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Abstract: Histolopathological effects of heavy metals (Cu and Pb) and their bioaccumulation in the giant land snails, Ar-
chachatina marginata were assessed by feeding experiments. On the basis of 168h LCsy, CuSO,4 with 168h LC50 value of
2.35mM was found to be significantly (no overlaps in 95% confidence limit) more toxic than Pb(NOs), (5.79mM). The
exposure of the snails to sublethal concentrations of the metals resulted in a prevalence of hepatocellular foci of cellular
alterations (FCA) in the hepatopancreas of snails. Hepatocytes of test animals exposed to sublethal concentration of Cu
were also observed to be clogged together with peripheral thickening while exposure to lead caused inflammation of he-
patic tubules. Basophilic adenoma and ovotesticular fibrillar inclusions were also observed in the ovotestes of snails ex-
posed to the test metals. Post treatment analysis of A. marginata tissues revealed that exposure to sublethal Cu concentra-
tions resulted in a five-fold and three-fold accumulation of the metal, respectively, in the hepatopancreas and muscular
foot of exposed animals compared to the control animal. The bioaccumulation studies also indicate the ability of the snail
to regulate and excrete excess level of copper from its body. The accumulation of Pb in the hepatopancreas were found to
be up to 375 folds while accumulation of over 1000 folds compared to the concentrations detected in control animals was
observed in the edible muscular foot. The array of toxicopathic organ or tissue alterations observed in this study represents
biological end-points of contaminant exposure and therefore reinforces the application of histopathology as a powerful
tool for monitoring anthropogenic contamination of terrestrial environments. The combination of these pathological end
points with the monitoring of metal levels in body tissues of edible animals provides important tools for early detection of

impending environmental problems and prevention of potential public health issues.
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1. INTRODUCTION AND LITERATURE REVIEW

Heavy metal pollution of terrestrial and aquatic ecosys-
tems have long been recognized as a serious environmental
concern [1]. This is largely due to their non-biodegradability
and tendency to accumulate in plants and animals tissues. As
a result, metal bioaccumulation is a major route through
which increased levels of the pollutants are transferred
across food chains/web, creating public health problems
wherever man is involved in the food chain [2-4]. Therefore,
it is important to always determine the bioaccumulation ca-
pacity for heavy metals by organisms especially the edible
ones, in order to assess potential risk to human health.

Several authors [5-7] have reported the importance of
molluscans as good indicators for monitoring heavy metal
pollution even though the abnormally high environmental
concentrations of heavy metal affects numerous biological
processes involved in the development and maintenance of
molluscan populations such as feeding, growth, reproduc-
tion, general physiological activities and maturity [8]. These
cascades of stress related responses including histopathology
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are now increasingly being used as biomarkers of environ-
mental stress since they provide a definite biological end-
point of historical exposure [9-11]. As such, the utility of
histological lesions as sensitive and reliable indicators of the
health of wild fish populations has been demonstrated [12-
14]. Several laboratory and mesocosm studies have also
demonstrated casual links between exposure to xenobiotics
and development of toxicopathic hepatic lesions [15, 16].

Archachatina marginata (Swainson) commonly referred
to as the giant land snail is a pulmate gastropod, distributed
throughout the world in the tropical and sub-tropical regions
where most of the genera of the family are confined to Af-
rica [17, 18]. The land snail is a major source of protein and
consumed by a vast majority of people living around the
dense tropical forests and in surrounding cities where snail
farming is now a major preoccupation for the people [19].
Therefore this present study on the bioaccumulation capacity
of the snails and histopathological effects of heavy metals
(Copper and Lead) appear to be of particular relevance for
assessing public health risks that could arise from the con-
sumption of snails and also provide useful biological indices
and measurements that can be deployed during biological
effects monitoring. The choice of heavy metals (Cu and Pb)
used for this study is based on the use of copper (Cu) as a
major constituents of agricultural pesticides which the snails
are inadvertently exposed to while lead (Pb) has been an
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additive of petroleum products which gets introduced into
the environment during burning of the fossil fuels and ulti-
mately become deposited on the leaves and soil where the
snails dwell.

2. MATERIALS AND METHODS
Test Animals, Laboratory Cultures and Acclimatisation

Archachatina marginata (Mollusca: Gastropoda; Sty-
lommatophora, Archatinidae) was used for the experiments.
Snails within weight ranges of 559 —75¢g were selected for all
the bioassays.

