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ABSTRACT
The discharge of the industrial effluents into water bodies causes not only a direct mutilation of water
physicochemical features but also instigates detrimental effects on the ecosystem and consequently the human health.
The quality of water used for irrigation on selected sites along Romi River in Chikun LGA, Kaduna State, Nigeria,
was assessed. Water samples were collected from five different locations; Agyeita (ATW), Ungwan Tanko (UTW),
Karatudu (KTW), Ungwan Markus (UMW), Ungwan Zarmai (UZW) and a control site (CTW). Physicochemical
analysis for pH, DO, COD, BOD, turbidity, TH, TDS and EC were carried out using standard methods. Water samples
were digested using concentrated nitric acid and the heavy metals were determined using Atomic Absorption
Spectrometry (AAS).The water quality index (WQI) and heavy metal evaluation index (HEI) of the water were
calculated. The results for the WQI indicated that water from UTW (48.51) and CTW (43.76) were of good quality,
UMW (61.65) poor, ATW (79.92) very poor, KTW (155.67) and UZW (165.04) unfit. The HEI of the water indicated
that water samples ATW (8.73) and CTW (3.09) were < 10 which implies the pollution at this site is low, water
sample UZW (17.06) with index 10 — 20 which indicates the pollution is moderate, while KTW (26.22), UTW
(28.70) and UMW (42.44) the pollution is high (> 20) hence not suitable for consumption or irrigation purposes. By
extension, when the plants are consumed by livestock and humans, possible health hazards can be developed. The
water along river Romi is unsafe for irrigation and drinking purposes hence could be harmful for plant and human

health.
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INTRODUCTION

Water is essential to life without it, the biosphere that
exists on the surface of the earth would not be possible.
When the quality of water is poor, it affects not only
aquatic life but the surrounding ecosystems as well.
Discharge of the industrial effluents into water bodies
causes not only a direct mutilation of water
physicochemical features (some of which are; color,
pH, salinity, turbidity, suspended solids, total dissolved
solids, biological oxygen demand, chemical oxygen
demand), but also instigates detrimental effects on the
ecosystem and consequently the human health. The
occurrence of heavy metals in industrial and municipal
sewage effluents constitute a major source of metals in
the aquatic media. At higher concentrations, heavy
metals may be toxic to the biota and could disturb the
biochemical process and cause hazards [1].

Water pollution by wastewater discharged into
rivers and other water bodies or by anthropogenic
activities has increased due to population growth [2, 3].
Heavy metals are not biodegradable, thus when present
in water, they persist and can lead to toxicity [4, 5]. Low
concentration of non-essential heavy metals has a great
impact on human health and aquatic life. They can cause
respiratory problems, weakening of the immune system,

damage to the kidneys or liver, genetic and neurological
alterations and death [6].

Rivers serve as sinks for wastes from different
sources, mainly from anthropogenic activities which
include various toxic chemicals, acids, alkalis,
detergents and agrochemicals which greatly affect the
physicochemical properties of water used for irrigation
[7]. River Kaduna serves as the only source of water to
Kaduna refinery. It is located 14 kilometers away from
the refinery. The refinery has three lift pumps charged
with the responsibility of lifting water from the river to
the surface for pretreatment [8]. After the water is
treated and used, the waste water from the refinery is
treated in waste water treatment plant and the effluent is
conveniently discharged into Romi River [9]. Apart
from improving water supply to the populace, Romi
River provides suitable sites for irrigation farming
resulting in the production of selected crops such as
vegetables, rice, maize and sugar cane [10]. The river
under study receives huge amount of untreated effluents
from industries such as Kaduna refineries and petrol
chemical company (KRPC) and others which are
released directly or indirectly into the river. This may
likely render the water unfit for drinking and
agricultural purposes [11], hence there is the need to
evaluate the quality of the water in river Romi.
Therefore, the aim of this work is to assess the quality
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of water used for irrigation on selected sites along Romi
River.

MATERIALS AND METHODS

Study area

Chikun local government area is located in the southern
part of Kaduna State. Romi river which lies within
Longitude: 10°25'35.3N and Latitude: 7°20'25.06E
(Figure 1) is a major river in Chikun LGA. Romi River
is a tributary of Kaduna River with the largest water
body flowing through Chikun and traverses Romi
Village and its environs (Rido, Juji, Karatudu,
Goningora) which eventually discharges into Kaduna
River at Garko [9].

