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This study determined the concentration of zinc, lead and cadmium in tomatoes consumed in some 

areas of Uasin Gishu, Kenya. Samples were taken in quintuplicate from Huruma and Bahati estates 

(Eldoret) and Chebaiywo (Kesses) and their metalliferous content were determined by atomic 

absorption spectroscopy. All samples had detectable levels of trace metals, with lead recording the 

highest concentration of 43.20 ± 0.31 mg/kg. Zinc concentrations were below WHO guidelines. Daily 

intakes ranged from 8.25 × 10ିସ to 2.59 × 10ିଵ mg/kg/day. Though there are no probable cancer 

risks, hazard quotients indicated that deleterious health effects could arise from daily consumption of 

tomatoes.  

________________________________________________________________________________ 

Introduction 

Vegetables, fruits and spices are inevitable 

recipes of nutritional therapies because they are 

dietary sources of health-enhancing fibers, 

minerals, anthocyanins and vitamins that play 

various metabolic roles in humans [1]. In several 

towns in Africa, peri urban cultivation is done on 

trace metal adulterated soils or wastewaters are 

used for watering plants which may enhance 

translocation of toxic chemicals to edible plant 

parts [2]. Trace metal accumulation in soils and 

their subsequent transfer to plants, and finally 

humans has been a subject of obsessive research 

due to the food safety issues and potential health 

risks from their consumption [3, 4]. Trace metals 

in soils may be from natural sources or 

anthropomorphic contributions [5-7].  

Anthropomorphic inputs are due to 

industrialization and agronomic practices such as 

incineration activities, improper waste 

management, industrial effluents, automotive 

fumes, and inadvertent utilization of 

agrochemicals and sewage sludge on farms [4, 

8].  
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One known exposure route to toxic metals is via 

intake of vegetables and fruits cultivated on trace 

metal contaminated soils [2, 4]. Heavy metals are 

readily phytoaccumulated in edible plant parts 

regardless of their initial concentrations in the 

soil [4, 9]. Health risks originating from intake of 

individual trace metals in foodstuffs has been 

extensively explored. Nevertheless, heavy metals 

co-exist in environmental matrices, and the 

probable risks estimated on the basis of a single 

metal is inadequate to prognosticate the health 

risks compounded by co-occurrence of heavy 

metals [4]. 

Few studies previously reported on the 

occurrence of potentially harmful trace metals in 

organ meat, animal feeds, vegetables, some fruits 

(oranges and mangoes), soils and water in Uasin 

Gishu County, Kenya [10-14]. However, 

tomatoes which is one of the dietetic staples have 

not been investigated. Against this background, 

we analyzed tomatoes from Eldoret and 

Chebaiywo village for their presupposed 

contamination with zinc, lead and cadmium. 

Experimental part 

Collection and analysis of samples 

Tomato fruits were collected in quintuplicate 

from randomly selected sites in Huruma estate 

(0.526206, 35.243865) and Bahati estate 

(0.528352, 35.2395731) of Eldoret town and 

Chebaiywo village (0.283736, 35.280623), 

Kesses constituency. They were stored in clean 

polyethylene bags and transported to the 

laboratory within 3 hours of collection. The fruits 

were washed thoroughly under running tap water 

followed by double distilled water to preclude 

contamination by pesticides, fertilizers and dust. 

They were blotted dry with tissue paper.  

The samples were dried in an oven at 70 °C for 

72 hours, weighed and ground. Aliquots (0.5 g) 

were digested with 4 ml of concentrated nitric 

acid. The resultant solutions were left to cool at 

room temperature for 2 hours. They were 

transferred into an oven where they were heated 

at 100 °C for 1 hour and then 170 °C for 5 hours. 

After digestion, the samples were transferred to a 

hot plate at 105 °C to evaporate excess acid until 

near dry. The residues were diluted with 

deionized water in 50 ml volumetric flasks and 

kept at 4 °C until commencement of analysis [3].  

Trace metal concentrations were quantified using 

a Shimadzu spectrophotometer (Model AA 6300, 

Shimadzu Corporation, Japan). Analytical grade 

cadmium (Cd), zinc (Zn), and lead (Pb) nitrate 

salts were used to prepare standard working 

solutions with concentrations between 0.05 and 

100 mg/L. The spectrophotometer was turned on 

2 hours before commencement of heavy metal 

quantification. The respective cathode lamps 

were set with wavelengths at 228.8, 232.0 and 

213.9 nm for Cd, Pb and Zn respectively. The 

flame used in the analysis was from combustion 

of air and acetylene. Quintuplicate set of heavy 

metal standards were run and the absorbances 

obtained were used to generate respective metal 

standard curves. Quality control was assured 
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using spiked samples analyzed for every 1 in 10 

samples. Recovery percentages recorded ranged 

from 98.8 to 101.4%. Analytical blanks were also 

determined and were used to correct the 

concentrations computed. All samples were 

analyzed at least in duplicate and the absorbances 

were used to calculate the trace metal 

concentrations from the respective heavy metal 

standard curves. The concentrations in mg/L 

were converted to mg/kg, the standard unit for 

solid foods, to enhance comparison of the results 

with set compliance guidelines [15].  

