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This study evaluated various industrial effluents’ effect on irrigation water quality and farm soil near Kombolcha town. Several
industries such as brewery, steel iron, textile, and tannery have been installed near the Borkena River that crosses Kombolcha
town. Representative samples of irrigation water and farm soil were collected from the upper and down part of Borkena river. The
upper site was used as a control as it was not contaminated by industrial effluents. The analysis for selected parameters showed that
the downstream irrigation water quality had mean concentrations of pH =8.54, magnesium (Mg"?)=5.27 mg/l, carbonate
(CO57)=1.25 mg/l, bicarbonate (HCO; ™) = 9.10 mg/l, copper (Cu) = 0.21 mg/l, chromium (Cr) = 0.31 mg/l, and cadmium (Cd) =
0.03 mg/l which were above the permissible limit of the Food and Agriculture Organization’s (FAQO’s) irrigation water quality
standard. The mean concentrations of electric conductivity (EC) = 0.96 ds/m, sodium (Na") = 3.35 mg/l, chloride (Cl") = 7.67 mg/l,
and total dissolved solids (TDS) = 612.98 mg/] were slightly and moderately restricted for irrigation. Moreover, the concentration
of heavy metals, calcium (Ca*?) =16.61 mg/l, iron (Fe) = 4.25 mg/l, manganese (Mn) = 0.18 mg/l, and lead (Pb) = 0.47 mg/l, was
below the permissible limit of the FAO and nonrestricted. However, the mean concentration of EC, HCO;™, Cu, Cr, Cd, and TDS
for downstream-irrigated farm soil samples was above the permissible limit of the FAO. The concentration of most selected
parameters in downstream farm soil was also decreasing along with depth except pH, CO3 2, and HCOj3". Generally, there is a
significant quality difference (at P<0.05) between the upstream and downstream irrigation water quality on the parameters of
Mg*z, Cl7, Pb, and Cu.

1. Introduction

Water is one of the most important natural resources es-
sential for the survival of all living things including human
beings. Irrigation is a vital use, but some dissolved or sus-
pended substances found in water affect its suitability. The
scarcity of surface and groundwater for irrigation is also an
ever-increasing problem around the world. In many low-
income countries, wastewater is discharged commonly into
water bodies with little and no treatment as there are limited
treatment facilities [1]. The use of wastewater for agriculture

has become a common reality in three-fourth of the cities of
Asia, Africa, and Latin America [2, 3]. In many parts of
Ethiopia, there is a practice to use wastewater which is
disposed to wells, ponds, streams, and treatment plants as a
source of irrigation water [4, 5].

Due to the rapid population growth and the uncertainty
over climate change, wastewater use in the agricultural
sector may face many challenges. Long-term irrigation with
poor-quality water damages the balance of nature, causing
ecological deterioration on farmland [6]. The application of
wastewater also significantly changes the soil’s physical,
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chemical, and biological properties [7]. Irrigation by efflu-
ents containing high salinity made soil secondary saliniza-
tion easy and enhanced total alkalinity and sodium alkalinity
sharply in the soil, causing soil hardening and soil perme-
ability decrease [8]. The problem seems to exacerbate in the
town, where farmland soil type is clay, compared to other
types which state low-quality irrigation water is hazardous
on clay soil [9, 10], while the same water could be used
satisfactorily on the sand and/or permeable soils.

In Ethiopia, urbanization and industrialization are oc-
curring rapidly throughout the year [11]. Due to the rapid
increase in the urban population, urban agricultural activ-
ities are being recognized as an important source of food,
nutrition, and income for the urban poor. However, irri-
gation is challenged with a lack of water, and the experience
of using polluted rivers for irrigation is becoming a common
practice near urban areas. In Kombolcha town of Ethiopia,
the “Worka” and “Leyole” rivers, tributaries of the “Bor-
kena” river, have been receiving untreated industrial efflu-
ents directly or indirectly, and local farmers are irrigating
without any treatment. For instance, the electric conduc-
tivity (EC) for the steel processing effluent was found to be
higher compared to the other industries (i.e., steel products
industry = 4000uS/cm, textile industry = 800uS/cm, tannery
industry = 22004S/cm, and BGI brewery industry = 2100uS/
cm) [12].

Moreover, results indicated that median concentrations
of Cr in the tannery effluent and Zn in the steel processing
effluents were as high as 26,600 and 155,750 pg/l, respec-
tively, much exceeding both the United States Environ-
mental Protection Agency (USEPA) and the Ethiopian
emission guidelines. Cu concentrations were low in all ef-
fluents, whereas Pb concentrations were high in tannery
effluents [12].

The quantification of the pollutants found both in ir-
rigation water and farm soil is an important aspect. Addi-
tionally, more industries are being installed which will
increase the amount of wastewater with high pollution load
unless properly treated. There is no research done for the
specified site in identifying the concentration of the pol-
lutants both in irrigation water and farm soil. Hence, the
main objective of this study is to assess the effect of industrial
effluents on the quality of Borkena river irrigation water and
farm soil for selected parameters.

2. Materials and Methods

2.1. Area Description. The study area is found near Kom-
bolcha town located in the north-central part of Ethiopia
placed immediately southeast of Dessie town in the Amhara
Region. It is 377 km away from Addis Ababa (capital city)
and is geographically located at 11°06'N, 39°45’E. River
Borkena, which crosses the town, receives industrial efflu-
ents indirectly through its tributaries named “Worka” and
“Leyole.” Most of the industries are found close together in
the middle of the town near the tributaries of Borkena
(Figure 1).

