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Abstract

Water bodies have been severely degraded in recent years due to the indiscriminate use of
agro-allied chemicals. The study assesses the agro-allied chemical pollution on the surface
water quality in River Lamurde and Mayo Gwoi. Water samples were collected from twenty-
one (21) sample locations along the River Lamurde and Mayo-Gwoi to determine the
seasonal variation during the wet and dry seasons through field determination of water
qguality and laboratory-based analysis at Taraba State Rural Water Supply and Sanitation
Corporation (TAWASCO) lJalingo laboratory. The water quality parameters that were
subjected to test include: Calcium (Ca), Nitrate (NOs’), Zinc (Zn), Nitrite (NO2), Chromium
(Cr), Phosphate (PO4%), Iron (Fe), Sulfate (SO4) and Copper (Cu), The data acquired from the
laboratory test was subjected to the analysis of variance (ANOVA). The result of the
laboratory analysis shows that the concentration of copper during the dry season and
Sulfate during the wet season in river Lamurde and Mayo Gwoi falls within the permissible
limits of WHO/NSDWQ while the concentration of Calcium (Ca), Nitrate (NOs’), Zinc (Zn),
Nitrite (NO2’), Chromium (Cr), Phosphate (POs>) and Iron (Fe) far exceeds the permissible
limits of WHO/NSDWQ during the dry and wet season. The findings show that the main
causes of the pollution are human activities such as fertilizer application and other agro-

© 2023 by the author. This is an open access article distributed under the

@ @ conditions of the Creative Commons by Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium or format,
provided the original work is correctly cited.



http://creativecommons.org/licenses/by/4.0/
mailto:bwadiben@gmail.com
mailto:adelalutopegabriel@yahoo.com
mailto:chriswenfuh@gmail.com
mailto:alhassantijjani2020@gmail.com
mailto:bwadiben@gmail.com
https://www.lidsen.com/journals/aeer/aeer-special-issues/Hydrolog-Water-Sediment-Simulat-Model

Adv Environ Eng Res 2023; 4(1), doi:10.21926/aeer.2301008

allied chemicals around the bank of River Lamurde and Mayo Gwoi. It was recommended
that prevention of pollution, treatment of polluted water, safe use of environmentally
friendly fertilizers, and other agro-allied chemicals and protection of the ecosystem, among
others are desirable actions that will guarantee not only sustainable good quality but also
the use of Lamurde and Mayo-Gwoi River water by man.
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1. Introduction

Water is the source of all life. Man's survival on the planet would be jeopardized without water,
and he would be driven to extinction. All biological creatures require water to carry out
complicated biochemical reactions that contribute to the survival of life on Earth. Aside from the
air we breathe, water makes up more than 70% of the earth's surface and is one of the most
crucial components of man.

According to Bwadi, Yusuf, Abdullahi, Giwa, and Audu [1] water is a common natural chemical
substance containing two atoms of Hydrogen and an atom of Oxygen. Its common usage refers to
liquid form, though it has other forms: solid water - ice and gaseous forms - water vapor and
steam. Water is indispensable for the life and socioeconomic development of any society. It is
used in domestic activities (cooking, drinking, washing, bathing etc.), agricultural activities
(irrigation, gardening), generation of power (hydroelectric power plants), running industries,
recreational activities etc. It is essential for human existence and the sustenance of life. Water
constitutes 60—70% of the total body weight. A man can live for several days without food but only
survive for a few days without water.

Even though water covers around 70% of the earth's surface, only 2.53% is freshwater, with the
rest being salt water [2]. The World Water Council also records that of the 3 percent of fresh
water, only 0.3 percent is found in rivers and lakes, the rest being frozen [3]. This suggests that
man has a relatively low amount of freshwater resources with which he carries out his activities.
Unfortunately, man’s influence has begun to degrade the freshwater resource available for his
development. When effective waste management is not in place, cities are among the most
dangerous locations where water bodies are contaminated [2]. Some governments in rapidly
urbanizing cities worldwide, particularly in Africa, are contending with rising demand for social
utilities such as water, garbage collection, sanitary facilities, appropriate housing, and security.
The demand for social amenities has outstripped the ability of city governments to offer them in
some African cities. Some residential and industrial institutions are built near dumping garbage
into rivers, polluting rivers. According to Danquah, Abass, and Nikoi [4] a river is said to be
polluted when the water in it is altered in composition or condition, directly or indirectly as a
result of man's activities, so that it is less important for all the purposes for which it would be
suitable in its natural state, 'according to Danquah et al. [4], rivers that flow through cities are
more likely to be contaminated, which can have major consequences for the health and
socioeconomic well-being of individuals who live nearby and those who use the water body
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downstream [5] River pollution from city-based industries and untreated sewage can lead to
serious health problems in downstream settlements, according to the report [5]. Some rivers lose
their quality after passing through cities due to various human and agricultural activities
contributing to pollution. Settlements downstream that rely heavily on river water for domestic
purposes are forced to seek more expensive alternatives where such communities do not have
piped water.

The introduction of agro-allied chemical elements into water bodies changes the original
composition of water bodies worldwide. When fertilizers are applied at a higher rate than they are
fixed by soil particles or exported from the soil, excess nitrogen and phosphates can leak into
groundwater or enter streams through surface runoff. Because phosphorus is less soluble than
Nitrate and ammonia, it tends to bind to soil particles and enter water bodies through soil erosion.
Feedlots are frequently placed on the banks of watercourses in animal rearing. (Nutrient-rich)
animal waste (e.g., urine) can be dumped directly into those bodies of water. Manure is typically
collected as an organic fertilizer, but the excessive application can result in water pollution.
Manure is not stored in confined locations and can be carried into waterways by surface runoff
after severe rainstorm events [6].

Nutrient loads provided to water bodies in feed aquaculture are essentially a consequence of
feed composition and feed conversion (fecal wastes). In intensive-fed aquaculture, the uneaten
feed can contribute significantly to nutrient loads in the water. When combined with other
stresses, high nutrients loads can induce eutrophication in lakes, reservoirs, ponds, and coastal
waterways, resulting in algal blooms that suffocate aquatic plants and animals. Despite data
inadequacies, 415 coastal sites have been recognized as being affected by eutrophication, with
169 hypoxic (WRI, 2008). Due to high quantities of nitrate in drinking water, excessive nutrient
accumulation may have negative health consequences, such as blue-baby syndrome [6]. In many
nations, agriculture use insecticides, herbicides, and fungicides extensively. They can pollute water
resources with carcinogens and other harmful compounds that can harm humans if used and
maintained incorrectly. Pesticides may also influence biodiversity by eliminating weeds and insects,
resulting in negative consequences farther up the food chain. Acute pesticide poisoning is a
leading cause of illness and mortality in humans worldwide, particularly in developing nations,
where poor farmers frequently use highly toxic pesticide formulations [7]. The flood plain of the
River Lamurde and River Mayo-Gwoi in Jalingo Local government area, Taraba state, Nigeria is
intensively cultivated through irrigation and rain-fed agriculture. This is made realistic through
farm manures, inorganic fertilizers, and pesticides. Many settlers along the river course rely on it
for drinking water. The increasing rate of agro-allied chemicals is a source of pollution affecting
the water quality. The people who live along the river course have faced many health challenges
due to the river’s pollution. Several have been infected with typhoid, diarrhea and cholera. The
bioaccumulation of agro-allied chemicals product over time can be carcinogenic (causes problems
in the body’s tissues) [8].

