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ABSTRACT 
Intensive use of agrochemicals has led to build of heavy metals in the soil ecosystem and 
their transfer to edible parts of
metals (Cd, Pb, Cr, Cu and Zn) concentrations in some twenty commonly used pesticides 
in northern Nigeria, and health risk associated from the consumption of food crops 
fumigated with these pesticides as 
content in pesticides, food crops and soils were analyzed after acid digestion using 
atomic absorption spectrometry. Traces of heavy metals (Cd, Pb, Cr, Cu and Zn) were 
detected in most of the pesticides
with pesticides ranged from 0.33
mg/kg for Cd, Pb, Cr, Cu, and Zn respectively. The mean concentrations of Cd, Pb, and Cr 
in all the crops were above WHO, (2019) permissible limit.
corresponding crops were below the permissible limits by UNEP, (2013) and NESREA, 
(2011). Bioaccumulation factor BAF showed high BAF>1 for Cu and Pb in all the studied 
crops, while pollution index value revealed contamination for Cd and Pb in all the studied 
crops. Hazard quotient showed potential health risk from the consumption of only 
Capsicumannuum for Pb. However,
through the consumption of Oryza sa
Capsicumfrustescens for all metals (Hazard index). Hence, there is the need for screening 
of heavy metals in pesticides and monitoring of metals contents in food crops.
Keywords: Bioaccumulation, Heavy metals, Hazard Qu

INTRODUCTION 

The increase of agricultural practices in the 
world and in particular developing nations has 

led to an increasing use of pesticides over the 

past decades (Daam and Van den Brink, 2010; 
Lewis et al, 2016). There has been a surge of 

134% in global pesticides sale from 2000 to 
2014 (Bombardi, 2017). Pesticides have been 

shown to contain compounds and traces of 

metal that are environmentally persistent and 
highly toxic and are mostly banned from 

agriculture use in developed nations, but are still 
use in developing countries like Nigeria 

(Carvalho, 2006).  In northern Nigeria th

proliferation of new pesticides into the markets 
whose chemical contents for trace metals and 

other toxic constituents are not well labelled or 

conceal by the manufactures (Barau

2018), even though a survey report on 
pesticides utilization in northern Nigeria has 

revealed that none of chemical pesticides 

investigated from the merchants was banned by 
the regulatory agency (NAFDAC) (Sule
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Intensive use of agrochemicals has led to build of heavy metals in the soil ecosystem and 
their transfer to edible parts of crops. This study was aimed to determine the heavy 
metals (Cd, Pb, Cr, Cu and Zn) concentrations in some twenty commonly used pesticides 
in northern Nigeria, and health risk associated from the consumption of food crops 
fumigated with these pesticides as the only source of metal contamination. Heavy metals 
content in pesticides, food crops and soils were analyzed after acid digestion using 
atomic absorption spectrometry. Traces of heavy metals (Cd, Pb, Cr, Cu and Zn) were 
detected in most of the pesticides. The concentrations of heavy metals in crops fumigated 
with pesticides ranged from 0.33-4.68, 1.75-38.08, 0.67-16.83, 9.01-436.75, 0.17
mg/kg for Cd, Pb, Cr, Cu, and Zn respectively. The mean concentrations of Cd, Pb, and Cr 

ove WHO, (2019) permissible limit. Heavy metals in soils of 
corresponding crops were below the permissible limits by UNEP, (2013) and NESREA, 
(2011). Bioaccumulation factor BAF showed high BAF>1 for Cu and Pb in all the studied 

value revealed contamination for Cd and Pb in all the studied 
crops. Hazard quotient showed potential health risk from the consumption of only 

for Pb. However, consumers may experience advance health risk 
through the consumption of Oryza sativa, Zea mays, Solanumlycopersicum, 

for all metals (Hazard index). Hence, there is the need for screening 
of heavy metals in pesticides and monitoring of metals contents in food crops.
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The increase of agricultural practices in the 
developing nations has 

cides over the 

m and Van den Brink, 2010; 
, 2016). There has been a surge of 

134% in global pesticides sale from 2000 to 
17). Pesticides have been 

to contain compounds and traces of 

metal that are environmentally persistent and 
highly toxic and are mostly banned from 

agriculture use in developed nations, but are still 
use in developing countries like Nigeria 

(Carvalho, 2006).  In northern Nigeria there is a 

proliferation of new pesticides into the markets 
whose chemical contents for trace metals and 

other toxic constituents are not well labelled or 

conceal by the manufactures (Barau et al, 
ven though a survey report on 

in northern Nigeria has 

revealed that none of chemical pesticides 

investigated from the merchants was banned by 
the regulatory agency (NAFDAC) (Sule et al., 

2020).  However, recent studies have identified 

traces of heavy metals in pesticides at the 
recommended farmer’s dilution rate in Nigeria 

and even in developed nations (Yuguda

2015;Defargeet al, 2018; Ogu
2019).Some heavy metals such as cadmium, 

mercury, lead, chromium, arsenic are non
biodegradable, persistent and toxic even at low 

concentration (Yang et al., 2018). 

There are few studies by 
al.(2015;Barauet al.(2018) on screening of 

heavy metals contents in pesticides use in 
agricultural farms and health risk associated 

from the consumption of food crops fumigated 

with metal based pesticides in northern Nigeria. 
Therefore, this study was designed with aim of 

determining the concentrations of heavy metals 

(Cd, Pb, Cr, Cu, Zn) in commonly used pesticides 

and the health risk associated from the 
consumption of food crops fumigated 

pesticides. 
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MATERIALS AND METHODS 

Samples of leaves, stems, roots and fruits of 

seven selected matured plants were collected by 
randomly picking from two farm lands. Five (5) 

replicates from each of the seven plants were 
collected from Kwadam Farm (A) in Gombe 

State at coordinates of 32P N 0749836, 32 P 

E11366869 and Kwadam Farm (B) at 

coordinates of N0749941, E 1134986. At each 

sampling site, 20g each of the seven crops 
namely Spinaciaoleracea, Capsiumcerasiforme, 
Solanumlycopersium, Lactuca sativa, Allium 
cepa, Zea mays, Oryza sativa were collected 

from three different locations in each farm land 

to provide replicate samples of each crop. Soil 

samples were collected from corresponding soil 

of each plant. Control soil samples were 
collected from adjacent farm land which were 

not fumigated with pesticides. All the samples 

were collected from agricultural farms fumigated 
with pesticides and feed with bore hole 

water.Twenty commonly used pesticides by 
farmers were identified and purchased directly 

from the merchants with trade mark insecticide 
(Goodbye, Sharpshooter, Abatin, Rocket, DD 

force, Prime Force, Bakmethrin, Chemthrin, 

Perfect Killer, Vibrant, Storm Force, Power 
Insect), Fungicide (Clot, Z-force, Mancozebe), 

Herbicide (Vinash, Force up, Finish 68, Sunsate, 
Star combi). 