The Kombolcha basin has a semiarid climate with an
average annual rainfall of 1,030 mm, and the mean annual
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monthly temperature ranges from 24°C in January to 28°C in
August. Kombolcha has two wet seasons, with the early wet
season from February to April and later in the summer from
July to September. The rains in the early wet season have
been very low in recent years because of recurrent droughts
with high annual potential evapotranspiration, reaching up
to 3,050 mm/year in 2018. The rainfall in the wet season of
June to September has remained relatively heavy and ex-
tensive (with a monthly average of 710 mm) compared with
the early wet season (having an average rainfall of 130 mm)
[13].

The landform of the study area includes rolling and
undulating hills, with high plateaus to the west, the graben in
the center, and the southward sloping ground to the Borkena
River. The elevation of the land ranges from 1,750 m above
sea level in the alluvial plain up to greater than 2,000 m above
sea level in the uplands. Large parts of the built-up areas of
the Kombolcha city have slope from 2.6% to 10%, and the
slope of the hilly area increased to greater than 20%.

The local soils comprise alluvial/lacustrine deposits
covering a large part of the town, with fluvisols at the banks
of the tributaries of Borkena, colluvial screed deposits found
mostly at the foot of hilly areas of the town and where
Cambisols are developed, and Vertisol on the top of the
alluvial or colluvial deposits, and covering most parts of the
catchment areas [12].

2.2. Water and Soil Sampling Method. Samples of irrigation
water and farmland soils were collected within one irrigation
period, in three months, of the study area. Guidelines for
Interpretation of Water Quality for Irrigation standard [14]
and calibrated instruments were used during sample col-
lection. Two sampling points, one in the upstream and the
other in the downstream, were selected, i.e., upstream (A™)
Guragoye and downstream (B*) Workiya, as shown in
Supplementary Table S1. Composite water samples were
taken from the two sampling locations, i.e., from the up-
stream and downstream of the Borkena River, between April
and June. The intention was to characterize during the wet
period (June) and the dry period (May). Representative soil
samples were collected randomly using shovel slices at 20
different spots within the demarcated farmlands. One surface
composite sample was collected in each irrigation phase, and
a total of 3 composite surface samples were collected from the
downstream-irrigated farmland. One composite surface soil
sample from 20 different spots was collected for the up-
stream-irrigated farmland as the control. The samples were
collected in a plastic bucket, and after thoroughly mixed,
0.5kg of composite soil samples was used. Subsurface soil
samples were collected from a 5mx5m area by digging a
V-shaped cut. Three pits were dug downstream of the
farmland randomly, which is representative of the farmland
soil sample. Nine soil samples were taken from the down-
stream-irrigated farmland in one irrigation phase within
different depths (from 0 to 30cm, 30 to 60 cm, and 60 to
90 cm). Totally, 27 subsurface soil samples were taken in three
irrigation phases (one crop life) from the three pits’ excavated
area at the downstream irrigation farmland. Three subsurface
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FIGURE 1: Location map of Kombolcha/study area.

soil samples were taken from the upstream-irrigated farm-
land as a control in the 2"¢ irrigation phase. Finally, samples
of 500 gm soil were collected at 30 cm intervals along with the
depth. The summary of water and soil samples collected in
the study area is presented in Supplementary Table S2.

2.3. Physicochemical Analysis of Water and Soil Samples.
pH, electric conductivity (EC), calcium (Ca™), magnesium
(Mg*?), sodium (Na*), chloride (CI"), alkalinity, and heavy
metals were analyzed by following the standard procedures
as outlined by USSL staft [15]. Total dissolved solids (TDS)
and sodium absorption ratio (SAR) were calculated by
formulas suggested in the FAO [14]. The physicochemical
characteristics of the collected water samples were analyzed
using the standard method [16]. The methods of physico-
chemical analysis of water and soil samples are summarized
in Table 1.

2.4. Statistical Analysis. SPSS statistical software version
18 was used to determine the descriptive statistics to
obtain the means, standard deviations, and coeflicient of
variances. The mean comparison was done using a t-test
to find out whether there was any significant difference,
at a 95% confidence interval, between the calculated
means.

3. Results and Discussion

3.1. Chemical Characteristics of Sampled Water.
Physicochemical characteristics of downstream Borkena
water quality in different irrigation phases and during the

dry and wet season are reported in Tables 2 and 3, re-
spectively. Most of the parameter results were above the
permissible limit of the FAO [14] standard (Table 4) except
Ca", Fe, Mn, Pb, and SAR during April at different irrigation
levels as there was no rainfall, but water sampled from the
downstream of Borkena was below the permissible limit of
irrigation water quality, in the wet (June) period, except for
the concentration of CO5; % and HCO5". The EC of down-
stream Borkena irrigation water had 0.77, 0.67, and 0.68 dS/
m and 1.25, 1.05, and 1.15 dS/m during wet and dry periods
at different irrigation phases. High EC value is predominant
with Na® and CI” concentrations [17]. The highest EC
(1.15dS/m) value was recorded during the dry period, and
the lowest was 0.48 ds/m at the upstream which is below the
permissible limit of the FAO. In general, downstream
Borkena irrigation water exceeds the permissible limit of the
FAO standard (Table 4).

As shown in Table 3, the mean values of CO;™% and
HCOj5  for downstream irrigation water were 1.75 mg/l and
10.22mg/l during the dry period and 0.95mg/l and
8.15mg/l for the wet period. The results were above the
permissible limit of the FAQ’s irrigation standard. High
alkalinity concentration in irrigation water causes Ca** and
Mg*? ions to form insoluble minerals, leaving sodium as
the dominant ion in the solution [18]. Mean pH at
downstream Borkena irrigation water was 8.72 and 8.42 for
dry and wet periods, respectively. The value of pH during
the dry period was higher than the wet period (8.65-8.75),
which is above the FAO irrigation water quality standard
(6.5-8.4). High pH values are often caused by high CO; >
and HCOj3  concentrations known as alkalinity [19, 20]. pH
values of 4 or less and 12 or high cause death to most fish
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TaBLE 1: Methods for physicochemical analysis.