The snails were allowed to acclimatize to laboratory con-
ditions (28+2°C; 79+2 RH) in a glass terrarium
(200cmX80cmX30cm) containing a layer of moist humus
soil as substrate for at least 7 days before commencement of
bioassays. The terrarium was covered with a wire mesh for
proper ventilation and also to prevent the snails from crawl-
ing out. The terrarium was wet daily with dechlorinated tap
water and the snails were fed ad libitum on fresh pawpaw
leaves (Carica papaya). Unconsumed food and faecal mate-
rial were removed daily to prevent contamination.

The snails used throughout the experiment were obtained
from the same source to reduce variability of biotype.

Test Chemicals

The heavy metals investigated in this study were analar
grades of the following metallic compounds:

Copper Sulphate (CuS0O,4.5H,0)
Lead Nitrate (Pb (NOs3) 2)

3. GENERAL BIOASSSAY TECHNIQUES

Preparation of Test Media including Application of
Toxicant

Acute Toxicity Studies

Predetermined amounts of heavy metal compounds were
weighed using an analytical balance, and made up to a fixed
volume by adding appropriate volume of distilled water as
diluent to achieve a stock solution of known strength .The
resultant stock was then serially diluted to obtain solutions of
required concentration. For each of the test concentrations,
1000g of the loamy plus humus soil was placed into the bio-
assay container to form a thick layer of substrate. 100g of
Carica papaya (pawpaw) leaves were then placed in each
bioassay container. Each test medium was then sprinkled
with 150mls of solution containing pre-determined concen-
tration of the test compound. The control setup was prepared
in the same way describe above except that only water was
sprinkled on the leaves and substrate. The setup was covered
with wire mesh and labeled accordingly.

The definitive concentrations which the snails were ex-
posed to are given below.

Cu against A. marginata: 2.0mM, 2.41mM, 2.81mM,
3.2mM and untreated control.

Pb against A. marginata: 4.5mM, 6.04mM, 7.6mM,

9.1mM and untreated control.
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The definitive concentrations were chosen after a concen-
tration range-finding experiment. Mortality count was car-
ried out once every 24hours for 7 days.

Assessment of Quantal Response (Mortality)

Snails are taken to be dead if there is no movement when
the foot region of the animal is prodded with a pointed metal
rod or if there is no activity after 5 minutes of placing the
snail inside water.

Histopathological Studies

A similar experiment as described above was carried out,
however in this case, A. marginata were exposed to sublethal
concentrations of Cu and Pb salts. Each treatment including
control was replicated six times (2 snails per replicate) giv-
ing a total of 12 snails per concentration and control. The
animals were fed every 72 hours for the duration of the bio-
assay.

Sublethal concentrations was extrapolated from the
168hrL.C50 as fractions given by 1/10" of 168hrLC50 and
1/100™ of 168hrlL.C50. The test concentrations used for the
experiment are as follows:

Cu against A. marginata are 0.235mM, 0.0235mM and
untreated control.

Pb against A. maginata are 0.579mM, 0.0579mM and un-
treated control.

On day 14 and 28 of the assays, four live snails per con-
centration including control were randomly selected, cleaned
thoroughly in distilled water and carefully removed from
their shells. The ovotestes and hepatopancreas were removed
and fixed in Bouin’s fluid. The fixed samples were trans-
ferred to phosphate buffer (pH 6.8) after 7 hours of fixation
in Bouin’s fluid. The tissues were then dehydrated in graded
alcohol, cleared in xylene before embedding in paraffin wax
(melting point 56.0°C). Serial sections of 2-5 um thickness
were cut in rotary microtome then passed through xylene
followed by absolute alcohol and water.

The sections were stained with Haematoxylin and Eosin,
dehydrated in graded alcohol, cleared in more xylene and
mounted in Canada balsam. The slides were left to dry on the
hot plate for 2 hours before observation under the micro-
scope.

Bioaccumulation Studies

A similar experiment as described above under histopa-
thological studies was carried out. On day 14 and 28 of the
bioassays, four live snails per concentration including con-
trol were randomly selected, cleaned thoroughly in distilled
water and carefully removed from their shells. The ovotestes
and hepatopancreas were cut off, cleaned in distilled water
and put in labeled polyethylene bags in which they are kept
frozen awaiting digestion and analysis for metal content by
atomic absorption spectrophotometry.

