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Abstract
In many arid and semiarid countries, wastewater irrigation is becoming a common practice in agriculture.
Commitment of government and social intervention for more effective waste management are the major
constraints. The study was conducted in eastern Ethiopia to identify the impacts of municipal wastewater
soil physicochemical properties and irrigation water quality. Soil samples were collected from different farm
�elds to determine the physical and chemical properties of soil, and heavy metal accumulation at different
irrigation farms and wastewater samples were also analyzed. Manusipal wastewater taken from different
study sites was categorized into three groups: control (nonirrigated), municipal wastewater irrigated
farmland and municipal wastewater irrigated farmland. The results showed that bulk density was negatively
decreased and moisture contents and total porosity were signi�cantly increased. The soil EC, cadmium, lead
available phosphorus, OM, and CEC levels signi�cantly increased with increasing wastewater application.
The concentrations of Zn, Cu, Cd, Pb and Cr are highwere higher in irrigated e�uent than in nonirrigated
e�uent. Untreated and treated MWW were tested for heavy metal presence and accumulation. The soil OM
increased as the content in the soil also increased as the number of irrigations increased. The most effective
way to eliminate the impact of this municipal wastewater on the soil and water is to develop and implement
an effective wastewater management plan. Limited studies have been done, and they should be encouraged
to address municipal wastewater impacts on plants and farmers. The government should be focused on
awareness of creation and management systems.

1. Background
In the increase of urban Irrigation agriculture, scarcity of water availability is major problem, and use of
treated waste water for Irrigation Agriculture is becoming common practice [1&2]. As human interests on
natural resources increased, problem of natural resources like water availability is unquestinable [3 & 4]. Due
to high water scarcity problem wastewater used for domestic and agricultural practice without any properly
management and quality standard use, but this make human health problem and yield failed [ 5]. Water
insu�ciency and wastewater generation is the major nervousness that impacts livelihood.

In Ethiopia, due to poor government policy on urban wastewater management, towns and cities in the
country are becoming sources of solid and liquid waste. There are some activities of waste treatment use
for agriculture, but there are very few, especially communities that are involved in wastewater treatment and
used for irrigation and fertilizers. Nonetheless, limited studies have been done thus far on the impact of
manusipal waste in particular on health and agricultural productivity. Some researchers have assessed the
contents of wastewater generated from this city. However, the effect of municipal wastewater on soil
properties and irrigation water quality has not been well investigated.

Therefore, the objectives of this study were to characterize municipal wastewater with selected chemical
and physical properties, analyze its irrigation water quality and determine the impacts of wastewater
irrigation on selected soil physical and chemical properties.

2. Materials And Methods
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2.1. Description of the Study Area
The study was conducted in Harar City, which is known as African Mecca and was founded in 1007 Harari
National Regional State, which is located in the eastern part of Ethiopia (Fig. 1). The Population of the cities
is more than 215,000. The city of Harar is the capital of Harari Regional State and capital city of eastern
Hararghe zone of oromia region which is located in the East at a distance of 525 km from Addis Ababa. The
site is located at latitude 9°24’57” N, longitude 42°2’23” E and altitude 2023 meters above sea level. The site
is representative of a subhumid mid-altitude agro-climatic zone. The rainfall distribution is bimodal, the
short rainy season is from March to May, and the long rainy season is from June to October. The area
receives a mean annual precipitation of 760 mm. The mean annual maximum and minimum temperatures
are 23.40°C and 8.25°C, respectively.

In this city, manusipal wastewater originated from different sources like, such as from Harar Brewey Factory,
o�cies, health centers, universities and collegies, schools, and marketies. which are produces high organic
loading e�uent. Farmers in downstream areas have been using this wastewater for many years. Due to
developing countries, these ecosystems are often discharged into natural ecosystems without previous
treatment.

2.2. Sample Preparation and Laboratory Analysis of
Wastewaters

2.2.1. Soil sampling, heavy metal accumulation in soil and
analysis
Soil samples were collected from the down farm �eld of the city of different farm �eld locations to
determine the physical and chemical properties of the soil. Soil samples were mixed thoroughly, dried at
room temperature, ground and sieved through a 2 mm screen for physical analysis, whereas for OC and total
nitrogen determination, soil samples were passed through a 0.5 mm sieve.

