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“Evaluation of trace metal element levels in water, sediment and two fish species (Clarias gariepinusand Oreochromis

niloficus) in ten fish farms in the MoungoDepartment, Littoral region, Cameroon”

Abstract

This study evaluated trace metal element (TME) concentrations in water, sediments, and muscle tissues of Clarias gariepinus and Oreochromis

niloticus collected from ten aquaculturc&:ms in the Moungo Department, Littoral Region, Cameroon. Sampling was conducted during the rainy
season, and analyses were performed using energy-dispersive X-ray fluorescence spectrometry (Shimadzu EDX-7000). The main elements
detected were Fe, Cu, Zn, Ca, K, P, S, Si, and Ti. No regulated heavy metals (Pb, Cd, Hg) were detected above the analytical limits of detection.
Total arsenic, which is not regulated in fish flesh under European Union legislation, was also below detection limits High concentrations of Fe
(20.94-65.94 mg/L) and Cu (30.83-34.72 mg/L) were measured in rearing water, exceeding WHO guideline values for drinking water. These
levels likely reflect local geochemical conditions, with possible additional inputs from agricultural practices or metal equipment used in farming
systems. Sediments were identified as the main accumulation compartment, particularly for Fe and Si, indicating a predominantly geological

origin. Fish exhibited site-specific bioaccumulation patterns, especially for Fe and Ca, but levels of priority toxic metals remained low.

These findings do not indicate regulatory concern but highlight the need for regular monitoring to detect potential changes in contamination

levels in the context of expanding aquaculture systems.

Keywords: Clarias gariepinus, Oreochromis niloticus, metals,sediments, water.

INTRODUCTION
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Aquaculture is one of the fastest-growing food industries worldwide and plays a key role in ensuring the food and nutritional security of

populations, especially in developing countries (FAO, 2022). According to FAO, the year 2022 saw global aquaculture production reach peaks,
accounting for more than 50% of the overall production of marine and freshwater animals. In addition, continental aquaculture is taking an
increasingly important place in the supply of animal protein (FAQ, 2022b). Its development aims to reduce the growing gap between the demand
for seafood and the limits of traditional fishing, which remains at a constant level. According to the FAQ, aq Iture will be the world’s leading
source of fish supply by 2030. In this context, it appears as a strategic sector for food and nutritional security in sub-Saharan Africa, especially in
Cameroon, where the production of Clarias gariepinus Oreochromis niloticus is predominant (FAO, 2022a, 2022b). According to Temegne
and Momo (2019), in Cameroon, fish constitutes nearlyy% of the protein supply of animal origin and covers 9.5% of the population’s overall
nutritional needs. In Cameroon, each person consumes an average of 11 kg of fish per year, offering a protein intake of 22g for every 100g of fish
per individual (Kenfack er al., 2019; Temegne and Momo, 2019). The Cameroonian population greatly values fish because of its availability and
cost, which positions it at the top of meat (Kenfack ef al., 2019; Pouokamet al., 2017). In 2017, the country’s fish production amounted to only
181,678 tons per year, estimated at a value of 114.3 billion FCFA. In addition, less than 1000 tons per year came from fish farming activities,
representing less than 0.1% of GDP (Kenfack er al., 2019; Temegne and Momo, 2019). However, the intensification of aquaculture practices,
associated with sometimes inadequate management of inputs and discharges, can cause a collection of trace metals (TME) in aquatic
environments (Onyena& Udensi, 2019). Contaminations, intensified by bioaccumulation and bioamplification, pose a threat to consumer health
(Alloway, 2013; FAO & WHO, 2011). In Cameroon, water pollution by heavy metals represents an environmental problem of primary
importance, especially in regions where industrial, mining and agricultural activity is intense. Studies on metal accumulation include the analysis
of muscles, since they, onstituteﬁie part consumed by human beings (Sirin et al., 2024). Metal concentrations in water may increase due to
agricultural practices (Han & Gu, 2023), wastewater discharges (Soleimani ef al., 2023), mining (Lakra ef al., 2019; Mishra et al., 2008), acid
drainage of mines (Lebepe et al., 2020) and industrial activities (Adegbola et al., 2021). Heavy metals that are persistent in aquatic environments
have the potential to accumulate in living species, leading to physﬂogical and reproductive changes in fish. They can also pose a threat to the

biological diversity and food security of riparian communities (Ali ef al., 2019; Oumarou et al., 2021; FAO, 2022). Despite the notable expansion
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of fish farming in the Littoral region, particularly in the department of Mongo, little research has focused on the evaluation of the TMEs present
in the waters, sediments and fish of these farms (Troell et al., 2014). The purpose of this research is to evaluate the levels of metallic trace
elements (TME) in aquaculture waters, sediments and tissues of C. gariepinus and O. niloticus from ten fish farms located in the department of
Mongo, in order to provide an inventory and guide sustainable management practices (FAO, 2022a). These results will make it possible to

establish an assessment of local pollution and to provide crucial data for the sustainable management of these resources and health quality.

