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Abstract 
Anthropogenic activities introduce heavy metals (HMs) into soils which can 
be absorbed by plants. We, in the present study, determined the concentration 
of four priority HMs (Cu, Pb, Cd and Zn) in orchard soils and edible fruits 
(sweet oranges and mangoes) grown along the arterial Mbale-Soroti Highway 
of Uganda. A total of 78 fruit samples were systematically obtained from the 
fruit trees at distances of 10 m, 100 m, 300 m and 5000 m from the Highway, 
along with 78 soil samples. They were analyzed for the HMs using inductively 
coupled plasma-optical emission spectrometry. Health risks were assessed us-
ing the hazard index and incremental life cancer risk methods, while ecologi-
cal risks were evaluated based on geoaccumulation and pollution indices. The 
mean metal total concentrations followed the order Zn > Cu > Pb > Cd, and 
were all within permissible limits. In the fruit and soil samples, the concentra-
tion ranges (mg/kg) were Cu (0.05 ± 0.01 - 1.81 ± 0.37 and 11.42 ± 3.00 - 30.85 
± 5.97), Zn (2.41 ± 2.18 - 8.11 ± 1.20 and 19.00 ± 1.30 - 40.03 ± 7.28), Pb (0.01 
± 0.00 - 0.06 ± 0.03, and 7.72 ± 1.05 - 21.00 ± 3.13) and Cd (<0.001, and <0.001 
- 0.44 ± 0.21), respectively. The metal concentrations were higher in soils than 
fruits, and decreased with distance from the highway, with a strong soil-to-
fruit transfer correlation. Health risk assessment revealed that mango pulp and 
orange juices had hazard indices less than 1 for all the samples, indicating no 
potential health risks at these proximities. 
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1. Introduction 

Increasing global population continues to mount towering pressure on agricul-
tural systems to meet the growing food demands. As of December 2024, the global 
population was estimated at 8.2 billion people [1]. With this growth, the total 
global food demand is expected to increase by up to 56% in 2050, suggesting that at 
least 8% of the global population is likely to be at risk of hunger in the same year [2]. 
Compounding this issue is the climate change risk, which necessitates agricultural 
systems to balance food production and environmental conservation. Orchard 
farming (urban food forestry) is increasingly considered to be a viable alternative 
for addressing this complex scenario, offering opportunities to enhance food se-
curity and nutrition, sustainable land-use practices, ecosystem service provision 
and green urbanization [3]-[6]. 

Fruit orchard farming provides nutritious fruits, nuts and edible leaves while 
also supporting agricultural productivity by enhancing soil fertility, water reten-
tion, erosion control and cutting down the need for synthetic fertilizers [7] [8]. 
However, urban fruit orchard farming can serve as a potential pathway for the 
transfer of heavy metals (HMs) from vehicular emissions to soil and food crops 
cultivated along roadside or highway verges [9]-[11]. Heavy metals, also debatably 
called potentially toxic elements or simply toxic elements, are elements with rela-
tively high densities (>5 g/cm3) and high atomic weights (typically >65) that are 
toxic at trace amounts (i.e., parts per million and/or parts per billion levels) [12] 
[13]. They comprise metals like cobalt, mercury, lead (Pb), cadmium (Cd), chro-
mium, nickel, manganese, vanadium, copper (Cu), zinc (Zn), iron, as well as met-
alloids such as arsenic and antimony [14]. 

Most HMs occur naturally in the Earth crust but become increasingly enriched 
in the environment due to various anthropogenic activities [15]. As trace ele-
ments, some HMs such as Zn, Cu, manganese, cobalt, iron and selenium (Se) are 
essential to the metabolic functions of the human body [16]. At higher concentra-
tions, however, intake of all HMs can lead to poisoning. For instance, intake of Se 
above the tolerable upper intake level of 400 µg/day can cause selenosis: a condi-
tion marked by symptoms such as hair loss, nail deformities and loss, severe tooth 
decay and discoloration, skin rashes, keratosis, weakness, rickets, reduced cogni-
tive function, nervous system disorders, and gastrointestinal issues [17]. Non-es-
sential HMs are physiologically unnecessary elements and are inherently toxic. 
Environmental exposure to Pb, for example, is responsible for at least 500,000 new 
cases of intellectual disabilities in children annually [18]. Long-term Pb poisoning 
has been linked to hypertension [19], and most inorganic compounds of Pb are 
classified as probable human carcinogens [20]. Collectively, the toxicity of HMs is 
dictated by the species involved, its concentration, exposure route and duration, 
age and sex of the organism among other extraneous factors [21]. Based on tox-
icity coefficients, elements such as arsenic, mercury, Pb, Zn, nickel, Se and Cd are 
classified under first class of hazard HMs. Boron, cobalt, molybdenum, Cu, and 
antimony fall under second class of hazard, while the rest are under third class of 
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hazard [22] [23]. 
The current study aimed at investigating the concentration and distribution of 

four HMs (Cu, Pb, Cd and Zn) in orchard soils and selected edible fruits (sweet 
oranges and mangoes) grown along the Mbale-Soroti Highway in Eastern Uganda, 
and the health risks associated with fruit consumption. This Highway is part of the 
Tororo-Mbale-Soroti-Dokolo-Lira-Kamdini stretch of the Great North Road (pre-
sent day Pan-African Highway) in Uganda. It is a major national road for the land-
locked Uganda, and links the Kenyan Port City of Mombasa to Northern Uganda, 
South Sudan and other parts of Africa [24]. The arterial stretch of the Pan-African 
Highway (PAH) considered in this study covers Eastern Uganda, which is flood-
prone [25] [26] and also serves the busiest border crossing on the Northern Corri-
dor [27] [28]. Accordingly, Highways in Eastern Uganda have one of the highest 
traffic in Uganda, especially with cargo trailers from Mombasa port (Kenya) which 
handles roughly 60% of the East African Community imports [29]. Our interest 
in this area is also from its distinct tourist attraction sites, especially Mt. Elgon 
(with the largest volcanic base of 4000 km2 in the world) in Mbale district, the 
Tororo rock (with various caves and ancestral paintings) in Tororo and Sipi falls 
in Kapchorwa district [30]. These tourist activities could potentially expedite the 
emission and deposition of HMs due to increased vehicular activities. 

