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Abstract- Levels of Cd, Cr, Cu, Fe and Pb in some vegetables 

irrigated in three irrigation zones of Katsina State have been 

studied using Atomic Absorption Spectrometry.  Results revealed 

that Cd was not detected in any of the samples analysed while 

other metals were present at varying levels.  Fe and Pb were 

found to be present in all the samples with levels above 

WHO/FAO recommended MPL for the metals.  Highest values 

were obtained in Kofar Marusa irrigation area.  It was thus 

concluded that the high levels of the metals in that area was due 

the fact that sewage water containing a lot of heavy metal 

contaminants was used for the irrigation.  It was further 

concluded that the consumption of vegetables irrigated in that 

area may pose health threats to the consumers.  Thus, it was 

recommended among others, that ban should be imposed on the 

use of sewage water for irrigation purpose. 

 

Index Terms- Heavy metals, vegetables, Irrigation, pollution 

I. INTRODUCTION 

Vegetables is a class of foodstuffs that make an important 

component of human diet and which provide good sources of 

vitamins, minerals and fibres, and provide effective antioxidant 

effects in the human body.  However, if vegetables are 

contaminated with heavy metals, their intake may pose serious 

health risks to the human body. Prolonged consumption of heavy 

metal polluted vegetables may lead to chronic accumulation of 

heavy metals in the body organs such as liver, kidney and lungs 

causing disruption of numerous biochemical processes, leading 

to cardiovascular, nervous, kidney, bone and other body diseases 

[1, 2]. Heavy metals are those metals that fall within the d – 

block of the periodic table and whose atomic numbers are greater 

than 20 with specific gravity of 5 gcm-3[3]. 

Heavy metals may be categorized into two groups, essential and 

non-essential based on the role they play in living systems.  

Metals like Manganese (Mn), Iron (Fe), Nickle (Ni), Zinc (Zn) 

and Copper (Co) enhances the growth, development and 

physiological functions of living organism and are therefore 

classified as essential heavy metals while elements such as 

Cadmium (Cd), Lead (Pb), Mercury (Hg) and Arsenic (As) do 

not enhance physiological activities in living Systems and are 

therefore classified as non-essential heavy metals [4]. 

Long exposures of heavy metals by ingestion, dermal contact 

could lead to chronic health affect in living organisms. or 

Animals including human could be exposed indirectly via food 

chain transfer. The metal might be available in plant at varying 

concentration in the shoot of plants. Even though the 

concentration depends on season and its bioavailability in the soil 

[5]. The continuous anthropogenic activity called for collection 

of data on heavy metals pollution. Considering the limited 

information available in northern Nigeria on the subject [5]. 

Thus, updating on the level of heavy metal concentration 

particularly Katsina state is crucial. 

Heavy metals are non-biodegradable and remains in the 

environment as persistent environmental contaminants which 

enters into the environment through natural and anthropogenic 

processes where they may be deposited on the surfaces and then 

absorbed into the tissues of vegetables and other plants by 

absorption from contaminated Soils [6,7,8,9,10 &11]. 

Heavy metals are toxic due to their non- biodegradable nature, 

they exert their toxic effect by one of two Primary mechanisms:  

They Either substitute for metals required by the body and 

effectively act as an antagonist to the essential metal, or they may 

directly cause damage to the tissue (direct irritation). The toxicity 

of heavy metals has for a long time been a global challenge.  For 

instance, the Minamata disease [13], the pink disease [14], the 

Bradford sweet poisoning [15, 16], the itai-itai disease [17], the 

Iraq mercury poisoning [18], the Alexander Litvinenko poisoning 

[19] and the Zamfara lead poisoning [20, 21& 23]; are all cases 

of catastrophic and endemic heavy metal poisoning resulting 

from human exposures to the heavy metals recorded in history at 

different times and places. 

 

The use of Sewage water for irrigation is a common practice in 

urban and sub-urban centers in Nigeria.  The Sewage water often 

contain heavy metals in various forms and at different 

contamination levels.  Thus, vegetables produced from irrigation 

with contaminated (Sewage) water may be contaminated with 

heavy metals [24]. Several studies have shown that heavy metals 

are important contaminants of vegetables [9, 10, 11, 12, 24, 25, 

26 & 27]. The vegetable grown could be contaminated by 

agricultural waste and other organic matter in the catchment area 

of rivers into agricultural reservoir particularly during the raining 

season [28]. Water degradation has been noticed in Zobe 
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reservoir, as effluents flows into the water body during the rainy 

season. And the fact that Zobe dam serves many purposes 

including cattle watering, and public water source and fish 

culture, irrigation farming especially vegetables [28]. Thus, if 

contamination occur such vegetables could be affected as well. 