Samples collection and pre-treatment

Water samples were collected using Grab method from
five different locations; Ungwan Tanko (UTW),
Agyeita (ATW), Karatudu (KTW), Ungwan Markus
(UMW), and Ungwan Zarmai (UZW). The samples at
each location were collected at different points to form
a composite using two 2 liters plastic bottles that have
been previously soaked in 10% nitric acid and rinsed
with distilled water before sampling. During sampling,
the sample bottles were rinsed three times with the
water to be sampled and then the samples were collected
by careful immersion of the sampling bottles into the
water body. The samples were well-labeled and taken to
the laboratory for analysis [9]. The control (CTW) was
collected from a stream about 1 km away from the
sampling points.
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Figure 1: Map showing Study Area (Source: Department of Geography, ABU Zaria

One of the 2 liters of water samples collected at each
location was treated immediately with 2ml of nitric acid
and stored in a laboratory refrigerator prior to digestion

for AAS analysis while the other 2 liters containing the
water samples from each location was taken for
physicochemical analysis [12].
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Samples digestion and analysis

Physicochemical parameters such as pH, dissolved
oxygen (DO), chemical oxygen demand (COD),
biochemical oxygen demand (BOD), turbidity, total
hardness (TH), total dissolved solid (TDS) and
electrical conductivity (EC) were determined using
standard methods [13]. Exactly 100 cm?® of the sample
was transferred into a digestion flask and 5
cm?® concentrated HNO3 acid was added. The beaker
with its content was placed on a hot plate in a fume
cupboard and evaporated down to about 20 ml. The
beaker was cooled and another 5 cm® concentrated
HNO3 acid was added. The beaker was covered with a
watch glass and returned to the hot plate. The heating
continued and then 2 cm? of HNO; acid was added until
the solutions appeared colorless and clear. The beaker
and watch glass were washed with distilled water and
the samples were filtered into a 100 cm?® standard
volumetric flask using Whatman no. 42 filter paper to
remove some insoluble substances that could clog the
atomizer. The volume was adjusted to the mark with
distilled water [14]. The digested samples were taken
for analysis to determine the concentrations of Ni, Fe,
Cu, Pb and Zn using AAS (Model AA FS280). The
analysis was done in triplicate.

Water quality index (WQI)
This provides a single number that expresses the overall
water quality at a certain location and time based on
several water quality parameters. It is helpful for the
selection of appropriate treatment technique to meet the
concerned issues. The WQI based on Shannon entropy
method [15] was calculated using the following
equation:

YQiwi

1)

The quality rating scale (Qi) for each parameter is
calculated using this expression:

Qi =100 [(4=2)]

Si—-Vo

)
where; Wi = unit weight; Vi = estimated concentration
of ith parameter in the analyzed water; Vo = the ideal
value of this parameter in pure water; Vo = 0 (except
pH = 7.0 and DO = 146 mg/L); Si = WHO
recommended standard value of ith parameter.
The water quality index is classified into the categories
[16];
0- 25= Excellent; 26 — 50= Good; 51 — 75= Poor; 76 —
100= Very poor; > 100= Unfit for consumption.

Heavy metal evaluation index (HEI)

HEI provides an overview of the water quality with
respect to heavy metals. The HEI index is calculated
based on maximum allowable concentration (MAC)
for each target heavy metal using:

HEI =Y HEI; (3)

where HElIi is the pollution index corresponding to ith
heavy metal calculated as:

HEl = = (@)

Himac
where Himac is the maximum permissible concentration
of ith heavy metal. This method divides the water
quality into three classes to demarcate the different level
of contamination including: low (HEI < 10), moderate
(HEI = 10-20), and high (HEI > 20) [15].

