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Summary
Arsenic was determ ined in cod (Gadus morhua), flounder (Platichthys 
flesus) and brown shrim p (Crangon crangon) during a five years’ 
period (1984-1988). Cod and flounder were divided into five length 
categories; 25 specimens were analyzed individually. For shrimp, a 
bulked sam ple of 100 cooked and peeled animals was taken.
In cod, arsenic levels did not appear to be influenced by the length 
(age) of the fish, whereas in flounder, the content clearly increased 
with length. Average values of both fish species were quite similar, 
ranging from 2.5 to 5.4 m g/kg in cod and 2.4 to 4.1 mg/kg in 
flounder. No clear temporal trend could be observed. Individual 
variations were large.
Arsenic concentrations in shrim p (4 to 10 m g/kg on average) were 
higher than in the two fish species with greater yearly variations. No 
significant tem poral trend was noted. High values w hich were 
recorded in some fishery products, especially in  flatfish, were not 
found during the present investigations. No problem s are likely to 
occur w ith respect to hum an consum ption. For the purpose of 
m onitoring arsenic levels in the marine environm ent, shrim p with 
their higher concentration appear to be more appropriate than fish.

1. Introduction
A rsenic is p resen t in m arine organism s at 
m uch h igher concen tra tions than in  ter­
restrial anim als (C hapm an  et al., 1926;
Doyle et al., 1978). The m ajor arsenicals 
how ever have been  show n to be w ater so lu­
b le organic com p o u n d s w hich  are m u ch  less 
toxic th an  the  inorganic salts (W estöö  et al., 
1972; Shinagaw a 'et al., 1983). In 1977 Ed­
m o n d s et al. isolated and  characterized  
arsenobetaine  (trim ethy larson ium aceta te) in 
rock lobster. Fu rther investigations show ed  
th is co m p o u n d  to rep resen t m ore th a n  70 % 
of the  total arsenic concen tra tion  in m ost 
m arine  organism s (K urosam a et al., 1980; 
E dm onds et al., 1981a; Luten et al., 1983; 
Shiom i et al., 1983, 1984). A rsenobeta ine is 
quite  stable and is considered  to be  n o n  tox­
ic (Penrose, 1974). T he m ajor part o f  the 
o rganic arseni c ingested via fishery p roducts 
is rapid ly  excreted  unchanged  (Freem an et 
al., 1979). A genotoxicity  study  of a rsen o b e­
taine d id  n o t show  any effect of th is  com ­
p o u n d  0 °n g e n  et al., 1985).
Inorganic arsenic co m p o u n d s on th e  o ther

h an d  are h ighly  toxic and  show  a car­
cinogenic effect. For this reason  the Jo in t Ex­
pert C om m ittee  o f the FA O /W H O  (1983) 
recom m ends an  acceptable daily  intake of 2 
¡ug inorganic arsen ic  pe r kg bo d y  weight.
The levels of inorganic  arsenicals how ever 
seldom  exceed 0.1 mg per kg w et weight. 
(Lunde, 1973; Brooke et al., 1981; Flanjak, 
1982; Shinagaw a et al., 1983). It is further 
know n that m arine  b iota in low er trophic 
level (bacteria, p lan k to n ) can transform  in ­
organic arsenicals in to  organic ones while 
these in  h igher troph ic  levels can  no t 
(Shiom i et al., 1984). These m arine  anim als 
do no t take up  organic arsenicals from  sea 
w ater bu t from  th e ir baits. Excretion  of 
organic arsenic  how ever is q u ick  and  no ac­
cum ulation  in  th e  food chain  w ith  increasing 
troph ic  level was observed (Pen threath ,
1977; W rench  et al., 1979; E dm onds et al., 
1981b). A rsenic in m arine b io ta  appears to 
be m ainly  o f n a tu ra l origin (Penrose, 1974; 
Andrea, 1978; E dm onds et al., 1981a). 
H ow ever in  som e areas such  as estuaries an ­
thropogenic in p u ts  can increase  the  arsenic
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levels significantly (De G root et al., 1976; 
M ichel, 1987).
W ith in  th e  fram ew ork of the  Belgian 
m on ito ring  program m e on trace con­
tam inants, the analysis o f arsenic in cod 
(Gadus morhua), flounder (Platichthys flesus) 
and  b ro w n  sh rim p  (Crangon crangon) was 
in c luded  from 1984 onw ards. This paper

rep o rts resu lts for the five years’ period 
1984-1988.