Generally, the River Lamurde and Mayo-Goi are very important to the people that live along its
course. The following are some of the important things derived from the river: boreholes drilled in
the area to be used during the dry season irrigation farming, and it serves as sources of drinking
water for the inhabitants along the course of the rivers during the dry season. The water is also
utilized for domestic purposes such as: washing clothes, utensils, plates, cooking and drinking. The
rivers are also used as a recreational center for children and teenagers that live in the area. But
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the increasing risks to humans health caused by the indiscriminate use of agro-allied chemicals in
agriculture on the flood plain of River Lamurde and Mayo Gwoi necessitates this study to be
carried out to determine the surface water pollution and the potential consequences of the
accumulations of the agro-allied chemicals on the people that live at the course of the river.

Waste from the agrochemical industry, fertilizers, and pesticides (including herbicides and
insecticides), are all commonly utilized in crop fields to increase production. Pesticides improperly
disposed of from field, farms and agricultural activities add significant contaminants to water
bodies and soils. DDT, Aldrin, Dieldrin, Malathion, Hexachloro Benzene, and other pesticides are
examples.

Pesticides pollute water bodies by surface runoff from agricultural fields, drifting from spraying,
washing down of precipitation, and direct dusting and spraying of pesticides in low-lying regions.
Most of them are non-biodegradable and will remain in the environment for a long time. These
compounds might enter the human food chain, resulting in biomagnification.

Nutrient sources in surface water may be split into two categories: natural and man-made.
Natural sources contribute little to pollution because the natural system maintains a balance
between the production and consumption of nutrients over some time.

Agriculture, household, and industrial wastes are all anthropogenic sources of pollutants.
Human land use and disturbance gradients have been linked to nutrient concentrations in streams
and rivers. Both nitrogen and phosphorus enrichment is linked to the watershed's agricultural and
urban land uses of the total nitrogen fluxes in temperate zones. The net anthropogenic nitrogen
intake in the basins of rivers that border the North Atlantic Ocean is significantly connected [9].
River total nitrogen and nitrate flows and concentrations are also linked to human population
density [9]. The major source of nitrogen in streams and rivers is nitrogen fertilizer [10].

Similarly, anthropogenic nutrient enrichment causes in aquatic systems include point and
nonpoints [11]. Nonpoint sources of nutrients, such as livestock, agricultural fertilizers, and urban
runoff, have more geographical and temporal variability than point sources of nutrients, which are
relatively straightforward to monitor and control. As a result of the Clean Water Act's strict control
of point source inputs, nutrients from nonpoint sources are currently the primary source of water
contamination in the United States [11].

Many scholars wrote on the quality of surface water in other parts of the world and the study
area in particular. Osibanjo, Daso, and Gbadebo [12] in their study on the impact of industries on
the surface water quality of the Ona and Alaro rivers in the Aluyole Industrial Estate using
laboratory analysis. The study concluded that both rivers were affected by the industrial discharge.
Oladipo, Akinwumiju, Aboyeji, and Adelodun [13] in their studies on water quality where the fuzzy
logic was compared with the water quality index methods to measure the distribution level of
water pollution in the lkare community of southwestern Nigeria. The study revealed that the fuzzy
logic inference was superior to the water quality index. Other studies on the pollution of surface
water quality include Yang et al. [14], Ly and Giao [15], Kamboj and Kamboj [16] and Xu et al. [17].
From the study area, Tsunatu, Kurutsi, Dickson, and Bingari [18] evaluate the physicochemical
properties of the Nukkai River in Jalingo, while Munta, Unamba, Mejor, and Nwajagu [19] examine
the water quality index of Water Supply Agency in Jalingo.

Jalingo is a tropical sub-humid area with a well-defined dry season that lasts for half of the year.
The River Lamurde and River Mayo-Gwoi are the only rivers draining the town, which has
witnessed a rapid increase in population in recent times. As a result, the Rivers are extremely
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important in the study area for irrigation, domestic use, and recreation. The continued use of
agro-allied chemicals on farm fields along the river floodplains threatens the local people's
livelihood. As the human population expands, businesses and agricultural operations spread out,
and climate change threatens to produce substantial changes in the hydrological cycle, the loss in
water quality and the resulting loss in the supply of clean water has become a global issue of
concern. Water scarcity and poor quality, without a doubt; represent major challenges to long-
term development. Using agro-allied chemicals like herbicides, insecticides and pesticides has
resulted in a steady increase in food production in Jalingo town. The need to continually monitor
and assess the water quality becomes necessary as it directly or indirectly affects man.

Water bodies have been severely degraded in recent years due to the indiscriminate use of
agro-allied chemicals [20]. The use of agro-allied chemicals is regarded as one of the most
important factors contributing significantly to the increase in food production [21]. However, due
to the complicated structure of these compounds, their uncontrolled usage has polluted water
bodies, resulting in the loss of biodiversity and causing health problems [22]. Even at low
concentrations, water pollution caused by agro-allied chemicals is of great concern to the world
and its long-term cumulative health effects [23]. Nutrients, pesticides, salts, sediments, organic
carbon, pathogens, metals, and drug residues are major agricultural contributors to water
pollution and are important priorities for water pollution mitigation. Not much work has been
done on the effects of agro-allied chemicals on the water quality in Jalingo. Owning to this fact,
there’s a need for a study to be carried out on the agro-allied chemicals pollution of the water
quality of River Lamurde and River Mayo-Gwoi. Therefore, this study aims to assess the agro-allied
chemicals pollution on the water quality of River Lamurde Jalingo and River Mayo-Gwoi, in Jalingo,
Taraba State, Nigeria Hence, the hypothesis for this study: there is no significant relationship
between agro-allied chemical pollution and the surface water quality of River Lamude and River
Mayo-Gwoi in Jalingo.

2. Materials and Methods
2.1 The Study Area

Jalingo Local Government Area (LGA) is located between latitudes 8°47’ and 9°.01’ N of the
equator and longitudes 11°.09’ and 11° E of the green witch meridian (Figure 1). Lau Local
Government Area borders it on the north, Yorro Local Government Area on the east, and Ardo
Kola Local Government Area on the south and west. Its total land area is around 195 km?.
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Figure 1 The study area (River Lamurde and River Mayo Gwoi, Jalingo) (Source:
Authors Field Survey 2022).

According to the 2006 population census, Jalingo LGA has a population of 139,845, with a
projected annual growth rate of 3.6%. In 2020, Jalingo was expected to have a population of
165,774 [24]. The topography of the Jalingo LGA is rolling plains with mountain ranges
interspersed. This compact massif of rock outcrops (mountains) runs in a circular form from the
Kona area to the border of Jalingo and Lau LGAs down to Yorro and Ardo Kola LGAs to the Gorgon
area, given a periscopic semi-circle shape that acts almost as a shield around Jalingo town

Jalingo metropolis is drained by two major rivers, Mayo-gwoi and Lamurde, which originate in
the Yorro LGA mountain ranges and empty into the Benue River system at Tau village. The valley
of the River Lamurde is dotted with oxbow lakes formed by depositional activities. Jalingo LGA has
a tropical continental climate with distinct wet and dry seasons. The wet season typically begins in
April and lasts until October while the dry season lasts from November to March [25].