Heavy metal accumulation soil was selected randomly from wastewater for analysis of major heavy metals
(Zn, Mn, Fe, Cu, Cr, As, Ni, Cd) using an atomic absorption instrument following [6]. For soil sample
preparation, four grams was taken from twelve samples and then dissolved in 5 mL HNO3, 0.5 mL HF, and
0.5 mL HCl in a Te�on vessel. Samples were dissolved in 6 mL 69% HNO3 and 3 mL HCl in a Te�on vessel in
a microwave digestion system. The digested samples were then transferred into a Te�on beaker, and the
volume was brought to 50 mL with deionized water. The digested solution was �ltered by using a 0.45 µm
syringe �lter and stored in 50 mL polypropylene tubes for analysis.

Analysis of the particle size distribution was performed by hydrometer method (differential settling within a
water column) according to [7]. Organic carbon content was determined using [8] method. Soil texture was
determined by the Bouyoucos hydrometer method [9]. The bulk density (BD) of the soil after crop harvest
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was measured from the undisturbed soil samples collected from each plot using a core sampler and
determined according to the procedure described [10].

2.2.2. Water Samples Analysis
The collected wastewater samples were taken before and after wastewater treatment for the analysis of pH,
EC, dissolved cation (Ca, Mg, Na and K), alkalinity (HCO3- and CO32-), Cl-, SO4

2−, NO3- and boron (B)
contents in the laboratory. The collected water samples were analyzed for TSS, pH, EC, TDS, Na, Ca, Mg, Cl,
SO-4, NO3, NO2, B, CO3 and HCO3. All these elements were determined according to international standards
of laboratory analysis for the quality of irrigation water, such as hardness, nitrate, phosphorus content, and
SAR.

The residual sodium carbonate (RSC) equation was used to determine the concentrations of HCO3-, CO32-,
Ca2 + and Mg2 + ions as follows:

RSC = (HCO3- + CO2) - (Ca2 + + Mg2+)

where concentrations are expressed in meq/l [11], and the SAR was calculated as:

 

where Na is the concentration of Na in the irrigation water expressed in meq/l.

2.3. Data Analysis
Statistical data analysis was performed to identify the impacts of wastewater irrigation on soil properties
using R software version 3.6.3 and for water quality for irrigation, and a t-test at P ≤ 0.05 was used to
compare signi�cant differences between initial and �nal irrigation.

3. Results And Discussion

3.1. Physical and Chemical Characteristics of Municipal
Wastewater
According to the results of municipal wastewater analysis value of pH at initial and �nal irrigation points
were 8.14 and 8.26 (Table 1). The total dissolved solid (TDS) municipal wastewater varied in the range
762.54 to 945.32 mg L− 1 from �nal to initial point. The BOD and COD values in the study sites were varied
from 167.0mg/l to 207.3mg/l and 246.43mg/l to 286 mg/l respectively (Table 1), Concentration of sodium
in municipal wastewater varied in the range of 33.3 to 44.5 mg L− 1 at the �nal to initial discharge points
(Table 1). The initial and �nal point concentration of ammonium-nitrogen and nitrate-nitrogen were 7.56 to
14.25 mg/l and 9.43 to 11.60 mg/l respectively (Table 1).
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Table 1

