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Anthony Calabrese 

T his article reports the effects of detergents, pH, and 
pe s ticide s on development of embryos and survival and growth 
of larvae of the American oy ster and hard -shell clam. Although 
LAS detergents are more readily biodegraded than ABS deter
ge nts , r e sults indicate that the former are at least a s toxic to 
oys ter larvae as ABS compounds. For successful recruitment 
of clams and oys te rs, the pH of estuarine waters must not fall 
below 7 .00 f or clams or 6 .75for oy sters. Neither species could 
rep r oduce successfully in waters where the pH remained appre 
ciably above 9. 00. Most of the pesticides tested affected em
bryonic development more than survival or growth of larvae. 
Some, h owever, drastically reduced growth of larvae at con
cent rations that had relatively little effect on embryonic devel
opme nt. 

The effects of p ollutants on mollusks and 
on the survival a nd growth of their larvae are 
of interest t o biol ogists and of considerable 
importance t o she llfish producers . Since 
several of t he most important c ommercial 
species are e sse ntially inhabitant s of the 
shallow wate rs of bays and estuarie s, almost 
all grounds us e d for cultivation of shellfish 
are fre que ntly sub je cte d to both dome stic and 
industrial polluta nts . Sc ientists at the NMFS 
Milford (Conn. ) labora t ory have studied the 
effects of various pollut ants on developme nt 
of embryos and survival and growth of larvae 
of the American oyste r , Crassostrea vir
ginica, and the hard -she ll cla m, Mercenaria 
mercenaria. The effects of detergents, pH, 
and pesticides were e specially studied. 

ME THODS 

In all these exper iments, a standard pro
cedure for determining the effects of p ollut
ants was used. To determine the effects of 
various pollutant concentrations on the de
velopment of bivalve embryos into normal, 
straight-hinge larvae, about 13 , 000 e mbry os 
were placed into each of a s e rie s of I-liter 
beakers. To determine the effe cts of the 
same conditions on survival a nd growth of 
larvae, usually 8,000 to 12,000 larvae re ared 

to the 48 -hour straight-hinge stage under 
normal conditions were placed into I-liter 
beakers. Duplicate cultures were maintained 
at each concentration of the pollutant, and 
two cultures were left untreated as controls. 
The beaker cultures with larvae were changed 
every second day for 10 to 12 days to elim
inate metabolic waste products, and the ex
perimental conditions were reestablished. 
Supplemental food was added daily and, in 
some experiments, 50 mg/! of Sulmet were 
added to each culture every second day to 
minimize mortality due to factors other than 
toxicity of the pollutant. 

The effects of the pollutants on embryonic 
development were determined by taking a 
4/250 ml aliquot of the total sample after 48 
hours.. The number of embryos developing 
normally was counted and the results ex
pressed as a percentage of the number de
veloping in the con t r 0 1 s. To determine 
percentage of survival and increase in size 
of larvae, the cultures were sampled quanti
tatively in a manner similar to the experi 
m e nts with embryos. Survival was expressed 
as a percentage of survival in the controls, 
and increase in size was determined as a 
percentage of the increase in mean length of 
larvae in the control cultures . 

Th" J.uthor is with NMFS Biological Labora tory, Milfo rd, Connecticut. 
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DETERGENT STUDIES 

An industry-wide conversion from the alkyl 
benzene sulfonate (ABS) t Y P e detergents, 
which are only very slowly degraded by bac
terial action, to the biodegradable linear 
alkylate sulfonate (LAS) type detergents was 
completed on June 30, 1965. Since these de
tergents are almost completely degraded in 
an efficient sewage -treatment plant, most of 
the detergent will occur in the effluent as 
degradation products, rather than as active 
detergent. 