MATERIALS AND METHODS

Sampling Sites

The study was carried out in the department of Mongo, located in the Littoral region of Cameroon. The ples were taken from July 22 to 27,
2025 corresponding to the great rainy season in ten agro-fish farms selected through the information provided by the Ministry of Livestock,
Fisheries and Animal Industries (MINEPIA) in order to ensure the representativeness of local fish farming activity (Figure 1).The Moungo
department, located in the Littoral Region, is a major agricultural basin on the Cameroonian coast, contributing disproportionately to regional
maize production and supporting important food and agro-industrial sectors (MINADER — AGRISTAT, 2023). Its favorable agro-ecological
position (volcanic soils around Mount Nlonako) and the combined presence of small farms and agro-industrial enterprises explain its central role

in food security and rural development in the Littoral.
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Figure 1. Map of Cameroun showing the location of the 10 aquaculture and agriculture integrated farms sampled in the Littoral region.

The exact location of the ten agro-fish farms was achieved thanks to geolocation through the map coordinates.

Table 1. Coordinates and location of sampling sites.
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Farm number Geographical coordinates Littoral region/Moungodepartment : Specific Area | Watersources

1 5°03'55.8"N 9°57'31.9'E Barre Bakem River (Mont Manengoumba)
2 5°03'30.4"N 9°55'33.5"E Mbouroukou River (Mont Manengoumba)
3 4°22'16.8"N 9°3240.7'E Mbanga River and Groundwater

4 4°51'21.3"N 9°49'08.1"E Manjo River (Mont Manengoumba)
5 4°53'53.6"N 9°53'20.3"E Nlonako River (Mont Manengoumba)
6 4°29'11.7"N 9°34'01.0"E Mbanga Groundwater

7 4°23'34.9"N 9°3343.2'E Mbanga River and Groundwater

8 4°13'50.9"N 9°36'31.2"E Souza Groundwater

9 4°17'35.2"N 9°37'18.6'E Fiko Groundwater

10 4°09'39.1"N 9°40'26.2"E Didombari River and Groundwater

Sampling procedure
Samples of livestock water, sediments and fish were taken for each farm. Water samples were collected at a depth of approximately 30 cm (to

avoid suspended particles), inbottles that haye been previously rinsed with HNO3 because HNO3 eliminates metal traces adsorbed on the walls
and prevents contamination of the sample. The samples were kept at 4°C until their analysis. The sediments were collected at five points (four
corners and the center), the surface layer of sediment (around 0-5cm) was collected. For earthen ponds, a shovel was used, while for liner popds,

the collection was done by hand. After taking the five points, the whole was mixed homogeneously and a quantity of 500g was taken. The
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samples were then placed in bags (with a pre-wash with HNO3) sealed and labeled and then put in the cooler before being transported and put in

freezer at -18° before preparation in the laboratory. Regarding the fish, two species were sampled according to availability on each farm:
tilapia (Qreochromis niloticus) and African catfish (Clarias gariepinus). Five individuals were captured by species and by farms. For a total of 5
fish per farm and 50 fish for the entire study. The fish were weighed (average weight per fish about 0.3kg or 1.5 kg per batch of samples) before
being stored in coolers and then frozen at -18° before preparation in the laboratory. We sampled the Oreochromis niloticusin farms 1 and 4, while

the Clarias gariepinus was taken from farms 2.35,6,78.9 and 10.
35

Sample preparation and analysis

The samples were analyzed at the Laboratory of Analysis of Radiological Contaminants and Heavy Metals in Fishery Products. The water
samples were filtered (filter 0.45 ym) before analysis. The sediment samples were dried in the oven between 40 °C and 60 °C for a period of 24
to 48 hours, then mixed to obtain a fine powder. For each sample, five individuals of similar size, weight and shape were grouped together to
prepare a composite specimen to minimize Eividual variations in the determined TMEs. The fish were filleted then the muscle dried in the oven
(Memmert UN55). The fish meat samples were dried in the oven at 60 °C to constant weight in accordance with the AOAC Official Method
983.18 (AOAC, 2005). Then ground (stainless steel bench ground grinder) and homogenized to have a powder ready for analysis.