Characteristics of municipal wastewater quality
Descriptive Statistics

Parameters Initial point Final point Mean SD(+) FAO/WHO Perm. Limits

pH 8.26 8.14 8.2 0.085 6.5–8.4

EC, dS/m 2.34 2.32 2.33 0.014 0.7-3.0

TDS, mg/l 945.32 762.54 853.93 129.24 450–2000

TSS, mg/l 67.98 49.65 58.82 12.96 50

DO, mg/l 0.0045 0.0003 0.002 0.002 5–6

BOD, mg/l 207.3 167.0 185.15 28.49 60

COD, mg/l 288 246.43 266.22 27.98 200

Na+, mg/l 44.5 33.3 38.9 7.92 200

Ca2+, mg/l 74.8 64.2 69.5 7.49 400

Mg2+, mg/l 54.3 49.6 51.95 3.32 60

K+, mg/l 66.33 51.44 58.84 10.46 < 10

HCO3
−, mg/l 40.5 35.3 37.9 3.676 1.5–8.5

CO3
2−, mg/l 24.5 19.4 21.95 3.606 < 10

NH4−N, mg/l 14.25 7.56 10.91 4.73 -

NO3-N, mg/l 11.60 9.43 10.52 1.53 5–30

TN, mg/l 29.6 24.78 27.19 3.408 5–30

P, mg/l 9.43 8.64 9.04 0.56 < 10

SAR 4.988 4.414 4.701 0.794 3–9

ESP % 6.538 5.538 5.763 1.096 -

DO = dissolved oxygen, TDS = total dissolved solid, TSS = total suspended solid, EC = electrical
conductivity, BOD = biological oxygen demand, COD = chemical oxygen demand, per.limit = permissible
limits, SAR = sodium adsorption ratio and ESP = exchangeable sodium percentage

The mean ion concentrations in wastewater at both sample collection sites were compared by t-tests at a
con�dence level of 95%. Among the two sites, wastewater samples taken from the initial points and �nal
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points showed signi�cant differences (p ≤ 0.05), and this variation might be due to natural processes of
water.

3.2. Impacts of Municipal Wastewater on Soil Physical
Properties
At wastewater irrigation sites, there were no signi�cant differences in soil moisture under MWWI < 10 and
MWWI > 10. Both nonirrigated and irrigated farmland showed signi�cant differences at the p < 0.05 level in
the soil moisture results (Table 2). This variation might be due to the higher contents of organic matter
generated from municipal wastewater. The presented result was in agreement with [12, 13, 14 and 15]
variation in bulk density, total porosity and soil moisture contents between the irrigated and control sites,
which might be due to the addition of organic matter in irrigated farmland (Table 2).

Clay contents were highly and signi�cantly different between the nonirrigated and irrigated farmland. The
highest clay content (26%) was recorded for nonirrigated farmland, whereas the lowest value (23%) was
recorded for wastewater-irrigated farmland (Table 2). On the other hand, the lowest clay content was
recorded at the farmland irrigated for more than ten years. The dominant soil particle in the study sites was
sand followed by clay and silt. Silt content was the least at all sites.

 
Table 2

Selected physical properties of the soil at the study sites
Descriptive Statics   PSD %   BD (g/cm3) TP % Moisture %

Sand Silt Clay

Control 56 18 26a 1.56a 41.1C 10.86b

MWWI < 10 61 15 24b 1.28b 51.7b 24.98a

MWWI < 10 58 19 23c 1.15b 56.6a 26.2a

Mean 58.33 17.3 24.33 1.33 46.4 20.68

SD (±) 2.52 2.08 1.53 0.21 5.3 8.53

SL NS NS *** *** *** *

MWWI > 10 = municipal wastewater irrigated for more than ten years, MWWI < 10 = brewery, municipal
wastewater irrigated for ten years, PSD = particle size distribution, SL = signi�cance level NS = not
signi�cant; *=signi�cance at p < 0.05; **=signi�cance at p < 0.01; ***=signi�cance at the p < 0.001 level.

3.3. Impacts of Municipal Wastewater on Soil Chemical
Properties
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The results in Table 3 indicated that all soil chemical properties were slightly affected by the wastewater. At
the study sites, the soil reaction was slightly alkaline in municipal wastewater-irrigated farmland. A higher
pH value (7.74) was recorded with nonirrigated (control) farmland, and the lowest pH value (7.34) was
recorded with irrigated farmland with municipal wastewater for less than ten years (Table 3). The variation
in soil pH might be due to the presence of a high content of relatively ammonium in the wastewater
(Table 1), resulting in its accumulation in the soil. This suggestion was supported by the �nding of [16] that
soil pH decreased with wastewater irrigation due to the oxidation of organic compounds and nitri�cation of
ammonium. Nitri�cation of this ammonium would serve as a source of hydrogen ions, which may lead to a
decrease in the soil pH [13].

