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ABSTRACT

The non-steady state kinetics of lead and chromium in two snails Lymnaea stagnalis and Achatina marginata were
examined. The rates of elimination of Pb and Cr were greater in the gut tissues than in the foot mantles of these
snails for different levels of contamination. The rates decreased with increase in metal levels in the guts of A
marginata. The studies showed that the snails L. stagnalis and A. marginata eliminated Cr faster than Pb.
Moreover, the gut and the foot mantle of L. stagnalis and the foot mantle of A. marginata eliminated Cr faster with
increase in metal concentration in the tissues. However, A. marginata eliminated Cr faster than L. stagnalis in both
tissues. The elimination of Cr and Pb in both species followed the simple first ~ order kinetics. The values of rates of
elimination calculated were also in agreement with the terminal elimination rate constants. On the basis of elimination
factors, the gut tissues of A. marginata gave low elimination factors, implying that these tissues in this species
accumulated these metals rapidly. (. stagnalis and A. marginata have low to moderate elimination factors, an
indication that these snails might not be suitable for use as bioremediation agents. These snails might however, be

used to indicate the presence of lead and chromium in the terrestrial etwvironment.
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INTRODUCTION

The development of bioremediation processes for
wastes and other pollutants is one of the main
applications of biological {reatment systems (Frank et a;
1¢83). Recently, the application of biologically based
technology has branched out to the treatment of metal —
containing waste with areas of application covering
detoxiiication of metal bearing from ore processing
solutions (Volesky, 1987). Untreated Saccharomyces
cerevisiae biomass exhibits good metal accumulation
properties. It was found (Stoll and Duncan, 1997) that
when effluents in excess of the stipulated drinking and
river water quality criteria were introduced into tanks
containing S. cerevisiae biomass, after several hours,
the levels of the metals in the tanks were found to be
relatively low. Studies on the storage and mechanisii of
heavy metals in land snails showed high amount of
cadmium, lead and zinc in the midgut gland of Helix
pomatia (Dallinger and Wieser, 1984), Helix aspersa
(Coughtrey and Matins, 1976).  Cepaea hortensis
(Williamson, 1980) while copper seems to accumulate in
the foot-mantle (Dallinger & Wieser). Lead uptake by
the shell and digestive gland of Lymnaea pergra and the
whole soft tissue in Helix aspersa followed an
asymptotic pattern with time (Everard & Denny, 1984).
In a study on the uptake and accumulation of lead and
chromium by the land snails Achatina marginata and
Lymnaea stagnalis, we reported high amounts of lead
and chromium in the gut tissues and moderate amounts
in the foot-mantle of these snails (Omuaru et al; 2000).

L. stagnalis;, A. marginata, Lead; Chromium; Biokinetics.

Studie§ on the bicaccumulation of mercury in the snail
Eo‘pama vermiculata showed that at each sampling
station, the mercury concentration in the whole soft

tissue were comparable to those present in the
vegetables on which they fed (Bertani et af: 1984) This
was different from what accumulated in the shell and in
the soft tissue.

The highest merciry levels were however, observed in
the gut content. This finding could be due to a mercury
extraction via hepatopancreatic granules as observed
for lead (Beeby and Richmond, 1987), and could
represent a general detoxification mechanism for heavy

- metals. This paper reports the uptake and elimination of

lead and chromium by Achatina marginata and
Lymnaea stagnalis in the gut and foot-mantle (edible
portion). The elimination rates, elimination factors and
elimination rate constants were determined and the
probable use of these snails for bioremediation
precesses is discussed.

