‘@- THUNEN

Digitalization sponsored
by Thinen-Institut

This papcr not to be cited without;prior reforence to the authors

Internctional Council for the | .M. 1968/K:13
Sxploration of the Seca Thgk Fisheries Improvenent Comnmittee
LY

The toxicity of pesticides to marinc chinmals, and further

data on thc occurrence of pesticides in oysters

by

P. H. Connor end J. E. Portnonn

Introduction

Although it is now widcly acknowlcedged that pesticides can be toxic to
narine aninals and that the organo-chlorine. group arc ohly very slowly broken
down, therc is still very little knowledge about the leovels which affect marine
life, cither in the water or in the animal itsclf. lMost of the work rolc?qnt;
to the marince cnvironment has been carricd out in America. For cxample, at the
Gulf Breceze loboratory pesticides arc routinely screcncd for toxicity (Buﬁler

1966), and cach ycar large numbors of shollfish and fish arc analysed for their

-pesticide content. IMuch of the information obtained is published annually by

the U.,S, Fish and Uildlife Service in a reoport on "The Effects of Posticides

on Fish and Wildlife“h(seo, c.8e.s Anon. 1964 and 1965); However, little of

this workk is directly applicablc to our own part of the marine environment.

In general the Ancricen species are different, and the anbicent water tempera-
turcs usually differ fron our own by at leost 5°C arnd in winter often by as

nuch as 209C; Temperature and species differcnces can be inportant, as has

been shown, for cxonple, by Portriann (1968); For this recason the toxicity of
sone pcsticides used in the United Kingdon is bcing'oxamincd ot Burnhan-on-Crouch.
Some of the experinental rcsults are reported in part 1 of this paper.

‘Since the pattern and degrec of pesticide usage in the Unitcd\Statcs is
very different from that in the United Hingdonm, Ancrican pesticide rosiduc
results cannot in general be uscd as indicators of the leovels likely to be
found in marinc spccics caught off the United Kingdon coast; During the past
fow ycars inéreasing attention has been paid to this problen and some results
have now been published. Holden (1966) rcported somc results for marine fish,
and more rcceontly Holden and ilarsden (1967) repcried further data on scals,

porpoisecs and fish. At last year's ICES nceting we roported some of the carly
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results of analyses made at Burnhen—on-Crouch. - Some further pesticide analysis
results relating to oysters are reported in parf 2 of this paper.
Part 1 ' |

fo AP new A

llethods and Ilesults

The method of toxicity testing employed in experiments with brown shrimps
(Crangon crangon) and cockles (Cardium edule) ¥s described bricfly here (for
further details see Portmann 1968).

All the experiments were carried out over forty-eight hours in a controlled

tenperature room at 1500, using 10 litre perspex tanks. The room was in dark-

~ness throughout the experiment. Solﬁtions of the pesticides were prepared by
.dissolving them in acetone, because they were not very soluble in water; diquat
_-and paraquat were the only exceptions and these were diluted with distilled -
\ vater. The concentrations of the pesticide solgtions were such that the ‘
~;volumes added to the tanks did not exceed 10 ml. A range of concentrations
| of each pesticide in sea-—water was set up, such-that,each_concentration vas

three times as strong as the previcus one, e.g. 0,001 ppmy 0,0033 ppn,

0.01 ppmn, etc;

Fifteen tanks were used in the expe:imentS’and two of these were set up
without any pesticide; these acted as controls:~ LAcetone was added to all the
tanks (except in cxperiments with paraquat and diquat) including the cohtféls,
so that each tank contained 10 nl acetone. The tanké,were stirred, to ensure
a homogeneous nix, the aerators turncd cﬁ, and twenty;five specimens of the
test species introduced to each tank. Dead aninals were removed during
the course of the experiments, and the total numbers which had died in ecach
tank were rcecorded at the conclusion. cof each experiment;

The highest concentration at which less than 50 per cent of the animals ‘
died,. and the lowest contentration at which more than 50 per cent died, were
noted and the LC50 (concentration required to i1l 50 per cent of the test
animals) was said to lie between these %wo concentrations. In some instances
bthe LC50 appeared to lie very closc to a particular concentration agd this
accounts for the single figures given in the table of results below. The

figures refer to the quantity of pesticide added to the sca water.