Digestion of samples: The target organs investigated for
metal content were cleaned with distilled water to remove
debris and other adherents before they were homogenized. A
portion (5g wet weight basis) of the homogenate of each
organ was digested using a freshly prepared mixture 1:1 of
hydrogen peroxide and perchloric acid [20].
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Table 1. Relative Acute Toxicity of Copper and Lead Salts against Archachatina marginata

Time LCs LCys Slope Probit Line
Treatment : DF | TF
reatmen (hrs) [95% C.L(mM)] [95% C.L(mM)] +S.E Equation
1191
Cuso,, 168 2.35 [2.72-2.03] 3.22 [4.25-2.45] 158 y =-27.96+11.91x 2 | 327
7.91
Pb(NO5) 168 5.79 [7.22-4.64] 9.36 [14.12-6.19] vots y =-20.96+7.91x 2 1

C.L - Confidence Limit
D.F - Degree of Freedom
T.F - Toxicity Factor
S.E - Standard Error

X _qﬁ_“ _' o5

Fig. (1). Hepatopancreas of Archachatina marginata. Distinct hepatocytes (H) with no visible lesions.

Atomic Absorption Spectrophotometry: The heavy metal
concentration in each digested sample was determined by
comparing their absorbencies with those of standards (Solu-
tion of known metal concentrations) using a Perkin Elmer
Analyst 200 AAS. For data quality, particular attention was
paid to the cleanliness of all wares. In addition, factory pre-
pared AAS standard solutions were run as samples for accu-
racy checked after every five measurements.

Statistics
Probit Analysis

The dose-response data were analyzed by Probit analysis
after [21]. Probit analysis was based on a program by Ge-Le
Pattouriel, Imperial College, London as adopted by [22]. The
indices of toxicity measurement derived from this analysis
are;

LC95 - Lethal concentration that causes 95% responses
(mortality) in exposed organisms.

LC50 - Lethal concentration that causes 50% responses
(mortality) in exposed organisms.

The Analysis of Variance (ANOVA) was carried out to
compare several treatments mean at 5% (P<0.05) level of
significance for appropriately designed experiments.

Bioaccumulation Capacity

Bioaccumulation Capacity (BAC) was also estimated as
the ratio of the concentration of the metal in animal organ

after 28 days of exposure to the level detected in same or-
gans of unexposed/control animals.

Bioaccumulation Capacity (BAC) = Concentration in animal organ

Concentration in control animals
4, RESULT

Acute Toxicity Studies of CuSO4 and Pb (NOs) , Against
Archachatina marginata

On the basis of 168h LCs, CuSO,4 with 168h LC50 value
of 2.35mM was found to be significantly (no overlaps in
95% confidence limit) more toxic than Pb(NOj), (5.79mM)
when tested against Archachatina marginata (Table 1). On
the basis of the derived toxicity factor, the Cu salt was found
be about three times as toxic as the Pb salt, based on the
168h LCsq values (Table 1). The log-dose probit response
plot depicting the toxicity profile of copper and lead salts
against A. marginata were non-parallel, indicating that com-
parison of the toxicity of the test chemicals are only valid for
a level of dose and response.

Histopathological Studies

The results of the histopathological effects of Cu and Pb
on the hepatopancreas and ovotestes after 28 days of expo-
sure are shown in Figs. (1-10). The results show that there
were various degrees of histological alterations observed in
the organs examined (hepatopancreas — Figs. (1-5) and
ovotestes— Figs. (6-10)). There was a prevalence of hepatocel
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Fig. (2). Hepatopancreas of Archachatina marginata. Hepatic foci of cellular alterations (FCA) in the cell membranes of the hepatocytes for
test animals exposed to sublethal concentrations of Cu salt.

Fig. (3). Hepatopancreas of Archachatina marginata. Hepatocytes clogged together with peripheral thickening (arrow) in test animals ex-
posed to sublethal concentrations of Cu salt.

Fig. (4). Hepatopancreas of Archachatina marginata. Inflammation of hepatic tubules (arrow) in test animals exposed to sublethal concentra-
tions of Pb salt.
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Fig. (5). Hepatopancreas of Archachatina marginata. Hepatic foci of cellular alterations (arrow) in the cell membranes of the hepatocytes for
test animals exposed to sublethal concentrations of Pb salt.

Fig. (7). Ovotestes of Archachatina marginata. Cellular alterations (arrow) of the ovotestes with no distinguishable oocytes in test animals
exposed to sublethal concentrations of Cu salt.
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Fig. (8). Ovotestes of Archachatina marginata. Periphery of basophilic adenoma with differential staining characteristics (arrow) to the nor-
mal cells (N) of the ovotestes.

