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ABSTRACT 

The effects of seven herbicides, four insecticides and one molluscicide were tested at 
concentrations of up to 10 mgll on larvae of oysters, Crassos/rea gigas (9 days exposure), 
and on laboratory cultures of the algae Isochrysis galbana and Chaeloceros calcilrans (21 
days exposure). Ali of the pesticides tested had significant toxie effeets on at least one of the 
test organisms. The strongest effeets were those of lindane and isoproturon on survival and 
growth of C gigas larvae, and of isoproturon and earbetamide on growth of Isochrysis and 
Chaeloceros cultures. 

The log-probit model for the relationship between dosage and effect, and Haber's rule for the 
relationship between duration of exposure and effeet, hardly ever applied to our data . In 
sorne ea~es we found marked toxicity threshholds, and in others there were pronounced 
hormesis effeets . We eharaeterize five types of responses to prolonged toxicant exposure, 
including delayed toxie effeets (sometimes following initial hormesis) , and initial growlh 
inhibition with subsequent recovery (sometimes ending in hormesis) . 

The great variability of response (depending on duration of exposure, toxieant concentration 
and test species), is a reminder that the effeets of pollutants on the marine environment 
cannot be assessed by simple methods (e.g. short-term bioassays with one or two test 
speeies). This eontrasts with the requirement for easy routine methods of pollution 
assessment for monitoring and management purposes. 
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INTRODUCTION 

Agrkultural pesticides afC introduccu inlo the waslal marine cnvironment through nalural 
runolT, and they may cunstitute a thrca t to the ecological stahi lity of the marine cnvi ronrncnl , 
as we il as 10 a4uacuhurc operations. Pcsti ci lle lux icology has, howevcr, focuscd on Icrrcstrial 
<md freshwalcr studics (c.g. Hayes & Laws 1991) . The effcets of pesti cides on marine 
uniœ llular algac were fifsl studied hy Ukclcs (1962) in five algal specics, and on bivalve 
larvac hy Davis (196 1) in hanJ dams (Mrrct'l1oria l11ercrnaria) and American oysters 
(Crassosrrru virginica). The cffcets of pcsliddcs in the marine cnvironment have hecn 
rcviewed hy Walsh ( 1972). 

The presen t study allcmpls to assess the polcntia l thrca t 10 oyslcr cu lture posed hy sume 
pesti cides communly usetl in agricultura l uperatiuns adjacent lu the Charente Maritime uyster 
growing region of southwestern France (Cheva lier & Masson 1988). Seven herhicides, four 
insecticides and one molluscicide were tested at the concentrations which might he expcc ted 
in the marine environment in the case of an accidentai spill . Pesticide effects on growth and 
survival of Pacifie oyster (Crassos/rea gigas) larvac wcre investigalcd ; because oy:Her 
recruitment may also be hampcred indirect ly by pollutant e ffects on the phytoplankton on 
which the larvae feed (e.g. His et al. 1986), pesticide effecl' on the growth of lahoratory 
cultures of two algal specics were studied as weil. 

MATERIAL AND METHODS 

Adult Pacifie oysters (Crassos/rea gigas Thunherg) werc indueed to spawn in the laboralory 
by thermal stimula tion. Within 30 min . of spawning, ahoul 6O,(X)(} eggs were fertili zed in 
2 1 glass beakers containing the appropriatc solutions of pesticide in 0 .2 l'm filteree..! seawater 
of 28 ppt salinity, and incubated at 24 ± 1

0 

C. The water was changed after 24 h and the 
larvac were grown under the same conditions by standard methods (Utting & Spencer 1991 ) 
at a density of 8000/1 for 8 more days . They were fed daily with 50 cells/pl of 
(noncontaminated) Isochrysis ga/bana and o f ChaelOceros calcitrans . The water was changed 
every two days; at each water change larval mortality was assessed on samples of 200 larvae , 
and larval growth was determined by measuring the shell height of 50 larvae . 

