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Abstract 

 Insufficient freshwater resources and surplus 
wastewater (industrial and sewage) have constrained farmers 
for ample practice of wastewater irrigation. Although 
wastewater provides necessary nutrients to crops, the 
accumulation of chemicals and heavy metals are harmful to 
human health, soil, and groundwater resources. The efficient 

wastewater treatment management can provide additional 
and alternative water resources; however, farmers’ 
perception and willingness to pay for this type of reclaimed 
water play a crucial role in its reuse. The objective of the 
study is to check the prevailing patterns of irrigation in peri-
urban areas of Faisalabad district to identify the factors 
affecting the willingness of farmers to pay for treated 
wastewater and their perceptions to use it. Face to face 

interviews and group discussions were used to collect data 
with the help of a questionnaire with a sample size of a total 
of 200 farmers. The binary logistic regression model was used 
to evaluate the farmers’ willingness to pay for treated 
wastewater. Results revealed that 140 out of 200 farmers 
were willing to pay and to use treated wastewater as an 
alternative option for irrigation. Based on the findings of the 
present study, it was concluded that willingness to pay was 
positively affected by age, education, income, area of 

cultivation, land ownership, farmers’ awareness about the 
benefits of treated wastewater, the health-risk and 
productivity perceptions. The study recommends that 
dissemination of information and the provision of intensive 
agricultural extension services can encourage farmers to use 
treated wastewater as an additional water source. 

Keywords: wastewater irrigation, treated wastewater, 

willingness to pay, farmers’ perceptions 

Acronyms: WTP (willingness to pay), TWW (treated 
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I. INTRODUCTION 

 Over time, water scarcity has adopted an 

upward trajectory and tends to build up progressively. 

Which accounts that nearly one-third (2 billion) of the 

global population is facing chronicle shortfall of 

available clean water [1]. This persistent decline of 

freshwater resources can result in impairing the 
biodiversity, eco-system, nature, and above all, human 

health. World water day report revealed that the death 

toll of people, mostly children, due to the shortage of 

water and water-related health problems, accounts for 

3.4 million people [2]. Dynamic urbanization and 

modern improvement have expanded the utilization of 

streams as waste disposal bodies. The contamination 

emerging from these anthropogenic exercises and 

different sources, such as expanded utilization of rural 

synthetic substances, has made a thorough evaluation of 

the stream water quality fundamental [3]. The scarcity 
of usable (fresh) water is putting pressure on the 

agricultural activities, which is the most water-

consuming sector (70 percent of the total water 

consumption) of the economies worldwide [4].  

 Under this scenario, farmers, especially in the 

vicinities of urban areas, use sewage water for irrigation 

purposes. Due to the presence of the vast spectrum of 

deadly chemical and other pathogenic micro-level 

organisms in sewage water [5], human health and soil 

fertility is at substantial risk [6]. Therefore, recycling 

and reusing wastewater can significantly contribute to 

an additional water supply. It will strengthen the 

available water resources, where treated sewage (waste) 

water would be used for irrigating purposes and 

freshwater for drinking purposes, exterminating both 

risks [7]. In this context, many countries have already 

invested in the treatment and reusing wastewater [8]. 
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In Pakistan, there are two primary sources of irrigation: 

Surface and groundwater. The increased shortfall of 

surface water [9] has increased the dependency on the 

groundwater, which is not only declining the 

groundwater sources but also deteriorating its quality. 
Furthermore, the extraction costs are putting pressure 

on the value of the production of agriculture products 

[10]. The diminishing availability of surface and 

groundwater and increased demand by domestic, 

industrial, and agricultural sectors has made Pakistan a 

water deficit country [11]. Hence, there is a crucial 

need for recycling and reuse wastewater to meet 

additional water needs.  

 Domestic and industrial outflow in Pakistan is 

directly discharged into sewage drains, water bodies, or 

nearby fields without any prior treatment. No city 

except Islamabad and Karachi has biological 

wastewater treatment plants, which can only treat 8 

percent of the wastewater produced by these cities. 

Thirty percent of the total sewage is directly used for 
irrigation purposes [12] while the rest of the wastewater 

is disposed of into canals, rivers, and sea without 

considering its adverse effects [13]. Farmers believe the 

effluent water valuable as it has all the essential 

nutrients such as nitrogen, potassium, phosphorus, etc. 

that may save fertilizer cost [14]. In Pakistan, more than 

25 percent of the vegetable farms are being irrigated 

with untreated wastewater [11], [14].  

 Although wastewater irrigation provides 

certain benefits, i.e., higher yield, additional water 

resources for irrigation, and lowering the need for 

fertilizer, thus, reducing the cost of production, this 

practice, however, depends on the water quality and 

nature of crops. It is evident from many experimental 

studies that if the supply of plant nutrients exceeds their 

required demand, production may be negatively 
affected. On the contrary, wastewater irrigation poses 

potential risks to farming communities as well as fresh 

vegetable consumers. Irrigation with industrial 

wastewater contaminates soil [14] and groundwater 

supplies that damage the everlasting sustainability of 

available natural resources [15]. 

Undoubtedly, the consumption of crops, especially raw 

vegetables irrigated with untreated wastewater, brings 

enormous health issues to all age groups and leads to a 

comparatively higher prevalence of hookworm [16], 

and Ascariasis infections among children [17]. The 

valuation of public health risks, soil and groundwater 

contamination, and crop productivity are the critical 

decision variables for wastewater irrigation [15]. 

The researchers have explored the accumulation of 

heavy metals in crops irrigated with wastewater (see, 

for example [18]–[21] in Pakistan; [22]  in Zimbabwe; 

[23]–[25] in China; [26]  in India; [27] in Romania. 

Furthermore, the health implications of wastewater 
irrigation have been evaluated by many researchers   

(see, for example, [16], [28] in Pakistan.  

  The impact of wastewater on food security and 

local livelihoods was examined by [11], [14] in 
Pakistan. Reference [29] probed the effect of toxicant 

discharge in treated and untreated wastewater on 

environmental quality in India. Many investigations on 

farmers' knowledge and perceptions for the use of 

treated wastewater were done (see, for example [30]; 

[31] in Thailand;  [32]  in Greece; [33] in the USA; [7] 

in Ghana. Assessment of extended economic benefits of 

recycling and reusing wastewater was performed (see, 

for example, [23], [34]  in China, and the effects of 

using wastewater on soil were tested (see, for instance 

[35] in Spain.  

Nonetheless, the successful development of the reuse 

project is entirely based on its acceptability by the 

targeted audience. Therefore, barely looking for 

prospective users will not assure the success of the plan 
[9]. Identifying potential markets through developing 

interest among targeting audiences [30], education, and 

information are crucial to bridge the gap between 

projected and practical use of reclaimed wastewater 

[36].  

 Based on the above literature, numerous 

studies are conducted to assess the metal accumulation 

in vegetables grown with wastewater and their 

detrimental effects on human health and soil. However, 

there is a relative meagerness of literature on the 

relationship between farmers' perceptions, their socio-

economic attributes, and their willingness to pay for 

treated wastewater. Consequently, the present study 

was administrated with three main objectives: a) to 

evaluate the current patterns and extent of wastewater 

application as irrigation; b) assessment of the 
perceptions of farmers about the impact of wastewater 

on soil, productivity and human health; and c) 

identification of the factors affecting farmers' 

willingness to pay for treated sewage water.  

This research contributes empirically by providing 

evidence on this particular topic for the study area. It 

could help build understanding to fill the knowledge 

gap by predicting acceptance behavior by overcoming 

farmers' concerns on TWW use, hence, attaining the 

ultimate objective of agriculturalists and policymakers. 
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II. MATERIALS AND METHODS 

A. The Study Area 

 This study was conducted in the Faisalabad 

region of Punjab province of Pakistan. This city has a 

concentration of an industrial hub that contains the 
textile industry, many engineering units, flour mills, oil 

refineries, and other pharmaceutical units. The 

industrial sector of Faisalabad has an excellent 

contribution to GDP, hence, contributing a large 

amount of wastewater to its disposals, which is furthers 

ejected into the rivers without any prior treatment [37]. 