MATERIALS AND METHODS

The snails a. marginata (Linnaeus) and L.
stagnalis (Linnaeus) were purchased at Mile 1 Market,
Diobu, in Port Harcourt. The approach adopted in these
experiments was to allow 185 snails each of the two
species to evacuate their gut contents in separate
plastic plates for 24 hours. The snails were then
separated into ten groups: 8 groups had 45 snails each
of the two species while 2 groups had 5 snails each of L.
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TABLE 1: Mean Lead Concentrations in L. Stagna/is and A. marginata Tissues Following 28 Day Exposure te 4.15 ug/g of Contaminant in Food!
Complex (ug/g Dry Tissue)

Lymnaca stagnalis Achatina marginata 1
NOays 0 5 10 16 20 25 28 0 5 10 15 20 25 28
Tiss . -
Soft 0.119 | 0125 | 01333 | 0.142 | 0.160 | 0.174 | 0.177 | 0.120 | 0.303 | 0.488 | 0.673 | 0.858 | 1.0143 | 1.154
Tissue

S.E) 0.003 | 0.002 | 0.004 0.002 | 0.005 | 0.004 | 0.006 | 0.002 | 0.002 | 0.004 | 0.005 | 0.007- | 0.009 0,011
Gut 0.164 | 0.201 0.238 0.277 | 0.816 | 0.979 | 1.077 | 0.301 1.490 | 17794 | 2,540 | 3.286 | 4.032 4,479
Tissue

(SE) 0.004 | 0.002 | 0.004 0.003 | 0.006 | 0.008 | 0.012 | 0.003 1 0.011 | 0.023 | 0.051 | 0.063 | 0.098 0.111

S.E.= Standard -Error; n = 4,

TABLE 2, Mean Lead Concentrations in L. Stagnalis and A. maginata Tissues Following 28 Day Exposure To 8.26ug/g of Contaminant in Food
Complex (Mg/g Dry Tissue)

Lymnaea stagnalis Achatina marginata
ays 0 5 10 15 20 25 28 7|0 5 10 15 20 25 28/

Tiss!
%oft 0.119 | 0.1583 | 0.187 0.222 | 0,301 | 0.347 | 0.37 0,120 | 0.401 | 0.683 | 0.966 | 1.248 | 1.531 1.700
ssue
(S.E) 0.003 | 0.002 | 0.004 0.002 | 0.005 [ 0.004 | 0.004 | 0.062 | 0.003 | 0.012 | 0.015 | 0.011 | 0.018 0.017
E _?ut 0.164 | 0.201 0.238 0.277 | 0.816 | 0.979 | 1,943 | 0.301 1117 | 1.935 | 2.754 | 3.572 | 4.390 4.881
issue -
~71 (S.E) | 0.004 | 0.002 | 0.004 0.003 | 0,006 | 0.008 ] 0,017 [ 0.003 | 0.015 | 0.018 | 0.019 [ 0.612 | 0.101 0.112

—

AN

TABLE 3. Mean Lead Concentrahons in L. stagnalis and A. marginata Tissues Following 28 ~ Day Exposure To 4.15ug/g of Contarninant in Food
Complex. (pg/g Dry Tnssue) i [

] ) Lymnaea s(agnahs Achatina marginata L
<Y ays |0 5 . 10 16 | 20 25 28 0 5 10 156 20 25 28

Tissus - . . -
Soft 0.131 | 0.142 | 0.167 0.192 | 0.197 | 0.217 | 0.230 | 0.138 | 0.366 | 0.613 | 0.861 | 1.108 | 1.356 1.700

Tissue
(S.E) 0.006 | 0.008 1 0.009 0.010 { 0.011 { 0.011 | 0.012 | 0.004 | 0.003 | 0.012 | 0.01 0.011 | 0.018 0.017 _
Gut  _10.186 | 0.217 [ 0.272 0.802 | 1.014 | 1.225 | 1.346 | 0.436 | 1.288 | 2.273 | 3.288 | 4.243 | 4.390 4881
Tissue {
(S.E) _10.004 | 0.009 | 0.011 0.011 | 0.013 | 0.012 | 0.014 | 0:005 | 0.002 ;

0.004 | 0.011 | 0.013 | 0.017 0.112

[

, |

|

' !