RESULTS AND DISCUSSION

Physicochemical parameters

Table 1 indicated that the pH values are within the
permissible limit except for UZW which has a value of
4.5740.03 and is below the permissible limit set by
WHO [17], implying that it is slightly acidic. The low
pH in UZW could be as a result of high quantity of
effluents from the industry and also heavy metals
leached from the environment. This might also be due
to the presence of COg, nitrate and sulphate ions in
water. DO, BOD, EC, TDS are all within the
permissible limit. The result for turbidity for all the
samples exceeded the permissible limit except UTW.
The high values of turbidity may be as a result of the
presence of clay, silt, finely divided organic and
inorganic matter, colored organic compound, plankton
and other microscopic organisms in the water body
WHO [17]. COD and TH also exceeded the permissible
limit for all the samples except KTW. Increase in COD
is due to oxidized organic matter and can also be
attributed to the inflow of sewage into the water bodies.
The high values of TH may be as a result of formation
of crust in pipes. Dissolved oxygen (DO) varied
between 1.45 mg/L (UTW) and 2.05 mg/L (KTW) and
they were below the permissible limit of 4- 6 mg/L[17]
for all the water samples. The low level of DO could be
due to leaching of phosphorus, potassium and nitrogen
from the soil as a result of fertilizer application, which
leads to eutrophication; the excessive growth of algae.
The result obtained was lower than that of Yunana et al.
[9] with values ranging from 3.9 to 8.3 mg/L.

The quality of water is important to the health
of humans as well as the plants and animals that live in
and around streams or rivers. The values of these
physicochemical parameters are harmful for human,
animal and plant health when they occur more than the
permissible limits [18].

Concentrations of heavy metals

Table 2 shows the concentrations of the heavy metals
determined in the water samples studied. The
concentrations of Ni exceeded the permissible limit of
0.02 mg/Lfor all the samples except ATW (0.01 + 0.30
mg/L) and the control (CTW) (0.01 + 0.24 mg/L). The
high levels of Ni could be attributed to natural sources
like direct leaching from rocks and sediment and
anthropogenic  activities; this may result in
cardiovascular and kidney disease. Nickel is an
essential mineral element but is also categorized as a
toxin if its level exceeds certain limits. It acts as an
activator.
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Table 1: Physicochemical parameters of the water samples

Parameter UTW ATW KTW uMw uzw CTwW WHO
(2012)

pH 6.95+0.01 6.78+0.01 6.66+0.01 6.55+0.00 4.57+0.03 6.97+0.01 6.5-85

DO (mg/l)  1.45+0.07 1.9540.07 2.05+0.07 1.65+0.07 1.80+0.00 1.40+0.00 4.0-6.0

BOD(mg/l) 0.75%0.07 0.90+0.00 0.70+0.00 0.45+0.07 0.40+0.00 0.37£0.00 6

Turbidity  7.40+0.00 5.10+0.14 18.60+0.14  42.90+0.14  6.10+0.14 0.40+0.00 5

(NTU)

EC(us/cm)  146.00+0.00 65.40+0.14 57.20+0.14  59.00+0.28  304.50+0.71 36.01+0.01 400

TDS(mg/l) 74.90+0.43  32.65+0.07 28.40+0.14 29.45+0.21  151.95+0.07 11.10+0.02 500

COD(mg/l) 95.00+7.07  120.00+0.00 120.00+0.05 125.00+7.07 105.00+7.07 30.00+0.00 80

TH (mg/l)  222.20+0.00 176.76+7.14 101.01+0.00 161.61+0.00 126.26+7.14 99.20+0.00 150

Table 2: Concentrations (mg/L) of heavy metals in the water samples

Sample Ni Fe Cu Pb Zn

ATW 0.01+0.30 2.41+0.05 0.34+0.03 BDL 0.10+0.08

uUtTw 0.04+0.01 3.14+0.04 0.39+0.08 0.716x0.00 0.09+0.04

uzw 0.24+0.10 1.46+0.01 0.38+0.02 BDL BDL

umMw 0.26+£0.13 8.77+£0.08 0.41+0.03 BDL BDL

KTW 0.33+0.10 2.85+0.01 0.43+0.01 BDL BDL

CTW 0.01+0.24 0.73+0.09 0.32+0.01 BDL BDL

WHO (2012) 0.02 0.3 2 0.01 3

BDL = Below Detection Limit.

or cofactor for a number of enzymes as well as
hormones, while excessive intake may lead to cell
damage, alteration of enzyme and hormone activities
[19]. The result obtained from this study, is higher than
that reported by Yakubu et al. [20] with values ranging
from 0.03- 0.05 mg/l. The concentrations of Fe obtained
in this study were above the permissible limit of 0.3
mg/I for all the samples, including the control. Fe is one
of the most abundant resources in the earth’s crust; its
high concentration may be as a result leaching from
soils and rocks. Concentration of dissolved iron in Deep
Ocean is normally 33.5 x 10° mg/ | or 0.6 nM. Its
concentration is low in freshwater with a detection level
of 5 pg/l — ICP, whereas in groundwater the dissolved
iron concentration is very high with the level of 20 mg/I
[21].

