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In north Adriatic likc in othcr scas , thc com:cntration of total arscnic in foods of marine origin 
and in ali marine animals is gcncrally cxcccd ing the concctralions approved by lhe sanilary food 
quality n:gu lation. Howcvcr. from thc d iclary poinl, arscnic docs nol reprcscnl a serious risk, bcc 
ausc il is mainly prcscnl in physiologically and lox ico logy incrl organic forms. 

INTRODUCTION 

Arsenic is wi<ldy <listribute<l in the environment in form of various inorganic an<l 
organic compoun<ls of <lifferent toxicity to aquatic organisms (UNEP, 1978; Mo ore 
an<l R a ma 111 o rt y, 1984; GESAMP, 1986; At r i , 1987; Mi ch e I, 1987; 
F r i <l b e r g , 1988; O z r e t i ć et al . , 1990) . The toxicity of arsenic varies with 
the valency state, an<l inorganic forms are usually more toxic than organic ones. ln 
ocean waters arsenic is present in the range 2-5 µ.g 1·1

, in the Me<literranean it was foun<l 
hetween l. 2-4.0 µ.g 1·1

. ln se<liments, particulary in the regions nearby polluting sources 
the concetration is far higher. Arsenic is continuosly cycling among water, soil and 
sediments an<l it is present in ali trophic levels . Most terrestrial an<l freshwater vegetal 
and animal foo<ls contain less than 0.5 mg kg· 1 w.w ., but foo<ls of marine origin are 
regularly overweighe<l with arsenic (Table I). Thus sea foo<ls are the pre<lominant 
sources of human arsenic intake. ln average, commercial teleost fish contain 2-8 mg As 
kg·1

, oysters 3-1 O, mussels as high as 120 an<l some prawns contain up to 170 mg kg' 1
. 

Freshwater fish an<l crustacea have substantially lower concetrations of arsenic. 
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Table 1. Arsenic in the marine environment 

Ocean watcrs 2.0 - 5.0 
Mcditerranean 1.2 - 4.0 
Scdimcnts 1 - >3000 

Marine b i o ta µg g•I W.W. (n) 

Plankton 14 - 42 
Macroalgac 1.4 - 179 

Mollusca 
Bivalvia 5.0 - 1025 

Gastropoda 9 .0 - 640 
Cephalopoda 6.4 - 99 

Crustacea 8.4 - 272 
Echinoderma 1.3 - 11 

Polychacta 4 .0 - > 2000 
Tcleostea <0.2 - 449 

µg 1-1 

µg 1·1 

µg g•I 

-(3) 
(110) 

(10) 
(8) 
(4) 

(30) 
(4) 
(3) 

(76) 

Values werc compiled from UNEP (1978) and Atri (1987) . (n) - numbcr of records. 

OBJECTIVES 

In the north Adriatic as well as in other seas, the concentration of lota! arsenic m 
marine animals was regularly exceeding the upper levels prescribed by the food quality 
regulation. The Sanitary lnspection Authorities when sampling marine foods from the 
fish marke! observed the presence of extremely high concentrations of arsenic. Thus the 
Rijeka Regional Department of Physical Planning and Environmental Protection initiated 
the organization of a research program to elucidate the problem. Sampling, chemical 
determination and integral presentation of results (As, Cd, Hg, Pb) were previously 
described (O z r e t i ć et al . , 1990). li is now our purpose to highlight the dietary 
significance and the toxicological implications of arsenic in marine foods and to appeal 
to the sanitary authorities to correct the maximum limits. 

RESUL TS AND DISCUSSION 

Table 2 gives a synthetic view of the results obtained after the analysis of 108 samples 
of29 benthic species collected from the Kvamer-Rijeka bay region (north Adriatic). The 
highest concentration of arsenic was found in Crustacea (8.8-182 mg As k" 1). In general 
the concentration in teleost fish and in Mollusca was significantly lower (1 .2-47 . l mg, 
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and 2.3-19 .0 kg· 1 respectively) but still higher than the approved limits. Exceedingly 
high concentration were found in two samples of Selachia (280-1140 mg kg- 1

). The mean 
concentration of arsenic in fish liver and in the invertebrate digestive gland was about 
twice that in the muscle tissue. The obtained results are in perfect agreement with data 
of previous cited authors. 