TABLE 4. Mean Lead Concentrations in L. stagnalis and A. mag/na(a Tissues Following 28 bay Exposure To 8.26yg/g of Contaminant in Food
Complex. (ug/g Dry Tissue) . .

» Lymnaea stagnalis ] Achatina marginata

ays 0 5 [ 10 15 20 25 28 0 5 10 15 | 20 25 28
W/

Tiss! .
%olt 0.131 | 0,187 | 0.243 0.301 0.368 | 0.431 0.468 | 0.138 [ 0.491 [ 0.863 ]71.236 | 1.608 | 1.981 | 2.210 |
ssue .
(S.E) 0.006 | 0.007 | 0.006 0.008 0.005 0.011 0.011 0.004 | 0.009 | 0.014 | 0.016 [ 0.017 ] 0.016 | 0.021
sut 0.186 | 0.469 | 0.937 1.325 1.712 2100 | 2332 | 0436 | 1379 | 2459 | 3.539 | 4.619 | 5.699 | 6.340
issue
(S.E) 0.004 | 0.011 0.016 0.018 0.019 0.022 | 0.021 0.005 | 0018 | 0.021 [ 0.024 | 0.027 | 0.033 | 0.039
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stagnalis and A. marginata as control snails. There
were therefore 180 snails of L. stagnalis and 180 snails
of A. marginata for the uptake and elimination study.
Diet for the snails was a mixture of mashed pawpaw
fruits and chopped cabbage leaves. Stock solution of
PbC1; and CrC1; were prepared at two different
concentrations.  The lower concentration of Pb was

pourec unto 2kg of the diet in a dry, clean plastic bucket,
stirred with a wooden spoon and then transferred into
one of the 8 wooden containers of dimension (1m x 1m
% 0.5m) specially constructed for this study. The diet
was further stirred in this container to ensure even
distribution of the pollutant (Omuaru et al; 2000). The
treated diet had concentration of 4.15ug/g diet of lead
when 4g of the diet was digested and analysed
(Neuhauser et al; 1995). Using stock solution of
22.18mg of lead chloride, 12.64mg of chromiurn chloride
and 25.16mg of chromium chloride respectively, diets
that contained 8.26g/g, 4.15ug/g and 8.26ug/g of the
elements were prepared (Omuaru et al; 2000).

For the uptake study, 45 snails of each of the
two species were transferred into each of the containers
with 2kg of treated diets of the elements respectively.
Individuals of both snail species were exposed to the
two concentrations of each element, in order to. measure
shail metal uptake during 28 days of exposure. Metal
determinations were made on the snails on days 0.5; 10,
15, 20, and 28. On day ~ O, three of each “control”" snail
species were separately digested and analysed, while
four of each of the species were used on subsequent
days. At the end of each experiement, the wet tissues
of individuals were removed from their shells, separated
into soft and gut tissues and frozen prior to analysis.

The metal contents of the snails tissues and
treated diet were determined by dry ashing the samples
at 300°C (Frank et al; 1983; Neuhauser et al; 1995).
Dried samples were then reweighed, digested and the
solution made up to 100cm® with doubly distilled water.
A Pye Unicam Model Sp-9 Atomic Absorption
Spectrometer was used for metal analysis and the
results expressed in pg/g metal in dry tissue,

For the elimination study, the two snail species
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Fig. 1b: Terminal Elimination Rate Constant-Elimination of Pb
by A.marginata (ug/g/day) for concentration (A).

exposed to two different concentrations of each metai
{Pb and Cr) for 28 days were then transferred to eight 8)
separate containers with uncontaminated diets (3kg of a
mixture of mashed pawpaw fruits and chopped cabbage
leaves each). Each of these containers had 21 snails of
each species. From these 3 snails each of L. stagnalis
and A. marginata were then killed by freezing for Day —
O experiments. Metal determinations were then made
on the snails on Days —- O, §, 10, 15, 20, 25 and 28, to

TABLE 5:Rates of metal loss (Jg/g/week) for a 4-week g—:xposure
of contaminated snails to “Control” (uncontaminated) food.