2. Methods 
2.1. Study Area 

We chose Soroti and Ngora districts in Teso subregion, Eastern Uganda (Figure 
1). The two districts share common frontiers, and are traversed by the Mbale-
Soroti highway, an arterial stretch of the PAH. They were chosen because of the 
popularity of commercial orchards along the highway and in the villages [31]. This 
region belongs to the Kyoga plains agricultural zone (Teso subregion) where cit-
rus production is highest, with over 700 hectares of land with citrus. They had a 
production volume of over 200,000 tonnes of citrus and approximately 67 billion 
Uganda shillings (US$ 28.3 million) to smallholder income in the region [32] [33]. 
Specifically, the Soroti Fruits Factory was commissioned in 2019 in Soroti to han-
dle the processing of sweet oranges. Ngora district is located at coordinates 
1˚29'59.99"N 33˚47'59.99"E while Soroti district lies between 1˚35'59.99"N and 
33˚38'59.99"E. The vegetation in the two districts is savannah grassland with light, 
well-drained and sandy loam soils that favor fruit growing [34]. The rainfall re-
gime in these two districts is bi-modal with peaks in April-May and July-August 
[35]. The mean annual rainfall ranges between 800 - 1000 mm while the mean an-
nual temperature is 24˚C. The main economic activity in Soroti and Ngora districts 
is agriculture where small scale livestock rearing alongside cropping is practiced. 

2.2. Sampling Procedure 

In total, 36 sweet oranges (Citrus sinensis (L.) Osbeck) and 36 mango (Mangifera 
indica L.) fruits were purposively sampled from orchards in Aukot and Mukura 
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Figure 1. Location of the sampled orchards along the Mbale-Soroti Highway, Eastern Uganda. Inset is the map of 
Uganda showing its regional divisions. Map created using, (ArcGIS v10.8). 

 
Sub-Counties in Soroti and Ngora districts, respectively. Sampling was done be-
tween 7th and 14th August 2023 from orchards where the fruit trees were grown at 
10 m, 100 m, and 300 m from the highway, since levels of heavy metals in soil due 
to road transport operations decrease with increase in distance from the road [36]. 
Fruit samples were washed using deionized water to remove soil particles and/or 
dust on their surfaces [37]. 

A total of 72 soil samples were also obtained from the corresponding orchards. 
These distances in the increasing order were chosen basing on the fact that the 
concentrations of HMs in soils as a result of road transport operations decrease 
with the increase in distance from the road. For all the soil samples, surface litter 
was removed at the sampling spot. A stainless-steel spade was used to make a ‘V’ 
shaped cut into the soil to a depth of 25 cm. A slice of soil was obtained from the 
top to bottom and placed in a clean plastic bucket. Four slices of soil were obtained 
from each cut. The above procedure was repeated for several spots from the edges 
of the area under the tree canopy to ensure homogeneity. The samples were thor-
oughly mixed to make the composite sample and foreign materials such as gravel, 
pebbles, roots, and stones were removed. The composite sample was then reduced 
to about 0.5 kg by quartering, packed in a clean paper bag and labeled appropri-
ately. From the field, the composite samples were taken to the laboratory where 
they were air dried for 1 week [37]. 
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Control samples of oranges (n = 3) and mango fruits (n = 3) and their corre-
sponding soils were obtained from orchards 5 km away from the Highway i.e., in 
Agogomit and Awoja villages in Mukura and Aukot Sub-Counties. All the fruit 
and soil sample were taken on the same day. 

2.3. Sampling Preparation 

Mango fruits were peeled using a clean stainless-steel knife to obtain the pulp and 
the seeds were discarded. Each sample (300 g) was oven-dried for 24 hours at 
105˚C [38]. The dried samples were then ground into a powder using a porcelain 
pestle and mortar. The powdered samples (0.2 g) were placed in a digestion tube 
to which aqua regia (6 mL of 37% hydrochloric acid and 6 mL of 65% nitric acid) 
were added. For orange samples, fruits were peeled and the peel was discarded. 
From the remaining portions, juice (150 mL) was squeezed into 250 mL beakers, 
filtered and then kept in a refrigerator. The sample juice (4 mL) was placed into a 
digestion tube and then 12 mL of 65% nitric acid was added. All the mixtures were 
heated at 105˚C on a hot plate for 30 minutes [37]. The resultant solutions were 
filtered into 50 mL volumetric flasks through Whatman filter no. 42 paper and the 
volume topped the mark with deionized water. Soil samples were ground and then 
sieved through a 0.15-mm mesh. Thereafter, samples (0.2 g) were transferred into 
Teflon tubes, and then aqua regia was added. The tubes were transferred onto a 
hot plate at 105˚C for 30 minutes for the samples to digest [37]. The digestates 
were then filtered using Whatmann Grade 1 filter papers into a 50 mL volumetric 
flask. These were topped with deionized water to the mark. 

