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1. Introduction 

Pakistan is the world’s fourth-highest water 
user and ranks third amongst countries facing 

water shortages, as reported by the International 
Monetary Fund (IMF) (Ahmad, 2021). With the 

increase in overall water use, wastewater production 
and pollution load are also continuously increasing 
in Pakistan (Connor et al., 2017). In Pakistan, 
approximately half of the two million wet tonnes of 
human waste produced each year end up polluting 
the water (Maqbool, 2022). A study found that 60 
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million people could be exposed to high levels of 
arsenic in groundwater on the Indus Plain (Podgorski 
et al., 2017). Water-borne illnesses are the main 
cause of morbidity and mortality (Manetu and 
Karanja, 2021). In Pakistan, 60,000 persons passed 
away in 2017 as a result of poor water and sanitary 
systems, with children under five making up half of 
those fatalities (UNICEF, 2020). It is estimated that 
poor water and sanitation, floods, and droughts cost 
Pakistan’s economy 4.0 percent of its GDP, or around 
$12 billion annually (Young et al., 2019). 

Multan (30.1575° N, 71.5249° E) releases 66×106 m3 
of wastewater and has an affluent potential of 5.17 m3/
sec (Khan et al., 2019). Seventy percent of houses and 
other users are served by the sewerage network of the 
Multan Water and Sanitation Authority (MWASA) 
(NESPAK, 2013). Multan Industrial Estate (MIE) 
Phase I contains 180 industrial units, the majority 
of which manufacture paper, textiles, leather, and 
pesticides. The district faces numerous environmental 
difficulties as a result of the untreated effluents from 
these companies (Murtaza et al., 2017). The effluents 
discharge of these industries enters into the water 
bodies that is the source of irrigation in urban areas 
for cultivation. The use of these crops by humans, 
produced with wastewater can lead to the depletion 
of nutrients in the human body and cause disabilities 
with malnutrition, immunological disorders, intra-
uterine growth retardation, and upper gastrointestinal 
cancer (Khalid et al., 2018). Therefore, there is a need 
to explore alternative sources for irrigation, by focusing 
on the Sustainable Development Goal Clean water 
and Sanitation; target 6.3 which highlights safe water 
reuse in agriculture (Obaideen et al., 2022). 

To analyze the impact of wastewater, a characterization 
study is required. Various physiological, biological, 
and chemical parameters were found to be exceeding 
their permissible limits in various wastewater 
characterization studies carried out for impact 
assessment in various cities of Pakistan and Multan 
(Khan et al., 2019). The qualities of wastewater 
should be thoroughly analyzed for the appropriate 
surveillance of its quality, management, and utilization. 
This research was conducted for the assessment 
of Multan’s Wali Muhammad canal distributary’s 
(30°9’16” N and 71°28’43” E) wastewater to estimate 
the severity of contaminants being released into the 
receiving environment. 
 

2. Materials and Methods 

2.1 Wastewater samples collection and preservation
Samples of wastewater were collected from Wali 
Muhammad Canal (30°9’16” N and 71°28’43” E), 
Multan (30.1575° N, 71.5249° E) in 500 ml capacity 
plastic bottles after washing with de-ionized water. 
For subsequent examination, water samples were 
acidified with 5% nitric acid and kept at 4 °C in the 
refrigerator.
 
2.2 Analysis of wastewater samples 
The analysis of collected wastewater samples for 
the assessment of quality and heavy metals was 
performed by following the standard methods (Baird 
et al., 2017) in the Laboratory of Department of 
Soil and Environmental Sciences, MNS-University 
of Agriculture, Multan. The wastewater samples 
were analyzed for pH, chemical oxygen demand 
(COD), biological oxygen demand (BOD), electrical 
conductivity (EC), total solids (TS), total dissolved 
solids (TDS), total suspended solids (TSS), 
magnesium (Mg), sodium (Na), calcium (Ca), 
potassium (K), carbonates (CO3), and bicarbonates 
(HCO3), sodium adsorption ratio (SAR), residual 
sodium carbonate (RSC) cadmium (Cd), nickel (Ni), 
zinc (Zn) and copper (Cu). The analysis was done 
with the instruments along with the model presented 
in Table 1. 

