UJMR, Conference Special Issue Vol. 10 No. 3. E-ISSN: 2814 — 1822; P-ISSN: 2616 — 0668

June, 2025, pp. 350 - 358

https://doi.org/10.47430/ujmr.25103.035

Received: 13 April 2025 Accepted: 15 June 2025

Evaluation of the use of Effluent Released from a Wastewater Treatment Plant
in Zaria, North-West, Nigeria for Irrigation of Vegetables

Ajala Fatima Adekemi?, Machido Dauda Abdullahi?, Tijjani Muhammad Bashir® and Yusuf
Ado Adamub®,

2Department of Microbiology, Faculty of Life Sciences, Ahmadu Bello University, Zaria, Nigeria
®Department of Soil Science, Faculty of Agriculture, Ahmadu Bello University, Zaria, Nigeria
*Correspondence author: fatimaadekemi16@gmail.com

Abstract

The use of Water daily accounts for the generation of wastewater requiring treatment.
Influent, effluent (discharge point, 400m, 500m downstream), and soil and vegetable
samples from fields of effluent-irrigated tomato, lettuce, and onion were sampled. Standard
methods were used to analyse physicochemical properties and coliform counts. At the
effluent discharge point, values of temperature (24° C), dissolved oxygen (100 mg/L), total
dissolved solids (390 mg/L), and phosphate (3.7 mg/L) comply with WHO and NESREA
standards for effluent discharge. However, biochemical oxygen demand (60 mg/L), chemical
oxygen demand (1200 mg/L), total suspended solids (230 mg/L), nitrate (45 mg/L), and
sulphate (480 mg/L) exceeded set limits. Statistical analysis showed no significant
differences (P > 0.05) in pH as well as temperature across samples. Significant differences
(P < 0.05) occurred in dissolved oxygen, biochemical oxygen demand, chemical oxygen
demand, turbidity, total solids, total dissolved solids, total suspended solids, conductivity,
nitrate, phosphate, and sulphate. The total coliform count at the point of effluent discharge
was 1.0 x10° CFU/ml, at 400 m and 500 m downstream was 5.0 x10° and 2.4x10° CFU/ml,
respectively. The faecal coliform count at the point of discharge was 4.1x10° CFU/ml, and
2.8x10° and 1.5x10° CFU/ml respectively at 400 m and 500 m along the effluent flow
channel. Statistical analysis indicated significant differences (P < 0.05) in total and faecal
coliform counts for influent and effluent samples. However, coliform counts in both soil and
vegetable samples exhibited no significant variation (P > 0.05) across plots. The wastewater
treatment is inadequate, as seen in physicochemical parameters and high coliform counts.
This, indicates the need for an improvement in wastewater management.
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INTRODUCTION
Water plays a critical role in the sustainability of

total global water withdrawals. Thus, enormous
amounts of water are needed to feed the world's

life on the planet and performs several
physiological functions in the maintenance of a
healthy lifestyle (Kilic, 2020; WHO, 2022).
Freshwater scarcity is one of the most critical
challenges of the 21st century (United Nations
World Water Development Report, 2023). This
scarcity is not merely the lack of physical Water;
it is also characterised by economic scarcity due
to inadequate infrastructure and institutional
scarcity as a result of poor governance (World
Bank, 2023). Over the years, Nigeria’s water
resources have witnessed enormous pressure
due to rising population growth of over 200
million people, climate change impacts and the
absence of adaptive policy practices to harness
the available water resources to meet human,
industrial, agricultural and recreational needs
(UNESCO, 2020). The agricultural sector is the
largest water user globally, representing 70% of
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population, expected to be 9.7 billion by 2050
(FAO, 2020; UN DESA, 2022). Feeding more
people requires more Water for crops, but
Sustainable Development Goal 6 aims to protect
Water for everyone's health and nature. Unless
farming becomes much more water-efficient,
these goals clash (FAO, 2020).

The rapid rate of urbanisation and the
consequent rise in surface water pollution by
wastewater discharge, combined with the
scarcity of freshwater for irrigation in most
cities, especially in arid areas, has led to a
renewed interest in wastewater irrigation since
the 1950s (Angelakis, 2015; Mateo-Sagasta,
2015). The annual wastewater production
estimate is conservatively put at over 500,000
m?3 in the country (Olonade, 2016). Globally, only
8.4% of collected wastewater undergoes
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treatment of any kind. In low-income countries,
this drops to <2%, while 48% of wastewater flows
untreated into the environment (UN-Water,
2023). Most cities do not have adequate
infrastructure and resources for wastewater
management in an efficient and sustainable
way. Thus, it is usually discharged into water
bodies with little or no treatment (Corcoran,
2010; Qadir et al., 2010). However, wastewater
is a secondary water resource available
throughout the year that could serve for crop
irrigation if properly managed. Wastewater
treatment helps in the reduction or removal of
contaminants in wastewater to an acceptable
level to prevent pollution in the environment
after discharge of the effluent. The WHO (2006)
guidelines for the use of wastewater in
agriculture are to ensure safe use of treated
wastewater in agriculture and good management
practices for irrigating crops, particularly those
consumed uncooked.

