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ABSTRACT
Background. North Central Nigeria is the food basket of Nigeria but is also known for its artisanal mining with attendant 
public health consequences which is hitherto unquantified. Vegetables grown close to these mining sites may be contaminated 
with heavy metals. 
Objective. This study has estimated health risk associated with heavy metals HM (Cd, Cr, Cu, Zn, Se and Ni) in vegetables 
harvested inform the mining areas of Dilimi, Bukuru and Barkin Ladi by calculating the Daily intake, Target Hazard 
Quotient (THQ), Hazard Index (HI) and the Cancer risk (CR) for adults and children in the local population. 
Material and methods. Vegetable, soil, irrigation water and sediments samples were collected, digested, ashed and 
analyzed for HM using an Atomic Absorption Spectrometer (AAS). 
Results. The concentration of heavy metals in vegetables were in the order Cd < Se < Cr < Cu < Ni < Zn. There were higher 
HM levels in soil than vegetables samples. The daily intake of HM from vegetable consumption decreased in the following 
order Cd < Se < Cr < Cu < Ni < Zn. At least 62.5% of vegetable samples had THQ values > 1 in Dilimi, Bukuru and Barkin 
ladi (Adults) while 13% of vegetable samples had THQ values > 1 in children. The THQ of nickel ranged from 0.38-2.73 
and 0.21-1.53 in adults and children respectively. The bio-concentration factor ranged from 0.026-7.52, 0.01-0.36 and 
0.0011-1.23 in Dilimi, Bukuru and Barkin Ladi respectively for all the studied heavy metals. The cancer risk values ranged 
from 0.011-0.04 and 0.00066-0.02 across all the studied areas for adults and children respectively. HI values for adults were 
all >1 and also the total cancer risk was above the acceptable range of 10-4. 
Conclusion. Since THQ is > 1 in most of the samples, HI values > 1 for adults in all the vegetable and cancer risk above 
the acceptable limit consumption of vegetables from the study areas is not free of risk.
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INTRODUCTION

Rapid increase in human population has led to the 
increased demand for food production especially fruits 
and vegetables which are consumed on a daily basis. 
In most developing countries, rapid industrialization 
and urbanization in the 20th century have dramatically 
increased the discharge of large amounts of wastewater 
accompanied with toxic chemicals [25]. This waste 
drain into farmlands or contaminates streams, rivers 
and local channels that constitute the primary sources 
of water for irrigation used in growing vegetables [4, 8, 
22]. Several researchers have reported that vegetables 
irrigated with contaminated water sources may be 

unsafe for human consumption [26, 50]. Some leafy 
vegetables grow quite well in the presence of sewage 
water [9]. The excessive accumulation of heavy metals 
in farmlands may not only result in environmental 
contamination, but also adversely affect the safety 
of farm produce including vegetables. Heavy metals 
uptake in vegetables is mainly through the roots 
and foliage of which root uptake from the soil is the 
dominant pathway [7].

Artisanal mining in Nigeria which dates back to 
several decades and have continued till date due to limited 
government investment in the sector and weak regulatory 
laws. Heavy metals contamination arising from mining 
is a  major environmental concern on a  global scale, 
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particularly in developing countries [61, 64]. Population 
close to the mine areas, especially children are all at risk 
of heavy metal exposure [38, 58]. Plateau state located 
in North Central Nigeria is the food basket of Nigeria 
but is also known for its age-long, uncontrolled artisanal 
mining with attendant public health consequences 
which is largely undocumented and unquantified. The 
contamination of farm produce and vegetables grown 
in the vicinity of Dilimi River, Bukuru and Barkin Ladi 
areas, Plateau State North Central Nigeria may be of 
public health concern due to artisanal mining sites.

Heavy metals such as Pb and Cd are known to be toxic 
even at low concentrations, while essential metals like 
Fe, Cu, Zn and Co become toxic as a result of increased 
consumption above the tolerable limit. Information about 
heavy metal concentration in food crops and their dietary 
intake which is main route of exposure is very important 
for assessing their health risk to human health [65]. Also 
soil to plant transfer is a major path of human exposure to 
metal contamination. Therefore it is important to monitor 
their concentrations in vegetables.

The study sought to assess some heavy metals 
uptake other than lead in vegetables and the potential 
health risks associated with human consumption of 
these vegetables from artisanal mining sites in Dilimi, 
Bukuru and Barkin Ladi villages in Jos North central, 
Plateau State, Nigeria.