3. Results and Discussion 

TS, TDS, and TSS are particularly essential 
characteristics because increased solids lead to specific 
ion toxicity, disease carriers, and viscosity of water 
bodies (Qadir et al., 2010). At a disposal facility, the 
values for TS, TDS, and TSS were 19160, 14290, and 
4880mg/l, respectively (Table 2). Both the presence 
of soil and algae in the water body had an impact on 
the TSS value (Abdul-Aziz et al., 2020). Suspended 
solids volume rises when it rains because the soil 
from nearby gets into the wastewater course (Okoro 
et al., 2012). In wastewater, TSS is a particulate with 
a diameter greater than two microns (FELC, 2020). 
Algae, microorganisms, and inorganic substances 
formed the suspended solids. Water becomes 
cloudier as the amount of suspended solids increases 
(Wavelength, 2018). The elevation in suspended solids 
volume might also be attributed to organic particles 
from the degradation of the raw ingredients.
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Table 1: List of parameters and method adopted for water quality analysis. 
S. No. Parameters Units of measurement Methods/Instrument 
1 Potential of hydrogen (pH) - pH meter 
2 Chemical Oxygen Demand (COD) mg/L Open reflux technique 
3 Total Suspended Solids (TSS) mg/L Calculation formula 
4 Sodium (Na) mg/L Flame photometer (PFP-7, Jenway UK) 
5 Magnesium (Mg) meL-1 Atomic Absorption, Spectrophotometer, 

(Analytik Jena: NovAA 400P Germany)
6 Carbonate and Bicarbonate meL-1 Titration 
7 Sodium Adsorption Ratio (SAR) meL-1 Calculation formula 
8 Electrical Conductivity (EC) uScm-1 EC meter 
9 Biochemical Oxygen Demand (BOD) mg/L 5day BOD test. 
10 Total Solids (TS) mg/L Gravimetric Determination method 
11 Total Dissolved Solids (TDS) mg/L TDS meter (EZ9901) 
12 Calcium (Ca) meL-1 Flame photometer (PFP-7, Jenway UK) 
13 Potassium (K) mg/L Flame photometer (PFP-7, Jenway UK) 
14 Residual Sodium Carbonate (RSC) meL-1 Calculation formula 
15 Heavy Metals of Zn, Cd, Ni, Cu mg/L Atomic Absorption, Spectrophotometer, 

(Analytik Jena: NovAA 400P, Germany) 

Table 2: Contaminants trends in wastewater.
Parameters Min Max  Mean Std. Dev. Permissible limit 
Temperature (0C) 28.00 29.00 28.667 0.577 =<30C 
pH of wastewater (ph) 9.20 9.50 9.333 0.152 6-10 
Chemical Oxygen Demand (COD) 400 416 408 8 150 
Total Suspended Solids (TSS) 4870 4890 4880 0.01 150 
Sodium (Na) 2.95 2.97 2.96 1.00  
Magnesium (Mg) 116 124 119.33 4.163  
Carbonate (CO-

3) 7.00 7.20 7.0667 0.115  
Bicarbonate (HCO-

3) 6.60 8 7.16 0.425  
Sodium Adsorption Ratio (SAR) 1.4191 1.5045 1.4641 0.0429  
Electrical Conductivity (EC) 2.45 2.50 2.47 0.02  
Biochemical Oxygen Demand (BOD) 303 305 304 1.00 80 
Total Solids (TS) 19167 19171 19169 2.223E-03 150 
Total Dissolved Solids (TDS) 14290 14298 14296 2.222E-03 3500 
Calcium (Ca) 34.0 35.0 37.667 1.5275  
Potassium (K) 30.0 33.0 31.33 1.5275  
Residual Sodium Carbonate (RSC) 2.2167 2.8667 2.5056 0.3310  
Zinc (Zn) 4.4550 4.4590 4.4570 2.000E-03 5 
Cadmium (Cd) 0.0546 0.0550 0.0548 2.082E-04 0.1 
Nickle (Ni) 0.0244 0.0248 0.0246 2.000E-04 1 
Copper (Cu) 0.1540 0.1544 0.1542 2.000E-04 1 