In this study, different categories of chemical elements were taken into aggount. The major elements (P, K, S) have been included as essential
macronutrients commonly found in the water and tissues of fish. Essential trace metals (Fe, Cu, ﬁ Mn and Cr) were also analyzed, as they play
a key physiological role, but can become toxic at high concentrations. In addition, common toxic heavy metals (Pb, Cd, Hg and As) were
&amined for their persistent nature, their tendency to bioaccumulation and their widely documented health hazards. For the sake of simplicity,
the term « metals » is generally used throughout the article to collectively refer to these groups of elements. The analysis of metallic trace
elements (TME) present in water, sediments and fish tissues was carried out using an EDXRF spectrometer (energy dispersion X fluorescence

spectrometer), the SHIMADZU EDX-7000. This device allows a qualitative and quantitative analysis of the chemical elements without
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destroying the sample. The device has been calibrﬂ% according to the manufacturer’s instructions. Certified reference materials (MRCs) were

used to verify. The results were expressed in ppm or mg/L for water, and in mg/kg dry weight for fish sediments and muscle.

a
The analytical limits of quantification (LQ) 0.5 mg/kg dry weight for Fe, Cu, Pb, Cd and As_and 0.2 mg/kg for Ag in solid matrices
(sediment and fish tissue), with corresponding values of 0.05 and 0.02 mg/L in water. For Hg, the LQ was 5 mg/kg dry weight (1.25 mg/kg wet
weight), which is above the EU regulatory threshold for non-predatory fish (0.50 mg/kg wet weight). Therefore, Hg measurements by EDXRF

are qualitative only and do not allow a reliable compliance assessment.
Method of analysis

For analysis, 5 grams of each sample of sediment, water and fish, (previously dried and crushed for sediment and fish), were transferred to
adapted cups and sealed with a Mylar film. These samples were then placed in the EDXRF SHIMADZU EDX-7000 spectrometer (previously
calibrated using appropriate standards). Each sample was analyzed 60 times. The results processed using the PCEDX Navi/Pro software, making
it possible to obtain the concentrations of the elements in the form of ppm. Certified reference materials (CMRs) have been regularly analyzed to

ensure the accuracy and of the results.
Eioaccumu]ation Factor (BAF)

The bioaccumulation factor (BAF) corresponds to the ratio of the concentration of metals in an organ to that present in water or sediments (Arnot

&Gobas, 2006). It measures the total bioaccumulation, i.e. the contribution of all exposure pathways (water + food + sediments).

Corganism (concentration in fishmg/kg)

BAF = - - Mg g
Cenvironment (sediment or water concentration (EOTT)

Statistical analysis of data
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The data was cnteja:l into an Excel sheet, encoded, verified, and then exported to the GraphPad V8.03 software for Windowsé}rﬂph?ﬂd PRISM,
California, USA). The data were presented as mean + standard deviation (DS) in tables and figures. The one-factor orderly analysis of variance
(ANOVA) and the post-hoc Duncan test were used fo make comparisons of the means between the groups. The Levene variance equality test was
used to verify the conditions of use of the ANOVA test. Theétatistical significance threshold has been set at p < 0.05. The data are presented as a
standard average deviation (DS). The one-factor ordegly analysis of variance (ANOVA) and the Duncan post-hoc test were used to make

comparisons between groups. Bars with different letters are statistically significant at the threshold of p <0.05.

The interpretation of analytical results for regulatory comparison requires converting concentrations measured on a dry weight (d.w.) basis to a
fresh weight (w.w.) basis, as regulatory thresholds for fish flesh are expressed on a fresh weight basis (European Commission, 2023). Based on
published proximate composition data for fish muscle, the average water content in most freshwater fish is between 70 % and 80 % (Huss, 1995).
In this study, a conversion factor of 0.25 was used, corresponding to 75 % water content. The equivalent LQ on a fresh weight basis was

calculated using the following equation:
LQfw = LQdw x (1-water content)

For example, a dry weight LQ of 0.5 mg/kg corresponds to approximately 0.125 mg/kg fresh weight (0.5 x 0.25). This conversion allows direct
comparison between analytical capabilities and regulatory thresholds. For Hg, however, the LQ of 5 mg/kg d.w. corresponds to 1.25 mg/kg w.w.,
which exceeds the EU limit for non-predatory fish (0.50 mg/kg w.w.), meaning that EDXRF results for Hg are qualitative only and do not allow

reliable compliance assessment.