Moreover, the city lacks in an administrative capacity 

for an effective system for the treatment of effluent 

water. Excess wastewater supply, facile generalization, 

reliable supply, and lower cost of production are the 

factors that persuade extensive wastewater irrigation 

near the city, especially for vegetable farms.  [10]. 
 According to the Water and Sanitation 

Authority of Faisalabad, there are 28 different disposals 

points of wastewater in the city. Some of these 

disposals are located in Uchkera, Paroka, Samanabad, 

Satiana, and Marosipura. However, merely one 

treatment plant with operational working is located in 

the area. Vegetable farming in peri-urban areas of these 

disposals is done by applying wastewater for the last 

thirty years.   

 Accumulation of heavy metals in the 

agricultural products produced with effluent water can 
cause various complications to human health, i.e., 

metabolic disorders, mental impairment, or kidney 

infections. Additionally, soil and land fertility are prone 

to higher risk with such practices [37]. Therefore, 

consideration of negative externalities (food security, 

soil contamination, and adverse effect on natural 

resources) is a great matter of concern [14]. 

 

B. The Sampling Strategy 

 A multistage sampling technique was used to 

collect data for the study. In stage one, Faisalabad (the 

third-largest city of Pakistan) was chosen for some 
specifically particular reasons: a) enormous numbers of 

wastewater disposal; b) functioning of water treatment 

plant; c) reliable supply of industrial effluent; d) large-

scale wastewater irrigation practices.  

In the second stage, based on the source of water, two 

peri-urban areas Uchkera and Paroka were selected 

purposively as these were in the catchment area of the 

central disposal of the city. It is impossible to collect 

information from the whole population in any empirical 

investigation. Therefore, in this proposed research, we 

have to generalize based on information derived from a 
representative sample of the population. If we take 

interviews of all samples in these two regions (five 

villages), the constraints affecting our study area were 

cost, time management, and challenging to handle  

a large amount of data procured. Therefore, on stage 

three, five villages from two regions (Uchkera and 

Paroka) were selected voluntarily as their agricultural 

fields were directly tapped to sewage drains. In the last 

stage, two hundred samples were chosen to collect data 
through a simple random sampling technique with a 

cluster of forty farmers from each village. 

 

The several visits (for three weeks) to the study area 

were made to have face to face interviews with the 

farmers followed to proceed data collection. 

Respondents found this study interesting and new of its 

kind for that very area and assured their voluntary 

participation. In some cases, the language barrier was 

overcome by translating the questionnaire into the local 

language, i.e., Punjabi. Eventually, the survey was 

completed over 15 days, and data was successfully 
collected. 

 This study investigated the current prevalence 

of wastewater irrigation and farmers' WTP for TWW 

according to their perception of soil, productivity, and 

human health. WTP measures that how much amount a 

person is willing to pay for a good or service depending 

on its attractiveness and price [8]. The literature review 

helped us to identify the number of attributes that can 

affect farmers' WTP according to the scope of the 

research statement. Socio-economic variables that were 

testes for the study are age, education, income, 
ownership of farming land, farm size, as well as 

perceptions about health risk, soil, and productivity. 

Moreover, based on farmers' conceptions, WTP was 

tested by giving several choice cards, i.e., awareness 

about the detrimental effects of wastewater irrigation, 

food security, accessibility to freshwater resources, 

profitability, and government subsidy.   

 

C. Data Collection 

A well planned interviewing schedule consisting of 

structured and unstructured questions was prepared to 

explore the research purpose. We carried out direct 
face-to-face interviews as this has been the most 

reliable approach in contingent valuation studies [38]. 

During a one-week pilot survey, we tested a 

questionnaire on 25 farmers of vegetable farms to 

determine the reliability of research tools. 

The results identified the need for some modifications 

in the questionnaire and, few items were removed from 

after the feedback, and required information was 

collected by asking both planned and unplanned 

questions in the interview related to our concerned 

study. 
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D. Data Analysis 

 An in-depth descriptive analysis of all the 

variables was performed to achieve our first objective, 

i.e., to check the current extent and patterns of 
irrigation. Furthermore, the study for the second 

objective was done using the Likert scale and 

inferential statistics, i.e., Cross tabulation and Chi-

square test was used to check the association between 

different perceptions of farmers about wastewater 

irrigation and their willingness to pay for its treatment. 

Based on their perceptions, different choice cards were 

proposed to form of stated benefits to evaluate their 

WPT for TWW (Table 4), and responses were recorded 

in Yes and No. 

 The third objective was achieved by 

incorporating an Econometric analysis, i.e., the Binary 
Logistic Regression model, to identifying the factors 

affecting willingness to pay for treated wastewater. This 

model includes categorical variables and predicts the 

probability that an observation falls into one of the two 

categories. Logistic regression on the model was the 

most viable technique to identify the relationship 

between the dependent variable (willingness to pay for 

treated wastewater) and one or more than one 

independent variable such as age, income, education, 

price, awareness. In this study, the response 

variable(WTP) was categorized into two categories of 

yes and no. 

 This linear relationship can be written in the 

following mathematical form  

 ℓ= log 𝑏 
𝑝

1−𝑝
  =  𝛽0 + 𝛽1𝑥1 + 𝑥2𝛽2  [39] 

The simple algebraic expression which depicts the 

result suppose probability p=Y=1 is: 

p= 
𝜌𝛽0+𝛽1𝑥1+𝑥2𝛽2

𝜌𝛽0+𝛽1𝑥1+𝑥2𝛽2  +1
 =  

1

𝜌−(𝛽0+𝛽1𝑥1+𝑥2𝛽2) +1
  [39] 

The logarithm of the odds is the logit of the probability; 

the logit is defining as follows in term of equations: 

Logit p = ln
𝑝

1−𝑝
     for 0 < p > 1  [40]      

p =   Bernoulli response variable or Probability 

𝛽1 = Is Fixed 

𝑥1, 𝑥2 are  Predictors 

b= Base of a logarithm  

ℓ = Log-odds 

 The research tools and data analysis models 

were validated by a team of experts consisting of 

academic staff, agricultural economists, and 

environmental economists from the institute of 

agricultural and resource economics, university of 

agriculture, Faisalabad, Pakistan. 

III. RESULTS AND DISCUSSIONS 

 This section entails the results derived from 

statistical and econometric analysis. It starts with the 

demographic and socio-economic features of the 

respondents. A closer look described the current 

arrangement of irrigation patterns in the study area, 

followed by the perceptions based choice card analysis 
of WTP results. Finally, we present the attributes 

affecting WTP by incorporating the logit model.  

A. Farmers' Profile 

 The average age of the respondents was 38.2 
years, with the majority (55.5%) farmers being in the 

age group of 30 to 40 years (Table 1). The literacy rate 

of the respondents was higher (51%) for the secondary 

level, whereas the next higher (32.5%) was reported for 

the primary level of education. Only 16.5 % of the 

respondents were educated at the college or university 

level. On average, the family size was seven members 

for each family, and it was minimum at two members 

and maximum at seventeen members for our given 

sample size. The average monthly income for each 

respondent was recorded as 97.27 thousand Pak 
Rupees. Moreover, the average area being used for the 

cultivation was 10.86 acres, with a minimum of 1 and 

maximum of 40 acres. 