High concentration of iron in wastewater
contributes to soil acidification and loss of availability
of phosphorus and molybdenum when applied to the
soil [22]. Increase in soil acidity increases the
availability of metals for plant uptake. Consumption of
large quantity of iron can lead to hemochromatosis, a
severe disease that can damage the body organs [23].
Also, it has been reported that iron toxicosis occurs via
four stages (i): iron toxicosis after 6 hrs of iron overdose
is marked by gastrointestinal effects (gastro intestinal
bleeding, vomiting and diarrhea). (ii): iron toxicosis
within 6-24 hrs of iron dose is considered as period of
apparent medical recovery (latent period). (iii): iron
toxicosis between 12-96 hrs of iron dose is marked by
shocks, lethargy, tachycardia, hypotension, hepatic
necrosis, metabolic acidosis and sometimes death. (iv):
iron toxicosis within 2-6 weeks of iron dose is marked
by the formation of gastrointestinal ulcerations and
development of strictures [24]. The values of Fe in this
study was higher than the highest value of 5.30 mg/I
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reported by Adefemi and Awokunmi [12] and are
similar to 1.68 to 5.45 mg/l obtained from Abui et al.
[25].

The concentration of Cu was in the range of
0.32 — 0. 43 mg/l and were below the permissible limit
of 2 mg/1 [17]. Copper is an essential element for normal
human growth, but becomes a toxin at high levels [19].
The estimated safe and adequate intake for copper is
1.5-3.0 mg/day. Excessive ingestion of Copper could
lead to severe mucosal irritation and corrosion;
capillary, hepatic and renal damages; and
gastrointestinal and neural disturbances [26]. Copper
toxicity seldom occurs but may occur and its
consequences may be severe. Intakes of supplements
exceeding 3 mg copper/day for a protracted period of
time may be a cause for concern [27].

The results for this study showed that the
concentrations of Zn were below the permissible limit
for all the samples and those of UZW, UMW, KTW and
CTW were below the method’s detection limit for Zn.
Zinc can be cytotoxic when it is in high concentration
in human body [28]. Zinc is an important essential
mineral that people need to stay healthy; its deficiency
in humans is now known to be an important
malnutrition problem world-wide. Zinc deficiency can
lead to growth failure during growth periods, and
epidermal, gastrointestinal, central nervous, immune,
skeletal, and reproductive systems are the organs most
affected clinically by zinc deficiency [29].

The Pb concentrations were all below
detection limit for all the samples except for UTW
which exceeded the permissible limit of 0.01 mg/L [17].
The concentration of Pb in UTW may be attributed to
the discharge of untreated municipal, agricultural and
urban effluent into the water body. The concentration of
Pb was lower than the highest value of 0.55 mg/l
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reported by Owuna [30] and lower than 0.83 to 3.97
mg/l as reported by Abui et al. [25]. Lead consumption
can result in adverse health effects such as the
dysfunction of some vital organs such as kidneys, liver
and heart. Also, multiple organs in the body are targeted
by Lead due to systemic toxicity as emphasized by
Mahurpawar [31]. It has been reported that Pb and Cd
are toxic to forage crops even at low concentrations
[32].

The trace elements and heavy/toxic metals,
which are present in many rivers water or wastewater
used for irrigation exhibit serious toxicities to plants
although in most cases, the plants themselves
accumulate these metals. When wastewater is used to
irrigate crops, the quantity of heavy metals increases in
the soil as well as in cultivated products [33]. By
extension, when the plants are consumed by livestock
possible health hazards can be developed.

Water Quality Index for analyzed water samples

Table 3 shows the water quality index (WQI) with
respect to the physicochemical parameters for the
analyzed water samples. The water from UTW (48.51)
and CTW (43.76) were of good quality, UMW (61.65)
poor, ATW (79.92) very poor, KTW (155.67) and UZW
(165.04) unfit. When the quality of water is poor, it
affects not only aquatic life but the surrounding
ecosystems as well and consequently the human health

[1].