Results:
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The results show the variation in average TME contents in fish farming waters, sediments and fish, taking into account both species:

Oreochromisniloticus and Clarias gariepinus.

Change in average ETM levels in livestock water:
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Figure 2. Variation of heavy metals according to water samples
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At the level of Table 2, the farms show significant variations in terms of iron (Fe) and copper (Cu). Fe concentrations showed marked spatial
variability, with peaks at F3 (65.94 mg/L) and F9 (64.17 mg/L), while the lowest level is noted at F§ (20.94 mg/L). The Cu, on the other hand,
has a more uniform distribution, ranging from 30.83 to 34.72 mg/L, with peaks noted at F3 and F5 farms.

Table 2. Concentrations of metals in the breeding water of the aquaculture farms studied (average + standard deviation)




Water

Metals

Water_F1

Water_F2

Water_F3

Water_F4

Water_F5 Water_F6

Water_F7

Water_F8

Water_F9

Water_F10

Fe (mg/L)

3632+ 125"

6594+ 1337

3873+1.23°

- 2730+121°

5372+1.357

2094+ 1.17°

64.17+ 134"

Cu (mg/L)

3136 +096"

322+096"

3472+ 095"

31.04 094"

33.69 £095" | 31.78 £096*

3121 +099*

3145094

3083 +0.96°

3093 +095°
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The values of the same line bearing the letters a, b etc. in exponent show a significant difference between the metals (p < 0.05) compared to the

farms studied.
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Variation of average TME levels in sediments:

Figure 3 shows the variation of metals in the sediment
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152 Figure 3. Variation of heavy metals across sediment samples

153  The analysis of the metal concentrations in the sediments of the ten aquatic farms examined shows great spatial variability (Table 3). A
154  significant concentration of iron (Fe) is observed at FI (62.83 mg/kg) and F6 (45.79 mg/kg), while it is considerably lower in the sediments of F3
155  (1.34 mg/kg) and F8 (1.48 mg/kg). Silicon (Si) is the most present element, having reached a maximum concentration at F3 (271.34 mg/kg), then
156  at F7 (22797 mg/kg). Calcium (Ca) reaches its maximum level at F10 (23.63 mg/kg), as opposed to rather low values observed at F7 (0.78
157  mg/kg) and F8 (0.20 mg/kg). The concentration of zinc (Zn) oscillates between 0.02 mg/kg (FS, F7, F8, F9) and 0.19 mg/kg (F4). Manganese
158  (Mn) also has marked variations, reaching a peak at F6 (0.85 mg/kg), unlike a minimum concentration at F7 and F9 (0.02 mg/kg). Rather low
159  concentrations, usually below 1 mg/kg, are often observed for other metals such as titanium (Ti), sulfur (S), vanadium (V), chromium (Cr) and
160  strontium (Sr).

26

161  Table 3. Concentrations of metals in the sediment at the level of the aquaculture farms studied (mean + standard deviation)

Sediment
Metals (x10”) _F1 _F2 _F3 _F4 _F5 _F6  Sedi F7 _F8 _F9 _F10
Fe (mg/Kg) 62.83+004"  41.18x0.03" 1.3420.00° 433220.03° 8.71 +0.00° 4579 003" 5.82 +0.00° 1.48 £0.00° 2412000 9.25000°
Cu (mg/Kg) 0.07+0.00* 006+0.00° 0.05+0.00° 0.07+0.00° 0.02:0.00° 0.06=0.00" 0.03+0.00° 0.01+0.00° 0020 00" 0.05+000°
Ca (mg/Kg) 2.8+0 02" 3.940.03 862003 3.34£002" 9.02+0.03° 1.93+0.02¢ 0.78+0.00° 0.2+0.00 3.44+002° 23 .63+0.04°
Si (mg/Kg) 118.38+1.3" 99.06+1.14" 271.3440.13° 146,621 43" 126.85+0.83° 69.140 89" 227.97+131° 194.71+1 03" 142 98+0.86° 39.540.42'
Al (mg/Kg) 97 659 70 985389 - 111.75+5.8° . 67.7145 35" - - - -
Zn (mg/Kg) 0.13:0002* 0.13:0.00 0.06:£0.00° 0.19:0.00° 0.02:0.00° 0.16:+0 00° 0.02+0.00° 0.02+0.00f 0.02:+0,00° 0.09:0.00g
Ti (mg/Kg) 12 84003 7.96:48602" 0 47+0.00° 13.710 03¢ 1.64+0.00° 9.69+0 02" 326+001° 1.870.00° 1.63+0.00" 221000°
K (mg/Kg) 2.180.02* 1.960.02° 0.830.02° 5.22+004° 5.98+0.03° 0.8:0.02' 1.1620.02% 03£0.01" 0.6620.01' 1924001
S (mg/Kg) 1152007 1.0820.06" 1.58+0.07° 1.83:0.07¢ 1.64+0.05¢ - 1.080.08" 0.7820.05° 19620 05" 3.64£0.03¢
Mn (mg/Kg) 0.640.00° 0724003 0.06+0.00° 0.27+0.00° 0.150.00° 0.85+0 00" 0.02+0.00¢ - 0022, 0.25+0.00'
Zr (mg/Kg) 0.36+0.00° 0.36+0.00° - 0410.00° - 0.32+0.00° 0.250.00° 0.15£0.00° 009000 0.040.00°
V (mg/Kg) 0344000 0.1740 .06 0.02+0.00° 0.34+0.00° - - - - - 0.08+0.00°
Cr(mg/Kg) 0.19+0.00° - - 0.12:0.00° 0.03+0.00° - 0.050.00° - 0.020.00° 0.03+0.00°




