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Abstract 

The aim of this study is to assess if discharged industrial wastewater containing heavy 

metals (HMs) from different industries of Gunduwawa industrial area in Kano and used for 

lettuce irrigation affect the quality of the irrigation water and the irrigated lettuce using 

international regulatory agencies standard. Water and lettuce samples were collected from 

three industrial locations and evaluated for quality using (HMs) under standard laboratory 

procedures. Findings indicated that out of the analysed metals; Lead (Pb), Nickel (Ni), Zinc 

(Zn) and Cadmium (Cd), only Cd and other irrigation water quality parameters; Chemical 

oxygen demand (COD), Nitrate-nitrogen (NO3-N), and Ammonia nitrogen (NH4-N) were non-

compliant to standard of metals quality in the former and irrigation water quality in the latter 

and has recorded a significant difference (P<0.05) except for Ni that did not  (P>0.05). 

Furthermore, COD and NO3-N showed significant difference (P<0.05) in location I 

compared to other locations, NH4-N in location II in comparison to locations I and III. 

Though pH complied with irrigation water quality standard, a highly significant difference 

(P<0.05) was noted in location II if compared with other locations. Overall, this indicates 

poor quality irrigation water for lettuce production and can potentially exert mutagenic and 

carcinogenic effects to the grown vegetables. Pertaining lettuce quality, results showed that 

the lettuce was contaminated with Cd metal and exceeded the standard limit for safety of food 

consumption.  

Keywords: Irrigation, Water quality, metals, lettuce, Wastewater 

 

Introduction 

Irrigation with industrial wastewater globally increases due to fresh water scarcity induced as 

a result of population increase (Sani et al, 2022). This practice is gaining reputation and 

accepted by farmers because of the belief that the wastewater contains high amount of 

essential nutrients needed by the crops at the expense of none or cheaper price (Bichai et al; 

2012; Sani et al, 2022). However, the industrial wastewaters occasionally contain some 

pollutants like heavy metals that degrade both the crops and soil quality depending on the 

source, composition and the concentration of the metals (Sani et al., 2023). For example, Sani 

et al. (2023) indicated that industrial wastewater irrigation affected negatively spinach 

vegetables cultivated at Sharada industrial irrigation scheme in Southern Sudan Savannah 
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ecological zone of Nigeria with Pb and Cd concentrations in the irrigated spinach exceeding 

the food safety limit advocated by regulatory agencies (FAO/WHO, 2011).    

Exceeding limits of HMs concentration in irrigation water leads to transfer of the 

metals to the growing vegetable crops where they bio accumulate and exert their carcinogenic 

and mutagenic effect (Ali et al., 2013; Sani et al., 2022, 2023) to their consumption recipients 

when applied as irrigation amendment. Furthermore, the wastewater degrades soil quality 

parameters; increases salt concentration, clay dispersion and decreases soil hydraulic 

conductivity, changes in organic carbon, pH, nitrogen, CEC and other essential nutrients 

concentration (Bichai et al., 2012; Sani et al., 2022).                                                                                                        

Irrigation of lettuce with industrial wastewater can have a negative impact on lettuce 

quality depending on the different types of pollutants concentration in the wastewater. For 

instance, Mekonen and Habte, (2022) reported significant bio-accumulation of HMs in shoots 

and roots of their lettuce irrigated with HMs contaminated wastewater, subsequently, leading 

to decrease in the lettuce leaf area, fresh weight and dry weight of roots and shoots, as well as 

reduction in photosynthetic pigment content and damage to cell membrane. However, the 

reverse was the case with the data reported by Balghair (2016) elsewhere who indicated 

improvement in the lettuce quality and yield production in terms of fresh weight after being 

irrigated with HMs contaminated irrigation water. Moreover, the author reported high 

increase in K, Ca, Al and S soil nutrients after the irrigation.  

Lettuce is cultivated and consumed by the whole world and its production exceeded 

24 million tons (Mekonen and Habte, 2022). In Nigeria, it is the most consumed leafy 

vegetable probably due to its cheapness, easily bought and prepared, and its production 

occurs throughout the year (Moura et al., 2016).  

