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This study assesses the concentrations of heavy metals, including zinc (Zn),
copper (Cu), manganese (Mn), cadmium (Cd), lead (Pb), and their impacts on the
aquatic ecosystem of Lake Alau. The metal concentrations in the lake’s surface
water were found to follow the order: Zn > Cu > Cd > Mn > Pb. Zinc, an essential
element for growth and development in living organisms, was detected in higher
concentrations (0.58+0.15mg/L) due to anthropogenic activities, including
agricultural runoff, industrial discharges, and urban waste. However, its levels did
not exceed the permissible limits set by the World Health Organization (WHO)
and the United States Environmental Protection Agency (USEPA). The study
highlights that while zinc is vital for aquatic organisms, excessive concentrations
can be toxic, posing risks to both fish and aquatic biodiversity. Other metals,
including copper (0.33+£0.08mg/L) and cadmium (0.35+0.17mg/L), also exceeded
safety thresholds, presenting significant risks to water quality and aquatic life.
Elevated levels of manganese and lead (0.09+£0.02mg/L) were similarly linked to
industrial pollution, vehicular emissions, and military activities around the lake.
Water samples were collected over an eighteen-month period (January 2019 to
June 2020) at a depth of 10 cm below the surface using cleaned 1-liter plastic
bottles. Heavy metal concentrations were analyzed using an Atomic Absorption
Spectrophotometer (FAAS) after digesting samples with concentrated nitric acid.
The findings emphasize the need for improved monitoring and management to
mitigate the environmental and health risks posed by heavy metal contamination
in Lake Alau. Specifically, targeted environmental monitoring and regulation,
impactful policy development, risk mitigation for aquatic life, public health
initiatives, and support for future research are essential actions for safeguarding
the lake's ecosystem and the health of surrounding communities.

Corresponding author: Fabian Zira Lawrence Email: ziralawrencefabian@gmail.com
Department of Zoology Modibbo Adama University Yola, Adamawa State, Nigeria

58



INTRODUCTION

Water is an essential requirement for all life
forms on Earth (Bytyci et al., 2018). As a
critical environmental component, water quality
remains a significant concern globally. The
primary sources of water include rivers, lakes,
glaciers, rainwater, and groundwater, which
support both ecological health and human needs.
Despite its importance, water is one of the most
poorly managed resources and faces serious
threats due to various anthropogenic activities
(Islam et al., 2013).

Lake Alau, an important inland water
ecosystem, plays a vital role in maintaining
regional ecological balance. It not only supports
ecological health but also contributes to the
sustainable development of the local economy
and society (Ding et al., 2021). However, the
lake, like many other water bodies, is under
threat from human activities such as agricultural
activities, population increase, and urbanization
among others, which have become major
contributors to global water pollution. These
threats are particularly evident in urban
environments where lakes and rivers often serve
as the final destination for industrial effluents
(Saha and Paul, 2019; Pandey et al., 2019;
Kumar et al., 2020).

Lakes play a significant role in absorbing toxic
pollutants from both point sources, such as
industrial and mining activities, and non-point
sources, like urban runoff and agriculture
(Tenebe et al., 2017). Moreover, lakes are a
cost-effective source of water compared to
alternatives like groundwater and seawater
desalination, making their protection even more
critical.

Surface waters in Lake Alau, are crutial for
human recreation, consumption, and maintaining
critical aquatic habitats. However, water quality
criteria for aquatic biota have often been
overlooked, and water is frequently considered
adequate for fish as long as there is no evident
mortality linked to pollutants (Julius et al.,
2015). This oversight is problematic, as
pollutants such as pesticides, pharmaceuticals,
and heavy metals can severely impact aquatic
ecosystems, with heavy metals being
particularly harmful to fish, a key protein source
(Mahino et al., 2014).
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Trace elements (TEs), which include metals and
metalloids with a density greater than 5 g/cms,
such as lead (Pb), copper (Cu), and cadmium
(Cd), are of great concern. These elements are
persistent in the environment, bioaccumulate in
the food chain, and at elevated concentrations,
become toxic to both aquatic organisms and
humans (Monisha et al., 2014). While some
metals, such as calcium (Ca) and magnesium
(Mg), are essential for health, others pose
significant risks, primarily due to the presence of
free metal ions that drive toxicity.

Research on heavy metals in water bodies have
been conducted extensively in Lake Alau and
other aquatic systems worldwide (Bwala, 2023;
Hati et al., 2008; Dimari et al., 2008; Ahmed et
al., 2023). This study focuses specifically on
heavy metals' role in degrading Lake Alau's
water quality. This approach highlights localized
ecological threats, providing insights into metal
persistence, bioaccumulation, and ecosystem
impacts essential for environmental
management. Heavy metal contamination in
Lake Alau poses risks to both aquatic life and
public health, as concentrations are rising due to
agricultural runoff, industrial discharge, and
urban waste. These pollutants disrupt ecological
balance and pose bioaccumulation threats in fish
and other resources.