The total soluble salt content expressed as electrical conductivity (EC) is an important indicator of soil
health. It affects crop yields, plant nutrient availability, and the activity of soil microorganisms, which
in�uence key soil processes [17]. The electrical conductivity of the soils was signi�cantly in�uenced by the
wastewater. The highest electrical conductivity (0. 328 dS/m) was recorded for municipal wastewater for
more than ten years (MWWI > 10) of irrigation, whereas the lowest value of EC was recorded for the
nonirrigated site (0.062 dS/m) (Table 3). At nonirrigated and irrigated farmland, the differences in soil
electrical conductivity were signi�cant (P < 0.001).

Wastewater irrigated farmland; soil electrical conductivity increased with increasing years of wastewater
application. Additionally, the soil EC signi�cantly increased at MWWI < 10 than at the MWWI > 10 sites. The
increase in EC (electrical conductivity) of the soil due to irrigation with wastewater is mainly attributed to the
high level of TDS (total dissolved solids) of the wastewater that would accumulate in the soil with
continuous wastewater application. This result is in harmony [18 & 19].
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Table 3
pH, EC (dS/m), and heavy metal (mg/kg) concentration of soil at different irrigation sites

Descriptive statistics     Parameter        

  pH EC Cu Zn Cd Pb Cr

Control 7.74 0.062c 5.6 6.85 1.67c 0.29b 0.54

MWWI < 10 7.34 0.230b 3.2 5.06 2.5b 0.57a 0.36

MWWI > 10 7.68 0.328a 4.53 8.43 3.33a 0.57a 0.54

SD (±) 0.22 0.13 1.20 1.67 0.83 0.16 0.10

SL NS *** NS NS *** * NS

FAO Perm. Limits 6.5 < 10 1–12 12–60 0.02–0.5 0.3–10 0.002-0.2

MWWI > 10 = municipal wastewater irrigated for more than ten years, MWWI < 10 = municipal wastewater
irrigation for 10 years, SL = signi�cance level NS = not signi�cant; *=signi�cant at p < 0.05; **=signi�cant
at p < 0.01; ***=signi�cant at the p < 0.001 level.

3.4. Total heavy metals
The concentrations of Zn, Cu, Cd, Pb and Cr at MWWI > 10 (municipal wastewater irrigated land for more
than ten years) were 8.43, 4.53, 3.33, 0.57 and 0.54 mg/kg, respectively (Fig. 2). However, at the nonirrigated
site, the recorded results were 6.85, 5.6, 1.67, 0.29 and 0.54 mg/kg for Zn, Cu, Cd, Pb and Cr, respectively. The
concentrations of Cd and Pb were signi�cantly higher at irrigated sites than in nonirrigated areas. This might
be due to the release of these elements by the fermentation process and their entry into the soil with
irrigation water. According to [20 & 21]. A large volume of waste water generation that is concentrated in
metals is high in city, but use of treated waste water irrigation is low in developing countries.

3.5. Organic matter (OM) and soil organic carbon (SOC)
According to [22], organic matter is widely regarded as a vital component of soil fertility because of its role
in physical, chemical and biological processes to supply plants with nutrients and to help soil maintain
moisture. At wastewater irrigation sites, the organic matter content (OM) was positively and signi�cantly
in�uenced by wastewater. The highest organic matter (OM) content (2.69%) was observed for the soil
irrigated for more than ten years, whereas the lowest value of OM was recorded for the nonirrigated sites
(Table 4). This might be due to the release of organic compounds by the brewing process and their entry into
the soil with irrigation water. The present study was consistent with the �nding [23], who reported that the
soil organic matter content (OM) increased with wastewater irrigation application and depended on the
period of application. According to [24], the organic matter content in the soil also increased as the number
of irrigations increased, showing a bene�t to the soil. The organic carbon contents of the soil were not



Page 9/15

signi�cantly in�uenced by wastewater irrigation (Table 4). Soil organic carbon (SOC) is the most important
indicator of soil quality and plays a major role in nutrient cycling [25].