Heavy Metal Analysis 

The non-edible portions of the plants were 
separated from edible portion and chopped into 

small pieces. The soil and plant samples were 
oven dried at 80oC and 1g each was digested 

separately with a mixture of (Nitric acid) HNO3, 

65% (Per chloric acid) HClO4 and 70% (Sulfuric) 
H2SO4 in 5:1:1 ratio). The samples were 

analyzed for heavy metals using an Atomic 
Absorption Spectrophotometer model 210 VGP 

as described by (Zhong et al., 2018). 1.4 g 
sample of each herbicides, fungicides and 1ml 

for insecticides were digested with 10ml of 

concentrated HNO3, 2ml of concentrated H2SO4 
and analyzed for heavy metals using an atomic 

absorption spectrophotometer model 210 VGP as 

described by (Dafarge et al., 2018; Gimeno-

Gracia, et al., 1996) 

Health Risk Assessment  
Daily intake of metal 

The daily intake of metals(DIM) was calculated 
to determine the health risk from consuming 

vegetables, with trace of heavy metals 

concentration using the formula below as 

described by (Zhong et al., 2017).DIM=
�×�×�

�
 

Hazard Quotient  

The health risks to the local inhabitants from the 

consumption of vegetables were evaluated 
based on the Hazard Quotient, which is the ratio 

between exposure and oral reference dose (RfD) 

as described (US-EPA, 2013).Given as;HQ=
���

	
�
 

Hazard Index 
Potential risk to human health due to more than 

one heavy metal known as the Hazard index 
(HI) was calculated as described by US-EPA, 

(2013), which is the total sum of all the Hazard 
Quotients as shown in the equation below: 

HI=∑HQ=HQCd+HQPb+HQCr+ HQCu +HQZn 

Estimated daily Intake (EDI) 
The degree of toxicity of heavy metals to human 

upon their daily intake (mg/kg/day) known as 
the estimated daily intake was computed for 

each element as described by US-EPA, (2013).  

EDI=
��
��� ×������������������

��
  mg/kg/day 

Pollution Index (PI) 

Pollution index (PI) is the ratio of metal 
concentration in a biotic or abiotic medium to 

that of the regulatory Standard of international 
bodies such as United states Environmental 

Protection Agency (USEPA) was computed as 

described by (Chukwuma, 1994).  

Mathematically, PI was computed as 

PI=Cplant/CUS-EPA-STANDARD 

Statistical Analysis 

Analysis of variance ANOVA was used to analyze 
data using statistical software “R” 2014 version 

as described by Dytham, (2011). 

 
RESULTS 

Heavy metals concentrations in Pesticides 
The mean concentrations of heavy metals (Cd, 

Pb, Cr,Cu and Zn) detected in twenty commonly 

used pesticides in the study areas are given in 
(Table 1). 

The result revealed that the concentrations of 

heavy metals in pesticides ranged from 0.10-

6.05, 2.33-46.44, 3.98-18.10, 0.62-5.69, and 
0.34-34.11 for Cd, Pb, Cr, Cu, and Zn 

respectively (Table 1). Copper was only detected 

in insecticides and was not detected in all the 
studied fungicide and herbicide (Table 1). 

Heavy metals concentration in crops  

The concentration of heavy metals in different 

parts of crops (root, stem, leaf, and fruit) grown 

in 2018 season are given (Table 2a, 2b).The 
result showed that the concentration of heavy 

metals in the studied crops grown in 2018 dry 
season ranged from0.33-4.68, 1.75-38.08, 0.67-

16.83, 9.01-436.75, 0.17-20.80 mg/kg for Cd, 
Pb, Cr, Cu, and Zn respectively (Table 2a, 

2b).The concentrations of heavy metals varied 

significantly (p<0.05) in different parts of most 
of the investigated crops with no specific pattern 

(Table 2a, 2b). The concentrations of Cd, Pb, Cr 
in the all the studied crops in 2018 season were 

above the permissible limits by FAO/WHO 

(FAO/WHO, 2019)  except  in Capsicum annuum 
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(root, stem, fruit) for Cr, while the 

concentrations of Cu, Zn in most of the 

investigated crops were below the FAO/WHO 

(FAO/WHO, 2011) (Table 2a, 2b).