Lake Alau’s water quality provides critical
insights into the health of its ecosystem. Key
parameters monitored over the past year indicate
that the lake’s water quality generally falls
within acceptable ranges for supporting aquatic
life (Fabian et al., 2023). However, studies have
also reported concerning levels of metal
concentrations (Hati et al., 2008; Bukar et al.,
2016; Bwala, 2023). This study investigates the
role of heavy metals in the degradation of water
quality, focusing on their impact on the lake's
ecosystem health.

This study aims to assess heavy metal
concentrations (Zn, Cu, Mn, Cd, Pb) in the
surface water of Lake Alau, analyze their
ecological impact on the aquatic ecosystem and
biodiversity, and provide data-driven insights to
inform local environmental policies for pollution
mitigation and water quality protection.
Ultimately, this study aims to enhance
environmental protection efforts and ensure the



health and safety of communities reliant on Lake
Alau’s resources.

Monitoring heavy metal concentrations in water
is essential for assessing and maintaining water
quality. Such monitoring enables timely
corrective actions and protects both aquatic
ecosystems and human health. Monitoring
should be comprehensive, including
microbiological, chemical, physical, and
radiological parameters, to ensure the early
detection of pollutants and prevent waterborne
diseases. By adopting a preventive approach to
water quality management, we can better
safeguard Lake Alau and similar ecosystems.
This emphasizes the urgency of effective water
management and pollution control in Lake Alau
and the broader context of water quality
protection.

MATERIALS AND METHODS

Study Area

Lake Alau, located in Borno State, Nigeria, was
created in 1985 by damming the River Ngadda.

Covering 56 km?, the lake provides potable
water for Maiduguri and supports irrigation for
over 8,000 hectares of farmland. The region
experiences a sahelian climate with three
seasons: a rainy season (June to September), a
harmattan season (October to February), and a
hot dry season (March to May). Water levels are
lowest in the dry season, exposing much of the
lakebed.

Lake Alau's water inflow primarily comes from
the seasonal flow of the River Ngadda and
runoff from surrounding areas. The Rivers
Yedzeram and Gombole contribute additional
inflow through a connection in the Sambisa
Swamps. The lake's average annual inflow is
239 million cubic meters, and its maximum
storage capacity is 112 million cubic meters.
Agricultural runoff has led to pollution in the
lake, which is also used for commercial fishing
activities.
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Sampling Station

Sampling stations in Lake Alau were selected
based on factors like water volume,
accessibility, security, and activities in and
around the lake. Five stations were initially
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identified, but due to insurgency, activities were
restricted at two.

Station 1: Located 500 meters from the shore,
this station is a hub for artisanal fishing, with no
closed fishing season. It also serves as the main
landing site for fishermen, a practical site for



students from the University of Maiduguri, and a
livestock watering point. The Borno State Water
Board operates a pumping station here. The
water width is approximately 255 meters.

Station 2: Situated near Alau town, this station
experiences low farming activities and is used
for domestic tasks, irrigation, and livestock
watering. The water here is deeper and flows
faster, with a width of about 102 meters. Fishing
is common, utilizing traditional methods like
dragnets and cast nets.

Station 3: This station lies 500 meters north of
Daban Ali Zaki and serves as a key navigation
route to Station 4. It is a center for canoe
paddlers and artisanal  fishermen. The
surrounding area contains burrow pits used for
extracting sand for construction purposes.
Sample Collection and Preservation

The sample bottles used for collecting and
storing water samples underwent thorough
cleaning. After washing with detergent and
rinsing, the bottles were soaked in 1.3 M Nitric
acid for 2 days, followed by a thorough wash
with deionized distilled water. They were then
soaked for an additional 48 hours in deionized
distilled water acidified with Nitric acid to a pH
of less than 1. This cleaning process, as
described by Streumpler (1973), effectively
removes trace metals and other contaminants
from the bottle surfaces, preventing potential
sample contamination. The cleaned bottles were
then used directly for sampling.

Water samples were collected over an eighteen-
month period, from January 2019 to June 2020,
at 8:00 am local time. Sampling was conducted
at a depth of 10 cm below the surface, in
triplicate, using 1-liter plastic bottles at three
designated stations (Stations 1, 2, and 3) within
the lake. These stations were selected using a
simple randomized design. A total of 15 samples
per station were collected at random points prior
to analysis of chemical properties and heavy
metal concentrations.

The plastic bottles were rinsed with lake water
before being filled to the brim, ensuring no air
bubbles were trapped. The samples were
preserved on ice and transported to the
laboratory for analysis. All sample bottles were
properly labeled and fixed for further chemical
analysis.
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Determination of Heavy Metals in Water
Samples
Zinc, lead, copper, cadmium, and

manganese were analyzed using an Atomic
Absorption Spectrophotometer (FAAS Buck
Scientific Model 210 VGP). The water samples
were prepared for analysis through the following
digestion process:

The water samples were digested as
follows. A 100 cm? water sample was placed in
a beaker, and 5 mL of concentrated HNOs was
added. The mixture was heated on a hot plate
until the volume was reduced to about 20 cmé.
After cooling, another 5 mL of concentrated
HNOs; was added, and the heating process
continued, with small amounts of HNO; being
added until the solution became light-colored
and clear. The beaker walls and watch glass
were rinsed with distilled water, and the sample
was filtered to remove any insoluble materials
that could clog the atomizer. The sample volume
was adjusted to 100 cm? with distilled water,
following the procedure by Radojevic and
Bashkin (1999). Dissolved concentrations of the
heavy metals in the water samples were then

determined using the Atomic Absorption
Spectrophotometer according to the
manufacturer’s instructions. The

spectrophotometer used a light source specific to
each metal, measuring the absorption at
wavelengths characteristic of zinc, copper,
manganese, cadmium, and lead. The absorption
values were then compared against a calibration
curve to quantify the metal concentrations in the
water samples.