The average BOD level in the wastewater samples 
was 304mg/L. The Environmental Protection Agency 
(EPA) of Pakistan has set a permissible limit for 
BOD of 50 mg/L (PNEQS, 2000). A low BOD 
number indicated adequate water quality, while a 

high BOD value indicated polluted water. BOD is 
a measure of how much dissolved oxygen bacteria 
require to decompose organic materials aerobically. 
In most aquatic habitats, BOD was utilized as an 
indicator to count the number of organic pollutants 
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(Lee and Nikraz, 2014). The COD level was 408 
mg/L on average. It is a crucial indicator of water 
quality since it offers a way to determine whether 
sewage discharges will harm the ecosystem. COD is 
a measure of wastewater contamination intensity. It 
is described as the amount of oxygen necessary for 
the complete chemical oxidation of organic materials 
to produce CO2, NH3, and H2O when done in 
acidic conditions with a potent oxidizing agent like 
potassium dichromate (Shah et al., 2014).

The pH of wastewater samples was 9.33, which was 
above the WHO guideline of 6.5 to 8.5 (Nazir et al., 
2015) but below Pakistan’s environmental protection 
agency’s allowed level (PNEQS, 2000). pH is an 
important parameter that tells the acidity or basicity 
of wastewater. According to a study, wastewater that 
is slightly alkaline (7.2–7.6) improves the soil’s ability 
to fix metal ( Jiménez, 2006). The pH range, which is 
between 6 and 9, is fairly limited and crucial for the 
existence of the majority of biological life (Bai et al., 
2011). Similar to this, determined that a pH range of 
6 to 9 is ideal for macrophyte function (Shah et al., 
2014). 

Because the samples were taken at a sewage treatment 
facility in a residential neighbourhood, which may 
contain wastes such as soap, urine, and detergent 
produced by household activities, the pH of sewage 
wastewater revealed an alkaline value (Abdul Aziz et 
al., 2020). 

The average temperature of the wastewater samples 
was 28.67 °C (Table 2), which is within the 20 to 
32 °C range suggested by the WHO (Onuegbu et 
al., 2013). The EC of water is a measure of its ability 
to conduct electricity and is proportional to the 
concentration of ions in the water. The effluent has 
an EC value of 3450 us/cm, such value was greater 
than the 400 to 600 us/cm range recommended by 
the WHO for wastewater’s electrical conductivity 
(Nazir et al., 2015). The conductive ions in wastewater 
could have been caused by dissolved compounds such 
as contaminants (Wilson et al., 2020). Conductivity 
may have increased as a result of dissolved ions 
being supplied to the channels at the point where 
distributary wastewater was released into an open 
wastewater channel. This was consistent with a prior 
study, which found that the electrical conductivity 
was increased when home effluents were discharged 
into open water systems (Mbui et al., 2016). 

In the case of carbonates, bicarbonates, sodium 
absorption ratio and residual sodium carbonate were 
7.06, 7.16, 1.46 and 2.50 meL-1, respectively. The 
wastewater has the highest concentrations of calcium 
(37.6 meL-1), potassium (31.33 mg/L), sodium (2.96 
mg/L), and magnesium (19.33 mg/L) in terms of 
nutrients. Although potassium is found in soil in 
large proportions (around 3% of the lithosphere), its 
chemical form prevents bioavailability, necessitating 
the addition of potassium through fertilizers (Durán 
Álvarez and Jiménez Cisneros, 2014). Some crops 
require 185 kg of potassium per hectare to be grown. 
The reclamation of sodic soil is of special relevance 
to this parameter. The residual sodium carbonate and 
the sodium adsorption ratio were each 1.46 meL-

1. wastewater that varies in the key cation contents 
(K, Ca, Mg, and Na) that might impact soil base 
saturation. The sodium adsorption ratio (SAR) 
expresses the connection between sodium content 
and Ca plus Mg contents (Van der Hoek, 2014).
 