Even though, the concentrations of heavy metal in plants vary 

with plant species [29]. Research revealed that 60–80% of heavy 

metal toxins detected in human bodies living in urban areas were 

due to the consumption of contaminated foods. And not via air 

pollution [30] at long run will have impact on human health. In 

addition to limited information on heavy metal concentration in 

vegetables grown in the areas. Against this background, the 

present study focuses attention on the comparison of heavy metal 

pollution of some vegetables irrigated in three irrigation Zones of 

Katsina State using different water bodies. 

 

 

II. MATERIALS AND METHODS 

Study areas: The study compared the levels of some heavy 

metals (Cd, Cr, Cu, Fe and Pb) in carrot, lettuce and pepper 

grown in three irrigation sites; Kofar Marusa irrigation (KMI) 

area Katsina town with coordinates 12°59`19.1``N; 

7°36`.33.2``E, Zobe dam irrigation (ZDI) area, Dutsin-ma 

located at coordinates Latitude 12°19' 34.52``N to 12°24 27.28̍̍   N 

and between longitude 7°26`57.11``E to 7°34`47.48``E and 

Mairua dam irrigation (MDI) area, Funtua situated at coordinates 

latitude 11°58`76.51``N to 11°35`11.30``N and longitude 

7°23`81.19``E to 7°14`14.41``E (Figure 1). 
 

 

 

 

 

 

 

 

 

     
 

     

Figure 1: The map of Katsina state that covers the sampling areas as 

depicted in blue colored star (Zobe dam irrigation area), red star (Kofar 

Marusa irrigation area) and white star (Mairuwa dam irrigation area) 

[31]. 

Sample Collection and Treatment: On 1st November 2019, 

samples of the three vegetables (Carrot tuber, Lettuce leaves and 

Pepper fruits) were collected from the three irrigation zones.  The 

samples were dried under the shade and ground into powdered 

form and kept ready for metal analysis with the Atomic 

Absorption Spectrometer (model, AA280FF, manufacturer 

USA). This process was done on quarterly basis and the mean 

values of metal levels were determined and used for comparison. 

Sample digestion for metal analysis: The powdered sample in 

0.2g each was weighed into a conical flask using an analytical 

standard electronic balance. A volume of 2cm3 conc. HNO3 

was added to each sample in the Conical flask. The flask was 

placed on a hot plate and heated at 1100C for 30 min. and then 

1500C for 2hrs.  the Conical flask was then removed and allowed 

to cool to room temperature.  The digested sample was then 

filtered into 100cm3 standard volumetric flask while the Conical 

flask was rinsed three times with deionized distilled water and 

the rinsing were added to the volumetric flask.  This solution was 

then diluted to the 100cm3 mark of the volumetric flask using 

deionized distilled water and was thoroughly mixed and keptin 

the laboratory ready for AAS analysis. 

 

III. RESULTS AND DISCUSSION 

The mean levels of the heavy metals study in three locations of 

KMI, ZDI and MDI on vegetables (carrot, lettuce and pepper) 

sampled in irrigation in three irrigation zones of Katsina State. 

The sampling was spread over the four periods (January to 

March, April to June, July to September and October to 

December 2019). The result will be interpreted based on the 

Standard Guidelines on heavy metals established by number of 

organizations and other standard regulatory bodies. The 

recommended limit for various categories of samples have been 

determined, typically by World Health Organization (WHO) and 

European Union (EU) have recommended limit of heavy metals 

in soils and plant depicted in Table 1. 

Table 1: Recommended concentration of heavy metals in soil 

and plant  
Heavy metals Recommended limit in soil Recommended limit in plant 

Cd     
3.00 (WHO)32 

0.50 (EU)32 

0.10(WHO)32 

 

Cr 
0.05(WHO)5  

100.00(WHO)32 

0.10–0.50(WHO)5 

1.30(WHO)33 

Cu 
100.00(WHO)32 

140.00(EU)30 

5.10–30.00(WHO)5 

73.00(WHO)32  

Pb 100.00(WHO)32 0.30(WHO)32 

Fe 50000.00(WHO)32 425.00(WHO)32 

The recommended concentration (mg/Kg) limit of heavy metals in 

(Agricultural) soil and plants according to WHO (World Health 

Map of Katsina state Map of Katsina state in Nigeria 

ZDI MDI KMI 
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Organization) and EU (European Union) guidelines. The superscript 

number 1 to 4 were the citated references. 

