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Abstract

This study demonstrates the effect of long-term sewage irrigation on soil physiochemical properties: pH,
electrical conductivity (EC), organic carbon (OC), total nitrogen (TN), total phosphorous (TP), potassium (K),
sodium (Na) and heavy metal (Zn, Pb, Ni, Cu and Cd) built-up in an agroecosystem in the periphery of Sri
Ganganagar city. To achieve the goal, a comprehensive survey was conducted in such areas and top-soil (0-
20 cm) samples were collected and analysed for various physicochemical parameters. Results revealed the
respective range of pH, EC, OC, TN, TP, K and Na in the ranges of 7.76 — 7.89, 4.24 — 5.03 mS cm™, 15.20
—15.88 g kg?, 5.75 - 5.77 g kg, 0.95 — 1.09 g kg?, 0.73 — 0.85 g kg* and 0.89 — 1.03 g kg™ in soils of
sewage-irrigated crop setups. High NPK and OC load in such soils than that of control soils (freshwater
irrigated plots) suggested the positive impact of sewage irrigation on soil nutrient profile and organic matter
depositions. The respective concentration (mg kg™?) of Zn, Pb, Ni, Cu and Cd 16.0 — 22.42, 16.60 — 23.55,
21.15 — 25.63, 18.12 — 26.86 and 2.04 — 4.73 also indicates the metal load built-up during such practices. In
summary, sewage irrigation can be promoted to solve two issues simultaneously soil fertility management
and safe disposal of untreated sewage in the urban periphery. However, the transfer of metal in standing crops
from soil metal sink needs to be investigated in such cases to check the bioaccumulation of metals in food
crops and human health safety.

Keywords:Crop production, Urban wastewater irrigation, Soil contamination, Heavy metals
Introduction

The disposal of treated and untreated wastewater is one of the alarming issues in the majority of urban
settlements in developing countries which cause several issues such as freshwater pollution, soil
contamination, disease in human and quality of natural resources (Singh et al., 2010; Sridhara; Abeed et al.,
2022). In India, domestic wastewater management has become a big challenge for city managers as

infrastructural development and regulations have not kept pace with the ever-growing human population
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growth and rapid urbanization.The generation of human waste through the urban sewage system is constant
and unmanaged in many parts of the countries which poses a serious risk to environmental resource
management and the availability of fresh water supplies. At the same time, the urban return flow (wastewater)
is also increasing day by day, which contributes to about 80% of the total water supply in urban centres. Small
towns are still not connected with sewer network systems and lack proper sewage disposal and treatment
system like sewage treatment plants (STPs). In this condition in the majority of areas, the untreated or partially
treated (through septic tank system) wastewater flows through wastewater collection networks of ‘Nala” and
is finally collected outside of the city in lowland areas as a stagnant water body or natural wetlands/ponds. In
rural and peri-urban areas, decentralized wastewater treatment systems have appeared as more economically
viable options for the safe disposal of wastewater(Parihar et al., 2022). Currently, even in urban and peri-
urban areas of India, about 70% of the population is assisted by the operation of onsite sanitation systems.
The advantages of the decentralized system are that it’s a low-cost (operational and maintenance costs),
energy-saving and simple-technology-based process to tackle wastewater issues with low inputs.

Untreated sewage water poses serious issues of environmental pollution and resource contamination. Sewage
water is used water from urban settlements mainly comes from toilets, sinks, showers, washing and
agricultural activities.Urban sewage water utilities in the agriculture system have been becoming more shared
and extensive practice due to the collective water scarcity and the threat to food security, especially among
the peri-urban resource-restricted farmers.In both developed and developing countries, the most predominant
application of treated and untreated wastewater is its utilities for land irrigation purposes. In developed
countries, where environmental standards are more confined and followed by compulsions, abundant
wastewater is treated before use for soil irrigation (Hussain et al., 2002). The treated water from urban and
peri-urban areas could be used for various operations like groundwater recharging, gardening and landscaping,
industrial applications, construction business, wildlife habitat development, aquaculture and other farming
systems, etc. In developing countries, although environmental standards are set, not followed effectively due
to a lack of awareness level of people and lenient Govt. actions. Wastewater has been widely used for
agriculture and aquaculture for centuries in countries like China, India and Mexico (Abeed et al., 2022; W.
Meng et al., 2016a; P. K. Singh et al., 2012). Reuse of wastewater can deliver positive benefits to the farming
community, society and municipalities as a part of sustainable resource consumption. But, wastewater reuse
also causes adverse externality impacts on humans and ecological systems, which need to be identified and
assessed before it applies for long-term irrigation purposes(Meena et al., 2016).