Jalingo lies 183 m above sea level. Jalingo's climate is tropical. In winter, there is more rainfall
in Jalingo than in summer. The climate here is classified as AW (The tropical wet-dry climate) by
the koppen-Geiger system. The average annual temperature is 27.9°C in Jalingo. In a year, the
average rainfall is 958 mm. Precipitation is the lowest in January, with an average of Omm. With an
average of 217 mm, the most precipitation falls in August. At an average temperature of 32.3°C
April is the hottest month of the year. December has the lowest average temperature of the year.
It is 25.9°C between the driest and the wettest months. The difference in precipitation is 217 mm.
During the year, the average temperature varies by 6.3°C.

The climate of Jalingo exhibits a simple pattern of east-west climatic zones distorted by the
influence of some highlands, with typically an increase in rainfall on the crest and to the windward
and a rain shadow on the leeward side [26]. If not for the effects of the highlands, the area would
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have had a simple rainfall gradient in a southwest/northeast direction as one would have
expected [27].

Jalingo is located within the northern guinea savanna zone characterized by grasses
interspersed with tall trees and shrubs. Some trees include locust beans, shea butter, eucalyptus,
baobab and silk cotton tree [28].

The major ethnic groups of Jalingo LGA are the Fulani, Kona and Mumuye, while other ethnic
groups such as Hausa, Jenjo, Wurkum and Nyandang are also found. The Hausa language is widely
spoken as a \medium of communication for social and economic interactions.

Massive farming activities occur along the River Lamurde, where cereals like maize, rice and
guinea corn are grown. Vegetables such as okra, onions, pepper (tartashe), bitter leaves, and
cabbage are also grown along the bank of River Laurde. Tuber crops such as cocoyam, cassava and
sweet potatoes are also grown in the area just to mention but a few [29].

The Rivers Lamurde and Mayo Gwoi meet in Jalingo town near Nukkai Bridge. The flood plain of
the River Lamurde is extensive on both sides. Despite the increasingly devastating effects of recent
floods in the area, the northern bank of the river is heavily populated, while the southern bank is
intensively cultivated. The farmers in the area use irrigation to cultivate the land three times a
year [30]. The southern part of the town's growth was stifled for a long time. Previously, lands
across the River Lamurde With the construction of new roads and bridges along these rivers and
an increasing urban population, the land uses along the river's floodplains are rapidly changing
(Oruonye, 2015). The River Lamurde is the area's primary source of recharge for underground
water, with a typical minimum yield of 648,240 m3 per year from boreholes within the river's
floodplain [31].

The basement rocks beneath the lowland plains appear as isolated rocky hills and ranges with a
serrated outline. The rocks are composed of fragments of highly metamorphosed sedimentary
rocks and diverse, primarily granitic, plutonic masses known as the older Granites. The oldest
rocks are remnants of an ancient sedimentary series nearly completely transformed into
migmatites and granite [26]. The basement rocks that underpin the lowland plains appear as
isolated rocky hills and low ranges with a serrated outline. The rocks are scattered remnants of
highly metamorphosed sedimentary rocks and diverse, primarily granitic, plutonic masses known
as the older Granites. The oldest rocks are remnants of an ancient sedimentary series that has
been almost entirely transformed into migmatites and granite [32]. Concretionary ironstone is
found throughout the area, frequently forming resistant caps; their texture varies greatly, but they
are generally vesicular and contain colitic or pisolitic ironstone. Kotzé, Sandhage-Hofmann,
Amelung, Oomen, and Du Preez [33] have discussed the wide distribution of these deposits and
their mode of origin.

2.2 Flow Chat of the Study Methodology

Figure 2 shows the flow chart illustrating the steps of the methodology in the assessment of
Agro-allied chemical pollution on Surface Water Quality of River Lamurde and Mayo-Gwoi, Jalingo,
Taraba State, Nigeria. The laboratory tests are recorded in the flow chart and categorized into
their parameters. The purpose of this study is to assess the contaminated level of the surface
water quality of River Lamude and River Mayo-Gwoi by agro-allied chemicals to ascertain whether
it would be suitable for consumption. The study involves analyzing data from previous studies
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published about the water quality of the study area. The first step is identifying the water quality
parameters that must be tested. Then this was followed by data collection from the sampled sites.
Next was the laboratory test to determine the agro-allied chemical pollution of the surface water
in River Lamurde and Mayo-Gwoi. After that, the water quality was analyzed based on
WHO/NSDWQ raw water quality standards to know whether the surface water from the study
area was potable or not for consumption. The next step is suggestions for the prevention of agro-
allied chemical pollution, treatment of polluted water, and safe use of environmentally friendly
fertilizers.

START

Assessment of Agro Allied Chemical Pollution on
Surface Water Quality of River Lanmirde and Mayo-
Gwot, Jalinge, Taraba State. Nigeria.

!

Study the previous work from the study area
to 1dentify the water quality parameters that
need to be tested

!

Data collection from the sampled sites

y

Laboratory test to determine the agro-allied chemical
pollution of the surface water in River Lanmrde and
Mayo-Gwol

!

Analyze the River Lammrde and River Mayo-Gwot's
Water Quality based on Water WHO/NSDWQ Faw Water
Cruality Standard

v

Suggestion for the prevention of pollution,
treatment of polluted water, and safe use
of environmentally friendly fertilizers

Writing the report

Figure 2 The flow-chart illustrating the steps of the methodology. (Source: Authors
Field Survey, 2022).

2.3 Collection of Data

The sampling locations were carefully chosen to include upstream and downstream areas of
the rivers (Figure 1). The upstream is comprised of the Lamudi River (A) and Mayo-Gwoi River (B),
while the downstream (C) is where the two rivers meet at Nukkai Bridge and flow down. The
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duration within which the data was collected is six months from March to August 2022. These
months cover dry and wet seasons in the area, when farming activities are ongoing and pollution
of water resources is likely to be high due to water's solvent activity. Water samples were
collected from twenty-one (21) sample sites along the Rivers and replicated three times in both
the dry and wet seasons, given sixty-three (63) samples each for dry and wet seasons respectively.
In each zone (A, B and C) seven sampling points were purposively selected for collecting water
samples one hundred (100) meters apart along the river course, giving rise to the 21 sites. The
coordinates of each of these points were taken using the Global Positioning Station (GPS). The
water was collected inside sterilized bottles and sent to the laboratory for analysis in Taraba State
Rural water supply and sanitation corporation (TAWASCO) Jalingo Taraba State, Nigeria.

Water samples were taken at each sampling site at a point in the river where there was good
mixing and stored in a clean plastic bottle. The samples were kept in ice on the field then
refrigerated at 4°C in the laboratory. Standard analytical methods were used to conduct agro-
allied chemical evaluations on water samples. The parameters that were subjected to laboratory
tests comprised: Nitrite, nitrate, zinc, Calcium, Chromium, sulfate, Iron, phosphorous and copper
to be measured by using HARCH DR 600 spectrophotometer.

Except for nitrate, all parameters were determined using Standard Method for water quality
analysis by American Public Health Association [34]. Nitrate was detected by nitrating 3,4-xylenol
in an acidic medium and extracting the nitration product with an appropriate organic solvent
(toluene). This was then treated with a strong alkali solution (NaOH) to produce a colored product,
the absorbance of which was measured at 432 nm with a CECIL CE202 UV spectrophotometer [35].

