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Abstraet. Freshwater gastropods, Physa integra
and Campeloma decisum, inhabiting a small reser-
voir with elevated levels of lead displayed widely
differing soft tissue lead concentrations. Analysis of
environmental factors did not fully explain these
differences. Several physiological characteristics of
the two gastropods were examined. The influence
of snail size on concentrations of naturally-accrued
lead was examined as was the rate of lead elimina-
tion from the two species. Lead concentrations in
P.integra were independent of animal size, while
those of C. decisum were described by the cur-
vilinear model: pg Phig dry wi = 2.29(g dry wi)~",
MNaturally-accrued lead in P. integra was eliminated
rapidly during the first four days of clearance but
slowly thereafter; a portion of the lead is apparently
bound strongly. In contrast, no signilicant change in
lead concentration of gravid or nongravid . de-
cisim occurred during a three to four week period
in which the animals were maintained in a lead-free
environment.

Physiological as well as environmental factors may
determine the tissue lead concentrations of a mol-
luse (Coughtrey and Martin 1977). Examinations
have been made of the contribution of selected en-
vironmental factors to tissue lead concentrations in
the freshwater gastropods, Physa infegra and Cam-
peloma decisum (Mewman and Mclntosh 1982).
Widely differing tissue lead concentrations oc-
curred in specimens of these species collected from
two lead-enriched reservoirs. Speculation based on
regression analysis and the known ecology of these
mollusces did not fully explain the observed species
differences in tissue lead concentrations. Investiga-
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tions into physiological factors controlling body
lead concentrations were nccessary lo more fully
explain these differences and, also, to verify the
results of the regression analyses. Therelore, elimi-
nation rates of naturally-accrued lead, as well as the
effect of size on lead accumulation, were examined,

Materials and Methods

Influence of Size: Samples of the pastropods were collected from
Weston's Mill Pond, a moderately lead-contaminated New JTer-
sey reservoir descrbed earlier by Mewman and MclIntosh (1982).
Fifty-seven O, decizum were collected in September and October
1979 Snails larger than 9 mm in length (approximately 5 me dry
wil were analyvzed individually, while smaller snadls were poaled
to obtain sufficient tissue for analvsis. Snails of the same size
(within 1 mm deviation in shell length) were pooled. Pooled sam-
ples were dried at 105° C for 12 hr, Average weights were calcu-
lated for pooled snails by dividing the total dry weight of the
sample by the numhber of snails, Large numbers of P, integra
were collected in February 1980 from Weston's Mill Pond and
were sorted by size (length) and pooled as described for small .
eecivam. The tissues were digested at 55° C for six br in concen-
trated mitric acid. Samples were analyzed with a Perkin-Elmer
503 atomic absorplion speclrophotometer cquipped with an HGA
flameless unit as described in Newman and Mclntosh (1982,
Mational Burean of Standards Reference Material 1577 (Bovine
Liver Standard) was nsed to determine the accuracy of the lead
analyses, The log of lead content (pg Phéindividualy or concen-
tration {wg Phis dry wid was regressed against the log of the mean
dry weight of the individeals using the method of least squares.

Lead Elimination: A continuous-flow system (Figure 1 provided
a constant flow of relatively lead-free water through 12 tanks
containing snails. Part B {(Figure 1) was constructed inside a
Freas 815 Low Temperature Incubator. A contralled light/dark
cyele and temperature regime werg afforded by the system, Each
of four triplicate sets of tanks received artificial freshwater (EPA
1978) from a 30-L Malgene™ carbay, The artificial freshwater was
made by adding four salts (MgS0),, NaHCO,, Cas0, - 2H.0 and
KCD 1o distilled-detonized water. The salt concentrations were
adjusted e vield a hardness, total alkalinity, and pH within the
range of those measured in Weston™s Mill Pond (34 mg'L as
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Fig. 1. A continuous-flow system with no metallic components in contact with the water stream, Artificial freshwater was placed into
four 50-L Nalgene™ carboys. From each carboy, water was pumped separately through four lengths of Tygen™ tubing via a peristaltic
pump. The four separate water streams were pumped into Part B, Each of the four tubes containing the flow of water (a, b, ¢ and d) en-
tered a plexiglass hydraulic manifold, The water was then allowed to drip at an equal rate through three glass stopeocks Giled with
teflon™ valves. One of the three tanks received water from each stopeock. The water flowed oul of each tank, down an overflow (e)
and out of the incubator. In this manner, a slow flow of artificial freshwater was maintained in the four sels of riplicate tanks (designated