This study investigates the effect of long-term sewage irrigation on soil properties (pH, EC, OC, TN, TP, K
and Na) and heavy metals (Fe, Zn, Pb, Ni, Cu, Cd and Cr) built-up in some selected sites of peri-urban areas
of Sri Ganganagar City, Rajasthan, India. Farmers of this area have been utilizing sewage for vegetable and

other commercial crop cultivation forthe last 20 years and there is no comprehensive report on the impact of
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sewage irrigation on soil chemical quality is available in the published literature. Therefore, the results of this
study may be beneficial for policymakers and local farmers to see the overall impact of long-term sewage

irrigation on local soil qualities in agricultural areas.
Materials and methods
Study site

The current study was performed in three villages namely 2E Chhoti, village Chak 3A and village Sobha
Singh Wala which are located on the periphery of the city (2 -3 km far from the city settlements). The major
crops in these areas are wheat, mustard, barley, cotton and seasonal vegetables. The region is considered a
dry and canal-irrigated belt and farmers mainly rely on canal water and groundwater for crop irrigation.
Sewage water is disposed from urban settlements of the city through untapped channels which directly open

to the nearby agricultural fields.
Soil and plant sampling

The topsoil (20 cm depth) samples were collected from some of the selected agriculture plots for
physiochemical analysis. From each village, three sites were identified for possible soil sampling. Three sets
of soil samples were collected from each marked agriculture plot. Soil sampling was done up to 20 cm depth
using soil samples and soil was mixed thoroughly to create a homogenised representative soil sample (100 g)

for the analysis. The soil was stored in polythene zip bags and stored at 4 °C in the lab.
Physicochemical analysis of soil

For analytical work soil was divided into two parts. The first part (fresh soil) was used for the analysis of pH
and EC. Soil pH and EC were measured in soil extract (prepared in distilled water 1:10 w/v) through pH and
conductivity meter, respectively. The second soil part was dried in a hot-air oven at 80°C for 24 hours and
then grounded in powder and then used for other parameter analysis. Soil OC, TN, TP, K and Na were

measured by following the standard methods as described in (APHA, 2005).

For soil metal content, the dried and sieved soil was digested in a di-acid solution (HNOsz+ HCIOg4) in a
microwave digester and then filtered through Whatman no.42 filter paper and then the filtrate was used for

the analysis of heavy metals using Atomic Absorption Spectrophotometer (AAS).
Statistical analysis

Data were analysed for descriptive statistical results using SPSS software (Windows version 17.0). The
difference among sampling sites was measured through One-way ANOVA and homogenous sub-sets were

analysed using Post-Hoc test.
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Results and discussion
Sewage chemical characteristics