Analyzed parameter Unit Materials for test/method

Procedures

pH — Eco test pH meter/USEPA 8156
EC isl/ Conductivity Meter DIST 3 New
Ca and Mg" mg/l Titration/USEPA 8222

Cr mg/l Digital titration/USEPA 8206
Na* mg/l Flame photometer/1381-E
CO;™* and HCO5~ mg/l  Digital titration/USEPA 10244
Heavy metals (Fe, Mn, Cu, mg/l Atomic absorption spectroscopy/

Pb, Cd, Cr, and Ni)
SAR

USEPA 2201
By using the formula
SAR = (Na/(Ca + Mg/2))

With the standard solution, calibrate at pH values 4.7 and 9.2
With the standard solution, calibrate using 0.01 N KCl

Using burettes, pipettes, and other volumetric glassware,
standard solutions are prepared using analytical and distilled
water
Take 50 mL well-mixed sample adjusted to pH 7.0-8.0, and add
1.0 mL K2Cr207
The characteristics of ions being determined by measuring the
intensity of absorbance of light due to the electrons excitation
The carbonate and bicarbonate effluent samples were determined
by titrating with 0.03N HCI

Atomic absorption spectrometer

The values of Na*, Ca, and Mg were obtained from the above and
then calculated using the simple formula given here

Ca": calcium;Cd: cadmiumy; CI: chloride; CO3 % carbonate; Cr: chromium; Cu: copper; EC: electrical conductivity; Fe: iron; HCI: hydrochloric acid; HCO5:
bicarbonate; K,Cr,0;: potassium dichromate; KCl:potassiumchloride; Mg*?: magnesium; Mn: manganese; Na*: sodium; Ni: nickel; Pb: lead; SAR: specific

absorption rate.

TaBLE 2: Physicochemical characteristics of downstream Borkena water quality in different irrigation phases.

Parameter Unit 1*" irrigation phase (April) 2" irrigation phase (May) 3" irrigation phase (June) Mean
EC dS/m 1.02 1.15 0.71 0.96
Mg*? mg/l 5.35 6.12 433 5.27
Ca™? mg/l 17.05 17.58 15.20 16.61
Na® mg/l 3.30 3.55 3.20 3.35
Cl™ mg/l 5.00 8.00 10.00 7.67
pH — 8.50 8.70 8.42 8.54
CO5™? mg/l 1.05 1.75 0.95 1.25
HCO;™ mg/l 8.93 10.22 8.15 9.10
Fe mg/l 413 5.12 3.50 4.25
Mn mg/l 0.15 0.20 0.20 0.18
Pb mg/1 0.49 0.53 0.40 0.47
Cu mg/l 0.17 0.26 0.20 0.21
Cr mg/1 0.40 0.50 0.03 0.31
Cd mg/l 0.02 0.04 0.02 0.03
Ni mg/l <LD <LD <LD <LD
SAR mg/l 1.39 1.46 1.45 1.43
TDS 650.67 736.00 452.27 612.98

Ca™: calcium; Cd: cadmium; Cl™: chloride; CO5 ™% carbonate; Cr: chromium; Cu: copper;EC: electrical conductivity; Fe: iron; HCO; : bicarbonate; Mg*zz
magnesium; Mn: manganese; Na': sodium; Ni: nickel; Pb: lead; SAR: specific absorption rate; TDS: total dissolved solids; < L.D: less than the limit of

detection.

species [21, 22]. The observed values reflected that
downstream Borkena irrigation water is unsuitable for
irrigation purposes.

The concentrations of heavy metals for the selected site
are reported in Table 3. Results showed that higher con-
centration was recorded during the dry period except for
Mn, and Cr showed high seasonal variation. The higher
concentration of Fe, Pb, Cu, Cr, and Cd during the dry
period might be due to no dilution as there is no rainfall.
Similarly, Islam et al. [23] reported that Cd, As, Cr, Cu, Pb,
and Ni are identified as the priority control metals.
Therefore, this study provides quantitative evidence dem-
onstrating the critical need for strengthened wastewater
discharge regulations.

3.2. Characteristic of Water Quality Parameters in the Three
Irrigation Phases. The result in Table 2 shows the physi-
cochemical characteristics of downstream Borkena irriga-
tion water. The samples taken in the 2" irrigation phase had
higher concentrations and were above the permissible limits
of the FAQ’s standard. This is due to the lack of rainfall and
industrial effluents released directly to the Borkena River
without being diluted with rainwater. In the 3" irrigation
phase, water sampled from downstream Borkena was below
the permissible limit of irrigation water quality except for the
concentration of CO; 2 and HCO5". Minimum concentra-
tion was recorded in this period due to the dilution with
rainwater, and the medium value was recorded in the 1*
irrigation phase (Table 2).
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TaBLE 3: Physicochemical characteristics of downstream Borkena water quality during the dry and wet season.
Parameter Unit Dry (May) period Wet (June) period Mean
M S, S3 Mean S S, S3
EC dS/m 1.25 1.05 1.05 1.12 0.77 0.67 0.68 0.71
Mg+2 mg/l 6.25 6.05 6.05 6.12 4.55 4.25 4.20 4.33
Ca™? mg/l 17.25 17.75 17.75 17.58 15.00 15.25 15.35 15.20
Na* mg/1 3.55 3.50 3.50 3.52 3.25 3.15 3.20 3.20
Cl” mg/l 8.00 8.00 8.00 8.00 10.00 10.00 10.00 10.00
pH — 8.75 8.70 8.70 8.72 8.45 8.40 8.40 8.42
CO3_2 mg/l 1.75 1.75 1.75 1.75 0.95 0.95 0.95 0.95
HCO;™ mg/l 9.95 10.25 10.25 10.15 8.25 8.05 8.15 8.15
Fe mg/l 5.05 5.15 5.15 512 3.50 3.50 3.50 3.50
Mn mg/l 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Pb mg/1 0.55 0.50 0.50 0.52 0.40 0.40 0.40 0.40
Cu mg/l 0.25 0.25 0.25 0.25 0.20 0.20 0.20 0.20
Cr mg/l 0.50 0.50 0.50 0.50 0.03 0.03 0.03 0.03
Cd mg/l 0.04 0.04 0.04 0.04 0.02 0.02 0.02 0.02
Ni mg/l < L.D < LD < LD < LD < LD < LD < LD < LD
SAR mg/l 1.46 1.43 1.43 1.44 1.47 1.43 1.45 1.45