2.4 Methods of Data Analysis

The data acquired from the laboratory test was subjected to the analysis of variance (ANOVA)
process in a randomized design using the conventional linear approach of the statistical analysis
system. The hypothesis was developed to test if there is any significant relationship between agro-
allied chemicals pollution and the water quality of River Lamurde and River Mayo_Gwoi in Jalingo
town: The most appropriate statistical test for assessing the given hypothesis is the Analysis of
Variance ANOVA). This was performed with the Statistical Package for Social Sciences (SPSS).

3. Results and Discussion
3.1 Results

The use of observation and water quality testing of water sampled from the three zones, that is
the upstream River Lamude (A), River Mayo-Gwoi (B), and the downstream (C) where the two
rivers meet at Nukkai Bridge was used to present the results and discuss the findings in this study.

The results in Table 1 show the content of the agro-allied chemicals in the various sample
locations in the study area during the dry seasons. The table clearly states the variation in the
content of the agro-allied chemicals from the three sampling locations which are: (A) Lamurde
River, (B) Mayo-Gwoi River and (C) the main river downstream. From the table it can be seen that
at sample location (A) nitrite content was 520.3 mg/l; at location (B) the content was 578.7 mg/I
and at location (C) it was above 600 mg/I. From the same table we discovered that the distribution
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of copper in the three locations is in this order, at location (A) we have 0.93 mg/I, at location (B)
we have 2.09 mg/Il and at location (C) which is the main river we have 0 mg/I during the dry season.

Table 1 Average value of agro-allied chemical content of A, B and C water during the
Dry Season (for 63 Samples).

PARAMETERS (mg/L) A B C WHO#*/NSDWQ*
Calcium 28.2 40.04 35.06 60

Nitrate 153.02 346 275 50

Zinc 9.77 15.05 0.44 3

Nitrite 520.3 578.7 603.04 50

Chromium 2.54 1.46 1.61 0.05

Phosphate 18.58 22.15 16.86 0.01

Sulfate 318.5 421.4 103.1 100

Iron 3.26 1.87 0.49 0.3

Copper 0.93 2.09 0 2

Source: Field Survey, 2022

WHO*/ [36]
NSDWQ#* [37]

This work is similar to a study carried out on river Kaduna considering the Assessment of the
heavy metals level of River Kaduna at Kaduna Metropolis, Nigeria by Abui, Ezra, Bonet, and Amos
[38], in the study some heavy metals were tested to determine their contents in the River Kaduna.
In that study, most heavy metals were above the limit of NSDWQ/WHO as shown in Table 2.

Table 2 Mean value of agro-allied chemical content of A, B and C water during the dry

Season compare with the WHO[36]/NSDWQ[37].

PARAMETER A B C WHO/NSDWQ
Calcium mg/L 5.01+0.77°2 6.09 £0.47° 4.03 £0.31° 60

Nitrate mg/L 39.29+11.70° 49.43 +6.83° 21.86 +0.12° 50

Zinc mg/L 0.06 + 0.02° 2.15+0.27° 1.41+7.28° 3

Nitrite mg/L 86.2 £ 5.92° 82.67 + 10.552 74.33 +7.28° 50

Chromium mg/L 0.23+0.11° 0.21 +0.035P 0.36 +0.08° 0.05
Phosphate mg/L 2.41+0.31° 3.16 + 0.46° 2.65+0.15° 0.01

Sulfate mg/L 14.73 £0.42°2 60.2 £ 3.61° 455 + 5.66° 100

Iron mg/L 0.07 + 0.09° 0.27 +0.19° 0.47 +0.07° 0.3

Copper mg/L 0 0.30+0.10° 0.13 +0.05° 2

Source: Field Survey, 2022

There’s no significant difference between means with same superscript across rows (a = P >

0.05; b =P <0.05)

The results of the water samples in Table 3 suggest that the agro-allied chemicals utilized have
contaminated the River Lamurde and Mayo-Gwoi in Jalingo. These agro-allied chemicals were
released into the rivers without being treated.
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Table 3 Average value of agro-allied chemical content of A, B and C water during the
wet season (for 63 samples).

PARAMETERS (mg/L) A B C WHO/NSDWQ
Calcium 219 381 357 60

Nitrate 44?2 294.2 25441 50

Zinc 424 14.72 13.8 3

Nitrite 276 564.11 479 50

Chromium 0.61 3.39 3.69 0.05
Phosphate 10.03 91.2 58.57 0.01

Sulfate 0 0 0 100

Iron 242 6.89 4.36 0.3

Copper 0 12.66 19.92 2

Source: Field Survey, 2022

In his study, Tanko [39] found that the concentrations of agro-allied chemicals in surface water
and sediments are regulated by input from the source. Most of the agro-allied chemicals
examined were above the WHO's permissible limit, especially during the dry season when the
river's flow drops. Among the agro-allied chemicals examined nitrite had significant levels over the
WHO-permitted limit in the river during both the wet and dry seasons. The presence of high levels
of nitrates, copper, zinc, and sulfates in the river throughout both the wet and dry seasons
indicates the discharge of significant levels of agro-allied chemicals into the river. An excess of iron
in the body might create health problems such as gastrointestinal discomfort. Because of the
poisonous impact of iron compounds, excess iron in rivers can impede animal survival,
development, and reproduction.

3.2 Discussion

3.2.1 Agro-allied Chemicals Concentration on the Surface Water Quality along A, B and C during
the Dry and Wet Seasons

Calcium (Ca). The amount of Calcium in the 100 ml of water samples as obtained from the
laboratory analysis for the dry season along the Rivers were 28.2 mg/L, 40.04 mg/L and 35.06
mg/L for samples A, B, and C respectively as shown in Table 1, during the dry season and 219 mg/|,
381 mg/l and 357 mg/I for sample A, B and C as shown in Table 3 during the wet season. The
values for the dry season were lower than the WHO/NSDWQ and within the permissible limit of 60
mg/L required for drinking water quality. In contrast, during the wet season, the values were
greater than the WHO/NSDWQ and above the permissible limit of 60 mg/L during the wet season
as shown in Table 4. The result for calcium in this study is in contrast to that of Oyatayo, Songu,
Amos, and Nebula [40], who reported higher values in the hand-dug well water samples. The high
amount of calcium in the study area could result from the application of gypsum (a soft sulfate
mineral composed of calcium sulfate hydrate) by farmers within the study area since the study
area is used for crop production. The high calcium content results in water's hardness [41].Nitrate
(NO3). The nitrate (NO3’) levels obtained in the study were 153.02 mg/I, 346 mg/l and 275 mg/| for
sample sites A, B and C respectively as shown in Table 1 and during the wet season, sample sites A,

Page 11/20



Adv Environ Eng Res 2023; 4(1), doi:10.21926/aeer.2301008

B, and C NOs levels of 442 mg/l, 294.2 mg/l, and 254.41 mg/|, as shown in Table 3. These values
are above the permissible limit of 0.33 and 2.37 mg/I| reported by Popoola et al. [42] in the
assessment of natural groundwater Physicochemical properties in major industrial and residential
locations of the Lagos metropolis. All the nitrate values obtained in the study are above the
permissible limit of the World Health Organization [36] recommended guideline value of 50 mg/I.
as shown in Table 2 and Table 4 The high values of the Nitrate obtained in the study area could be
attributed to the overuse of chemical fertilizer or improper disposal of human and animal waste
within the study area. This implies that the nitrate concentrations obtained in the study are above
the permissible standards and might pose a health risk to either humans or animals that may drink
it [43].

