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reinforce the pressure exerted on these environments. This report focuses on the
quantification of heavy metals in the fish pulpit (Cd, Pb, Fe, Mg, Cu, and Zn) and the
health effects of (Fako) populations. Measurements on the species show that crustaceans
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1. Introduction

Rapid and disorganised urban and industrial developments have contributed to the raised levels of heavy metals
in the urban environment of developing countries [1, 2, 3]. Fishing activities are a source of food and employment
for many people. Fish are extensively consumed, firstly because they are part of the local diet, but also because
of their high protein, low saturated fat and omega fatty acids content, that are known to contribute to good health
[4]. Heavy metals from natural and anthropogenic sources are discharged into aquatic ecosystems, where they
cause a serious threat because of toxicity, long persistence, bioaccumulation, and biomagnification in the food
chain [5,6,7]. Bonsignore et al., [8] demonstrated a highly heterogeneous anthropogenic impact in terms of heavy
metals input from the industrial activity resting on land. Anthropogenic actions play a significant role in further
accentuating the metals related health problems in soil plant-animal-human system [9]. Hence today, fish in the
environment are inexorably exposed to chemical pollution. Heavy metals can be accumulated by marine
organisms thought a variety of pathways, including respiration, adsorption and ingestion [10]. Baki et al., [11]
reported some standard levels of metals in fish in (mg/kg ww) described in the literature. Although most hazardous
substances are present at concentrations far below the lethal level, they may still cause serious damage to the life
processes of these animals. Ginsberg and Toal, [12] reported that variety of factors such as the characteristics of
the species under consideration, the exposure period, the concentration of the element, as well as abiotic factors
such as temperature, salinity, pH and seasonal changes influence fish absorption of heavy metals from the
surrounding environment. Hounkpatin et al., [13] showed that children's bodies absorbed more contaminants and
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remained unable to spread it easily. Studies on heavy metals bioaccumulation in fish is now widespread, but in
recent years the risk factors calculation for the population become of great importance. Despite the beneficial
aspect of aquatic food's consumption, bioaccumulation of toxic metals in fish can enhance the health risk for the
consumers [14]. Sometimes, the contaminants exceed the legal limits set by European regulations for food,
without represent a risk for human health. Heavy metals such as Cd and Pb have been revealed to have
carcinogenic effects [15]. Maurya et al., [16] reported that highest heavy metals accumulation was found settled
in the liver of some selected fish species collected from local markets in India. Many studies have been performed
on the water quality of the Cameroonian coast. However few of them are devoted to the contamination of its
aquatic fauna. Therefore, it is necessary to set up a monitoring network that will have an impact on the fish
consuming populations of the studied areas. Hence, the purpose of this study is to contribute to the evaluation of
the bioaccumulation of heavy metals in fish tissue and Crab from Down Beach and lIsobe, as well as the impact
of accumulated heavy metals on the health of the surrounding populations consuming these fish. Specifically, (i)
quantify heavy metals in the muscle tissue of the fish species studied, (ii) compare the pollutant load to the
tolerable standard, (iii) evaluate the level of toxicity of metals on the health of exposed populations.

2. Material and Methods
2.1. Presentation of the study area

LIMBE is located in the Fako Department, more precisely in the South West Cameroon Region (Figurel) between
the geographic coordinates 4.001705°-4.027148° North latitude and 9.210173°-9.094025 ° East longitude (Figure
1). Limbe soil is basaltic and alluvial. The hydrographic network of the study area is dense and varied, consisting
of many streams, the most are: the Mabeta River coming from the Northeast and confluence of several rivers; the
Limbe river flowing inside the botanical garden etc. The coast of Limbe is dominated by an equatorial climate
characterized by two seasons, a rainy season of seven months from May to November with water levels sometimes
reaching 11000 mm at Debundscha, and a dry season of five months from December to April. The month of
February is the hottest, it records an average temperature of 30°C. The month of August is the rainiest with an
average of 308 mm of precipitation. The driest month is January, with 59 mm of rainfall. The months of July and
August are the coldest with temperatures of 26.26 ° C. Wind speeds sometimes reach 18 m/s [17]. The tourist
complexes, the oil exploitation and the refinery are at the base of the local and even national economic flow.
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Figure 1: Location map of the Limbe area
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2.2. Criteria for the choice of studied species