MATERIAL AND METHOD

From January to December 2015 a  total of 114 
vegetable samples, 25 soil samples (50 mm depth), 9 
irrigation water and sediments samples were collected 
from Dilimi, Bukuru and Barkin Ladi villages in 
Jos North central Nigeria. The sample locations 
were chosen from large vegetable farms within few 
kilometers to the urban centers that use the nearby 
Dilimi River for irrigation. Seven different kinds of 
leafy, root and legume vegetables were collected during 
the harvest period. They include Onions, Tomatoes, 
Cabbage, lettuce, Spinach, carrot, Green beans, Pepper, 
Beans and Irish potatoes. The following species of 
vegetable samples were used in this study, tomatoes 
Lycoperisicon esculentum, pepper: Capsicum annuum, 
Onion-Allium cepa, spinach, Spinacia oleracea, Carrot, 
Daurus carota, Cabbage, Brassica deracea, lettuce, 
Lactuca sati and Cucumber, Cucumis sativus. The soil 
and sediment samples were packed in polyethylene bags 
and brought from the sampling sites to the laboratory. 

Sample area
The Jos Plateau lies in the middle belt of Nigeria. 

It is approximately 104 km from Nigeria, North to 
South, and 80 km from east to West covering an area 
of 8,600 km2. The Jos Plateau has steep escarpment 
edges with a descent of about 600 m to the surrounding 

plains. The Southern part of Jos Plateau is in the 
Benue Lowlands extending towards the River Benue 
flood plain. Jos Plateau is situated between latitudes 
10°11′N and 8°55′N and longitude 8°21′E and 9°30′E 
(Figure 1). The study area (Bukuru-Jos) lies between 
latitudes 8° 50′ N and 9° 00′N and longitude 9°45′E 
and 9°50′E. It is about 8 km from Jos town and has 
total land area of 22 km2. Jos plateau is known for 
mining from ancient times. It has an average elevation 
of about 1,150 meters above sea level and the highest 
peak some 20 km eastwards from Jos-shere hill, rising 
to 1777 meters above mean sea level (Morgan, 1979). 
Dilimi River is the main drainage system of Jos. 

Preparation of samples
The edible parts of all the vegetable samples 

were washed with tap water and rinsed in deionized 
water to remove soil and dust particles. The edible 
parts of vegetable samples were air-dried followed by 
oven drying at 65oC for 48h to get rid of the moisture 
contents. Samples were powdered by a  clean electric 
grinder. The dried edible parts of all the vegetable 
samples were sieved (0.15 mm) and then stored at room 
temperature until chemical analysis. Soil (50 mm depth) 
and sediment samples were oven dried at 105oC for 24h, 
ground in porcelain mortar and sieved through a  100 
mesh (30 mm), and each sample was properly stored 
at 4oC until analysis. Water samples and sediments 
were collected in triplicate from each river used for 
irrigation. Water samples were preserved in pre-rinsed 
plastic bottles with 10% solution of HNO3 and stored at 
4oC. The edible part of the vegetable samples were also 
collected in triplicates from each sampling site.

Analysis of samples
Heavy metals (Cd, Cr, Cu, Zn, Se and Ni) were 

analyzed in dried vegetables, soil and sediment samples. 
One gram of each dried sample was digested with HNO3 
and HCLO4 in a 5:1 ratio at 80oC until a  transparent 
solution was obtained [44]. Digestion of water samples 
was carried out according to the procedure reported by 
US EPA [53]. Well digested solutions of water, soil, 
sediments and vegetables samples were poured through 
Whatman filter paper No. 42 and volume was made up 
to 25 ml with de-ionized water. Concentration of heavy 
metals were determined by Flame Atomic Absorption 
Spectrometer (FAAS Model S4 71096). All the analysis 
were done in triplicates.

Quality control 
The instrument was recalibrated after every ten 

runs. The analytical procedure was checked using 
spike recovery method (SRM). A  known standard 
of the metals was introduced into already analyzed 
samples and re-analyzed. The results of the recovery 
studies for Cd, Se, Cr, Cu, Ni and Zn were more than 
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95%. The relative standard deviation between replicate 
analyses was less than 4%. The limit of detection 
(LOD) for Cd, Se, Cr, Cu, Ni and Zn was 0.005 ppm, 
with blank values reading as 0.00 ppm for all the 
metals in deionized water with electrical conductivity 
value of less than 5 μS/cm. The limits of quantification 
LOQ for Cd, Cr and Ni was 0.04, Cu and Zn was 

0.06 ppm. Two-way analysis of variance (ANOVA) 
and a Student’s t-test were used to determine whether 
the concentrations of the metals varied significantly, 
with values less than 0.05 (p<0.05) considered to be 
significant. The statistical calculations were performed 
with Graph Pad Prism 5.0.