The heavy metal evaluation index (HEI) of the
water quality with respect to heavy metals (Table 4)
indicated that water samples ATW (8.73) and CTW
(3.09) were < 10 which implies the pollution at these
sites is low, water sample UZW (17.06) with index 10
— 20 indicating pollution is moderate, while KTW
(26.22), UTW (28.70) and UMW (42.44) the pollution
is high (> 20) hence not suitable for consumption or
irrigation purposes [15]. Wastewater irrigation is known
to contribute significantly to the heavy metal contents
of soil and plants [34].

Table 3: Water Quality Index for selected water sample sites

Parameter utTw ATW KTW UMW uzw CTW
pH 2.026716 8.106863 12.71304 16.58222 89.54399 1.105481
DO (mg/l) 37.80525 36.41754 36.12967 30.8534 36.84937 37.72455
BOD(mg/l)  2.878858 3.454629 2.686934 7.600184 1.535391 1.420237
Turbidity 2.210963 28.18977 102.8098 2.072778 33.71718 2,210963
(NTU)
EC(us/cm)  0.126094 0.056483 0.049401 2.964072 0.262984 0.0311
TDS(mg/l)  0.0414 0.018947 0.015698 0.040765 0.083989 0.006135
COD(mg/l)  2.051186 2.590972 0.647743 0.101739 2.2671 0.647743
TH (mg/l) 1.364778 1.085583 0.620359 1.439429 0.775434 0.609243
ywWaQl 48.50525 79.91989 155.6726 61.65459 165.0354 43.75545
STATUS Good Very Poor Unfit Poor unfit Good
Table 4: Heavy Metal Evaluation Index (HEI) for the analyzed water samples
Sample HEI; HEI status
Ni Fe Cu Pb Zn {YHEIi}
ATW 0.50 8.03 0.17 - 0.03 8.73 Low
UTw 2.00 10.47 0.20 16.00 0.03 28.70 High
uzw 12.00 4.87 0.19 - - 17.06 Medium
UuMw 13.00 29.23 0.21 - - 42.44 High
KTW 16.50 9.50 0.22 - - 26.22 High
CTW 0.50 243 0.16 - - 3.09 Low
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REFERENCES

The results for the water quality index (WQI) for the
analyzed water samples indicated that water from UTW
(48.51) and CTW (43.76) were of good quality. The
heavy metal evaluation index (HEI) of the water
indicated that only water samples from ATW (8.73) and
CTW (3.09) had low pollution levels. Hence except for
the sample from UZW (17.06) that is moderately
polluted, all the other samples are not suitable for
consumption or irrigation purposes. Thus, the water
from river Romi is unsafe for irrigation and could be
harmful for human and plant health.

Nigerian Journal of Scientific Research, 23(1): 2024; journal.abu.edu.ng; https://njsrabuzaria.com.ng

1. ANJU, D., ARUN, N. & SAYEED, A. (2011). Metal
analysis in Citrussinensis fruit peel and
psidumguajava leaf. Toxicology
International, 18(2): 163-168.

2. KOUASSI, N.L.B., YAO, K.M., TROKOUREY, A.
& SORO, M.B. (2015). Distribution, Sources
and Possible Adverse BiologicalEffects of
Trace Metals in Surface Sediments of a
Tropical Estuary. Environmental Forensic, 16:
96-108.

127



Yashim et al. (2024); Assessment of water quality used for irrigation along Romi river of Chikun LGA

3. CHAKRABORTY, S., CHAKRABORTY, P., &
NATH, B.N. (2015). Lead Distribution in
Coastal and Estuarine Sediments Aroundindia.
Mar. Pollution Bulletin, 97: 36-46.

4. FONSECA, AR., FERNANDES, L.F.S.,
FONTAINHAS-FERNANDES, A,
MONTEIRO, S.M. & PACHECO, F.AL.
(2017). The Impact of Freshwater Metal
Concentrations on the  Severity of
Histopathological Changes in Fish Gills: A

statistical ~ perspective.  Science  Total
Environment, 599: 217-226.
5. TAIWO, AM. & AWOMESO, JA. (2017).

Assessment of trace metal concentration and
health risk of artisanal gold miningactivities in
ljeshaland, Osun State Nigeria—Part 1.
Journal of Geochemical Exploration, 177: 1-
10.

6. LI, B., WANG, Y., JIANG, Y., LI, G, CUI, J,,
WANG, Y., ZHANG, H., WANG, S., XU, S.,
& WANG, R. (2016).The accumulation and
health risk of heavy metals in vegetables
around a zinc smelter in northeastern China.
Environmental Science Pollution Research,
2016.