Data generated for heavy metals were subjected
to analysis of variance (ANOVA), standard
deviation and correlation matrix. Means and
standard deviations were calculated following
established statistical procedures. The results
were given in the form of Mean+SD. The data
was subjected to ANOVA across the stations
with the help of SPPS software (Graph pad
software). The p value for ANOVA if non-
significant if P > 0.05 (ns), significant if P <
0.05(*), significantly significant (**) if P is <
0.001 and highly significant (***) if P < 0.0001.
RESULTS

Table 1: presents the monthly and station-wise
mean variation of zinc (Zn) concentrations in the
surface water of Lake Alau during the study



period (January 2019 to June 2020). The results
show the following: The total mean
concentration of zinc in the water was highest at
0.59 £ 0.17 mg/L. Station 1 recorded the highest
mean zinc concentration, with 1.04 £ 0.22 mg/L
in May 2019, while the lowest concentration
was observed at 0.34 + 0.05 mg/L in Station 3 in
December 2019. The monthly mean variation of

zinc ranged from 0.39 £ 0.02 mg/L in February
2020 to 0.94 + 0.10 mg/L in May 2019. Station
1 had the highest overall mean concentration of
0.62 £ 0.19 mg/L, while Station 3 had the lowest
at 0.51 + 0.15 mg/L. The statistical analysis
indicated  significant variations in  zinc
concentrations both within the stations and
across the months (P < 0.05).

Table 1: Monthly and Station Mean Variation of Zinc (Zn) Concentration in Surface Water of Lake Alau

Month Station 1 Station 2 Station 3 Mean
January 2019  0.48+0.09° 0.59+0.17° 0.48+0.12° 0.52+0.06
February 0.46+0.17° 0.41+0.13 0.43+0.06° 0.44+0.02
March 0.35+0.04° 0.64+0.05° 0.50+0.01° 0.50+0.15
April 0.81+0.07° 0.55+0.06° 0.67+0.11° 0.78+0.10
May 1.04+0.22° 0.84+0.05° 0.93+0.18% 0.94+0.10
June 0.88+0.08° 0.81+0.06% 0.78+0.12° 0.82+0.05
July 0.65+0.07° 0.68+0.13° 0.45+0.09° 0.59+0.12
August 0.60+0.10° 0.54+0.09° 0.47+0.04° 0.53+0.07
September 0.61+0.14° 0.64+0.08° 0.46+0.04° 0.57+0.10
October0.81+0.13? 0.58+0.14° 0.59+0.05° 0.66+0.13
November 0.67+0.13° 0.57+0.06" 0.40+0.07° 0.55+0.13
December 0.60+0.10° 0.59+0.07° 0.34+0.05" 0.51+0.15
January 2020  0.39+0.02° 0.46+0.06° 0.34+0.06" 0.40+0.06
February 0.40+0.06° 0.39+0.05° 0.37+0.04° 0.39+0.02
March 0.39+0.03° 0.47+0.10° 0.42+0.06° 0.48+0.04
April 0.59+0.05° 0.57+0.16° 0.50+0.11° 0.55+0.04
May 0.80+0.12° 0.62+0.05° 0.62+0.04° 0.68+0.10
June 0.70+0.12° 0.51+0.05° 0.48+0.04° 0.56+0.12
Mean 0.62+0.19 0.60+0.13 0.51+0.16 0.58+0.15

Different letters (e.g., a, b, ¢) indicate statistically significant differences between the means at each station within

the same month.

Matching letters indicate no significant difference in Zn concentration between stations within that month.

Table 2: presents the monthly and station-wise
mean variation of lead (Pb) concentration in the
surface water of Lake Alau. The key findings
are: The overall mean lead concentration in
water was relatively low, with a mean value of
009 + 0.02 mg/L. The highest lead
concentration recorded was 0.21 = 0.10 mg/L,
observed in Station 2 during September 2019.
The lowest concentration, 0.01 + 0.02 mg/L, was
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observed in both Station 1 and Station 2 during
June and July 2019. The highest total station
mean concentration was 0.10 £ 0.03 mg/L in
Station 1 and 0.10 £ 0.04 mg/L in Station 3,
while the lowest total station mean of 0.09 %
0.05 mg/L was recorded in Station 2. The
analysis revealed a significant variation in lead
concentrations both within the stations and
across the months (P < 0.05).