2. M aterial and m ethods

2 .1 . Sam ples
C od, flounder and shrim p w ere caught off 
th e  Belgian coast by trawling. A ccording to

Table 1 Average arsenic content in cod (mg/kg wet weight)(a)

Length category 
(mm)

1984 1985 1986 1987 1988

<  261 7.8 (24.7) - - - -

261-300 3.0 (42.0) - - - -

301-340 - - 2.8 (65.7) 3.3 (19.7) -

341-380 4.6 (32.7) 4.3 (26.4) 2.0 (31.7) 3.2 (19.4) 3.4 (53.4)

381-420 - - 2.9 (42.9) 4.2 (29.0) -

421-460 - 5.2 (55.4) 2.2 (22.5) 3.8 (35.6) 3.2 (36.1)

461-500 - 5.1 (32.6) 2.6 (47.8) 4.1 (24.3) 3.0 (59.3)

500-540 - - - - 2.8 (46.6)

541-580 3.2 (29.6) 7.5 (20.8) - - 3.1 (14.7)

>  580 5.4 (20.6) 4.9 (44.9) - - -

Total 4.8 (38.0) 5.4 (40.6) 2.5 (48.0) 3.7 (24.8) 3.1 (45.2)

(a) Coefficient of variation (%) in brackets

Table 2 Average arsenic content in flounder (mg/kg wet weight)(a)

Length category 
(mm)

1984 1985 1986 1987 1988

<  231 1.8 (131.0) 2.6 (73.4) - 3.5 (33.9) 1.7 (106.2)

231-265 2.2 (58.6) 1.9 (72.5) - 3.1 30.8) 1.1 (101.9)

266-300 4.4 (16.3) 3.2 (25.8) 1,9 (35.4) 3.8 (48.9) 1.9 (59.3)

301-335 5.6 22.2) 3.4 (33.9) 3.3 (35.4) 4.7 (81.3) 2.9 (30.5) •

336-370 - - 4.3 (13.0) - -

371-405 4.2 (6.6) 3.8 (16.5) 5.3 (47.7) 5.4 (70.6) 4.5 (68.0)

>  405 - - 4.0 (35.8) - -

Total 3.7 (36.0) 3.0 (44.1) 3.8 (55.0) 4.1 (62.4) 2.4 (72.9)

(a) Coefficient of variation (%) in brackets
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shrim ps was analysed.

2 .2 . D eterm ination o f  arsenic
O ne g of fish is w eighed in a digestion  
bom b w ith Teflon lin e r (Parr 4746). After 
addition  of 2 ml concen tra ted  n itric  acid, the 
bom b is p laced in  an  oven and  heated  at 
150° C for 1 1 /2  hr. After cooling, 8 m l of 
bidistilled  w ater is added. D eterm ination  is 
carried ou t by  g raphite  furnace atom ic ab­
so rp tion  spec trom etry  (V arian SpectrAA 400 
ZEEMAN). T he furnace is eq u ip p ed  w ith  a 
graphite  tube w ith  platform . A m atrix  
m odifier (Pd 0.04 % + Ni 0.1 %) is added. 
The ashing tem pera tu re  is 1400° C, the 
atom izing tem pera tu re  2600° C. A standard  
curve is p repared  using 3, 6 and  9 ¡A of a 
standard  so lu tion  co n ta in ing  50 fug /I  arsenic 
(Van H oeyw eghen et al., 1985; H oenig e t al., 
1986).

3. Results and d iscu ssio n
The average arsenic con cen tra tio n s in  cod 
and flounder are reported  in tables 1 and 2 
respectively. In cod, arsenic levels did no t 
appear to be  influenced by the length  (age) 
of the fish, w hereas in flounder, the co n ten t 
clearly increased  w ith  length. Fig. 1 show s 
the regression betw een m ean  arsen ic  co n cen ­
trations and leng th  categories. T he two 
classes 336-370 and  >  405 m m  (1986) were

(.) Values of 1986 not taken into account for the calculation 
of the linear regression

Figure 2 Evolution of the average arsenic concentrations in shrimp, cod and flounder during 
the period 1984-1988
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the guidelines o f  the In ternational C ouncil 
for the E xploration  of the Sea (ICES, 1983) 
the fish spec im ens w ere d ivided in to  five 
length categories w ith  35 and  40 m m  ranges 
for flounder and cod respectively (tables 1 
and 2). It was how ever no t possible to m ain ­
tain the sam e categories over the five years’ 
period, due to changes in the  com position  of 
the catches. A total of 25 specim ens of bo th  
fish species w ere assessed individually. O ne 
bulked sam ple  o f  100 cooked and  peeled