Table'.! . Total arscnic (µ.g g 1 w.w.) in benthic organisms from Rijeka-Kvarner Bay 
rcgion (North Adriatic). 

avcragc ±s range 

Telrost fish 
muscle ('.!5) 11.9 10.3 l.'.! - '.!7.1 

!iver (9) 16.4 18 .7 3.7 - 47.0 
Selachia 

musc.:lc ('.!) '.!80 - 1140 

Crustacea 
musclc (9) 36.7 '.!5.9 8.8 - 66 .1 

digcstivc gland (7) 9'.!.l 70.4 16.7 - 18'.!.7 

Mollusca 
wholc body (74) 6 .9 7.0 '.!.3 - 19.0 

(n) - numbcr or samp!cs 

The Croatian food quality regulation (Sl. list 1983) imposes that the upper 
concentration levels of arsenic in foo<ls of marine origin should not exceed 2 or 4 mg 
As kg" 1 w.w. fo r fish or for Crustacea and Mollusca, respectively . Our results in<licated 
that among the analyzed Crustacea not any was satisfactory , since their average 
concentration of arsenic was almost 6-18 limes higher. Among tish only 22 % were 
satisfactory, while Mollusca exhibited nearly 63 % satisfactory records. Thus , almost ali 
marine foods should be banned from the marke!: an inappropriate solution that in 
practice has never been adopted. These li miting values have been approved accordingly 
to the toxicity expected from inorganic arsenic compounds . However, from the public 
health aspect the high concentration of arsenic in marine animals does not represent a 
serious risk. Primarily , one must lake in consideration that arsenic in marine organisms 
was present in geological time scale and, not a few human populations have evolved 
healthy consuming suhstantial amounts of marine foods. As a metter of fact the largest 
part of arsenic (90-98 % ) is actually present as a highly stable and physiologically 
inactive arsenohetain complex and small amounts of other organoarsenic derivates (F o 
w I e r, 1983 ; GESAMP, 1986; F r i db erg, 1988). lt appears that the ingested 
arsenohetain is almost completely absorbed in the gastrointestinal tract and rea<lily 
excreted unchange<l . No accumulation nor toxic effect have been so far evidenced. When 
ingested, the remaining 2- I O% inorganic arsenic are transforme<l hy methylation to 
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organic forms and rapidly excete<l, aand only small rasiduals tend to be accumulated. 
Chronic exposure to inorganic arsenic is by far the most toxic and teratogenic 
(hyperpigmentation, hyperkeratosis, skin cancer, "Black foot disease", chromosomal 
abnormalities)(F o w I e r 1983). According to the WHO Environmental Health Criteria 
(WHO, 1981) , ii was estimate<l that even a substantial average consuption of 60-150 g 
sea food per day ina lifetime does not increase the incidence of skin cancer (GESAMP, 
1986). Only in case of an extreme daily consuption of 1 kg (!) of arsenic highly loade<l 
tlatfish, crustacea and mollusca over a lifetime one can approach the limits when a 5 % 
increased skin cancer risk may occur. Whereas the significance of this projection is 
almost hypothetic, we have to consider that the population inolved is restricted mainly 
to fisherman. Since they are at the same time extensively exposed to sunlight, the 
incidence of skin cancer induced by UV irradiation is far higher of the expected 
cancerogenic effect of arsenic consumed with marine foods. 

Finally, we must acknowledge that some arsenic compounds are authorized as 
additives in animal foods to favor growth and promote resistance to diseases (US 
Federa) Drug Administration). 

CONCLUSIONS 

In conclusion we recommend to the Public Health Authorities concerne<l to reevaluate 
the maximal permissible limits of arsenic in foods of marine origin tili to 20-40 mg kg·1 

w. w. at least. To the Sanitary lnspection Authorities we suggest to neglect the amount 
of arsenic in samples from the fish market. We also encourage the consumers to eat 
particularly shrimps, lobsters, crahs, oysters and other exquisite arsenic carriers. The 
benefit and the pleasure is far higher than the risk. 