The importance of this research is applicable to agricultural, environmental and other 

related industries with vital information on HMs concentration in contaminated irrigation 

water, soil and the irrigated vegetables. This will allow the affected industries to justify the 

application of the wastewater and their management, and potential reuse as irrigation 

amendments into agricultural food production. 

Literature has documented many experimental works conducted on industrial 

wastewater irrigation in Kano industrial areas. For example, Bichi and Danazumi, (2010), 

Abdulmuminu et al. (2015), Pantami (2019) and Sani et al (2020, 2021, and 2022) assessed 

industrial irrigation wastewater quality and their impact on environment. However, 

researching the impact of the HMs contaminated industrial wastewater irrigation on 

vegetables quality particularly lettuce in the Gunduwawa industrial area was absently 

implemented. Therefore, the aim of this study was to evaluate the irrigation water quality and 

its impact on the grown lettuce quality in the industrial area through the following objectives;  

1. To assess the irrigation water quality of the industrial wastewater  

2. To assess the heavy metals concentration in the grown irrigated lettuce and compare with 

the international organization‘s standard for quality compliance. 

 

Materials and Methods 

Study Area Description 

The research was conducted at Gunduwawa industrial area, Gezawa local government of 

Kano state. The area is located between latitude 1206‘N and longitude 8044‘E with average 

rainfall of 696.4mm per year. The area is an industrial, containing industries ranging from 

rice mill factories, detergents factories, shoes making industries, plastics industries, tanneries 

and other related domestic consumables industries. These industries release their wastewater 

to an outer sink like channels where farmers in the area use them for washing and vegetables 

irrigation. 
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Water and Lettuce Samples Collection 

Discharged wastewater samples were collected randomly in triplicate in cleaned plastic 

bottles after bulking of the different composite water samples from three industrial 

wastewater collection sinks; locations I, II and III respectively where the farmers draw the 

wastewater for their vegetable‘s irrigation. Similarly, 10 lettuce samples from each location 

were sampled from the soils in the same sampling procedure of the wastewater using simple 

hoe in uprooting the irrigated vegetables in the three irrigated soil‘s locations. Consequently, 

all the collected lettuce samples were washed and dried before taken to laboratory for 

analysis using standard laboratory procedures.  

 

Laboratory Analyses 

The analysis of different wastewater and lettuce samples for some selected metals 

concentration was carried out in the laboratory using Varian 720-ES Inductively Coupled 

Plasma—Optical Emission Spectrometer technology (ICP–OES (USEPA, 1994) 

manufactured by Agilent echnologies UK (Wharfedale Road, Wokingham, Berkshire, UK). 

pH was measured with sensION+Benchtop Multi-Parameter Meter (Hach Lange, Düsseldorf, 

Germany). Standard water quality analysis procedures were applied for variables including 

chemical oxygen demand (COD), ammonia nitrogen (NH4-N) and nitrate-nitrogen (NO3-N). 

All the water quality analyses were performed according to APHA (2005) procedures.  

 

Data Analyses 
To assess the contamination level of the HMs, lettuce and irrigation water quality indices in 

different locations and their corresponding differences, data mean values of the concentration 

in each location were subjected to analysis of variance (ANOVA) using SPSS Statistical 

package. The treatment means were separated using Duncan Multiple Range Test (DMRT) at 

5% level of probability 

 

Risk Assessment 

The procedures governing the application of the hazardous substances (HMs in the 

wastewater) in the experimental research were listed in order to ensure that the research was 

carried out with minimum risk to health of the researcher or other people that may be 

affected. Furthermore, directives were stated to ensure safety in each step of the research 

including the types of materials which needed to be used such as clothes to be worn in the 

laboratory. The researcher was also trained and advised with regard to the health risks 

associated with possible exposure routes such as inhalation, absorption via the skin and oral 

ingestion of the industrial wastewater when working with hazardous substances like 

industrial wastewater HMs. 

 

Result and Discussion 

Irrigation Industrial Wastewater Quality 

Comparison of Lead (Pb) Concentration 
The irrigation water quality result of the Gunduwawa industrial wastewater in different 

locations was depicted in Table 1. The result indicated the concentration of both HMs and 

other water quality parameters. The concentration of Pb showed that, in location 1, it 

recorded highest values compared to locations 2 and 3 respectively, even though all the 

recorded values were low and below the irrigation quality standard of 0-5.0mg/l advocated by 

FAO (2023) for Pb concentration in irrigation water (Table 1). 