" o} .
Posticide 48 hr L0gy 2t 15°C (in ppn)
Group Uhder test | Crangon crangon | Cardium edule
’ DDT 0.0033 ~ 0.01 >10
( _ o
2 BHC 0.0033 >10
Organochlorine . . _ ' -
insocticido % Dieldrin 0.01 - 0,033 >10 o
( Endosulfan 0,01 >10
( | |
( Tetradifon - | >10 >10
( Parathion - 0.0033 — 0,01 3,3 - 10
Organo— ( ‘ . ‘
phosphorus ( Malathion 0.33 - 0.1 3.3 = 10
insccticide (
( Azinphos-methyl | 0.00033 ~ 0,001 >10
Bipyridyl E Paraguat | >10 o _>j0“
herbicide ( Diquat 510 >10

These results demonstrate thot very low concentrations of brganb—phoéphdrus

and organo-chlorine insccticides are lethal to CrangpnAcrangon. Cardium edule

appears to be much less susceptible than Crangon crangon and is least resistant

to organo-phosphorus insccticides; Crangon crangon also appears to be nost

susceptible to this class of compound. ‘

In all the cxperinents cxcept those with paraquat and diquat the -
possibility of the syncrgistic cifect of acctone and the pesticide must be
borne in mind. The fact that the acctone clone did not cause deaths ih the .
controls does net necessarily nmean that it does not impose a stress. Dxperi-
ments are nov planned which will investigate the influence of acetone., An
additicnal unknown factor is the ratc at which pesticide is lost from
solution by precipitation, cvaporation, braonkdown or adsorption onto silt
particles. In order to cstablish thic, analysis of the waters would be
necessary.

Duplicate experinents did not always give the same results and two nain

‘factors are believed to be involved herc. The first is the varistion in

acration. Aeration is carricd out by means of diffuser stones controlled by



small nylon taps, and although cach is corefully adjustéd to give th;”éaﬁé
rate differcnces incvitably occur; It is believed thaf these could cause ;
significant difforcnces in results. The second factor involved iS“thc”varia;
tion in size and condition of the tost animals;, The sigzc is now standardized
but condition is rmuch morc difficult to centrol, bocouse it varies with season
etc.: Yhere duplicate exporiments did not agrec the experinents were repoéfed
until a consistent result was obtaincd;
Conclusion

' Very low concentrations of organo-phosphorus and organo-chlorine pesti—
cides can be lethal to sonc shellfish. OrganoFPhosphorhs conpounds appear to
be 51ightly nore toxic than organo-chlorine compounds; The results of the
toxicity. experincnts roported above are subjcet to a number of variables which
could affccf: rosults: Sfeps are now being taken to eliminate as many of these ‘
as possible, T N
Parf 2 ..
Metﬁods and Results: . _

' Oysters, have been analysed for thoir organo;chlorinc‘pesticidc Qonteht

sinée March 1967._'Thcse a aiyses have been carried’out»oh batches of 5 oxsters

(Ostrea cdulis) collocted at two-wockly intervals from two local oyster: grounds,

one in the Rooch estuary and onc in the Crouch estuary. .

... The tissue fron cach sample of 5 oystors was bulked and honogenized, and
two 8g sub;samflos werc fhon nized with anhydrous sodiun sulphato; Duplicate
100 nl extrocts were then preparcd by repeatedly sirmering the nixes with
hexanc. Clean~up of the hexanc cxtracts was by the nethod of de Faubert
lfaunder ot gl; (1964), and subscquent analysis was by gas=liquid chromatography.
The gas chromatograph used was o dual colunn dual electron-capture detector .
instrument; . The coluring uscd were 5 ft %—inch O,D; glass and were packed with
2.5 per cont SE301 + 0.25 per cent. Ipikote 1001 on Chromoscrb G and 2 per cent
Oronite polybutene 128 + 0,2 per ccnt Epikote 1001 on Gas Chron Q;