Table 1. Concentration of Heavy Metals (Mg/Kg) in Pesticides Used in the Study 

S/N  Heavy metals      

 Pesticides 
Trade Mark 

Cd mg/kg 
 

Pb mg/kg 
 

Cr mg/kg 
 

Cu mg/kg 
 

Zn mg/kg 
 

 Insecticide Mean±SD Mean±SD Mean±SD Mean±SD Mean±SD 

1. Goodbye 4.25±0.52 19.63±2 4.68±0.4 ND 1.37±0.0 
2. Sharpshooter 6.05±0.21 28.87±1 7.72±0.5 1.35±0.7 0.34±0.0 

3. Abatin 4.13±0.33 2.33±3 3.98±0.1 1.44±0.2 2.86±0.0 

4 Rocket 3.68±0.2 6.32±1 4.95±0.8 1.49±0.6 3.19±0.4 
5. DD force 3.40±0.26 9.84±1 10.45±0.5 1.66±0.0 1.05±0.1 

6. Prime force 2.63±0.5 13.59±1 12.98±1.5 5.69±0.5 0.50±0.1 
7. Bakmethrin 0.56±0.2 16.87±7 7.85±0.4 0.90±01 0.43±0.4 

8. Chemthrin 0.44±0.4 21.30±4 8.12±0.7 0.62±0.3 ND 
9. Perfect Killer 0.84±0.1 27.09±3 10.03±0.7 0.97±0.4 0.61±0.7 

10 Vibrant 0.81±0.5 28.37±4 8.82±0.8 0.79±0.4 2.49±2.1 

11. Storm force 0.39±0.4 2.16±2 13.35±0.6 ND 5.39±1.1 
12. Power insect 0.45±0.8 8.73±2 18.10±0.9 ND 4.58±1.2 

 Fungicide      

13 Clot 0.64±0.14 22.76±4 7.84±3 ND 0.91±0.2 
14 Z-force 0.83±0.6 26.10±3 7.56±0.4 ND ND 

15 Mancozebe 0.49±0.7 6.31±4 10.31±0.6 ND 11.99±1.1 

 Herbicide      

16 Vinash 1.01±0.3 27.81±5 12.41±1 ND 8.01±1.4 

17 Force up 0.10±0.1 34.23±4 11.54±0.2 ND 12.60±0.1 
18 Finish 68 ND 41.64±1 14.17±0.6 ND 34.11±0.5 

19 Sunsate 0.45±0.2 41.06±2 12.70±0.8 ND 0.59±0.1 
20. Star combi 0.56±0.2 46.44±5 12.21±1.1 ND 4.36±1.2 

Results presented as Mean±SD, n=3 replicate 

 
Heavy metals concentration in soils of 

crops 
The mean concentration of heavy metals in the 

corresponding soils of all the studied crops 

grown in 2018 season ranged from 5.76-14.78, 
1.11-3.22, 12.17-19.42, 3.08-10.98, 4.89-6.33 

mg/kg for Cd, Pb, Cr, Cu, and Zn respectively 
(Table 3).The mean concentration of heavy 

metals in the corresponding soils of all the 

studied crops for Cd, Pb, Cr, Cu, and Zn were 
below the permissible set by (UNEP, 2013) and 

NESREA, (2011) for agricultural soil, except for 
Cd in the soils of some crops (Capsicum 
cerasiforme, Capsicum annuum, Allium cepa, 
Zea mays)  which had exceeded the (UNEP, 
2013) limits. The concentration of heavy metals 

among the studied shown that Oryza sativa soil 
had highest concentration for Cd, Zea mays for 

Pb, Capsicum cerasiforme for Cr, 

Solanumlycopersium for Cu, and Zea mays for 

Zn respectively (Table 3). 

 
Bioaccumulation factor (BAF)  

The result for heavy metals transfer factor in 
crops grown in 2018 seasons showed variability 

in BAF values among the different studied crops 

and among different metals (Table 4). The 

Bioaccumulation factor (BAF) in the studied 

crops grown in 2018 season ranged from0.03-
0.54, 6.51-25.55, 0.04-1.27, 1.36-115.19, 0.11-

0.80 for Cd, Pb, Cr, Cu, and Zn respectively 

(Table 4).Bioaccumulation factor was highest for 
Cu (115.19) in Oryza sativa, followed by Pb 

(25.55) in Solanumlycopersium for Cr (1.27), 
and Cd (0.54) in Spinaciaoleracea , and for Zn 

(0.80) in Zea mays (Table 4).Bioaccumulation 

factor shown a trend of decreasing order 
Cu>Pb>Cr>Zn>Cd and all the studied crops 

showed BAF>1 for Cu and Pb. 
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Pollution indices of heavy metals  

The result of the computed pollution indices (PI) in the edible parts of crops 
grown in the study area 2018 seasons are given in (Table 5).The PI value in 

crops grown in 2018 season ranges from1.67-19.46, 5.83-115.28, 0.29-7.32, 
0.27-10.92, and 0.01-0.03 for Cd, Pb, Cr, Cu, and Zn respectively (Table 

5).Pollution indices were highest for Pb compared to other metals and all the 

studied crops showed PI>1 for Pb and Cd indicating high pollution load (Table 

5).Among the studied crops, PI values was highest (115.28) in Zea mays, 
followed by (125) in Capsicum annuum, (94) in Solanumlycopersicum, (19.46) 

in Spinaciaoleracea, (10.92) in Oryza sativa (Table 5).The trend of pollution 
indices in the edible parts of the studied cropswas in decreasing order of health 

risk of Pb>Cd>Cu>Cr>Zn. 
 

Table 2a. Concentration of Heavy Metals in Crops Grown in Kwadam Gombe State (2018) 

Name of Sample Botanical Name Hausa Name Heavy metals mg/kg     

   Cd Pb Cr Cu Zn 

Tomato Solanumlycopersicum Tomatur      

Root   2.55a 21.12a 5.00a 21.03b 0.82a 
Stem   4.68b 26.20b 8.50b 29.68bc 2.43b 

Leaf   0.93a 25.80b ND 14.22a 0.65a 
Fruit   2.13a 28.32b ND 26.14b 0.60a 

Pepper  Capsicum annuum Attarugu      

Root   1.31a ND 0.83 13.78a 0.17a 

Stem   3.72b 18.28ab 9.17 50.01a 20.80b 
Leaf   0.53a 35.70b ND 18.93a 1.18a 

Fruit   0.43a 19.58ab 0.67 60.03a 1.55a 
Sweet Pepper Capsicum annuum Tattase      

Root   1.54ab 38.08b ND 39.83b 1.47b 

Stem   1.26a 37.63b ND 34.32b 0.95a 

Leaf   1.38a 36.28b ND 13.57a 1.20b 
Fruit   2.01b 37.66b ND 33.58b 1.31b 

Onion Allium cepa Albasa      

Root   2.52a 11.69a ND 9.83a 0.81a 
Stem   ND ND ND ND ND 

Leaf   4.05b 12.10a ND 17.08b 0.85a 

Bulb   2.28a 15.96b ND 10.62a 1.00a 

Spinach Spinaciaoleracea Alayyaho      

Root   3.60a 4.62a 15.67a 13.96a 1.40a 
Stem   3.77a 8.09a 15.08a 12.27a 1.08a 

Leaf   3.89a 6.72a 15.42a 24.89b 0.95a 
Safe limitsa   0.2 0.3 2.3 40 60 

FAO/WHO(2019) 

Mean followed with same letter across the column are not significantly different p>0.05, n=6 replicates 
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Table 2b. Concentration of Heavy Metals in Crops Grown in Kwadam Gombe State (2018) 