 Statistically, Pb in location 1 has the highest values compared to other locations (P<0.05) 

probably due to high amount of Pb containing substances released in the location 1 
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wastewater from the residing factories in that location compared to the ones in the other 

locations (Sani et al., 2021) but the concentration is within the compliance limit.  

High Pb concentration in wastewater used for irrigation leads to soil toxicity with 

subsequent quality and fertility reduction, accumulation in the leafy parts of vegetables and in 

the grain yield of some crops (Chopra et al; 2009).  

 

Comparison of Nickel (Ni) Concentration 

 The result of Ni in Table 1 showed that, Ni concentration was very low but recorded highest 

values in location 1 compared to locations 2 and 3 that recorded the same values. This result 

indicated that the water was not contaminated with Ni because the irrigation quality standard 

reported by regulatory authorities was 0-0.2mg/l (FAO, 2023) and all the values were below 

the permissible limit (Table 1).  

Statistically, Ni concentration recorded in location 1 has the highest values compared 

to other locations (Table 1) but the difference was not significant (P>0.05).  

Application of wastewater high in Ni concentration contaminates the soil growth media with 

negative impact to the crops grown which can accumulate high concentration of the metal to 

cause serious health risk to consumers (Chopra et al., 2009; Ali et al., 2013) upon the 

consumption of the crops. 

 

Comparison of Zinc (Zn) concentration 

 The result of Zn was also shown in Table 1. The result showed that, Zn concentration was 

generally low in all the locations but recorded highest concentration in location 2 compared 

to other locations. Zn concentration in all locations indicated that the water was not 

contaminated because the irrigation quality standard for Zn in irrigation water was reported to 

be 0-2.0mg/l (FAO, 2023) and all the values in all the locations achieved the compliance 

Statistically, Zn concentration in location 2 has the highest values (P<0.05) compared to other 

locations (Table 1).  

Crops irrigated with wastewater containing high amount of Zn deteriorates soil 

quality and subsequent impediment of the crops grown in the growth media with apparent 

browning of colloid roots and chlorosis particularly in vegetables in addition to health risks 

associated problems such as dizziness and fatigue (Abdullahi et al., 2024) on their host 

animal.    

  

Comparison of Cadmium (Cd) concentration 

The result of Cd concentration in the industrial wastewater was depicted also in Table 1. It 

indicated that, Cd concentration was very high and recorded highest values in location 1 

followed by locations 2 and 3. This result showed that the water was contaminated with Cd 

and can cause negative impact to both soil fertility, quality and the grown crops because the 

irrigation quality standard of 0-0.01mg/l was advocated by agricultural regulatory agencies 

(FAO, 2023) for Cd in irrigation water and all the values were above the permissible limit 

(Table 1).  

Statistically, Cd concentration in location 1 has highest values significantly different (P<0.05) 

compared to other locations (Table 1). 

Application of high containing Cd wastewater as irrigation amendment leads to Cd 

soil toxicity and subsequent transfer of the toxic effect on to the roots and shoots of the 

affected crop, consequently, this leads to the development of harmful effects such as 

oxidative stress, genotoxicity in addition to impediment of the photosynthetic processes, and 

root absorption mechanism to the grown crops. Furthermore, consuming the Cd metal via 

affected crops or vegetables by humans or animals has carcinogenic, mutagenic and 

teratogenic effect (Ali et al., 2013; Sani et al., 2020).    
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Comparison of Chemical Oxygen Demand (COD) concentration 

The result of COD in Table 1 showed that, the COD values in location 1 was highest than 

locations 3 and 2 respectively. According to agricultural regulatory agencies (Radaideh et al., 

2009; Almuktar et al., 2018), irrigation water quality standard for COD was set to be 0-

146mg/l and this shows that the irrigation water is contaminated and can cause negative 

impact to vegetables because all the locations in the research area recorded values above the 

permissible limit (Table 1).  