I through 12}

CaC0y,, 15 meg'l as CaC0y,, and 6.85, respectively). Water was
delivered through Tygon™ tubing via a 12-channel Durrom
Model 1100 peristaltic pump o the 3.5 L capacily plastic tanks
(flow rate = 7 Liday/tank). Clesn sand (lead concentration less
than 3.6 ug Pb'g dry wid was provided as a substrate for burrow-
ing, and the snails were fed pulverized Purina Mouse Chow™
(lead concentration of 0.1 pg Phie dry wi). A light/dark cyele of
14 hr light/10 hr dark and & temperature range of 18°—20° C were
maintained for the duration of the experiments. Fifteen O, de-
ciznm taken from Weston's Mill Pond two davs before the ex-
periment began were placed into cach of six tanks in the
continuous-flow svstem. One snail was removed from cach tank
after W4 by, 1, 2,4, 8,12, 16,20, 25 and 30 davs, The snails were
allowed to clear material from their guts in contaimers of lead-free
water for four hr before being froren. After thawing, snails were
measured (Jength), removed from ther shells, and anabvzed for
lead. Thiz experiment was repeated with gravid €. decisim col-
lected in December 1980, In this manner, the rates of lead climi-
nation were determined from this species during different stages

Ay

of reproduction. The duration of the second experiment was 22

days, due to failure of the peristaltic pamp. Snails were fed every
four days, At each feeding, any food remaining from the previous
feeding was removed. During the second O decivem lead clear-
ance experiment. the six tanks remaining uoused in the
continuous-flow svstem were used Lo study the clearance of lead
fram 7, integra. Specimens were collected from Weston's Mill
Pond in December 19800 As in the © decivem experiments, FP.
Integra were exposed o owater, sediment, and food containing
low lead concentrations, An identical feeding schedule was used
for both species. After 004 hry, |, 2,4, &, {2, 16 and 22 days, five
snails were removed from each of the six tanks. The snails were
allewed to clear their guts for four hr before being frozen. Snails
from randomly paired tanks were pooled for each sampling time
tor yield throe samples of 10 spails each for lead analysis. Aler
thawing. the tissues from each sample of 10 snails were pooled,

dried, and analvzed for lead concentmlion.

The statistical model for lead elismmation by

derived by regressing the log of lead concentration
days of clearance, O, decivem data were nol transformed hefore

FEEIESSION analy sis.
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Table 1. Water chemistry and snail size for the three clearance experiments

Cumpeloma decisum

Campeloma decisun

(mon-gravid) (gravid} Physa inlegra
Mean = | 5,10, M Mean = 1 5.1, N Mean = 1 5.1, N
Dissolved lead
(g PR/L) .34 = 0.35 il] 0.20 = 0,20 14 0.23 = 0,20 14
Hardness (EDTA}
(mg/L as CaCo,) 120 =27 il 4.3 35 14 238 x4,] 14
Total alkalinity
(mg'l. as Callog) a2 =09 il 116 =1.7 14 122 = 1.8 14
pH 614 = 0.16 20 680 = 1,25 14 fuhd 2 00,50 14
Dissolved oxvgen
(mg 0L 7.1 = 0.5 31 206 14 831 x= 0.4 14
Temperature
(*C) 19.5 = 1.6 20 126 +0.5 14 18.7 = {6 14
Shell length

() 2.7 = 1.9 &l

2T 3.7 48 F9 =09 236

Results

Size Effects: C. decisiwm examined during the sur-
vey ranged in size from 0.0046 to 0.2775 g dry
weight (5 to 33 mm shell length). Within this range,
the relationship between lead content (ug Pb/
individual) and size was calculated by the methods
of least squares to be the following: Log lead con-
tent (pg Phfindividual) = 0.75 (Log dry wt) + (.34,
The associated r-value for this statistically derived
linear model was significant at o = 0,05 (r = 0.90, t
= |5.68, n = 57). This relationship transforms to the
following: Lead content = 2.21{Weight)"". The
above model describes a curvilinear relationship
between lead content and snail size. When the data
were used to develop a model for lead concentration
and size, the following relationship was obtained:
Lead concentration (pg Pb/g dry wi) = 2.29
(Weight) **. Smaller individuals had higher lead
concentrations than larger individuals, The size
range noted for P. infegra in this survey was 0.0007
to 0.0070 g dry weight (3.6 to .1 mm shell length).
Within this range, a significant r-value (o = 0.05, r
=0.92, t = 8.82, n = 16) was calculated when the
log of lead content was regressed against the log of
the dry weight. The statistical model transformed to
the nearly linear relationship: Lead content (ug
Pbiindividual) = 46 7(Weight)™*¥. In the model de-
reloped for lead concentration and size of this
species, the slope was not significantly different
from zeroc (P > (.05}, indicating that lead concen-
tration was independent of size for the P, inregra.