Figure 1. Location map of sampling sites in the study area.

Health risk assessment calculation
In order to evaluate the potential health risk of 

hazardous exposure to heavy metals via consumption 
of vegetables by the inhabitants of Dilimi, Bukuru and 
Barkin Ladi mining communities, the Estimated Daily 
Intake (EDI) and Target Hazard Quotient (THQ) were 
calculated. THQ is the ratio of the body intake dose of 
a pollutant to the reference dose that was first proposed 
by the United States Environmental Protection Agency 
(USEPA) for assessing the potential health risks of 
pollutant exposure to human health [47, 51]. If THQ > 
1, there could be potential health risk associated with 
the pollutant. On the other hand, if THQ < 1, then, 
there will be no obvious risk. Also to assess the overall 
potential for non-carcinogenic effects posed by more 
than one heavy metal, a Hazard Index (HI) approach 
was employed [55].

Estimated Daily Intake (EDI)
Daily intake of metals was calculated using the 

equation below;

EDI = C × IR× EF × ED / BW × AT

Where:
C - is the mean concentration of a  particular metal in 
a vegetable
IR - is a daily vegetable intake by the exposed population in 
Dilimi, Bukuru, Barkin Ladi. In the absence of food diaries 
and Total Diet Study data in Nigeria, we have employed 70 to 
312 g per person per day intake rates of vegetables and fruits 
in Sub Saharan Africa [40], 
EF - is the exposure frequency 350 days (US EPA 2011) 
[52], 
ED - is the exposure duration of 53 years as the average 
life expectancy rate for a Nigerian adult according to world 
bank statistics [60], 
BW - is the average weight of local residents 60 kg for 
adults and 25 kg for children aged 8-10 years, 
AT - is the average exposure time for non-carcinogens 
(exposure days within whole lifetime) 19345 days = 365 × 53,
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Table 1. Concentrations of heavy metals in vegetables from Dilimi, Bukuru and Barkin Ladi (mg/kg wet weight)
Location site Cadmium Chromium Copper Zinc Selenium Nickel
Dilimi
Onions 0.0723 0.424 1.1 5.33 0.33 1.53
Green beans 0.0423 0.757 2.21 4.97 0.008 3.58
Tomatoes 0.094 0.66 1.97 7.9 0.4 4.38
Cabbage 0.199 1.12 3.72 6.96 0.79 4.85
Lettuce 0.094 2.08 15.12 44.2 0.87 10.95
Spinach 0.074 0.712 3.15 7.33 0.035 2.58
Carrot 0.08 1.29 2.4 11.2 0.5 4.62

Bukuru
Carrot 0.137 2.06 2.93 11.33 0.42 3.8
Cabbage 0.078 0.82 2.04 5.1 0.94 3.43
Tomatoes 0.162 1.13 1.42 6.9 0.033 3.56

Barkin Ladi
Pepper 0.119 0.86 1.79 5.44 0.124 3.13
Beans 0.0723 0.696 1.22 5.9 0.192 3.95
Green beans 0.155 1.562 1.31 5.5 0.11 4.85
Lettuce 0.069 1.12 10.61 30.4 0.52 8.68
Irish potatoes 0.037 8.12 2.38 2.5 0.0034 4.08
Onions 0.063 0.474 1.61 2.2 0.059 2.87
Maximum Permissible Limit 0.05 0.5 73.5 99.4 0.6

Target Hazard Quotient (THQ) was calculated 
using the following equation:

THQ = EDI / RfD 

Where:
EDI - is the estimated daily intake of heavy metals.
RfD - is the chronic oral reference dose for the heavy metals 
Cd, Cr, Cu, Ni, Se and Zn which are 0.001, 1.5, 0.04, 0.02, 
0.005 and 0.3 mg/kg/day respectively [54, 59].

Hazard Index (HI) was calculated using the 
formula: HI = ΣTHQ

Incremental Lifetime Cancer Risk (ILCR) is the 
lifetime probability of an individual developing any 
type of cancer due to carcinogenic daily exposure to 
a contaminant over a life time [28]. The ILCR is obtained 
using the Cancer Slope Factor (CSF) which evaluates the 
probability of an individual developing cancer from oral 
exposure to contaminant levels over a period of a lifetime 
as described by ATSDR [2] and it is contaminant specific 
[37]. Cd = 6.10, Cr = 0.5 (IRIS, 1991). Ingestion cancer 
slope factors are expressed in units of (mg/kg/day).