Prior to use in agriculture, wastewater must be 
analyzed for metals due to its toxicity, bioaccumulation, 
persistence, and biomagnification across food chains, 
which pose a risk to ecological systems and human 
health (Alengebawy et al. 2021). Copper is an 
important component of enzymes, a micronutrient 
for soil and irrigation water, and is necessary for the 
formation of haemoglobin (Dhaliwala et al., 2022). 
High copper levels, however, can result in diarrhea, 
vomiting, nausea, stomach cramps, and even death 
(Garg, 2022). Copper levels in the water were 0.154 
mg/L due to industrial operations, plumbing fitting 
corrosion, livestock dung, and air deposition. Zinc 
concentration was 4.45 mg/L assessed in this study, 
though, its value was discovered to be below the 
acceptable level (5 ppm) (PNEQS, 2000). Moreover, 
anaemia, musculoskeletal pain, abrupt renal failure, 
and pancreatitis are all brought on by excessive zinc 
levels (Younas and Younas, 2022). The wastewater 
sample’s cadmium concentration was 0.058 mg/L, 
according to the research. Children who are exposed 
to Cadmium over an extended period may experience 
cardiovascular, pulmonary, renal, skeletal, and kidney 
problems as well as stomach, lung, kidney, and prostate 
cancers (Rahimzadeh et al., 2017). A study conducted 
in Multan for the assessment of wastewater quality 
supports our findings of heavy metals present in the 
upper limit rather than zinc (Khan et al., 2019). 
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Conclusions and Recommendations

The quality of water is a major societal problem that is 
closely related to humanity’s wellbeing. The demand 
for water is increasing day by day with the increase 
in population. Countries having sufficient water 
is now becoming deficient countries. Gray water is 
occasionally used to supplement blue water’s needs. 
Heavy metals, which are hazardous to man and the 
biological environment, may be present in grey or 
wastewater invariables.

Novelty Statement

Water scarcity has become a global threat, and over-
coming wastewater irrigation has become a trend in 
Pakistan. This water contains hazardous pollutants, 
which disturb the biota. Qualitative and quantitative 
analysis is necessary to evaluate the condition before 
irrigation. Measures should be taken for the treatment 
of wastewater before it enters nearby canals or rivers.

Author’s Contribution

This work was carried out in collaboration among all 
authors. Author Tanveer ul Haq provided conception 
and design of the study. Author Hasnain Raza per-
formed the research, statistical analysis, interpreta-
tion of the data and wrote draft of the manuscript. 
Author’s Muhammad Imran and Nabeel Ahmad did 
critical revision of the Article for important intellec-
tual content. Author Muhammad Bilal revised the 
article.

Conflict of interest 
The authors have declared no conflict of interest.
 
References

Abdul Aziz, N.I.H., Mohd Hanafiah, M., Halim, 
N.H., and Fidri, P.A.S., 2020. Phytoremediation 
of TSS, NH3-N and COD from sewage 
wastewater by Lemna minor L., Salvinia minima, 
Ipomea aquatica and Centella asiatica. Appl. 
Sci., 10(16): 5397. https://doi.org/10.3390/
app10165397

Ahmad, A., 2021. IMF ranked Pakistan third 
among the countries facing water shortage. 
Technology Times, 2021:  14–8. 

Alengebawy, A., Abdelkhalek, S.T., Qureshi, S.R., 
and Wang, M.Q. 2021. Heavy metals and 

pesticides toxicity in agricultural soil and plants: 
Ecological risks and human health implications. 
Toxics, 9(3): 42.