Name of Sample Botanical Name Hausa Name Heavy metals mg/kg     

   Cd Pb Cr Cu Zn 

Lettuce Lactuca sativa Salad      

Root   2.19a 23.46b ND 9.01a 1.23a 

Stem   3.05a 9.15a 14.17a 13.08a 2.52b 

Leaf   3.43a 10.79a 16.83a 13.00a 1.89a 

Maize Zea mays Masara      

Root   1.90a 34.20a 8.33b 113.68a 2.15b 

Stem   0.75b 32.84a ND 85.56a 1.11a 

Leaf   0.63b 34.58a 3.67b 67.56a 1.93ab 

Fruit   0.33b 34.58a 4.17b 92.30a 1.73ab 

Rice Oryza sativa Shinkafa      

Root   0.85a ND 10.33b 43.14b 1.52a 

Stem   ND ND 3.92a 22.65a 1.62a 

Leaf   ND ND ND ND ND 

Fruit   0.87a 1.75 2.17a 436.75c 1.70a 

Safe limitsa   0.2a 0.3 2.3 40 60 

FAO/WHO(2019),  Mean followed with same letter across the column are not significantly different p>0.05, n=6 replicates 
 

Table 3. Heavy Metals Concentration in the Soils of Crops Grown in Kwadam Gombe State (2018) 

Soil from the land of Botanical Name Hausa Name Heavy metals mg/kg     

   Cd Pb Cr Cu Zn 

Tomato Solanumlycopersicum Tomatur 5.76a 1.11a 14.17ab 10.98d 5.32a 

Pepper  Capsicum annuum Attarugu 11.38cd 0.95a 18.67c 7.50c 5.63a 

Cayanne Pepper Capsicum frutescens Borkono 13.42d ND 19.42c 3.88ab 5.28a 
Onion Allium cepa Albasa 11.08bcd 2.45b 15.08b 6.69b 5.50a 

Spinach Spinaciaoleracea Alayyaho 7.14abc ND 12.17a 3.08a 4.89a 

Lettuce Lactuca sativa Salad 7.94ab ND 14.50ab 5.05abc 5.18a 

Maize Zea mays Masara 10.82bcd 3.22b 18.25c 6.96bc 6.33a 

Rice 

Control 

Oryza sativa 
Control soil 

Shinkafa 

Control 

14.78d 

0.02 

ND 

0.06 

18.83c 

0.08 

3.79ab 

3.00 

5.06a 

2.87 
limitsaUNEP, (2013) 

NESREA, (2011) 

  10 

3 

200 

NIL 

200 

100 

50 

100 

250 

NIL 

Permissible Limits: UNEP, 2013 

Mean followed with same letter across the column are not significantly different p>0.05, n=6 replicate
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Table 4. Bioaccumulation Factor (BAF) Of Heavy Metals in the Edible Parts of Crops Grown in Kwadam 

Gombe State(2018) 

Name of Sample Botanical Name Hausa Name BAF     

   Cd Pb Cr Cu Zn 

Tomato Solanumlycopersicum Tomatur 0.37 25.55 ND 2.38 0.11 

Pepper  Capsicum annuum Attarugu 0.32 20.61 0.04 1.36 0.28 

Cayanne Pepper Capsiciumfrutescens Borkono 0.15 ND ND 8.67 0.25 

Onion Allium cepa Albasa 0.21 6.51 ND 1.59 0.18 

Spinach Spinaciaoleracea Alayyaho 0.54 ND 1.27 8.07 0.19 
Lettuce Lactuca sativa Salad 0.43 ND 1.16 2.57 0.36 

Maize Zea mays Masara 0.03 10.75 0.23 13.26 0.80 
Rice  Oryza sativa Shinkafa 0.06 ND 0.06 115.19 0.34 

BAF value greater than >1 is indicating high uptake of metal 

 
Estimated daily intake (EDI)  

The result of the estimated daily intake of 
metals for adults (average age 60 years) in 

crops grown in 2018 season are presented in 

(Table 6). The result of the estimated daily 
intake from the consumption of all the studied 

cropsranged from 0.0006-0.0056, 0.0025-
0.0540, 0.0010-0.0241, 0.0186-0.6260, 0.0009-

0.0027 mg/kg/bw/day for Cd, Pb, Cr, Cu, and Zn 

respectively (Table 6).The EDI result showed 
that the consumption of all crops for Cd, Pb and 

Cu in Capsicum annuum, Capsicum cerasiforme 
,Zea mays, Oryza sativa grown in 2018 season 

had exceeded the oral reference dose RfD US-
EPA, (2013) and could pose human health risk 

Estimated Hazard Quotient (HQ) and 

Hazard Index (HI) 
The result of the estimated hazard quotient 

through the consumption of the studied crops 

grown in 2018 season are presented in (Table 

7). The result of this study indicated that the 
consumption of all the studied crops grown in 

2018 seasons are unlikely to pose health risk to 

human as the HQ values are less than < 1 for all 
heavy metals (Table 7.) except for Pb (1.15) in 

Capsicum annuum.. Therefore HQ>1 showed 
through the consumption of Capsicum annuum 

(1.15) for Pb can cause health risk in human. 

The result of the estimated hazard index for all 
metals through the consumption of all the 

studied crops grown in 2018 ranged from (0.79) 
in Lactuca sativa to (1.49) in Oryza sativa (Table 

7).However HI> 1 through the consumption of 
Oryza sativa, Zea mays, and 

Solanumlycopersicum grown in 2018 for all 

heavy metals could cause severe heath risk to 
human.