Species Tissue Type (A) (B) Metal
4.15 pglg 8.26 ugly
Exposure Exposure
Lymnaea ["Foot mantie 0.033 (0.033) 0.067 (0.066)
stagnalis Gut 0.213 (0,213)) 0.408 (0.408) Bb
Achatina Foot mantle 0.218 (0.217) 0.32€ (0.325)
inata - .
et Gut 0.480 (0.689) 0.473 (0.472)
L. stagnalis Foot mantie *, | 0.042 (0.044) 0.085 (0.087)
‘ Gut \[.0.271(0.239) | 0.492 (0.553) or
A marginala | Fool mantle | 0.287 (0.288) | 0423 (0.423)
Gut 0.897 (0.896) 0.762 (0.763)
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measure snail metal loss after the snails were piaced in
uncontaminated diets. The metals, Pb and Cr were
evaluated in the foot mantle and gut tissues of the
snails. Three (3) snails of each species were used for
- the study on other days also (Days 5, 10, 15, 20, 25 and
28).

At the end of each experiment, the wet tissues
of individuals were removed from their shells, separated
into soft (foot mantle) and gut tissues and frozen, Metal
concentrations in separate tissues of each snail species
were determined as described 5bove.

The approach adopted in these experiments

\was therefore to obtain snails with low metal

sﬁails were placed in diets with high metal .
concentrations, and to obtain snails with high metal
concentrations and measure snail metal loss after the
snails'were placed in uncontaminated diets. The uptake
experiment has been reported in a previous paper
(Omuaru et al; 2000). Snails remaining in the respective
cages (containers) after 28 days of exposure to diets of
" high metal concentration were therefore used for the
elimination  experiments. Thus, the highest
concentrations in the tissues of these snails were on
Day — O, which was the first day of the' metal loss
experiments, while the lowest concentrations were on
Day - 28.

RESULTS
The mean tissues metals loss of the two snail

species placed in uncontaminated diets are summarized
in Tables 1 to 4: In order to compare the tissue
elimination rates of different metals by a given species

and the elimination rates of a single element by different

species, snails of different metal contamination levels
were used for the experiments. The rate of elimination

(ugig/iweek) of each element by each species was .

calculated as follows:

Kw = Co - 7 Cas

(1

4

TABLE A, Elmination factors for a 4-week exposure of
cantaminated snais to uncontaminated food

oncentrations and measure snail metal uptake after the ~
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Fig. 2b: Terminal Elimination Rate Constant-Elimination. of
by A.marginata (ug/g/day) for concentration (B).

where, Kw is the rate of elimination; Co is the mean
concentration of the study element in a tissue on Day —
O and C28 is the mean concentration of the study
element in a tissue on the 28" day of the metal loss
experiments. These elimination rates are summarised
in.Table 5:The elimination patterns were also treated
graphically and presented as:Figures 1 — 4,.and fitted to
a two-dimensional model: '

Y = mx + C

[Epecic- ! Tissue Type |~ (A) (8) | Motal (2)
4.15 8.26
poly | ngly
PSRN VP Test Test
Lymnaea Foot mantle 3.9 3.5 . . . . . .
stagnalis " T in order to examine the kinetic profiles of these two
Achatina | Faolmantie | 4.1 a3 Fb metals. From equation (2)1 m is the gradient and
marginata | = 6 represents the rate of 2ellmmation. The respective
3 Rt - H Hd N . n
[ stagais | Footmantis | 47 S correlation coefficients, R® are given in the Figures 1 —
Gl g 64 o 4. the values of m, give the terminal elimination rates in
AT Feotmantie” | AT AT ug/g/day (ko).
marginata | _ T
Gul 2.0 1.9
_TABLE 7. Rales of metal lgss {(py/giweek)_for a 8-week expasuie of control snails 1o uncontaminated control diet.
Species  Tissue Type Pb Cr PL Levels Cr Lovels
Lead Loss Chromium | Day 0 Day 56 Day0  Day 56
Loss e o
“Cymiioa slagmiis | Foolmandle | 00130014019 6012 | 0431 0019
o e GUU (0017 ] 0019 1 0184 0032 | 0186 0082
A miarginata Foot manlle_| 0,006_| 0.007 | 0.120_0.075 \ 0,138 0.83
6w 170,025 0025|0042 0301 | 04360101
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The values in a parenthesis are the rates of
elimination (ug/g/week) for the first 156 days. The rate of
loww (ug/g/day), ke, was calculated as follows:

Kd = Co - CIS

where ©, is as defined above; Cys is the mean
concentration of the study element in the tissue on the
15" day. Multiplying this value by 7 gives the rate of
elimination per week (ug/g/week).

The elimination factor is the ratio of the mean
concentration of the study metal in the tissues of treated
individuals on Day — O, to the mean concentration in the
tissues of treated individuals that eliminated the
elements up to Day - 28 (Watling, 19883). These
elimination factors are summarized in Table 6, and were
obtained from Cy/Cys. )

Two snails each of both species remained in the
uncontaminated diet of pawpaw fruits and chopped
cabbage leaves for the 56 days of uptake and
elimination studies. The rates of metal loss (ug/g/week)
for this 8-week exposure of these control snails to
uncontaminated diets are summarized in, Table 7.

DISCUSSION

From our experimental design, the elimination studies
could be expected to give data that might be described
by a simple shift from one steady state to another. Lead
and chromium in our studies consistently followed
simple first-order shifts in steady states as illustrated in
Tables 1-4 and Figs. 1-4. There was a steady decrease
in metal concentrations in the foot-mantle and gut
tissues of each species. In order to establish this first-
order shift, the rates of metal loss (ug/g/week) for a 4-
week elimination experiments were calculated (Table 5),
for the two species. The foot mantle of L. stagnalis
eliminated Pb at the rate of 0.033ug/g/week while the
value for the gut tissue was 0.213ug/g/week, for the

(uglg/day) for concentration (A).

/

exposure concentration for 4.15ugrg(A). At the higher
exposure concentration of 8.26ug/g (B), the rates of lead
loss were 0,067ug/g/week and 0.408ug/g/week for the
foot mantle and gut respectively.

The rates of lead loss for the first 15 days were also
calculated for this species (in parenthesis). The values
are in good agreement with those for the 4-week
experiments. The elimination rates were faster in the

gut than the foot mantle for both exposure
concentrations in L. stagnalis. Moreover, the
elimination . rates increased with increase in

concentration. Similar trends were observed for the foot
mantle and gut of A. marginata.

As illustrated in Figures 1-4, the terminal elimination rate
constants are remarkably consistent. The value for the
foot mantle of L. stagnalis, Ke is 00045ug/g/day for
exposure (A) and 0.0089 ug.g', day , for exposure
concentration (B). these values are in very good
‘agreement with the rates of metal loss recorded in Table
5. Thus, K¢ values increase with increasing metal
levels, as previous reported for earthworms, (Neuhaus,
et al; 1995). The rates of elimination by A. marginata,
of Pb for both exposure concentrations were greater
than values for L. stagnalis. For example, the foot
mantle of A. marginata eliminates Pb about 6.6 times
more than that of L. stagnalis at concentration (A) while
at concentration (B), the relative ratio was 4.9.
However, the gut of A. marginata eliminates Pb about
3.2 times for concentration (A) and 1.2 times at
concentration (B) more than the values for L. stagnals.
By comparison, it may be inferred that at both
concentrations, the foot mantle of L. stagnalis showed
higher elimination capacity than the gut tissues. This
implies that bioconcentration is greater in the gut than in
the foot mantle in this species. This agrees with our
previous findings (Omuaru, et al; 2000). This is further
confirmed by the fact that rates of eliminated of lead in
the gut tissues of A. marginata decreased with increase
in pollutant concentration (Table 5.).