Figure 1 Relationship between length and
average arsenic content in flounder
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Table 3 Arsenic levels in cod, flounder and shrimp from other areas (mg/kg wet weight)

Species 1 Area Mean 1 Min.-Max. Reference

Cod Newfoundland waters 0.8 0.4-1.5 Kennedy 1976
NW-Atlantic 3.5 ± 1.7(a) — Zook et al. 1976
Icelandic waters 0.8 ± 0.4(a) — id
Norwegian waters 3.1 — Anon. 1977
Scottish waters 1.3 0.4-2.8 Falconer et al. 1983
North Sea 4.3 1.0-8.2 Vos et al. 1986

Flounder North Sea 3.7 0.45-6.8 Luten et al. 1983

Shrimp North Sea 3.8 2.0-6.8 Vos et al. 1986

(a) Standard deviation

n o t taken  in to  account for the calculation of 
th e  linear regression because only one figure 
w as available. T hey are how ever show n in 
fig. 1. An increase in  arsenic levels w ith age 
or w eight o f fish was also observed in the 
re la ted  species plaice (Pleuronectes platessa) 
(Shepherd  et al., 1977).
T he total average values o f bo th  fish species 
w ere quite  sim ilar, ranging form  2.5 to 5.4 
m g/kg  in cod and  2.4 to 4.1 m g/kg  in 
flounder. No clear tem poral trend  could be 
observed (fig. 2).
T he large varia tions in  arsenic  con ten t 
sh o u ld  be  stressed. T his was also reported 
for o th er m arine organism s and  is probably 
due to varia tions in  the arsenic concen tra­
tions of th e ir preys (Zook et a l ,  1976; Pen- 
treath , 1977; M ichel, 1987). In general round  
fish, w hich  feed prim arily  on sm all fish con­
ta in  less arsenic than  flat fish w hose food 
consists o f bo ttom  living invertebrates, sm all 
crustaceans, m olluscs and w orm s (Shepherd 
et al., 1977; Michel, 1987). T his was no t 
confirm ed for cod during  the  p resen t in ­
vestigations bu t it shou ld  be rem arked that

cod caught off the  Belgian coast are young 
fish (m ain ly  1-2 years old) w h ich  prey 
especially  on b en th ic  organism s, before leav­
ing  for deeper waters.
The arsen ic  levels in  sh rim p  w ere higher 
th an  in  the  tw o fish species. It is know n that 
c rustaceans and  m olluscs generally  contain  
h igher am o u n ts  o f arsenic th an  fish (Zook et 
al., 1976; M ichel, 1987). Yearly variations 
also appeared  to be m ore im p o rtan t than  in  
cod and  flounder. For th is reason  the ap­
paren t slight increase  of the  arsenic level 
over the  five years’ period  was n o t statistical­
ly  significant w hen  a linear tim e trend 
(regression) w as calculated. Arsenic levels 
rep o rted  in  o th er areas are m en tioned  in 
table 3. C od and  flounder com pare quite 
w ell w ith  D utch  data from  th e  N orth Sea. 
C o ncen tra tions in shrim p w ere som ew hat 
higher.
O n the o th er hand , high values (e.g. m ore 
th an  50 m g/kg) w hich  w ere recorded in 
som e fishery p roducts, especially  flat fish, 
w ere no t found during th is study  (Luten et 
al., 1982; Falconer et al., 1983).

Conclusions
No problems related to arsenic are likely to occur with respect to 
hum an consumption.
For the purpose of monitoring arsenic levels in the marine environ­
ment, shrim p with their higher concentration appear to be more ap­
propriate than fish.
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In het kader van he t Belgisch m onitoringpro- 
gram m a van k o n tam in an ten  w erd de dose­
ring van arseen in kabeljauw  (Gadus mor­
hua), bo t (Platichthys flesus) en garnaal 
(Crangon crangon) vanaf 1984 uitgevoerd. De 
resultaten  van de periode van 1984-1988 
w orden  h ier gerapporteerd.
Kabeljauw en bo t w erden m  vijf lengtekate- 
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gevangen in Belgische kustw ateren