7.EZE, O.C., TUKURA, B.W., ATOLAIYE, B.O. &
OPALUWA, O0.D. (2018).Assessment of
Some Physicochemical Parameters of Soil and
Heavy Metals in Vegetables Cultivated on
Irrigated SitesAlong The Bank of Mpape River
In FCT, Abuja, Nigeria. IOSR Journal of
Environmental Science, Toxicology and Food
Technology (IOSR-JESTFT), 12(5): 28-38.
www.iosrjournals.org

8. ODIGURE, J.O.,, ABDULKAREEM, A.S,
ADENIYI, O.D. & ABDULLAHI, O. (2002).
Corrosion monitoring in Nigerian Petroleum
Industry: A case study of Kaduna
Petrochemical refinery. Indian Journal of
Engineering and Material Science (IJEMS), 9:
335 - 338.

9. YUNANA, M.A,, SIAKA, S. & SIMON, S. (2012).
Effects of Refinery and Petrochemical
Effluents on the Vegetation of Romi River
Area of Kaduna State. World Journal of
Applied Science and Technology, 4(2): 179 -
188.

10. AKPAN, S.B., AKPAN, O.D. & ERNEST, LJ.
(2019a). Analysis ofsoil enhancing technology
use intensity in waterleaf production in Eket
agricultural zone of Akwa Ibom State, Nigeria.
Journal of Wetland and Waste Managiment,
3(1): 41-48.

11. ZAKY, S.K.,, ABUBAKAR, U.S., EZRA, AG,,
ABDULHAMEED, A., & NAYAYA, AlJ.
(2019). Impacts on Urban Tropical River:
Heavy Metal Pollution Perspective. ~ FUW
Trends in Science & Technology Journal, 4(3):
744- 749,

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

ADEFEMI, S.0. & AWOKUNMI, E.E. (2010).
Determination of physicochemical parameters
and heavy metals in water samples from
Itaogbolu area of Ondo -State, Nigeria. African
Journal of Environmental Science and
Technology, 4(3): 23.APHA: American Public
Health Association, Standard Methods: For the
Examination of Water and Wastewater, APHA,
AWWA, WEF/1995, APHA Publication, 1995.

AKAN, J., KOLO, B. YIKALA, B. &
OGUGBUAJA, V. (2013). Determination of
some heavy metals in vegetable samples from
Biu local government area, Borno State, North
Eastern Nigeria. International Journal of
Environmental Monitoring and Analysis, 1:
40-46.

EHSAN, K.M., NASERI-RAD, M., RONNY, B. &
KEI, N. (2020). Use of Heavy Metal Content
and Modified Water Quality Index to Assess
Groundwater Quality in a Semi Arid Area.
Water, 12:1115;d0i:10.3390/w12041115.
www.mdpi.com/journal/water.

LINGSWAMY, M. & SAXENA, P.R. (2016).
Assessment of the quality of water of Hussain
Sagar, Fox Sagar and Kattamysamma lakes of
Hyderabad, Telangana state, India: Using
water quality index (WQI). Current Word
Environment, 11(2): 537- 543.

WORLD HEALTH ORGANIZATION (WHO)
(2012). WHO Guidelines for drinking water
quality, 4th ed. World Health Organization,
Geneva. 219-229.

SIVARANJANI, S., AMITAVA, R. & SAMRATH,
S. (2015). Water Quality Assessment with
Water Quality Indices. International Journal
of Bioresource Science 2 1(2): 85 — 94.

YAKUBU, S., ADENIYI, S.A. & FOLORUNSHO,
J.0. (2017). Assessment of irrigation water
quality sourced from River Galma in Zaria,
Nigeria. Journal of Sciences and Social
Sciences, 3 (2): 193- 199.

MONISHA, J., TENZIN, T., NARESH, A,
BLESSY, B.M. & KRISHNAMURTHY, N.B.
(2014). Toxicity, mechanism and health
effects of some heavy metals. Interdisciplinary
Toxicology, 7(2): 60-72. 71.

ABAGALE, F.K., SARPONG, D.A., OJEDIRAN,
J.0., OSEI-AGYEMANG, R.,SHAIBU, A.G.
& BIRTEEB, P.T. (2013). Heavy metal
concentration in wastewater from car washing
bays used for agriculture in the tamale
metropolis, Ghana. International Journal of
Current Research, 5(6): 1571-1576.