Table 4 Mean value of agro-allied chemical content of A, B and C water during the wet
season compare with the WHO/NSDWQ.

Parameter A B C WHO/NSDWQ
Calcium mg/L 31.29 + 16.15° 54.43 +20.40° 51+12.03° 60

Nitrate mg/L 63.14 £ 15.75° 42.03 £ 167 36.34£7.18° 50

Zinc mg/L 0.61+0.70° 2.10+0.722 1.97 £ 0.30° 3

Nitrite mg/L 39.43 + 8.58° 96.29 + 14.58° 68.43 +20.14° 50

Chromium mg/L 0.09 + 0.06° 0.48 £ 0.30° 0.53+0.71° 0.05
Phosphate mg/L  1.43 +0.43° 13.03+1.45* 8.37+5.38? 0.01

Sulfate mg/L 0 0 0 100

Iron mg/L 0.35+0.12° 0.98 £ 0.46° 0.62 £0.39° 0.3

Copper mg/L 0 1.82 +0.34° 2.85+1.13° 2

There’s no significant difference between means with same superscript across rows (a = P >
0.05; b =P < 0.05)

Zinc (Zn). The amount of zinc obtained from the laboratory analysis was 9.77 mg/l, 15.05 mg/I
and 0.44 mg/| for samples A, B and C respectively as shown in Table 1 during the dry season. It was
4.24 mg/l, 14.72 mg/l, and 13.8 mg/| for sample site A, B, and C, as shown in Table 3 during the
wet season. The concentrations of zinc within the study area are above the range of 0.00 mg/I,
0.00 mg/I, 0.00 mg/l and 0.00 mg/| as reported by Oyatayo et al. [40] in the Assessment of heavy
metal concentration in hand-dug well water from selected land uses in Wukari town, Wukari,
Taraba State, Nigeria.

The laboratory values obtained are all above the permissible limits of 3 mg/| as stipulated by
WHO/NSDWQ as shown in Table 2 and Table 4. Since there is a high concentration of zinc within
the study area as indicated in this study, it is evident that people and animals that drink from
these sources could suffer from stomach cramps, nausea, vomiting and anemia [44].

Nitrite (NOy). The nitrite (NO2) levels obtained in this study are 520.3 mg/I, 578.7 mg/| and
603.04 for sampled sites A, B and C respectively as shown in Table 1 during the dry season and 276
mg/l, 564.11 mg/l and 479 mg/| for Nitrite (NO2) in sample sites A, B and C respectively as
indicated in Table 3 of this study during the wet season. Bamidele and Fasakin [45] reported a
higher value of 0.27 + 0.005 mg/l in their study of the physicochemical properties of coastal
waters in Ondo State, Nigeria. The high values of Nitrite obtained in the study area could be
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attributed to the overuse of chemical fertilizer or improper disposal of human and animal waste
within the study area. All the nitrite values obtained in the study area are higher than the WHO-
recommended guideline value of 50 mg/l as shown in Table 4. This implies that the nitrite
concentrations obtained in the study area are in excess and might disrupt the oxygen delivering
ability of hemoglobin in the bloodstream of humans and animals [46].

Chromium (Cr). The amount of chromium in samples A, B and C obtained from the laboratory
analysis are 0.61 mg/l, 3.39 mg/l and 3.69 mg/| for samples A, B and C respectively as shown in
Table 1 during the dry season and 0.61 mg/l, 3.39 mg/l and 3.69 mg/| for sample sites A, B and C
respectively as recorded in Table 3 of this study during the wet season. The concentrations of
chromium within the study area are above the range of 0.01 mg/l, 0.01 and mg/l, 0.01 mg/| as
reported by Oyatayo et al. [40] in an assessment of heavy metal concentration in hand-dug well
water from selected land uses in Wukari Town, Wukari, Taraba State, Nigeria.

The laboratory values obtained in this stud are all above the permissible limits of 0.05 mg/I as
stipulated by WHO/NSDWQ as shown in Table 2 and Table 4. The high value of chromium in the
study area could be a result of inadequate industrial waste disposal within the study area. Since it
is above the permissible limit for drinking water quality, it shows that it will imply the health of
people and animals that may drink from the source. Water containing chromium over the set limit

may have an erythropoietin effect such as the increased occurrence of goiter among humans and
animals.

Phosphate (PO4*). The amount of phosphate as obtained from the laboratory analysis was
18.58 mg/l, 22.15 mg/l and 16.86 mg/| for samples A, B and C respectively as shown in Table 1
during the dry season and 10.03 mg/l, 91.2 mg/l and 58.57 mg/I for sample sites A, B and C
respectively as shown in Table 3 of this work during the wet season. The obtained values are in
contrast to that of Musa, Shaibu, and Kudamnya [47] who reported 0.85 mg/I, 0.07 mg/l and 0.3
mg/l in Heavy Metal Concentration in Groundwater around Obajana and its Environs, Kogi State,
North Central Nigeria. The laboratory values obtained are above the permissible limit of 0.01 mg/I
stipulated by WHO/NSDWQ as shown in Table 2 and Table 4. Phosphate is necessary for the
formation of bone and teeth [48]. It is equally used as a building block for several important
substances, including those used by the cell for energy etc. Too much phosphorus can cause

increased growth of algae and large aquatic plants which can result in decreased levels of
dissolved oxygen (a process called eutrophication) [49].

Sulfate (SO4). The sulfate (SO4) concentration of the samples collected from the sites in the
study area are 318.5 mg/l, 421.4 mg/l and 103.1 for sample sites A, B and C respectively as shown
in Table 1 of this study during the dry season and 0 mg/| for all sample sites during the wet season.
The concentrations during the wet season are above 3.10 mg/l to 66.10 mg/L reported by Moses
and Ishaku [50] in evaluating the physicochemical properties of well water qualities in selected
villages in Zing Local Government Area of Taraba State, Nigeria. Also, the range found in this study
during the dry season is higher than the range of 13-63 mg/L reported by Popoola, Yusuff, and
Aderibigbe [42], in the Assessment of natural groundwater physio-chemical properties in major
industrial and residential locations of Lagos metropolis. The over-concentration of the sulfate in
the study area could be attributed to the high application of fertilizer containing sulfate and
calcium by the farmers around the study area. The permissible value by World Health Organization
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[36] is 100 mg/L. Therefore, the sulfate concentrations found in the water from the sampled sites
are above the permissible limit of WHO standards for good-quality water. Therefore, it can cause a
laxative effect on humans and animals when combined with calcium [51].

Iron (Fe). The amount of iron in samples A, B and C during the dry season were: 3.26 mg/|, 1.87
mg/l and 0.47 mg/I respectively as shown in Table 1 and 2.42 mg/l, 6.89 mg/I and 4.36 mg/I for
sample sites A, B and C during the wet season as shown in Table 3 of this study. These values of
iron concentration are above the permissible limit compared to the 0.3 mg/| permissible limits set
by WHO/NSDWQ in Table 2 and Table 4. The beneficial effects include; chlorophyll synthesis,
oxidation-reduction in respiration, and constituent of certain enzymes and proteins [52].