Species were purchased at two sites, namely Isobe (Idenau) and DownBeach. We rely on abundance and
consumption, as well as the bio indicator capacity to choose the species we will study. Similarly, they are also
based on their vertical distribution in the water column to choose the species: sole (cynoglossus monodi), bar
(pseudotolithus senegalensis), crab (Carcinus maenas). Indeed the crab informs us about the bottom benthic and
sole and the bar informs us about the contamination more in mezo benthic zone. These two species have been
selected because they have ecological characteristics (geographical zone and depth of habitats (demersal for bar
and benthic for sole), their diets (fish and invertebrates) distinct, their taxonomic remoteness and their behavioral
difference (a vagile species for the bar and sedentary for the sole). After the collection of the different species
they will be kept in a cooler containing the ice, then the samples are brought for cleaning and removal of the flesh
of the species to be analyzed in the laboratory.

3.2.Laboratory analyzes
The heavy metals were obtained by dry grinding after drying the fish and crab pulpit for 2 days in a Memmec

E0823 brand oven at 105°C. Followed a grinding to obtain the powder of the fish. 50ml of distilled water is added
to the previously acidified powder (HCI/HNOs) to obtain a liquid to be analyzed. After cooling, the liquid is left
to decant after halogenation thereof. A colorless liquid is thus obtained after filtration of the homogeneous
mixture. The heavy metals content will be obtained by atomic absorption using a BUCK Scientific Model 2009
HTDS Atomic Absorption Spectrometer in the laboratory, in accordance with the methodology indicated by Tahiri
et al. [18] according to the standards of AFNOR [19]. Heavy metals (Cd, Pb, Fe, Cu, Mn, Zn) were read at
wavelengths of 228.8nm, 283.2nm, 248.3nm, 324.8nm, 279.5nm, and 213.9nm, respectively. For a better
understanding and interpretation of the data analysis results, the data were processed using the XLSTAT and SPSS
Software.

3.3. Evaluation of the daily exposure dose

Population health data are available from the Statistical Service of the Limbe Regional Hospital. The manual
count of the various diseases listed weekly in the registers was carried out in the Bureau of Statistics.
Subsequently, the diseases of interest to us in our study were targeted and counted for a period of one month and
for a full year. The data are taken from the weekly disease surveillance sheets each week. These cards are
commissioned by the regional health delegation which targets a number of at-risk diseases. Among these data is
the number of emergency consultations per month during the year 2017, in addition to the values of the
abundances of diseases related to heavy metals on each month in the year 2017. In order to evaluate the level of
toxicity we determined, the daily exposure dose was evaluated here according to the formula:

EDI=CxQXF/P 1)
Where EDI=Daily Dose Exposure to Trace Elements (mg/kg/d); C=trace element concentration of fish (mg/kg);
Q = Quantity of fish ingested per day, (kg/d); F Frequency of exposure (F=1); P = Body weight of the target (kg).
It is observed that the frequency equal to unity means that the average person consumes the fish once a day in
Cameroon. These values are calculated by considering the following hypotheses: an adult man consumes the same
guantity of fish as a child, a child consumes the same quantity of fish each day, a Cameroonian consumes an
average of 15.4 kg/year of fish [20], the fish studied are consumed by the population, a child consuming this fish
has a mass of 30kg [21]. The risk characterization for threshold effects is expressed by the hazard quotient (HQ).
It is calculated for the oral route of exposure as follows

HQ = EDI / ADI )

Where EDI = Daily Exposure Dose (mg/kg/d); ADI = Admitted Daily Dose (mg/kg/d). If HQ <1, the occurrence
of a toxic effect is very unlikely; If QD> 1, the occurrence of a toxic effect can not be ruled out.
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3. Results and discussion

3.1 Heavy metals concentrations in the muscle tissue of fishies and crabs

In both sites, it is observed that Pb (0.923 and 0.925ug/g) is higher than the standard (0.500 pg/g) [22] in the Isobe
sole and Down Beach (Figure 2a). These results differ from the work done by Usero et al. [23] who is working
on the muscles of Solea vulgaris on the southern Atlantic coast of Spain and found Pb levels (0.03-0.05) mg/kg
fresh weight. This high difference is probably due to the difference in habitats between species or in the efficiency
of lead assimilation between species [24]. The studied species are demersal, which is not the case of the species
studied by our authors. It is also noted that lead (0.923 pg/g and 1.723 ug/g) is higher than the norm at Isobe (0,5
ug/g) [25] and Down Beach in crab.