Table 2: Monthly and Station Mean Variation of Lead (Pb) Concentration in Surface Water of Lake Alau

Month Station 1 Station 2 Station 3 Mean
January 2019 0.09+0.06° 0.14+0.07° 0.06+0.08° 0.10+0.04
February 0.07+0.05% 0.07+0.03 0.03+0.03" 0.06+0.03
March 0.03%0.04° 0.0440.04° 0.07+0.03? 0.05+0.02
April 0.15+0.04° 0.10+0.09° 0.12+0.11%® 0.12+0.03
May 0.11+0.12% 0.10+0.08? 0.06:+0.06" 0.09+0.03
June 0.10+0.09% 0.01+0.02° 0.12+0.04% 0.08+0.06
July 0.01+0.02° 0.00+0.00° 0.09+0.03? 0.03+0.05
August 0.11+0.07° 0.10+0.072 0.08+0.04° 0.10+0.01
September 0.06+0.03° 0.21+0.10° 0.17+0.07° 0.15+0.08
October 0.11+0.04% 0.03+0.03° 0.13+0.13? 0.09+0.05
November 0.17+0.11° 0.10+0.10° 0.08+0.09" 0.11+0.05
December 0.09+0.08? 0.09+0.08? 0.05+0.08" 0.08+0.02
January 2020 0.15+0.05° 0.10+0.12° 0.10+0.12° 0.12+0.03
February 0.12+0.06° 0.08+0.07° 0.10+0.08% 0.10+0.02
March 0.13+0.04° 0.10+0.02° 0.10+0.10° 0.11+0.02
April 0.13+0.06° 0.08+0.06" 0.11+0.06%® 0.11+0.03
May 0.11+0.09° 0.02+0.04° 0.11+0.08? 0.08+0.05
June 0.0740.07° 0.06+0.06" 0.13+0.03? 0.09+0.04
Mean 0.10+0.04 0.09+0.05 0.10+0.03 0.09+0.02

Different superscripts (e.g., a, b, ) indicate significant differences in lead concentration between stations for each

month

Matching letters indicate no significant difference in Pb concentration between stations within that month

Tables 3 reveals the monthly and station-wise
mean variation of copper (Cu) concentration in
the surface water of Lake Alau. The results
show: The overall total mean concentration of
copper in surface water was 0.33 £ 0.08 mg/L.
The highest recorded mean value was 0.59 *
0.13 mg/L in Station 2 during October 2019,
while the lowest value was 0.16 = 0.05 mg/L,
also in Station 2. Monthly mean variation ranged

from 0.19 £ 0.03 mg/L in August 2019 to 0.48 +
0.09 mg/L in October 2019. Among the stations,
Station 2 had the highest total mean
concentration of 0.35 £ 0.12 mg/L, while Station
1 recorded the lowest total mean concentration
at 0.30 + 0.07 mg/L. The study indicates
significant variation in copper concentrations in
the surface water of Lake Alau, both within the
stations and across the months (P < 0.05).

Table 3: Monthly and Station Mean variation of Copper (Cu) Concentration in Surface Water of Lake

Alau

Month Station 1 Station 2 Station 3 Mean

January 2019 0.20+0.03% 0.21+0.13% 0.21+0.02° 0.21+0.00
February 0.21+0.13% 0.16+0.05° 0.24+0.19° 0.20+0.04
March 0.26+0.10° 0.21+0.04° 0.30+0.14% 0.25+0.05
April 0.29+0.08" 0.28+0.04° 0.34+0.11% 0.30+0.03
May 0.31+0.09° 0.32+0.06" 0.38+0.10° 0.330.04
June 0.24+0.07° 0.28+0.05" 0.35+0.08° 0.29+0.05
July 0.21+0.02° 0.20+0.08" 0.31+0.03? 0.24+0.06
August 0.17+0.06" 0.22+0.05° 0.19+0.32? 0.19+0.03
September 0.38+0.07° 0.44+0.12° 0.39+0.05" 0.40+0.03
October 0.42+0.06° 0.59+0.13% 0.45+0.10° 0.48+0.09
November 0.38+0.07° 0.50+0.11° 0.37+0.10° 0.41+0.07
December 0.3440.09° 0.44+0.08° 0.33+0.08" 0.37+0.06
January 2020 0.29+0.05" 0.39+0.05° 0.28+0.04° 0.32+0.06
February 0.3440.07° 0.36+0.04° 0.30+0.04° 0.33+0.03
March 0.35+0.09" 0.45+0.08° 0.3610.07" 0.39+0.06
April 0.38+0.10° 0.49+0.09a 0.40+0.08" 0.42+0.06
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May 0.39+0.12° 0.43+0.02°
June 0.3240.12° 0.40+0.02°
Mean 0.30%0.07 0.35+0.12

0.43+0.06 0.41+0.02
0.34+0.02° 0.35+0.04
0.33+0.07 0.33+0.08

Different superscripts (e.g., a, b, ¢) indicate significant differences in copper concentration between stations for each

month.

