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• ABSTHACT
74The accumulation of As -as sodiue arsenate - fron sea vrater by plaien

ee~8, larvae nnd I~grou? plaice anJrays has been studied, nnd cornparis9ns,made

ilith the accUl'1ulation of arsenic fron labcllcd food. Accunulation direct fron

sea Nater V2S slov1 and resulted in a f,lirly unifom labellinr; of nIl i.l?-tcrpal .:

organs. In contrast, reTention' of 74l\S frop! lab~lled fooe} I.as hir.-h :t:qr thc'" ray

(85 90) but 10i~' (lOS'o) for the plaice. :~oth spedes conti'Jincd the Inrr;est fraction.

of the 74As bady burden in rmscle, althour;h rays also h.:ld vcry hir;h concentrations

in thc kidney.

IHTRODlJCTIOlJ

•
L1arine o!'r-anisns are unique in the5.r exer.ption from the t1K rer;ulations (1!AFr,

1966) for the concentrations of arsenicin food: all other foodstuffs nus~ not

contain 1'10re thnn 1 III; As/C;. The edibid portions of a nunher 9f .I"'arine fauna

contain rmch hir;her conccntrations of arsenic; cC:1centrations tlhich arc; presumed

to derive fron thc natural accunulati<'lD of thc clement At nornal E'nvironnental

le?cls. Recent a.nalyses of a:rsenic in T:lctrine fish nuscle have shmm a 1nrr;c

varint.ion in concentrations both Hithin, and bct~-lecn, spccies. For eXi1mpleBohn

(1975) hns :reported a ranr:e of 17 to 290 \lf; As/r:, dry ,·!eir;ht for thc Anericnn plaice

(l1(?poglo[J~o1:?e3 p7.n.toSGoidcr.), and an overall ranne o.f 11 to 51.~. lff, !iS/r, dry

wei~ht tor a nunher of different spccies takcn t~st of Greenlnnd. The~(has also

been Cl naT'k8~, ,trendtm-l.:lrds hiEhe!' levels of arsenic bein~ recor<'!ed for. elasmobranch
~_. . .

than ,for teleost fish (Findon et aZ, 1973; Le rU"lnc and Jackson,1~73).
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l\rsenic i3 alr;o of pi1rticular intcY'€st bccaU8e, like r,1crcury, i t exists
~ . ... .

in the <:quatic environment in a n~nher of inor~anic and orr,nnic forns, the

characterization and cyc1in.r.; ()f ~i!üch are in?~rfectly understood (Heod, 1973;

Penrösc, 1974). l\ntllys~s have shmm that fish contain a hif;h proportion of '

orrano-arsenic forr.s of arsenic (Lunde, 1969; Ldmonds and Francesconi, 1977)

Hhich, ,fortunately,', are lees to~dc to Dan thi'LD thc inor;-:cnic forns (Lu, Unker

<:md Hen1ey, 1973). 'ihere are, hm-:ever, fe~·' data on thc rates of accllT:ltllation

of arsenic hy aquatic orr;anis;-1s, and data for na,rinc fish appear to be lackin~.

:ü\TF.?IJl.L 1\lm f1ETEODS

Locally caup;ht p1aice (P7,m'.:..'n::eotes pZatessa) and thornback rays. (Rafa

c7,('[.vatc), each .Tithin R treißht range o'!: 35 to 70 g, "lere kept at 10
0 e in

filter(~d sei1 uatAr. The r;enera1 procedurG of experiments W18 sinili'lr to those'

described previously for other Alencnts, such as zine (Pentreath, 1<173, 1976 a).
71~

To study the accunul2.tion of nrsonic direct f7'om sca lo-Tater, Ar!- (half-life

17.7days) '.-las addcd, as scdiun arscnatc, such <lS to fT,ive ~ 1 pei/l, and the

concentration ~:QS Maintai~ed n~ainst a stnndnrd by ~aily additions. Sea water

contains, typica11y, 1 to 3 ~g An/l;, the princinal species is helicved to be
2-

Il As 0l~ ,<StuT1l"1,and Brauner, 1975). The addition of the tracer adeled <3 nß
r

As/1. ',',

•

- 2 -

•



,

c ==Jt±C
t 0

"hore C
t

in the concüntrution factor at.t,. I, thc input / g/t in equivalent nls

of sea ,.1-3.ter) t is tinc 'iri r1:1ys and Co thc conc"lntration f<lctor <lt t o ' Thc

value obtuinen Has

C
t

~ 0.23 t + 0.20

and thus at '2 PR A8/1 thc larvae had a nc)t uptake of 0.46 np.; As/g/day.