It was calculated using the equation below:

R = EDI × CSF

Where:
R - is the probability of excess lifetime cancer (or simply 
risk), 
EDI - is the estimated daily intake of heavy metals.
CSF - is the carcinogenic slope factor, 

Bio-Concentration Factor (BCF) calculation
Soil to plant bio-concentration factor was 

calculated as the ratio of metal concentration in 
plants to metal concentration in soils. The BCF was 
calculated by using the following equation as follows:

BCF = C vegetable / C soil 

Where:
Cvegetable - is the total concentration of a  particular heavy 
metal in the vegetable (mg kg-1 dw),
C soil - is the corresponding heavy metal concentration in the 
soil habitat of the vegetable (mg kg-1). 

RESULTS

The concentration of heavy metals in the edible 
parts of the vegetable samples from Dilimi, Buruku 
and Barkin Ladi in Jos, North central Nigeria was in 
the order Cd < Se < Cr < Cu < Ni < Zn (Table 1). 
Also the mean metal concentrations in Dilimi, Buruku 
and Barkin Ladi of Cd ranged between 0.004-0.199, 
0.078-0.162 and 0.037-0.155 mg/kg, Cr varied within 
0.424-2.08, 0.82-2.06 and 0.47-8.12 mg/kg, Cu ranges 
from 1.1-15.12, 1.42-2.93 and 1.22-10.61, Zn ranged 
between 5.33-44.2, 5.1-11.33, 2.2-30.4 mg/kg, Se 
ranged between 0.0038-0.87, 0.03-0.94 and 0.003-
0.52 mg/kg and Ni ranges from 1.53-10.95, 3.43-3.8 
and 2.87-8.68 mg/kg all showing large variations. 

Levels of some heavy metals in vegetables from artisanal mining sites in Nigeria.
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Table 2. Concentrations (mg/kg) of heavy metals in soil, water and sediments collected from Dilimi River, Bukuru and  
              Barkin Ladi areas

Location site Cadmium Chromium Copper Zinc Selenium Nickel

Soil samples
Dilimi 0.186 4.655 2.334 10.534 1.326 1.457
Bukuru 0.972 28.812 15.093 35.694 2.743 10.324
Barkin Ladi 0.762 13.488 11.832 35.139 3.136 7.032

European Union Standard 3 150 140 300 75

Water Samples
Dilimi 0.0013 <0.001 0.0019 0.0016 <0.001 0.002
Bukuru <0.001 0.0017 0.0253 0.0024 0.002 <0.001
Barkin Ladi <0.001 0.0013 0.0064 <0.001 <0.001 6.404

Austrian Standards 10 100 200 2000 200

Sediments
Dilimi 0.894 6.634 4.978 6.328 1.409 9.149
Bukuru 1.1376 11.061 7.438 14.416 3.706 16.104
Barkin Ladi 2.3986 24.093 36.356 46.032 2.814 74.016

Table 3. Estimated Daily Intake of heavy metals (mg/kg day -1 bw-1) from consumption of vegetables from Dilimi River, Bukuru  
             and Barkin Ladi areas

Vegetables/
Sample sites Cadmium Chromium Copper Zinc Selenium Nickel

Dilimi  
Onions adults 3.6 E-04 1.2 E-03 5.5 E-03 2.6 E-02 1.6 E-03 7.6 E-03

children 2.0 E-04 1.5 E-03 3.1 E-03 1.5 E-02 9.2 E-04 4.3 E-03
Green beans adults 2.1 E-04 3.8 E-03 1.1 E-02 2.4 E-02 3.9 E-05 1.8 E-02

children 1.2 E-04 2.1 E-03 6.2 E-03 1.4 E-02 2.2 E-05 1.0 E-02
Tomatoes adults 4.7 E-04 3.3 E-03 9.8 E-03 3.9 E-02 1.9 E-03 2.2 E-02

children 2.6 E-04 1.8 E-03 5.5 E-03 2.2 E-02 1.1 E-03 1.2 E-02
Cabbage adults 9.9 E-04 5.6 E-03 1.9 E-02 3.4 E-02 3.9 E-03 2.4 E-02

children 5.6 E-04 3.1 E-03 1.4 E-02 1.9 E-02 2.2 E-03 1.4 E-02
Lettuce adults 4.7 E-04 1.02 E-02 7.5 E-02 2.2 E-01 4.3 E-03 5.5 E-02