Ca*: calcium; Cd: cadmium; Cl™: chloride; CO5 ™% carbonate; Cr: chromium; Cu: copper;EC: electrical conductivity; Fe: iron; HCO; : bicarbonate; Mg”:
magnesium; Mn: manganese; Na': sodium; Ni: nickel; Pb: lead; SAR: specific absorption rate; TDS: total dissolved solids; < L.D: less than the limit of

detection; S;: sample 1; Sy: sample 2; S3: sample 3.

TaBLE 4: Mean values of irrigation water characteristics compared with the degree of restriction.

FAO degree of restriction (FAO Soil Bulletin 55,

Parameter Unit . 1585) Upstream Borkena Downstream Borkena
Slightly
None . Severe
restricted

EC dS/m <0.7 0.7-3 >3 0.48 0.96
Na* mg/l <3 3-9 >9 1.46 3.35
Cl” mg/l <4 4-10 >10 5.07 7.67
Mg*? mg/l Normal range: 0-5.0 2.18 5.27
Ca* mg/l Normal range: 0-20 10.00 16.61
pH — Normal range: 6.5-8.0 8.38 8.54
CO;™? mg/l Normal range: 0-0.2 0.16 1.25
HCO;~ mg/l <L5 1.5-8.5 >8.5 4.76 9.10
Fe mg/l Normal range: 0-5.0 0.05 4.25
Cu mg/l Normal range: 0-0.2 0.06 0.21
Mn mg/l Normal range: 0-0.2 0.009 0.18
Pb mg/l Normal range: 0-5.0 0.28 0.47
Cr mg/l Normal range: 0-0.1 0.0045 0.31
Cd mg/l Normal range: 0-0.01 0.0089 0.03
Ni mg/l Normal range: 0-0.2 0.0034 0.0076
TDS mg/l <450 450-2,000 >2,000 305.07 612.98

Ca": calcium; Cd: cadmium; CI": chloride; CO5 2 carbonate; Cr: chromium; Cu: copper;EC: electrical conductivity; Fe: iron; HCOj5™: bicarbonate; Mg**:
magnesium; Mn: manganese; Na*: sodium; Ni: nickel; Pb: lead; SAR: specific absorption rate; TDS: total dissolved solids.

The average physicochemical characteristics of water
from upstream and downstream Borkena are presented in
Table 4. pH, both in upstream and downstream, was higher
than the limit values; Mg** =5.27 me/l, CO5;™*=1.25me/l,
HCO; =9.10me/l, Cu=0.21mg/l, Cr=0.31mg/l, and
Cd =0.03 mg/l were above the permissible limit of the FAO’s
irrigation water quality standard. The mean concentration of
EC=0.96ds/m, Na"=3.35me/l, Cl =7.67me/l, and
TDS =612.98 mg/] is a moderate restriction for irrigation,
and the value of Fe is very close to the limit (Table 4). The
others are below the permissible limit of the FAO’s standard.
However, prolonged application of this water under a poorly

managed irrigation system could lead to the accumulation of
these elements in the soil profile [23, 24].

Table 5 presents the t-test comparison of upstream and
downstream water quality, and there were significant dif-
ferences (at p<0.05) for the mean concentration of Mg”,
Cl', Pb, and Cu. However, there were no significant dif-
ferences for pH, EC, Ca*, Na*, HCO;", CO; %, Fe, Mn, Cr,
Cd, Ni, and TDS.

3.3. Levels of Pollutants in the Farm Soil. The physico-
chemical characteristics of sampled soils from the down-
stream of Borkena irrigated farmland in different irrigation
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TaBLE 5: Independent sample #-test for the upstream and downstream Borkena irrigation water.

Levene’s test for the

equality of variance

Upstream

t-test for the equality of means

. N Downstream 95% confidence
Parameter Unit irrigation . . Sig. .
water irrigation water ~ Assumption of F oS fdf (o Mean 1n-terval of
variance & . difference difference
tailed)