 

Table 5. Pollution Indices of Heavy Metals in the Edible Parts of Crops Grown in Kwadam Gombe 

State (2018) 

Name of Sample Botanical Name Hausa Name Pollution 

index  

    

   Cd Pb Cr Cu Zn 

Tomato Solanumlycopersicum Tomatur 10.63 94.39 ND 0.65 0.01 

Pepper  Capsicum annuum Attarugu 2.13 65.28 0.29 1.50 0.03 

Cayanne Pepper Capsicum frutescens Borkono 10.04 125.53 ND 0.84 0.02 
Onion Allium cepa Albasa 11.38 53.19 ND 0.27 0.02 

Spinach Spinaciaoleracea Alayyaho 19.46 22.39 7.32 0.62 0.02 
Lettuce Lactuca sativa Salad 17.13 35.97 1.81 0.33 0.03 

Maize Zea mays Masara 1.67 115.28 0.94 2.31 0.03 

Rice  Oryza sativa Shinkafa 4.33 5.83 6.70 10.92 0.03 

N.B PI value greater than >1 is indicating high pollution load 
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Table 6. Estimated Daily Intake of Metals (EDI) (Mg/Kg/Bw/Day) Through Consumption of Crops Grown in GombeState (2018) 

Name of Sample Botanical Name Hausa Name Estimated daily 
intake  

    

   Cd Pb Cr Cu Zn 

Tomato Solanumlycopersicum Tomatur 0.0030 0.0406 ND 0.0375 0.0009 
Pepper  Capsicum annuum Attarugu 0.0006 0.0281 0.0010 0.0860 0.0022 
Cayanne Pepper Capsicum frutescens Borkono 0.0029 0.0540 ND 0.0481 0.0019 
Onion Allium cepa Albasa 0.0033 0.0229 ND 0.0152 0.0014 

Spinach Spinaciaoleracea Alayyaho 0.0056 0.0096 0.0241 0.0357 0.0014 
Lettuce Lactuca sativa Salad 0.0049 0.0155 0.0060 0.0186 0.0027 
Maize Zea mays Masara 0.0005 0.0496 0.0031 0.1323 0.0025 
Rice  Oryza sativa Shinkafa 0.0012 0.0025 0.0221 0.6260 0.0024 
 RfDa  0.001 0.004 1.5 0.04 0.30 

Oralreference dose (RfD):US-EPA, (2013) 

 
Table 7. Hazard Quotient and Hazard Index for Adult Population through the Consumption of Crops Grown in Gombe(2018) 

Name of Sample Botanical Name Hausa Name Hazard 
Quotient(HQ) 

    Hazard 
Index(HI 

   Cd Pb Cr Cu Zn  

Tomato Solanumlycopersicum Tomatur 0.26 0.86 ND 0.08 0.0002 1.20 
Pepper  Capsicum annuum Attarugu 0.05 0.60 0.00 0.18 0.0006 0.83 
Cayanne Pepper Capsicum frutescens Borkono 0.24 1.15 ND 0.10 0.0005 1.49 

Onion Allium cepa Albasa 0.28 0.49 ND 0.03 0.00040 0.80 
Spinach Spinaciaoleracea Alayyaho 0.47 0.20 0.00136 0.08 0.00076 0.75 

Lettuce Lactuca sativa Salad 0.42 0.33 0.00033 0.04 0.00070 0.79 
Maize Zea mays Masara 0.04 1.05 0.00017 0.28 0.00069 1.38 

Rice  Oryza sativa Shinkafa 0.11 0.05 0.00125 0.08 0.00038 1.49 

 

DISCUSSION 

In this study, heavy metals concentrations Cd,Pb, Cr, Cu and Zn were detected 
in twenty commonly used pesticides (Insecticides, fungicides, herbicides). The 

concentration of cadmium, lead, and chromium in all the studied pesticides had 
exceeded the WHO, (2019) permissible limits. This indicates that the application 

of these pesticides by farmers in the study areas may lead to build up of heavy 

metals in the soil and uptake by plants. Plants fumigated with these pesticides 

may absorb these metals through soil-plant transfer to the edible parts and 

pose potential health risk to humans through consumption. Thus heavy metals 
from agrochemicals especially metal-based pesticides accumulate in soil and 

contaminate food crops through soil -plant heavy metals transfer (Wang aet al., 
2013). Defarge et al. (2018) in France have revealed for the presence of As 
(600ppb), Co (300ppb), Cr (200ppb), Ni,(1200ppb)Pb, (100ppb) as 

contaminants in 22 pesticide formulations at levels well above admissible ones 
in water at their recommended dilutions rate in Europe. Similarly, Gimeno-

Graciaet al., (1996) have previously revealed the presence of heavy metals in 

pesticides Cd (1.94 mg/kg) in Antracol, Cu (13.00 mg/kg) in Saturn-G, Pb(10.00 

mg/kg) in Saturn-G, Zn (55.00 mg/kg) in Saturn G.  
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The presence of heavy metals in all these 

pesticides in northern Nigeria have been shown 

for the first time at levels well above the 
manufacturers recommended dilution rate. This 

maybe due to lack of effective monitoring and 
screening of these agrochemicals for heavy 

metals and other chemicals by regulatory 

agencies. 

The concentrations of Cd, Pb and Cr in all the 

crops fumigated with pesticides were above the 
permissible limits by FAO/WHO (FAO/WHO, 

2019),thus indicating contamination of these 
crops by Cd, Pb and Cr and might be as a result 

of high concentration of these metals in 

pesticides used. The presence of these metals 

have been detected in all the twenty pesticides 

used by farmers on these crops at 
recommended dilution rate. Heavy metals 

contents in pesticides have been previously 

established by Yuguda et al., (2015); Defarge et 
al., (2018). This study indicated that crops 

fumigated with metal based pesticides have 
resulted in higher accumulation of Cd, Pb, and 

Cr in all the crops at levels above the WHO, 
(2019) permissible limits and could therefore 

pose health risk to consumers. The maximum 

cadmium concentration of 4.68 mg/kg in 
Solanumlycopersicum stem was substantially 

higher than 0.67, 1.20, 0.41 mg/kg reported in 
Pakistan, Saudi Arabia,and  Ethiopia Khannum et 
al. (2017); Balkhair and Ashraf, (2016); Eliku 

and Leta, (2017). Lead concentration of 38.08 
mg/kg in Capsicum cerasiforme root was higher 

compared to 2.18, 0.47, 2.76 mg/kg reported in 
India, China, and Pakistan by Kumar et al., 
(2017); Hongwen, et al., (2017;Khannum, et al., 
(2017). The maximum chromium concentration 
of 16.83 mg/kg in Lactucasativa leaf was several 

fold higher than 0.84, 0.32, 0.077 mg/kg 
reported in Nigeria, India, and China  Peters et 
al., (2018); Kulkarni et al., (2017);Liang et al., 
(2019). Cadmium has been shown to 

accumulate in human bones, lungs, liver, 

kidneys, nerve tissues, leading to their damage 
and malfunction (Tsutsumi et al., 2014; 

Chakraborty et al., 2013).Lead has been linked 

to incidence of neurological disorders, 

hypertension, cognitive impairment, renal 

dysfunction, arthritis, hallucination, and vertigo 
(Patrick, 2006).).Chromium has been shown to 

cause ulcer, perforation of nasal septum, 
respiratory cancer and alterations in replication 

and transcription of DNA, and chromosomal 

aberrations in humans (Spector et al., 2011; 

O’Brien et al., 2001). 