Human health risk assessment 

Exposure assessment is toxicologically ascribed 

as a robust tool for relating risk factors to human 

health due to dietary intake of toxins. The 

estimated daily intake (EDI) for ingestion of 

tomatoes was computed for both children 

(representing a sensitive group) and adults 

(representing the general population) to 

approximate probable exposure through intake of 

tomato fruits using Equation 1 [15-17]. 

EDI (mg/kg) = 
 ୊ ×  େ × ୉ూ × ୉ీ 

 ୘ × ౓ 
                        (1) 

From which F is the tomato fruit ingestion rate = 

0.09 kg/person/day [4], C = trace metal 

concentration in the edible fruit parts, EF  is the 

exposure frequency = 365 days/year, due to daily 

intake of tomatoes by humans, ED is the 

exposure duration = 66.7 years for Kenyans [18], 

T is the average exposure time which is the 

product of ED  and EF [16, 19], and W is average 

body weight which was taken as 60 kg and 15 kg 

for adults and children respectively. 

 The health risk index, defined as the total risk of 

a non-carcinogenic element was computed 

employing the target hazard quotient (THQ) 

method (Equation 2) [6, 15]. 

THQ =  
ா௦௧௜௠௔௧௘ௗ ௗ௔௜௟௬ ௜௡௧௔௞௘

ு௘௔௩௬ ௠௘௧௔௟ ௥௘௙௘௥௘௡௖௘ ௢௥௔௟ ௗ௢௦௘
             (2) 

The oral reference doses in mg/kg for Zn, Pb and 

Cd are respectively 0.03, 0.004 and 0.001 [20]. 

Further, exposure to more than one toxic heavy 

metal results in summative effects so that the 

total THQ (hazard index, HR) was obtained as 

the arithmetic sum of the individual metal THQs 

(Equation 3) [2, 4, 6]. 

HR = 𝑇𝐻𝑄௓௡  +  𝑇𝐻𝑄௉௕ + 𝑇𝐻𝑄஼ௗ                     (3) 

For THQ lower than unity, no probable health 

risks from exposure to heavy metals is expected. 

On the other hand, THQ equal to or higher than 

unity indicates that the exposed population may 

experience a non-carcinogenic effect [21]. 

The carcinogenic risk, defined as the product of 

the ingestion cancer slope factor and the EDI was 

computed for dietary intake of both Cd and Pb by 

adults and children [6]. 

Statistical analysis of results  

The results of the analyses were entered into 

Microsoft Excel 365 and subjected to 

preliminary analysis. The data were checked for 

normal distribution  prior to statistical evaluation 

using Kolmogorov-Smirnov test and 

subsequently presented as means of 
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quintuplicates with errors as standard deviations 

attached. Paired t test was used to identify any 

significant differences between groups at p < 

0.05 using Sigma Plot statistical software (v14, 

Systat Software Inc., USA). 

Results and discussion 

Heavy metal content of tomato fruits 

In the current study, we investigated the heavy 

metal content of tomatoes from some areas of 

Uasin Gishu County, Kenya. The analytical 

results as compared with advisory guidelines are 

presented in Table 1. All the samples had 

detectable heavy metals, with Pb from Bahati 

estate recording the highest mean concentration 

of 43.20 ± 0.31 mg/kg. The concentration of the 

heavy metals varied between the studied areas (p 

< 0.05), especially for Pb.  

Table 1. Heavy metal concentrations in edible parts of 
tomatoes from the sampled areas of Uasin Gishu, Kenya. 

Site Zinc 
(mg/kg) 

Lead 
(mg/kg) 

Cd 
(mg/kg) 

Huruma  0.99 ± 0.29 26.14 ± 
0.08 

2.15 ± 
0.21 

Bahati 1.49 ± 0.04 43.20 ± 
0.31 

2.92 ± 
0.01 

Chebaiywo* 0.55 ± 0.11 16.07 ± 
0.23 

0.94± 0.04 

WHO/FAO 
limit 

50.00 0.10 0.05 

* Chebaiywo was used as a control site because it was 
speculated that it had low pollution as it is far away from 
industries. 