The irrigation of vegetables consumed raw
(lettuce, tomato, and onion), with effluent from
a wastewater treatment plant, raises significant
concerns regarding public health and
environmental safety. There is a need to
determine the efficacy of wastewater treatment
in reducing coliform levels and other risk factors
to assess the suitability of the released effluent
for the irrigation of vegetables.

MATERIALS AND METHODS
Study Site

The study was carried out in a wastewater
treatment plant (located between Latitude 11
8’N, 11 10°N and Longitude 7 41°E, 7 ‘42’E)that
makes use of a waste stabilisation pond system
to treat wastewater generated within the
community. The ponds have a limited retention
capacity. Inflow of wastewater beyond their
carrying capacity leads to premature discharge
of effluent. During the dry season, farmers with
farmlands along the effluent flow channel use
the effluent for irrigation of vegetables.

Sampling Points and Sample Collection

One litre (1 L) sample each of influent at the
point of entry into the waste stabilisation pond,
effluent at the point of discharge from the waste
stabilisation pond, effluent samples at points
where farmers obtain the effluents for irrigation
(400m and 500m along the effluent flow channel
after discharge from the waste stabilisation
pond) were collected by grab sampling. One
hundred grams (100 g) of soil was collected from
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0-10 cm depth using a clean hand trowel at five
different spots on the fields of lettuce, onion,
and tomato irrigated with the effluent using a
composite sampling method. Each of the
samples obtained from each field was mixed to
make a 500 g composite sample representative
of each field. Samples were collected monthly
from the fields of each of the selected
vegetables. Fifty grams (50 g) each of tomato
fruits, lettuce leaves, and onion bulbs irrigated
with the released effluent were collected at five
different spots to make 250 g of composite
sample representative of each field of tomatoes,
lettuce and onions from each of the selected
fields. Samples of vegetables were obtained
during the harvest period of the vegetables
irrigated with the effluent.

Determination of Physicochemical Properties
of Influent and Treated Effluent

The Biochemical Oxygen Demand (BOD),
Dissolved Oxygen, Chemical Oxygen Demand
(COD), Turbidity, Total Dissolved Solids, Total
Suspended Solids, Nitrate, Phosphate, Sulphate
of the influent and effluent were determined
using standard methods (APHA, 2017). The pH,
temperature, and electrical conductivity of the
influent and effluent were determined at the
point of sample collection using a portable
multifunction water quality tester (model EZ-
9909-SP).

Determination of Coliform Counts.

The total and faecal coliform count of the
influent, effluent, soil and vegetable samples
was carried out using the most probable number
method as described by Alexander (1983). A
serial dilution of the samples from 10" to 10
was carried out. Lauryl sulphate broth was
prepared according to the manufacturer’s
specification, and 9ml was dispensed into 15 test
tubes containing inverted Durham’s tubes. The
test tubes were arranged in 3 sets of 5 test tubes
containing the prepared broth, to inoculate
three consecutive dilutions of each of the
samples. An aliquot of 1.0 ml of each dilution of
104, 103 and 10, respectively, was used to
inoculate each of the set of tubes containing
Lauryl sulphate broth. The inoculated tubes
were incubated aerobically at 35 'C for total
coliform and 45 'C for faecal coliform for 24
hours. After 24 hours, the inoculated tubes were
examined for evidence of growth indicated by
turbidity of the broth and/or the collection of
gas in inverted Durham’s tubes. To estimate the
total and faecal coliform density, the pattern of
positives and negatives was noted and a

www.ujmr.umyu.edu.ng



UJMR, Conference Special Issue Vol. 10 No. 3.
June, 2025, pp. 350 - 358

standardised MPN table was consulted to
determine the most probable number of
organisms.

Statistical Analysis

Data on physico-chemical properties of influent
and effluent samples, and total and faecal
coliform counts of all the samples were
subjected to analysis of variance (ANOVA) at 95%
confidence interval on IBM SPSS version 20.
Factors with P-value < 0.05 were considered
statistically significant.

RESULTS

The physico-chemical properties of influent and
effluent obtained from the wastewater
treatment plant are shown in Table 1. Statistical
analysis of data showed that there were no
significant differences(P > 0.05) between the pH
and temperature of the samples obtained from
the study area. However, the mean values of DO,
BOD, COD, turbidity, total solids, TDS, TSS,
conductivity, nitrate, phosphate and sulphate
varied significantly (P< 0.05) in the samples.
There was a reduction in the total coliform count
in released effluent (1.0x10® CFU/ml) compared
to the influent, which was 9.2x10® CFU/ml

E-ISSN: 2814 — 1822; P-ISSN: 2616 — 0668

(Table 2). The ANOVA showed significant
differences (P < 0.05) in the total coliform
counts of influent and effluents. Table 3 shows
the faecal coliform counts of influent and
effluent samples. A decline in the faecal
coliform count in released effluent (4.1x10°
CFU/ml) was observed compared to the influent
(1.6x10¢® CFU/ml). The ANOVA showed
significant differences (P < 0.05) in the faecal
coliform counts of influent and effluents. There
were no significant differences (P > 0.05) in the
total coliform counts of soil samples across the
plots. The total coliform count of lettuce plot,
tomato plot and onion plot recorded from the
study site were high (Table 4). The faecal
coliform count of lettuce plot, tomato plot and
onion plot recorded from the study site were
also high (Table 5). There were no significant
differences (P > 0.05) in the faecal coliform
counts of soil samples across the plots as well as
in the total coliform counts of vegetable samples
across the plots (Table 6). There were no
significant differences (P > 0.05) in the faecal
coliform counts of vegetable samples across the
plots. Faecal coliforms were detected on the
surfaces of lettuce leaves, tomato fruits and
onion bulbs from the study site (Table 7).