A study of detergents determined the tox
icity to oyster embryos and larvae of a ref
erence sample of undegraded LAS and a 
commercial liquid biodegradable detergent (1). 
The sample of LAS contained 60.8% active 
LAS; the liquid detergent was of unknown 
composition. Test concentrations were from 
0.0025 to 2.5 mg/l. For tests of degradation 
products of LAS, effluents were obtained 
from the U.S. Testing Company in which 
almost 100% of the 20.0 mg/1 of added LAS 
had -been degraded. Control effluent that 
contained no detergent degradation products 
was also used. Liter cultures were set up 
with effluent containing degradation products 
equivalent to original LAS concentrations of 
0.1, 0.2, 2.0, 3.0, 4.0, and 5.0 mg/l. This 
meant that it was necessary to add 5,10, 100, 
150, 200, and 250 ml of effluent, respective
ly. Another series of cultures was set up 
with equivalent volumes of effluent that con
tained no detergent degradation products to 
determine whether the degraded products of 
the detergents of the effluent affected the 
embryos and larvae. 

Oyster embry os had a very low tolerance 
to active LAS detergents (Table 1). A con
centration of 0.10 mg/1 permitted only 64% 
of the embryos to develop and many of them 
were abnormal either in shape or size. De 
velopment of 47% was reached at 0.50 mg/l 
of ABS, which was 54.8% a ctive (2). It would 
appear that LAS is somewhat more toxic than 
ABS while in the active state. In experiments 
with the commercial liquid biodegradable 
detergent, oyster embryos tolerated a con
centrationup toO.25mg/1 of the gross prod 
uct. The percentage of active LAS in this 
product was not known; therefore, it is quite 
probable that its lower toxicity was the re
sult of a lower concentration of active LAS. 
Embryos developed at a concentration as 
high as 1.0 mg/1 using the similar brand 
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product with an ABS base; again this indi
cated that LAS is somewhat more toxic than 
ABS while in its active state. 

The sewage -treatment effluent, both with 
and without degraded LAS, had about the same 
toxicity . Even though a comparatively high 
percentage of embryos developed at a con
centration of 5.0 mg/1, many larvae were 
abnormal. Cultures treated with active LAS 
were compared with those treated with sew
age effluent containing either no LAS or de
graded LAS. It was apparent that the LAS 
had lost most of its toxicity through degrada
tion treatment. Any remaining toxicity of 
the LAS or its degraded products was marked 
by the toxicity of the effluent itself. 

Oyster larvae were somewhat more toler
ant to both standard LAS and the commercial 
product than the embryos (Table 2). A sig
nificant reduction in survival of larvae occur
red at concentrations of 0.5 to 1.0 mg/l for 
the LAS and between 1.0 to 2 .5 mg/l for the 
commercial product. Although the percent
age survival of larvae in the control cultures 
was somewhat greater than in cultures re
ceiving the effluent, with or without degraded 
LAS, it required a degradation product con
centration equivalent to 4.0 mg/ 1 of the un
degraded LAS before a drastic reduction in 
survival occurred. The similarity of results 
of effluent with and without detergent degra
dation products suggested that the toxicity 
was primarily that of the effluent itself. 

As indicated by the percentage of increase 
in mean length, growth of oyster larvae was 
normal at LAS concentrations of 0.0025 to 
0 .2 5 mg/l, but showed a very sharp break 
between 0.25 mg/l and 0.5 mg/l of active 
LAS (Table 3). The liquid detergent was 
somewhat less toxic, but a decline in growth 
of larvae occurred between detergent con
centrations of 1.0 and 2.5 mg/I. Itshould 
be remembered, however, that the percent
age of active LAS in this commercial deter
gent was not available, and the lesser toxic
ity probably was due to a lower concentra
tion of active LAS. Approximately normal 
growth of larvae was achieved at concentra
tions up to 2.0 mg/l in both the control 
sewage effluent and that containing degraded 
LAS. Slight growth did occur at a degrada
tion product concentration equivalent to 
4.0 mgJ 1 of undegraded LAS in the cultures 
receiving effluent with degraded LAS. 
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We found that effluent con t a i n in g LAS 
degr adation products equivalent 20 .0 mg / 1 of 
L AS is little, if any, more toxic to oyster 
embry os and larvae than an equal volume of 
effluent containing no such degradation prod
ucts. From these experiments it seems ap
parent that, if sewage -treatment plants are 
effective, it would be necessary to introduce 
enough effluent to constitute 15% or more of 
the total volume of a body of water to affect 
the development, survival, and growth of 
oyster larvae seriously. In most areas, this 
is probably a higher concentration of effluent 
than would normally be prese nt. But in some 
areas, where sewage effluent approaches l5 a;. 
of the total volume of the body of water 1t 
enters, it could be expected to affect recruit 
ment of oysters. 