children 2.6 E-04 5.8 E-03 4.2 E-02 1.2 E-01 2.4 E-03 3.1 E-02
Spinach adults 3.7 E-04 3.5 E-02 1.6 E-02 3.6 E-02 1.7 E-04 1.3 E-02

children 2.1 E-04 1.9 E-03 8.8 E-03 2.1 E-02 9.8 E-05 7.2 E-03
Carrot adults 4.0 E-04 6.4 E-03 1.2 E-02 5.5 E-02 2.5 E-03 2.3 E-02

children 2.2 E-04 3.6 E-03 6.7 E-03 3.1 E-02 1.4 E-03 1.3 E-02
Bukuru
Carrot adults 6.8 E-04 1.03 E-02 8.2 E-03 5.6 E-02 2.1 E-03 1.9 E-02

children 3.8 E-04 5.8 E-03 1.01 E-02 3.2 E-02 1.2 E-03 1.1 E-02
Cabbage adults 3.9 E-04 4.1 E-03 1.01 E-02 2.5 E-02 4.7 E-03 1.7 E-02

children 2.2 E-04 2.3 E03 5.7 E-03 1.4 E-02 2.6 E-03 9.6 E-03
Tomatoes adults 5.6 E-04 5.6 E-03 7.2 E-03 3.4 E-02 1.6 E-04 1.8 E-02

children 4.5 E-04 3.2 E-03 3.9 E-03 1.9 E-02 9.2 E-05 9.9 E-03
Barkin Ladi
Pepper adults 5.9 E-04 4.3 E-03 8.9 E-03 2.7 E-02 6.2 E-04 1.6 E-02

children 3.3 E-04 2.4 E-03 5.01 E-03 1.5 E-02 3.5 E-04 8.8 E-03
Beans adults 3.6 E-04 3.5 E-03 6.1 E-03 2.9 E-02 9.6 E-04 1.9 E-02

children 2.0 E-04 1.9 E-03 3.4 E-03 1.7 E-02 5.4 E-04 1.1 E-02
Green beans adults 7.7 E-04 7.8 E-03 6.5 E-03 2.7 E-02 5.5 E-04 2.4 E-02

children 4.3 E-04 4.4 E-03 3.7 E-03 1.5 E-02 3.1 E-04 1.4 E-02
Lettuce adults 3.4 E-04 5.6 E-03 5.3 E-02 1.5 E-02 2.6 E-03 4.3 E-02

children 1.9 E-04 3.1 E-03 2.9 E-02 8.5 E-02 1.5 E-03 2.4 E-02
Irish Potatoes adults 1.8 E-04 4.0 E-02 1.2 E-02 1.2 E-02 1.7 E-05 2.0 E-02

children 1.0 E-04 2.3 E-02 6.6 E-03 7.0 E-03 9.5 E-05 1.1 E-02
Onions adults 3.1 E-04 2.4 E-03 8.01 E-03 1.1 E-02 2.9 E-04 1.4 E-02

children 1.8 E-04 1.3 E-03 4.5 E-03 6.2 E-03 1.7 E-04 8.0 E-03

O.E. Orisakwe, E.A Dagur, H.O.Ch Mbagwu et al.
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Table 2 is the concentrations of heavy metals in 
soil, sediments (mg/kg) and water from Dilimi River, 
Bukuru and Barkin Ladi mining areas. The mean 
concentrations of Cd, Cr, Cu, Zn, Se and Ni in farm 
lands from different villages varied significantly with 
values of 0.64, 15.65, 9.75, 27.12, 2.4, 6.27mg/kg 
respectively. The heavy metal levels in water and soil 
were below the maximum permissible levels set by 
European Union and Food and Agricultural Organization. 
Similarly the heavy metals concentrations in the water 
samples ranged from <0.001 – 6.404 (mg/ml). The metal 
concentrations increased in the order Ni > Zn > Cu > Cr > 
Se > Cd and ranged from 0.89-74.02 mg/kg.

The estimated daily intake EDI (mg/day/kg/ body 
weight) of heavy metals from consumption of studied 
vegetables in Dilimi, Bukuru and Barkin Ladi are 
presented in Table 3.