Table 1: Physico-chemical Properties of Influent and Effluent Obtained from the Wastewater

Treatment Plant

Parameters Experimental Values Effluent Quality
(Unit) Standard

IF EF1 EF2 EF3 NESREA WHO
pH 7.5£0.92° 7.6+0.90° 7.4£1.112 7.4£1.07*2  6.5-8.5 6.5-8.5
T(Q) 26x2.452 24+1.532 22+1.752 231.162 Max 40 Max 40
DO (mg/L) 150+5.232 100+4.78° 95+4.45° 95+3.05° NS Min 2
BOD (mg/L) 110+£14.142 60+7.02° 25+7.56¢ 25+2.82¢ 50 30
COD (mg/L) 2900+45.52 1200+30.05° 1000+31.32° 900+24.76° 100 NS
Turbidity 129.4+10.472 96.6+24.18%° 46.2+4.24>  52.0+2.82°> 5 5
TSS (mg/L)  330£4.97° 230+12.72%®  150+15.55°  180+12.21> 100 30
TDS (mg/L) 411£12.722 390+5.362 200+4.26° 190+4.34> 2100 2000
C (uS/cm) 815+32.04° 718+21.97°  388+15.65°  392+13.25° NS 2000
N (mg/L) 50+7.072 45+8.48% 25+4.24° 24+1.41P 10 10
P (mg/L) 3.9+0.57°2 3.7+0.282 2.4+0.43® 2.0+0.14°> NS 10
S (mg/L) 560+22.622 480+16.97°  290+9.89¢ 320+4.24¢ 250 400

Keys:

C: Conductivity; T: Temperature; N: Nitrate; P: Phosphate; S: Sulphate; IF: Influent; EF1:

Effluent at the point of discharge; EF2: Effluent along the effluent flow channel (400 m away from
EF1); EF3: Effluent along the effluent flow channel (500 m away from EF1); pH: Hydrogen ion; TSS:
Total Suspended Solids; TDS: Total Dissolved Solids; DO: Dissolved oxygen;BOD: Biochemical Oxygen
Demand; NS: Not Stated; COD: Chemical Oxygen Demand; NTU: Nephelometric Turbidity Unit; WHO:
World Health Organization; Max: Maximum; Min: Minimum; NESREA: National Environmental

Standards and Regulations Enforcement Agency
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Table 2: Total Coliform Counts of Influent and Effluent Samples at the Wastewater Treatment

Plant
Samples Analysed Mean (CFU / ml) + SEM
Influent 9.20x10° 0.0
Effluent at point of discharge 4.60 x10° 3.30x10°
Effluent at 400m away from point of discharge 5.05x10° 2.85%x10°
Effluent at 500m away from point of discharge 2.45x10° 2.50x10*
ANOVA (F) 1518.163
Df 6
P-value 0.000

Table 3: Faecal Coliform Counts of Influent and Effluent Samples at the Wastewater Treatment

Plant
Samples Analysed Mean (CFU / ml) + SEM
Influent 1.60x10° 0.0
Effluent at point of discharge 4.10x10° 8.00x10*
Effluent at 400m away from point of discharge 2.80x10° 5.00x10*
Effluent at 500m away from point of discharge 1.58x10° 1.33x10°
ANOVA (F) 133.881
df 6
P-value 0.000

Table 4: Total Coliform Counts of Soil Samples

Irrigated with Effluent for Vegetable

Cultivation
Vegetable farm  Mean(CFU / ml) + SEM
Lettuce Plot-1 1.09x10° 6.15%x10*
Lettuce Plot-2  7.15x10° 3.85x10°
Lettuce Plot-3  4.95x10° 4.25x10°
Tomato Plot-1  7.15x103 3.85x10°
Tomato Plot-2  9.45x10° 1.55%10°
Tomato Plot-3  4.95x10° 4,25x10°6
Tomato Plot-4  1.19x104 5.10x103
Onion Plot-1 6.20x10° 1.7x10°
Onion Plot-2 2.50x10° 8.00x10*
Onion Plot-3 1.55%10° 1.50x104
Onion Plot-4 3.00x10° 1.60x10°
ANOVA (F) 0.783
df 19
P-value 0.471

DISCUSSION

The optimal pH range for most biological
wastewater treatment processes is between 6.5
and 8.5. If the pH of the effluent is outside of
this range, it can affect the growth and activity
of microorganisms involved in the treatment
process, leading to a decrease in treatment
efficiency (Kodukula et al., 2018). The effluent
pH at the point of discharge (7.6) was within
acceptable limits (6.5-8.5) set by NESREA (2009)
and WHO (2006). This effluent pH is not toxic to
the soil and suggests that the recorded neutral
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pH of the effluent is safe for use in irrigation.
Most biological processes operate within a
certain  temperature range, and low
temperatures slow microbial metabolism and
high temperatures cause enzyme denaturation
(Egilmez and Haspolat, 2024). As the
temperature of water increases, the amount of
dissolved oxygen decreases (Danladi et al.,
2017). The temperature of the effluent at the
point of discharge (24 'C) was below the
maximum limit (40°C) set by NESREA (2009) and
WHO (2006). This is similar to the findings of
Balogun and Ogwueleka (2021), who obtained an
effluent temperature of 26.5°C from the
effluent of the Wupa wastewater treatment
plant in Abuja. The temperature values obtained
in this study showed that the effluent could be
safely used for irrigation.