2.4. Instrumental Analysis, Quality Control and Assurance 

The concentration of Cu, Zn, Pb, and Cd in soil and fruit samples was established 
using an inductively coupled plasma-optical emission spectrometer (ICP-OES; 
Optima 7000 DV, Perkin Elmer Inc., Waltham, USA) used in our previous studies 
[15] [39]. The instrument detection limits were 0.003, 0.005, 0.005, and 0.001 ppm 
for Cu, Zn, Pb, and Cd respectively as described in US EPA 200.7 [40]. The specific 
wavelengths used for the HMs were 224.700 nm, 206.200 nm, 220.353 nm and 
214.440 nm, respectively. Quantitation was performed using calibration curves 
constructed from working standard solutions, which were prepared from 1000 
mg/L stock solutions of the individual HMs’ nitrate or chloride salt [15]. 

To ensure confidence in the data obtained, all reagents and chemicals used were 
all of analytical grade. Other quality control measures involved analyzing blanks 
and spiked samples for every 10 sample runs, which gave satisfactory recoveries 
(98.4% - 101.2%). Analytical method precision, expressed as relative standard de-
viations of runs, was below 5% (3.2% - 4.7%). To avoid batch-specific errors, each 
sample was analyzed in triplicate under the same standard conditions. 

2.5. Health Risks Due to Consumption of Fruits 

The health risks associated with consuming the fruits, as recommended by the US 
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EPA [41], are categorized into cancer and non-cancer risks for both children and 
adults. Assessing these risks requires determining the estimated daily intake (EDI, 
mg/kg/day) of HMs in the edible fruit parts. The EDI can be calculated using 
Equation 1 [42] [43]. The variables in the equation and their corresponding values 
are provided in Table 1. 

 IngR EXF EXDEDI HM

ab aet

C
W T

× × ×
=

×
  (1) 

The non-cancer health risks were assessed using the hazard quotient (HQ) 
method (Equation (2)). Given that HMs exhibit additive toxicity, the hazard index 
(HI) was determined by summing the HQ values of the individual HMs (Equation 
(3)) [44]. 

 EDIHQ
RF

=   (2) 

 HI HQn
i= ∑   (3) 

In Equation (2), RF is the oral reference dose of the specific heavy metal, with 
values of 0.04, 0.006, 0.14 and 0.01 mg∙kg−1 for Cu, Zn, Pb and Cd, respectively 
[44]-[46]. Ultimately, cancer risk (CR) was evaluated based on the incremental 
lifetime cancer risk for ingestion of carcinogenic HMs (Pb and Cd) in the edible 
fruit parts (Equation (4)) [47]. 

 CR = EDI × CSF  (4) 

where CSF is the ingestion cancer slope factor = 8.5 × 10−3 and 5.01 × 10−1 
mg/kg/day for Pb and Cd [47]. 

 
Table 1. Exposure factors used in health risk assessments due to heavy metals in fruits from 
orchards along the Mbale-Soroti Highway, Uganda. 

Factor Description (units) Children Adults 

CHM Heavy metal concentration 
(mg/kg) 

This study This study 

IngR Fruit ingestion rate 
(kg/person/day) 

0.04526 0.04526 [1] 

EXF Exposure frequency (days/year) 350 350 

EXD Exposure duration (years) 6 30 

Wab Body weight (kg) 15 60 [2] 

Taet Average time (days) Non-carcinogenic metals: EXD × 365 days/year; 
carcinogenic metals: 60 years × 365 days/year 

2.6. Evaluation of Soil Heavy Metal Pollution Levels 

Several pollution indices are available for the evaluation of HMs pollution of soils. 
In this study, we adopted two indices namely the contamination factor (Equation 
(5)) [48], and geoaccumulation index, an empirical metric that compares the con-
centration of HMs to their normalized geochemical backgrounds (Equation (6)) 
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[49]. 

 Contamination factor (CF) = HM

PIC

C
C

  (5) 

 Geoaccumulation index (Igeo) = 2log
1.5

HM

PIC

C
C

  (6) 

In the foregoing equations, CPIC represents the preindustrial concentration of 
the respective element in soils. These were taken to be the metal concentrations 
from the control sites since they were lower than those for Cu (12.5 mg/kg) and 
Zn (70.0 mg/kg) for the average shale [50] and 19.88 mg/kg and 0.13 mg/kg for 
Pb and Cd in soils from an uncontaminated site in Mbarara (Uganda) [15]. The 
constant of 1.5 serves as a background matrix correction factor to account for an-
ticipated lithological variations [51] [52]. 

The cumulative pollution load in the soils was evaluated based on the pollution 
load index method (Equation (7)) [44]. 

Pollution load index (PLI) = (CFCu × CFZn × CFPb × CFCd)1/4       (7) 

The potential ecological risk index (RI) was employed to assess any harmful 
effects that could arise due to HMs pollution of the soils (Equations (8) and (9)) 
[48]. 

 Ecological risk coefficient (Ei) = Ti × CF  (8) 

 4
1RI n

ii E=

=
= ∑   (9) 

The toxic response factor (Ti) for a heavy metal indicates its toxic and ecological 
sensitivity levels, and its values for Cu = Pb = 5, Zn = 1 and Cd = 30 [48]. The 
criteria for classification of the different ecological and pollution indices are given 
in Table 2. 