Five plaice anel eight rays 11ero rmin"t"ined in separate tanks of labelIed

soa ~...atel'" for six Heeks) and rcpeatE'dly whole-body countcd. 1\ccunulation of the
74

k" TJU.S sloH for both snecies (Fir:ure ?) and again a linear e<l.uation vm.s aplüied:

PlaicE': C
t

:: 0.006 t + 0.17 (P < 0.01)

• P,Gj' : C
t

:: O. OOL~ t + 0.10 (P < 0.01)

Thus, ar,o.in at 2 P."; As/l) these rer>resont nccunulation rates of 0.012 and 0.008

nß As/g/day for plaice and rays respectively.

Af~er six weeks four of each species were d~ssected and their orr,an concentra-
74

tion factor8 ci'11culated (TableI) •. Thc 1\.0 "ras fairly evenly dist:ributed in both

species, and thc scattcr of the <iata Has such as to preclurlü any conclusion. ao to

specific ornan preference.
71f _

To study thc r8tention of I\s i'rOT') food) liva j!eY'eis ,,'Ore rmintained in

labell0.d sea H.1.tp.r fOl' seven days) inr.1crsed in non-labo11ed. sea w1ter for one

day, a.nd then fed to the fish. Threo fed plaice and five fen rays were repeatedly

!lholc-body counted for five to di~ Hecks - durinr; i;hich they "mrn fed di'1i1y on non­

labclJ.ccl. '[1ereis - and then dis:Jectell. A further thrce plRice Here fed emd dissected

• five days later follOivinfj cODplcte defecation of the Here:1.:r,. 'the or::;an concentra­

tions of 74As obtaincd are f,iven in Tablo 2.
74

Tho initiRl three fed plaice o<1ch retC1.ined G3 12 and 13~o of the As after

de:fec<1tion) and these f:ractioDs were m:cretcd ilith biOlOfriCC1.1. ha1f-tinc;s of 22 3

3'2 and 46 days l"0.spectively. lIone of the fits Hore bettel" than P < 0.05) and

the hest is shmm in Figurc 3. At thc tinü of· defccation) an octernincd froM

disseetinß· tho seeond set of thrce plaiee 3 thc hi.c,hest concentration of 741\s was

that of. the liver) "hieh accounted for sone lWq., of the Hhole hody-burden value.
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Artel" a subsefl.uent thirty days ~ hOVTever~ cl.urinr; Hhieh half thc !"s body-burden

tTnS lost~ the hip,hest conccntration observcd WAS that of thc T'luscle vrhich accounted

for nost of the whole body-buriJen.

Thc rcsults obtained with thc five r?ys Hcre narkedly different. In contrast

to thc plaicc (Fip,ure 3)~ thc anount of 74As renaininp after defecation vas high,

and a nean of 85% ± 6% (~l~ wns obtaincn. Lonr,cr biolo~ieal half-tines were also

obtaincd, rr,ivinc a nean of 61 =29 days. After 45 days the hir,hest 74As eonccntra­

tion Han that. of. thc kidney in caeh fish, but a;:ain the larf!cst fraction of the

\<7hole body-purden wa~ tha.t of the nUGele. Thc cartilarr,e of theray aeeumulated

relatively 1088 74As than thc bon8 of the plaice.

DISCUSSIIl!f

Thc data ohtained are feH but serve to show that eHfferent rates of uptake

of arsenic fron foon and lmter are likcly to obtain in thc environnent.

Aecur,:ulntion oi:rect fron sea t-later uou1d apnenr to be reüativelY uninportant for

both plaice and rays ~ <11"thour,h thc inportance of the food patht-lay cannot be

estiElated vithout concor.:itant stahle ele!":cnt <1nalyses and thcse have not~ as yet~

been rrv'ldp..

•

•

Previous studies Hith younr; pl<15.ce have shmm that the fmscle usu<111y contains

one 0'-:= thc 101lest oT'F';an conc(~ntrClt5_ons :!"or a nunbel" of Ilntals (Zn ~ t!n ~ Co ~ fe ~

1\:;';) althow,;h, in ""iCH of i ts 1a:r;--:0. frFlction af body t'lci,rr,ht ~ i t Ilny nevorthe10ss

eontain D~ to a third of the body-burdcn (Pentr~nth~ 1977). An inportant cxception

is thc organie forn(s) of mercury (Pcntrcath~ 197G b~ c). It isaf intcrest,

h f 1 1 b '··l' h 74 1 b 11 d f d ' h ht ere .ore, to cor::pare t 1e rCSll ts 0 ti'uncu H1t As a e e 00 tnt t 08e

obtaJ.'11cd WJ."tll 203fr.~:_. \"th th 1 tt th' , f 1 t J b"J •, • e !'1 e a Cr~ c J.norp'a.nle 'orf.1 3 aeCUDu_a e y 1 el'C-Z,[;

tlhieh WCJ"C subsequcntly fed to· pl.::licc) HClS poo:rly absorbed aCrOSS the nut ilnd

only a sr~i1.11 fraction appeared in thc nusclc. !Ja cviciencc t!a~: founet :l:'or the

methylation of thc l~ercu:ry. Phon fish Hcre fed the ncthylilted fo:rn~ howevcr~ it