For cadmium (Figure 2b), the cadmium content (0.099 and 0.163 ng / g) of Isobe and Down Beach sole and bar
is below the norm [22] prescribed for sole and bar. The cadmium content of the crab of Down Beach is equal to
that of the crab of Isobe is 0,163ug/g. Similarly, the Down Beach crab and the Isobe crab have levels below the
norm (0,5ug/g) [25]. The crab and the fish of down Beach are more concentrated in Cd than those of Isobe.
Similarly, very low levels of Cd (0.04 mg/kg fresh weight) were recorded in fish muscle in the Moroccan Atlantic
coast [26]. These low levels are probably due to a low bioavailability of the metal both in the environment where
our species come from than those of our authors.

With regard to copper (3.29, 4.92 and 3.30 pg/g), both in the sole and the bar, whether at Isobe or down Beach,
the values are lower than the norm (30 ug/g) [22]. And the copper value in the sole and in the Down beach bar is
greater than the Isobe value (Figure 2c). Similar values (1.53 to 13.08 mg/kg dry weight) in Cu were found in
Labeoumbratus muscle [27]. The copper grade value (101.16 and 141.91pug/g) in the crab of down Beach is greater
than the value of Isobe. These two values are each higher than the standard (5 ug/g) [25]. These results are superior
to those obtained by Sloterdijk, [24] in the English bay where the whelks and crustaceans have an average
concentration of 6.6 £ 1.9 mg/kg. This difference may be due to the presence of shipyard industries that probably
release copper into the environment, but it is also likely that these crabs do not have the same capacity for Cu
uptake. Those of our study being more bioaccumulative than that of the estuary of the English bay.

The zinc content (24.59 and 28.09 ug/g) in Isobe's sole and bar is lower than the norm (40 pg/g) [22] in effect
(Figure 2d). On the other hand, low values have been mentioned in the muscle of Lisaaurata, Anguilla anguilla
and Solea vulgaris (3,10-8,41, 10,1-13 and 4,17-8,52 mg/kg fresh weight, respectively) of the south Atlantic coast
of Spain [23] . This difference is due to the fact that in our species the environment is demersal while the authors
worked on the pelagic species, more it is possible that the available Bio part does not necessarily accumulate in
the muscles of the fish. The crab Zn content (42.09 pg / g) is also lower than the norm (50 pg/g) [25]. This value
is higher than the average obtained by Sloterdijk, [24] for the whelk and crustaceans of the English estuary of
12.4 £ 2.9 mg / kg. This difference would come from the inputs and source of pollution likely to produce and
concentrate the larger quantities of zinc in our environment than in the English Bay.

The iron content in the sole (69.08 and 61.29 pg/g) and the down Beach and Isobe bar are above the standard (45
ug/g) [28] and the Isobe iron content (78.10 and 66, 48ug/g) is greater than the iron content of Down Beach in
terms of sole and bar (Figure 2e). Different results in Fe were found in the muscle of Lisa abu and Silurustriostegus
(6.88 and 6.38 mg/kg fresh weight, respectively) of Atatlirk Lake by Karadede et al., [29] and in Percafluviatilis
muscle (5.05) in mg/kg fresh weight of the Nitra River in Slovakia by Andreji et al., [30]. This difference may be
due to the fact that our species are demersal species of marine waters. While the species of our authors are species
of continental waters. In addition, the ecological zone of our species is different. There is shipyard activity that
probably releases iron throughout the area. The crab iron content at down Beach and Isobe bar are above the
standard (45 pg/g) [28].