 

All the concentrations of Zn recorded were below 

WHO recommended guideline of 50 mg/kg. The 

highest concentration was 1.49 ± 0.04 mg/kg 

recorded in samples from Bahati estate. The 

sequence followed was Bahati estate > Huruma 

estate > Chebaiywo village. The low 

concentrations of Zn recorded in the edible parts 

of tomatoes from all the sampled sites is 

corroborant with preceding reports [2, 4, 7, 22-

28] which reiterated that Zn levels in tomato 

fruits were among the lowest that were below 

compliance guidelines. However, some previous 

studies reported Zn in concentrations above 

advisory limits in tomato fruits [29, 30]. The 

occurrence of Zn in environmental matrices is 

usually due to Zn used in old galvanized 

plumbing materials, Zn compounds in form of 

zinc-based paints, zinc alloys, dry cells, old and 

rusty galvanized roofing iron sheets and 

varnishes that may end up in the environment 

[15, 31]. Zinc is an essential trace metal [32] 

required for normal functioning of the immune 

system, normal brain activity, foetal growth and 

development. However, immoderate intake may 

impair immune function and lower the levels of 

high-density lipoproteins [33, 34]. 

On the other hand, Pb was reported in the highest 

concentration (p < 0.05) among the heavy metals 

studied. Studies in Ghana [2], Kingdom of Saudi 

Arabia [22, 24], Jordan [28], Libya [26], Algeria, 

[4] and Nigeria [27] reported very low or 

undetectable levels of Pb in tomato fruits. In the 

neighbouring Tanzania and Ethiopia on the 

contrary, Pb was reported in tomato fruits in 

levels above compliance limits (range: below 

detection limit to 18.17 mg/kg and 3.63 ± 0.11 

mg/kg, respectively) [7, 29]. The occurrence of 
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Pb in urban areas have been grossly ascribed to 

the use of leaded petrol and inadvertent disposal 

of old lead batteries used in combustion-engined 

automobiles [15]. Lead is a toxin, a non-essential 

trace metal and the levels recorded in this study 

is deleterious to human health if ingested once or 

over a long period of time [35]. Moreover, it is a 

rival that outcompetes essential metals of 

analogous characteristics such as Zn and 

calcium. Besides, it has been criminated for renal 

failure and liver degradation in humans [36]. 

Lead also retards interactive, survival, growth, 

developmental and metabolic processes in 

addition to upregulating mucus synthesis, as well 

as inducing neurodevelopmental damage that 

causes decreased intelligence quotient and 

behavioural problems [37, 38]. It may also 

induce reproductive problems, premature birth or 

reduce foetal growth in expectant women [38]. 

As observed for Pb, Cd was recorded in 

concentrations above the compliance guidelines. 

This did not agree with a previous study in Ghana 

[2] which reported that Cd recorded in tomatoes, 

cabbages, carrots, green pepper and onions were 

below WHO/FAO threshold. Gebeyehu and 

Bayissa [7], and Ali and Al-Qahtani [22] 

reported Cd levels of 0.56 ± 0.05 mg/kg and 1.67 

± 0.09 to 2.45 ± 0.09 mg/kg, respectively in 

tomato fruits from Egypt and some Saudi 

Arabian markets which were comparable to the 

values reported in this study. Other studies 

elsewhere [4, 24, 26, 27, 29] reported Cd in low 

or undetectable concentrations in tomato fruits 

while reported a higher Cd level of. Cadmium is 

typically found at low concentrations in the 

environment. However, indiscriminate use of 

phosphate-based agrochemicals, thoughtless 

disposal of nickel-cadmium batteries into the 

environment, Cd metal incineration and 

production might accrue its environmental 

concentrations [39-41]. Dietary ingestion of 

significant amounts of Cd causes renal and 

hepatic dysregulations, hypertension, lung 

cancer and diminished reproductive potential in 

humans [42-45]. Further, Cd may get absorbed in 

the human digestive system and is capable of 

penetrating through the placenta during 

pregnancy, inducing DNA and membrane 

dysregulations. Cadmium is also implicated in 

the etiology of calcium uptake inhibition and 

impairment of its subsequent retention in bones 

[15, 46, 47]. 

The high levels of the heavy metals in samples 

from Huruma and Bahati estates is explained by 

the fact that these are situated in Eldoret city 

where there are many industries and activities, 

increasing the chances of environmental 

pollution by heavy metals and their subsequent 

uptake by the tomato plants. Overall, the 

chemical sequence followed by the metals in the 

tomato fruits in this study was Pb > Cd > Zn. This 

is in congruence with previous observations 

which indicated that non-essential elements tend 

to be persistent in edible tissues [5, 39, 48] but 

the bioaccumulation capability of Cd usually 

takes a long time [39, 49]. 
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Human health risk assessment 

Continuous sub-lethal intake of non-essential 

trace metals such as Pb, Cd, arsenic and mercury 

have been known to cause human health effects, 

which become more pronounced after several 

years of exposure. In this study, the THQ method 

was used to assess the potential health risks of the 

heavy metals through their intake in the edible 

parts of tomato fruits. The estimated daily intakes 

ranged from 8.25 × 10ିସ mg/kg/day for samples 

from Chebaiywo village eaten by children to 2.59 

× 10ିଵ mg/kg/day for fruits from Bahati estate 

consumed by adults (Table 2).  