 
Table 4

SOM (%), SOC (%), AVP (mg/kg) and TN (%) concentrations at different sites.
Descriptive Statistics   Parameters    

  SOM SOC AVP TN

Control 1.35c 0.999 9.71c 0.19

MWWI < 10 1.72b 0.781 11.27b 0.20

MWWI > 10 2.69a 1.562 13.10a 0.21

SD (±) 0.60 0.40 1.69 0.005

SL ** NS *** NS

SOM = soil organic matter, SOC = soil organic carbon, AVP = available phosphorus, TN = total nitrogen
SL = signi�cant level NS = not signi�cant; *=signi�cant at p < 0.05; **=signi�cant at p < 0.01 and
***=signi�cant at p < 0.001 level.

3.6. Concentration of different MWWI Chemicals
The soil AVP was signi�cantly different (p < 0.001) in nonirrigated (control), municipal wastewater irrigation
farmland for less than ten years (MWWI < 10) and municipal wastewater irrigated farmland for more than
ten years (MWWI > 10).

The CEC was signi�cantly different along the nonirrigated and irrigated farmland, as shown in Fig. 3. The
highest CEC value was recorded in municipal wastewater-irrigated farmland for more than ten years, and the
lowest value was observed in nonirrigated land. CEC was signi�cantly higher in MWWI > 10 than in MWWI < 
10 and nonirrigated (control) plants.

3.7. Pearson’s Correlation between Chemical Properties of
Wastewater and
Wastewater Irrigated Soils

The relationships between different chemical properties and ion concentrations of wastewater and
wastewater irrigated soils were analyzed by Pearson’s correlation coe�cient. A high correlation coe�cient
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(near + 1 or -1) means a good relation between two variables, and zero means no relationship between them
at a signi�cance level of 0.05%. r > 0.7 indicates a strong correlation, whereas the r value is between 0.5 and
0.7, and it shows a moderate correlation between the two parameters.

Table 5. Pearson’s correlation between chemical properties of wastewater and soils of different sites

 

  PH EC Ca Mg Na K TN AVP SAR ESP

PH 1                  

EC 0.994* 1                

Ca 0.963 0.927 1              

Mg 0.999** 0.997* 0.952 1            

Na 0.930 0.965 0.795 0.943 1          

K 0.995* 0.977 0.985 0.990* 0.887 1        

TN 0.999** 0.989 0.971 0.997* 0.917 0.998 1      

AVP -0.914 -0.954 -0.771 -0.929 -0.999** -0.868 -0.900 1    

SAR 0.999** 0.994* 0.961 0.999** 0.931 0.994* 0.999** -0.916 1  

ESP 0.999** 0.988 0.974 0.996* 0.912 0.998** 0.999** -0.895 0.999** 1

EC = electrical conductivity; TN = total nitrogen; AVP = available phosphorus; SAR = sodium adsorption
ratio and ESP = exchangeable sodium percentage.

** Correlation is signi�cant at 0.001 and * correlation is signi�cant at 0.05

The results in Table 5 indicated that there was a signi�cant and positive correlation between pH, Mg, TN,
SAR and ESP (P ) and that these parameters were signi�cantly negatively correlated with

available phosphorus and signi�cantly correlated with pH, EC and K+ (p ≤ 0.05).

4. Conclusions And Recommendation
Municipal wastewater is dependent on original sources of composition, and in this line, high concentrations
of MWW can affect soul properties and change the composition of elemet in soil. The soil physicochemical
analysis showed that BD signi�cantly decreased wastewater irrigation by 17.94% and 26.23% for less than
ten years, which is taken as the benchmark and wastewater irrigation for more than ten years, respectively, in
irrigated farmland compared with nonirrigated farmland. Concentrations of Zn, Cu, Cd, Pb and Cr were

≤ 0.001
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higher at the waste irrigation site than at the nonirrigated site. The most effective way to reduce/eliminate
the impact of municipal wastewater on the soil is to develop and implement an effective wastewater
management plan. Further investigations should be encouraged to address municipal wastewater impacts
on plants and farmers. In general, the city municipality o�ce and government should create a wastewater
management system, establish acceptable levels or criteria related to chemicals, rule and regulation of
wastewater treatment systems and recycle wastewater for sustainable use of resources and environmental
protection.
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Figure 2

The concentration of heavy metal in the study sites.

Figure 3

The concentration of different MWWI chemicals


