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Heavy metals such as Cd and Pb may affect aquatic
organisms adversely 1if they are sublethally exposed for
a long time. Acute toxicities of a number of heavy
metals to different species of crayfish have been
reported by several investigators (Mirenda 1986), Thorp
and Gloss (1986), Diaz-Mayans et al. (1986), Del Ramo et
al. (1987) and Nagvi et al. (1987). However, the
chronic toxicities of different heavy metals have not
been reported as frequently.

P. clarkii is of considerable commercial importance to
the economy of Louisiana, which produces 98% of the
total harvest of the U.S., worth approximately 143
million dollars annually (Huner 1989). This prompted us
to use this crayfish for: (1) determining the 96-hr LCg

values for Cd and Pb using juvenile P. clarkii and (2

assessing the chronic effects of Cd and Pb on the
fecundity of adults and hatching success of metal-
exposed eggs.

MATERIALS AND METHODS

Adult crayfish (P. clarkii) were obtained from Ben Hur
Experiment Station, Louisiana State University, Baton
Rouge, LA. These organisms are grown in specially
constructed crayfish ponds. They were brought to our
laboratory and acclimatized in glass aguaria (70 cm X
125 cm X 20cm), containing aged tap water (aerated
continuously for 2 weeks prior to use). Aged tap water
was used throughout the study to minimize mortality in
controls. The Jjuveniles (1-1.5 cm length), which were
raised 1in our laboratory were used in static bioassays.
Range-finding tests were conducted to achieve 0 and 100%
mortalities prior to definitive tests.

A total of 50 juveniles per concentration of Cd4Cl, and
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Pb (NO3), were exposed for a period of 96 hrs. For this
purpose, all-glass aquaria (70 cm x 125 cm x 20 cm) were
used. Each all-glass aquarium contained 10 juveniles,
and 5 aquaria/concentration were used. Thus a total of
50 juveniles/concentration of Pb and 50 juveniles for Cd
were exposed, similarly. Aged tap water was used for
making test solutions and to maintain controls. Aged
tap water was prepared by aerating the tap water contin-
uously for 2 wks before use. We have noticed that aged
tap water usage minimizes the mortality of crayfish in
controls. Test solutions of CdCl; were 0.5, 1.0, 2.0,
3.0 and 4.0 mg/L Cd; and Pb(NO3), solutions were 100,
300, 600, 700, 800, 900 and 1000 mg/L Pb. Water para-
meters measured included: temperature, dissolved oxygen,
pH and total hardness. Juveniles were fed before, but
not during testing. The LCgy and LCgg values and 95%
confidence intervals were computed by prcbit analysis on
an IBM computer with the MICROPROBIT 3.0 software pack-
age (Sparks and Sparks, 1987).

For chronic toxicity testing, 48 males and 48 females
were allowed to mate during the months of May and June
when mating activity reaches its peak. 1In the month of
July, males were removed to avoid cannibalism. From
July to November, 24 females were exposed to 0.5 mg/L
CdCl, and 24 to 100 mg/L Pb (NO3),, individually; and 24
females were kept in aged tap water only as control.
During this exposure period (July to November), 7
control, 8 Cd-exposed and 8 Pb-exposed females died.
The remaining (17 control, 16 Cd-exposed and 16 Pb-
exposed) were maintained in metal solutions or aged tap
water, till egg-laying occurred in November. Test
solutions were replaced on a fortnightly basis and the
actual amount of Cd and Pb present in solution was
determined once a month using flame AAS technique.

When eggs were laid they remained attached to females
£ill hatching occurred. Eggs were counted individually
and dead eggs were removed, which were discerned by
their yellow coloration. Dead eggs which were found
loose or attached to the female were also counted.
After hatching, the number cf hatchlings from treated
and controls were recorded. Data for hatching success
were analyzed statistically by Student's t test.

Test solutions were analyzed to determine the exact
amount of heavy metals present in solution. Due to the
fact that no organic matter was expected in aged tap
water (which was used for preparation of test solu-
tions), no digestion was done. A 100-ml sample was
evaporated to 20 ml, which was then used to detect the
amount of metal by a flame atomic absorption (Perkin-
Elmer, Model 3030) equipped with a CRT display.
Standards for lead and cadmium were purchased from
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Table 1. Mortalities of juvenile Louisiana swamp crayfish,
Procambarus clarkii, exposed to various concentrations of
cadmium as the chloride and lead as the nitrate (mg/L)

for 96 hr (N=50/conc.)

Calculated Actual Dead Crayfish in Hours 7

CdCl5 conc. conc. 24 48 72 96 Mort.
0.0 0 0 0 0 0
0.5 0.10 0 0 2 4 8
1.0 0.21 0 0 10 22 44
1.5 0.29 0 9 24 48 92
2.0 0.33 0 5 23 47 94
3.0 0.58 5 12 22 50 100
3.5 0.74 24 26 0 0 100

Pb(NO3),
0.0 0 0 0 0 0
100 16.84 0 0 0 0 0
300 50.58 0 0 0 0 0
600 87.60 0 0 0 0 0
700 215.41 1 5 12 22 44
800 254.66 4 11 18 26 52
900 287.88 0 16 25 38 76
1000 331.20 14 24 39 46 92

Table 2. LCgg and LCgg values for cadmium- and lead-exposed
__juvenile Louisiana swamp crayfish, Procambarus clarkii.

Conc. Lethal Con. Values 957 Fiducial Limits Chi-Sq.
mg/L LC50 LC99 Lower Upper
CdC1, 1.04 0.91 1.18

3.24 2.52 4.84 0.348223%
Pb(NO3)2 751.57 698.82 788.18

1289.27 1148.37 1613.55 0.927089%

*Chi-square values are not significant.