Fig. (9). Ovotestes of Archachatina marginata. Putative cholangioma in the ovotestes. Note the apparent proliferation of the oocytes (O) and
relatively invasive nature of the lesions (arrow).
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Table 2. Accumulation of Cu ions by A. marginata Exposed to Sublethal Concentrations of the Heavy Metal Over a 28-day Period

Under Laboratory Conditions

Mean Concentrations of Cu in Organs (mg/kg) Overall Net Gain*
Treatment (mM)
Day 0 Day 28 BAC
Copper
Hepatopancreas
Untreated Control 1.27 1.29
*0.0235 [1/100th of 168hr LCs] 1.27 1.35 0.06 1.05
Untreated Control 1.27 1.29
**0.235 [1/10th of 168hr LCs] 1.27 6.08 4.79 471
Foot
Untreated Control 1.125 1.22
*0.0235 [1/100th of 168hr LCs] 1.125 111 -0.11 0.91
Untreated Control 1.125 1.22
**0.235[1/10th of 168hr LCso] 1.125 3.19 1.97 2.62

*overall net gain=concentration in snails after 28 days- concentration in animal at day zero.

*1/100™ 168hrLCs value of Cu ions in the test media.
**1/10th of 168hr LCs, values of Cu ions in the test media.

lular foci of cellular alterations (FCA) in the hepatopancreas
of snails exposed to sublethal concentrations of copper and
lead (Figs. 2 & 5). Hepatocytes of test animals exposed to
sublethal concentration of Cu were also observed to be
clogged together with peripheral thickening (Fig. 3) while
exposure to lead caused inflammation of hepatic tubules
(Fig. 4). Basophilic adenoma was recorded in the ovotestes
of snails exposed to the copper compound (Fig. 8). In addi-
tion, one case of cholangioma, a benign neoplastic lesion
involving the proliferation of the oocytes was recorded in
sections of the snails exposed to lead compound (Fig. 9).
Ovotesticular fibrillar inclusions were also observed in
ovotestes of test animals exposed to sublethal concentrations
of lead compound (Fig. 10).

5. BIOACCUMULATION STUDIES
Hepatopancreas

Post treatment analysis of the hepatopancreas of A. mar-
ginata showed that in the snails exposed to sublethal concen-
trations of 0.235mM (1/10" of LC50) and 0.0235mM (1/100"
of LC50) of the copper ions, there was an overall gain of
4.842mg/g and 0.08mg/g respectively than the level detected
in control animals over the 28 days period of observation
(Table 1). On the basis of the bioaccumulation capacity
(BAC), the snails exposed to sublethal concentrations of
0.235mM (1/10" of LC50) and 0.0235mM (1/100™ of LC50)
accumulated Cu ions that was about 5 times and 1.04 times
respectively higher than the levels detected in control ani-
mals over the 28 days period of observation (Table 1).

With regards to lead, post treatment analysis of the hepa-
topancreas of A. marginata showed that in the snails exposed
to sublethal concentrations of 0.579mM (1/10™ of LC50) and
0.0579mM (1/100™ of LC50) of the lead ions, there was an
overall gain of 67.014mg/g and 1.131mg/g respectively, rela-
tive to the level detected in control animals over the 28 days
period of observation (Table 2). On the basis of the bioac-
cumulation capacity (BAC), the snails exposed to sublethal
concentrations of 0.579mM (1/10™ of LC50) and 0.0579mM
(1/100™ of LC50) accumulated Pb ions that was about 375
and 7 times, respectively, higher than the levels detected in
control animals over the 28 days period of observation
(Table 2).

Foot

Post treatment analysis of the edible muscular foot of Ar-
chachatina maginata showed that in the snails exposed to
sublethal concentrations of 0.235mM (1/10™ of LC50) and
0.0235mM (1/100™ of LC50) of the copper ions, there was an
overall gain of 1.97mg/g and -0.11mg/g respectively, relative
to the level detected in control animals over the 28 days pe-
riod of observation (Table 1). On the basis of the bioaccumu-
lation capacity (BAC), the snails exposed to sublethal con-
centrations of 0.235mM (1/10" of LC50) and 0.0235mM
(1/100™ of LC50) accumulated Cu ions that was about 2.62
times and 0.91 times, respectively, higher than the levels
detected in foot of the control animals over the 28 days pe-
riod of observation (Table 1).
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Table 3. Accumulation of Pb lons by A. marginata Exposed to Sublethal Concentrations of the Heavy Metal Over a 28-day Period