The manganese in the bar and the Isobbe sole (3.58, 9.93ug/g) are lower than the standard (20 ug/g) [31], more
the manganese content in Isobe is higher than that of down Beach (4.98, 10.63ug/g) for sole and bar (Figure 2f).
Lower values were also obtained for herring in the English Bay Sloterdijk [24] at 0.97 £ 0.14 mg/kg. This
difference is probably due to the fact that herring is a pelagic fish, its diet differs with that of our species studied
hence the difference in bioaccumulation. The sites of Down Beach and Isobe are also probably more polluting in
Mn than the English Bay. Anthropogenic activities are more intense at Down Beach and Isobé and the
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physicochemical conditions of Isbobe and Down Beach are conducive for a better bioavailability of Mn. The crab
manganese at Isobbe and Down beach are also lower than the standard (20 pg/g ) [31].
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(d) Zn concentrations (ug/g) in the muscle tissue of fishes and crabs
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Figure 2: Concentrations of heavy metals in the muscle tissue of fishes and crabs in function of the station and
their relationship to the standard.

3.2. Evaluate the level of toxicity of metals on the health of populations

The Table 1 below shows the average doses of exposure to various metals for an adult man. The table also presents
the hazard quotients for a 60kg. It is found that all daily doses are less than 1 regardless of the species or site
considered, except for the daily exposure of the crab of Down Beach and Isobe in Zinc Element (6.52 and 2.90
mg/kg/d). This is consistent with the results of Adil Chahid., [32] who finds EDI values of 0.00007, 0.00054
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ug/kg/week of Cd and Pb in the skipjack landed in the Essaouira-Dakhla zone. As for the hazard quotient, all
these values are less than 1 but greater than 0. The values of the high hazard quotients are those of zinc in the
Isobe crab and Downbeach (0.52 and 0.23). The occurrence of a toxic effect is little likely in adults due to the
consumption of the species studied. Ouro-Sama, et al, [33] found in Togo a value of HQ = 2.04 for cadmium in
fish for a 60 kg adult this difference is due to the fact that cadmium and zinc the same chemical composition and
moreover these metals come from different environments and from different species without forgetting that their
EDI and ADI are different.

Table 1: EDI and HQ for an adult (60kg)

Daily Exposure Dose (mg/kg/d) Hazard quotient (HQ)
Metals Down beach Isobe Down beach Isobe
species bar sole crab bar sole crab bar sole crab bar sole crab

Cd(mg/Kg) 0.04347 0.04434 0.33375 0.04909 0.04303 0.07365 0.01738 0.01773 0.13350 0.01963 0.01721 0.02949

Cu (mg/kg) 0.00115 0.00115 0.04966 0.00115 0.00172 0.03540 0.00231 0.00230 0.09933 0.00230 0.00344 0.070810

Pb(mg/Kg) 0.00878 0.02432 0.15954 0.01220 0.02604 0.12527 0.00250 0.00694 0.04558 0.00348 0.00744 0.03579

Zn (mg/Kg) 0.60447 0.53630 6.52829 0.68337 0.58168 2.90932 0.04835 0.04290 0.52226 0.05467 0.04653 0.23274

Fe(mg/kg) 0.00114 0.00114 0.00114 0.00069 0.00069 0.00047 0.00011 0.00011 0.00011 0.00069 0.00069 0.00047

Mn(mg/Kg) 0.00517 0.00517 0.00964 0.00516 0.00519 0.00519 0.00064 0.00064 0.00120 0.00064 0.00064 0.00064

Table 2: EDI et HQ for a child of 30kg

Daily Exposure Dose (mg/kg/d) Hazard quotient (HQ)
Metals Down beach Isobe Down beach Isobe
especes bar sole crab bar sole crab bar sole crab bar sole crab

Cd (mg/Kg) 0.08694 0.08869  0.66751 0.09818 0.08607  0.14731  0.03547  0.03547 0.26700  0.03927  0.03442 0.05892

Cu (mg/kg) 0.00230 0.00230  0.09933 0.00230  0.00344 0.70810  0.00461 0.00461  0.19867  0.00461  0.00689 0.14162

Pb (mg/Kg) 0.01756 0.04864  0.31900 0.02441 0.05209  0.25035  0.00501  0.01389 0.09116  0.00997  0.01488 0.07158