 
Table 2. Classification values of pollution and risk indices used in the study of heavy metals 
in soils from orchards along the Mbale-Soroti Highway, Uganda. 

Pollution and risk  
indicators 

Classification values Description 

Contamination  
factor (CF) [3] 

CF < 1 Low contamination 

1 ≤ CF < 3 Moderate contamination 

3 ≤ CF < 6 Considerable contamination 

CF > 6 Very high contamination 

Geo-accumulation  
index (Igeo) [4] 

Igeo < 0 (class 0) Practically uncontaminated 

0 < Igeo < 1 (class 1) Low to median contamination 

1 < Igeo < 2 (class 2) Median contamination 

2 < Igeo < 3 (class 3) Median to strong contamination 

3 < Igeo < 4 (class 4) Serious contamination 

4 < Igeo < 5 (class 5) Serious to extreme contamination 
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Continued 

 Igeo > 5 (class 6) Extreme contamination 

Pollution Load 
index (PLI) [2] 

PLI < 1 Unpolluted 

PLI > 1 Polluted 

Ecological risk (Ei 
and RI) [3] 

Ei < 40; RI < 95 Low contamination 

40 ≤ Ei ≤ 80; 95 ≤ RI ≤ 190 Moderate contamination 

80 ≤ Ei ≤ 160; 190 ≤ RI ≤ 380 Considerable contamination 

160 ≤ Ei ≤ 320; RI ≥ 380 High contamination 

320 ≤ Ei Very high contamination 

2.7. Data Analysis 

Analytical data were inspected, and their normality was determined using 
Shapiro-Wilk Test. Subsequently, One-Way Analysis of Variance was used to de-
termine statistically significant differences in the mean concentrations of HMs in 
fruits and soils. Tukey's post hoc test was applied for multiple comparisons where 
statistical differences were detected at p < 0.05. The mean concentrations of the 
HMs were compared with the acceptable limits given by the World Health Organ-
ization and/or Food and Agricultural Organization of the United Nations 
(WHO/FAO) [53] [54]. Pearson’s correlation analysis was performed to assess the 
relationships between HMs concentrations in fruits and soil samples. The analyses 
as well as data visualizations proceeded in Origin Pro 2025a (Origin Lab Corpo-
ration, Northampton, MA). 

3. Results 
3.1. Concentration of Heavy Metals in Orchard Fruits 

The concentration of Cu in mangoes ranged from 1.49 ± 0.26 mg/kg to 1.81 ± 0.37 
mg/kg. On the other hand, orange juice samples had Cu between 0.05 ± 0.01 
mg/kg and 0.10 ± 0.02 mg/kg (Table 3). Similar to the observation with Cu, the 
concentrations of Zn varied between 2.41 ± 2.18 mg/kg to 8.11 ± 1.2 mg/kg in the 
fruit samples. In mangoes, the concentration of Zn ranged from 1.81 ± 0.37 mg/kg 
to 5.76 ± 1.30 mg/kg. In the orange juice samples, Zn was from 0.04 ± 0.03 mg/kg 
to 0.100 ± 0.010 mg/kg. Cadmium was below the limit of detection (<0.001 mg/kg) 
in all the fruit samples, while the concentration of Pb varied from 0.01 ± 0.00 
mg/kg to 0.06 ± 0.03 mg/kg. In all the fruit pulps, mean total metal concentrations 
followed the chemical sequence Zn > Cu > Pb > Cd. 

3.2. Distribution of HMs in Orchard Soil Samples 

The concentration of HMs in the soil samples ranged from <0.001 - 0.44 ± 0.21 
mg/kg for Cd to 20.15 ± 1.52 - 40.03 ± 7.30 mg/kg for Zn (Figure 2). Soil samples 
from orchards where oranges are cultivated had comparatively higher concentra-
tions of all the HMs. The concentration of Zn was highest at 10 m for both mango  
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Table 3. Mean concentration of heavy metals (mg/kg) in fruits from orchards along Mbale-
Soroti Highway, Uganda. 

Distance from highway (m) Heavy metal Mangoes Oranges 

10 Cu 1.67 ± 0.41a 0.10 ± 0.02a 

Zn 5.76 ± 1.30b 0.10 ± 0.01a 

Pb 0.45 ± 0.24a,f 0.06 ± 0.03b 

Cd <0.001 <0.001 

100 Cu 1.49 ± 0.26a,c,d,e 0.07 ± 0.02c 

Zn 2.39 ± 0.47a,g 0.06 ± 0.01b 

Pb 0.11 ± 0.01c 0.02 ± 0.004d 

Cd <0.001 <0.001 

300 Cu 1.81 ± 0.37a,c 0.06 ± 0.03b 

Zn 1.90 ± 0.63a 0.07 ± 0.03c 

Pb 0.10 ± 0.04c,d 0.03 ± 0.05e 

Cd <0.001 <0.001 

5000 (control) Cu 1.70 ± 0.66a 0.05 ± 0.01f 

Zn 2.41 ± 0.18a,h 0.04 ± 0.03g 

Pb 0.06 ± 0.20c,e,f 0.01 ± 0.00h 

Cd <0.001 <0.001 

Note: Values are presented as mean ± standard deviation of replicates (n = 3). Means car-
rying different letters in a column are statistically different as per Tukey test (p < 0.05). 

 

 
Figure 2. Alluvial plot of mean metal concentration in soils from: (a) mango, and (b) orange orchards. The heavy metals are colour 
coded: Cu (blue), Zn (red), Pb (yellow) and Cd (green). BDL = Below detection limit of 0.001 mg/kg. 
 