Excess concentration of iron has a negative effect as it can cause gastrointestinal irritation and
enhance the growth of iron bacteria that affects the water taste [53]. The high concentration
values of iron can potentially stain laundry and metal pipes for reticulation and to scale in pipes
[54]. It can also result in gene mutation leading to haemochromatosis, whose symptoms include
fatigue, weight loss, joint pains, heart disease, liver problems and diabetes [55].

Copper (Cu). The amount of copper in the 100 ml of water samples as obtained from the
laboratory analysis during the dry season at River Lamurde were 0.93 mg/I, 2.09 mg/l and 0 mg/I
for sample sites A, B and C respectively as shown in Table 1 and 0 mg/Il from sample site A, 12.66
mg/| for sample site B and 19.92 mg/| for sample site C during the wet season as recorded in Table
3 of this study. The values from point A and C during the dry season falls below the Permissible
limit of 2.0 mg/l set by WHO/NSDWQ which makes it safe for drinking while the values from
sample site B and C during the wet season are far above the permissible limit as shown in Table 3.
Though still within permissible limits during the dry season, some people who drink water
containing copper over the action level in the short term may experience gastrointestinal distress
while those with long-term exposure may experience anemia and liver or kidney damage [56].
Also, long term exposure to copper water can cause irritation of the nose, mouth and eyes,
leading to headaches, dizziness, vomiting and diarrhea, among other health hazards [44].

The findings from this study show that the concentration of all the parameters except copper
during the dry season and sulfate during the wet season at River Lamurde and River Mayo Gwoi
are all above the set permissible limit of WHO/NSDWQ as shown in Table 1 and Table 3. This
confirms the findings of the Federal Environmental Protection Agency [57] in Guidelines and
Standards for Environmental Pollution Control in Nigeria.

3.2.2 The ANOVA Result

The mean scores by sites from the different sampling sites in Table 5 could be approximated
into the same magnitude. This accounted for the result in the ANOVA test presented in Table 6.
The mean indicated that the agricultural practices and chemical properties differed in the selected
sites/locations.

Table 5 Mean and Standard Deviation scores by sources.

Classes F Mean Std. Deviation Std. Error
A 7 2.553 0.26101 0.03175
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B 7 2.711 0.25181 0.02316
C 7 2.663 0.27014 0.02251
Total 21 2.642 0.26098

Table 6 Analysis of variance.

Variations Mean Df Mean Square F Sig.
Within group 0.812 2 0.406 2.575 0.077
Between groups 65.716 25 0.158

Total 66.528 27

The ANOVA result presented in Table 6 shows a P-Value of 0.077 which is more than 0.05 (P >
0.05), implying that there is no significant difference between agro-allied chemical pollution and
the surface water quality in the study area. Therefore, this implies that the water quality of each
of the selected sites is determined by the type of agrochemicals used.

The findings from this study show that the concentration of all the parameters except copper
during the dry season and sulfate during the wet season at Lumurde and Mayo Gwoi Rivers are all
above the set permissible limit of WHO/NSDWQ as shown in Table 1 and Table 3. This confirms
the findings of FEPA [57] in Nigeria’s Guidelines and Standards for Environmental Pollution Control.

4., Conclusion

Water plays a crucial part in the sustenance of life. The River Lamurde and Mayo Gwoi, which
flow through the Jalingo metropolis, are being polluted mostly through human activities, which
have serious health implications for persons living along the course of the river and beyond. The
water in the River Lamurde and Mayo Gwoi was subjected to agro-allied chemical tests. The
parameters tested were: Calcium, Nitrate, Zinc, Nitrite, Chromium, Phosphate, Sulfate, Iron, and
copper. Copper and Calcium (Ca) concentrations were 28.2 mg/L, 40.04 mg/L and 35.06 mg/L for
samples A, B and C, respectively, during the dry season and 219 mg/l, 381 mg/l and 357 mg/I for
sample A, B and C. Nitrate concentration was recorded153.02 mg/I, 346 mg/l and 275 mg/I for
sample sites A, B and C during the dry season and 442 mg/l, 294.2 mg/l and 254.41 mg/| for
sample site A, B and C during the wet season. Zinc concentrations obtained during the study were
9.77 mg/l, 15.05 mg/l and 0.44 mg/| for samples A, B and C, respectively during the dry season and
4.24 mg/l, 14.72 mg/l and 13.8 mg/| for sample site A, B and C during the wet season. The nitrite
levels obtained in this study were 520.3 mg/l, 578.7 mg/l and 603.04 for sampled sites A, B and C
during the dry season and 276 mg/|, 564.11 mg/| and 479 mg/| for sample sites A, B and during the
wet season. 0.61 mg/l, 3.39 mg/l and 3.69 mg/| for samples A, B and C respectively during the dry
season and 0.61 mg/l, 3.39 mg/l and 3.69 mg/| for sample sites A, B and C during the wet season
were recorded for Chromium during the study. The amount of phosphate recorded during the
laboratory analysis was 18.58 mg/I, 22.15 mg/I and 16.86 mg/| for samples A, B and C during the
dry season and 10.03 mg/l, 91.2 mg/l and 58.57 mg/| for sample sites A, B and C during the wet
season. 318.5 mg/l, 421.4 mg/l and 103.1 for sample sites A, B and C during the dry season and 0
mg/| from all the sample sites during the wet season were recorded for Sulfate during the study.
During the findings, 3.26 mg/l, 1.87 mg/l and 0.47 mg/| were recorded for Iron during the dry
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season and 2.42 mg/l, 6.89 mg/l and 4.36 mg/I for sample sites A, B and C during the wet season.
0.93 mg/l, 2.09 mg/l and 0 mg/I for sample sites A, B and C respectively were recorded during the
dry season and 0 mg/I from sample site A, 12.66 mg/| for sample site B and 19.92 mg/| for sample
site C were also obtained during the wet season. The findings showed that the water from River
Lamurde did not meet WHO/NSDWQ drinking water standards since all the parameters tested
were above the permissible limit except for copper during the dry season and sulfate during the
wet season was within the permissible limit of WHO/NSDWQ. The main causes of the pollution
were induced by rapid population growth and human activities such as fertilizer application on
farms and dumping of wastes around River Lamurde’s bank. The River Lmaurde and Mayo Gwoi
are polluted not only through anthropogenic causes but also through natural causes. When it rains,
streets, lawns, roofs, pavements and compounds of homes are washed and urban runoff carries
sand, silt, particulate matter and organic matter into the River Lamurde. and Mayo Gwoi.

The result of the laboratory analysis showed that the concentration of copper during the dry
season and sulfate during the wet season in River Lamurde and Mayo Gwoi falls within the
permissible limits of WHO/NSDWQ while the concentration of Calcium, Nitrate, Zinc, Nitrite,
Chromium, Phosphate and Iron were above the permissible limits of WHO/NSDWQ. The results
indicated that the water quality is becoming deteriorated because most of the parameters tested
for are not found to be at permissible limits, except for Sulfate and Copper which are found to be
at the permissible limit because they are found to be at low levels in concentration. For now, it
can be concluded that River Lamurde and Mayo Gwoi are not fit for domestic use, particularly
drinking, but effo” {centration by having control on the anthropogenic factors (domestic
wastewater, heavy metals, fumigation, local industries effluents) that lead to such high
concentration levels or else, soon this source of water may go worse than it is now for domestic
use.