 
Table 1: Socio-economic Profile of the respondents 

 
Income= thousand PKR (n=200) 
 

 

Age (Years)                                   38.2          12.75 

a. Up to 30                 28.5 
b. 30 to 50                  55.5 
c. Above                    16 

Education                                      9.52             3.88 

a. Primary                 32.5 
b. Secondary             51 
c. Bachelors              15 
d. Masters                 1.5 

Family Size                                   7                  4 

Average Monthly Income (000)   97.27           96.87 

Farm Size (Acers)                        10.86             7.75 

Ownership of Land                        1.47              0.78 

a. Own Land        70 
b. Rented in          15 
c. Rented Out       13.5 
d. Fallow Land     1.5            
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Most of the participants (70%) were farming on their 

own land while (15%) were using rented in farms for 

agricultural activities. Only (13.5%) of the respondents 

had rented out their areas. The scarcity of freshwater 

resources and high prices for canal water are the 
primary reasons for wastewater irrigation [11]. The 

results of this section revealed that a low literacy rate is 

a reason behind their lack of information and resistance 

against the use of TWW. Spreading awareness about 

the potential risks of wastewater irrigation and 

educating adequate water management strategies can 

increase the dependency on alternative water resources 

and willingness to pay for treated wastewater [41]. 

B. Extent and Pattern of Wastewater Irrigation 
 

Farmers had various views about the history of using 

wastewater for irrigation, but the majority of them 

reported that they have been using wastewater for the 

last 40 years [10]. The results of the study showed that 

more than half of the respondents (51%) were 

consuming wastewater, while (28.5%) were using a mix 
of canal and groundwater. However, the use of 

groundwater sources for irrigation was significantly low 

with mere (2.5%), and none of the respondents were 

using treated wastewater (Figure 1). A closer look at the 

analysis revealed that higher salt concentration in 

groundwater and lower need for fertilizer were the main 

reasons for the prevalent irrigation trends. Several prior 

studies have claimed (see, for example, [20] that the 

affluent industrial and untreated sewage water is 

applied to crops and vegetables grown in the city [10], 

which in turn severely affects the groundwater by 
leaching through the plant roots. It is evident from the 

study of [42]  where most of the tested groundwater 

samples were profoundly impacted due to industrials 

and sewage waste and posed higher risks to human 

wellbeing. The average response for wastewater 

application was 3 to 4 times in one crop period. 

 
Figure 1: Water types used for irrigation in the study area (n=200) 

This study indicates that more than two-thirds (71%) of 

the respondents were irrigating vegetable farms with 

wastewater compared to (23%) for cash crops, while 

the preference of wastewater irrigation to grow fodder 

was only (6%) (Figure 2). The reasons for this 
production pattern were increased vegetables demand in 

the city and ready availability of sewage water disposal. 

Crops irrigated with wastewater pose higher health 

risks to farmers and their potential consumers, such as 

hookworm diseases, diarrhea, kidney infections, and 

many other health issues. Results indicate striking 

health concerns for crop consumers because most of the 

vegetables (salads) are consumed uncooked [16]; 

therefore, educating farmers about food security is 

pivotal [12]. 

 
Figure 2: Type of crops produced with wastewater irrigation (n=200) 

The government should announce policies to increase 

the use of canal waters and legitimize the treatment of 

sewage water before using it to irrigate vegetables [43]. 

C. Farmers' Perception and attitude towards 

Wastewater Irrigation 

 This section covers the analysis of farmers’ 

perceptions of wastewater irrigation and its impact on 

human health, soil, and agricultural yield. The Likert 

scale has been used to record individual responses, and 

opinions were filed in five given ranges, i.e., strongly 

disagree (=1), disagree (=2), not sure (=3), agree (=4), 

and strongly agree (=5). The findings of the perceptions 
are presented in Table II. 

 

i. Perceptions about Human Health 

 Wastewater irrigation can accumulate toxic 

metals to the soil above critical limits, and consumption 

of crops produced on such land can harm human health 

[44]. More than 80 percent of the respondents were of 

the view that applying wastewater to the crops may 

harm human health, and 93.5 percent positive responses 

were recorded for skin diseases (Table II). 
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However, farmers’ agreement about chronic diseases in 

relation to wastewater was comparatively low at 49.5 

percent, with 23.5 percent were disagreeing with the 

notion. Moreover, 27 percent of them were having a 

neutral opinion as they were not very sure if wastewater 
application to the vegetables may cause any chronic 

disease. The study revealed that farmers were 

considering only direct and visible health implications. 

Many studies have documented evidence on consumer 

health-risk that support the results of these perceptions; 

see, for example, [7], [41]. Table III highlights the 

results of the chi-square test for these three health 

perceptions. P-values value for first (wastewater 

irrigation is harmful to human health; p > 0.034) and 

third (wastewater irrigation causes skin infections; p > 

0.012) health perception was less than 5 percent level of 

significance. Hence, it reveals evidence of the 
association between farmers’ health risk perception and 

their willingness to pay for treated wastewater. It is 

important to note that no evidence of association was 

found for chronic diseases. Wastewater irrigation can 

result in different deadly maladies such as skin 

allergies, hepatitis, tuberculosis, influenza, and fever 

[45]. Several surveys commissioned by food sciences 

authorities have confirmed the impact of wastewater on 

chronic diseases; see, for example, [19], [27], [45], 

[46]. Disseminating the results and information of such 

studies with farmers is crucial to make them aware of 
associated health risks. 

 

Awareness about wastewater irrigation and knowledge 

about the benefits of using treated wastewater can 

substantially improve farmers’ willingness to pay and 

desire to use. This finding is in line with [47], who 

reported that knowledge and information are positively 
related to the use of treated wastewater. 

 

ii. Perceptions about Soil Quality 

 

Wastewater irrigation can result in the accumulation of 

heavy metals in soil and crops at the toxic level, and 

other pathogenic infections [48]. These accumulations 

of metal contents in the soil can adversely affect crop 

productivity and the environment [49].  But with 

farmers’ perspective, land irrigated with wastewater is 

considered more productive than the land irrigated with 

canal water, as it increases the yield as well as the 
number of crops that can be grown in a season [14]. 

Farmers’ perceptions about the soil quality amid 

wastewater applications were recorded for three 

different aspects. Our first question was about soil 

fertility. Forty-two percent of the farmers disagreed, 

and 23.5 percent were agreeing that wastewater 

irrigation harms land fertility. In contrast, 34.5 percent 

of the respondents had a neutral opinion. The 

magnitude of the indifferent opinions for soil erosion  

was higher at 38 percent, followed by the 36.5 percent 

disagreement. At the same time, only 25.5 percent were 
of the view that wastewater irrigation is responsible for 

soil erosion. Thirty-four percent of the respondents 

agreed that wastewater irrigation causes metal 

accumulation, which reduces essential ingredients from 

the soil. 

 

 

 

 

 

 

Statement Health risks (%) Mean S.D

SD D N A SA

HR1 WWI is harmful to human health 5.5 6.0 5.5 32.0 51.0 4.17 1.130

HR2 WWI cause chronic diseases 3.0 20.5 27.0 40.0 9.5 3.32 1.002

HR3 WWI cause kin infections i.e., itching 1.0 1.0 5.5 36.0 56.5 4.46 0.736

and blisters

Statement Soil Fertility (%) Mean S.D

SD D N A SA

SF1 WWI adversely effect land fertility 9.0 33.0 34.5 16.5 7.0 2.79 1.048

SF2 WWI is responsible for soil erosion 5.5 31.0 38.0 16.0 9.5 2.93 1.035

SF3 WWI cause metal accumulation that 8.0 21.0 37.0 26.0 8.0 3.05 1.055

reduces important soil ingredients

Statement Farm Productivity (%) Mean S.D

SD D N A SA

FP1 WWI brings higher yield 2.5 6.0 8.0 31.5 52.0 4.25 1.005

FP2 WWI reduce cost of production 3.0 4.0 7.0 32.5 53.5 4.30 0.976

FP3 WWI produce low quality vegetables 1.5 6.0 19.0 43.0 30.5 3.95 0.934

WWI= Wastewater Irrigation, SD= Strongly Disagree, D= Disagree, N= Neutral, A= Agree, SA, Strongly Agree

Table II: Health risk, soil quality and production related farmers' perception towards wastewater (n=200)
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However, 29 percent of responses denied this assertion, 

and neutral opinions for this perception were recorded 

higher at 37 percent (Table II). By incorporating chi-

square test, no evidence of association was found for all 

three soil-related perception and willingness to pay i.e., 
(p < 0.214, p < 0.208, p < 0.482) (Table III). 