(40.03 ± 7.30 mg/kg) and orange (35.28 ± 4.07 mg/kg) orchards, decreasing with 
distance from the road (p < 0.05). Background values at 5 km showed lower Zn 
levels (21.11 ± 3.34 mg/kg for mango and 19.00 ± 1.30 mg/kg for orange orchards). 
For Cu, a similar trend was observed where its concentrations were high near the 
road at 10 m (30.50 ± 3.62 mg/kg in mango orchards and 30.85 ± 5.97 mg/kg in 
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orange orchards) and decreased steadily with distance. Only Zn and Cd in mango 
orchard soils within 10 m radius were statistically different (p < 0.05). 

Lead concentrations were highest at 10 m (21.00 ± 3.13 mg/kg in mango or-
chards and 19.87 ± 2.71 mg/kg in orange orchards) and dropped significantly (P 
< 0.05) at 100 m and 300 m. Background Pb concentrations were relatively low 
(8.88 ± 0.10 mg/kg and 9.28 ± 0.40 mg/kg for mango and orange orchards, respec-
tively), emphasizing road-associated Pb contamination. Lastly, Cd was detectable 
only at 10 m in both mango and orange orchards, with concentrations of 0.44 ± 
0.21 mg/kg (mango) and 0.35 ± 0.19 mg/kg (orange). Cd was below detection lim-
its (<0.001 mg/kg) beyond 100 m and at the control distance (5 km). In all the 
samples, mean metal concentrations decreased in the order Zn > Cu > Pb > Cd. 

3.3. Correlation of HMs Concentrations in Fruits with Those in the 
Soil Samples 

Inter-metal correlation analysis showed that in both soils and mango fruits, there 
were weak to very strong positive correlations between HM pairs (Figure 3(a)). 
However, except for Cu in mangoes that had a negative correlation with Zn (r = 
−0.086, p > 0.05) and Pb (r = −0.030, p > 0.05) in the mango pulps, and Cu in the 
soils (r = −0.054, p > 0.05). On the other hand, Pearson’s correlation analysis 
showed that in soils and oranges, there were very strong positive correlations be-
tween metal pairs (Figure 3(b)). However, some associations, especially for Cu 
and Pb in oranges were not statistically significant (p < 0.05). 

 

 
Figure 3. Pearson’s bivariate correlation matrix plot for the heavy metals in orchard soils and (a) mango pulps, (b) orange juices. 
Legend: MP means mango pulp, and MS means mango orchard soil, OR means orange fruit, and ORS means orange orchard soil. 
Cadmium was not detected in the fruits and it was therefore, not shown in the correlation matrixes. *Significant at the 0.05 level (2-
tailed), **also significant at the 0.01 level. 

3.4. Health Risks from Dietary Intake of HMs in Fruits 

The EDI calculated for mangoes ranged from 1.74 × 10−5 mg/kg/day for Pb (at 
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5000 m) in children to 6.67 × 10−2 mg/kg/day for Zn at 10 m in adults (Table 4). 
For oranges, the EDI were 2.89 × 10−6 mg/kg/day for Pb (at 5000 m) in children 
to 1.16 × 10−3 mg/kg/day for Zn at 10 m in adults. The hazard quotients were 1.24 
× 10−4 for Pb (at 5000 m) in children to 1.11 × 101 for Zn at 10 m in adults for 
mango pulps, and 2.07 × 10−5 to 1.93 × 10−1 in orange juices, respectively. The 
corresponding hazard indices were from 1.08 × 10−1 at 100 m in children to 5.24 
× 10−1 at 300 m in adults for mango pulps, and 1.45 × 10−2 in adults (at 5000 m) to 
7.23 × 10−3 at 10 m in children for orange juices. 

 
Table 4. Health risk indices for consumption of fruits from orchards along Mbale-Soroti Highway, Uganda. 

Age 
group 

Distance 
from 

highway (m) 

Heavy 
metal 

Estimated daily 
intake (Mangoes)** 

Estimated daily 
intake (Oranges) 

** 

Hazard 
quotient 

(Mangoes) 

Hazard 
quotient 

(Oranges) 

Hazard 
index 

(Mangoes) 

Hazard 
index 

(Oranges) 

C
hi

ld
re

n 

10 Cu 4.83E−03 2.89E−04 1.21E−01 7.23E−03 1.21E−01 7.23E−03 

Zn 1.67E−02 2.89E−04 2.78E+00 4.82E−02 

Pb 1.30E−04 1.74E−05 9.30E−04 1.24E−04 

100 Cu 4.31E−03 2.03E−04 1.08E−01 5.06E−03 1.08E−01 5.06E−03 

Zn 6.92E−03 1.74E−04 1.15E+00 2.89E−02 

Pb 3.18E−05 5.79E−06 2.27E−04 4.13E−05 

300 Cu 5.24E−03 1.74E−04 1.31E−01 4.34E−03 1.31E−01 4.34E−03 

Zn 5.50E−03 2.03E−04 9.16E−01 3.38E−02 

Pb 2.89E−05 8.68E−06 2.07E−04 6.20E−05 

5000 
(control) 