Bai, J., Xiao, R., Cui, B., Zhang, K., Wang, Q., Liu, 
X., Gao, H., and Huang, L., 2011. Assessment 
of heavy metal pollution in wetland soils from 
the young and old reclaimed regions in the Pearl 
River Estuary, South China. Environmental 
Pollution, 159(3): 817–824. https://doi.
org/10.1016/j.envpol.2010.11.004

Baird, R.B., Eaton, A.D., Rice, E.W., and 
Bridgewater, L., 2020. Standard methods for the 
examination of water and wastewater. American 
Public Health Association Washington, DC. 
Center, F.E.L. Turbidity, Total Suspended 
Solids and Water Clarity. 

Connor, R., Renata, A., Ortigara, C., Koncagül, 
E., Uhlenbrook, S., Lamizana-Diallo, B.M., 
Zadeh, S.M., Qadir, M., Kjellén, M., and 
Sjödin, J., 2017. The United Nations world 
water development report 2017. Wastewater: 
The untapped resource. The United Nations 
World Water Development Report, 2017. 

Dhaliwala, S.S., Sharmaa, V., and Shuklab, A.K., 
2022. Impact of micronutrients in mitigation of 
abiotic stresses in soils and plants. A progressive 
step toward crop security and nutritional quality. 
Advances in Agronomy, 20221–78. https://doi.
org/10.1016/bs.agron.2022.02.001

Durán Álvarez, J.C., and Jiménez Cisneros, B., 
2014. Beneficial and negative impacts on soil 
by the reuse of treated/untreated municipal 
wastewater for agricultural irrigation. A 
review of the current knowledge and future 
perspectives. Environmental Risk Assessment of 
Soil Contamination, pp. 137–197. 

Fondriest environment learning center, Turbidity, 
Total Suspended Solids & Water Clarity (2020). 
https://www.fondriest.com/environmental-
measurements/parameters/water-quality/
turbidiy-total-suspended-solids-water-clarity/

Garg, A., 2022. Role of metal ions in biological 
system. Contemporary Advances in Science and 
Technology, Vol-II, 67. 

Hashmat, S., Shahid, M., Tanwir, K., Abbas, S., 
Ali, Q., Niazi, N.K., Akram, M.S., Saleem, 
M.H., and Javed, M.T., 2021. Elucidating 
distinct oxidative stress management, nutrient 
acquisition and yield responses of Pisum 
sativum L. fertigated with diluted and treated 
wastewater. Agricultural Water Management, 

Raza et al.

https://doi.org/10.3390/app10165397
https://doi.org/10.3390/app10165397
https://doi.org/10.1016/j.envpol.2010.11.004
https://doi.org/10.1016/j.envpol.2010.11.004
https://doi.org/10.1016/bs.agron.2022.02.001
https://doi.org/10.1016/bs.agron.2022.02.001
https://www.fondriest.com/environmental-measurements/parameters/water-quality/turbidiy-total-suspended-solids-water-clarity/
https://www.fondriest.com/environmental-measurements/parameters/water-quality/turbidiy-total-suspended-solids-water-clarity/
https://www.fondriest.com/environmental-measurements/parameters/water-quality/turbidiy-total-suspended-solids-water-clarity/


Journal of Innovative Sciences
December 2022 | Volume 8 | Issue 2 | Page 248

247: 106720. https://doi.org/10.1016/j.
agwat.2020.106720

Van der Hoek, W., 2004. A framework for a 
global assessment of the extent of wastewater 
irrigation: the need for a common wastewater 
typology. Wastewater use in irrigated 
agriculture: Confronting the livelihood and 
environmental realities. Wallingford, UK: 
CABI Publishing, pp. 11–24. https://doi.
org/10.1079/9780851998237.0011

Jiménez, B., 2006. Irrigation in developing countries 
using wastewater. International Review for 
Environmental Strategies, 6(2): 229–250. 