SINCLAIR, V. (2011). Health effects of iron in
drinking water. Hepatology, 30: 1103-1109.
http://www.livestrong.com/article/155098-
health-effects-of-iron in-drinking water/.25.
steatohepatitis.

SHOWKAT, A.B., TEHSEEN, H. & SABHIYA,
M. (2019). Heavy metal toxicity and their

Nigerian Journal of Scientific Research, 23(1): 2024; journal.abu.edu.ng; https://njsrabuzaria.com.ng 128


http://www.iosrjournals.org/
http://www.mdpi.com/journal/water

Yashim et al. (2024); Assessment of water quality used for irrigation along Romi river of Chikun LGA

harmful effects on living organisms — A
REVIEW. International Journal of Medical
Science and Diagnosis Research (IJMSDR),
3(1); 106-122.

23. ABUI, Y.M,, EZRA, V., BONET, R.A. & AMOS,
B. (2017) Assessment of heavy metals level of
River Kaduna at Kaduna metropolis, Nigeria.
Journal of Applied Science and Environmental
Management, 21(2): 347-352.

24. AMIR, I, RIAZ, M., AKHTAR, S., TARIQ, I.,
ZULFIQA, A. & HASHMI, M.S. (2015).
Estimated daily intake and health risk of heavy
metals by consumption of milk.  Food
Additives and Contaminants: Part B:
Surveillance, DOl:
10.1080/19393210.2015.1081989.

25.KORTEI, N.K, KORYO-DABRAH, A,
AKONOR, P.T., MANAPHRAIM, N.Y.B.,
AYIM-AKONOR, M., BOADI, N.O,
ESSUMAN, E.K. & TETTEY, C. (2020).
Potential health risk assessment of toxic metals
contamination in clay eaten as pica
(geophagia) among pregnant women of Ho in
the Volta Region of Ghana. BMC Pregnancy
and Childbirth, 20: 160.
https://doi.org/10.1186/s12884-020-02857-4

26. SHIBAZAKI, S., UCHIYAMA, S., TSUDA, K. &
TANIUCHI, N. (2017). Copper deficiency
caused by excessive alcohol consumption.
British Medical ~ Journal, 2017.
bcr2017220921. https://doi.org/10.1136/bcr-
2017-220921.

27. ABDULLAHI, Y.F., YASHIM, Z.l. & AGBAII,
E.B. (2022). Assessment of heavy metals
contents in various part of Clarias gariepinusis
fish from fish ponds in Zaria, Nigeria. Science
Forum (Journal of Pure and Applied
Sciences), 22: 557 — 563.

28. YASHIM, Z.I. & ABDULLAHI, Y.F. (2023).
Comparative study of some heavy metals
content in wild and cultured catfish (Clarias
gariepinusis) sold in Samaru- Zaria, nigeria.
FUDMA Journal of Sciences (FJS), 7(3): 152
—157.

29. OWUNA, B.D. & EMMANUEL, E.A. (2023).
Contributions of heavy metals on
Underground Water quality of Dumpsite in
Rukpokwu, Rivers State, Nigeria. Scholar
Journal of Engineering Technology, 11(10):
261-267.

30. MAHURPAWAR, M. (2015). Effects of heavy
metals on human health. Social issues and
environmental problems. International
Journal of Research, 3(9): 23-4.

31. ILEKTRA, S. (2022): Heavy Metal Toxicity Effects
on Plants. Toxics 2022, 10: 715
https://doi.org/10.3390/toxics10120715

32. MOHANTY, B. & DAS, A. (2023). Heavy metals
in agricultural cultivated products irrigated
with wastewater in India: A review. AQUA —
Water Infrastructure, Ecosystems and Society,
72(6): 852. doi: 10.2166/aqua.2023.122.

33. KAUSAR, S., FAIZAN, S. & HANEEF, 1. (2017).
Effect of Wastewater Irrigation on Heavy
Metal Accumulation, Growth and Yield of
Vegetables. International Journal of Plant and
Environment, 3(1): 65-76.

Nigerian Journal of Scientific Research, 23(1): 2024; journal.abu.edu.ng; https://njsrabuzaria.com.ng 129


https://doi.org/10.1186/s12884-020-02857-4
https://doi.org/10.1136/bcr-2017-220921
https://doi.org/10.1136/bcr-2017-220921
https://doi.org/10.3390/toxics10120715