 

The results obtained are presented in tables and charts as follows; 

The Table shows that Cd was not detected in any of the 

vegetables analyzed in all the three irrigation Zones.  This may 

be due to the fact that in all the areas under study, no activity 

takes place that leads to the release of Cadmium such as Coal 

combustion, Iron and Steel production, phosphate fertilizer 

manufacture and use, Zinc production, mining, smelting, plating 

etc.  Cr was not detected in carrot from Kofar Marusa and in 

lettuce and pepper from MDI (Mairuwa dam irrigation) area. 

However, it is present in lettuce and pepper of Kofar Marusa and 

carrot, lettuce and pepper of ZDI (Zobe dam irrigation) area as 

well as in only the carrot of MDI area. Simply, copper was not 

detected in all the vegetable samples from KMI area but was 

fund present in all the samples of carrot, lettuce and pepper 

irrigated in both ZDI and MDI areas. 

The Table 2 further shows that Fe and Pb were present in all the 

samples from the three irrigation areas at levels that are alarming 

especially Pb whose levels were all above the WHO/FAO 

guidelines set by the organizations for human consumption.  

High levels of Pb were observed in samples obtained from KMI, 

this may not be unconnected with the sources of the water used 

for irrigation in that area which is the run-off from the 

metropolitan Sewage which contains a lot of wastewater from 

battery charging sites. 

This result is consistent with the results of [34] on the study of 

heavy metals in vegetables and their impact on the nutrient 

quality of vegetables in which levels of some heavy metals (Pb 

and Cd) were found to exceed the FAO/WHO MPL for the 

metals. The results were also in agreement with those of [25] in 

the assessment of heavy metals in wastewater Irrigated lettuce in 

Ghana where it was observed that levels of metals studied were 

lower than the WHO/FAO recommended levels for the metals. 

Table 2: Mean levels of Cd, Cr, Cu, Fe and Pb in carrot, 

lettuce and pepper 

Location  Sample 
Cd 

(0.10) 

Cr  

(0.10–0.50) 

Cu  

(5.10-30.00) 

Fe 

(425.00) 

Pb  

(0.30) 

KMI Carrot ND ND ND 3.665 1.74 

 

Lettuce ND 0.15 ND 7.57 2.055 

 

Pepper ND 1.385 ND 1.395 1.065 

       ZDI Carrot ND 0.325 0.035 0.965 0.845 

 

Lettuce ND 0.155 0.02 6.355 0.595 

 

Pepper ND 0.055 0.02 1.25 1.145 

       MDI Carrot ND 0.04 0.12 0.845 1.075 

 

Lettuce ND ND 0.135 7.01 0.99 

 

Pepper ND ND 0.065 4.635 0.82 

The vegetables (Carrot, Lettuce and pepper) samples was collected in 

three replicates from each of the three different locations Kofar Marusa 

Irrigation Area (KMI), Zobe dam Irrigation Area (ZDI) and Mairua dam 

Irrigation Area (MDI) within Katsina state Nigeria while ND stand for 

not Detected. The value in bracket indicated the method detection limit 

(MDL), all the units were mg/Kg. The bolded values exceeded the 

World Health Organization (WHO) recommended heavy metal limit.  

Mean concentration of heavy metals: The Figure 1 showed 

mean concentration in mg/kg of heavy metal across all locations 

in the order of Fe > Pb > Cr > Cu, while Cd has not been 

detected in the samples.  

 

Figure 1: Chart of showing concentration of heavy metals; Cr, Cd, Cu, 

Fe and Pb (mg/kg). 

Heavy metal by locations: The mean concentration of heavy 

metal in KMI vegetable depicted Fe > Pb >Cr >Cu >Cd. Similar 

patterns were shown in the other two locations (ZDI and MDI), 

where Fe have highest concentration and Cd recorded the least 

concentration among the four heavy metal results within each 

location as shown in Figure 2. The heavy metal in all the location 

showed no statistically significant difference (P > 0.05) 

However, Cu showed significant difference (P < 0.05) The 

variations in patterns of metal concentration across sampling 

locations could be related to the intensity and duration of climatic 

variables such as precipitation, temperature as reported by [5]. 

