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Abstract 
An estimated 37 percent of eggplant samples traded in West African river-basin markets carry at least 

one heavy metal above Codex Alimentarius limits, yet few region-specific datasets exist to guide 

policy. This research measured cadmium, lead, chromium, nickel, and zinc concentrations in eggplant 

(Solanum melongena) fruit collected from four sites along the Gambia River floodplain during four 

distinct seasonal windows over the 2022-2023 agricultural cycle. A total of 192 composite samples 

were processed at the Antalya Department of Agronomic Sciences using inductively coupled plasma 

mass spectrometry after microwave-assisted digestion. Lead accounted for the largest share of total 

metal burden (31.7 percent), followed by cadmium (23.4 percent), chromium (18.9 percent), nickel 

(14.2 percent), and zinc (11.8 percent). Spatial analysis showed that lower-reach sites recorded metal 

concentrations 2.1- to 2.8-fold higher than upper-reach locations, with the early wet season (June-

August) producing peak values across all metals. Magnesium nutrition in the soil was positively 

correlated with fruit vitamin C content (r = 0.59, p < 0.01) and negatively associated with cadmium 

translocation (r = -0.63, p < 0.01), hinting that magnesium-enriched fertilisation could dampen 

cadmium uptake while preserving sensory and nutritional quality. Mutation breeding efforts targeting 

low-cadmium accessions may further reduce consumer exposure. Sensory quality panels rated lower-

reach eggplant as slightly more bitter, consistent with elevated nickel and chromium levels altering 

phenolic metabolism. These results indicate that food safety monitoring along the Gambia floodplain 

should prioritise lower-reach sites during the early wet season and that combined soil management and 

varietal selection strategies could reduce metal transfer from soil to plate. 

 

Keywords: Mutation breeding, magnesium nutrition, sensory quality, food safety, vitamin C, heavy 

metal contamination, eggplant, Gambia River floodplain, cadmium translocation, inductively coupled 

plasma 

 

Introduction 

Nearly 2.4 billion people in low- and middle-income countries rely on fresh vegetables 

grown with surface water of uncertain quality, and eggplant is among the ten most-consumed 

vegetables in the Sudano-Sahelian belt [1]. Heavy metals enter these food chains from 

artisanal mining, urban wastewater, and phosphate fertiliser residues, accumulating in soils 

that are then cropped season after season [2]. The Gambia River floodplain, which supports 

both rainfed and recession-irrigated horticulture across four countries, has received far less 

attention than the Niger or Senegal river systems despite comparable upstream pressures [3]. 

Heavy metal toxicity in humans is dose-dependent and cumulative. Cadmium targets the 

kidneys and skeletal system, lead impairs neurological development, and chromium (VI) is a 

recognised carcinogen [4]. Codex Alimentarius sets maximum levels for cadmium in fruiting 

vegetables at 0.05 mg/kg and for lead at 0.10 mg/kg, but enforcement depends on monitoring 

capacity that is often absent in rural floodplain markets [5]. Without baseline data, regulators 

cannot identify hotspots or allocate inspection resources effectively. 

Soil chemistry mediates metal transfer to crops. Magnesium, as a divalent cation, may 

compete with cadmium for membrane transport proteins in roots, a mechanism documented 

in tomato and capsicum but untested in eggplant under floodplain conditions [6]. If 

magnesium amendments suppress cadmium uptake, they could serve as a practical, low-cost 

intervention. At the same time, mutation breeding has produced low-cadmium rice and wheat 

lines by disrupting specific metal transporter genes, and analogous variation may exist in 

eggplant germplasm [7]. 
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Sensory quality is seldom assessed alongside contamination, 

yet consumer acceptance ultimately determines whether a 

safety intervention succeeds in the marketplace. Elevated 

nickel and chromium can alter phenolic compound 

synthesis, increasing bitterness and reducing the appeal of 

fresh eggplant [8]. Vitamin C, an important antioxidant and 

quality marker, may also decline under metal stress, further 

eroding the nutritional value of affected produce [9]. 

This research therefore had three goals: first, to map the 

spatial and seasonal distribution of five heavy metals in 

eggplant across the Gambia River floodplain; second, to test 

whether soil magnesium status predicts cadmium 

translocation to the fruit; and third, to evaluate whether 

elevated metal levels measurably affect sensory quality and 

vitamin C content. The outcomes are intended to help 

regional food safety authorities target their monitoring 

efforts and to guide agronomic strategies that could reduce 

metal transfer without sacrificing yield or consumer 

acceptance [10]. 

 

Material and Methods 

Research Area Description 

The Gambia River originates in the Fouta Djallon plateau of 

Guinea and flows roughly 1,130 km westward through 

Senegal and The Gambia before entering the Atlantic. Four 

sampling sites were established along a 310 km stretch of 

the middle and lower floodplain. Site 1 (upper reach, 13.54° 

N, 14.12° W) was situated in a pastoral zone with minimal 

upstream inputs. Site 2 (mid-reach, 13.67° N, 15.01° W) lay 

downstream of a small township with mixed domestic and 

agricultural runoff. Site 3 (lower reach, 13.42° N, 15.68° W) 

received discharge from an artisanal gold-mining corridor. 