Cu 4.92E−03 1.45E−04 1.23E−01 3.62E−03 1.23E−01 3.62E−03 

Zn 6.97E−03 1.16E−04 1.16E+00 1.93E−02 

Pb 1.74E−05 2.89E−06 1.24E−04 2.07E−05 

A
du

lts
 

10 Cu 1.93E−02 1.16E−03 4.83E−01 2.89E−02 4.83E−01 2.89E−02 

Zn 6.67E−02 1.16E−03 1.11E+01 1.93E−01 

Pb 5.21E−04 6.94E−05 3.72E−03 4.96E−04 

100 Cu 1.72E−02 8.10E−04 4.31E−01 2.03E−02 4.31E−01 2.03E−02 

Zn 2.77E−02 6.94E−04 4.61E+00 1.16E−01 

Pb 1.27E−04 2.31E−05 9.09E−04 1.65E−04 

300 Cu 2.09E−02 6.94E−04 5.24E−01 1.74E−02 5.24E−01 1.74E−02 

Zn 2.20E−02 8.10E−04 3.66E+00 1.35E−01 

Pb 1.16E−04 3.47E−05 8.27E−04 2.48E−04 

5000 
(control) 

Cu 1.97E−02 5.79E−04 4.92E−01 1.45E−02 4.92E−01 1.45E−02 

Zn 2.79E−02 4.63E−04 4.65E+00 7.72E−02 

Pb 6.94E−05 1.16E−05 4.96E−04 8.27E−05 

Note: **Calculated in mg/kg/day. 
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For cancer risks, the estimation was only done due to Pb ingestion since Cd was 
not detectable in the fruits (Table 5). In mangoes, the cancer risks ranged from 
1.476 × 10−7 in children consuming mangoes grown within 5000 m radius of the 
highway to 44.27 × 10−7 for adults consuming mangoes grown within 10 m radius 
from the highway. For oranges, the cancer risks ranged from 0.246 × 10−7 for fruits 
grown 5000 m away from the highway (consumed by children) to 5.9 × 10−7 for 
fruits grown at 10 m away from the highway that are consumed by adults. 

 
Table 5. Cancer risk values (1 × 10−7) for consumption of lead in fruits from orchards. 

Age group Distance (m) Mangoes Oranges 

Children 10 11.070 1.48 

100 2.705 0.492 

300 2.459 0.738 

5000 1.476 0.246 

Adults 10 44.27 5.9 

100 10.82 1.97 

300 9.837 2.95 

5000 5.902 0.984 

3.5. Soil Pollution Assessment Indices 

The potential effects of highway traffic on orchard soil pollution were assessed. 
The CF, Igeo and pollution load indices were calculated. The CF showed that the 
values lied in the classification of 1 ≤ CF ≤ 3 and 3 ≤ CF < 6 for Cu, Zn, Pb and 
Cd in mango orchards within 10 m radius. Beyond this distance, the CF were gen-
erally about 1 or less. In orange orchards, the same trend was observed and Cd 
was the major contributor to pollution (Table 6). For the PLI, the values were 
from 0.99 to 1.81, with the highest values for soils taken from within 10 m radius 
of the orchard soils. For index of geoaccumulation (Igeo) in soils from orchards 
within 10 m radius, values were generally less than 1 for both mango and orange 
orchard soils. These were thus classified under class 1 (0 < Igeo < 1) for Cu, Pb and 
Zn (Table 2; Table 6). For this index, the HMs showed an order: Cu > Pb > Zn > 
Cd. 

 
Table 6. Contamination and geoaccumulation indices of heavy metals in orchard soils, 
Uganda. 

Contamination 
index 

Distance from  
highway (m) 

Mango orchards Orange orchards 

Cu Zn Pb Cd Cu Zn Pb Cd 

Contamination 
factor (CF) 

10 2.36 1.89 2.37 – 2.70 1.86 2.14 – 

100 1.18 0.95 0.87 – 1.36 1.33 1.11 – 

300 1.11 0.95 0.93 – 1.17 1.19 1.06 – 
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Continued 

Geoaccumulation 
index (Igeo) 

10 0.93 0.33 0.94 – 1.09 0.31 0.70 – 

100 −0.22 −0.65 −0.76 – 0.02 −0.42 −0.35 – 

300 −0.31 −0.63 −0.50 – −0.18 −0.22 −0.23 – 

Ecological risk 
coefficient (Ei) 

10 1.90 11.80 11.85 – 13.50 1.86 10.70 – 

100 0.95 5.90 4.35 – 6.80 1.33 5.55 – 

300 0.95 5.55 4.65 – 5.85 1.19 5.30 – 

Pollution load 
index (PLI) 

10 1.80 1.81 

100 0.99 1.19 

300 0.99 1.10 

Potential 
ecological risk 

index (RI) 

10 25.55 26.06 

100 11.20 13.68 

300 11.15 12.34 

 
The ecological risk coefficients were from 0.95 to 11.85 and 1.19 (for Zn) to 

13.50 for Cu at 10 m (Table 6). In order of severity, the risk coefficients could be 
arranged as Pb > Cu > Zn for mango orchard soils, and Cu > Pb > Zn for orange 
orchard soils. The potential ecological risk index ranged from 11.15 to 26.06 for 
soils from all orchards. 

