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ARSTRACT L
The accumulation of 7“As - ‘as sodiun arsenate -.frbn sea wqtér_by plaice
egss, larvae and I-group plaice and rays has heen Stﬁdied, and comparisons .nade
with the accumulaticn of arsenic fron labelled food.‘jAccunuldtion’direct,fpom
sea water was slow and resulted in a fairly uniforn labellinﬁ of all internal ..
organs. In contrast, retention of " ps £ron labelled food was high for the"ray.
(85%) but low (10%) for the plaice. Roth species contained the larrest fraction.:
of the 74As body burden in muscle, although rays also had very high concentrations
in the kidney. s o - ) -
INTRODUCTION | Y
V'yarine orranisns are unique in their exermtion frbm the UK regdlatiqns (MAFE,
1966) for the concentrations of arsenic in food: all other foodstuffe rnust not - -
contain more than 1 pg As/s. The edible portions of a nunber.of_narine fauna
contain much higher concentrations of afsénic; ccﬁcentrations vhich are presumed
to depive from the natural accurulation of the element at normal environmental
levels. Recent analyses of arsenic in marine fish ruscle have shéwn a large
variation in concentrations both within, and hetween, species.k For example Bohn
(1975) has reported a ranme of 17 to 290 ur As/g dry weight for the Anerican plaice
(iippoglossoides platessoides), and an overall range of 11 to 512 . ug As/g dry
weight for a nunber of different species taken uest of Greenland, Thererhas also
been a narked trend towards higher levels of arsenic bein recorded for elasmobranch

than for telcost fish (Vlindon et al, 1973; Le Blanc and Jaékson,'l§73)._-'
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Arsenic is also of particular interest because, like mercury, it enists
in the aquatic environment'inla nunher of inorganic and organic forms, the
characterization and cveling of which are imperfectly understood (Uood, 1973,
Penrose, 1974}, Analyses have shown that fish contain a high proportion of-'
organo-arsenic forrs of arsenic (Lunde, 1969; Ldmonds and Francesconi, 1977)
whichy fortunately, are less toxic to man than the inorganic forms (Lu, Baker -
and Henley, 1973). There are, however, few data on the rates of accumulation
of arsenic by aquatic organisns, and data for marine fish appear to be lackine, -
MATRRIAL AND METHODS . s - -

Locally caught plaice (Plerenectes platessc) and thornback rays:(Rajd
clewate), each within a weight range of 35 to 70 g, were kept at 10°¢ in
filtered sea water. The meneral procedure of experiments was sinilar to those
described previously for other elements, such as zine (Pentreath, 1873, 1976 a),
To studv the accunulation of arsenic direct from sea water, 7“A§ (half-life
17.7 days) was added, as scdiun arsénate; such as to give s 1 uCi/l1l, and the
concentration was maintaired against a standard by daily additions. Sea water-
contains, typically, 1 to 3 ug As/l; the principal species is helieved to be.

I As‘Oi— (Sturm and Braurer, 1975). The addition of the tracer added < 3 ng
As/1. ... ’

Arfificially fertilized plaice eqrs wvere nlaced in labelled sea water after
gastrulation. Live fish were vhole-body counted between two 7.6 cm x 7.6 cm Nal
crystals, and dissected organs analyzed by auto-garma spectrometry. The radio-
nuclide content of all sémples wvas counted against sultable stardards and
corrections nade for differcnt counting geonetries and for decay. Counting
accuracy vas frequently not better than + 20%,

To calculate percentage distfibutions of the 74As in the fish, it has been
assumed that for plaice, muscle, skin and Lone constitute 55%, 9% and 15%
respectively of the whole-body weisht: for rays the values.used were 4u%, 13%
and 16% respectivelv. |
RESULTS ,

The very low concentration Factors (7uAs/g wet of organisn divided by-7uAé/é
of sea water) of the plaice egps, and more ranid accunulation by the larvae, can
be seen in Figure 1. The data for the larvae, up to day 8, gave a good (P < 0.01).