The pH of sewage water was in the range of 7.76 — 7.81 at different sampling points.The slight variation
among different sampling sites for pH could be attributed to the interference of other edaphic factors. EC
indicates the overall load of salts in soils mainly contributed by geological as well as anthropogenic sources
mainly through irrigation practices. EC values vary from 4.24 to 5.03 mS cm™ at different sampling locations.
The direct relationship between EC and pH was noted in this study indicating that H* ions releasing cations
contributed to the EC load of the soil that mainly comes from the sewage inorganic substances (Balkhair and
Ashraf, 2016). BOD in sewage water was in the ranges of 272.00 — 281.33 mg L™2.BOD in sewage is mainly
due to the presence of biodegradable organic substances. The variations in BOD could be due to factors like
dilution of sewage at the point and non-point sources, precipitation rate, the flow rate of sewage and mixing
of another freshwater with sewage water during irrigation practices (Pandey et al., 2016; Singh, 2021). COD
in sewage water ranged between 370.67 mg L and 374.33 mg L™ at different sampling sites in the studied
area. COD indicates a total load of oxidation process whether through chemical reactions or by active
microbial communities involved in organic matter aerobic degradation in wastewater (Chung et al., 2011;
Singh et al., 2020). The NO3z", SO42 and PO4™ content in sewage water showed slight variation among the
different sampling periods during vegetable cropping cycles (Fig. 1). NOs, SO42 and PO4 content in sewage
water ranged between 30.95 and 33.37 mg L, 139.79 and 149.77 mg L* and 74.33 and 83.95 mg L™X. NOs’
and PO4 content in sewage mainly comes from faecal sludge mixing in sewage water and also acts as a
source of nitrogen for cropping systems. SO472 is directly contributed by surfactants, detergents and chemical
fertilizers in soil but wastewater disposal could be a main source of SO4? in urban runoff waters (Sridhara
Chary et al., 2008; Pandey et al., 2016).
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Fig. 1- pH, EC, BOD, COD and nutrient contents in sewage being used for crop irrigation.
Sewage water also acts as a major source of heavy metals for soil and freshwater resource contamination and
we found a significant load of heavy metals at different sampling sites. The average concertation of Fe, Zn,
Pb, Ni, Cu, Cd and Cr was recorded in the ranges of 59.27 — 69.36 mg L, 1.66 — 2.60 mg L™, 5.36 — 7.99 mg
Lt 352-420mgL? 151-1.86mgL? 1.92—-2.82mgL™*and0.72—-0.88 mg L, respectively (Table 1).
Fe and Zn are beneficial for crops if wastewater contains such elements in sufficient amounts. Organic matter
decomposition and soil mixing could be possible sources of Zn and Fe in wastewater. Small-scale industrial
ventures like washing stations, auto-repair shops and leachate from waste dump sites are considered a prime
source of such metal in wastewater (Kiziloglu et al., 2008; Christou et al., 2014; Ahmed and Slima, 2018).
Ni in sewage water mainly comes from washing stations and automobile washing stations in sewage water.
Pb mainly originated from household pains and industrial pigments and also disposal of e-waste in open sites
contributes to the Pb accumulation in wastewater (Nag & Cummins, 2022). The source and content of Pb in
wastewater depend on various factors such as mining activities in the local areas, waste dumping practices,
vehicle pollution and transportation load in the city, e-waste dumping and dismantling practices, pain and
pigments used in buildings and farms, etc. (Kiziloglu et al., 2008; Nag & Cummins, 2022). Cu mainly comes
from industrial waste disposal and pesticide application in the field. Urban runoff water from different sectors

contributes to the Cu contamination of sewage water. The common sources of Cu in the environment could
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be mining, fossil fuel combustion, waste disposals, phosphate fertilizer, and metallurgical processing
(Rehman et al., 2019). Cu is an important soil mineral required for plant metabolic activities such as oxidative
processes, photosynthesis, protein metabolism and N> fixation, etc. Apart from that Cu also acts as an
important factor in affecting the enzymatic activities and respiration in plants ( Quartacci et al., 2000; Chaffai
et al., 2007;). Cd is a rare element found in soil and acts as a plant growth substance if occurs in a low
concentration. Industrial activities are the prime source of Cd in the environment and apart from that other
human activities like aquaculture, wastewater disposals, waste dumping sites, pigments, and agro-chemicals
also contribute significantly to Cd accumulation in wastewater and soil resources (Yuan et al., 2019). Cr is an
anthropogenic element in wastewater and mainly comes from paint and other industrial products. Low Cr
concentration suggested that no industrial effluent is mixed with sewage water in this area. (Verma & Suthar,
2015). Cr is a toxic substance in the environment especially Cr(VI) which cause direct toxicity in plant and
other biota. Cr is contributed by anthropogenic activities in the environment which include mining metal
works, paint and pigments manufacturing, timber industries, clothes dyeing, etc. ( Kazakis et al., 2017; Jones
et al., 2019). The lack of industrial settlements in Sri Ganganagar would be a reason for the low Cr load in
the sewage water of the studied area. A consistent load of heavy metal in sewage indicates that metals are
coming from point and non-point sources and also suggest the mixing of wastewater from some small-scale
industrial units, mechanical workshops and chemical-related shops (Rattan et al., 2005; Anita Singh et al.,
2010). Drainage water from such places could be responsible for the heavy metal load in the sewage water of

Sri Ganganagar city.

Table 1 — Heavy metal concentration in sewage water being used for soil irrigation practices at different

sampling sites.