4. Discussion 
4.1. Concentration of HMs in Fruits as Compared to Permissible 

Limits 

The present findings indicated varying concentrations of Cu, Zn, Pb and Cd in 
mangoes and oranges obtained along Mbale-Soroti highway. The levels of all the 
metals detected in fruits were below the regulatory international limit of 40, 1.5, 
0.50 and 0.02 mg/kg, respectively [53], which suggested minimal health risks as-
sociated with the consumption of the fruits. The distribution pattern of metals 
observed could show the influence of both environmental and plant-specific fac-
tors. The significant differences of Cu in the fruit samples suggest uniform depo-
sition or minimal soil-to-fruit transference of the metal although Cu is essential 
in the plant metabolism, there could have been a strong physiological regulation 
in Cu uptake and translocation across the plant tissues [55], leading to the ob-
served variability. Relatedly, significant differences in Zn levels between mango 
pulp and orange juice (p < 0.05) suggested possible varying species-specific trans-
location dynamics or external deposition rates between the fruits. The distribution 
of zinc tends to vary with the fruit skin permeability, physiology, juice content, 
and the fruit surface area for dust adherence and the subsequent penetration into 
edible fruit tissues [56]. 

Compared to previous studies, the levels of Cu, Zn, Pb, and Cd reported in 
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mangoes and oranges from Uganda as per the current study were generally lower 
(Table 7). Few studies conducted in Ethiopia [57], Nepal [58] and India [59] re-
ported even lower HM levels although the samples were taken from orchards near 
highways. In contrast, higher levels win HMs were observed in fruits grown along 
highways in Turkey [60], where there are high traffic density along the highways, 
industrial emissions could contribute to the elevated dust load and hence metal 
contamination. 

Factors such as antagonism, soil pH, organic matter, nature of the plant, and 
the chemical form could suggest why cadmium was not detectable in fruits [61]. 
Cadmium uptake can also be competitively inhibited by the presence of Zn since 
they are chemically similar, a mechanism of antagonism reported in plant systems 
[61]. Other factors like root barrier mechanisms, restricted xylem intake could 
further hinder the translocation of Cd. 

 
Table 7. Comparison of heavy metal content (mg/kg) of mangoes and sweet oranges from fruit orchards along Mbale-Soroti High-
way, Uganda with previous studies. 

Country Fruit Cu Zn Pb Cd Reference 

Uganda Mangoes 1.70 - 1.67 2.41 - 5.76 0.06 - 0.45 <0.001 Present study 

Oranges 0.05 - 0.10 0.04 - 0.10 0.01 - 0.06 <0.001 

Mangoes – – 0.32 0.40 Muhwezi et al. [62] 

Ethiopia Mangoes 0.019 - 0.198 0.134 - 0.321 0.035 - 0.097 0.193 Ezez and Belew [57] 

Democratic Republic 
of the Congo 

22.0 - 29.3 9.5 - 13.3 0.31 - 2.20 0.09 - 0.19 Langunu et al. [63] 

Nigeria 1.5 - 8.0 – 1.5 - 40.0 – Chata et al. [64] 

Sierra Leone 25.47 11.88 10.65 – Egbenda et al. [65]* 

Iran – – 0.08 - 0.50 0.02 - 0.14 Rahimzadeh and 
Rastegar [66]* 

India – – 0.02 - 0.15 0.01 - 0.08 Širić et al. [67] 

Bangladesh 7.891 0.604 0.642 0.005 Shaheen et al. [38] 

China – – 0.0008 - 0.209 0.0003 - 0.0042 Bi et al. [68] 

Nepal – 0.510 BDL – Pant et al. [58] 

Malaysia 5.74 12.22 1.64 0.12 Ang et al. [69] 

India Oranges – – 0.002 0.001 Mawari et al. [59] 

China – – 0.028 - 0.067 0.001 - 0.005 Cheng et al. [70] 

0.204 - 0.334 0.380 - 0.661 0.001 - 0.050 0.001 - 0.002 Li et al. [71] 

Pakistan – – 5.25 2.15 Ullah et al. [72] 

Note: – means Not reported. BDL = Below detection limit; *These values were converted to mg/kg to allow for comparison. 

4.2. Enrichment of HMs in Orchard Soils 

Uganda does not have set permissible limits for HMs in agricultural soils. 
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However, the WHO target values for unpolluted soils are 36, 50, 85 and 0.8 mg/kg 
for Cu, Zn, Pb and Cd respectively [54]. In the current study, HM levels in the 
orchard soil were all below the WHO threshold target values, as well as the control 
site, and the global average levels in the upper continental crust (38.9, 64.0, 27.0 
and 0.40 mg/kg for Cu, Zn, Pb and Cd, respectively) [73] [74]. These findings 
show that there is minimal degree of contamination of the orchard soils along the 
Mbale-Soroti Highway. This observation suggests that vehicular activities could 
not be the sole contributing factor of HMs in such areas. Some of the HMs de-
tected, such as Cu and Zn in orchard soils might be accumulating in such soils 
due to agricultural inputs as the possible sources. The application of fertilizers and 
fungicides containing the HM salts could have enriched the soils with these metals 
[75]. The presence of these metals in soil reflects their persistence in soils, accu-
mulation due to the agricultural activities, and limited atmospheric deposition 
from the traffic load. The low levels of Pb and Cd could be ascribed to low emis-
sions from limited leaded petrol traffic on the highway and the low industrial ac-
tivity in the study area. 