The influent from the wastewater treatment
plant had an appreciable high dissolved oxygen
and consequently, the dissolved oxygen of the
effluent was within the permissible limit of a
minimum of 2 mg/L set by WHO (2006). The
reduction in the dissolved oxygen content of the
effluent could be due to the use of oxygen by
aerobic  microorganisms present in the
wastewater treatment plant to break down
organic matter and nutrients. The growth and
decay of algae during the treatment process
could also lead to a decrease in the dissolved
oxygen of the effluent. In nutrient-rich
wastewater, algae and microorganisms grow
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fast; they eventually die, and oxygen is used up
for their decomposition (Boyd and Boyd, 2020).
The dissolved oxygen level reported in this study
suggests that the Water is not depleted of
oxygen and is able to support a healthy aquatic
environment. This finding contrasts with that of
Oluwaseun (2018), who reported dissolved
oxygen of 0.00mg/l in domestic wastewater.

Table 5: Faecal Coliform Counts of Soil
Samples Irrigated with Effluent for Vegetable
Cultivation

Vegetable farm Mean (CFU / ml) + SEM
Lettuce Plot-1  3.25x10* 1.25x104
Lettuce Plot-2  4.50x10* 2.50x104
Lettuce Plot-3  8.15x10° 4.85x10°
Tomato Plot-1 1.38x10* 9.25x103
Tomato Plot-2  4.05x10* 2.05x104
Tomato Plot-3  2.77x10° 2.73x108
Tomato Plot-4  6.5x10* 4.50x104
Onion Plot-1 6.15%10* 1.65x10*
Onion Plot-2 1.90x10° 2.00x10*
Onion Plot-3 1.19x10* 5.10x103
Onion Plot-4 2.75x10° 5.5x10*
ANOVA (F) 0.505

df 19

P-value 0.611

Table 6: Total Coliform Counts of Vegetables

Irrigated with the Effluent from the
Wastewater Treatment Plant
Vegetable Farm Mean (CFU/ + SEM
ml)
Lettuce Plot1 7.15x10° 3.85x10°
Plot2 5.60x10° 5.4x10°
Plot3 6.6x10° 4.4x10°
Tomato Plot 1 8.95x10° 5.05x10°
Plot2 1.60x10° 1.21x10°
Plot3 1.45x10° 1.06x10°
Plot4 2.50x10° 3.00x10°
Onion Plot1 9.00x10° 7.00x10°
Plot2 9.00x10° 7.00x10°
Plot3 1.6x10° 2.00x10°
Plot4 7.30x10° 1.90x10°6
ANOVA (F) 2.249
df 19
P-value 0.133

The biochemical oxygen demand (BOD) observed
in EF1 was above the permissible limit (30 mg/l)
set by WHO (2006) and (50 mg/l) set by NESREA
(2009). This is similar to the report of Oluwaseun
(2018), who reported BOD of 566.4 mg/l in an
industrial wastewater and in contrast to the
findings of Letshwenyo and Mokokwe (2020),
who reported BOD of 5mg/l from treated
effluent obtained from a waste stabilisation
pond in Botswana. However, along the effluent
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flow channel, at sampling points EF2 and EF3,
there was a reduction in the BOD of the effluent.
Thus, the BOD was within the permissible limit
set by WHO (2006). The improvement observed
in the BOD of samples implies that as the
effluent travelled along the effluent flow
channel, it received further treatment. The
finding in this study is in line with the finding of
Balogun and Ogwueleka (2021), who obtained a
BOD of 47 mg/l from the effluent of the Wupa
wastewater treatment plant. The COD of the
effluents were above the permissible limit of 100
mg/l set by NESREA (2009). Nonetheless, there
was a significant reduction from IF (2900 mg/L)
to EF3 (900 mg/L), which is an indication of
improved degradation of pollutants. The high
COD of the effluents could be due to the
presence of a high level of organic and inorganic
matter. This is in contrast with the findings of
Balogun and Ogwueleka (2021) and of
Letshwenyo and Mokokwe (2020), who obtained
low COD of 15 mg/l and 9 mg/l, respectively,
from the effluent of the Wupa wastewater
treatment plant and from treated effluent
obtained from a waste stabilisation pond in
Botswana. There were statistically significant
differences in the turbidities of the samples;
nonetheless, the treated effluents' turbidities
were still above the permissible limit of 5 NUT
set by WHO (2006) and NESREA (2009). This is in
contrast to the findings of Letshwenyo and
Mokokwe (2020), who reported turbidity of 5
NTU from treated effluent, and similar to the
findings of Oluwaseun (2018), who obtained
turbidity of 50.47 NUT from wastewater
obtained from FUTA, Akure. The high level of
turbidity can affect the performance of the
irrigation facility (Jeong et al., 2016).