5. Recommendations

Based on the finding of the study, the following were recommended for the mitigation of the
excess concentration of agro-allied chemicals along the River Lamurdeand Mayo Gwoi:

Using agro-allied chemicals such as fertilizers, herbicides and pesticides should be avoided.

If agro-allied chemicals must be used along the floodplain of River Lamurde and Mayo Gwoi the
right proportion should be used.

Environmentally friendly fertilizers (composting organic litter) such as dropping from poultry,
farm yard manure, residues from homes and cow dung be applied on the farm along the plain to
avoid the pollution of the water

Acknowledgement

The authors wish to acknowledge the Institutional Based Research (IBR) grant from the Tertiary
Education Fund (TETFund) 2022 intervention and the Taraba State University, Jalingo to carry out
this research. We wish to acknowledge the Taraba State Rural water Supply and Sanitation
Corporation (TAWASCO) Jalingo for allowing us used their laboratory for the water quality tests.
We acknowledge all people that we contacted for information during data collection and all
authors cited.

Page 16/20



Adv Environ Eng Res 2023; 4(1), doi:10.21926/aeer.2301008

Author Contributions

Ezekiel, B Bwadi — Do the development of the manuscript and all correspondence. Adelalu

Temitope G. — Conducted the statistical analysis. Christopher James N, - Collection of data and
Proofreading. Alhassan Tijjani, - Collection of data and Proofreading.

Competing Interests

The authors have declared that no competing interests exist.

References

10.

11.

Bwadi BE, Yusuf MB, Abdullahi I, Giwa CY, Audu G. Analysis of ground water from selected
sources in Jalingo Metropolis, Nigeria. In: Water quality-factors and impacts. London:
IntechOpen; 2021.

UNESCO. Water for people, water for life: The United Nations world water development
report: Executive summary [Internet]. Paris: UNESCO Publishing; 2003. Available from:
https://www.un.org/esa/sustdev/publications/WWDR english 129556e.pdf.

Dubreuil C. World Water Council. The right to water: From concept to implementation
[Internet]. Marseille: World Water Council; 2006. Available from:
https://www.worldwatercouncil.org/fileadmin/world water council/documents old/News/n
ewsletter/synthesis righttowater 4wwf.pdf.

Danquah L, Abass K, Nikoi AA. Anthropogenic pollution of inland waters: The case of the
Aboabo River in Kumasi, Ghana. J Sustain Dev. 2011; 4: 103-115.

Mitlin D, Hardoy J, Satterthwaite D. Environmental problems in Third World cities. London:
Earthscan; 2001.

Faures J, Eliasson A, Hoogeveen J, Vallee D. AQUASTAT-FAQ's information system on water
and agriculture. In: GRID-Magazine of the IPTRID Network (FAO/United Kingdom). Rome: FAQO;
2001.

Gee JE, Bacher KA. Engendering statistics for fisheries and aquaculture. Asian Fish Sci Spec.
2017; 30S: 277-290.

Islam MS, Phoungthong K, Ali MM, Ibrahim KA, Idris AM. Assessing risk to human health for
potentially toxic elements in farmed and wild giant tiger prawn (Paeneas monodon) in the
coastal area of Bangladesh. Int J Environ Anal Chem. 2022. Doi:
10.1080/03067319.2022.2106136.

Howarth RW, Billen G, Swaney D, Townsend A, Jaworski N, Lajtha K, et al. Regional nitrogen
budgets and riverine N & P fluxes for the drainages to the North Atlantic Ocean: Natural and
human influences. In: Nitrogen cycling in the North Atlantic Ocean and its watersheds.
Dordrecht: Springer; 1996. pp. 75-139.

Goolsby DA, Battaglin WA. Long-term changes in concentrations and flux of nitrogen in the
Mississippi River Basin, USA. Hydrol Process. 2001; 15: 1209-1226.

Carpenter SR, Caraco NF, Correll DL, Howarth RW, Sharpley AN, Smith VH. Nonpoint pollution
of surface waters with phosphorus and nitrogen. Ecol Appl. 1998; 8: 559-568.

Page 17/20


https://www.un.org/esa/sustdev/publications/WWDR_english_129556e.pdf
https://www.worldwatercouncil.org/fileadmin/world_water_council/documents_old/News/newsletter/synthesis_righttowater_4wwf.pdf
https://www.worldwatercouncil.org/fileadmin/world_water_council/documents_old/News/newsletter/synthesis_righttowater_4wwf.pdf

Adv Environ Eng Res 2023; 4(1), doi:10.21926/aeer.2301008

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Osibanjo O, Daso AP, Gbadebo AM. The impact of industries on surface water quality of River
Ona and River Alaro in Oluyole Industrial Estate, Ibadan, Nigeria. Afr J Biotechnol. 2011; 10:
696-702.

Oladipo JO, Akinwumiju AS, Aboyeji OS, Adelodun AA. Comparison between fuzzy logic and
water quality index methods: A case of water quality assessment in lkare community,
Southwestern Nigeria. Environ Challenges. 2021; 3: 100038.

Yang W, Zhao Y, Wang D, Wu H, Lin A, He L. Using principal components analysis and IDW
interpolation to determine spatial and temporal changes of surface water quality of
Xin’anjiang River in Huangshan, China. Int J Environ Res Public Health. 2020; 17: 2942.

Ly NH, Giao NT. Surface water quality in canals in An Giang province, Viet Nam, from 2009 to
2016. J Vietnamese Environ. 2018; 10: 113-119.

Kamboj N, Kamboj V. Water quality assessment using overall index of pollution in riverbed-
mining area of Ganga-River Haridwar, India. Water Sci. 2019; 33: 65-74.

Xu G, Li P, Lu K, Tantai Z, Zhang J, Ren Z, et al. Seasonal changes in water quality and its main
influencing factors in the Dan River basin. Catena. 2019; 173: 131-140.

Tsunatu DY, Kurutsi DS, Tickson TS, Bingari MS. Assessment of some physico-chemical
parameters of Nukkai River tributaries, Jalingo, Nigeria. FUW Trends Sci Technol J. 2016; 1:
427-432.

Munta S, Unamba KU, Medjor EA, Nwajagu ES. Assessment of water quality index for Taraba
State water supply agency’s sources: A case study of Jalingo Metropolis. Int J Innov Sci Eng
Technol. 2021; 8: 8-17.

Yuguda AU, Abubakar ZA, Jibo AU, AbdulHameed A, Nayaya AJ. Assesment of toxicity of some
agricultural pesticides on earthworm (Lumbricus terrestris). Am Eurasian J Sustain Agric. 2015;
9: 49-59.

Kranthi KR, Jadhav DR, Kranthi S, Wanjari RR, Ali SS, Russell DA. Insecticide resistance in five
major insect pests of cotton in India. Crop Prot. 2002; 21: 449-460.

Wang X, Sato T, Xing B, Tao S. Health risks of heavy metals to the general public in Tianjin,
China via consumption of vegetables and fish. Sci Total Environ. 2005; 350: 28-37.

Opaluwa OD, Aremu MO, Ogbo LO, Abiola KA, Odiba IE, Abubakar MM, et al. Heavy metal
concentrations in soils, plant leaves and crops grown around dump sites in Lafia Metropolis,
Nasarawa State, Nigeria. Adv Appl Sci Res. 2012; 3: 780-784.