Bioaccumulation of the metal contents is an important 

consideration, especially when vegetables are re-grown 

with the seeds that farmers obtain from their own 

cultivation, which is previously irrigated with 

wastewater. Consumption of such vegetables is not 

safe, and massive health risks [50], [51]. During the 

survey of the fields in Uchkera, we observed an 

interesting practice of periodic removal of the upper 

layer of soil. Our further  

investigation revealed that this strategy was found 

useful in removing the layer with heavy metal contents. 

This might be one of the factors that wastewater 

irrigation is being practiced for many decades without 

realizing its harmful effects on the soil of the cultivated 
area. However, it is worthwhile considering that metal 

contents found in vegetables and their associated risks 

are many folds greater than previous studies [28]. 

 

iii. Perceptions about Productivity 

 Mostly untreated wastewater is consumed for 

irrigation in peri-urban areas across Pakistan [14]. 

Farmers consider wastewater a reliable source as it 

fulfills water as well as nutritional requirements for the 

crop plants. 

 

SD D N A SA Total Chi-Square P-Value

HR1 and WTP for Yes 3 2 4 22.5 38.5 70 10.44 0.034

TWW No 2.5 4 1.5 9.5 12.5 30

Total 5.5 6 5.5 32 51 100

HR2 and WTP for Yes 2.5 15.5 21 25 6 70 5.244 0.263

TWW No 0.5 5 6 15 3.5 30

Total 3 20.5 27 40 9.5 100

HR3 and WTP for Yes 1 0 3 22 44 70 12.822 0.012

TWW No 0 1 2.5 14 12.5 30

Total 1 1 5.5 36 56.5 100

SD D N A SA Total Chi-Square P-Value

SF1 and WTP for Yes 7 22.5 26 9 5.5 70 5.81 0.214

TWW No 2 10.5 8.5 7.5 1.5 30

Total 9 33 34.5 16.5 7 100

SF2 and WTP for Yes 4 22.5 29 9 5.5 70 5.886 0.208

TWW No 1.5 8.5 9 7 4 30

Total 5.5 31 38 16 9.5 100

SF3 and WTP for Yes 6 16 27 16 5 70 3.47 0.482

TWW No 2 5 10 10 3 30

Total 8 21 37 26 8 100

SD D N A SA Total Chi-Square P-Value

FP1 and WTP for Yes 1.5 2 4.5 23 39 70 10.872 0.028

TWW No 1 4 3.5 8.5 13 30

Total 2.5 6 8 31.5 52 100

FP2 and WTP for Yes 2 1.5 3 20.5 43 70 15.934 0.003

TWW No 1 2.5 4 12 10.5 30

Total 3 4 7 32.5 53.5 100

FP3 and WTP for Yes 1 5 13 27 24 70 5.398 0.249

TWW No 0.5 1 6 16 6.5 30

Total 1.5 6 19 43 30.5 100

WWI= Wastewater Irrigation, SD= Strongly Disagree, D= Disagree, N= Neutral, A=Agreed, SA, Strongly Agree

HR1= WWI is harmful to human health, HR2==WWI causes chronic diseases, HR3=WWI causes skin infections

SF1= WWI adversely affects land fertility, SF2= WWI is responsible for soil erosion, SF3= WWI causes metal 

accumulation in the land , FP1= WWI brings higher yield, FP2=WWI reduces cost of production, FP3=WWI 

produces low quality vegetables

Table III: Relationship between perceptions and WTP (n=200)

Health Risk (%)
Willingness to Pay (%)

Willingness to Pay
Soil Fertility (%)

Willingness to Pay
Farm Productivity (%)
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Wastewater contains organic matter contents, which 

ultimately lowers the need for fertilizer application, 

resultantly reducing the cost of production and higher 

yield [15], [44]. Despite all of the social and 

environmental impacts of wastewater irrigation, the 
economic benefits of this practice play a demining role 

in this option [48]. Responses about the productivity 

perceptions explained that more than half of the 

respondents (52%) strongly agreed that wastewater 

irrigation brings higher yield, and 31.5 percent were 

agreed. However, 8.5 percent of them disagreed with 

the assertion, and neutral responses were merely 8 

percent. The majority (86%) of the farmers were of 

agreement that wastewater irrigation reduces the cost of 

production while disagreement was recoded only 7 

percent. Farmers’ perception of the inferior quality of 

vegetables had an agreed response at 73.5 percent. 

 Nonetheless, 19 percent of the respondents had 

undecided answers about the quality of vegetables 

produced with wastewater, and only 7.5 percent were 

disagreeing with it (Table II). The chi-square test 

showed evidence of an association between perceptions 
of higher yield (p > 0.028), reduced cost of reduction (p 

> 0.002), and willingness to pay for treated wastewater 

(Table III). The study revealed although more than 80 

percent of the farmers aware of the adverse health 

implications of wastewater irrigation, yet, reduced cost 

of production and higher yield was two primary 

attributes having a significant impact on farmers’ 

decision for WTP.  

 The descriptive analysis of the knowledge 

attitudinal factors showed that 35 percent of the 

respondents were aware of the potential benefits of 

TWW, while 65 percent of them were uninformed 
(figure 3). 

 

  

 

        Figure 3: Farmers’ awareness about the benefits of using TWW (n=200) Figure 4: Perceptions based WTP for TWW (n=200) 

 
        Figure 5: Percentage response for WTP (n=140)         Figure 6: Percentage response for unwillingness to pay (n=60) 
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Based on the perceptions, 140 out of 200 farmers were 

willing to pay for treated wastewater, and 60 of them 

were unwilling to pay (Figure 4). It is important to note 

that the reduced cost of production and impact on 

human health were two significant reasons for these 
findings. Forty-three percent of the positive responses 

reported that TWW irrigation does not increase the cost 

of production (Figure 5). According to farmers, 

treatment of the wastewater eliminates only harmful 

metal contents from the water, yet has almost all the 

necessary nutrients required for crop production. Thus, 

it may not necessarily increase the cost of production. 

Additionally, during the fieldwork, farmers indicated 

that they were more concerned about the cost of 

ejecting groundwater and its associated indirect 

expenses. Ready availability, lower price of TWW 

compared to freshwater, and lower need of fertilizers 
were the factors of having a positive influence on 

willingness to pay for TWW. This conclusion is 

supported by the evidence of [36], who reported 

different factors affecting farmers' WTP for TWW. The 

second important reason for WTP was avoiding health-

risk. This response was recorded at 30.5 percent. 

Farmers explained that apart from selling their products 

in the market, they were consuming these crops in the 

households. Therefore, they perceived that using TWW 

will reduce out of pocket expenses for illness. The 

survey data shown in Figure 5 delineates that farmers 
were least concerned about soil deterioration (13.5%) 

and the quality of crops (13%). The above discussion 

put a convincing case of our chi-square test results, 

which has previously explained the association of these 

perceptions with WTP.  

 In the next stage, 60 respondents with the 

unwillingness to pay were asked about the background 

of their decision. Surprisingly, 44.5 percent of them 

reported that there is a lack of extension services to 

encourage the use of TWW (Figure 6).  It is important 

to note that the provision of help and expert advice 

about water quality and its potential health and 

environmental risks is pivotal. This approach could help 

government authorities by providing powerful tools to 

inform many framers about the regulation and use of 
TWW [52]. Although extension services cover a broad 

spectrum, and most of the farmers are not fully aware 

of the benefits of such assistance. Many studies (see, 

for instance, [53]) explained that the farmers are most 

concerned about the services for access to credit and 

farm inputs. It is compulsive to note that about 70 

percent of the farmers’ decisions about the use of TWW 

is based on communication through mass media [36].  