Zn (mg/Kg) 1.20894 1.07260  13.05658  1.36674 116336  1.63369  0.09671  0.08580 1.04452  0.10933  0.09306 0.46549

Fe (mg/kg) 0.00228 0.00228  0.00228 0.00138 0.00138  0.00138  0.00022  0.00022 0.00022  0.00013  0.00013 0.94184

Mn (mg/Kg) 0.01035 0.01035  0.01929 0.01033 0.01035 0.01035  0.00129  0.00129 0.00241  0.00129  0.00129 0.00129

The Table 2 above shows the average doses of exposure to various metals for a child and the daily dose assesses
for a child. The table also presents the quotients of dangerosity for a child of 30 kg exposed to these studied
species. This table shows us that the highest daily intake is in the Down Beach crab. This is 13.05 mg/kg/day and
is followed by Isobe crab, which is 1.63369 mg/ kg/day. The lower is that of iron in Isobe crab (0.00022 mg/kg/d).
The hazard quotient here is less than 1 in all station species for each metal considered, except the case of zinc in
the down beach crab (1.0444 mg). Ouro-Sama, et al., [33] found a hazard of 44.11 for arsenic in a 30 kg child in
fish. This variation is due to the different species exposed and to the different properties of metals. Thus children
are exposed to a danger from consuming zinc in crabs down Beach.

The Histogram below (Figure 3) shows the average levels of the metals in all the species considered in pg/g versus
the different metals in the species studied. It is found that the average iron is the most abundant metal in our
samples is 451.18 pg/g and the least abundant metal is cadmium with an average trace element content of 0.25
ug/g. Zinc is the most abundant after iron followed by copper and manganese respectively (111.88, 85.96 and
48.46ng/g). Hence the order of general bioaccumation on unloaded fish: Fe>Zn> Cu> Mn> Pb> Cd. This
classification shows that only Zn can have a significant risk for the health of populations, whereas Cd and Pb do
not yet pose a risk to health. Morhit et al, [34] based on his work on metallic contamination of the muscles of
five fish species in the lower Loukkos estuary (Moroccan Atlantic Coast) finds a classification such as: Mullet:
Fe> Zn> Cu> Cr > Pb> Cd. Barbeau: Zn> Fe> Cu> Cr> Pb> Cd.
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Camembert (Figure 4) has 7% of oral and dental diseases in the limb area in 2018 (from January to May), 14%
ocular and often nervous diseases and 4% of diabetes and hypertension, in the end the rest is for other pathologies
(Figure 4). It is observed that 7% of diseases can be linked to zinc because diabetes is often linked to the
association of zinc and copper that joins Norderg, [35] and Cohen, [36], which estimates that diseases such as
diabetes are zinc-related additionally yellowish tinting of the teeth, rhinitis, occasional ulceration of the nasal
septum, damage to the olfactory nerve and loss of smell are due to cadmium. It is possible that the 4% of dental
patients may be due to lead and cadmium that often exceed their threshold of toxicity in the limb area.

The 14% majority eye disease among the listed diseases can be caused by iron that is at very high levels in the
crabs and fish studied. Ocular siderosis is a serious chronic pathology that can lead to loss of vision of the affected
eye and is due to iron when it is present in excess. It occurs also when a foreign body containing iron is found in
the eye.

Conclusion

In this study the bioaccumulation of heavy metals in fish tissue and Crab from Down Beach and Isobe is evaluated.
Zinc is the most abundant after iron followed by copper, manganese lead and cadmium. Hazard Quotient for Zinc
Element in Crab is established to be greater than 1, therefore potential hazard quotient for children determined
Down Beach fish species to be more contaminated than Isobe's Species. It has also been established that metal-
related diseases are not very abundant in the Limbe area. Heavy metals were indeed present in the fish pulpit but
the levels are not yet above the threshold of toxicity for humans. On the other hand, Zn presents a risk for the
population of children likely to consume the crabs of down Beach and Isobe. In perspective, we are planning in
the near future to conduct a comprehensive study on heavy metals in the three ecological compartments over a
long period in the limbe zone.
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