The estimated daily intake EDI decreased in the 
following order Cd < Se < Cr < Cu < Ni < Zn. Target 

hazard quotient (THQ) and Hazard index (HI) for adult 
and children exposed to farm produce and vegetables 
contaminated with heavy metals in Dilimi, Bukuru 
and Barkin Ladi mining areas are shown on Table 4. 
The THQ of nickel of green beans, tomatoes, cabbage, 
lettuce and carrot from Dilimi were greater than one. 
Similarly the THQ of nickel of beans, green beans, 
lettuce and Irish potatoes from Barkin Ladi were also 
greater than one. The THQ of nickel ranged from 0.38-
2.73 and 0.21-1.53 in adults and children respectively. 
A total of 62.5% of vegetable samples had THQ values > 
1 in Dilimi, Bukuru and Barkin Ladi (adults) while 13% 
of vegetable samples had THQ values > 1 in children. 

The bio-concentration factor are presented in Figs 
2-4, with values ranging from 0.026-7.52, 0.01-0.36 
and 0.0011-1.23 in Dilimi, Bukuru and Barkin Ladi 
respectively for all the studied heavy metals.

Table 4. THQ and HI for adults and children exposed to vegetables contaminated with heavy metals in Dilimi River, Bukuru and  
             Barkin Ladi mining areas

Cd Cr Cu Zn Se Ni Hazard 
Index

Dilimi
Onions adults 0.36 0.07 0.14 0.09 0.33 0.38 1.37

children 0.20 0.04 0.08 0.05 0.18 0.21 0.76
Green beans adults 0.21 0.13 0.28 0.08 0.008 0.89 1.59

children 0.12 0.07 0.15 0.05 0.004 0.50 0.89
Tomatoes adults 0.47 0.11 0.25 0.13 0.39 1.09 2.44

children 0.26 0.06 0.14 0.07 0.22 0.61 1.36
Cabbage adults 0.99 0.19 0.46 0.11 0.79 1.21 3.75

children 0.56 0.10 0.26 0.06 0.44 0.68 2.1
Lettuce adults 0.47 0.35 1.88 0.72 0.86 2.73 7.01

children 0.26 0.19 1.06 0.41 0.49 1.53 3.94
Spinach adults 0.37 0.12 0.39 0.12 0.03 0.64 1.67

children 0.21 0.06 0.22 0.07 0.02 0.36 0.94
Carrot adults 0.39 0.21 0.29 0.18 0.49 1.15 2.71

children 0.22 0.12 0.17 0.10 0.28 0.65 1.54
Bukuru
Carrot adults 0.68 0.34 0.36 0.19 0.42 0.95 2.94

children 0.38 0.19 0.21 0.11 0.24 0.53 1.66
Cabbage adults 0.39 0.14 0.25 0.08 0.94 0.85 2.65

children 0.22 0.08 0.14 0.05 0.53 0.48 1.5
Tomatoes adults 0.81 0.19 0.18 0.11 0.03 0.89 2.21

children 0.45 0.11 0.09 0.06 0.02 0.49 1.22
Barkin Ladi
Pepper adults 0.59 0.14 0.22 0.08 0.12 0.78 1.93

children 0.33 0.08 0.13 0.05 0.07 0.44 1.1
Beans adults 0.36 0.12 0.15 0.09 0.19 0.98 1.89

children 0.20 0.06 0.08 0.06 0.11 0.55 1.06
Green beans adults 0.77 0.26 0.16 0.09 0.11 1.21 2.6

children 0.43 0.15 0.09 0.05 0.06 0.68 1.46
Lettuce adults 0.34 0.19 1.32 0.49 0.52 2.16 5.02

children 0.19 0.10 0.74 0.28 0.29 1.22 2.82
Irish potatoes adults 0.18 1.35 0.29 0.04 0.003 1.02 2.88

children 0.10 0.76 0.17 0.02 0.002 0.57 1.62
Onions adults 0.31 0.08 0.20 0.04 0.06 0.71 1.4

children 0.18 0.04 0.11 0.02 0.03 0.40 0.7

Levels of some heavy metals in vegetables from artisanal mining sites in Nigeria.
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Figure 2. Bio-Concentration factor from soil to vegetables in Dilimi area.
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Figure 4. Bio-Concentration factor from soil to vegetables in Barkin Ladi mining area.
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Table 5 shows the cancer risk of Cd and Cr via 
oral consumption of vegetables. The cancer risk values 
ranged from 0.011 - 0.04 and 0.00066 - 0.02 across all 
the studied areas for adults and children respectively.