Finally, dissemination of sufficient information through 

well-organized programs can help to increase the 

framers' WTP for TWW.  

 The second primary reason given for 

unwillingness to pay was a lack of awareness. 

According to 42 percent of the respondents, educating 

farmers about the benefits of different water supplies is 

essential to make them familiar with water treatments. 

Farmers reported that field observations, and talking to 
other wastewater users were the primary sources of 

getting information about wastewater implications. 

Though numerous studies had been conducted about the 

wastewater content to date, framers were having 

inadequate knowledge about associated risks and 

benefits; this implies the dire need for dissemination of 

useful information, which can strongly influence the 

farmers’ decision about the use of TWW [54]. These 

results are similar to [55], who reported that apart from 

practical experience, farmers usually integrate new 

concepts and information learned from agricultural 
extension officers, input suppliers, and media into their 

farming methods. That means having more awareness 

about the reuse of wastewater, and its impacts can 

change farmers’ attitudes.  

 As evident in Figure 6, very few (9.5%) of the 

negative response was linked to the increased cost of 

fertilizer. Farmers perceived that treatment of the 

wastewater would eliminate nutrients required for crop 

production, which will lead to higher the need for 

fertilizer. This perception, again, connect to farmers’ 

awareness. Several previous studies have revealed that 

TWW includes almost all necessary nutrients needed 

for good crop production, which can result in higher 

yield [52], [56], [57]. Communicating the results of 

such studies through different means can significantly 

change the attitude towards the use of wastewater. It 
was further reported that merely a 4 percent response 

for unwillingness to pay was due to household income. 

The price for the TWW was lower compared to the 

available freshwater resources; therefore, less income 

did not have a significant impact on farmers’ WTP 

decision. 

B. Willingness to Pay under given Choices 

 Farmers WTP for TWW was further tested by 

giving six different hypothetical scenarios in the form 

of choice cards, and responses were recorded in Yes (1) 

and No (0) (Figure 7). It is evident in figure 7 that 75.5 

percent of the respondents were WTP for TWW if it 

improves the food security for crop producers and 

consumers. 
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 This result implies that the majority of the 

farmers were aware of associated health risks by the 

consumption of crops irrigated with wastewater. 
Whereas, 24.5 percent of farmers gave a negative 

response, by simply overlooking its health implications. 

WTP for TWW was 64.5 percent with the availability 

and accessibility of freshwater resources. Farmers 

reported that this WTP is subject to the reliable supply 

of TWW, and higher induction cost of freshwater 

sources. However, 35.5 percent of the respondents 

preferred freshwater irrigation over TWW.  

 Descriptive analysis in the above section has 

proved a strong relationship between WTP and farm 

profit. Our third choice card revealed that 73 percent of 

the farmers were WTP for TWW if it increases farms 

profit without increasing production cost, while 27 

percent of them were unwilling to pay. These negative 

responses suggested that farmers were not aware of the 

various benefits and composition of TWW. For the 
fourth choice card, 76.5 percent of farmers showed their 

WTP if TWW gives higher farm output. It is 

worthwhile to note that 78 percent of the farmers 

carried a positive response for WTP if they were given 

education about the potential benefits of TWW. 

Therefore, education and awareness programs can have 

absolute advantages for the use of TWW. 

 Subsidizing the use of TWW is another crucial 

scenario that can hugely impact farmers' WTP. Figure 7 

exhibits that 64 percent of the farmers were WTP for 

TWW if the government subsidizes it.  

 Based upon the analysis, it is consequential to 

state that wastewater irrigation is encircled with high 

risks; mainly, in low-economic conditions, where 
untreated or inadequately treated effluent water is used 

as an alternative source of irrigation. Thus, 

communicating the positive and negative impacts of 

such practices would be beneficial to the decision-

making process [58]. Moreover, information and 

education have a massive effect on WTP. The use of 

appropriate strategies such as price reduction, farmers’ 

incentives, and extension training courses can 

significantly impact WTP for TWW [36].  

 

C. Empirical Results 

 Binary logistic regression explained that the 
overall percentage of the cases correctly predicted by 

the model is 74.5 percent (Table IV). The value of 

Nagelkerke R square (0.26) showed that logistic 

regression had a reliable prediction power and goodness 

to fit the model of variability in the dependent variable, 

which was the willingness to pay for treated wastewater 

in binary form. The analysis revealed that important 

socio-economic variables, i.e., age, education, and 

average monthly income, are positively affecting WTP 

yet having an insignificant relationship. However, two 

demographic variables, area of cultivation and land 
ownership have a significantly positive impact on WTP 

for TWW. Hence, higher landholding (in acres) of an 

operational farm, higher will be the WTP for TWW.  

 

 

Figure 7: Farmers’ percentage response for WTP under given choices (n=200) 
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 Moreover, the probability of WTP will rise 

with an increase in farmers’ owned land. Before 

incorporating the regression model, the average 

response for all three types of perception (health risk, 

soil fertility, and farm productivity) was taken to check 
the impacts of attitudes WTP. It is evident from Table 

IV that health risk and farm productivity perceptions 

have positively significant relationships with farmers’ 

WTP. This implies that improvement in health issues 

and an increase in farms’ productivity will increase the 

probability of WTP. On the contrary, soil perceptions 

have an insignificant negative relationship with WTP 

for TWW. Averagely, farmers’ awareness about the 

benefits of using TWW had a significantly positive 

impact on their WTP. A composite variable for the 

proposed six choice cards was made to evaluate the 

effects of given choices on WTP. Results exhibit a 
positively significant relationship between both 

variables. This means the provision of certain benefits 

associated with TWW irrigation can positively affect 

farmers’ WTP. 

 In our study farmers’ household characteristics 

(age, education, average monthly income) had least or 

no significant impact on their WTP for TWW. Table IV 

illustrates that age has a positively insignificant 

relationship with WTP, this results tallies with the [59] 

who reported that age in terms of farming experiences 

have positive significant impact on famers decision to 
adopt new things; however, this finding opposed the 

results of few previous studies [36]. It is usually 

perceived that older farmers are resistant to adopt new 

agricultural advancement.  

 Nevertheless, the descriptive analysis of our 

study indicates that the farmers' foremost concern was 

the reduced cost of production. Hence, farmers having 

extensive agricultural experience were informed that 

the price of TWW is comparatively lower than other 
freshwater resources. Farmers’ education has a positive, 

but insignificant relationship with WTP for TWW. This 

suggests that learning will elevate informed decision-

making, and knowledge attitudinal factors among 

farmers; thus, this result is in line with previous studies 

[7]. The average monthly income had a positive and 

insignificant impact on WTP. This result is supported 

by the descriptive analysis presented in Figure 6, which 

shows that responses for unwillingness to pay for TWW 

were only 4 percent for lower household income. 

Furthermore, our analysis revealed that farm 

characteristics (area of cultivation & land ownership) 
have a significantly positive impact on farmers’ WTP. 

The farm profitability was seriously affected by higher 

prices of TWW in Jordan and Tunisia [30]. This 

positive relationship includes the presumption that 

higher the ownership of farmers owned land will enable 

farmers to accept the higher bid for TWW [38].  

 The results of health risk perceptions exhibit a 

positively significant relationship with WTP. During 

the field interviews, farmers stated that they were 

facing different skin problems due to wastewater 

irrigation. Respondents also perceived that irrigation 

with untreated sewage water had detrimental health 

effects on farmers and their families (Table II). 

Variable B Sig.