Non-axenic cultures of 1. ga/balla (Parke) and C. calcilransf pumilum (Takano) , originating 
from stocks of M.A.F.F. Conwy (Wales) , were grown by standard methods (Laing 1991) 
under continuous illumination al 20 ± 1 e C and 28 ppm salinity in 2 1 Erlenmeyer flasks 
filled with 1 lof culture medium; the medium used was as described by Walne (1966) . The 
flasks were agitated thriee daily during the incubation period, which lasted 21 days in most 
cases , by which time the control algae had generally altained the stationary phase. Aigai 
densities were determined with a Coulter counter every two or three days . 

The proc..lucts tested werc : isoproturon, chlorotoluron, metoxuron, 2-4 0 (quinoxonc), 
bromoxynil , carbetamide, mecoprop, lindane, fenitrothion, parathion methyl, carbofuran, and 
metale..!ehyde; most of these compounds are describee..! in ACTA (1991) and in Hayes & Laws 
(1991) . The pesticides were used at the following concentrations: 0 (controls), 0 .025, 0 .05 , 
0 . 1, 0 .25, 0 .5, l , 2.5, 5, and 10 mg/lof seawater, except lindane (test concentrations of 
0 .01 to 1.0 mg/ I) and fenitrothion (0.005 to 2 .5 mgll) . Hydrophobie compounds were 
dissolved in acelone; in these cases, an amount of acetone corresponding to the highest 
cxpcrimental concentration was added 10 the incubation water of the controls . 
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RESULTS 

O\'cra11 rcsults .JI the end of the cxposurc periods arc summarized in Table 1. Pest icide 
cffc L:ts wcrc allllost ne ver linca r or log-Iinear with lime or concentration; in sorne cases wc 
round markcd toxicity threshholds, and in OmeTS wc round pronounced hormesis effects al 
the luwer toxicant concentrations. 

Table l ' 

Effccts of twelve pesticides on the larvac of Crassos{r~a gigas , and on the algae 
Isochrysis ga/bana and Cha~lOceros ca/cilrans al the end uf incubation . Asscssment 
of the cffccts is based on the performance of the controls. Toxicity levels 
(interpolated data) are in mg of active product peT 1 of seawater. - = no 5uch effeet 
al highest concentration tcsted . 

RUeet (COlpared to controIs) i 

B~t~iki~ 

lsoproturon C'~lI·t> 
Cblorotoluron C"B,p1t> 

Netoluron C1oB11CIIKl] 

2- 4 0 C,B{If'l 

BrolOlynil CllB7Br ,wlO, 

carbetalide Cn B16l l07 

Kecoprop C,OBllCIOl 

II!~~tiki~ 

Lindane C6B6C16 

Fenitrotbion C,Bn·Vs 

Paratbion -Ietbyl ~B'OIIIV4 
carbofuran C,lB'SIlOJ 

M2II:!1.1Çi~ide 

Metaldehyde CI~,04 

Larvae of CrilSSQStrea ~ 
(alter 9 days elposure) 

SOI 101 height 
IOrtality reduction 

0.]7 0.25 

0.60 

9.0 

7.0 0.80 

9.1 4.2 

4.2 O.ll 

0.17 0.1] 

0.19 

7.2 0.087 

6.9 0. 46 

7. 4 0.69 

lsocbrysis ClIaetoceros 
(after 21 days elposure) 

reduction in cell nuabers 
SOI 201 SOI 201 

0.017 0.007 0.078 0.064 

0.081 0.060 0.42 0.29 

0.088 0.025 0.]9 0.29 

9.2 0.024 

7.5 

0.037 0.017 0.096 0.076 

0.48 0.1] 0.75 0.54 

4.6 1.1 8.4 6.5 

7.6 6.0 2. 4 

----------------------------------------------_._--------------------------------------------------------
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lIme dcpl:nJent n:s lllln'il'S tùllowcJ il varicly of paltcrns : 