Matching letters indicate no significant difference in Cu concentration between stations within that month

Table 4 presents the monthly and station-wise
mean variation of cadmium (Cd) concentration
in the surface water of Lake Alau. Key findings
include: The overall mean concentration of
cadmium in the surface water was 0.35 = 0.17
mg/L. The highest concentration of 0.84 + 1.27
mg/L was observed in Station 3 during March
2020, while the lowest concentration of 0.04 +
0.04 mg/L was recorded in Station 1 in January
2020. Monthly mean concentrations fluctuated,
ranging from 0.15 + 0.10 mg/L in April 2020 to
0.58 + 0.34 mg/L in March 2019. Station-wise,
Station 3 recorded the highest total mean
concentration of 0.42 + 0.05 mg/L, while Station
1 had the lowest mean at 0.30 £ 0.18 mg/L.
There was significant variation in cadmium
concentrations in Lake Alau's surface water both
between stations and across months (P < 0.05).

Table 5 presents the monthly and station-wise
mean  variation of  manganese  (Mn)
concentration in the surface water of Lake Alau.
Key findings include: The overall mean
concentration of manganese in the surface water
was 0.29 = 0.10 mg/L. The highest observed
concentration was 0.51 + 0.03 mg/L in Station 2
during May 2020, while the lowest observed
concentration was 0.11 + 0.03 mg/L, also in
Station 2, in August 2019. Monthly mean
concentrations ranged from 0.14 + 0.00 mg/L to
0.48 + 0.03 mg/L, with the highest occurring in
May 2020. Station-wise, Station 3 recorded the
highest total mean concentration of 0.30 £ 0.11
mg/L, while Station 1 observed the lowest total
mean concentration at 0.25 £ 0.10 mg/L. There
was a significant variation in manganese
concentrations across both stations and months
(P <0.05).

Table 4: Monthly and Station Mean Variation of Cadmium (Cd Concentration mg/L) in Surface Water of

Lake Alau

Month Station 1 Station 2 Station 3 Mean
January 2019 0.23+0.16° 0.11+0.10° 0.30+0.372 0.21+0.10
February 0.24+0.18? 0.14+0.08" 0.13+0.14° 0.17+0.06
March 0.96+1.16 0.31+0.10° 0.47+0.56" 0.58+0.34
April 0.14+0.12 0.12+0.03? 0.19+0.12° 0.15+0.03
May 0.63+0.43° 0.39+0.31° 0.44+0.25° 0.49+0.13
June 0.32+0.15" 0.68+0.18° 0.43+0.34° 0.48+0.18
July 0.560.21° 0.46+0.27° 0.62+0.19° 0.55+0.08
August 0.24+0.10°% 0.19+0.11° 0.24+0.08° 0.22+0.03
September 0.24+0.17° 0.21+0.16" 0.44+0.32 0.30+0.13
October 0.54+0.27° 0.65+0.15% 0.47+0.15" 0.55+0.09
November 0.13+0.06" 0.22+0.02 0.32+0.03? 0.2240.10
December 0.46+0.22" 0.19+0.01° 0.51+0.02 0.39+0.17
January 2020 0.04+0.04° 0.18+0.13" 0.41+0.272 0.21+0.19
February 0.06+0.04° 0.14+0.09" 0.31+0.09 0.1740.13
March 0.55+0.47" 0.35+0.04° 0.84+1.27° 0.58+0.24
April 0.15+0.10° 0.160.07° 0.15+0.13? 0.15+0.01
May 0.39+0.31° 0.31+0.28° 0.76+0.23° 0.49+0.24
June 0.37+0.37° 0.52+0.25°% 0.52+0.21° 0.47+0.08
Mean 0.35+0.24 0.30+0.18 0.42+0.19 0.35+0.17

Different superscripts (a, b, ¢) within each row indicate significant differences in cadmium concentration between

stations for each month.

Matching letters indicate no significant difference in Cu concentration between stations within that month



Table 5: Monthly and Station Mean Variation of Manganese (Mn) Concentration in Surface Water of

Lake Alau

Month Station 1 Station 2 Station 3 Mean

January 2019 0.25+0.13° 0.19+0.16° 0.18+0.07° 0.21+0.04
February 0.29+0.09° 0.1440.13° 0.16+0.03" 0.17+0.03
March 0.3610.15° 0.14+0.09° 0.26+0.14° 0.25+0.11
April 0.14+0.072 0.14+0.07% 0.13+0.012 0.14+0.00
May 0.17+0.09° 0.11+0.04° 0.2240.15° 0.17+0.06
June 0.34+0.19% 0.27+0.12° 0.42+0.23% 0.34+0.08
July 0.14+0.03" 0.11+0.07¢ 0.24+0.19? 0.16+0.07
August 0.18+0.13% 0.11+0.03" 0.16+0.04° 0.15+0.04
September 0.21+0.03% 0.12+0.08" 0.18+0.05° 0.16+0.04
October 0.37+0.09% 0.360.11° 0.31+0.29° 0.35+0.03
November 0.28+0.06° 0.26+0.12° 0.30+0.17° 0.28+0.02
December 0.87+0.04° 0.46+0.10° 0.39+0.05" 0.31+0.20
January 2020 0.20+0.06" 0.460.08° 0.41+0.02° 0.360.14
February 0.29+0.25" 0.42+0.08° 0.37+0.02° 0.360.07
March 0.25+0.13" 0.45+0.07° 0.41+0.03" 0.37+0.10
April 0.22+0.06° 0.49+0.072 0.40+0.08? 0.3740.14
May 0.49+0.26° 0.51+0.03? 0.45+0.03? 0.48+0.03
June 0.25+0.08" 0.34+0.09° 0.33+0.06° 0.31+0.05
Mean 0.25+0.10 0.28+0.15 0.30+0.11 0.28+0.10

Different superscripts (a, b, ¢) within each row indicate significant differences in manganese concentration between

stations for each month.