In comparison with related studies in other countries, HM levels reported in 
the current study were quite lower than those reported elsewhere. For example, 
Egbenda et al. [65] quantified mean Cu, Zn and Pb in mango orchard soils as 
40.85, 11.10 and 2.565 mg/kg. Similarly, da Silva et al. [75] reported Cu (2.26 - 
40.10 mg/kg), Zn (0.20 - 102.87 mg/kg) and Pb (undetected - 9.29 mg/kg) in 
mango orchard soils of Pernambuco, Brazil. Cheng et al. [70] found Pb (3.58 - 213 
mg/kg) and Cd (0.05 - 12.9 mg/kg) in orange orchard soils of China. Another 
study reported the respective mean concentration of 90.5, 159, 21.8, and 0.94 
mg/kg for Cu, Zn, Pb and Cd in orange orchard soils from Korea [76]. In Perlis, 
Malaysia, mango orchard soils contained Pb (0.32 - 0.42 mg/kg) and Cd (0.26 - 
0.98 mg/kg) [77]. However, Bi et al. [68] previously reported exceptionally low 
levels of Pb (0.0008 - 0.063 mg/kg) and Cd (0.000019 - 0.00021 mg/kg) in mango 
orchard soils from the relatively pristine area of Hainan Island, China. 

These marked differences in the HM levels reflect the importance of local fac-
tors shaping soil HM contamination. The geographical location, physicochemical 
properties and nature of anthropogenic activities may enrich the soil contamina-
tion with HMs [78]. For instance, pH, organic matter, and clay content strongly 
influence the retention, mobility, and bioavailability of HMs. Acidic soils increase 
the solubility of Cd and Pb, while organic matter can immobilize Cu and Zn via 
complexation. Environmental factors such as rainfall via surface run-off and wind, 
alters the extent of atmospheric deposition, while anthropogenic activities such as 
pesticide use, vehicular density enrich soils with HMs. 

Therefore, the observed pattern of HMs in the orchard soils along the Mbale-
Soroti highway shows that these soils are relatively uncontaminated. The Cu and 
Zn levels reflect agricultural inputs, while the low Pb and Cd levels could be due 
to limited atmospheric deposition. The comparatively lower levels than those re-
ported elsewhere are indicative of combined effects of soil chemistry, traffic 
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intensity, and land-use practices. 

4.3. Soil-to-Fruit Transfer of HMs and Associated Health Risks 

Correlation analysis gave an insight into how HMs can be transferred between 
soils and fruits. In mango fruits, Cu metal showed either very weak positive cor-
relations or negative correlations with Cu in the soils and other metals in both 
matrices. The observed weak associations proposed distinct origins and limited 
soil-to-fruit transfer of Cu, probably due to the strong binding to the soil organic 
matter, clay soil particles, which in turn restrict mobility and hence plant uptake. 
The significant positive correlations between metal pairs suggest a common or 
combined source, probably agricultural inputs like Cu- and Zn-containing fungi-
cides and fertilizers, or atmospheric deposition due to vehicular emissions [79]. 
Additionally, strong correlations of metals may also indicate similar retention 
mechanisms, like co-precipitation with carbonates, sorption to oxides, compara-
ble geochemical behaviours in solid matrices. It also indicates that the metals en-
tered into the environment through anthropogenic contributions [80]. When the 
same metal exhibits a positive soil-fruit relationship, it indicates accumulation from 
the soil into the edible tissues as a result of active uptake and translocation [6] [71] 
[81], and the absence of such a pattern shows limited bioavailability in soils. 

The EDI calculated values of Cu, Zn, Pb, and Cd for both mangoes and oranges, 
all were lower than the oral reference doses established by international agencies. 
Subsequently, the hazard quotients and hazard indices for both adults and chil-
dren did not surpass 1. This observation suggested a negligible risk of non-car-
cinogenic effects expected in individuals due to regular consumption of mango 
and orange pulps from the orchards. On the other hand, the incremental cancer 
risk values were only calculated for Pb as the sole driver of carcinogenic health 
risks. The risk values calculated ranged from 0.246 × 10−7 to 44.27 × 10−7. These 
values were within the acceptable risk range (10−4 to 10−6) as per the US EPA, and 
the unacceptable value for the risks should be surpassing 10−4. Therefore, for the 
current study, the cancer risk values confirmed that there is no significant car-
cinogenic risk for both adults and children due to Pb exposure through ingestion 
the fruits. 

The pollution indices to substantiate the contamination status of orchard soils 
along the Mbale-Soroti Highway showed that the contamination factor (CF) val-
ues were within the “low contamination” category as per Hakanson’s classification 
[48], while the pollution load index (PLI < 1) denoted unpolluted soils [6] ob-
served. The geo-accumulation index (Igeo) values were consistent with “unpolluted 
to low contamination” [49] soils. Relatedly, the ecological risk coefficients (Ei < 40 
and RI < 95) showed low contamination indicative of low ecological risks [48]. 
These findings altogether suggested that there is low pollution of soils as well as 
ecological risks to the biodiversity in the orchard soils, which is similar to a previ-
ous observation in orange orchard soils reported by Xue et al. [82]. The findings 
thus demonstrated that orchard soils in the study area pose low ecological and 
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health risks. The fruit contamination could be influenced by atmospheric deposition 
and agricultural practices than by direct soil-to-fruit transfer. This emphasizes the 
need to consider both environmental inputs and plant uptake mechanisms when 
assessing food safety near highways. 

5. Conclusion 

This study investigated the risks posed by HMs in soils, mangoes and oranges 
along the Mbale-Soroti Highway, an arterial stretch of the Pan-African Highway 
in Uganda. All the metals occurred at levels that never exceeded safety thresholds, 
posing no potential carcinogenic and non-cancer health risks. Metal concentra-
tions were higher in soils than fruits and decreased with distance from the high-
way, with a strong soil-to-fruit transfer correlation. Establishing orchards at least 
300 m from the highway is recommended to minimize possible contamination by 
HMs and safeguard food safety. 
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