Lower Upper
Equal 7.08 076 -2.99 3 0058  -2.00333 -4.1327  0.1261
EC ds/m 048 0-96 Unequal -386 2 0061 -2.00333 -42333 0.2266
- Equal 9.6 053 —446 3 0021 -470333 -8.0586 —1.3480
Mg mg/l 218 527 Unequal -576 2 0029 -470333 -82172 11895
o Equal 611 090 -1.55 3 0220 -8.26667 —252833 8.7499
ca mg/l 10.00 1661 Unequal ~199 2 0184  -8.26667 -260874 9.5540
. Equal 334 017 -537 3 0013  -261400 —41.6292 —10.6509
Na mg/l 1.46 335 Unequal ~6.93 2 0020 -261400 -42.3610 -9.9189
) Equal 329 017 -358 3 0057 -92.3366 -174.52 —10.1548
d mg/l 507 767 Unequal —462 2 0044 -923366 17841 —62717
Equal 566 098 -3.04 3 0056 055000 -1.1257  0.0257
pH ; 8.38 8.4 Unequal -393 2 0059 -0.55000 -11529 0.0529
5 Equal 857 0.61 -335 3 0054 -1.09000 -21239 —0.0561
COs me/L 016 1.25 Unequal —433 2 0049  -1.09000 21728 —0.0072
: Equal 397 014 -517 3 0054 -155800 -25170 —59895
HCOs™ me/l 476 910 Unequal ~6.67 2 0022 -155800 -25.6237 -5.5363
Equal 273 019 -138 3 0260 —331333 —1092  4.2943
Fe me/l 0.05 425 Unequal -179 2 0215 -331333 -11.92  4.6537
Equal 9.60 0.05 —-1.55 3 0219 —0.01333 —0.0407  0.0140
Mn mg/l <LD 0.18 Unequal -200 2 0184 -0.01333 -0.4202 0.0153
Equal 654 008 —461 3 0019 07733  -1307 —0.239
Pb mg/l <LD 047 Unequal -595 2 0027 -0.7733 -13323 -02144
Equal 394 014 —6.86 3 0006 -020667 —0.3025 —0.1108
Cu mg/l 0.06 0.21 Unequal ~8.86 2 0013 -020667 —0.3071 —0.1063
Equal 357 016 -142 3 0250  -0.0266 —0.0864 0.0330
Cr mg/l <L.D 0.31 Unequal ~1.83 2 0208  -0.0266 —0.0891  0.0358
Equal 9.60 0.05 —232 3 0103  -0.0300 -0.0711 0.0111
cd mg/l < LD 0.03 Unequal ~300 2 0095  —0.0300 -0.073  0.1303
Equal 7.08 008 -2.99 3 0058 128213 —2644.92 80.652
DS mg/l 30507 612.98 Unequal ~386 2 0061 128213 -2709.31 145845

Ca": calcium; Cd: cadmium; CI”: chloride; CO5 2 carbonate; Cr: chromium; Cu: copper;EC: electrical conductivity; Fe: iron; HCO;: bicarbonate; Mg**:
magnesium; Mn: manganese; Na™: sodium; Ni: nickel; Pb: lead; SAR: specific absorption rate; TDS: total dissolved solids; < L.D: less than the limit of
detection; F: statistics computed from sample variance for Levene’s test; Sig.: significance; t: value of t-test (single value obtained after reduction of the entire
sample by the t-test procedure); df: degree of freedom; Sig. (two-tailed): significance for two-tailed test.

phases and different depths are presented in Table 6. The
average concentration of physicochemical parameters during
the dry period (May) in the 2™ irrigation phase is higher than
from the rain period (June). This is because industrial ef-
fluents are discharged without being diluted with rainwater
and might be due to the weak adsorption nature in the soil.
The concentration of pH, CO57%, HCO5, and SAR is in-
creasing within the depth. However, the concentration of EC,
Mg*?, Ca*? Na', CI", Fe, Mn, Pb, Cu, Cr, Cd, and Zn is
decreasing along with the depth. This shows the movement of
the chemical parameter, especially for heavy metals, is very
slow, and the seepage level is minimal [25].

According to the FAO soil classification, soils showing
EC<0.7ds/m, ESP < 15%, SAR<10, and pH from 6.5 to 8.5
are classified as normal soils. The average concentration of EC
ranges from 0.8 to 0.9 ds/m during the dry period and from
0.6 to 07 ds/m during the rainy period but decreased along
with the depth during the dry and rainy period. This shows
that the EC of the downstream of Borkena irrigated farmland

soil is a moderate restriction for irrigation (i.e., above the
permissible limit of the FAO). The CO; > concentration
ranges from 0.9 to 0.5 me/l during the dry and rainy periods
which is above the permissible limit of the FAO. Generally, the
concentrations of CO5 >, Cr, and Cd were above the per-
missible limit of the FAO. However, the average concentra-
tions of Mg"?, Ca*, Na*, CI", pH, HCO;?, Fe, Mn, and Pb
were below the permissible limit of the FAO. Similarly, Kumar
and Chopra [26] reported the increment of the concentrations
of pH, EC, CI, HCO3, CO5*, Na*, K*, Ca**, Mg**, Fe’*, Zn,
Cu, Cd, Pb, and Cr in the soil after irrigating with paper mill
effluent for 12 weeks. Other studies also reported the increase
in the concentrations of Ca, K, and Mg in the soil due to the
wastewater application in irrigation [27, 28].

3.4. Effect of Industrial Effluent on the Irrigated Farm Soil.
As shown in Table 4, the salt concentration in the down-
stream of Borkena irrigation water was 0.96 ds/m which is a
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TaBLE 6: The characteristics of downstream Borkena irrigated farm soil during the dry and wet period.

1*" irrigation phase (April)

ond irrigation phase (May)

3rd irrigation phase (June)