REFERENCES 

A l r i, F.R. 1987. Arsen. Ekmenle in der aq uatischen Umwell li . Biotischc und Abiotische 
Syslcmc. Schriftercihc <les Vcrcins J'ur Wa scr-. Bodcn- uml Luflhygienc 75. Guslav Fischcr 
Vcrlag, Stullgart/Ncw York, 198 pp. 

F r i db c r g, L. 1988. Thc GESAMP evaluation of polcnlially harmful substanccs in fish and 
olhcr sca fooJ with spcc ial rd'ercncc lo carcinogcnic subslanccs. Aqualic Tox icol. 11 , 379-393. 

F o w l c r, S .A. 1983. Ovcrvicw. In: Fowlcr, B.A. (Edilor), Biological and Envirnnmcnt.al 
Effccls of Arscnic. Elsevicr. The Hague, pp. '271-'277. 

GESAMP 1986. (IMO/FAO/UNESCO/WMO/WJ-10/IAEA/UN/UNEP Joinl Group of Expcrlson 
lhc Scienlific Aspecls o r Marine Po llulion). Rcv icw or Potcnl ially Hannful Subslanccs: Arscnic, 
Mcrcury and Scicnium. Rep. Stud. GESAMP '28, pp. 17'2. 

Mi c h c I. P. 1987. L'arsenic cn milicu rnarin : Synlhi:sc bibliographiqu..:. Rcv. Trav. Jnsl. 
Peches Marit. 49 , 175-185. 



B. Ozrctić & M. Krajnović-Ozretić 
Arsenic, a ha rmkss poison in food from thc sca 

769 

Mo o r c, J.W. and S . R a mamo o r l y. 1984. Hcavy Mctals in Natura! Watcrs. Applicd 
Monitoring and lmpacl Asscssmcnt. Springcr-Ycrlag , Ncw York. pp . 268. 

O z r c ti ć, B., M. Kraj nov i ć - O zreti ć, J. S anti n, B. M c đ ugora c 
and M. Kr a š . 1990. As, Cd, Pb and HG in Bcnthic Animals from thc Kvarncr-Rijcka Bay 
Rcgion, Yugoslavia. Mar. Poli. Buli. 21 (12) 595-598. 

S I . I i s t . 1983 . Pravilnik o količinama pesticida i drugih otrovnih tvari, hormona, antibiotika 
i mikotoksina koji se mogu nalaziti u živežnim namirnicama. Službeni List SFRJ 59/83 . 

UNEP. 1978. Dala Prolilcs for Chcmical for the Evaluation of thcir Hazard to thc Environment 
of thc Mcditcrrancan Sca . International Rcgistcr of Potcntially Toxic Chcmicals . (IRPTC). Vol. 
I. pp. 642-676 . 

WHO . I 981. Arscnic-Environmcnlal Hcalth Critaia 18. World Hcalth Organization . Gcneva, pp. 
174 . 

ARSEN , BEZAZLENI OTROV U HRANI IZ MORA 

B. O z r e t i ć i M. K r a j no v i ć - O z r e t i ć 

Institut "Ruder Bošković", Centar za istraživa,ije mora, Rovi11j, Hrvatska 

KRATKI SADRŽAJ 

Koncentracije ukurnog arsena u nekoliko uzoraka morskih organizama iz sjevernog 
Jadrana obično su bile više od onih propisanih standardima za kvalitetu hrane. 
Vrijednosti koje smo zabilježili u potpunosti se slažu s vrijednostima za sva obalna mora 
i oceane. Medjutim arsen koji se nalazi u hrani iz mora nema nikakvih toksikoloških i 
teratogenetskih implikacija. Naime arsen se obično nalazi u obliku stabilnog i fiziološki 
neaktivnog arsenobetana i nekoliko drugih organskih komrleksa. Stoga umjesto 
uklanjanja hrane iz mora s ribarnica autori predlažu mijenjanje propisanih graničnih 
vrijednosti. 