pH STUDIES 

The tidal estuarine waters that form the 
principal habitat of most commercial mol
lusks is one of the most complex environ
ments in nature . Yet of the various inter
acting biological, phy sical, and chemical 
factors affecting commercial mollusks, pH 
has received less attention than any other 
major factor . While the pH of the open ocean 
usually ranges from 7.5 t08.5,thepHin 
tidepools, bays, and estuaries may decrease 
to 7.0 or lower due to dilution, H2S produc
tion,andpollution(3) . Since clam and oyster 
larvae must, at times, encounter a wide 
range of pH in their natural habitat, it is 
possible that success or failure of recruit
ment of these mollusks in some areas may 
be determined by variations in pH. With 
this in mind, a study was initiated to deter
mine the effect of pH on embryos and larvae 
of clams and oysters (4). 

The experimental setup was described be
fore, but in this case the pH levels in the 
beaker cultures were adjusted from 6 .0 to 
9.5 by the addition of HCl or Na OH . 

There was no significant decrease in the 
number of c lam embryos deve l oping normally 
within the pH range from 7. 0 to 8. 7 5 or of 
oy ster embr yosfrompH6.75 t 08 .7 5 (F i g. 1). 
The number of b oth clam and oyste r e mbry os 
developing nor m ally at p H 9 .0 was greatly 
reduced, a nd a t p H 9.25 to 9 .5 t here was v ir
tually no develop ment . Clam embr y os appar
ently were not able to tolerate as low apH 
a s did oyster emb ryos : at pH 6.75, more 
t ha n three time s as m any oys ter embry os as 
clam embr yos develope d n ormally. 

B ot h c lam a nd oyster larvae showed a b out 
normal survival throughout the plI range from 
6 .25 t08 .7 5 ( Fig . 2 ). OJ-ster larvaf' , however, 
were somewhat mor' tol ra nt of low p H leve ls 
than clam larvae . At p H G .0, for' example, 
21.5%of the oyster larvae surv1vpd , but non 
of th clam larvae . At p H 8 .0, some larvae 
lived for a few days and showed some growth, 
although eventually more than 50% d1ed, at 
8.25 and higher, there was no surVival of 
either species. 

The pI! range for normal growth of clam 
larvae was G.75 to 8 .50 and for oyster larvae 
G.75 to 8 .75 (foig . 3 ). 'J he pH range for nor
mal growth was, th l' for, slightly narrower 
than that for' normal survival. The rate of 
growth of clam larvae was most rap1d at pH 
7.5 to 8.0 , while oyster larvae grew most 
rapidly at pH 8.25 to 8 .5. 1 hough oyster 
embryos and larva surV1ve at lower pH lev
els than clam embryos and larvae, the op
timJm pH for growth of oyster larvae is 
sonw\\ hat higher than the optimum for clam 
larvae. The rate of growth decreased rapidly 
below 6 . 75 and above pH 8.75 for both clams 
and oysters . 

It should be emphasized that clam larvae 
can survive at pH 6 .25, which is lower than 
the pH 7 .0 at which clam embryos develop 
normally; but at pH levels below 7 .0 failure 
of clam embryos to develop normall) would 
be the factor that would limit recruitment of 
this species (Fig. 4) . The percentage of clam 
embryos deve loping normally, larval survi 
val, and increase in mean length all decreas e 
precipitously at about pH 9 .0; the s e three 
factors would limit r e c r u it men t of this 
species. 

Oyster larvae, like clam larvae, c a n sur
vive at lower pH levels than thos e at which 
embryos can deve l op . At p H 6 .2 5, the r e was 
a sharp increas e in the s u r vival of oyster 
larvae and only a neglig ib le incre ase i n de 
ve l opment of oys ter e mbryos (F ig. 5). 