Typc 1 0 7 1 % \l I' the Lits(;sl No 'i ign iti c<tnt cffccl on growth . 
Tyo!.: 2 (1 2% of the cas!.::;) " HormnÎs effet! last ing tu the end of the incuhation period 

(c.g. Fig. l , 0.05 mg/l). 
Typc 1 (123 % of the cases)' Delayed growlh inhibition (e.g. Fig 1, 0.\0 mg/I) , inclUlling 

cases of initial hormes is with suhsequent dccline 10 control Icvcls. 
Type 4 fi? 0% of (he cases)" Initial growlh inhihitiun with suhsequent partial or complete 

recovery , someti mes cndÎng in hormesi.'i (e.g. Fig. 2, 0.025 and 0.05 mg/l) . 
Type 5 02 4% of the cases)" More or less continuous growth inhihition (c.g. Figs. 1 ami 

2, 1 and 10 mgll). 

The types uf rcsponses of the test organ isms 10 the va rious lox icant concentrations are 
summarizeJ in Table 2, and an overvicw of the response patterns is givcn in Fig . 3. 
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Effects of the herbicide mecoprop 
(concentrations in mg/l of seawater) on 
growlh of Crassos/rea gigas larvae. 
Vertical oars indicate 95% confidence 
intervals. The data for mecoprop 
concentrations of 0.025, 0.25, 0.5, 2 .5 
and 5 mgll were inlermediate, and have 
been omittcd . 

Fie 2' 
Effects of the herbicide isoproturon 
(concentrations in mgll of seawater) on 
growth of laboratory cultures of 
ChaelOceros calcilrans. The data for 
isoproturon concentrations of 0.25, 
0 .5, 2 .5 and 5 mg/l were simiJar to 
those for 0 . 1, 1 and 10 mgll, and have 
becn omitted. 
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Table 2 ' 

Growth rcsponsc pallcrns of the larvae of Crassostrea gigas, and of the algae 
tsochrysis ga/bana and Chanoceros ca/citrans during prolonged e.posure 10 differenl 
concentrations of twelve pesticides. Sec texl and Fig. 3 for characterization of the 
response types . 

--------------------------.-.--------------------------._--------------._-------------------------------
contalinant concentrat ion (19/1): 0.010 0.025 0.05 0.1 0.25 0.5 2.5 5 10 

----------------------._-----------------------.-----------------------------------------------.--------
Isoproturon C. gigas 1 5 , , • • 

Isocbrysis 5 5 5 5 5 5 5 5 5 

Chaetoceros 5 5 5 5 5 5 5 

Cblorotoluron C. giqas 1 l l l l l l l 

Isochrysis • 5 5 5 5 5 5 5 

Cbaetoceros l • • 5 5 5 5 

Metoxuron C. qigas 1 1 1 1 1 1 l 

Isocbrysis 5 1 5 5 5 5 5 

Chaetoceros l • 5 5 5 5 5 

2-4 D c. qigas • • • • • 
Isochrysis 1 1 1 1 1 1 1 1 l 

Cbaetoceros 5 5 5 5 5 5 5 5 5 

BrolOxynil C. 9igas 1 5 5 5 5 5 5 5 5 
Isochrysis l l l l l l 3 3 3 

Cbaetoceros 1 1 l l 3 

Carbeta.icle C. 9igas l l l l J 5 
lsocbrysis 5 5 5 5 5 5 5 5 5 

Cbaetoceros 2 2 3 3 3 J 5 5 5 

Itecoprop C. giqas 2 2 3 3 5 5 5 5 5 

lsocbrysis 1 1 4 1 • • 
Cbaetoceros • 1 • 1 • 

Lindane C. gigas l l l 3 5 5 5 

Isochrysis 5 5 5 5 5 5 5 

Cbaetoceros 1 1 • 5 

Fenitrotbion C. 9igas l l l l 3 3 5 5 

Isocbrysis l l l 1 l 1 l 

Cbaetoceros l l l 1 l 1 

paratbion IE!tbyl C. qigas l l 3 3 5 5 5 5 

lsochrysis 1 l l l l l l 5 5 

Chaetoceros l l l l l l l l 5 

Carbofuran C. qiqas l l 5 5 5 5 5 

Isochrysis 1 l l l l 1 l 

tbaetoceros 1 l l 5 5 5 

Metaldehyde C. gigas l 1 3 3 3 3 3 5 

Isochrysis 1 l • 
Chaetoceros l 1 l l 

--------------------------------------------------------------------------------------------------------