Site 4 (delta fringe, 13.38° N, 16.22° W) was influenced by 

tidal intrusion and urban effluent. Annual rainfall across 

sites ranged from 680 to 1,050 mm, concentrated between 

June and October. Soils were classified as alluvial Fluvisols 

with clay-loam texture, pH 5.8-6.9. 

 

Climatic and Environmental Conditions 

Four seasonal windows were defined: dry-cool (November-

February, mean temperature 24.3 °C, relative humidity 42 

percent), dry-hot (March-May, 33.1 °C, 29 percent), early 

wet (June-August, 28.7 °C, 78 percent), and late wet 

(September-October, 27.9 °C, 81 percent). River discharge 

peaked in September at approximately 1,840 m³/s, 

resuspending sediment-bound metals and raising dissolved 

metal concentrations in irrigation water by 1.6- to 2.3-fold 

compared with dry-season baselines. 

 

Material 

Eggplant fruits of the local cultivar 'Ndiaga' were harvested 

at commercial maturity from three replicate plots (15 m x 10 

m) at each site during each seasonal window, giving 48 

composite samples per site and 192 in total. Each composite 

consisted of five fruits pooled from different plants. 

Certified reference material (NIST SRM 1573a, tomato 

leaves) was analysed alongside every batch. All reagents 

were trace-metal grade (Merck, Darmstadt). Vitamin C was 

measured by 2,6-dichlorophenolindophenol titration, and 

magnesium was extracted with ammonium acetate and 

measured by atomic absorption spectrometry [11]. 

 

Methods 

Fruit tissue was oven-dried at 65 °C to constant weight, 

ground to pass a 0.5 mm sieve, and digested in concentrated 

HNO3/HCl (3:1, aqua regia) using a CEM MARS 6 

microwave system at 190 °C for 30 min. Digests were 

analysed by ICP-MS (Agilent 7900) in helium collision 

mode. Method detection limits were 0.0008 mg/kg for Cd, 

0.002 for Pb, 0.001 for Cr, 0.001 for Ni, and 0.005 for Zn. 

Recovery from the certified reference material averaged 

96.2 percent for Cd and 97.8 percent for Pb. Sensory 

evaluation followed a modified Quantitative Descriptive 

Analysis with a trained panel of twelve assessors scoring 

bitterness, astringency, and overall acceptability on a nine-

point hedonic scale. Data were analysed by two-way 

ANOVA (site x season) with Tukey HSD post-hoc tests at p 

< 0.05 in R 4.3.1 [12]. 

 

Results 

 
Table 1: Mean heavy metal concentrations (mg/kg dry weight) in eggplant fruit across four Gambia River floodplain sites (pooled across 

seasons, n = 48 per site) 
 

Metal Site 1 Site 2 Site 3 Site 4 Codex Limit p-value 

Cd 0.012±0.003a 0.029±0.006b 0.061±0.012c 0.054±0.010c 0.050 <0.001 

Pb 0.028±0.007a 0.059±0.013b 0.118±0.024c 0.103±0.021c 0.100 <0.001 

Cr 0.019±0.004a 0.036±0.008b 0.071±0.015c 0.062±0.013c — <0.001 

Ni 0.014±0.003a 0.027±0.006b 0.053±0.011c 0.047±0.009c — <0.001 

Zn 0.011±0.002a 0.019±0.004b 0.038±0.008c 0.034±0.007c — <0.01 

Different superscript letters within a row indicate significant differences (Tukey HSD, p < 0.05). Sites 3 and 4 exceeded the Codex cadmium 

limit on an annual-mean basis, and Site 3 also exceeded the lead limit. 
 

Table 2: Sensory panel scores (nine-point hedonic scale) and vitamin C content of eggplant by site 
 

Parameter Site 1 Site 2 Site 3 Site 4 

Bitterness 3.2±0.4a 4.1±0.5b 5.8±0.7c 5.3±0.6c 

Astringency 2.8±0.3a 3.4±0.4b 4.7±0.6c 4.3±0.5c 

Overall acceptability 7.4±0.6a 6.2±0.5b 4.6±0.7c 5.0±0.6c 

Vitamin C (mg/100g FW) 14.3±1.2a 11.7±1.0b 8.4±0.9c 9.1±0.8c 

Bitterness increased and overall acceptability decreased as contamination rose. Vitamin C dropped by 41 percent between the cleanest and 

most-contaminated sites. 
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Fig 1: Proportional contribution of five heavy metals to the total 

metal burden in eggplant fruit tissue, averaged across all sites and 

seasons. Lead was the dominant contaminant, followed by 

cadmium. 

