocessed  
accord in g  to  a method d escr ib ed  by H. Smith [ 2 ] in  o rd er  to  
determine the amount o f  mercury as copperethylenediam ine mercury 
iod id e  com plex.

A 400 channel gamma sp ectrom eter equipped with a 3 in .x
3 in . N a l(T l) c r y s t a l  was used f o r  coun ting  the 0 .279  MeV peak

_ 203„ ^ .o f  Hg a c t iv i t y .

I I I .  R E S U L T S  A N D  D I S C U S S I O N

The r e s u lt s  o f  mercury con ten ts  o f  se v e ra l kinds o f  f i s h  
p re v io u s ly  analyzed in  our la b o ra to ry  by neutron a c t iv a t io n  
a n a ly s is  are g iven  in  Table I .
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Table I. Mercury Content of Raw Pish Flesh8,

V ariety o f  Fish

Monkfish 
Sturgeon 
Turbot 
Anchovy 
Thunny f is h  
Honkfiafi ( present 

work)b

Hg-content (^ug/g  f i s h ,  w et-w eight)

0 .43
0.30
0 .41
0.20
0.35
0.41

d eterm in ed  as copperethylenediam ine mercury iod id e  complex. 
^Determined as copperethylenediam ine mercury iod id e  complex 

and by re te n tio n  on iod in a ted  r e s in .
(Each value i s  the mean o f  at le a s t  3 d eterm in ation s.)

The e f f i c i e n c ie s  o f  the two separation  methods f o r  mercury
( i . e .  the use o f  iod in a ted  re s in  and the p r e c ip ita t io n  as
copperethylenediam ine mercury io d id e ) were compared with each

203oth er by studying the gamma sp ectra  o f  separated Hg. In F ig .
I  a , the shape o f  the spectrum o f  copperethylenediam ine mercury 
iod id e  complex proves the radiochem ical p u rity  o f  the mercury 
separated [ 3 j •

The use o f  iod in ated  re s in  f o r  mercury determ ination  in
197f is h  by neutron a c t iv a t io n  an a lysis  based on Hg iso top e

has p rev iou sly  been app lied  by Lubkowitz et a l .  [ 4 İ  .
197 * 1Although in  t h e ir  work Hg separated by th is  method was found 

s u f f i c ie n t ly  pure to  be counted, the same separation  technique 
app lied  to  our f i s h  sam ples, d id  not ach ieve to  the same ra d io ­
chem ical p u r ity . As can be seen in  F ig . I  b , the peak at 0 .411

198MeV energy range in d ica te s  the presence o f  Au which was 
reta in ed  on the re s in  tog e th er  with mercury.

T h erefore ; when the mercury in  any m atrix in  which go ld  
a lso  i s  l ik e ly  to  be p resen t, i s  determined by th is  method, the 
co n tr ib u tio n  o f  go ld  should be taken in to  con s id era tion  o r  the
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Fig.1 a. Sanıma ray spectra o f mor- Pig. 2 b. Gamma ray spectra o f mer­
cury separated from fish  flesh  by cury separated from fish  flesh  by
precipitation as copperethylenedia- retention on iodin&ted resin, 
mine mercury iodide complex.

2030.279 MeV peak activ ity  o f Hg should be counted a fter complete
198decay o f  Au.

Despite of its  lower decontamination factor whioh can be 
obtained in only one step, the use o f iodinated resin is  superior 
to the previous precipitation method fo r  its  speed and sim plicity.

Due to its  relatively high mercury content, monkfish was 
used fo r  the investigation of the influence of heat treatment 
(cooking) on mercury loss of fish  flesh . The results o f the expe­
riments are given in Table II.
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Table I I .  The in flu e n ce  o f  Heat Treatment on Mercury Content 
o f  P ish  P lesha

Sample H g-content ( yu g /g  f i s h ,  w et-w eigh t)

M onkfish, raw 0 .41
M onkfish, cooked at 0 .21

150-180°C f o r  
20 min.

Mercury l o s t  %50

^Determined by r e te n t io n  on iod in a te d  r e s in . (Each va lue i s  the 
mean o f  at le a s t  10 d e te rm in a tion s ).

The upper l im i t s  to  the amount o f  mercury in  f i s h  used f o r  
consumption se t  by v a riou s  government a g e n c ie s , are u su a lly  in  
the range o f  0 .5 - l « 0  ppm (0 .5  ppm in  Canada and USA, 0 .7  ppm in  
I t a ly  and 1 .0  ppm in  Sweden).

In  c o n c lu s io n , i t  can be sa id  that the r e s u lts  o f  our 
experim ents v e r i f i e d  the fa c t  that the f i s h  con ta in in g  m ercury, 
should on ly  be a llow ed  to  human consum ption w ith s p e c ia l  h ea lth  
co n s id e ra t io n  s in ce  the mercury lo s s  due to  even ra th er d r a s t ic  
cook ing c o n d it io n s , i s  about 5 0%.
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