Zinc and copper concentrations in all crops were 
below the permissible limits WHO, (2019) except 

in some crops Capsicum annuum (stem, fruit), 
Zea mays (root, stem, leaf, fruit), Oryza sativa 

(root, fruit) for copper.This might be due 

difference in uptake capabilities, soil 

physicochemical properties, plant type, soil 
organic matter, pH, among others (Wang et al., 
2013a, Sharma et al, 2008). 
The mean concentration of heavy metals in the 

corresponding soils of all the studied crops for 

Cd, Pb, Cr, Cu, and Zn were below the 

permissible set by UNEP, (2013) and NESREA, 

(2011) for agricultural soil, except for Cd in the 
soils of some crops (Capsicum cerasiforme, 
Capsicum annuum, Allium cepa, Zea mays)  
which had exceeded the UNEP, (2013) limits. 

High heavy metals soil-plant transfer could be 

responsible for low heavy metals concentration 

in the corresponding soil of the crops.  Osu and 

Ogoko (2014) and Jolly et al. (2013) have 
indicated that low metals  concentration in soil 

than crops tissues reflects relatively poor 

retention in soil and greater efficiency of crops 
to absorb metals.  

The ratio of soil –plant heavy metals transfer 
bioaccumulation factor showed that all the 

studied crops had BAF>1 for Cu and Pb and a 
decreasing order trend of Cu>Pb>Cr>Zn>Cd . 

This could be attributed to indiscriminate use of 

metal based pesticides with high traces of Cu 
and Pb. Bioaccumulation (BAF) is a key pathway 

of human exposure to heavy metals through 
food chain (Khan et al., 2008; Cui et al., 2004). 

Bioaccumulation factor values greater than one 

for Cu and Pb obtained in all the crops 
fumigated with metal based pesticides could be 

one of the possible reasons for health risks in 
humans through food consumption. 

Bioaccumulation factor values values varied 

among the studied crops and metals and this 
could be attributed to the differences in 

concentration of pesticides use, metal uptake, 
and plant types among others. The highest BAF 

values of 115.19 in Oryza sativa for Cu observed 
in this study was substantially higher than 0.16, 

0.20, 0.15 reported in Ethiopia, Pakistan and 

Nigeria by (Eliku and Leta, 2017; Mahmood and 
Malik, 2014; Oti, 2015).  

The pollution index (PI) values indicated all the 

studied crops had values greater than one for Pb 

and Cd indicating that these crops are 

considered unsafe for human consumption. This 
could be due to the presence of high traces of 

lead and cadmium in the pesticides. The 
maximum PI value of 115.28 observed in Zea 
mays was similar to 124.0 found in Beni seed by 

Oti, (2015) in Nigeria.   

The estimated daily intake of metals revealed 

that the consumption of all crops for Cd, Pb and 
Cu in Capsicum annuum, Capsicum cerasiforme, 
Zea mays, Oryza sativa grown in 2018 season 
had exceeded the oral reference dose RfD US-
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EPA, (2013) and could pose human health risk.  

The estimated daily intake was in a decreasing 

order of health risk Cd>Pb>Cu>Cr>Zn and the 
highest EDI value was 0.6260 in Oryza sativa for 

Cu, while the least was 0.0009 mg/kg/bw/day in 
Solanumlycopersicum for Zn. This result suggest 

that Cd and Pb were the major metals 

contributing significantly to the potential health 

risk through consumption of the studied food 

crops in the study area. 
Hazard quotient revealed that the consumption 

of all the studied crops grown in 2018 seasons 
are unlikely to pose health risk to human as the 

HQ values are < 1 for all heavy metals. 

However, Hazard quotient through the 

consumption of Capsicum annuum (1.15) was 

>1 for Pband can cause slight health risk in 
human in the study area and even beyond. 

The estimate of the potential health risk posed 

through the consumption of crops fumigated 
with heavy metals for more than one heavy 

metals Hazard index (HI), indicated that the 
inhabitants may experience adverse health risk 

through the consumption of Oryza sativa, Zea 
mays, Solanumlycopersicum, and Capsicum 
frutescens grown. The maximum hazard index 

value in this study (1.49) was substantially lower 
than HI value (7.315) in rice from industrial area 

in Bangladesh by Proshad et al., (2019).The 
estimated potential health risk could be 

attributed to the traces of heavy metals in 

pesticides used in the study area.     
 

CONCLUSION 
Despite the ban use of heavy metals in 

agrochemicals in (particular pesticides), this 

study revealed the presence of trace metals (Cd, 

Pb, Cr, Cu, and Zn) in twenty commonly selected 

pesticides use in agricultural farms in northern 
Nigeria.  The concentrations of heavy metals 

(Cd, Pb, and Cr,) in all the pesticides 
(Insecticides, fungicides, and herbicides) had 

exceeded the WHO, (2019) permissible limits. 

Heavy metals (Cd, Pb, and Cr) concentrations in 

crops from agricultural farms fumigated with 

pesticides as the only source of contamination 
had exceeded the permissible limits by WHO, 

(2019). The heavy metals concentrations in the 
corresponding soils of the crops were below the 

permissible limit by (UNEP, 2013) and NESREA, 

(2011) for agricultural soil. Bioaccumulation 

factor (BAF) varied among studied crops and 

metals and BAF> 1 were observed in all the 
crops for Pb and Cu. Hazard quotient revealed 

potential health risk from the consumption of 

Capsicum annuum for Pb. However, the estimate 
of potential cumulative health risk from the 

consumption of crops for more than one metal 
(HI) indicated that the inhabitants may 

experience adverse health risk through the 
consumption of Oryza sativa, Zea mays, 
Solanumlycopersicum, and Capsicum frutescens.  
Regular screening and monitoring of heavy 
metals in pesticides should be enforced to 

minimize health risk of metals from the 
consumption of food crops fumigated with the 

pesticides.     