Has 1"cadi1:r nhso:rbcd und over 80';5 ,;vcntui1l1y <1?poared in thc nuscle. In the prescnt

sturly vTith 741\.8the larp:cst frac"tion of thc bocty-r-,urden of both spccies eventually

appears in thc mlGele cven thou;;h i t t1<lS initiFllly introdl!cacl ~ to thc l!mY?-7:n ~ in

an inor,r;anic form. lJnfortunntely, heci'lusc s<1r~;>.1cs were tRken only for rRdioassay

in order to <1sce:rtain thc !lody distribution, nn attenpt was nClO.~ ilt this stilge
7Ll

to detcrninc the forn of ' /',S in the fisb. It in of interest ~ therefore 3 that in
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rtethv1at0.d arsenie froJTl T"Iarine
J •

•

studies Hith thc hrown trout Pcnrose (1975), havinr: fed fish Hith inor;:anic

74As , determined that after 72 hours a large fraction of the 74As inthe p,ut

contents, and nost of that in the liver, WRS "organic". Lunde (1972)'had also

shown that rainho\'l trou.t could synthesi.se hoth lipid soluble and uater soluble

arseno-orp;anic cOI:1pounds tlhen fed inorr;anie arsenie. Thc convArsion tms

eonsidered hy Penrose (1975) to be mediated by the intestinal f~ora.

It is also not c1ear as to whether thc 74As Hhieh acerues Hithin the 1iver

of the p1aice after rlefeeation in that whieh is lost durinr; the subscquent thirty

days, and ",hat fraetion of i t na~r,. or nay not, be transferred to the JTlusc1e. 11.

seeond feature .of interest is thc narked difference bet~~en thc intestinal

absorption of arsenie hy the ttlO speeies, <md the high aeeunu1ation .of arsenic

by .thc kidney of thc ray. In v~cwof t~e relative1y high eoneentr~\io~s of

arscI}ic in narine.f:tsh, its high toxieity, and its apparent existenc;e in a number.. , ... .
of different chemical forns, further studies 'Hould c1ear1y be of interest.
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TADLE 1 C
. c ~ 74A ~oncentrntl0n l.actors or S 0...

orr;ans of plaice and rays after
accuMulation from sea water.
Values are nean of 4 :': 1 standard
deviation

L

Organ Plaic0. Ray
(DGY 42) (Day 43)

nlood cfüls 0.04 0.12 ± O.lf)

Bloo(: plasna 0.12 :I: O.O!~ 0.06 ± 0.05

• Spleen 0.18 0.08 ± 0.07

r3.ver 0.13 ± 0.02 0.23 ± 0.09

Kidney 0.89 ± 0.85 0.28 ± 0.18

stomach 0.15 ± 0.03 0.12 ± 0.09

Intestine O. Ltl+ ± 0.15 1.11 ± 0.87

GUI filaflent 0.59 :t 0.5~ 0.22 ± 0.13

S1::i.n 0.1+7 ± o.n 0.?1 ± 0.05

rIuscle 0.36 ± 0.21 0.02 ± 0.02

[\o:1e 0.65 ± 0.23

Cartila[~e 0.08 ± 0.08



T.!\BLE 2 -1 -1
f~ean concentrations (counts nin r: ) and approxinate ~) of

body-burden of 74As in selected orr,ans of p1aice and rays
74 .fed As-1abelled llel'ew

Orrran Plc:lice Pla~,cej'; Rays
(Ihy ~) .. _., . JJ)~}T _ ;15 ) (Day 45 )

Counts (', Counts c, Counts S'.;':) "

min-1 -1 . -1, ,;,7"1. ...... ...... ..,1. .... -1. ~. r:un r," Tun . '.'

Blcod cel1s 29 <1 <5 <1 <5 <1

Elood plm,l'la 2f1 <1 <5 <1 <5 <1

Li,..eT' 22E:7 LJO 18 1 142 1

Kidney 185 1 lS <1 1100 1

Stonach 65 <1 IR 1 25 <1

Intestina 88 ~ 5 1 177 <1

Gill filanents 5~ 1 6 <1 ~6 <1

Skin 3(1 6 5 3 18 6

:ruscle 29 27 ?3 g'~ 70 75

1;one 22 6 10 11

Cartilar,c 11 4
..Gut contents 21 "<1'" -

71.1'1'Day-15 p1aice reccived :::;s 3 tines the anount of 'As as thc c1.ay-5 p1aice
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