fit to the linear expression



’ = Tt *
Ct It * CO

where C_ is the concentration factor at t [ I the input/g/t in equivalent nls
of sea water, t is time in days and C, the concentration factor at t_. The
value obtained was

Ct = 0,283t + 0.20

and thus at ?‘ng As/1 the larvae had a not uptake of 0.46 ng As/g/day.-

Five pldice and eight réys vere nainfained'in separate tanks of labelled
sea water for six weeks, and repeatedly whdle—body counted. Accurulation of the
uAs was slow for both species (Fiﬁure ?2) and again a linear equation was applied:

Plaice: C_ = 0.006 t + 0.17 (P < 0.01)

Ray:  C,_ = 0.004 t + 0,10 (P < 0.01)

t
Thus, agein at 2 ue As/1, these represent accurulation rates of 0,012 and 0,008
ng As/g/day for plaice and rays respectively. ‘

After six weeks four of each species were dissected and their organ concentra-
tion factors calculated (Table 1).. Thef74As vas fairly evenly distpibuted in both
'sﬁeciesg and the scatter of the data was such as to preclude any conclusion_as to
specific organ preference.

To stﬁdy the retention of 7“As fron food, live Nereis_were maintained in
labelled sea vater for seven days, immersed in non-labelled sea water for one
day, and tﬁen fed to the fish. Three fed plaice and five fed fays were repeatedly
vwhole-body counted for five to =iy weeks - during which they were fed daily on non-
labelled,Z@rcis - and then discected. A further three plaice were fed and dissected
five davs later following complete defecation of the Nerezs. The organ concentra-
tions of 7“Aé<obtained arc given in Table 2.

" The initial three fed plaice each retained 6, 12 and 13% of the 7uAs after
defecation, and these fractions were excretad with biologrical half-tines of 22,
32 and 46 days respectively., llone of the fits were better than P < 0.05, and
the hest is shown in Figure 3. At the time of-defecation,'as.dgtermined from
dissecting the second sct of three plaice, the highest concentration of 7uAs was

that of the liver, which accounted for some 40% of the whole bhody-~burden value.



After a subsequent thirty days, however, during which half the 7uAs bodv-burden
was lost, the highest concentration ohserved was that of the muscle vhich accounted
for most of the whole body-burden.

The results obtained with the five ravs were markedly different. In contrast
to the plaice (Figure 3), the amount of 74As remaining after defecation was high,
and a nean of 85% * 6% (SM) was obtaincd. Longer biological half-tines were aléo
obtained, siving a mean of 61 % 29 days. After 45 days the highest 74As concentra-
tion was that of the kidney in each fish, but arain the larsest fraction of the
whole body-burden was that of the nuscle. The cartilage of the ray accumulated
relatively less 74As than the bone of the blaice.

DISCUSSIOI

The data obtained arc few but serve to show that different rates of uptake
of arsenic from food and water are likely to obtain in the environment. ‘
Accurulation direct fronm sea water would apnear to be relatively unimportant for
both plaice and rays, althourh the importance of the food pathway cannot be

estimated without conconitant stable elerment analvses and these have not, as vet,

3

.been made.

Previous studies with youns; plaice have shown that the muscle usually contains
cne o7 the lowest organ concentrations for a nunber of retals (Zn, !Mn, Co, Te,
Ar) althoush, in view of its lar~e fraction of body weight, it rav hevorthelqés
contain up to a third of the bodv-burden (Pentreath, 1977). An important cxception
is the organic forn{s) of mercury (Pentreath, 1976 b, c). It is of interest,
therefore, to compare the results obtained with 7L‘LAs labelled food with those