Sr(mg/Kg) +0.00° 00920 00" 0,020 00° 0.09+000" 00740 00° 0.25+0 00° 0.0240 00" - - 0.06+0.00%
Nb (mg/Kg) 0.07+0.00° 0.07+0.00° - 0.08:0.00° 0.00£0.00¢ 0.07+0.00° - - - -




Variation in average concentrations of trace metal elements in fish:
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Figure 4 shows the variation of metals in fish meat

9
Figure 4. Variation of heavy metals according to fi

samples

57
The data collected highlight a high variability in metal concentrations in fish tissues from the various aquaculture farms (Table 4).

Table 4. Concentrations of metals in fish meat at the level of the aq Iture farms studied (mean =+ standard deviation)

Fish

Metals Fish-F1 ﬂ-l‘l Fish-F3 Fish-F4 Fish-F5 Fish-Fé Fish-F7 Fish-F§ Fish-F9 Fish-F10
Fe (mg/Kg) 7808 £151* 2858 = 1.06 49.01 £1.29° 2702 =101 4107 £101° 00.83 = 136 5091 = 1108 74.99 = 142" 8109 £ 1.15* 3744= 113
Cu (mg/Kg) 46.22+1.13° 33.92+0.82° 39.74£101° 33.37:0 82" 32.56+0.79° 37.610.94° 3062083 400121 05° 34.88:0.8° 35.3520 84"
Ca (mg/Kg) 1573.87=1041° 1572.02+8.8* 2032.12<11.44° 6359x431° 425,373 28¢ 2425.59x12.79° 3056.913.38" 1103526.11% 1167 61=7 09% 1355.6£7.66"
K (mg/Kg) 13442 5245293 11458.59+4068" 1628295454 .64 13707 4644 .74 8834.7£35.13" 136633148 66" 11887.82+40 29" 20255.3546351° 14504 76+44.48* 16645.12+48 8
S (mg/Kg) 11718.2188.8* 5865.57+50.42° 963926x74.71% 7634.11£58 82" 5170 9424662 8340.15x67.08f 10108.89=68.13 ¢ 12393.15588 04" 7712535701 7735925882
Zn (mg/Kg) 10548+1.09* 37.142071° 73 60093 © 3417207 36.12+0.67" 3759:085 " 50.66£0.73 45109 5117207 ¢ 41.25:073 "
P (mg/Kg) 8030.67+213.13* 5566.14x149.32" 10198.58£204.41 © 676431215575 452762£139.54 T187.64x182.74" 8103.07=15985* 12303.872223.74 % T084.2315085 1 7735.15£1604
Rb (mg/Kg) 25:0.6° 10044039 " - 1245404 ° - 3276051 8.69+0.38° 47.78+0.6" 9.28+0.37° 18.53+0.41°
Br(mg/Kg) 20.15£0.68" - 154120.6" 1107047 - 41.670.6° 9.58:0.46" 43.0120.68" 15.0920 46° 104120 48°
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Evaluation of trace metal element levels in water, sediment and two fish species
(Clarias gariepinus and Oreochromis niloticus) in ten fish farms in the Moungo
Department, Littoral region, Cameroon
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