Table 5. Total Carcinogenic risks of cadmium and chromium  
             for adults and children

Location Adults Children
Cd Cr Cd Cr

Dilimi 0.022 0.020 0.014 0.012
Bukuru 0.013 0.011 0.008 0.00066
Barkin Ladi 0.018 0.040 0.020 0.020

DISCUSSION

Vegetables are important components of the 
human diet both in terms of consumed quantity and 
nutritional value [39, 46]. Food safety is a  major 
concern worldwide and this has accelerated research 
regarding the risk associated with food consumption 
contaminated by heavy metals [3, 32]. Among farm 
produce, vegetables are the most susceptible to 
environmental pollution due to aerial burden and 
aerosol deposition [23]. 

The present study has investigated the health 
risk associated with the consumption of vegetables 
contaminated with heavy metals from Dilimi River, 
Bukuru and Barkin Ladi communities in North central 
Nigeria. There were variations in the heavy metal 
levels in the studied vegetables although the soil heavy 
metal concentrations were all within the maximum 
permissible limit of heavy metals in agricultural 
soil. The concentrations of metals from the different 
species of vegetables harvested form Dilimi, Bukuru 
and Barkin Ladi decreased in the order Lettuce > 
Carrot > Irish Potatoes > cabbage > Tomatoes > Green 
beans > Beans > Onions. The ability of vegetables 
to sequester and accumulate heavy metals can be 
specie specific [43]. Lifetime exposure to low-dose 
carcinogenic metallic elements may be responsible 
for some types of cancer risks: a high risk of breast 
cancer has been linked to the consumption of Cd-
contaminated food [21]. Adequate public health policy 
for the protection of the local inhabitants, especially 
children, will include measures to remediate, reclaim 
and restore soils disrupted by persistent toxic metallic 
contaminants which bio-accumulate, bio-concentrate 
and bio-amplify up the food web [17, 30]. 

The variations in heavy metals concentration in 
analyzed vegetables could be due to variable uptake 
rate and accumulation of heavy metals in plants 
[36]. It is also known that the concentrations of these 
heavy metals in soil and their impact on ecosystems 
can be influenced by many factors, such as parent 
material, climate and anthropogenic activities [63]. 

The application of manures, fertilizers and pesticides 
may also account for the variations in the levels 
of contamination of heavy metals in soil [24]. The 
contamination of the agricultural soils with heavy 
metals were found in the order Zn > Cr > Cu >Ni > Se 
> Cd across the villages. 

Although Cd concentration in soil was relatively 
lower than Cr and Ni concentrations in soil, the Cd 
concentrations in edible parts of vegetables were 
almost the same levels as the concentration detected 
in soil. The transfer factor of cadmium in vegetables 
is known to be quite high [23]. Cadmium is usually 
considered a  highly mobile heavy metal as regards 
its uptake from soil to plants. It is easily absorbed 
by roots and transported to shoots [10, 22]. In this 
study cadmium was detected in 100% of the analyzed 
samples though at concentrations below the maximum 
permissible limit (0.2 mg/kg), set by JECFA 2001. 
Since most Nigerian cuisines are served with mixed 
vegetable, there may be additive cadmium toxicity 
that will exceed the maximum permissible limit 0.2 
mg/kg. Vegetables may contribute to about 70% of 
Cd intake in man [57]. In recent years several studies 
from Romania [39], Pakistan [24], Iran [48] and China 
[47] have also reported vegetables and food crops 
cadmium levels higher than the Codex Alimentarius 
Commission (CAC) standard values (JECFA 2001). 
Soil and vegetables contaminated with Cd significantly 
contributed to decrease human life expectancy (9–10 
years) in Copsa mica and Baia Mare, Romania, within 
the affected areas [27]. Cadmium has been listed as 
an endocrine-disrupting substance and exposure 
to this toxic metal through regular consumption of 
contaminated vegetables may lead to the development 
of prostate cancer and breast cancer [34]. Cadmium 
has deleterious health effect because it can be absorbed 
via alimentary tract; cross the placenta and elicit cell 
membrane and DNA damage. 

The average concentration of 1.5 mg Cr/kg in all 
vegetable samples in this study is 3 to 4 times higher 
than the level of Cr reported in vegetables from South 
China [7], Zhejiang China [35] and in plantain from 
Tarkwa area of Ghana [5]. Similarly the Cr level in 
the present study is higher than the (0.168 - 1.926 mg/
kg) reported in vegetables from Bangladesh [41], the 
levels of Cr ranged from 1.46 – 6.08 mg/kg in food 
crops irrigated with waste water in Pakistan [25]. At 
least 88% of the vegetable samples analyzed in the 
current study exceeded the maximum permissible 
limit for Cr in vegetables which is set at 0.5 mg/kg 
(JECFA 2001).