Parameter Units ~ Composite Subsurface (cm) Composite Subsurface (cm) Composite Subsurface (cm)
surface 0-30 30-60 60-90 surface 0-30 30-60 60-90 surface 0-30 30-60 60-90
EC ds/m 0.8 0.8 0.7 0.7 0.9 0.9 0.8 0.8 0.7 0.6 0.6 0.6
Mg+2 mg/l 4.6 4.3 4.0 3.6 4.8 4.7 4.6 4.5 4.1 4.0 39 3.8
Ca™? mg/l 17.4 17.2  16.9 16.5 18.6 18.6 18.3 17.8 17.1 16.8 16.7 16.3
Na* mg/l 19.8 19.6 19.6 19.3 21.9 222 221 21.5 19.0 18.8 18.6 18.1
Cl” mg/l 86.3 81.0 783 633 118.3 114.3 106.7 86.0 71.3 69.0 65.0 527
pH 0-14 8.5 8.6 8.6 8.6 8.3 8.4 8.4 8.4 7.9 8.0 8.0 8.0
CO3_2 mg/l 0.5 0.7 0.7 0.7 0.7 0.7 0.8 0.9 0.5 0.6 0.6 0.6
HCO;™ mg/l 9.4 9.7 9.9 8.8 11.5 11.9 12.1 12.0 8.5 9.5 10.0 9.7
Fe mg/l 3.8 3.6 3.5 34 5.1 4.8 4.6 4.5 3.5 34 3.3 3.1
Mn mg/l 0.1 0.1 0.1 0.1 0.3 0.3 0.2 0.1 0.1 0.1 0.0 0.0
Pb mg/l 0.3 0.3 0.2 0.1 0.4 0.3 0.2 0.0 0.3 0.3 0.2 0.2
Cu mg/l 0.2 0.2 0.1 0.1 0.3 0.3 0.3 0.2 0.1 0.1 0.1 0.0
Cr mg/l 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.0
Cd mg/1 <LD <LD <LD <LD <LD <LD <LD <LD <LD L<D <LD <LD
Ni mg/l 0.1 0.1 01 <LD 0.3 0.2 01 < LD 0.2 0.1 0.1 0.1
TDS mg/l 512.0 486.4 467.2 426.7 580.3 554.7 529.1 512.0 433.1 411.7 3989 352.0

Ca*: calcium; Cd: cadmium; CI: chloride; CO5 ™ carbonate; Cr: chromium; Cu: copper;EC: electrical conductivity; Fe: iron; HCO5 : bicarbonate; Mg*>:
magnesium; Mn: manganese; Na': sodium; Ni: nickel; Pb: lead; SAR: specific absorption rate; TDS: total dissolved solids; < L.D: less than the limit of

detection.
TaBLE 7: The characteristics of upstream and downstream Borkena irrigated farm soils.
U . o - . Downstream-irrigated farmland soils (mean value of
pstream river water-irrigated soils in one pit .
three pits)
Parameter ~ Unit - Soil profile samples (cm) - Soil profile samples
Composite surface samples Composite surface samples (cm)
0-30  30-60 60-90 0-30 30-60 60-90

EC ds/m 0.15 0.07 0.05 0.03 0.79 0.76 0.73 0.67
Mg+2 mg/l 0.95 0.58 0.65 1.25 4.51 4.30 4.16 3.96
Ca™? me/] 15.00 14.75 12.25 13.55 17.68 17.51 17.26 16.87
Na* me/] 18.50 17.56 10.34 12.56 20.24 20.20  20.11 19.61
Cl mg/l 62.00 60.00 55.00 50.00 92.00 88.11  83.33 67.33
pH — 7.05 7.11 7.30 7.50 8.24 8.31 8.33 8.32
CO572 mg/l 4.35 5.00 4.35 4.00 0.57 0.66 0.72 0.74
HCO3~ mg/l 9.25 8.25 7.25 8.00 9.48 10.00  10.27 9.83
Fe mg/l <LD <LD <LD <LD 4.09 3.93 3.77 3.66
Mn mg/l < LD <LD <LD <LD 0.18 0.14 0.10 0.04
Pb mg/l 0.10 0.10 0.10 0.00 0.32 0.28 0.22 0.09
Cu mg/l 0.15 0.13 0.13 0.13 0.20 0.16 0.15 0.12
Cr mg/l < LD <LD <LD <LD 0.17 0.15 0.14 0.12
Cd mg/l < LD <LD <LD <LD 0.03 0.02 0.01 0.01
Ni mg/l < LD <LD <LD <LD 0.20 0.15 0.08 0.06
SAR mg/l 9.26 8.97 5.76 6.53 8.59 8.65 8.68 8.59
TDS mg/l 96.00 44.80 32.00 19.20 508 484 465 430

Ca*: calcium; Cd: cadmium; CI™: chloride; CO5 2 carbonate; Cr: chromium; Cu: copper;EC: electrical conductivity; Fe: iron; HCO5 : bicarbonate; Mg*>:
magnesium; Mn: manganese; Na*: sodium; Ni: nickel; Pb: lead; SAR: specific absorption rate; TDS: total dissolved solids; < L.D: less than the limit of

detection.

slightly moderate restriction on its use. In the case of the soil
sample, the value of EC ranges from 0.67 to 0.79 ds/m.
Therefore, based on EC values of irrigation water, it is a
slightly moderate restriction for irrigation, and a moderate
salinity problem was developed which required leaching.
SAR (8.59 to 8.68) value of water in downstream Borkena
irrigated farmland soil samples showed no restriction for

use. Soils with SAR values greater than 10 are usually
considered sodic. According to the FAO soil classification of
the normal soil, as stated above, results of the downstream
Borkena irrigated farmland soils are considered normal.
Other studies reported that the accumulation in soil was
insignificant compared to being added, and a difference
might be only noticeable in the long term [29-32].



The mean value of physicochemical characteristics of
the soil sampled in different irrigation phases in different
sample stations from the upstream- and downstream-
irrigated farmland is presented in Table 7. The result
shows that the concentration of CO;~%, HCOj;', Cr, Cd,
and Ni was above the permissible limit of the FAO and not
suitable for irrigation. In the case of cations, Na" is the
dominant ion followed by Ca** and Mg*?. The concen-
tration of pH, CO;7%, HCO5, and SAR was increased,
while the others decreased with depth. For this study, the
order of heavy metals’ concentrations is observed as
follows: Fe > Cu>Pb > Cu>Mn > Cr > Cd > Zn. However,
Marr et al. [33] reported Fe was the highest, while Cd was
the least, Kumar and Chopra [26] reported the order of
Pb> Cr>Cd > Zn > Cu after reirrigating with paper mill
effluent for 12 weeks, and Tiwari et al. [34] reported the
order of Fe>Mn>Zn>Cd>Cu>Pb>Cr>As after ir-
rigating with industrial wastewater. The difference might
be due to the differences in the wastewater characteristics
used for irrigation and farm soil property. Generally, the
long-term application of untreated and treated wastewater
has resulted in the increment of pollutants in the soil
[35-37].