Table 7 Faecal Coliform Counts of Vegetables
Irrigated with the Effluent from the
Wastewater Treatment Plant

Vegetable Farm Mean (CFU / = SEM

ml)
Lettuce Plot1 3.25x103 1.25%x103
Plot2 3.50x10? 3.30x10?
Plot3 1.25x10° 1.50x104
Tomato Plot1 1.76x10* 8.40x103
Plot2 1.55x10° 1.50x104
Plot 3 1.55x10° 1.50x104
Plot4 1.40x10? 3.00x103
Onion Plot1 3.70x10° 1.70x10°
Plot2 2.20x10° 2.00x10*
Plot3 1.6x10° 4.00x104
Plot4 1.32x10% 3.85x10°
ANOVA (F) 2.836
Df 19
P-value 0.084
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The total suspended solids (TSS) of the effluent
samples were above the permissible discharge
limit of 30 mg/l and 100 mg/l set by WHO (2006)
and NESREA (2009), respectively. The high TSS
values may be due to the high presence of
colloidal and non-settleable solids in the
effluents. This is in line with the findings of
Kanwar et al. (2021), who obtained TSS of 187
mg/l and in contrast with the findings of Balogun
and Ogwueleka (2021), who obtained TSS of 11.7
mg/l. The high TSS values indicate that the
water treatment process is not effectively
removing the suspended solid materials present
in the effluent. The total dissolved solids (TDS)
of the influent were low and consequently, the
effluents’ TDS were within the permissible limit
of 2000 mg/l and 2100 mg/l set by WHO (2006)
and NESREA (2009), respectively. This suggests
that the effluent may be suitable for irrigation.
This is similar to the findings of Balogun and
Ogwueleka (2021) and of Letshwenyo and
Mokokwe (2020), who obtained TDS of 115 mg/l
and 0 mg/l, respectively, from effluent. The
conductivity of the influent was low and
consequently, the effluents' conductivities were
also within the permissible limit of 2000 pS/cm
stipulated by WHO (2006). This is similar to the
findings of Balogun and Ogwueleka (2021), who
obtained a conductivity of 301 pS/cm. The
conductivity values recorded in this study
suggest that the effluent may be suitable for
irrigation.

The effluent contains some nutrients such as
nitrogen and phosphorous, which are important
for plant growth and production; thus, it is used
for the irrigation of vegetables to reduce
fertiliser application. The nitrate content of the
effluent was above the permissible limit of 10
mg/l stipulated by WHO (2006). The high
concentration of nitrate in the effluent could be
due to the high concentration of organic matter
in the influent and inadequate retention time for
treatment of the wastewater in the waste
stabilisation pond. This is similar to the report of
Ouansafi et al.(2022), who obtained a nitrate
value of 21.8 mg/l in treated wastewater. The
phosphate of the effluent was within the
permissible limit of 10 mg/l stipulated by WHO
(2006). This is in line with the findings of Balogun
and Ogwueleka (2021), who obtained phosphate
of 2.5 mg/l, and in contrast with the findings of
Kanwar et al. (2021), who obtained phosphate of
15.4 mg/l. The sulphate of all the effluents was
above the permissible limit of 250 mg/l set by
NESREA (2009). This is similar to the findings of
Ouansafi et al. (2022), who obtained a sulphate
value of 275.7 mg/l in treated wastewater.
Sulfate concentrations >250 mg/L in irrigation
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water are toxic to plants and may affect their
productivity (FAO, 2023).

The reduction in the total coliform count in
released effluent (1.0x10® CFU/ml) compared to
the influent, which was 9.2x10® CFU/ml, could
be a result of biological treatment of the
influent in the waste stabilisation ponds. The
decrease in the total coliform count in effluent
as it moved along the effluent flow channel is an
indication that the effluent also received
treatment as it moved down the flow channel.
The ANOVA showed significant differences (P <
0.05) in the total coliform counts of influent and
effluents. Nonetheless, the total coliform counts
in the effluent samples were above the WHO
(2006) (1.0x10% CFU/ml) recommended standard
for unrestricted irrigation of crops, especially
those consumed uncooked. The World Health
Organisation (WHO, 2006) recommended that
vegetables to be eaten uncooked should be
irrigated only with biologically treated effluent
that has been disinfected to achieve a coliform
level of not more than 1.0x10% /100 ml in 80% of
the samples. The finding in this study is similar
to the finding of Mojid and Wyseure (2013), who
reported a total coliform count of 1.7x107
CFU/mL in treated municipal wastewater and in
contrast to the findings of Sacks and Bernstein
(2011), who reported a total coliform count of
9.0x10% CFU/mL in treated effluent in Israel. The
high total coliform count in the effluents could
be attributed to incomplete treatment of the
released effluent from the wastewater
treatment plant. This could be of health risk to
humans who come into contact with this
effluent.