Matching letters indicate no significant difference in Cu concentration between stations within that month

Table 6: provides insights into the relationships
between the heavy metal concentrations,
indicating potential co-occurrence patterns and
dependencies among certain metals in the water
body. Notable positive correlations are seen

between Copper and Manganese (0.606) and
between Lead and Copper (0.421). Zinc and
Lead show a weak negative correlation (-0.032),
while Lead and Cadmium are moderately
negatively correlated (-0.490).

Table 6: Pearson Correlation Matrix for the Monthly Mean Concentration of Heavy Metals in Lake Alau:

Zinc Lead Copper Cadmium Manganese
Zinc 1
Lead -0.032 1
Copper 0.141 0.421 1
Cadmium 0.335 -0.490 0.214 1
Manganese -0.168 0.052 0.606 0.230 1
DISCUSSION The generally high and variable concentrations

Heavy metals are classified as specific pollutants
due to their high toxicity, bioaccumulation,
biomagnification, and their participation in
biogeochemical cycles (Amic and Tadic, 2018).
While these elements naturally occur in small
guantities in the environment, anthropogenic
activities have significantly elevated their
concentrations. The total trace metals exhibited
varying behaviors in Lake Alau, with
concentrations either remaining constant or
increasing further up the lake.
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of zinc (Zn) are likely associated with
agricultural practices, domestic waste disposal,
and Saharan dust loaded with metals being
released into Lake Alau (Hati et al., 2008;
Masindi and Muedi, 2018). This study
established that metal concentrations in the
lake's surface water typically follow the order:
Zn > Cu > Cd > Mn > Pb. This trend is likely
influenced by the natural abundance of the
metals, although this order may not be
consistently observed across all studies.



Zinc enters water bodies through multiple
anthropogenic pathways, including by-products
from steel production, coal-fired power plants,
burning of waste materials, and leaching from
fertilizers and industrial effluents during mining
and metal processing activities (Damodharan,
2013). Other significant sources include urban
runoff and municipal sewage.

Zinc is an essential nutrient for growth and
development and is found in virtually all food
and potable water in the form of salts or organic
complexes (WHO, 2011). However, excessive
levels of zinc in drinking water can cause
stomach cramps, nausea, and vomiting. The
concentrations of zinc in Lake Alau's surface
water, observed in this study, did not exceed the
World Health Organization's (WHO)
recommended limit of 3 mg/L for drinking water
(WHO, 2008) or the permissible limit of 5 mg/L
set by the Central Pollution Control Board

(CPCB, 2000) and the United States
Environmental Protection Agency (USEPA,
2002).

Zinc plays a critical role in activating numerous
enzymes, particularly those present in the liver
(Yacoub, 2007; Authman et al., 2015). It is
crucial for aquatic organisms, especially fish, as
it affects cellular respiration, oxygen utilization,
DNA/RNA expression, and protection against
oxidative stress (Sloup et al., 2017). Zinc is also
vital for bone growth and reproductive organ
functioning, though zinc poisoning is rare.
However, excessive zinc concentrations can be
harmful to aquatic life, producing antagonistic,
additive, or synergistic effects with other
elements (Baumann and May, 1984; Kanwal and
Saher, 2018).

Zinc is significantly more toxic to aquatic
organisms than to humans. For instance, the US
EPA freshwater aquatic biological criterion for
zinc is 0.12 mg/L, compared to human health
standards of 7.4 mg/L (potable water + aquatic
organisms) and 26 mg/L (potable aquatic
organisms only).

Fish can accumulate zinc from both water and
their diet (Eisler, 1993; Garai et al., 2021). At
high concentrations, zinc can be toxic to fish,
leading to mortality, growth retardation,
reproductive impairment, cardiac changes,
inhibition of spawning, and a multitude of
detrimental effects (Sorenson, 1991; Authman et
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al., 2015). Zinc’s toxicity in aquatic fauna is
influenced by factors such as water hardness,
oxygen saturation, and temperature. Salts of
alkaline-earth elements reduce its toxicity; while
increased temperature and lower dissolved
oxygen levels heighten its toxic effects. Clinical
signs of zinc toxicity in other organisms include
diarrhea, bloody urine, liver failure, kidney
failure, and anemia (Duruibe et al., 2007). Zinc
is vital for many physiological and metabolic
processes in aquatic life, but its toxicity poses a
significant threat when concentrations exceed
essential levels.