Age 0.275 (0.324)

Education 0.029 (0.537)

Average Monthly Income 0.000 (0.526)

Area of cultivation(acers) 0.084 (0.004)**

Land ownership 0.772 (0.010)*

Average health risk perception 0.807 (0.009)*

Average soil fertility perceptions -0.178 (0.398)

Average farm productivity perception 0.309 (0.044)*

Awareness of benefits using TWW 0.960 (0.60)***

Index variable for choice cards 1.644 (0.042)**

Nagelkerke R Square 0.26

Overall percentage of predicted model 74.50

Values represent regression coeffients; values in prentheses are p values

* significant at P < 0.05, ** significant at  P < 0.01, ***significant P < 0.10

 Table IV: Factors affeting WTP for TWW
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 Fear of ailments and skin diseases was the 

prime factor determining framers’ WTP for TWW. 

[16], [28], [52] also found that wastewater irrigation is 

hazardous to human health, and this knowledge 

positively affected farmers’ WTP for TWW. Our 
empirical analysis found a negative and insignificant 

relationship between WTP and soil fertility perceptions. 

This is explained in Table II, where framers were least 

concerned about the soil fertility and metal 

accumulation in the land. Periodical removal of the 

upper layer of the soil in the study area could be the 

reason for these results. Framers’ perception of 

productivity and yield had a significant positive 

relationship with their WTP. Respondents were 

informed that, despite the different level of treatments, 

TWW still have nutrients required for good crop 

production. Moreover, the price of reclaimed 
wastewater is lower compared to freshwater resources. 

This result is in line with  [38] that the majority of the 

farmers were accepted TWW for irrigation, and more 

than 55 percent of the respondents were willing to pay 

more than five times of freshwater resources. 

 The logit model shows that awareness of the 

benefits of using TWW positively affected its WTP. 

Knowledge and awareness about potential benefits help 

to shape attitudes and perceptions. A positive attitude 

towards TWW could escalate its WTU for irrigation 

purposes. This result is consistent with [33], who 

reported that information hugely influences the 

decisions for the use of TWW in agriculture. To check 

the impact of proposed benefits on WTP, an index 

variable was made for six given choice cards (Figure 7) 
by taking average of the responses. Our analysis 

revealed a significant positive impact of these benefits 

on WTP for TWW. This implies that provision of 

certain benefits such as; enhanced food security, 

increased awareness, higher yield, lower production 

cost, and governmental facilities can positively 

influence the willingness to pay and desire to use for 

TWW. These empirical findings are similar to the 

proposition by [7], [30], [38], who reported that 

associated benefits with the use of TWW have a 

definitive effect on its WTP. 

IV. CONCLUSION 

 This investigation evaluated the current extent 

of wastewater consumption, and patterns of irrigation 

analyzed framers’ perception towards the use of 

wastewater and examined factors affecting farmer’ 

WTP for TWW in the Punjab province of eastern 

Pakistan. A significant part of the agricultural land in 

the vicinity of the city was irrigated with sewage and 

industrial water. 

Farmers conceded that wastewater irrigation is harmful 

to human health and causes dermal infections. 

However, higher yield and lower need for fertilizer 

were the prime factors influencing the extensive use of 

wastewater. Respondents perceived that wastewater 
irrigation had least or almost no implications on soil 

fertility. Lower prices for TWW, reduced cost of 

production, quality crops, and health concerns were the 

crucial reasons for WTP. Lack of awareness about the 

benefits of using TWW and dearth of extension services 

were found responsible for framers’ unwillingness to 

pay. None of the socio-economic variables (Age, 

education, income) had a remarkable impact on WTP; 

however, farm attributes. i.e., operational landholding 

and ownership of the farm had a significant effect on 

WTP. 

 Moreover, health-risk and farm productivity 

perceptions had paramount positive support for WTP. It 

is noteworthy that awareness about the potential use of 

TWW and its integrated benefits can substantially 
improve its WTP among farmers. The study explains 

the existing gaps that can encourage predicted 

acceptance behavior for TWW. Furthermore, the 

research contributes strong evidence for the need for 

dissemination of knowledge and information to farmers 

through intensifying extension services. The judicial 

subsidization of the use of TWW, elevating awareness 

among stakeholders, and addressing local water needs 

are serious policy implications. Thus, the state should 

invest in water treatment technologies to strengthen 

irrigation alternatives, and to ensure the health and food 

security in all peri-urban areas of industrial regions.     

REFERENCES 

[1] WEF, “Global Risk Repost 2019,” 2019. 

https://www.weforum.org/reports/the-global-risks-report-

2019. 

[2] WHO, “No Title,” Water for Health-Taking Charges, 2001. 

https://www.who.int/water_sanitation_health/takingcharge.ht

ml. 

[3] S. Ghosh, S. Chaudhury, and K. Manoj, “An Appraisal of the 

Mayurakshi River System Water Quality – the Agrarian 

Basin,” Int. J. Agric. Environ. Sci., vol. 4, no. 4, pp. 53–59, 

2017, doi: 10.14445/23942568/ijaes-v4i4p109. 

[4] FAO, “World Water Day,” World Water Day-Wastewater, 

2017. http://www.fao.org/land-water/resources/events-

detail/en/c/471869/. 

[5] N. Sridhara Chary, C. T. Kamala, and D. Samuel Suman Raj, 

“Assessing risk of heavy metals from consuming food grown 

on sewage irrigated soils and food chain transfer,” 

Ecotoxicol. Environ. Saf., vol. 69, no. 3, pp. 513–524, 2008, 

doi: 10.1016/j.ecoenv.2007.04.013. 

[6] V. Mukherjee, A. Das, A. Akhand, and G. Gupta, “Toxicity 

and profitability of rice cultivation under wastewater 

irrigation: The case of the East Calcutta Wetlands,” Ecol. 

Econ., vol. 93, pp. 292–300, 2013, doi: 

10.1016/j.ecolecon.2013.06.010. 

file:///E:/05-8-2020/Papers/Papers/IJAES/Add/www.internationaljournalssrg.org


SSRG International Journal of Agriculture & Environmental Science (SSRG-IJAES) – Volume 7 Issue 4 – July – Aug 2020 

 

ISSN: 2394 - 2568                          http://www.internationaljournalssrg.org                       Page 21 

[7] V. Owusu, J. E. A. Bakang, R. C. Abaidoo, and M. L. 

Kinane, “Perception on untreated wastewater irrigation for 

vegetable production in Ghana,” Environ. Dev. Sustain., vol. 

14, no. 1, pp. 135–150, 2012, doi: 10.1007/s10668-011-9312-

x. 

[8] A. N. Menegaki, R. C. Mellon, A. Vrentzou, G. Koumakis, 

and K. P. Tsagarakis, “What’s in a name: Framing treated 

wastewater as recycled water increases willingness to use 

and willingness to pay,” J. Econ. Psychol., vol. 30, no. 3, pp. 

285–292, 2009, doi: 10.1016/j.joep.2008.08.007. 

[9] M. Qadir et al., “The challenges of wastewater irrigation in 

developing countries,” Agric. Water Manag., vol. 97, no. 4, 

pp. 561–568, 2010, doi: 10.1016/j.agwat.2008.11.004. 

[10] S. Raja, H. M. N. Cheema, S. Babar, A. A. Khan, G. 

Murtaza, and U. Aslam, “Socio-economic background of 

wastewater irrigation and bioaccumulation of heavy metals 

in crops and vegetables,” Agric. Water Manag., vol. 158, pp. 

26–34, 2015, doi: 10.1016/j.agwat.2015.04.004. 

[11] J. H. J. Ensink, T. Mahmood, W. Van Der Hoek, L. Raschid-

Sally, and F. P. Amerasinghe, “A nationwide assessment of 

wastewater use in Pakistan: An obscure activity or a vitally 

important one?,” Water Policy, vol. 6, no. 3, pp. 197–206, 

2004, doi: 10.2166/wp.2004.0013. 