Oruonye ED. The challenges of fishery resource management practices in Mayo Ranewo
Community in Ardo Kola Local Government Area (LGA), Taraba State Nigeria. Glob J Sci Front
Res. 2014; 14: 14-26.

Yusuf MB, Yusuf I, Abba UJ, Isa MS. Effects of weather pattern on the yield of white yam
(Dioscoreae rotundata) in the Northern Guinea Savanna ecological zone of Nigeria: The case
study of Taraba State. Int J Agric Environ Biores. 2020; 5: 78-93.

Bawden MG, Tuley P. The land resources of Southern Sardauna and Southern Adamawa
provinces, Northern Nigeria (with a short study of the high altitude grasslands). In: Land
Resource Study. Surrey: Land Resources Division, Ministry of Overseas Development; 1967.
Targema TV, Kanu MO, Joseph GW, Yohanna A. The Effect of soil temperature on the
ampacity values of underground cables in Jalingo, North—East Nigeria: Ampacity values of
underground cables in Jalingo. Int J Eng Appl Phys. 2022; 2: 435-443,

Page 18/20



Adv Environ Eng Res 2023; 4(1), doi:10.21926/aeer.2301008

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Gabriel AT, Yusuf MB, Bwadi BE, Clement YG. Sorghum forage farming for crisis resolution and
food security in a changing world: A preliminary study of Taraba State Nigeria sorghum
production, prospects and problems. Int J Environ Clim Change. 2020; 10: 46-57.

Blench R. A history of agriculture in Northeastern Nigeria. In: 'Homme et le milieu végétal
dans le Bassin du Lac Tchad. Florence: Editions de I'ORSTOM; 1997. pp. 69-112.

Oruonye E, Abbas B. The geography of Taraba State, Nigeria. Sunnyvale: LAP LAMBERT
Academic Publishing; 2011.

Siam MB. Technical feasibility study for the improvement of Jalingo water supply scheme in
Taraba State of Nigeria. Unpblished Master Dissertation. School of Graduate Studies, Kwame
Nkrumah University of Science and Technology. 2002.

De Almeida FF, Hasui Y, de Brito Neves BB, Fuck RA. Brazilian structural provinces: An
introduction. Earth-Sci Rev. 1981; 17: 1-29.

Kotzé E, Sandhage-Hofmann A, Amelung W, Oomen RJ, Du Preez CC. Soil microbial
communities in different rangeland management systems of a sandy savanna and clayey
grassland ecosystem, South Africa. Nutr Cycl Agroecosystems. 2017; 107: 227-245.

APHA. Standard methods for the examination of water. 15th ed. Washington: American Public
Health Association; 1985.

Osibanjo O, Ajayi SO. Trace metal levels in tree barks as indicators of atmospheric pollution.
Environ Int. 1980; 4: 239-244.

WHO. Guidelines for drinking-water quality (Vol. 1): Recommendations, 3rd ed [Internet].
Geneva: World Health Organization; 2004. Available from:
http://apps.who.int/iris/bitstream/handle/10665/42852/9241546387.pdf?sequence=1.
Standard Organization of Nigeria. Nigerian Standard for drinking water quality. Lagos:
Standard Organization of Nigeria; 2007.

Abui YM, Ezra V, Bonet RA, Amos B. Assessment of heavy metals level of River Kaduna at
Kaduna metropolis, Nigeria. J Appl Sci Environ Manag. 2017; 21: 347-352.

Tanko Al. Stream pollution in the Sharada industrial area Kano State”. Unpublished
dissertation submitted to Geography Department, BUK. 2009.

Oyatayo KT, Songu GA, Amos GA, Ndabula C. Assessment of heavy metal concentration in
hand dug well water from selected land uses in Wukari Town, Wukari, Taraba State, Nigeria. J
Geosci Environ Prot. 2015; 3: 60954.

Cormick G, Belizan JM. Calcium intake and health. Nutrients. 2019; 11: 1606.

Popoola LT, Yusuff AS, Aderibigbe TA. Assessment of natural groundwater physico-chemical
properties in major industrial and residential locations of Lagos metropolis. Appl Water Sci.
2019; 9: 191.

Shah SS, Shah D, Islam M, Ali W. Assessment of physico-chemical properties of drinking water
in district Mardan, Khyber Pakhtunkhwa, Pakistan. J Trop Pharm Chem. 2022; 6: 107-119.
Obasi PN, Akudinobi BB. Potential health risk and levels of heavy metals in water resources of
lead—zinc mining communities of Abakaliki, southeast Nigeria. Appl Water Sci. 2020; 10: 184.
Bamidele BJ, Fasakin EA. Physicochemical analysis of the coastal waters of Ondo State, Nigeria.
Int J Res Agric For. 2016; 3: 13-20.

Su H, Liu X, Du J, Deng X, Fan Y. The role of hemoglobin in nitric oxide transport in vascular
system. Med Novel Technol Device. 2020; 5: 100034.

Page 19/20


http://apps.who.int/iris/bitstream/handle/10665/42852/9241546387.pdf?sequence=1

Adv Environ Eng Res 2023; 4(1), doi:10.21926/aeer.2301008

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Musa OK, Shaibu MM, Kudamnya EA. Heavy metal concentration in groundwater around
Obajana and its environs, Kogi State, North Central Nigeria. Am Int J Contemp Res. 2013; 3:
170-177.

Hughes EA, Robinson TE, Bassett DB, Cox SC, Grover LM. Critical and diverse roles of
phosphates in human bone formation. ) Mater Chem B. 2019; 7: 7460-7470.

Boyd CE. Eutrophication. In: Water quality. Cham: Springer; 2020. pp. 311-322.

Moses AN, Ishaku S. Evaluation of physico-chemical properties of well water qualities in
selected villages in Zing Local Government Area of Taraba State, Nigeria. Int J Contemp Res
Rev. 2020; 11: 20282-20288.

Aragaw TT, Gnanachandrasamy G. Evaluation of groundwater quality for drinking and
irrigation purposes using GIS-based water quality index in urban area of Abaya-Chemo sub-
basin of Great Rift Valley, Ethiopia. Appl Water Sci. 2021; 11: 148.

Fuhrmann JJ. Microbial metabolism. In: Principles and applications of soil microbiology.
Amsterdam: Elsevier; 2021. pp. 57-87.

Kumari A, Chauhan AK. Iron nanoparticles as a promising compound for food fortification in
iron deficiency anemia: A review. J Food Sci Technol. 2022; 59: 3319-3335.

Nwankwoala HO, Osayande AD, Uboh IU. Heavy metal concentrations levels in groundwater
and wastewater sources in parts of Trans-Amadi, Port Harcourt, Nigeria. World J Adv Eng
Technol Sci. 2022; 5: 097-102.

Johnson M, Mortimore G. Genetic haemochromatosis: Diagnosis and treatment of an iron
overload disorder. Nurs Stand. 2022; 37: 77-82.

Aalami AH, Hoseinzadeh M, Hosseini Manesh P, lJiryai Sharahi A, Kargar Aliabadi E.
Carcinogenic effects of heavy metals by inducing dysregulation of microRNAs: A review. Mol
Biol Rep. 2022; 49: 12227-12238.

FEPA. Guidelines and standards for environmental pollution control in Nigeria. National
environmental standards-parts 2 and 3. Lagos: Government Press; 2001.

Page 20/20