Mallinckrodt Co., and Fisher Scientific Co., and the
levels of detection for these metals were 0.5 and 0.025
ppm, respectively. No graphite furnace was used for
this purpose since the amounts of metals present in test
solutions were greater than the detection limits. The
actual concentrations of Cd and Pb present in test solu-
tions are given in Table 1. However, the LCgqg and LCgg
values are based on the serial dilution of freshly
prepared 1% agueous stock solution (Table 2).

RESULTS AND DISCUSSION

The water parameters measured during acute bioassays
were: temperature 22+2°C, dissolved oxygen 5.5-6.5 ppm,
pPH 7-7.8 and total hardness 30.32 ppm. Percent morta-
lities of juvenile c¢rayfish in cadmium and lead are
given in Table 1, and the LCgp and LCgg values are given
in Table 2. It is evident from the data that mortali-
ties due to cadmium and 1lead were time and dose-
dependent.
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Table 3. Mean (S.D.) number of eggs laid (fecundity) and
eggs hatched (hatching success) by control and
treated crayfish, Procambarus clarkii

No. of Treatment Mean No. Mean No. Mean 7

crayfish of eggs of eggs hatch
(N) laid hatched

17 Control 203 193 95.07

S.D.(145.57) (145.35) (5.28)

16 0.5 mg/L Cd _48 _9 16.66

S.D. (22.97) (9.68) (18.76)

16 100 mg/L Pb 180 112 62.22

S.D. (98.59) (63.03) (10.55)

Table 4. Student's t test for the number of eggs laid by
crayfish exposed to 0.5 mg/L cadmium chloride and
100 mg/L lead nitrate for a period of 148 days

Source DF SS F-value PR F P
Pb 100 mg/L 1 135304.06 6.63 0.0031 %%
Ccd 0.5 mg/L 1 180110.47 11.10 0.0001  ***
*%P<0.05 k%P 01

The mean actual amount of Cd in test solutions was 5.18
times less than the calculated amount, and the Pb was
4.46 times less. However, comparing the LCSQ values for
Cd and Pb (based on calculated concentrations in test
solutions), it was evident that cadmium was 722.66 times
more toxic than 1lead to juvenile crayfish. Another
noticeable fact was that no crayfish died up to 600 mg/L
Pb exposure while cadmium caused 8% mortality in 0.5
mg/L concentration.

Table 3 gives the number of adult crayfish, mean number
of eggs laid, mean number of eggs hatched, mean percent
hatched, and standard deviation.

Student's t test (Table 4) indicated that the number of
eggs laid and hatched by Pb- and Cd-treated crayfish was
reduced significantly as well as the hatching success in
comparison to controls.

This was further exemplified by the average of 203 eggs
(S.D. 145.57) produced by control vs 48 (S.D. 22.97) by
Cd-treated, and 180 (S.D. 98.59) by Pb-treated crayfish.
Similarly, 95% of the control eggs hatched in compariscon
to 17% for the Cd-treated and 62% for the Pb-treated.
Based on the above data, we conclude that both heavy
metals caused a statistically highly significant
decrease 1in egg-production as well as hatching (P =
<0.05 for Pb and P = <0.01 for cd).
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Comparative data on the toxicities of Cd and Pb to
juvenile P. clarkii are not available. However, the 96hr
LCg5g value for adults have been reported to be 18.4 mg/L
Cd at 28°C (Del Ramo et al. 1987). Diaz-Mayans et al.
(1986) reported the 96hr LCgg value for Cd at 24°C to be
10mg/L for adult P. clarkii. We have determined the 96hr
LCgg value for our juvenile crayfish at 24°C to be only
1.04 mg/L, which was expected since juveniles are
generally more susceptible to xenobiotics than adults
(Leung et al. 1980; Rice 1983). We also found consi-
derable difference in the susceptibility of juveniles
for Cd and Pb toxicity. The 96 hr LCgg values for these
metals were 1.04 and 751.57 mg/L Cd and Pb, respective-
ly. Juvenile crayfish were 723 times more susceptible
to Cd than Pb.

No comparative data exist concerning the effects of Cd
and Pb on fecundity and hatching success of P. clarkii.
Therefore, this work might serve as a baseline for
further study. Control crayfish produced 80.9% more
eggs (on an average basis) than 0.5 mg/L Cd-treated
crayfish, and 53.0% more than those treated with 100
mg/L Pb. Similarly, the hatching of control eggs was
95.5 and 63.3% more than Cd-treated and Pb-treated eggs,
respectively. Thus, both heavy metals caused a consi-
derable reduction in egg-laying capability of adult
crayfish and the hatching of eggs produced by females
sublethally exposed for approximately 7 months prior to
egg-laying.

Long-term sublethal exposure to heavy metals seems to be
critical for the fecundity and hatching success of
crayfish. Rice (1983) noticed that P. clarkii
(developing) eggs exposed to 250 ug/L Cu for 600 hr had
17% hatching success while those exposed to 2840 ug/L Cu
had 100% hatching success. Similarly, Chaisemartin
(1975) reported for another crayfish (Orconectes
limosus), that 0.2 mg/L Cu treatment of adults for 20
days resulted in degeneration of 50% eggs. We reported
earlier (Nagvi and Flagge 1990) that adult P. clarkii
exposed to 100 mg/L MSMA (an organoarsenical herbicide)
caused 19.1% reduction in fecundity and 82.4% reduction
in hatching as compared to controls. We extrapolate
from these results that certain heavy metals (e.g., Pb
and Cd) have a potential to produce detrimental effects
on Louisiana's crayfish farming if the ambient water of
bayocus in which the wild populations of crayfish exist
contains very high amounts of these metals.
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