The Fe was found to be a dominant metal when compared with 

other heavy metals in the study sites. Its concurred with the result 

from previous research on the study area [35]. Thus, signifying 

little or no change on the heavy metal composition in area. KMI 

area was observed to be linked with sewage mainly from 

anthropogenic activity such household effluents, fossil fuel 

combustion, vulcanization activities. 
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Figure 2: Charts of heavy metal levels (mg/kg) base on location Zobe 

dam irrigation area (ZDI), Kofar Marusa irrigation area (KMI) and 

Mairuwa dam irrigation area (MDI). 

 

Heavy metal by vegetables and locations: The Figure 3 revealed 

mean concentration of Fe, Pb, Cr and Cu in relation to vegetation 

types as follows; 

Fe: showed the order in vegetable as follows; KMI Lettuce > 

MDI Lettuce > ZDI Lettuce > MDI Pepper > KMI Carrot > KMI 

Pepper > ZDI Pepper > ZDI Carrot > ZDI Carrot. Lettuce have 

the highest Fe concentration among the vegetable and locations. 

Whereas, carrot recorded the least Fe concentration in ZDI 

location.  

Pb: mean concentration in vegetable were showed; KMI Lettuce 

> KMI Carrot > ZDI Pepper > MDI Carrot > KMI Pepper > MDI 

Lettuce > ZDI Carrot > MDI Pepper > ZDI Lettuce. Lettuce have 

the highest. Pb concentration in KMI as in Fe. However, lettuce 

located in ZDI showed the least Pb concentration. The Pb 

concentrations across the three locations were higher than 

threshold limit in plant of 0.30 mg/Kg as specified by WHO 

(Table 2). Higher level of Pb in Katsina has been ascribed to 

vehicular emissions due to heavy traffic density. The discharge 

of Pb into surrounding atmosphere and its subsequent deposition 

on soil and other objects [36], contributed to the high Pb 

concentration in vegetables found in the study area. 

Cr: On the other hand, concentration appears in order KMI 

Pepper > ZDI Carrot > ZDI Lettuce > KMI Lettuce > MDI 

Carrot. The pepper has highest Cr concentration among the 

vegetable under study, carrot situated in MDI has the least Cr 

concentration. Concentration of Cr in all the vegetable sampled 

do not exceed the normal limit (0.10 to 0.50 mg/kg) except 

pepper in KMI. However, the concentration level recorded in 

pepper (1.385 mg/kg) was below the described phytotoxic level 

of 0.10 to 0.50 mg/kg [5]. 

 

Cu: MDI Lettuce > MDI Carrot > MDI Pepper > ZDI Carrot > 

KMI Lettuce and ZDI Pepper. Cu appear to be non-detected in 

KM1. This could be due to its low concentration in soil as lower 

than the maximum permissible limits was reported in the 

previous research conducted at Kofar Marusa area [35]. 

Cd: appears to be undetectable across the samples of the 

vegetable. The non-detection of Cd in the vegetable leaves 

analyzed confirm the previous research finding which revealed 

negligible Cd concentration in KMI soil [35]. The soil of urban 

Katsina were still recommended of WHO (0.10 mg/kg) [32].  

 

Heavy metals in plant which exceed the recommended limit is 

toxic as it has inhibitory effects on enzymatic activity, stomatal 

function, photosynthesis and nutrient uptake. Thus, leading to 

chlorosis and stunted plant [5]. However, all the heavy metal 

detected is within the tolerable limit except Fe. Among the 

vegetable samples pepper showed significant difference (P < 

0.05) in the Fe level of concentration. Whereas, other samples 

showed no significant difference (P > 0.05) in the level of heavy 

metal concentration. 

 
Figure 3: Chart of heavy metal levels (mg/kg) according to samples 

carrot, lettuce and pepper. 

 

IV. CONCLUSION 

The vegetables in the study areas depicted Cr, Fe and Pb to be 

relatively higher in KMI area. And Fe is particularly higher 

across all the location. This could be ascribed to the use of 

sewage water by farmers for watering vegetables grown in the 

area. Furthermore, the consumption of vegetables irrigated in the 

area may constitute health hazards to the consumers. The 

recommendations proffered include among others; Proper 

treatment of sewage water before use for irrigational activities. 

Continuous monitoring on the levels of toxic metals in 

vegetables and soils and waters. And general public should be 

enlightened on the activities that leads to heavy metals pollution 

of the environment. Lastly, an alternative, relatively low cost and 

environmental friendliness ways of handling heavy 

contamination such as bioremediation using green technology 

could employed.  
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