Under Laboratory Conditions

Mean Concentrations of Pb in Organs (mg/kg) Overall Net Gain*
Treatment (mM)
Day 0 Day 28 BAC
Lead
Hepatopancreas
Untreated Control 0.17 0.18
*0.0579[1/100th of 168hr LCs) 0.17 1.31 1.13 7.32
Untreated Control 0.17 0.18
**0.579 [1/10th of 168hr LCs] 0.17 67.19 67.01 375.55
Foot
Untreated Control 0.05 0.06
*0.0579[1/100th of 168hr LCs) 0.05 0.09 0.03 1.55
Untreated Control 0.05 0.06
**0.579 [1/10th of 168hr LCs] 0.05 7161 7155 1234.66

*overall net gain=concentration in snails after 28 days- concentration in animal at day zero.

*1/100™ 168hrLCs values of Pb ions in the test media.
**1/10th of 168hr LCs, values of Pb ions in the test media.

With regards to lead, post treatment analysis of the mus-
cular edible foot of A. marginata showed that in the snails
exposed to sublethal concentrations of 0.579mM (1/10" of
LC50) and 0.0579mM (1/100" of LC50) of the lead ions,
there was an overall gain of 71.55mg/g and 0.03mg/g respec-
tively, relative to the level detected in control animals over
the 28 days period of observation (Table 2). On the basis of
the bioaccumulation capacity (BAC), the snails exposed to
sublethal concentrations of 0.579mM (1/10™ of LC50) and
0.0579mM (1/100™ of LC50) accumulated Pb ions that was
about 1200 and 1.55 times, respectively, higher than the lev-
els detected in the edible muscular foot of control animals
over the 28 days period of observation (Table 2).

6. DISCUSSION

In this study, the copper compound was found to be
about three times more toxic than lead compound when
tested against the giant land snail Archachatina marginata.
This observation is in agreement with earlier works on heavy
metal toxicity profiles. According to Otitoloju and Don-
Pedro [3], lead was found to be consistently the least toxic
test metal compared to Hg, Cd, Cu and Zn when tested
against Tympanotonus fuscatus, Clibanarius africanus and
Sesarma huzardi. Other workers [23, 24] have demonstrated
the relatively higher toxicity of copper compound than lead
when tested against Helix aspersa. They reported that the
higher toxicity of copper may be due to its ability to form
complexes with anions and also because Cu (I1) induces the
oxidation of quinone and may be a factor in the oxidative

activation and toxicity of hydroquinone in target cells. Ac-
cording to Oyewo [25] and Otitoloju [26], the low toxicity of
Pb maybe due to low penetratability in exposed organisms
and the ability of the exposed animals to accumulate the Pb
ions in its body tissue without ill effects or lethal action.

The exposure of the snails to sublethal concentrations of
heavy metals caused varying degrees of histological altera-
tions in the organs examined (hepatopancreas and ovotestes).
In the hepatopancreas, there was a prevalence of hepatocellu-
lar foci of cellular alterations (FCA) in snails exposed to the
sublethal concentrations of copper and lead. Peripheral
thickening and inflammation of hepatic tubules of the hepa-
tocytes were also observed in exposed snails. These neoplas-
tic changes in the hepatopancreas have been reported to rep-
resent transitional lesions that bridge the gap between hepa-
tocellular FCA’s and malignant lesions such as hepatocellu-
lar carcinoma [10]. Hepatocellular FCAs is therefore catego-
rised as an early stage in the stepwise formation of hepatic
neoplasia and as such provide an excellent example of a
histopathological biomarker for contaminant exposure [27].

In the ovotestes, basophilic adenoma was recorded in
snails exposed to the sublethal concentrations of copper. A
benign neoplastic lesion, cholangioma involving the prolif-
eration of oocytes in ovotestes was also recorded in sections
of snails exposed to sublethal concentrations of lead. Ac-
cording to Brooks and Roe [28], long term administration of
carcinogenic compounds can result in the formation of ade-
nomatous hyperplasia, which can progress to cholangioma.
As a result, the observation of this lesion type is usually as-
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sociated with the development of carcinogenesis hence the
influence of lead to cause such lesion type in the current
study merits further studies before its inclusion as a bio-
marker of exposure to lead can be justified. Furthermore,
ovotesticular fibrillar inclusions were also recorded in snails
exposed to sublethal concentrations of lead. These inclusions
have been reported to be an unusual proliferation of the
rough endoplasmic reticulum (RER) and/or an extensive
formation of microtubules [29]. Although the significance of
these fibrillar inclusions as indicators of contaminant expo-
sure is not entirely understood [10], the prevalence of the
inclusions in exposed snails is quite suggestive of its role as
an important histological biomarker of exposure to lead.