[12] J. H. J. Ensink and W. Van Der Hoek, “Implementation of the 

WHO guidelines for the safe use of wastewater in Pakistan: 

Balancing risks and benefits,” J. Water Health, vol. 7, no. 3, 

pp. 464–468, 2009, doi: 10.2166/wh.2009.061. 

[13] G. MURTAZA et al., “Disposal and Use of Sewage on 

Agricultural Lands in Pakistan: A Review,” Pedosphere, vol. 

20, no. 1, pp. 23–34, 2010, doi: 10.1016/S1002-

0160(09)60279-4. 

[14] M. H. Murtaza, G., & Zia, “Title : Wastewater Production , 

Treatment and Use in Pakistan.,” Second Reg. Work. Proj. 

‘Safe Use Wastewater Agric., pp. 16–18, 2012. 

[15] I. A. Baig, M. Ashfaq, I. Hassan, M. I. Javed, W. Khursid, 

and A. Ali, “Economic Impacts of Wastewater Irrigation in 

Punjab, Pakistan,” J. Agric. Res., vol. 49, no. 2, pp. 5–14, 

2011. 

[16] S. Feenstra, R. Hussain, and W. van der Hoek, “Health Risks 

of Irrigation with Untreated Urban Wastewater in the 

Southern Punjab, Pakistan,” Int. Water Manag. Institute, 

Lahore, Pakistan Progr., vol. Report No., no. October, p. 13, 

2000. 

[17] K. P. Sarah K. Dickin, Corinne J. Schuster-Wallace, 

Manzoor Qadir, “Health risks and pathways of wastewater 

exposure,” Env. Heal. Perspect 124900–909;, vol. 124, no. 7, 

pp. 900–909, 2016, [Online]. Available: 

https://ehp.niehs.nih.gov/wp-

content/uploads/124/7/ehp.1509995.alt.pdf. 

[18] M. Arora, B. Kiran, S. Rani, A. Rani, B. Kaur, and N. Mittal, 

“Heavy metal accumulation in vegetables irrigated with 

water from different sources,” Food Chem., vol. 111, no. 4, 

pp. 811–815, 2008, doi: 10.1016/j.foodchem.2008.04.049. 

[19] M. Farooq, F. Anwar, and U. Rashid, “Appraisal of heavy 

metal contents in different vegetables grown in the vicinity of 

an industrial area,” Pakistan J. Bot., vol. 40, no. 5, pp. 

2099–2106, 2008. 

[20] I. B. Khan Jadoon, S. Ali, Q. B. K. Jadoon, M. B. Shakoor, S. 

A. Bharwana, and M. A. Farooq, “Effects of irrigation with 

waste water from different industries on vegetables grown in 

vicinity of Faisalabad, Pakistan,” Int. Res. J. Plant Sci., vol. 

4, no. 6, pp. 144–148, 2013. 

[21] R. M. Amir, M. A. Khan, F. Faiz, and M. Nadeem, 

“Monitoring of heavy metal residues in cauliflower and their 

respective health hazards,” vol. 6655, pp. 210–215, 2017. 

[22] F. Mapanda, E. N. Mangwayana, J. Nyamangara, and K. E. 

Giller, “The effect of long-term irrigation using wastewater 

on heavy metal contents of soils under vegetables in Harare, 

Zimbabwe,” Agric. Ecosyst. Environ., vol. 107, no. 2–3, pp. 

151–165, 2005, doi: 10.1016/j.agee.2004.11.005. 

[23] H. Cao, J. Chen, J. Zhang, H. Zhang, L. Qiao, and Y. Men, 

“Heavy metals in rice and garden vegetables and their 

potential health risks to inhabitants in the vicinity of an 

industrial zone in Jiangsu, China,” J. Environ. Sci., vol. 22, 

no. 11, pp. 1792–1799, 2010, doi: 10.1016/S1001-

0742(09)60321-1. 

[24] S. Khan, Q. Cao, Y. M. Zheng, Y. Z. Huang, and Y. G. Zhu, 

“Health risks of heavy metals in contaminated soils and food 

crops irrigated with wastewater in Beijing, China,” Environ. 

Pollut., vol. 152, no. 3, pp. 686–692, 2008, doi: 

10.1016/j.envpol.2007.06.056. 

[25] Z. Huang, X. D. Pan, P. G. Wu, J. L. Han, and Q. Chen, 

“Heavy metals in vegetables and the health risk to population 

in Zhejiang, China,” Food Control, vol. 36, no. 1, pp. 248–

252, 2014, doi: 10.1016/j.foodcont.2013.08.036. 

[26] P. U. Singare, R. S. Lokhande, and A. G. Jagtap, “Study of 

physico-chemical quality of the industrial waste water 

effluent from Gove industrial area of Bhiwandi City of 

Maharashtra, India,” Interdiscip. Environ. Rev., vol. 11, no. 

4, p. 263, 2010, doi: 10.1504/ier.2010.038081. 

[27] M. F. Munteanu, D. Ionescu, C. Peev, M. Butnariu, and C. A. 

Dehelean, “An evaluation of heavy metals concentration in 

edible vegetables grown around arad area,” J. Agroaliment. 

Process. Technol., vol. 17, no. 1, pp. 36–41, 2011. 

[28] M. Sabeen et al., “Health risk assessment consequent to 

wastewater irrigation in pakistan,” Soil Environ., vol. 39, no. 

1, pp. 67–76, 2020, doi: 10.25252/SE/19/71758. 

[29] K. P. Singh, D. Mohan, S. Sinha, and R. Dalwani, “Impact 

assessment of treated/untreated wastewater toxicants 

discharged by sewage treatment plants on health, 

agricultural, and environmental quality in the wastewater 

disposal area,” Chemosphere, vol. 55, no. 2, pp. 227–255, 

2004, doi: 10.1016/j.chemosphere.2003.10.050. 

[30] M. Abu Madi, O. Braadbaart, R. Al-Sa’ed, and G. Alaerts, 

“Willingness of farmers to pay for reclaimed wastewater in 

Jordan and Tunisia,” Water Sci. Technol. Water Supply, vol. 

3, no. 4, pp. 115–122, 2003, doi: 10.2166/ws.2003.0052. 

[31] W. Roomratanapun, “Introducing centralised wastewater 

treatment in Bangkok: A study of factors determining its 

acceptability,” Habitat Int., vol. 25, no. 3, pp. 359–371, 

2001, doi: 10.1016/S0197-3975(00)00041-2. 

[32] K. P. Tsagarakis and N. Georgantzís, “The role of 

information on farmers’ willingness to use recycled water for 

irrigation,” Water Sci. Technol. Water Supply, vol. 3, no. 4, 

pp. 105–113, 2003, doi: 10.2166/ws.2003.0051. 

[33] K. G. Robinson, C. H. Robinson, and S. A. Hawkins, 

“Assessment of public perception regarding wastewater 

reuse,” Water Sci. Technol. Water Supply, vol. 5, no. 1, pp. 

59–65, 2005, doi: 10.2166/ws.2005.0008. 

[34] G. Oron, “Agriculture, water and the environment: Future 

challenges,” Water Sci. Technol. Water Supply, vol. 3, no. 4, 

pp. 51–57, 2003, doi: 10.2166/ws.2003.0045. 

[35] P. Mañas, E. Castro, and J. De Las Heras, “Irrigation with 

treated wastewater: Effects on soil, lettuce (Lactuca sativa 

L.) crop and dynamics of microorganisms,” J. Environ. Sci. 

Heal. - Part A Toxic/Hazardous Subst. Environ. Eng., vol. 

44, no. 12, pp. 1261–1273, 2009, doi: 

10.1080/10934520903140033. 

[36] Z. Deh-Haghi, A. Bagheri, Z. Fotourehchi, and C. A. 

Damalas, “Farmers’ acceptance and willingness to pay for 

using treated wastewater in crop irrigation: A survey in 

western Iran,” Agric. Water Manag., vol. 239, no. April, p. 