The wastewater treatment plant receives a
continuous discharge of waste of faecal origin.
The presence of faecal coliforms usually
indicates faecal contamination from human or
animal sources (Diaz-Gavidia et al., 2022). A
decline in the faecal coliform count in released
effluent (4.1x10° CFU/ml) was observed
compared to the influent (1.6x10¢ CFU/ml). The
ANOVA showed significant differences (P < 0.05)
in the faecal coliform counts of influent and
effluents. However, the faecal coliform count of
the effluent was beyond the acceptable limit of
1.0x10®> CFU/ml recommended by NESREA
(2009). High levels of faecal coliforms in effluent
indicate that the discharged effluent still
contains faecal matter and also an indication of
the presence of potentially pathogenic bacteria
and pathogenic strains of coliform (Adefisoye
and Okoh, 2016); this is of environmental and
public health concern. The faecal coliform count
showed that the treatment process was not
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effective in reducing the faecal coliform of the
effluent to the acceptable faecal coliform count
of <1000 CFU/ml of treated effluent to be used
in agriculture. This finding is in contrast to the
findings of Cui and Liang (2019) who did not
detect faecal coliform in an anaerobic biofilm
bioreactor treated effluent in China and that of
Sacks and Bernsteinb (2011) who reported a
faecal coliform count of 1.0x102 CFU/mlin
treated wastewater and similar to the findings
of Mojid and Wyseure (2013) who reported a
faecal coliform count of 1.6x104 CFU/mlin
treated municipal wastewater.

The high total coliform count (4.9x10¢ CFU/g) in
lettuce on plot 3 could be attributed to the fact
that this plot was irrigated with effluent
collected from a puddle used for effluent
storage. The high total coliform count observed
in this study is similar to the findings of Cui and
Liang (2019) who reported a total coliform count
of 3.1x10° CFU/g in lettuce irrigated soil in China
and in contrast to the findings of Aguas et al.
(2019) who reported a total coliform count of
9.0x10% CFU/g in lettuce irrigated soil in Spain.
The high total coliform count in the soil could be
due to the abundance of coliforms in the
effluent or soil. A high total coliform count in
effluent irrigated soil observed in this study can
adversely affect public health and the
environment. Excessive total coliform counts in
soil can disrupt the ecological balance of the
soil, deplete oxygen levels in the soil and
negatively impact soil microbes (Sinegani and
Maghsoudi, 2011). If the soil comes in direct
contact with farmers, there is a risk of disease
transmission (Navab-Daneshmand et al., 2018).
Also, the vegetables planted on these plots could
become contaminated with coliforms trapped in
the soil.

The faecal coliform count of the lettuce plot,
tomato plot and onion plot recorded from the
study site was high. This could be a result of the
incomplete treatment of the released effluent
from the wastewater treatment plant used in
irrigation. The faecal coliform count in this study
is similar to the findings of Ja’afar et al. (2020),
who reported a high faecal coliform count of
1.22 x 10® CFU/g in wastewater irrigated soil.
High faecal coliform count observed in effluent
irrigated soil in this study is of public health and
environmental concern because their presence
in soil indicates possible contamination with
faecal matter and the potential of faecal
contamination to crops. The total coliform count
of vegetables obtained from the study site was
high. This could be due to contamination by
coliforms present in the effluent or soil. The
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results obtained in this study are similar to the
findings of Farhad et al. (2018), who recorded a
high total coliform count of 4.0x103 CFU/g on
lettuce leaves. The finding in this study
contrasts with the report of Aguas et al. (2019),
who reported a total coliform count of 2.0x10?
CFU/g on lettuce leaves in Spain. The vegetable
samples obtained in this study are often eaten
raw, and the presence of coliforms in these
vegetables has significant implications on public
health and is also of food safety concern, as their
presence may indicate the presence of other
harmful pathogens. When effluent is used to
irrigate vegetables, the presence of faecal
coliforms in the vegetables could be an
indication of contamination from the improperly
treated effluent wused for irrigation of
vegetables. The faecal coliforms were detected
on the surfaces of lettuce leaves, tomato fruits
and onion bulbs from the study site. This is
similar to the findings of Ja’afar et al. (2020),
who reported a faecal coliform count of 3.5 x 104
CFU/g in wastewater irrigated lettuce.
Consumption of vegetables contaminated with
faecal coliforms can cause foodborne illnesses in
humans, especially in vulnerable people who are
more susceptible to infection (Luna-Guevara et
al., 2019).

CONCLUSION

The wastewater treatment process did
not adequately reduce organic loads and
coliforms to acceptable limits set by WHO and
NESREA. This rendered the effluent non-
compliant for safe discharge or for use in
irrigation of food crops consumed by humans.