4. Conclusions

The present study concludes that the industrial effluent
drained to the Borkena River has affected the quality of ir-
rigation water and farm soil. The river water quality of
downstream showed higher concentrations of EC, Mg*?, pH,
CO; %, HCO; 2, Cu, Cr, Cd, and TDS which were above the
permissible limit of the FAO. Higher concentrations of heavy
metals were also recorded during the dry period except for
Mn, but Cr showed high seasonal variation. The soil analysis
showed higher concentration of CO57%, HCO3', Cr, Cd, and
Ni which was above the permissible limit of the FAO. In the
case of cations, the dominancy is in the order of
Na*>Ca*?>Mg"™. Along with the depth of the soil, the
concentration of pH, CO; %, HCO5', and SAR increased, and
the order observed for heavy metals was
Fe>Cu>Pb>Cu>Mn>Cr>Cd>Zn. Generally, there are
significant (at p<0.05) differences for the mean value of
Mg"?, CI", Pb, and Cu. The seasonal water application had
some slight influence on soil chemical properties, ie., the
concentration of cations (Na*, Ca*?, and Mg*?) was slightly
lower than those in the dry period. Soils in the dry period,
however, exhibited higher pH and HCOj;™ than those in the
wet period. Hence, prolonged application of the polluted river
under a poorly managed irrigation system could lead to the
accumulation of these elements in the soil profile. To alleviate
the problem, industries should be forced to treat their
wastewater to the standard.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Journal of Chemistry

Conflicts of Interest

The authors declare no conflicts of interest.

Acknowledgments

The authors would like to thank ERA (Ethiopian Road
Authority) for the financial support.

Supplementary Materials

Supplementary Table S1: GPS coordinates of the sampling
sites. Supplementary Table S2:summary of water and soil
samples in the study area. (Supplementary Materials)

References

[1] S. Khalid, M. Shahid, C. Dumat et al, “Influence of
groundwater and wastewater irrigation on lead accumulation
in soil and vegetables: implications for health risk assessment
and phytoremediation,” International Journal of Phytor-
emediation, vol. 19, no. 11, pp. 1037-1046, 2017.

[2] H. Bon, L. Parrot, and P. Moustier, “Sustainable urban ag-
riculture in developing countries. A review,” Agronomy for
Sustainable Development, vol. 30, no. 1, pp. 21-32, 2010.

[3] B. Henning, H. Snyman, and T. Aveling, “Plant-soil inter-
actions of sludge-borne heavy metals and the effect on maize
(Zea mays L.) seedling growth,” Water SA, vol. 27, no. 1,
pp. 71-78, 2001.

[4] A. M. Paruch, K. Pulikowski, A. Bawiec, and K. Paweska,
“Assessment of groundwater quality in areas irrigated with
food industry wastewater: a case of wastewater utilisation
from sugar and yeast factories,” Environmental Processes,
vol. 4, pp. 1-14, 2017.

[5] A. Birru, “Assessment of the fertility and pollution status of
irrigated vegetable farms around Addis Ababa city,” Final
Report, Addis Ababa Agricultural Office, Addis Ababa,
Ethiopia, 2002.

[6] Q.Li,J. Tang, T. Wang et al., “Impacts of sewage irrigation on
soil properties of farmland in China: a review,” Solid Earth
Discussions, pp. 1-24, 2017.

[7] C. Becerra-Castro, A. R. Lopes, I. Vaz-Moreira, E. F. Silva,
C. M. Manaia, and O. C. Nunes, “Wastewater reuse in irri-
gation: a microbiological perspective on implications in soil
fertility and human and environmental health,” Environment
International, vol. 75, pp. 117-135, 2015.

[8] J. K. Saha, R. Selladurai, M. V. Coumar, M. L. Dotaniya,
S. Kundu, and A. K. Patra, Soil Pollution-An Emerging Threat
to Agriculture, Vol. 10, Springer, New York, NY, USA, 2017.

[9] R. Ayers and D. Westcot, Water Quality for Agriculture. FAO
Irrigation and Drainage Paper 29 Rev. 1, p. 74, Food and
Agricultural Organization, Rome, Italy, 1985.

[10] N. Gupta, K. K. Yadav, V. Kumar, S. Kumar, R. P. Chadd, and
A. Kumar, “Trace elements in soil-vegetables interface:
translocation, bioaccumulation, toxicity and amelioration - a
review,” Science of the Total Environment, vol. 651,
pp. 2927-2942, 2019.

[11] A. Shiferaw, Productive Capacity and Economic Growth in
Ethiopia, United Nations, Department of Economics and
Social Affairs, New York, NY, USA, 2017.


http://downloads.hindawi.com/journals/jchem/2021/5586213.f1.zip

Journal of Chemistry

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

[22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

E. Zinabu, J. van der Kwast, P. Kelderman, and K. Irvine,
“Estimating total nitrogen and phosphorus losses in a data-
poor Ethiopian catchment,” Journal of Environmental
Quality, vol. 46, no. 6, pp. 1519-1527, 2017.

Kombolcha Meteorological Branch Directorate, Meteorolog-
ical Information and Climate Records of Kombolcha Adi-
minstration City, KMBD, Kombolcha. Ethiopia, 2019.