Statistically, COD values in location 1 significantly recorded the highest values 

(P<0.05) compared to other locations which could be due to the fact that location 1 

wastewater might have contained much recalcitrant chemicals that were not removed 

efficiently from the industries water treatment plants leading to the high observed recorded 

concentration of the oxygen demand variable confirming the data reported elsewhere 

(Abdulmumini et al., 2015; Sani et al., 2020).  

High concentration of COD in irrigation wastewater used for irrigating crops, leads 

to nutrient toxicity and excessive morphological growth in crops (Almuktar et al., 2018).  

   

Comparison of Ammonium Nitrogen (NH4-N) concentration 

The result of NH4-N as depicted in Table 1 showed that, the NH4-N concentration recorded in 

location 2 was highest than the concentration recorded in locations 3 and 1. The recorded 

concentration of ammonia-nitrogen in all locations was much and above the irrigation quality 

standard of 0-5mg/l set by FAO (2023) regulatory agencies. This high concentration recorded 

for ammonia-nitrogen of the irrigation water indicates that the water is highly contaminated 

and can cause negative impact to the irrigated vegetables.  

 Statistically, NH4-N concentration recorded showed significant variations (P<0.05) 

among the different locations with highest values recorded in location 2 compared to other 

phases which could be possibly due to high influx and mixing  of  animal  wastes,  high  

sewage  and leached nitrogenous containing ammonium fertilizers from urban and 

agricultural sources leading to the high recorded ammonia concentration in the location 1 

wastewater in comparison to other locations and has been confirmed elsewhere (Paul, 2011; 

Sani et al., 2020). 

Vegetables irrigation with wastewater rich in NH4-N above maximum irrigation threshold 

safe limit leads to poor vegetables growth (Almuktar et al., 2018). 

 

Comparison of Nitrate Nitrogen (NO3-N) 

The result of NO3-N in Table 1 showed that, NO3-N concentration recorded the highest values 

in location 1 compared to locations 2 and 3. The recorded values were high in all the 

locations and were above irrigation quality standard limit of 0-30mg/l advocated by 

agricultural regulatory agencies (FAO, 2003) indicating the contamination of the irrigation 

water with NO3-N and can cause negative impact to vegetables grown on the irrigated soil. 

 Pertaining statistical analysis (Table 1), NO3-N concentration in location 1 was statistically 

highest (P<0.05) in comparison to locations 2 and 3.  

 The high NO3-N concentration recorded in all the locations could be attributed to the 

released wastewater containing NO3-N from improper treatment of the industrial treatment 

facilities and merging of high municipal sewage, animal wastes, leached nitrogenous 

fertilizers and runoff from urban and agricultural catchments (Sani et al., 2020) and has been 

confirmed previously elsewhere (Abdulmumini et al., 2015).   

 Irrigating vegetables with high nitrate concentration irrigation water leads to soil 

quality degradation, excessive vegetables growth and maturity extension under long-term far-

reaching application as irrigation amendment (Sani et al., 2020).  
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Table 1 HMs Average Concentration in the Irrigation Industrial Waste Water, their 

permissible limit and statistical differences in Gunduwawa industrial area mg/l in 

different phases 

 

Note, Pb, lead, Ni, nickel, Zn, zinc, Cd, cadmium, COD, chemical oxygen demand, NH4-N, ammonium 

nitrogen, NO3-N, nitrate nitrogen, pH, soil reaction, 
a 

FAO (2023), 
b 

Radaideh et al (2009) and 
c 

WHO (2008). 

Different letters in the same columns are statistically significant at5% level of probability using DMRT 

    

Comparison of Soil Reaction (pH) 

The result of pH in table 1 showed that, pH in phase 2 was greater than the result in phase I 

followed by phase 3. This result shows that the water has slightly neutral to slightly basic pH 

but the values were within the irrigation quality standard of 6.0-8.5 (WHO, 2008).  

Statistically pH in phase 2 has the highest value than other phases (P<0.05) probably due to 

high amount of the cations in that phase and has been confirmed elsewhere (Pantami, 2019). 