Metal Site-I Site-11 Site-11l
Fe (mg LY Mean 63.79 69.36 59.27
Std. Deviation 12.41 5.49 8.19
Zn (mg LY Mean 2.33 2.60 1.66
Std. Deviation 0.26 0.49 0.17
Pb(mg L) Mean 7.99 5.96 5.36
Std. Deviation 1.81 0.68 0.57
Ni (mg L™?) Mean 4.20 3.52 411
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Std. Deviation 0.68 0.08 0.18
Cu(mgL? Mean 1.51 1.86 1.79
Std. Deviation 0.10 0.10 0.12
Cd (mg L) Mean 2.82 2.16 1.92
Std. Deviation 0.58 0.18 0.27
Cr(mgL%) Mean 0.88 0.72 0.88
Std. Deviation 0.25 0.24 0.18

Soil physicochemical properties

The soils of sewage irrigated water showed drastic variation in terms of major physicochemical parameters
(Fig. 2). Long-term irrigation by sewage water cause the sinking of several organic and inorganic chemical
substances in soils some of them could be beneficial for plant and microbial growth in soils but some show
direct toxicity to biota (Tomar and Suthar, 2011; Pandey et al., 2016). The pH of the soil varied from 7.76 to
7.89 at different study sites and the maximum pH of the soil was recorded at Site-1 (7.89 + 0.01) followed by
Site-3 (7.79 £ 0.03) and Site-2 (7.76 = 0.07). Soil pH was not in the higher range possibly due to the anaerobic
degradation of sewage organic substances that lead to the formation of several intermediate metabolites of
acidic nature that shifts the pH towards acidic ranges. Soil pH variation in studied sampling sites could be
attributed to the factors like soil salt contents, organic matter decomposition rates, soil microbial properties,
tillage practices and frequency of sol irrigations (Rattan et al., 2005; Meng et al., 2016; Rezapour et al., 2019).
The average EC content in soil varied from 4.24 to 5.03 mS cm™ in different field soils. EC in soil mainly
indicates a load of cations and anions in soil setups mainly contributed by geological sources and sewage
irrigation water as well. EC is an indicator of soil salt accumulation rate and soil health status. The results of
this study are in line with previous studies that reported the effect of wastewater irrigation on soil pH and EC
values. For example, a study by Hati et al. (2007) found in their study the changed soil chemical properties
after the long-term application of wastewater originating from a distillery industry. Carbon content in soil is
directly related to the organic matter degradation rate in soils through microbial communities, soil organic
matter input rates and surface disposal of wastewater (Meng et al., 2016; Pandey et al., 2016). OC in soil
ranged between 15.20 — 15.88 g kg, significantly higher than normal soils irrigated with freshwater sources.
The high OC indicates that long-term irrigation of soils by sewage sludge has contributed a significant amount
of OC in such soils. Raw sewage contains a large amount of organic matter that is further degraded through
the aerobic degradation process and during this mineralization process, microbial communities play an

important role in organic carbon pool buildup wastewater irrigated soils (Suthar, 2008; Meng et al., 2016;
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Singh et al., 2020). Wastewater contains a high load of organic substances in the form of BOD and total solid
which directly contribute as carbon sources in soil for soil fertility enhancement and microbial biomass
increases. A close relationship between wastewater irrigation and microbial biomass carbon and soil organic
matter contents was also reported suggesting the positive impact of wastewater irrigation on soil chemical
properties. TKN is an important element required for normal plant growth and crop productivity. In sewage,
several organic substances contain N-based organic stuff which is further mineralized through the nitrification
process under an aerobic environment. TKN ranged between 5.75 — 5.77 g kg at different sampling sites in
the studied area. The impact of sewage irrigation on soil N building has been reported by various previous
researchers (Meng et al., 2016, 2019). TP load in soil was comparatively higher (0.95 — 1.09 g kg™) possibly
due to the sewage inputs in soils. The K content in soil is also taken as an important soil parameter indicating
the soil fertility and cation exchange capacity and K content in soil ranges between 0.73 and 0.85 g kg™. K in
soil mainly comes from surface discharges, sewage disposal practices and chemical fertilizer applications
(Rattan et al., 2005; SouDakouré et al., 2013). But it hardly accumulates in soil due to its high solubility,
leaching potential and plant uptake rates. Na content in soils varied in the ranges of 0.89 — 1.03 g kg™* among
different sampling sites. Na is an indicator of soil solidity and accumulation of salts under long-term soil
irrigation practices (Ganjegunte et al., 2017). Results indicate that long-term sewage irrigation plays a vital
role in soil nutrient pool development which acts as a soil reserve for supporting plant growth and soil
microbial enrichments for better rhizosphere physiology without affecting plant productivity. Such a soil
nutrient pool may also help in reducing the dependency on chemical fertilizers for sustainable crop production
in a water defiant environment. The adverse impact in terms of soil toxic substance accumulation under long-