Khalid, S., Shahid, M., Bibi, I., Sarwar, T., Shah, 
A.H., and Niazi, N.K., 2018. A review of 
environmental contamination and health risk 
assessment of wastewater use for crop irrigation 
with a focus on low and high-income countries. 
International Journal of Environmental Research 
and Public Health, 15(5): 895. https://doi.
org/10.3390/ijerph15050895

Khan, Z.M., Asif Kanwar, R.M., Farid, H.U., 
Sultan, M., Arsalan, M., Ahmad, M., 
Shakoor, A., and Ahson, A.M.M. 2019. 
Wastewater Evaluation for Multan, Pakistan: 
Characterization and Agricultural Reuse. Polish 
Journal of Environmental Studies, 28(4): 2195-
2174. https://doi.org/10.15244/pjoes/90838

Lee, A.H., and Nikraz, H., 2014. BOD: COD ratio 
as an indicator for pollutants leaching from 
landfill. Journal of Clean Energy Technologies, 
2: 263–266. https://doi.org/10.7763/
JOCET.2014.V2.137

Manetu, W.M., and Karanja, A.M., 2021. 
Waterborne disease risk factors and intervention 
practices: A review. Open Access Library 
Journal, 8(5): 1–11. https://doi.org/10.4236/
oalib.1107401

Maqbool, N., 2022. Water crisis in Pakistan: 
Manifestation, causes and the way forward. 
Pakistan Institute of Development Economics. 

Mbui, D., Chebet, E., Kamau, G., and Kibet, J., 
2016. The state of water quality in Nairobi River, 
Kenya. Asian Journal of Research in Chemistry, 
9(11): 579. https://doi.org/10.5958/0974-
4150.2016.00078.X

Murtaza, G., Habib, R., Shan, A., Sardar, K., Rasool, 
F., and Javeed, T., 2017. Municipal solid waste 
and its relation with groundwater contamination 
in Multan, Pakistan. International Journal of 
Apllied Research, 3(4): 434– 441.

Naz, I., Ullah, W., Sehar, S., Rehman, A., Khan, 
Z.U., Ali, N., and Ahmed, S., 2016. Performance 
evaluation of stone-media pro-type pilot-
scale trickling biofilter system for municipal 
wastewater treatment. Desalination and Water 
Treatment, 57(34): 15792–15805. https://doi.or
g/10.1080/19443994.2015.1081111

Nazir, R., Khan, M., Masab, M., Rehman, H.U., 
Rauf, N.U., Shahab, S., Ameer, N., Sajed, M., 
Ullah, M., and Rafeeq, M., 2015. Accumulation 
of heavy metals (Ni, Cu, Cd, Cr, Pb, Zn, Fe) 
in the soil, water and plants and analysis of 
physico-chemical parameters of soil and water 
collected from Tanda Dam Kohat. Journal of 
Pharmaceutical Sciences and Research, 7(3): 89. 

NESPAK Critique on Master plan for Multan 
2008-2028. PNEQS registered No. M-302 L. 
7646. 

Obaideen, K., Shehata, N., Sayed, E.T., 
Abdelkareem, M.A., Mahmoud, M.S., and 
Olabi, A.G., 2022. The role of wastewater 
treatment in achieving sustainable development 
goals (SDGs) and sustainability guideline. 
Energy Nexus, pp. 100112. https://doi.
org/10.1016/j.nexus.2022.100112

Okoro, C.K., Kingsley, R.A., Connor, T.R., Harris, 
S.R., Parry, C.M., Al-Mashhadani, M.N., 
Kariuki, S., Msefula, C.L., Gordon, M.A., and 
De Pinna, E., 2012. Intracontinental spread 
of human invasive Salmonella typhimurium 
pathovariants in sub-Saharan Africa. Nature 
Genetics, 44(11): 1215–1221. https://doi.
org/10.1038/ng.2423

Onuegbu, T.U., Umoh, E.T., and Onwuekwe, I.T., 
2013. Physico chemical analysis of effluents 
from Jacbon chemical industries limited, 
makers of bonalux emulsion and gloss paints. 
International Journal of Science and Technology, 
2(2): 169–173. 

Pakistan  National Effluent  Quality Standards. 
2000. the Gazette of Pakistan, REGISTERED 
No. M-302 L. 7646.