 

Effect of the Industrial wastewater on the Vegetables quality 

Comparison of Lead (Pb) in the Vegetables  
The result of Pb in table 2 showed that, Pb in phase 3 was greater than the result in phase 2 

followed by phase 1. This result shows that the lettuce is taint with Pb and can cause negative 

impact to human because the lettuce quality standard is between 0.50-30 (FAO/WHO, 2011) 

and all the values were above the permissible limit. Statistically Pb in phase 3 has the highest 

value than other phases (P<0.05) probably due to Pb containing substances in phase 3 

wastewater making the metal concentration recording the higher observed values. This has 

been confirmed by data reported by Sani et al (2023).   

 

Comparison of Nikel (Ni)  
The result of Ni in table 2 showed that, Ni in phase 1 was greater than the result in phase 3 

followed by phase 2. This result shows that the lettuce is not taint with Ni because the lettuce 

quality standard is 0.02-50 (FAO/WHO, 2011) and all the values were below the permissible 

limit and achieved compliance. Furthermore, statistically Ni in phase 1 has the highest value 

than other phases but not significant (P>0.05). The result was in conformity with the data 

reported elsewhere (Sani et al., 2023).  

 

Comparison of Zinc (Zn) 

The result of Zn in table 2 also showed that, Zn in phase 2 was greater than the result in 

phase 1 followed by phase 3. This result shows that the lettuce is not taint with Zn because 

the lettuce quality standard is within the acceptable limit of 20-100mg/kg advocated by 

regulatory agencies (FAO/WHO, 2011) and all the values achieved compliance. Moreover, 

statistically, Zn in phase 2 has the highest values compared to other phases (P<0.05) and the 

Parameters Phase 1 Phase 2  Phase 3 Irrigation 

Quality 

Standard 

Pb 0.054
a 

0.038
b 

0.08
c 

0-5.0
a 

Ni 0.021
NS 

0.017
NS 

0.017
NS 

0-0.2
a 

Zn 0.017
ab 

0.021
a 

0.015
b 

0-2.0
a 

Cd 0.018
a 

0.016
b 

0.01
c 

0-0.01
a 

COD 369.30
a 

311.70
b 

338.30
b 

0-146
b 

NH4-N 62.20
c 

151.70
a 

91.10
b 

0-5
a 

NO3-N 119.34
a 

59.58
b 

33.90
c 

0-30
a 

pH 7.04
b
 7.12

a
 7.01

b
 6.0-8.5

c
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difference was significant (P<0.05). The plausible reason responsible for the high difference 

could be attributed to high concentration of Zn containing substances in the phase 2 

wastewater compared to other phases and was in agreement with the result of Sani et 

al.(2021, 2022). 

 

Comparison of Cadmium (Cd)  
The result of Cd in table 2 showed that, Cd in phase 3 was higher than the result in phase 2 

followed by phase 1. This shows that the lettuce quality is taint with Cd because the lettuce 

quality standard is between 0-<2.4 (FAO/WHO, 2011) and all the values were above the 

permissible limit and did not achieve compliance. Moreover, Cd in phase 3 has the highest 

value than other phases and the difference was not significant (P>0.05) probably due to high 

Cd containing substances in the phase 3 wastewater in comparison to other phases 

wastewater and has been confirmed by the study conducted by Sani et al. (2023).   

  

HMs average concentration in lettuce and their permissible limit in mg/kg 

 
Different letters in the same columns are statistically significant at5% level of probability using DM and 

d 

FAO/WHO (2011). 

 

Conclusion and Recommendation 

Conclusion 

The main objective of this research was to assess the quality of Gunduwawa industrial 

wastewater and their effects on irrigation of vegetables. Findings revealed that the major 

water quality parameters in the wastewater: Cd, Ni, COD, NH4-N, NO3-N, exceeded 

irrigation quality standard limit as recommended by FAO and WHO regulatory agencies. 

With regards to vegetables quality, Pb and Cd, exceeded lettuce quality standard limit and did 

not achieve compliance indicating that the industrial wastewater could be harmful to the 

vegetables and negatively affect public health particularly the end consumers due to toxicity 

of the water quality. 

   

Recommendation 

Based on the result in the research carried out, all industries in Gunduwawa industrial area 

should be directed by authority to discharge their wastewater to the sewer system not to 

discharge directly to the environment as is the practice of the farmers in the study area to 

protect the public from carcinogenic and mutagenic effect of the HMs contaminated lettuce 

and the poor irrigation water quality. 
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