Among the vegetable samples collected from the 
three communities in the present study, all the sample 
exceeded the maximum permissible limit for nickel 
in vegetables. According to International Agency for 
Research on Cancer (IARC) evaluation, Ni compounds 
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are carcinogenic to humans and are classified as 
Group 1 [20]. Nickel in the samples varied among the 
different communities with lettuce in Dilimi having the 
highest concentration of 10.95 mg/kg, while the least 
concentration was observed in onions from Dilimi 
with a concentration of 1.53 mg/kg. Ni ingestion can 
cause severe health problems, including fatal cardiac 
arrest, skin rashes, fatigue, headache, heart problems, 
dizziness and respiratory illness [33]. The levels of 
nickel in vegetables cultivated in Bangladesh [23], 
Libya [11]and China [22] are lower than the levels in 
our study. 

Within the selected vegetable samples, metals like 
Cu and Zn had relatively higher concentrations when 
compared to Se. Cu and Zn are essential metals for 
both plants and animals, but can also be toxic when 
they exceed physiological needs. The maximum levels 
of Zn in our study was detected in Lettuce (44.2 mg/
kg) collected from Dilimi. Also the highest level of 
Cu was in Lettuce (15.12 mg/kg), the levels were seen 
to be below the Maximum permissible limit for Cu 
in vegetables. There can also be health consequences 
arising from the deficiency of these essential metals 
which are key constituents of enzymes and proteins, as 
they play role in plant metabolism (Inmaculada 2005). 
Low Se in food is associated with cardiomyopathy 
and osteoarthropathy which have been observed in 
some parts of Russia and China [1, 49, 56]. Se was 
detected in all the vegetable samples at relatively low 
concentration ranging from 0.0034-0.94 mg/kg which 
is in agreement with the trend found in literature [19].

The bio-concentration factor (BCF) was calculated 
as the ratio of the metal concentration in the vegetables 
to the metal concentration in the soil. This is an index 
for evaluating the transfer potential of a  metal from 
soil to plant [ 6]. Soil-to-plant transfer is one of the key 
components of human exposure to metals through the 
food chain [65]. Cu and Zn were the most abundant 
metal in vegetables in this study, as they are essential 
trace elements for plants. This can be seen in the high 
transfer factor for Cu and Zn in the vegetable samples 
across the three villages. The TF for nickel in Dilimi 
village were all greater 1, this is an indication that the 
vegetables grown in this area could be contaminated 
via aerial or atmospheric deposition. Metals which 
have high transfer factor make their way to edible 
part of plant more easily than those with low transfer 
factor [31]. Although Cr concentration were high in 
agricultural soils, the levels were however lower in 
vegetable samples. This result is in agreement with 
the report of low mobility observed in Cr from soil to 
plants [18, 22]. 

Like in the work of Satpathy et al [ 42] the 
calculated EDI of heavy metals for adults were 
found to be higher than those of children due to more 
vegetable consumption by adults. The THQ values of 

heavy metals for adults from vegetable consumption 
was found to be in this decreasing order: Ni > Cu > Zn 
> Cd > Se > Cr. The THQ values of heavy metals for 
children also showed similar trend as the adults. Ni has 
the highest THQ values ranging between (0.4 - 3.06), 
followed by Cu and Cd with THQ values > 1 in some 
vegetable samples, while others had THQ values < 1. 
Cd and Ni in vegetables from our study is of public 
health concern. In children Ni and Cu ingestion has the 
maximum risk with THQ values > 1 in few samples. 
The HI values for both adults and children were 
greater than 1, respectively, indicating that both adults 
and children who consume locally grown vegetables 
in Dilimi, Bukuru and Barkin Ladi may be at high risk 
of heavy metals toxicity from exposure to combination 
of several toxic metals [29]. 

According to USEPA, ILCR less than 10-6 can be 
assumed as low risk region, 10-6 to 10-4 is moderate 
risk; and values above 10-4 are regarded as high risk 
region. The cancer risk for the exposed population 
in the study areas for adults & children exceeded the 
acceptable cancer risk level of 1 x 10-4. Therefore the 
cancer risk level in these mining areas are unacceptable 
and is of public health concern to the local population 
that consume vegetables grown in Dilimi, Bukuru and 
Barkin Ladi.

CONCLUSION

The THQ values > 1 in most of the vegetable 
samples and HI values > 1 for adults in all the vegetable 
samples suggest human health risks in both adults and 
children from chronic consumption. This finding is of 
huge public health concern since Jos Plateau which is 
the main food basket of Nigeria.
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