REFERENCES

Adefisoye, M. A., & Okoh, A. I. (2016).
Identification and antimicrobial
resistance prevalence of pathogenic
Escherichia coli strains from treated
wastewater effluents in Eastern Cape,
South Africa. MicrobiologyOpen, 5(1),
143-151. [Crossref]

Aguas, Y., Hincapie, M., Martinez-Piernas, A. B.,
Agliera, A., Fernandez-lbanez, P.,
Nahim-Granados, S., & Polo-Lopez, M. I.
(2019). Reclamation of real urban
wastewater using solar advanced
oxidation processes: An assessment of
microbial pathogens and 74 organic
microcontaminants uptake in lettuce
and radish. Environmental Science and
Technology, 53(16), 9705-9714.
[Crossref]

www.ujmr.umyu.edu.ng


https://doi.org/10.1002/mbo3.319
https://doi.org/10.1021/acs.est.9b00748

UJMR, Conference Special Issue Vol. 10 No. 3.
June, 2025, pp. 350 - 358

Alexander, M. (1983). Most probable number
method for microbial populations.
Methods of Soil Analysis: Part 2
Chemical and Microbiological
Properties, 9, 815-820. [Crossref]

American Public Health Association. (2017).
Standard methods for the examination
of water and wastewater (23rd ed.).

Angelakis, A. N., & Snyder, S. A. (2015).
Wastewater treatment and reuse: Past,
present, and future. Water, 7(9), 4887-
4895. [Crossref]

Balogun, S., & Ogwueleka, T. (2021). Coliforms
removal efficiency of Wupa wastewater
treatment plant, Abuja, Nigeria. Energy
Nexus, 4, 100024. [Crossref]

Boyd, C. E., & Boyd, C. E. (2020). Suspended
solids, color, turbidity, and light (pp.
119-133). Water Quality: An
Introduction. [Crossref]

Corcoran, E. (2010). Sick water?: The central
role of wastewater management in

sustainable development: A rapid
response assessment (p- 30).
UNEP/Earthprint.

Cui, B., & Liang, S. (2019). Monitoring

opportunistic pathogens in domestic
wastewater from a pilot-scale anaerobic
biofilm reactor to reuse in agricultural
irrigation. Water, 11(6), 1283. [Crossref]

Danladi, B., Hashim, N., & Mohd, H. (2017).
Predicting impact of climate change on
water temperature and dissolved oxygen
in tropical rivers. Climate, 5(3), 58.
[Crossref]

Diaz-Gavidia, C., Barria, C., Weller, D. L.,
Salgado-Caxito, M., Estrada, E. M.,
Araya, A., & Adell, A. D. (2022). Humans
and hoofed livestock are the main
sources of fecal contamination of rivers
used for crop irrigation: A microbial
source tracking approach. Frontiers in
Microbiology, 13, 768527. [Crossref]

Egilmez, H., & Haspolat, E. (2024).
Temperature-dependent parameters in
enzyme kinetics: Impacts on enzyme
denaturation. Fundamental Journal of
Mathematics and Applications, 7(4),
226-235. [Crossref]

Falomir, M. P., Gozalbo, D., & Rico, H. (2010).
Coliform bacteria in fresh vegetables:
From cultivated lands to consumers.

Current Research, Technology and
Education Topics in Applied
Microbiology and Microbial

Biotechnology, 2, 1175-1181.
Farhadkhani, M., Nikaeen, M., Yadegarfar, G.,
Hatamzadeh, M.,

UMYU Journal of Microbiology Research

357

E-ISSN: 2814 — 1822; P-ISSN: 2616 — 0668

Pourmohammadbagher, H., Sahbaei, Z.,
& Rahmani, H. R. (2018). Effects of
irrigation with secondary treated
wastewater on physicochemical and
microbial properties of soil and produce
safety in a semi-arid area. Water
Research, 144, 356-364. [Crossref]

Food and Agriculture Organization. (2020). The
state of food and agriculture 2020:
Overcoming water challenges in
agriculture.

Food and Agriculture Organization. (2023).
Guidelines for safe use of marginal
water in agriculture.

Ja’afaru, M., Ewansiha, J., Dahiru, A., &
Chimbekujwo, K. (2020).
Microbiological, physicochemical and
heavy metals assessments of soils and
selected vegetables grown on Rumde-
Doubeli irrigated farmland in Yola
Nigeria. Tanzania Journal of Science,
46(3), 684-699. [Crossref]

Jeong, H., Kim, H., & Jang, T. (2016). Irrigation
water quality standards for indirect
wastewater reuse in agriculture: A
contribution toward sustainable
wastewater reuse in South Korea.
Water, 8(4), 169. [Crossref]

Kanwar, R. M. A., Khan, Z. M., & Farid, H. U.
(2021). Investigation of municipal
wastewater treatment by agricultural
waste materials in locally designed
trickling filter for peri-urban
agriculture. Water Supply, 21(5), 2298-
2312. [Crossref]

Kilic, Z. (2020). The importance of water and
conscious use of water. International
Journal of Hydrology, 4(5), 239-241.
[Crossref]

Kodukula, P. S., Prakasam, T. B. S., &
Anthonisen, A. C. (2018). Role of pH in
biological wastewater treatment
processes. In Physiological Models in
Microbiology (pp. 113-135). CRC Press.
[Crossref]

Letshwenyo, M. W., & Mokokwe, G. (2020).
Accumulation of heavy metals and
bacteriological indicators in spinach
irrigated with further treated secondary
wastewater. Heliyon, 6(10), e05241.
[Crossref]