Lead Elimination: The water chemistry data, as
well as snail sizes, are summarized in Table 1. Mean
dissolved lead concentrations in the soft waters was

less than 0.5 ug Ph/L for the three experiments. The
average waler hardness and pH during the first .
decisim clearance experiment were somewhat lower
than those measured during the other two experi-
ments. These differences were assumed to have
minimal influence on the rate of lead elimination.

Figure 2 shows the changes in lead concentra-
tions in the two species in a relatively lead-free en-
vironment. F. inregra soft tissue lead concentra-
tions were 32.2 = 7.8 ug Pb/g dry wit initially. The
body lead concentration decreased rapidly to 12.4 +
2.5 pg Phe dry wt during the first four days of
clearance, Thereafter, lead concentrations in this
species remained relatively constant. When the log
of the lead concentration of this species was re-
gressed against the log of the days of clearance, a sig-
nificant r-value (e = 0,05, r= —0.87,t= =833, n=
24) was calculated. The resulting log-log linear
maodel transformed to the following: Body lead con-
centration (ug Phig dry wid = 19.95 {Days) %,

In sharp contrast to the rapid clearance of lead
noted for 2. fnregra, no significant decrease in body
lead concentrations was detected in . decisum
(Figure 2). Data from the experiment utilizing non-
gravid C. decisim produced a non-significant -
value (o = 005, r = 0,06, £t = 0,46, n = 60) when
bady lead concentration was regressed against days
of clearance. Similar results were obtained from the
experiment emploving gravid C. decisam (o = 0,05,
F =022t = 1.53, n = 48).

Discussion

ffhwence of

‘ize: Within the size range examined,

smaller C. decisnm displaved higher lead concen-
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trations than larger individuals. The lead content of
this species was proportional to the dry weight of
the snail raised to the 0.75 power. This relationship
has been interpreted by Boyden (1974, 1977) to in-
dicate that the metal content of the mollusc is con-
trolled by either of the following: 1) an active mech-
anism linked directly 1o the organism’s metabolism
or 2 the surface-to-volume ratio of the animal. In
contrast, the P. inregra had lead concentrations
which were independent of size and, generally, ten
times higher than those of adult C. decisim and five
times greater than those of equivalent-sized . de-
cisum (3 mg P. integra-59 pg Phig dry wt, 4 mg

decivien — 12,1 pg Phig dry wt), The lower concentra-
tions in equivalent-sized . decisum indicate that
other factors are also influencing the realized lead
concentrations of this species, The lead content of
individual P. integra was directly related to animal
size {.e., the amount of tissue available to bind the
lead.

Lead Flimination: No clearance of lead by gravid or
non-gravid O, decisum was noted in the two ex-
periments, However, individual P. {niegra rapidly
¢leared a portion of the body lead from their tissues
when exposed to a relatively lead-free environment.
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After the initial clearance, lead concentrations re-
mained at a fairly constant level. Similar results
have been reported for molluscs exposed to arsenic,
mercury, and lead (Cummingham and Tripp 1973;
Simpson 1979, Unlu and Fowler 1979). Simpson
{1979) found that Myrilus ednlis transferred from a
lead-contaminated site 1o a clean site rapidly lost
lead in the first 30 days but, thereafter, concentra-
tions remained at a level higher than those of mus-
sels native to the site. Simpson interpreted these
results to indicate that there existed within mussels
a pool of lead which was only slowly eliminated
over a long period of time. The findings of the pres-
ent research suggest a similar phenomenon in both
gastropod species studied, C. decisien maintained
its body lead concentration over the duration of the
experiments, while, after a rapid initial clearance,
P integra body lead concentrations behaved simi-
larly. The results suggest that the large €. decisiem
maintain a low body lead concentration, perhaps
partially due to the relatively small surface-to-
volume ratio of the snail. This lead is not eliminated
readily when the snail is placed in lead-free envi-
ronment. The smaller P. infegra have a relatively
higher body lead concentration. Although they
rapidly eliminated lead to a certain level, thereafter,
only slow elimination occurred. Assuming the two
phases of elimination seen in P. inregra can be
approximated with two linear models, the associ-
ated constants for the initial clearance and final,
slower clearance are 8.84 and 0.07 pg Phip dry wit
of tissue/day, respectively, The authors are aware
that other factors contribute to the large differences
in body lead concentrations of these two species
when exposed to a contaminated environment.
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