term irrigation practices also required close monitoring to ensure food quality and human health safety.

Copyright@ijermt.org Page 102


mailto:editor@ijermt.org
http://www.ijermt.org/

International Journal of Engineering Research & Management Technology ISSN: 2348-4039

Email:editor@ijermt.org Sep-0Oct-2022 Volume 9, Issue-5 www.ijermt.org

BTOC = TKN
18.0

mompH —o—-EC

16.0 |
14.0 A
12.0 A
=_10.0 A

> 8.0 1

EC (mS cm?)

6.0 1

4.0 A

2.0 A

0.0 | ] i N N RN
Sitel Site2 Site3 Sitel Site2 Site3

TP BK ENa

Sitel Site2 Site3

Fig. 2 Soil physicochemical properties at different sampling sites.

Heavy metal load in soils irrigated with sewage water showed significant variations among different sampling
periods (Fig. 3) at different sampling stations. Fe was found in the highest concentration in soils and the order
of metal in soil was as follows: Fe > Ni > Cu >Zn >Pb> Cr > Cd, based on average values of the heavy metal
load in soils. The safe limit for the heavy metal load (mg kg™) in the soil is described as 2.5 for Pb, 50 for Zn,
1.5 for Cd, 20 for Cr, 30 for Cu and 1.5 for Ni as per the standard limit described in the literature (Anita Singh
et al., 2010). Results of heavy metal analysis of soil indicate that the respective average content of Cr, Cd, Ni,
Fe, 2Zn, Pb and Cu in soils of this area was found 16,60 - 2436 mg
kgt 2.04 — 473 mg kg!, 21.15 — 2563 mg kg?, 60.36 — 88.54 mg kg?!, 16.0 — 22.42 mg
kg?,16.60 — 23.55 mg kgt and 18.12 — 26.86 mg kg, significantly higher in cropping soils (Fig. 3).
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Fig. 3 — Soil heavy metal contents in the soil at different sampling sites.

The Ni in the environment mainly comes from anthropogenic sources and sewage water mixed with
wastewater from mechanical shops, metal plating, washing stations, etc. could be the major source of Ni in
the sewage water. It is suggested that such point sources in the city are contributing to the Ni load in soils
irrigated with the untreated sewage water. Cr is also a toxic metal and it shows a high bio-accumulative
property a high load in the soil further leads to the transfer of such Cr substances to standing crops and other
biotas. The results of the heavy metal load of this study are in line with some previous researchers who have
reported a significant concentration of elements in soils being irrigated with wastewater under long-term crop
irrigation practices. For example, a study by (Sayo et al., 2020) demonstrated the accumulation of heavy
metals in soils after sewage water irrigation in agriculture practices in Kenya. They found a high load (mg/L)
of Cu (0.484-1.834), Zn (1.432-4.612), Cd (0.015-0.353) and Pb (0.011-2.123) than that of setups with clean
water irrigations. The soils showed the overall metal load in soils above the safe limit decided by the pollution
monitoring agencies. They concluded that sewage water irrigation needs to be monitored from time to time to

ensure the quality of field crops under such irrigation practices.

Conclusion
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Sewage water has been considered as alternative source of water for crop irrigation in many parts of the world.
But such practices also need to be evaluated in terms of adverse impact on soil environment. In this study we
investigated the effect of long-term irrigation on soil nutrient and metal built-up in agriculture soils as a result
of sewage irrigation. Results suggested that sewerage irrigation enriched the soils with valuable soil nutrients,
required for soil fertility, but at the same time also promotes soil heavy metal build-up which need close
monitoring to ensure the food quality in such systems. Heavy metal content in sewage irrigated setups was

found to be higher and that may pose serious risk of food contamination and human health safety.
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