duidelijk  m et de lengte. De gem iddelde ar­
seengehalten  w aren voor beide v issoorten 
vrij gelijk, variërend van 2,5 to t 5,4 m g/kg  
in kabeljauw  en 2,4 tot 4,1 m g/kg  in bot.
Een duidelijke  trend kon n ie t w orden vast­
gesteld.
De ind iv iduele  a rseenkoncentraties sch o m ­
m elden  sterk. Dit is verm oedelijk  te w ijten 
aan de variaties in de a rseenniveau’s van de 
prooien , de enige m ogelijkheid voor de v is­
sen om  arseen op te nem en.
Het arseengehalte  in garnalen  (gem iddeld 4 . 
tot 10 m g/kg) was hoger dan in de twee v is­
soorten , hetgeen door andere onderzoekers 
eveneens w erd vastgesteld. De jaarlijkse 
schom m elingen  waren eveneens groter. V oor 
dit schaald ier w erd evenm in een signifikante 
trend  vastgesteld.
De gevonden  arseenkoncentraties kom en vrij 
goed m et deze van de lite ra tuu r overeen. 
Hoge w aarden zoals genoteerd  in bepaalde
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vissoorten, vooral p latvissen, w erden n iet 
aangetroffen. In verband  m et de konsum jbtie 
van vis stellen de arseengehalten geen p ro ­
bleem . W at betreft he t m onitoringprogram m a

van arseen in het m ariene  m ilieu, blijken  
igarnalen m et h u n  ho g er gehalte beter ge­
sch ik t dan vissen te zijn.

Résum é
Les taux  d ’arsén ic dans le cabillaud, le f le t et 
beiges

L’arsénic  est p résen t dans les organism es m a­
rins à des taux ne ttem en t plus élevés que 
dans les an im aux  terrestres. Plus de 70 % 
cependant se com pose d ’arsénobétaïne, qui 
ne sem ble pas avoir d ’effets toxiques. L’arsé- 
nic inorganique par contre est très tox ique et 
cancérigène.
Dans le cadre du  program m e belge de  su r­
veillance des co n tam inan ts , le dosage de Par­
sèm e dans le cab illaud  (Gadus morhua), le 
flet ' (Platichthys flesus) et la crevette (Crangon 

i crangon) a  été effectué à partir de 1984. Les 
* résultats de la période 1984-1988 so n t pu ­
bliés ici. Le cabillaud et le flet é ta ien t classés 
en c inq  catégories basées sur la longueur; 25 
spécim ens de chaque espèce étaient analysés. 
Dans le cabillaud, le taux d’arsénic n ’était 
pas influencé par la longueur (âge) d u  pois­
son. Dans le flet, par contre, la concen tra tion  
augm entait avec la longueur.
Les taux m oyens d ’arsénic étaient assez sem ­
blables pour les deux espèces de poisson, 
varian t de 2,5 à 5,4 m g/kg  dans le cabillaud 
et de 2,4 à 4,1 m g/kg  dans le flet. A ucune 
évolution dans. le tem ps n ’était constatée.

la crevette  péchés dan s les eaux côtières

Les concen tra tions ind iv iduelles d ’arsénic va­
riaien t fortem ent. C eci est p robab lem en t dû 
aux niveaux d ’arsénic fluctuants dans les 
proies, seule possib ilité  pour les poissons 
d ’ingérer de l’arsénic.
Le taux d ’arsénic dans la crevette (4 à 10 
m g/kg  en m oyenne) était plus élevé que 
dans les deux espèces de poissons, ce qui a 
égalem ent été noté pa r d ’autres chercheurs. 
Les fluctuations annuelles étaient égalem ent 
plus fortes. A ucune évolution  significative 
dans le tem ps n ’était par ailleurs constatée 
dans ce crustacé.
Les concen tra tions d ’arsénic trouvées concor­
d en t bien  avec les d onnées de la littérature. 
Des valeurs élevées, no tées p o u r certaines 
espèces su rtou t de po issons plats n ’on t pas 
été enregistrées dans la p résen te  étude. Les 
taux d ’arsénic ne posen t aucun  prob lèm e en 
ce qui concerne la co n som m ation  de pois­
son. Q uant au program m e de surveillance de 
l’arsénic dans le m ilieu  m arin, la crevette, 
avec son n iveau plus élevé sem ble être un 
m eilleur ind icateur que les poissons.
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