FAO, Soil Bulletin 42, Soil Survey Investigation for Irrigation,
Agriculture organization of the united nation, Rome, Italy,
1985.

U. S. L. Staff, “Diagnosis and improvement of saline and alkali
soils,” Agriculture Handbook, vol. 60, pp. 83-100, 1954.
APHA, Standard Methods for the Examination of Water and
Wastewater, American Public Health Association, Wash-
ington, DC, 18th Ed. edition, 1998.

J. C. Egbueri, “Water quality appraisal of selected farm
provinces using integrated hydrogeochemical, multivariate
statistical, and microbiological technique,” Modeling Earth
Systems and Environment, vol. 5, no. 3, pp. 997-1013, 2019.
S. K. Mandal, S. K. Dutta, S. Pramanik, and R. K. Kole,
“Assessment of river water quality for agricultural irrigation,”
International Journal of Environmental Science and Tech-
nology, vol. 16, no. 1, pp. 451-462, 2019.

A. Koks, G. van Dijk, A. J. P. Smolders, L. P. M. Lamers, and
C. Fritz, The Effects of Alkalinity and Cations on the Vitality ff
Sphagnum Palustre L, 2019.

J. D. Rhoades, The Use of Saline Waters for Crop Production,
FAO, Quebec City, Canada, 1992.

M. Gagan, “Water quality assessment of ganga canal system,”
Journal of Advanced Scientific Research, vol. 5, no. 4,
pp. 19-24, 2014

STOAS, Fish Farming in Tropical Fresh Water Ponds,
Foundation for the development of Agricultural Education
and Training, Wageningen, Netherlands, 1997.

M. A. Islam, D. Romi¢, M. A. Akber, and M. Romié¢, “Trace
metals accumulation in soil irrigated with polluted water and
assessment of human health risk from vegetable consumption
in Bangladesh,” Environmental Geochemistry and Health,
vol. 40, no. 1, pp. 59-85, 2018.

N. N. Karanja, M. Njenga, G. Prain et al., “Assessment of
environmental and public health hazards in wastewater used
for urban agriculture in Nairobi, Kenya,” Tropical and Sub-
tropical Agroecosystems, vol. 12, no. 1, pp. 85-97, 2009.

B. F. F. Pereira, Z. L. He, M. S. Silva et al, “Reclaimed
wastewater: impact on soil-plant system under tropical
conditions,” Journal of Hazardous Materials, vol. 192, no. 1,
pp. 54-61, 2011.

V. Kumar and A. K. Chopra, “Alterations in physico-chemical
characteristics of soil after irrigation with paper mill effluent,”
Journal of Chemical and Pharmaceutical Research, vol. 3,
no. 6, pp. 7-22, 2011.

S. Khalid, M. Shahid, C. Dumat et al., “Influence of
groundwater and wastewater irrigation on lead accumulation
in soil and vegetables: implications for health risk assessment
and phytoremediation,” International Journal of Phytor-
emediation, vol. 19, no. 11, pp. 1037-1046, 2017.

A. Thapliyal, P. Vasudevan, M. G. Dastidar, M. Tandon, and
S. Mishra, “Irrigation with domestic wastewater: responses on
growth and yield of ladyfinger Abelmoschus esculentus and
on soil nutrients,” Journal of Environmental Biology, vol. 32,
no. 5, p. 645, 2011.

S. Bedbabis, B. Ben Rouina, M. Boukhris, and G. Ferrara,
“Effect of irrigation with treated wastewater on soil chemical

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(371

properties and infiltration rate,” Journal of Environmental
Management, vol. 133, pp. 45-50, 2014.

S. Bedbabis, D. Trigui, C. Ben Ahmed et al., “Long-terms
effects of irrigation with treated municipal wastewater on soil,
yield and olive oil quality,” Agricultural Water Management,
vol. 160, pp. 14-21, 2015.

M. RusanMJ, S. Hinnawi, and L. Rousan, “Long term effect of
wastewater irrigation of forage crops on soil and plant quality
parameters,” Desalination, vol. 215, pp. 143-152, 2007.

Y. L. Qian and B. Mecham, “Long-term effects of recycled
wastewater irrigation on soil chemical properties on golf
course fairways,” Agronomy Journal, vol. 97, no. 3,
pp. 717-721, 2005.

K. Marr, H. Fyles, and W. Hendershot, “Trace metals in
Montreal urban soils and the leaves of Taraxacum officinale,”
Canadian Journal of Soil Science, vol. 79, no. 2, pp. 385-387,
1999.

K. K. Tiwari, N. K. Singh, M. P. Patel, M. R. Tiwari, and
U. N. Rai, “Metal contamination of soil and translocation in
vegetables growing under industrial wastewater irrigated
agricultural field of Vadodara, Gujarat, India,” Ecotoxicology
and Environmental Safety, vol. 74, no. 6, pp. 1670-1677, 2011.
R. K. Rattan, S. P. Datta, P. K. Chhonkar, K. Suribabu, and
A. K. Singh, “Long-term impact of irrigation with sewage
effluents on heavy metal content in soils, crops and
groundwater-a case study,” Agriculture, Ecosystems & Envi-
ronment, vol. 109, no. 3-4, pp. 310-322, 2005.

H. A. Galal, “Long-term effect of MixedWastewater irrigation
on soil properties, fruit quality and heavy metal contami-
nation of citrus,” American Journal of Environmental
Protection.vol. 3, pp. 100-105, 2015.

M. Del Mar Alguacil, E. Torrecillas, P. Torres, F. Garcia-
Orenes, and A. Rolddn, “Long-term effects of irrigation with
wastewater on soil AM fungi diversity and microbial activities:
the implications for agro-ecosystem resilience,” PLoS Oue,
vol. 7, Article ID 47680, 2012.