Conflict of interest 
The authors declare that they do not have 

conflict of interest. 

 
REFERENCES 

Barau, B.W., Abdulhamed, A., Ezra, A.G., 
Muhammed, M., Bawa, U., Yuguda, 

A.U., Kyari, E.M.  (2018). Heavy metal 
contamination of some vegetables from 

pesticides and potential   Health risk in 

Bauchi, Northern Nigeria, International 
Journal of science and 
technologyVol.7(1). 

Balkhair, S.K., Asharaf, M.A. (2016). Field 

accumulation risks of heavy metals in 

soil and Vegetables crop irrigated with 
sewage water in western region of Saudi 

Arabia, Saudi Journal of Biological 
Sciences, 23:32-44. 

Carvalho, F.P. (2006). Agriculture, pesticides, 

food security and food safety. Environ. 

Sci. Policy, 9, 685-692. 

https://doi.org/10.1016/j.envsci.2006.08
.002 

Chakraborty, S., Dutta, A.R., Sural, S., Gupta, 
D., Sen, S.(2013). Ailing bones and 

failing  kidney A case of chronic 

cadmium toxicity. Ann Clin Biochem 
50(5):492-495. 

Chukwuma, S.C. (1994). Evaluating Baseline 
Data for lead (Pb) and cadmium (Cd) in 

Rice, Yam, Cassava, and Guinea Grass 

from cultivated soils in Nigeria, 
Toxicological and environmental 
Chemistry, Vol.45pp.45-56. 

Cui, Y.J., Zhu, Y.G., Zhai, R.H., Chen, D.Y., 

Huang, Y.Z., Qiu, Y., Ling, J.Z. (2004). 

Transfer Metals from soil to vegetables 
in an area near a smelter in Nanning, 

China. Environ Int. 30:785-791 
Daam, M.A., Van den Brink, P.J. (2010). 

Implications of differences between 

temperate and tropical freshwater 

ecosystems for the ecological risk 

assessment of pesticides, Ecotoxicology 
19, 24-37, 

https://doi.org/10.1007/s10646-009-
0402-6 

108 



BAJOPAS Volume 14 Number 1,June, 2021 

Defarge, N., Spiroux de Vendomois, J., Seralini, 

G.E. (2018). Toxicity of formulants and 

heavy metals in glyphosphate-based 
herbicides and other pesticides, 

Toxicology Reports, 5:156-163. 
Dytham, C. (2011). Chosing and using statistics, 

a biologist guide. 3rded:Wiley-Blackwell. 

Eliku, T., Leta, Seyoum (2017). Heavy metals 

bioconcentration from soil to vegetables 

and appraisal of health risk in Koka and 
Wnji, Ethiopia, Environ Sci Pollut. 
Res.24(12),11807-11815. 

Gimeno-Gracia, E., Andreu, V., Boluda, R.(1996). 

Heavy metals incidence in the 

application of Inorganic fertilizers and 

pesticides to rice farming soils, 

Environmental Pollution, 92:19-25. 
Hart, A.D., Azubuike, C.U., Barimalaa, I.S., 

Achinewhu, S.C. (2015). Vegetable 

consumption Pattern of households in 
selected areas of the old Rivers state in 

Nigeria, African Journal of Food 
Agriculture and Nutritional Development 
(AJFAND): Vol. 5:(1). 

Hongwen Dai, Xiuxian Song, Baifei Huang 

(2017). Health risk assessment of heavy 

metals via Consumption of vegetables 
collected from vegetables markets in 

Hengyang, China Revista Delafaculted 
de ingenieriavol:(32) (5) pp:95-102. 

Jolly, Y.N., Islam, A., Shawkat, A. (2013). 

Transfer of metals from soil to 
vegetables and Possible health risk 

assessment, Journal Springer Plus, 
2:385. 

Kumar, A., Manas, D., Ruplal, P., (2017). 

Concentration of trace metals and 
potential health risk Assessment via 

consumption of food crops in the south 
Chotanagpur of Jharkhand,India, 

Pharmal Innovation Journal6:(9):159-
167. 

Khanum, K., Baqar, M., Qadir, A., Mumtaz, M., 

Tahir, A., Jamil, N., Mahmood, A. 
(2017)Heavy metal toxicity and human 

health risk surveillances of wastewater 

irrigated  Vegetables in Lahore Distric, 

Pakistan, Carpathian Journal of Earth 
and EnvironmentalSciences: 12, (2), 
403-412. 

Khan, S., Cao, Q., Zheng, Y.M., Huang, Y.Z., 
Zhu, Y.G.(2008). Health risks of heavy 

metals in Contaminated soils and food 

crops irrigated with wastewater in 

Beijing, China.  Environ Pollut, 152:686-

692. 
Kumar, A., Manas, D., Ruplal, P., (2017). 

Concentration of trace metals and 
potential health risk Assessment via 

consumption of food crops in the south 

Chotanagpur of Jharkhand, India, 

Pharmal Innovation Journal6:(9):159-
167. 

Kulkarni, C.P. (2017). Assessment of heavy 
metals in vegetables and cereals 

collected from local Market, Mumbai, 

International Journal of food science and 
nutrition, Vol 4,(6):71-74. 

Liang, G., Gong, W., Li, B., Zuo, J., Pan, L., Liu, 
Xinhui, L. (2019). Analysis of heavy 

metals in food stuufs and an assessment 
of the health risks to the general public 

via consumption in Beijing, China. 

International Journal of Environmental 
Research and Public Health, 16:90 

doi:10.3390/ijerph16060909. 
Loutfy, N., Mentler, A., Shoeab, M. (2012). 

Analysis and exposure assessment of 

some heavy Metals in foodstuffs from 
Ismaila City. Toxicol Environ Chem 

94:78-90 
Lewis, S.E., Silburn, D.M., Kookana, R.S., Shaw, 

M. (2016). Pesticides behavior, fate, and 
effects in the tropics: An overview of the 

current state of knowledge, Journal of 
Agric. Food Chem. 64, 3917-
3924.https://doi.org/10.1007/s10646-

009-0402-6 
Mahmood, A., Malik, R.N. (2014). Human health 

risk assessment of heavy metals through 

consumption of contaminated 
vegetables collected from different 

irrigation sources in Lahore, Pakistan, 
Arabian Journal of Chemistry:7, 91-99. 