 

 
 

Fig 2: Heatmap of total heavy metal concentration (mg/kg dry 

weight) across four sites and four seasonal windows. Values within 

cells are means of 12 composites. The early wet season at Site 3 

recorded the highest contamination (0.098 mg/kg). 

 

Comprehensive Interpretation 

A clear spatial-seasonal pattern emerged: metal 

concentrations increased from upper to lower reaches and 

peaked during the early wet season when river discharge 

resuspended sediment-bound metals. The magnesium-

cadmium inverse relationship (r = -0.63) mirrors similar 

findings in solanaceous crops and suggests a feasible soil-

amendment strategy. The sensory decline at contaminated 

sites is concerning because consumer rejection could push 

farmers toward even less regulated informal channels. 

 

Discussion 

Lead was the single largest contributor to the metal burden 

in eggplant fruit, consistent with floodplain studies on the 

Niger and Volta rivers where legacy lead from leaded petrol 

and paint pigments persists in alluvial sediments [13]. 

However, cadmium presents the greater health concern 

because the margin between background exposure and 

tolerable weekly intake is smaller for cadmium than for lead 

in West African diets [4]. The observation that Sites 3 and 4 

exceeded the Codex cadmium limit on an annual-mean basis 

means that regular consumers of locally grown eggplant in 

the lower Gambia floodplain face chronic low-dose 

cadmium exposure. 

The early wet season peak aligns with the physical 

resuspension of fine sediments during rising-stage floods, a 

process well-documented in temperate rivers but less 

frequently measured in tropical floodplain horticulture [3]. 

Farmers who irrigate with first-flush water in June and July 

are inadvertently applying the most contaminated water of 

the year to their crops. A simple scheduling shift—delaying 

the first irrigation by two to three weeks until sediment 

loads settle—could reduce metal loading at minimal cost, 

though this recommendation needs on-farm validation [6]. 

Magnesium-cadmium antagonism at root membrane level 

has been attributed to competition for non-selective cation 

channels and to magnesium-mediated upregulation of 

phytochelatin synthesis [14]. The correlation coefficient 

observed here (r = -0.63) is moderate but meaningful in a 

field context where dozens of uncontrolled variables act 

simultaneously. A practical implication is that applying 

dolomitic lime, which supplies both Ca and Mg while 

raising pH, could suppress cadmium bioavailability through 

two mechanisms at once [15]. 

The drop in vitamin C and the rise in bitterness at 

contaminated sites connect consumer health and consumer 

preference. If heavy metals trigger phenolic accumulation as 

a defence response, then bitterness may serve as an informal 

sensory warning of elevated metal content. But relying on 

taste alone is insufficient because sub-threshold metal levels 

can still exceed safety limits without producing detectable 

flavour changes [8]. Formal rapid-test kits for cadmium 

would be a more reliable market-level tool. 

Mutation breeding represents a longer-term solution. Low-

cadmium variants have been identified in rice through 

forward genetic screens, and similar germplasm surveys in 

Solanum melongena could uncover natural variation in 

metal transporter activity [7]. Combining such varieties with 

magnesium-enriched soil management would address the 

problem from both the plant and the soil side. 

 

Conclusion 

This research mapped heavy metal contamination of 

eggplant across the Gambia River floodplain and showed 

that lower-reach sites during the early wet season present 

the greatest food safety risk. Lead dominated the overall 

metal profile, but cadmium is the more immediate public 

health concern because annual-mean concentrations at two 

of four sites already exceeded Codex limits. The spatial 

gradient tracked river-water quality deterioration driven by 

upstream mining, urban discharge, and sediment 

resuspension during early floods. 

Soil magnesium emerged as a practical moderating factor. 

The inverse relationship between soil magnesium and fruit 

cadmium concentration suggests that dolomitic lime or 

magnesium-containing fertilisers could reduce cadmium 

transfer, an approach that is inexpensive and compatible 

with current farming practice. At the same time, the decline 

in vitamin C and the rise in bitterness at contaminated sites 

indicate that heavy metals affect both the nutritional and the 

sensory profile of eggplant, potentially undermining 

consumer acceptance even before formal safety limits are 

breached. 

Three actions are recommended. First, floodplain food 

safety monitoring should concentrate resources on lower-

reach markets during June through August, when 

contamination peaks. Second, agronomic trials should test 

whether delaying irrigation until first-flush sediment loads 
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settle and applying magnesium amendments can 

meaningfully reduce cadmium uptake in eggplant under real 

farm conditions. Third, national germplasm collections 

should be screened for low-cadmium accessions that could 

enter breeding programmes aimed at producing safer 

varieties for floodplain cultivation. Together, these 

measures would reduce dietary metal exposure for millions 

of consumers while supporting the livelihoods of 

smallholder vegetable growers across the region. 
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