Due to the fact that the giant land snail A. marginata is an
important edible animal and the current spate of snail farm-
ing going on in many developing countries where it thrives,
the establishment of the bioaccumulation capacity of the
snail for heavy metals that are readily found in its environ-
ment such as Cu and Pb is an important public health issue
that must be considered under any meaningful biomonitoring
regime/programme. In the current study, the snails were
found to have the capacity to accumulate the metals to vary-
ing degrees, depending on the concentration of exposure and
metal type. With regards to copper, exposure of the snails to
0.0235mM (1/100" of 168hLC50 value) of copper com-
pound indicate (negative net gain value) an ability of the
snail to regulate and excrete excess level of copper ions in its
body. However, exposure to the higher sublethal concentra-
tion of 0.235mM (1/10™ of 168hLC50 value) of the copper
compound resulted in a five-fold and three-fold accumula-
tion of the metal in the hepatopancreas and muscular foot
respectively compared to the control animal. The observed
ability of the snail to regulate Cu is not particularly surpris-
ing because copper is a component of haemocyanin, which is
a respiratory pigment in the body fluids of A. marginata.
Otitoloju and Don-Pedro [4] reported the ability of another
molluscan species, Tympanotonus fuscatus to regulate its
body concentration of copper under laboratory and field ex-
perimental conditions. Similarly, Bryan and Langston [6]
also reported the ability of polychaete worms, Melinna pal-
mate (which naturally has high concentration of Cu in its
tissues) and Tharyx mariont to regulate their tissue concen-
tration of Cu. This capacity to regulate their tissue concentra-
tion of Cu by excretion however becomes hindered as the
system becomes overloaded resulting in the initiation of
other detoxication processes such as accumulation in an in-
nocuous state. According to Hopkin [23], a humber of stud-
ies have shown that Cu can be deposited as insoluble intra-
cellular membrane-bound granules in the hepatopancreas of
most terrestrial invertebrates and/or transiently detoxified
through synthesis of low-molecular-weight protein e.g. met-
allothionien which binds the metal ions [30, 31].

The exposure of the snails to sublethal concentrations of
Pb revealed that the snails had high capacity to accumulate
the metal in both the hepatopancreas and muscular foot.
While accumulation in the hepatopancreas were found to be
up to 375-fold, an unprecedented accumulation of over
1000-fold compared to the concentrations detected in control
animals was observed in the edible muscular foot. This high
accumulation (up to 71.55 mg/kg) of lead in edible portion
of the snails is particularly disturbing and of public health
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importance when compared to the maximum permissible
intake of 3 mg Pb per week. Several authors [3, 4, 30, 31]
have reported the ability of several animals to progressively
accumulate Pb in their body tissues. Williamson and Evans
[32] had indicated that the widespread tolerance of snails to
Pb contamination may be due to the fact that the animals are
exposed to relatively high concentrations in their natural
environment. According to these authors, Pb concentrations
in the soil may sometimes reach up to 200 mg/kg. Thus soil
and epigeic invertebrates could be evolutionarily ‘pre-
adapted' to tolerate high Pb concentrations. Beeby and
Richmond [33] also suggested that Pb assimilation and ex-
cretion is under control of a physiological mechanism that is
able to adapt to high concentrations of this metal in its food.
This ability of the snails to adapt to lead contamination and
accumulate high concentration of the metal in the edible part
therefore implies an urgent need to institute a continuous
monitoring of the snails and soils where they are reared or
collected to avert a looming public health problem that might
arise under a no-control situation.

In summary, an array of toxicopathic organ or tissue al-
terations were observed in this terrestrial mollusc,
Archachatina marginata found in metal laden environment.
These changes represent a biological end-point of contami-
nant exposure and as such this study reinforces the applica-
tion of histopathology as a powerful tool for monitoring an-
thropogenic contamination of terrestrial environments. When
these pathological end points are assessed in conjunction
with the capacity of the animals to accumulate these con-
taminants e.g. heavy metals in the body tissues, a clearer
picture of the complex interactions between anthropogenic
and natural environmental modifiers will emerge. This will
ensure early detection of impending environmental problems
that may ensue and also avert potential human health trage-
dies.
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