NESREA (2011). “1st Eleven Gazetted 

Regulations Federal Republic of Nigeria 
Official Gazette”. 

Noor-ul, A., Anwar, H., Sidra, A., Shumail, B 
(2013). Accumulation of heavy metals in 

Edible parts of vegetables irrigated with 
waste water and their daily intake adults 

and children, DistricMardan Pakistan, 

Food chemistry 136:1515-1523. 
Oti, W.J.O. (2015). Pollution Indices and 

Bioaccumulation Factors of Heavy Metals 

in Selected Fruits and vegetables from a 

Derelict Mine and their associated Health 

implications, International Journal of 
Environmental Science and Toxicology 
Research,Vol.3(1): 9-15. 

O’Brien, T., Xu, J., Patierno, S.R. (2001). Effects 

of glutathione on chromium induced 

DNA Crosslinking and DNA polymerase 

arrest. In Molecular Mechanisms of 

Metal Toxicity And Carcinogenesis, 
Springer Us: 173-182. 

Osu, C.I., Ogoko, E.C. (2014). Bioconcentration 
and transfer of heavy metal from soil 

109 



BAJOPAS Volume 14 Number 1,June, 2021 

into Verniniaamydalina, 

Telferoccidendalis, and 

Amarathusspinosus. Journal of Applied 
Phytotechnology in Environmental 
Sanitation. 3(4):117-121. 

Oguh, C.E., Dickson, M.A., Gabriel, O.T., Okai, 

I.R, Amanabo, M. (2019). Risk 

assessment of heavy metals level in soil 

and Jute leaves (Corchorusolitorius) 

treated with Azadirachtin Neem seed 
solution and organ chlorine pesticides, 
International journal of environment, 
Agriculture and Biotechnology (IJEAB) 4, 

3 

http://dx.doi.org/10.22161/ijeab/
4.3.24 

Peters, D.E., Eebu, C., Nkpaa, K.W. (2018). 
Potential human risk assessment of 

heavy metals via Consumption of root 

tubers from Ogoniland, Rivers State, 
Nigeria, Biological Trace Element 
Research. 
https://doi.org/10.1007/s12011-018-

1330-1 
Patrick, L. (2006). Lead toxicity part II: the role 

of free radical damage and the use of 

antioxidantsIn the pathology and 
treatment of lead toxicity. Altern. Med 
Rev 11:114-127 

Proshad, R., Kormoker-Tapos, M.D, Saifu, I., 

Krishno, C. (2019). Potential health risk 

of  heavy metals via consumption 
of rice and vegetables grown in the 

industrial areas of Bangladesh, Human 
and Ecological Assessment: An 
International Journal, 
DOI:https://doi10.1080/10807039.2018.
1546114 

Rattan, R., Datta, S.P., Chhonkar, P.K., 
Suribabau, K.,Singh, A.K. (2005). 

Longterm impactOf irrigation with 
sewage effluents on heavy metal 

content in soils, crops and ground Water 

(a case study). Agriculture, Ecosystems 
and Environment.109(3-4),310-322 

Sule, H.,  Haruna, Z.A., Haliru, M., Wudil, B.S., 

Sanda, N.B., Abdullahi, G. (2020). 

Pesticide utilization and associated 

health hazards in Kano metropolis, 
Singapore J.Sci.Res., 10:52-58. 

Spector, J.T., Navas-Acien, A., Fadrowski, J. E., 
Guallar, E., Jaar, B., Weaver, V.M. 

(2011). Associations of bllod lead with 

estmimated glomerular filtration rate 

using MDRD, CKD EPI and serum 

cystatin C-based equations Nephrol Dial 

Transpl 26 (9):2786-92. 

doi:10.1093/ndt/gfq773 

Sharma, R.K., Agrawal, M., Marshall, F.M. 
(2008). Heavy metals (Cu, Cd, Zn and 

Pb)Contamination of vegetables in 
Urban India: A case study of Varanasi, 

Environmental Pollution. 154:254-263. 

Tsutsumi, T., Ishihara, A., Yamamoto, A., Asaji, 

H., Yamakawas, S., Tokumura, A. 

(2014). The Potential protective role of 
lysophospholipid mediators in 

nephrotoxicity induced by Chronically 
exposed cadmium. Food chem. Toxicol 
65:52-62. 

US-EPA, (2013). Reference dose (RFD): 

Description and use in health risk 

assessments, background document 1A, 
Integrated risk information system 

(IRIS). United States Environmental 

Protection Agency, Washington, DC. 
Accessed on 9th June, 2021 

.<http://www epa.gov/iris/rfd.htm>. 
Wang, Y., Fang, J., Leonard, S.S., Krishma, Rao, 

K.M. (2004). Cadmium inhibits the 
electron Transfer chain and induce 

reactive oxygen species. Free Radical 
Biol. Med 36:1434-1443 

FAO/WHO Codex Alimentarius International 

Food Standards (2019). General 
standard for contaminants and toxins in 

food and feed, 193-1995. Accessed on 

9th June, 2021.http://www.fao.org/fao-
whocodexalimentarius/en/. 

Wang, C., Yang, Z., Yuang, X., Browne, P., 
Chen, L., Ji, J. (2013a). The influences 

of soil Properties on Cu and Zn 

availability in soil and their transfer to 
wheat (TriticumEstivum L.) in the 

Yangtze delta region, China. Geoderma 
193-194:131-139. 

Yuguda, A.U., Abubakar, Z.A., Jibo, A.U., 
AbdulHameed, A., Nayaya, A.J. (2015). 

Assessment of Toxicity of  Some 

Agricultural pesticides on Earthworm 
(Lumbriscus Terrestris). American –
Eurasian Journal of sustainable 
Agriculture. 9(4):49-59. 

Yang, J., Ma, S., Zhou, J., Song, Y., Li, F. 

(2018). Heavy metal contamination in 
soils and Health risk assessment of 

inhabitants in Dzye, China, Journal of 
international Medical Research:1-14 

Zhong, T., Dawei, X., Limin, Z., Xiuying, Z. 

(2017). Concentration of heavy metals 

in vegetables and potential health risk 

assessment in China, Environmetal 
Geochem Health, 40(1), 313-322.

 
110 