. . 203 1 . s Y
obtained with Hrz. VWith the latter, the inorganic form, accurulated by llerers

vhich were subsequently fed to plaice, was poorlv absorbed across the gut and N .
only a srmall fraction appeared in the muscle. No ewvidence was found for the
methylation of the rercury. 'hen fish were fed the methvlated forn, however, it

was readilv absorbed and over 80% cventually anneared in the ruscle. In the present
study with 7uAs'the larcest fraction of the body-burden of both species eventually

appears in the ruscle even thoush it was initially introduced, to the [ereis, in
an inorranic form. Unfortunately, hecause sarples were taken onlv for radioassay
in order to ascertain the body distribution, no atternt was rade at this stare

T, R . . .
to deterriine the form of °~ As in the fish, It is of interest, therefore, that in
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studies with the brown trout Penrose (1975), having fed fish with inorsranic
7uAs, determinédkthqﬁ after 72 hours a large fraction of the 7uAs in the gut
contents, and nost of that in the liver, was "organic", Lunde (1972) had also
shown that rainbow trout could synthesise both lipid soluble and water soluble
arseno-organic compounds vhen fed inorganic arsenic. The conversion was
considered by Penrose. (1975) to be mediated by the intestinal flora.

It is also not clear as to whether the 74As which accrues within the liver
of the plaice after defecation is that which is lost during the subsequent thirty

days, and wvhat fraction of it mav, or ray not, be transferred to the muscle. A

second feature of interest is the marked difference between the intestinal .

absorption of arsenic by the two species, and the high accunulation of arsenic
by the kidney of the ray. In view of the relatively high concentrations of

arsenic in rarine fish, its high toxicity, and its apparent existence in a number

of different chemical forms, further studies would clearly be of interest.
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TABLE 1 Concentration factecrs of 74As of
organs of plaice and rays after
accurulation from sea water,
Values are mean of 4 * 1 standard

. deviation
Organ S Plaice Ray
(Day 42) (Day u43)

»Rlood cells | 0.04 o 0.12 + 0.18
. Rlood plasna 0.12 = 0.0 0.06 = 0,05

Spleen 0.18 0.08 + 0,07

ILiver 0.13 * 0,02 0.23 * 0.09

¥idnev N.R89 + 0.35 0.28 + 0,18

Stomach 0.15 £ 0,03 0,12 * 0,09

Intestine . OJbh = 0,15 1.11 +* 0,87

Gill filament Q.SQ 0,52 -0.22 * 0,13

Skin 0.47 £ 0.23 0.?1 £ 0.05

Muscle 0.36 * 0,21 0.02 * 0.02

Rone 0.65 * 0,23 -

Cartilage - . 0.08 £ 0,08




TABDLE 2 Yean concentrations (counts nin g—l) and approxinate % of
body-burden of 74As in gelected organs of plaice and rays
fod "*As-labelled lereis

Crran Plaice Plaice™ Rays .
(Pay 8) . ... .....(Day.35) .. ... (Pay 45)..
Counts % Counts 5 Counts %
min“l-ng-- nin-l'ﬁ?l”“"' ‘ﬁinﬁl“h-l
Blcodbcells 29 <l <5 . - <1 <5 "<l
Blood plasma 29 <l <5 <1l <5 <1l
Liver 22€7 40 | 18 \ -1 2 1
Kidney 186 » ~ l 18 <1 1100 ' 1
Stomach 65 <1 18 1 25 <l
Intestine 38 : 2 5 1 177 - <1l
Gill filaments 52 1 5 <1 26 <1
Skin 38 ) . 6 5 . 3 18 6
tluscle 29 27 23 94 70 75
Done 22 - 6 10 11 - -
Cartilage - - - - 11 4
Gut contents 21 Cee e e ;-: e -

HY
*Day-35 plaice received ay 3 times the amount of 7'As as the day-5 plaice
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Fig 1. Accumulation of ‘7I'Asf.’by plaice eggs and larvae
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Fig 2. Accumulation of Thps by plaice and rays (values are
mean %S.D)
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Fig 3. Retention of '4As by plaice and ray each fed a
single labelled Nere/s on day 0