Podgorski, J.E., Eqani, S.A.M.A.S., Khanam, 
T., Ullah, R., Shen, H., and Berg, M., 2017. 
Extensive arsenic contamination in high-
pH unconfined aquifers in the Indus Valley. 
Science Advances, 3(8): e1700935. https://doi.
org/10.1126/sciadv.1700935

Qadir, M., Wichelns, D., Raschid-Sally, L., 
McCornick, P.G., Drechsel, P., Bahri, A., and 
Minhas, P.S., 2010. The challenges of wastewater 

Evaluation of Wastewater Contaminants

https://doi.org/10.1016/j.agwat.2020.106720
https://doi.org/10.1016/j.agwat.2020.106720
https://doi.org/10.1079/9780851998237.0011
https://doi.org/10.1079/9780851998237.0011
https://doi.org/10.3390/ijerph15050895
https://doi.org/10.3390/ijerph15050895
https://doi.org/10.15244/pjoes/90838
https://doi.org/10.7763/JOCET.2014.V2.137
https://doi.org/10.7763/JOCET.2014.V2.137
https://doi.org/10.4236/oalib.1107401
https://doi.org/10.4236/oalib.1107401
https://doi.org/10.5958/0974-4150.2016.00078.X
https://doi.org/10.5958/0974-4150.2016.00078.X
https://doi.org/10.1080/19443994.2015.1081111
https://doi.org/10.1080/19443994.2015.1081111
https://doi.org/10.1016/j.nexus.2022.100112
https://doi.org/10.1016/j.nexus.2022.100112
https://doi.org/10.1038/ng.2423
https://doi.org/10.1038/ng.2423
https://doi.org/10.1126/sciadv.1700935
https://doi.org/10.1126/sciadv.1700935


Journal of Innovative Sciences
December 2022 | Volume 8 | Issue 2 | Page 249

irrigation in developing countries. Agricultural 
Water Management, 97(4): 561–568. https://
doi.org/10.1016/j.agwat.2008.11.004

Rahimzadeh, Mehrdad, R., Rahimzadeh, Mehravar, 
R., Kazemi, S., and Moghadamnia, A., 2017. 
Cadmium toxicity and treatment: An update. 
Caspian Journal of Internal Medicine, 8(3): 135. 

Shah, M., Hashmi, H.N., Ali, A., and Ghumman, 
A.R., 2014. Performance assessment of aquatic 
macrophytes for treatment of municipal 
wastewater. Journal of Environmental Health 
Science and Engineering, 12(1): 1–12. https://
doi.org/10.1186/2052-336X-12-106

UNICEF Global annual results report, 2019. Goal 
area 4 every child lives in a safe and clean 
environment. , 2020. 

Wavelength, L., 2018.  US geological survey 

implements new turbidity data-reporting 
procedures. 

Wilson, E.S., Murphy, C.E., Rinehart, J.P., Yocum, 
G., and Bowsher, J.H., 2020. Microclimate 
temperatures impact nesting preference 
in megachile rotundata (Hymenoptera: 
Megachilidae). Environmental Entomology, 
49(2): 296–303. https://doi.org/10.1093/ee/
nvaa012

Younas, H., and Younas, F., 2022. Wastewater 
application in agriculture. A review. Water, Air, 
and Soil Pollution, 233(8): 1–28. https://doi.
org/10.1007/s11270-022-05749-9

Young, W.J., Anwar, A., Bhatti, T., Borgomeo, E., 
Davies, S., Garthwaite III, W.R., Gilmont, 
E.M., Leb, C., Lytton, L., and Makin, I., 2019. 
Pakistan getting more from water. World Bank.

Raza et al.

https://doi.org/10.1016/j.agwat.2008.11.004
https://doi.org/10.1016/j.agwat.2008.11.004
https://doi.org/10.1186/2052-336X-12-106
https://doi.org/10.1186/2052-336X-12-106
https://doi.org/10.1093/ee/nvaa012
https://doi.org/10.1093/ee/nvaa012
https://doi.org/10.1007/s11270-022-05749-9
https://doi.org/10.1007/s11270-022-05749-9