Table 2. Health risk assessment for consumption of 
tomatoes from the studied areas of Uasin Gishu County, 
Kenya. 

Inde
x  

Group Site Zinc Lead Cad
miu
m 

TTH
Q 

E
st

im
at

ed
 d

ai
ly

 in
ta

ke
 (

m
g/

kg
/d

ay
) 

A
du

lt
s 

Huruma  1.49
E-03 

3.92
E-02 

3.23
E-03 

NA 

Bahati 2.24
E-03 

6.48
E-02 

4.38
E-03 

NA 

Chebaiywo  8.25
E-04 

2.41
E-02 

1.41
E-03 

NA 

C
hi

ld
re

n 

Huruma 5.94
E-03 

1.57
E-01 

1.29
E-02 

NA 

Bahati 8.94
E-03 

2.59
E-01 

1.75
E-02 

NA 

Chebaiywo  3.30
E-03 

9.64
E-02 

5.64
E-03 

NA 

T
ar

ge
t h

az
ar

d 
qu

ot
ie

nt
 

A
du

lt
s 

Huruma 3.73
E-01 

3.92
E01 

1.08
E-01 

3.97
E01 

Bahati 5.60
E-01 

6.48
E01 

1.46
E-01 

6.55
E01 

Chebaiywo 2.06
E-02 

2.41
E01 

4.70
E-02 

2.42
E01 

C
hi

ld
re

n Huruma 1.49
E0 

1.57
E02 

4.30
E-01 

1.59
E02 

Bahati 2.24
E0 

2.59
E02 

5.83
E-01 

2.62
E02 

Chebaiywo   8.25
E-01 

9.64
E01 

1.88
E-01 

9.74
E01 

Reference oral dose 
(mg/kg) 

4.00
E-03 

1.00
E-03 

3.00
E-02 

  NA 

Values in bold show exceedance of Reference oral dose for the estimated 
daily doses or unity for the metal target hazard quotients. TTHQ: Total 
target hazard quotient, NA: Not Applicable.  

 The estimated daily intakes all exceeded the oral 

reference dose for Pb, implying that there are 

possible health risks from consumption of 

tomatoes from the sampled sites. For non-

carcinogenic risks, THQs were above 1 for Pb in 

fruits consumed by both adults and children. The 

THQs for Zn in tomato fruits consumed by 

children in Huruma and Bahati estates also 

exceeded 1, implying that consumption of 

tomatoes from these sites could have negative 

non-carcinogenic health impacts. This was 

confirmed by the TTHQs being greater than 1 for 

the sites. The differences in THQs for adults and 

children are usually attributed to the differences 

in the ingestion rates of food contaminated with 

heavy metals, body weights as well as the 

exposure times [2]. For this reason, children are 

more vulnerable to health risks associated with 

trace metal toxicity [50]. Further, the risk of 

consuming heavy metal contaminated foods can 

be more severe for special groups such as 

pregnant women and people with compromised 

immunity. However, it should be noted that 

tomato intake is usually a proportion of the food 

consumed, and therefore the levels of heavy 

metals may be augmented by intake from other 
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sources such as fish and meat eaten as the main 

food.  

Carcinogenic risk (CR), which is the incremental 

probability of an individual to develop cancer, 

over a lifetime, due to exposure to a potential 

carcinogen were estimated for Pb and Cd [51] 

(Table 3).  

Table 3. Cancer risks through consumption of heavy metal 

contaminated tomatoes from the studied areas of Uasin 

Gishu, Kenya. 

 

The range of risks borderline by US EPA is 1 × 

10−4 to 1 × 10−6 and is considered unacceptable if 

the risks are surpassing 1 × 10−4 [52]. 

Considering intake of Pb and Cd through intake 

of contaminated tomato fruits, CR ranged from 

2.05 × 10-7 to 6.66 × 10-6 for both groups. The 

calculated CR values were lower than 1 × 10−4, 

indicating that there are no potential cancer risks 

from consumption of tomatoes in the studied 

sites of Uasin Gishu County. 

Conclusion 

The current study has shown that tomato fruits 

consumed in Huruma and Bahati estates of 

Eldoret town, and Chebaiywo village of Kesses 

in Uasin Gishu County are contaminated with 

heavy metals: Zn, Pb and Cd. Daily consumption 

of the fruits may lead to deleterious non-

carcinogenic health risks, and the risk is highest 

for residents in Bahati estate. A study using a 

large number of samples from other estates of 

Eldoret city should be undertaken, especially in 

the low-income estates which houses the 

inextricably poor and vulnerable population. The 

heavy metal content of soils in these areas should 

be evaluated.   
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