106262, 2020, doi: 10.1016/j.agwat.2020.106262. 

[37] S. Najam, R. Nawaz, S. Ahmad, N. Ehsan, M. M. Khan, and 

M. Husnain Nawaz, “Heavy Metals Contamination of Soils 

and Vegetables Irrigated with Municipal Wastewater: A Case 

Study of Faisalabad, Pakistan,” J. Environ. Agric. Sci., vol. 

4, pp. 6–10, 2015. 

file:///E:/05-8-2020/Papers/Papers/IJAES/Add/www.internationaljournalssrg.org


SSRG International Journal of Agriculture & Environmental Science (SSRG-IJAES) – Volume 7 Issue 4 – July – Aug 2020 

 

ISSN: 2394 - 2568                          http://www.internationaljournalssrg.org                       Page 22 

[38] A. Alfarra, B. G. J. S. Sonneveld, and H. Hoetzl, “Farmers ’ 

willingness to pay for treated wastewater in the Jordan 

valley,” vol. 2, no. 6, 2013. 

[39] M. Pohar Perme, M. Blas, and S. Turk, “Comparison of 

logistic regression and linear discriminant analysis : a 

simulation study,” Metod. Zv., vol. 1, no. 1, pp. 143–161, 

2004. 

[40] H. C. Jessen and S. Menard, “Applied Logistic Regression 

Analysis.,” Stat., vol. 45, no. 4, p. 534, 1996, doi: 

10.2307/2988559. 

[41] G. Carr, R. B. Potter, and S. Nortcliff, “Water reuse for 

irrigation in Jordan: Perceptions of water quality among 

farmers,” Agric. Water Manag., vol. 98, no. 5, pp. 847–854, 

2011, doi: 10.1016/j.agwat.2010.12.011. 

[42] F. Ayana, “Evaluation of Harvesting Time on Seed Quality of 

Groundnut (ArachisHypogaeaL.) in Assosa District, Western 

Ethiopia,” Int. J. Agric. Environ. Sci., vol. 6, no. 1, pp. 37–

45, 2019, doi: 10.14445/23942568/ijaes-v6i1p106. 

[43] A. Valipour, N. Hamnabard, K. S. Woo, and Y. H. Ahn, 

“Performance of high-rate constructed phytoremediation 

process with attached growth for domestic wastewater 

treatment: Effect of high TDS and Cu,” J. Environ. Manage., 

vol. 145, pp. 1–8, 2014, doi: 10.1016/j.jenvman.2014.06.009. 

[44] N. Mushtaq and K. S. Khan, “Heavy metals contamination of 

soils in response to wastewater irrigation in Rawalpindi 

Region.,” Pakistan J. Agric. Sci., vol. 47, no. 3, pp. 215–224, 

2010, [Online]. Available: http://pakjas.com.pk/. 

[45] K. Habbari, A. Tifnouti, G. Bitton, and A. Mandil, 

“Geohelminthic infections associated with raw wastewater 

reuse for agricultural purposes in Beni-Mellal, Morocco,” 

Parasitol. Int., vol. 48, no. 3, pp. 249–254, 2000, doi: 

10.1016/S1383-5769(99)00026-4. 

[46] A. Singh, R. K. Sharma, M. Agrawal, and F. M. Marshall, 

“Health risk assessment of heavy metals via dietary intake of 

foodstuffs from the wastewater irrigated site of a dry tropical 

area of India,” Food Chem. Toxicol., vol. 48, no. 2, pp. 611–

619, 2010, doi: 10.1016/j.fct.2009.11.041. 

[47] H. Maleksaeidi, S. Ranjbar, F. Eskandari, M. Jalali, and M. 

Keshavarz, “Vegetable farmers’ knowledge, attitude and 

drivers regarding untreated wastewater irrigation in 

developing countries: A case study in Iran,” J. Clean. Prod., 

vol. 202, pp. 863–870, 2018, doi: 

10.1016/j.jclepro.2018.08.208. 

[48] A. Ismail, M. Riaz, S. Akhtar, T. Ismail, M. Amir, and M. 

Zafar-ul-Hye, “Heavy metals in vegetables and respective 

soils irrigated by canal, municipal waste and tube well 

waters,” Food Addit. Contam. Part B Surveill., vol. 7, no. 3, 

pp. 213–219, 2014, doi: 10.1080/19393210.2014.888783. 

[49] A. Khan, S. Javid, A. Muhmood, T. Mjeed, A. Niaz, and A. 

Majeed, “Heavy metal status of soil and vegetables grown on 

peri-urban area of Lahore district,” Soil Environ., vol. 32, 

no. 1, pp. 49–54, 2013. 

[50] J. Wen, H. Dong, and G. Zeng, “Application of zeolite in 

removing salinity/sodicity from wastewater: A review of 

mechanisms, challenges and opportunities,” J. Clean. Prod., 

vol. 197, pp. 1435–1446, 2018, doi: 

10.1016/j.jclepro.2018.06.270. 

[51] A. Mehmood et al., “Spatial distribution of heavy metals in 

crops in a wastewater irrigated zone and health risk 

assessment,” Environ. Res., vol. 168, pp. 382–388, 2019, doi: 

10.1016/j.envres.2018.09.020. 

[52] M. Khanpae, E. Karami, H. Maleksaeidi, and M. Keshavarz, 

“Farmers’ attitude towards using treated wastewater for 

irrigation: The question of sustainability,” J. Clean. Prod., 

vol. 243, p. 118541, 2020, doi: 

10.1016/j.jclepro.2019.118541. 

[53] C. W. Kilelu, “Wastewater Irrigation, Farmers’ Perceptions 

Of Health Risks And Institutional Perspectives: A Case Study 

In Maili Saba, Nairobi.,” Rev. Lit. Arts Am., p. 63, 2004. 

[54] L. U. Z. Claudio, “Regarding Pesticide Use in Rural 

Work :,” Int. J. occuptional Environ. Heal., pp. 400–407, 

2006, [Online]. Available: www.ijoeh.com. 

[55] B. Keraita, P. Drechsel, and F. Konradsen, “Perceptions of 

farmers on health risks and risk reduction measures in 

wastewater-irrigated urban vegetable farming in Ghana,” J. 

Risk Res., vol. 11, no. 8, pp. 1047–1061, 2008, doi: 

10.1080/13669870802380825. 

[56] I. K. Kalavrouziotis, P. H. Koukoulakis, M. Sakellariou-

Makrantonaki, and C. Papanikolaou, “Effects of treated 

municipal wastewater on the essential nutrient interactions in 

the plant of Brassica oleracea var. Italica,” Desalination, 

vol. 242, no. 1–3, pp. 297–312, 2009, doi: 

10.1016/j.desal.2008.05.009. 

[57] P. K. Singh, P. B. Deshbhratar, and D. S. Ramteke, “Effects 

of sewage wastewater irrigation on soil properties, crop yield 

and environment,” Agric. Water Manag., vol. 103, pp. 100–

104, 2012, doi: 10.1016/j.agwat.2011.10.022. 

[58] M. F. Jaramillo and I. Restrepo, “Wastewater reuse in 

agriculture: A review about its limitations and benefits,” 

Sustain., vol. 9, no. 10, 2017, doi: 10.3390/su9101734. 

[59] D. T. Ajibesin, O. Oluwasola, and D. Ajayi, “Socio-

Economic Factors Determining the Adoption of Post-harvest 

Technologies among Maize Farmers in Kwara State, 

Nigeria,” Int. J. Agric. Environ. Sci., vol. 6, no. 5, pp. 8–17, 

2019, doi: 10.14445/23942568/ijaes-v6i5p103. 

 

 

 
 

 

 

 

 

 

file:///E:/05-8-2020/Papers/Papers/IJAES/Add/www.internationaljournalssrg.org