In experime nt s with adult oy ster s (5), it 
was conclude d that the minimum and maxi
mum pH levels at whic h they would spawn 
are 6.0 and 10.0, respectively. The percent
age of oy ste rs that spawned at pH 6.0 and 
10.0 was c onsiderably lower than the percent
age that spawned at the normal pH (7.8) of 
laboratory sea water . In all tests, male 
oysters spawned more readily than females, 



TA~LE 1. Percen.tage of oyster eggs developing to straight-hinge larvae in 
va r lOUS concent rat lOns of LAS detergent and sewage effluent (i.fter (III. 

Concentration 
(mg/l) 

0 . 0 
(Contr o ls) 

0 . 0025 

0 . 005 

0 . 0 10 

0 . 025 

0 . 05 

O. 10 

0 . 20 

0 . 25 

0 . 50 

1. 00 

2 . 00 

2 . 50 

3 . 00 

4 . 00 

5.0 0 

10.00 

100 

92 

88 

85 

66 

o 

o 

o 

o 

o 

o 

Liquid 
biodegradable 2 

detergent 

100 

99 

108 

108 

118 

115 

68 

63 

14 

o 

o 

o 

o 

Effluent 
with 

degraded 
LAS 

100 

127 

97 

Effluent3 

without 
degraded 

LAS 

100 

78 

109 

Volume 
of effluent 

(ml/l) 

o 
(Controls) 

10 

100 

250 

1 Co ncentrations listed are of active LAS; gross product contained 60.8% active LAS 

2 Co ncentrations listed are of gross product; percentage of active LAS unknown 

3 Values listed based on single experiment 
4 Many larvae in these cultures abnormal in size or shape, or both 
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T ABLE 2. P e r centage of oyste r l a r2ae su r2iving in va r ious concentr ation s of 
L AS dete r gent and sewage effluent 0 fte r (lJ / . 

Effluent Effluent3 

L iquid with without Vo l ume 
Concentration biodeg r adable 2 deg r aded degraded of effluent 

(mg/l) LASI dete r gent LAS LAS (mI ll) 

0.0 100 100 100 100 0 
(Controls) ( Contr ols) 

0 . 0025 76 96 

0.005 106 88 

0.010 93 102 

0.025 71 104 

0.05 96 84 

0.10 104 120 78 5 

0.20 76 75 10 

0.25 95 95 

0.50 63 82 

1. 00 0 87 

2.00 69 103 100 

2.50 0 42 

3.00 63 150 

4.00 35 200 

5.00 0 0 10 19 2 50 

10.00 0 0 

Concentrations listed a r e of a ctive LAS ; g r o ss product containe d 60 . 8 % activ e LAS 

2 
Concentrations listed a r e of g r o s s pro d u ct ; percentage of active LAS unkno wn 

3 Values listed based on s ingle experiment 
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TA~LE 3. Percentage increase in mean length of oyste r l a r vae r ea r ed in 
varlOUS concentrations of LAS deterg ent and sew a ge e fflue n t L;'fte r (11/. 

Efflu e nt E ffluent 3 

Liquid w i t h without Volume 
Concentration biodegradable 2 degraded deg r aded of effluent 

(mg/l) LASI detergent LAS LAS (ml/ 1) 

O. a 100 100 100 100 a 
(Controls) (Cont r ols) 

0.0025 96 100 

0.005 97 101 

0.010 98 101 

0.025 106 100 

0.05 94 10 2 

O. 10 96 103 III 5 

0.20 105 92 10 

0.25 88 10 1 

0.50 31 103 

1. 00 D e a d 100 

2.00 85 71 100 

2.50 D e ad 44 

3.00 55 150 

4.00 32 200 

5.00 Dead Dead 4 4 250 

10. 00 D e a d Dead 

1 Concentrat ions li s t ed a r e of active LAS; gross product contained 60.8 % active LAS 

2 Concentrations li sted a r e of g r oss p r oduct; percentage of active LAS unkno\vn 

3 Value s li s t ed b a sed on single experiment 

4 N b .. urn er s urv Iv Ing too small fo r accu r ate determination of mean length 
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a nd a t pH 6 .0 it was most difficult to induce 
female s to spawn. Also, eggs and sperm re
leas e d at pH 6.0 and 10 .0 lost their viability 
wit hin 2 to 4 hours. 