The elimination of chromium for both exposure
concentrations in both species also followed the simple
first order kinetics. For concentration (A), the rate
constants were 0.006ug/g/day and 0.035ug/g/day for the
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foot mantie and gut tissues respectively of L. stagnalis,
while the K. values of A. marginata were 0.041
ug/g/day and 0.13 ug/g/day .for foot mantle and gut
" tissues respectnvel@ (Figs: 3a and 3b). The K, values for
L stagnalls increased with increase in-concentration of
C"r in the foot mantle. However, the-K, vaTuas in the gut
tlssues of {A marginata decreased with chease in
concentrastion of the pollutant. (Figs 4a and 4b). this
trend was equally observed in the elimination of Pb by
Al margmata .

Fme pattern of uptake and elimination were consistent
with the result that might be expected for these two
metals which were bioconcentrated in the tissues of
these snails. In this study, Cr was eliminated faster than
Pb by both snails for the exposure concentrations
considered (Table 5). However, A. marginata
eliminated Cr faster than L. stagnalis in both tissues. In
their studies on the uptake and elimination of heavy
metals in the earthworm, Neuhauser et'al, (1995)
reported that lead and nickel were eliminated in the
worms rapidly between days 0 and 7 and then tended to
a plateau or increased slightly. This complex: klrietlc
profile was not obhserved for Pb in the elimination of this
metal in the snails, L. stagnalis and a. margmata Beeby
and Eaves (1983) and Williamson 1980

1
|

v ’

\ \, \ NN
\ o
\ Vv

%

Términal Elimination Rate Constant-EliminatiQn of
Cr by L.stagnalis (ug/giday) for concentration (B).

) ‘reported -

slower rates of loss of Pb and Zn in Helix aspersa than
those for Cepaea hortensis and attributed the slower
loss to the turnover rates experienced by the snails in
their environment. The rate of loss of Pb in Mytilus
edulis has also.been shown to depend on tissue
concentrations rather than the rate of uptake (Schuiz-
Baldes, 1974). These factors among others, may affect
the kinetics of metal elimination in molluscs.

Considering the elimination factors (Table 6), it was
found that the gut tissues of A. marginata had low
elimination factors under the experimental conditions.
This implies that these elements are accumulated
moderately by the gut of this snail. The foot mantle of L.
stagnalis also had moderate elimination factors and:
therefore eliminated chromium and lead moderately.

As illustrated in Table 7, the elimination rate of
chromium for a 56 day elimination experiment was 0.014
ug/g/week in the foot mantle of L. stagnalis. The K,
value of 0.002 ug/g/day is consistent with the rate of
chromium loss calculated. This rate of loss of Cr in the
uncontaminated snails is lower by a factor of 3 for the:
lower concentration (A) and by a factor of 6 fir the
higher concentration (B) of contaminated snails. The
rate of lead loss for the gut was 0.01 ug/g/week for
uncontaminated snails, L. stagnalis. Similar. trends
were recorded for A. marginata. These results suggest
that the rates of elimination of these metals are faster in
contaminated snails than those of uncontaminated
snails, probably induced by the necessity to detoxify.

From the results of rats of metal loss in our study, L.
stagnalis and A. marginata have low to moderate
elimination factors. Thee values indicate that these
snails may not be suitable as agents for bioremediation

processes but could be used to indicate the presence of
chromium and lead in the terrestrial environment. The
moderate rates of metal loss of A. marginata suggest
also that snails bought for consumption could Le left for
some days to induce detoxification of the foot mantle
before their use for food. Longer periods of exposure ‘of
these snails to higher exposure concentrations might
reveal kinetic profiles different from that obtained in this
study.
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