Lead (Pb) enters the environment through both
natural and anthropogenic sources. It is a natural
component of air, water, and the biosphere, and
in aquatic environments, lead typically occurs in
its +2 oxidation state. Industrial activities such
as mining, gasoline combustion (due to
tetraethyl lead), and the use of lead-based
products contribute significantly to elevated lead
concentrations in natural waters, where it is
otherwise rarely detected (Asante, 2013). Lead
from gasoline combustion is a primary source of
atmospheric Pb, much of which eventually ends
up in water bodies. Other sources include soil
erosion, runoff from municipal and industrial
waste, and urban drainage (DWAF, 1996;
Bahnasawy et al., 2011).

In Lake Alau, the concentrations of Pb in all
sampled water portions exceeded the permissible
limit of 0.05 mg/L as set by the World Health
Organization (WHO, 1993) and the United
States Environmental  Protection  Agency
(USEPA, 2002). The Pb levels also surpassed
the WHO (2008) recommended limit of 0.01
mg/L for drinking water, indicating that Lake
Alau is polluted with lead. Potential contributors
to this contamination include the discharge of
automobile waste from vehicles, particularly
heavy-duty trucks that transport sand and gravel
near Station 5, and military activities within the
lake’s catchment area, such as those associated
with the insurgency in the Sambisa swamp.

The spillage of petroleum products is another
significant environmental hazard, especially
since used engine oil absorbs heavy metals from
engine wear, making its disposal more harmful
than crude oil (Abioye et al., 2012). Popoola and
Ayodele (2016) emphasized the damaging
environmental effects of large-scale petroleum



product spills. Military activities, whether on
land or sea, have also been associated with the
release of toxic elements like lead, cadmium,
and copper, which are well-known for their
toxicity (Gebka et al., 2016).

Lead accumulation in water is primarily
facilitated through adsorption and the
complexation of free lead ions (Denny and
Welsh, 1979; Kumar et al., 2020). Lead
exposure, even at low levels, can cause severe
nerve damage, particularly in infants and
children (Wani et al., 2015). It also triggers the
excessive production of reactive oxygen species
(ROS), which can destroy cellular membranes,
lipids, nucleic acids, and proteins (Khan et al.,
2018; Kumar et al., 2011). The USEPA
recommends a lead criterion of 0.131 mg/L, with
a chronic criterion of 0.0051 mg/L.

Lead is highly toxic to aquatic organisms,
especially fish (Rompala et al., 1984,
Tchounwou et al.,, 2012). In humans, Pb
poisoning affects the Kidneys, reproductive
system, liver, and nervous system, and can lead
to developmental issues such as mental
retardation in children and anemia in cases of
mild  poisoning.  Nutritional  deficiencies,
including a lack of calcium, iron, copper,
selenium, and ascorbic acid, can exacerbate lead
accumulation in the body. Lead primarily
accumulates in the bones, where it replaces
calcium. Organic lead compounds can easily
penetrate the human body through the skin,
posing risks to the central nervous system.

The toxic effects of Pb are linked to its strong
affinity for sulfur, reducing enzyme activity and
inhibiting cellular oxidation-reduction reactions
and protein synthesis. Lead poisoning is more
severe in hard water than in soft water. High
levels of lead exposure can lead to disruptions in
hemoglobin  synthesis,  kidney  damage,
gastrointestinal issues, joint and reproductive
problems, and acute or chronic damage to the
nervous system (Tirkey et al., 2012). Common
sources of lead include the combustion of lead-
based fuels, commercial products like plastics,
storage batteries, bearing alloys, insecticides,
and certain paints (Mutwiri, 2001).

Lead contamination in Lake Alau is largely
attributed to industrial activities, vehicle
emissions, military operations, and petroleum
spillage. Its presence poses significant health
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risks to both aquatic life and humans, with the
potential for serious environmental and
biological consequences.

Copper (Cu): Copper is an essential element for
living organisms and is widely distributed in
nature. It is naturally present in soils, rocks, and
rivers, and is released into aquatic environments
through both natural processes, such as
weathering of soil, and anthropogenic sources
like industrial discharges and wastewater
treatment plants. In aquatic systems, copper can
exist in three forms: soluble, colloidal, and
particulate. However, Cu is typically rare in
natural waters unless introduced by human
activities.

One major source of Cu in the surface water of
Lake Alau is the extensive use of pesticide
sprays containing copper compounds for
agricultural purposes. Other contributions come
from runoff from surrounding agricultural
farmlands and catchment areas. Copper is
commonly used in fungicides, algicides,
insecticides, wood preservatives, and even in
industrial processes such as electroplating,
petroleum refining, azo dye manufacturing, and
pyrotechnics. Additionally, copper compounds
are added to fertilizers and animal feeds to
promote growth, and they can also be found as
food additives (Abbasi et al., 1998; EFSA,
2018).

Copper, while essential for metabolic processes
in humans and animals, affecting enzymes and
hemoglobin synthesis, is highly toxic to fish and
other aquatic organisms at concentrations that
are not harmful to humans. This toxicity is
particularly severe for early life stages such as
fish larvae, although it is mitigated when copper
is bound to particulate matter in water or when
the water is hard (Damodharan, 2013). The
toxicity of copper is influenced by several water
parameters such as alkalinity, pH, and the
presence of organic matter. As these factors
increase, the bioavailability and toxicity of Cu
(1) ions decrease.