It can be c oncluded that the pH of the tidal 
e stuarine wate r s that form the principal hab
it at of the hard -shell clam and American 
oyster must not fall below pH 7.0 for clams 
or pH 6.75 for oysters, even though the larvae 
of both species can survive at lower pH lev-

els. Moreover, neither species could repro
duce successfully in waters where the pH 
remained appreciably above 9.0. Laboratory 
experiments have shownthat high concentra
tions of silt can lower the pH of sea water to 
6.4 or below the lower limit for normal em
bryonic development of clams and oysters . 
It is apparent, therefore, that heavy siltation, 
or any pollution that can change the pH of 
tidal estuarine waters, could cause failure 
of recruitment of these clams and oysters . 



PESTICIDE STUDIES 

Fifty-two compounds were tested for their 
effects on embryos and larvae of the hard
shell clam and the American oyster, using 
the procedures described above (6,7). The 
pesticides included 17 insecticide s, 12 herbi
cides' 1 nematocide, 4 solvents, and 18 mis
cellaneous b act e ric ide s, fungicide s, and 
algicides. 

Most of the compounds affected embryonic 
development more than survival 0r gr owth 
of larvae . Some, however, drastically re
duced growth of larvae at concentrations that 
had relatively little effect on embryonic de 
velopment. Within each group of compounds, 
there were great differences in toxicity to bi 
valve larvae. DDT, for example, at 0.05 ppm 
caused over 900/0 mortality of oyster larvae 
and almost completely prevented growth, 
whereas growth of clam larvae in 5.0 ppm 
of lindane was faster than that of larvae in 
c ontr 01 culture s. 

The highest concentration of any pesticide 
that can be considered "safe " in waters in 
which valuable species of bibalves reproduce 
will be the highest concentration that has no 
appreciable effect on: 1) survival of develop
ingembry os (from fertilized egg to 2 - day - old 
veliger larvae), or 2) on the growth and sur
vivalof the fully formed veliger larvae (from 
2-day -old feeding larvae to 2 -week - old meta
morphosing larvae). For the pesticide to be 
considered "safe" inthe natural environment, 
it would also be necessary to determine the 
concentrations tolerated by the adult bivalve 
spawning stock and by the organisms that 
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serve as foods for both larva~ and ad I 
bivalves . 

A distinction is made betw en dev lopln 
embryos and the fully formed larva b cau , 
quite often, the tolerance of these two p lag c 
stages to a given toxicant is mark dly dlff r
ent. Moreover, growth of the fuay d \'el p 
larvae may be drastically retard'd at e n 
centrations of toxicant too 10\\ to caus" dlr t 
mortality of either e m b r yon 1 c or lar al 
stages. Such a retardation of growth, how
ever, would serve to prolong the p laglC 11 
of the larvae and, thus, lllcrease th chane 
for loss t h r ou g h predation, dIsease, and 
dispersion. 

An attempt was made to polO out h 
possible effects that pollution may havE' n 
the embryos and larvae of some commerclall 
important mollusks. From th inform tlon 
given one can deduce that in som cas 
would require such high concentrations of 
particular pollutant to affect btvahe larva 
seriously in large bays and estuari s .0 tha 
pollutionmaynotbe asenousproblem. Ho~
ever, this may be misleading because, d p nd
ing on the hydrography of a particular bod 
water, a pollutant may remain locallz d an , 
therefore, concentrated. This would th n I 
a serious problem. In cases of other pOilu
tants, such as DDT, only a small amoun In 

an area will affect recruitment of b.va~v 
A problem that also would have to be (; n
sidered is the effect of a c.omblOatlon 
pollutants in an area; the wt ractlon 
combination of pollutants ma nhanc 
toxicity of anyone partic.llar pollutant t 
bivalves. 
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