Luna-Guevara, J. J., Arenas-Hernandez, M. M.,
Martinez de la Pefa, C., Silva, J. L., &
Luna-Guevara, M. L. (2019). The role of
pathogenic E. coli in fresh vegetables:
Behavior, contamination factors, and
preventive measures. International

www.ujmr.umyu.edu.ng


https://doi.org/10.2134/agronmonogr9.2.2ed.c39
https://doi.org/10.3390/w7094887
https://doi.org/10.1016/j.nexus.2021.100024
https://doi.org/10.1007/978-3-030-23335-8_6
https://doi.org/10.3390/w11061283
https://doi.org/10.3390/cli5030058
https://doi.org/10.3389/fmicb.2022.768527
https://doi.org/10.33401/fujma.1517334
https://doi.org/10.1016/j.watres.2018.07.047
https://doi.org/10.4314/tjs.v46i3.10
https://doi.org/10.3390/w8040169
https://doi.org/10.2166/ws.2021.075
https://doi.org/10.15406/ijh.2020.04.00250
https://doi.org/10.1201/9781351075657-6
https://doi.org/10.1016/j.heliyon.2020.e05241

UJMR, Conference Special Issue Vol. 10 No. 3.
June, 2025, pp. 350 - 358

Journal of Microbiology,
2894328. [Crossref]
Mateo-Sagasta, J., Raschid-Sally, L., & Thebo, A.
(2015). Global wastewater and sludge
production, treatment and use.
Wastewater: Economic Asset in an

Urbanising World, 15-38. [Crossref]

M. A, & Wyseure, G. C. (2013).

Implications of municipal wastewater

irrigation on soil health from a study in

Bangladesh. Soil Use and Management,

29(3), 384-396. [Crossref]

National Environmental Standards and
Regulations Enforcement  Agency.
(2009). National environmental
(sanitation and  wastes control)
regulations.

Navab-Daneshmand, T., Friedrich, M. N.,
Gachter, M., Montealegre, M. C.,
Mlambo, L. S., Nhiwatiwa, T., & Julian,

2019(1),

Mojid,

T. R. (2018). Escherichia coli
contamination across multiple
environmental compartments  (soil,

hands, drinking water, and handwashing
water) in urban Harare: Correlations and
risk factors. The American Journal of
Tropical Medicine and Hygiene, 98(3),
803. [Crossref]

Olonade, K. (2016). A review of the effects of
wastewater on reinforced concrete
structures in Nigeria. Nigerian Journal
of  Technology, 35(2), 234-241.
[Crossref]

Oluwaseun, F. (2018). Evaluation of wastewater
reuse and suitability for agricultural
purpose in Akure, Nigeria. Agricultural
Engineering International: International
Commission of  Agricultural and
Biosystems Engineering (CIGR) Journal,
20(3), 61-70.

Ouansafi, S., Bellali, F., Maaghloud, H., Kabine,
M., & Abdelilah, F. (2022). Treated
wastewater irrigation of tomato: Effects
on crop production, and on physico-
chemical properties, SDH activity and
microbiological characteristics of fruits.
Agricultural Engineering International:
International Commission of
Agricultural and Biosystems Engineering
(CIGR) Journal, 24(1).

Qadir, M., Wichelns, D., Raschid-Sally, L.,
McCornick, P. G., Drechsel, P., Bahri,
A., & Minhas, P. (2010). The challenges
of wastewater irrigation in developing
countries. Agricultural Water
Management, 97(4), 561-568. [Crossref]

Sacks, M., & Bernstein, N. (2011). Utilisation of
reclaimed wastewater for irrigation of

UMYU Journal of Microbiology Research

358

E-ISSN: 2814 — 1822; P-ISSN: 2616 — 0668

field-grown melons by surface and
subsurface drip irrigation. Israel Journal
of Plant Sciences, 59(2-4), 159-169.
[Crossref]

Sinegani, A., & Maghsoudi, J. (2011). The effect
of soil water potential on survival of
fecal coliforms in soil treated with
organic  wastes under laboratory
conditions. African  Journal  of
Microbiological Research, 5, 229-240.

United Nations Department of Economic and

Social Affairs. (2022). World population

prospects 2022.

Nations Educational, Scientific and

Cultural Organization. (2020). UNESCO

International Centre for Water Security

and Sustainable Management.

Nations World Water Development
Report. (2023). The United Nations
World Water Development Report 2023:
Partnerships and cooperation for water.
UNESCO.

World Bank. (2023). World development report
2023: Migrants, refugees, and societies.

World Health Organization. (2006). Guidelines
for the safe use of wastewater, excreta
and greywater: Volume 2—Wastewater
use in agriculture.

World Health Organization. (2017). Guidelines
on sanitation and health.

World Health Organization. (2022). Guidelines
for drinking-water quality: Fourth
edition incorporating the first and
second addenda.

United

United

www.ujmr.umyu.edu.ng


https://doi.org/10.1155/2019/2894328
https://doi.org/10.1007/978-94-017-9545-6_2
https://doi.org/10.1111/sum.12056
https://doi.org/10.4269/ajtmh.17-0521
https://doi.org/10.4314/njt.v35i2.2
https://doi.org/10.1016/j.agwat.2008.11.004
https://doi.org/10.1560/IJPS.59.2-4.159