DISCUSSION 

AcconJing 10 our results , an accidentai spill of a fcw tons of most of the pesticides tested 
wou Id cause signilïcant toxie effecl'i in a coastal area several square kilometers in size. In the 
case uf the Charente Maritime oyslcr culture area, an important effect on the recruitment uf 
the stock would have to he expccted . At the highcst poliUlant concentrations high mortalitics 
w()u l~ have to he expectcd hltally .Ircauy aher a short pcriod of exposure . The effects would 
v<try grcatly From onc plankwn spccies tu another . and low pullulant concentrations would 
draslically alter the composition of the nalural population , as has already I1cen pointed out hy 
Ukeles (1962). 

Our resulls arc not fully comparable tu LJlOse of Ukeles ( 1962 ~ cffects of pesticides on fi ve 
spccies of algae for a duratiun of 10 days), Davis & Hidu (1969; effec ts on hivalve larvac 
for 10 la 12 days) , and other!i, notahly because of differcnces in the spccies studied and in 
the methods. Most such studies are (;onducted over shorter periods of time (often 96 h) , and 
the shape of the response curve is rarcly menlioned (only the effect at the end of incubation) , 
although UNEP (1989) recommends that it be done in the case of phylOplankton te."s. 
Response curves such as Types 2 and 3 have been describec.l before (e.g. Bowes et al. 1971). 
and hormesis has been reviewed by Stebhing (1982). 

ln our study half the cases wilh a significant toxic effect do not conform to the log-probit 
model nor to Haber's rule . One ohvious implication is that the asse!isment of a substance's 
toxicity is largely determined by the duration of the experiment. The responses to toxic 
exposure do not conform to theory for a variety of rcasons, such as a decrcase in pesticide 
concentration due to degradation and sorption effects (Muir et al. 1985) ; vector effects due 
to the uptake of toxicants by phytoplankton and their subsequent consumption by 
looplankters; cumulative effects of continuous toxicant uptake in sorne test organisrns, and 
development of resistance in others . 

Anuther aspect, which we did not investigate in the present study, is the reaction of the test 
organisms to incubation in uncontaminated seawater after remuval of the toxicant itself. 
Ukeles (1962) notes that when pesticides inhibited growth of marine algae, the test organisms 
were viable at the end of the experiments in sorne cases, and un viable in others. Seaman et 
al. (1991) found that incubation of bivalve Jarvae in certain turbidity regimes 100 to slower 
growth, but that during subsequent incubation in non-turbid water the larvae grew much 
faster and later overtook the controls in sile. 

These phenomena are Iikely to be even more complex in situ. The log-probit model, in 
which the toxicant effect is pluued on a probability scale against the logarithm of toxÎCant 
concentration (supposedly yiclding a straight line), is the method most widely used to assess 
toxic erfects (e.g. UNEP 1989). Us validity is still unproven, however (Hayes 1991), and 
our data provide a striking example for its limitations. There is still a considerable need for 
studies which will help to develop val id and reliable criteria for toxicity assessment (e.g. 
Vranken et al. 1986) . 

Simple ariu rapid methods, such as UNEP (1989), which proposes 96 h lests , and His & 
Seaman (1993), who propose an 18 h test with oyster embryos, are much in demand, not 
unly because they produce quick results, hut also because they provide simple data sel~ 
which are understandable to uninitiated decision makers. These simple tests, however, even 
if they are convenient, will generally lead to an underestimation of pollution cffecl~. 
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