Bach sanmple was analysed for o, B and y BIC, heptachlor, epoxide, aldrin,
dicldrin, endrin, DDT, TDE and DDE. Of thesc commounds o and vy BHC, dieldrin,
DDT, TDE and DDE were found in most samples;» The results of the two analyses
for each samplc of oysters werc very often the sane and were usually q;thin
10 per cent of coch other, which is as good as the nethods used will permit.
Vhere the rosults of the two analyses differed the rncan of the two valucs was

taken;



The results of the two-weckly cnalyses for the Crouch and Roach oysters
collected during 1267 arc shewn in Figures 1 and 2 respectivoly; In order to
give o clear picture the concentrations of the two BHC iscmers were combined
and plotted, as were the ccnecentrations of dieldrin, DDT and its two metabolites,
TDE and DDE. A third linc shows the concentration bfldieldrin alono and the
fourth line shaus the total crncentraticns of all pesticides;

Butler (1966) showed that oysters arc good indicators of orgnno-chlorine
pesticide pollution, since they can rapidly concentrate these naterials and,
after the pollution.is past, excrete them. The two sets of figures for the
Crouch and Roach oysters followed o siniler pattern for most of 1967, demonstro-
ting a similar pattern of pesticide pollution; The only major difference
occurred in June-July, when the risc in pesticide concentration was nmuch o
greater in the Roach oysters then in thosce from the Crouch. A sccond peak in
October-November was shown by both sets of oystcrs; Threughout the remainder
of the ycar the levels were comparable and foirly steady; .

The pecak in October-llovember is in both instances probably duc to pesticide
usage on auturn-sown vheat. BHC and dieldrin arc widely used as sced dressings,
on wheat sown during. the autumn, as a protecticn against attack by wheat bulb
fly and certain sced-~borne diseases; The parallecl increase in DDT group
ccncontrations is not so readily accounted for, and as yet no cxplanation has
been found;

* The large peelkt in all pesticide conconfratiéns found in late June in
Roach oysters could be the result of pesticide uéage in horticulture: Dieldrin,
DDT ond BHC arc all used agoinst a varicty of pests in orchards, on soft fruits
and in narket gordens at this fine of yoar; In the Roach catchment area there.
is a large acrcage of market gardens and o significant arca planted with black;
currants,; rasvberrics and strawbcrrics; In the Crouch catchnent arca there is
only a snall arca of mg;ket,gardqngiand strawberry ficlds, and nost of the land
is undor wheat or barley which would not rcceive pesticide treatment at this
tine of year. This difference in horticultural and agricultural practice could
explain the difference in pesticide concentrations found betweeon Roach dnd
Crouch oysters, '

It is now generally accepted that organo—chlorine pesticides arc largely
adsorbed by soil porticles and are not washcd off the soil, by rainfall, into
the rivers (Strickland, personal communication). This poses o problen as to
how the pesticides do get into the oysters;" There are in fact three possible

ways in which this could happen:



a) The pesticides weuld slowly evaporate and could be rained cut into the
rivers; Since thc pcaks occur very shortly after the suspected period of

usage this can cnly be a ninor contributory fo ctor.

b) The pesticides may be washed into the rivers in the course of the washing
cut of containers or cquiprnient used in applylné then.  This could be the main
contributory fnctor;

c) It is possible that soil particles corrying cdsorbed pesticides are washed
intd"the rivers and that the oysters‘filter sonc of the pbsticideécontaminated
solids dubing feeding, dosorbing the pesticide in the process. It is not known
how.important this might be. |

Conclusion ‘

It appears that oysters concentrate and reclease pesticides according to
the quantity of pesticide in the water. A fairly ccnstant background level is ‘
maintained throughout the year but peck concentrations occur in early summer
and autunn. These peaks are probably the result of seasonal agricdltural or
horticultural usage. TPFurther analyses have been carried out during the present
yeor and the progrorme will continue during 1969; It is intended to report on
the results of the 1968 and 1969 analyscs at a later date.
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Figure 1. River Crouch oysters.
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