In Lake Alau, copper concentrations in all
sampled portions of the lake exceeded the World
Health Organization's (WHOQO) permissible limit
of 0.05 mg/L for water quality (WHO, 1999).
The toxicity of copper to aquatic organisms is
significantly higher than its toxicity to humans
and terrestrial organisms, with water fleas being



especially susceptible (Zhu, 2006). Copper tends
to be more concentrated in harder water bodies
with higher dissolved organic matter content
(Hong, 2020).

According to the Asian Development Bank
(ADB), the standard limits for copper are as
follows: 1.0 mg/L for drinking water, 0.40 mg/L
for fishing waters, and 5.00 mg/L for livestock
drinking water. For irrigation purposes, the
permissible limit is 0.20 mg/L, while domestic
water supplies have a limit of 1.0 mg/L
(USEPA). Though copper is essential for human
health, excessive concentrations can lead to
health problems such as anemia, liver and
kidney damage, and gastrointestinal irritation
(Turnland, 1988; Garba et al., 2021).

Copper is remobilized in water through
processes like acid-base ion exchange and
oxidation (Gomez et al., 2000). Although the
effects of high copper concentrations on fish are
not fully understood, it has been observed that
fish exposed to toxic levels of copper may
experience  biological  dysfunctions  and
histopathological alterations, such as damage to
liver and kidney tissues, stomach irritation, and
anemia (Sabullah et al., 2014; Monteiro et al.,
2012). Copper toxicity can act as a stressor to
aquatic organisms, disrupting biochemical
functions and cellular morphology, leading to
harmful effects, particularly for invertebrates
(Woodward et al., 1994; Tirkey et al., 2012).
While copper is vital for both human and animal
life, excessive levels of Cu in aquatic systems
can be highly toxic to aquatic organisms,
especially fish. In Lake Alau, agricultural runoff
and other anthropogenic activities have
contributed to elevated copper levels, posing
risks to the lake's aquatic ecosystem.

Cadmium (Cd): Cadmium is a nonessential trace
metal that is potentially toxic to most fish and
wildlife, particularly freshwater organisms
(Robertson et al., 1989; Sfakianakis et al.,
2015). Cd is chemically similar to Zn and found
in water in the oxidation form +2. It occurs
naturally as CdS and followed minerals of Pb
and Zn. Food is the main source of Cd
poisoning. The effects of acute Cd poisoning in
humans are very serious, including hypertension,
kidney damage, causing potential prostate
cancer, etc. (Durmishi et al., 2016). The
physiological effects of Zn with Cd replacement
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in some enzymatic reactions hampered the
normal functioning of enzymes. The toxic effect
of Cd in water decreases with the increasing
hardness of the water, due to rising water
carbonates content. Heavy metal carbonates are
less soluble in water and so a part of dissolved
Cd is removed (Bytyci, 2018). Cd is highly toxic
and responsible for several cases of poisoning
through food. Small quantities of Cd cause
adverse changes in the arteries of human kidney.
It replaces Zn biochemically and causes
hypertension as well as kidney damage. It
interferes with enzymes and causes a painful
disease called Itai-itai (Rajappa et al., 2010).
High concentration of Cd occurs at neutral and
alkali pH.

The total mean concentration values in the water
samples were highest at station 3 (0.42+0.19),
while station 2 shows the Ileast value
(0.30+0.18). Higher concentration of cadmium
is extremely toxic to fish population. Its effects
on the growth rate have been observed even for
concentrations between 0.005 and 0.01 mg/L
(Green, 1986; Hameed et al., 2019), where
fertilizers, pesticides and other agrochemical are
used in addition to possible release of sediment
bound metal. Apart from natural sources, other
probable sources of this metal in surface water
include leaching from Ni-Cd based batteries
(Huton et al., 1999; Daso and Osibanjo, 2012),
runoff from agricultural soils where phosphate
fertilizers are used (Steopler, 1991; Daso and
Osibanjo, 2012) and other metal wastes. The
levels of cadmium in the water samples from the
three sampling point were above the (WHO,
2004) standard values of 0.01 mg/L for the
survival of aquatic organism. Cadmium has no
known physiological role in aquatic organisms
and is considered as one of the most toxic metals
in the aquatic environment (Obasohan, 2008;
Okocha and Adedeji, 2011). This study observed
a total mean concentration of 0.35+0.17mg/L for
total water concentration in all the sampling
station.

Manganese (Mn) compounds are used in

fertilizers, varnish and fungicides and as
livestock feeding supplements. It can also
bioaccumulate in lower organisms (e.g.,

phytoplankton, algae, mollusks and some fish)
but not in higher organisms; biomagnifications
in food chains is not expected to be very



significant. A high concentration of manganese
can cause genotoxic damage in fish that are
bottom dwellers such as Clarias gariepinus,
which is present in Alau Lake (Chukwuemeka et
al., 2019). The concentrations of Mn within the
three sampling point from Lake Alau exceeded
the permissible limit of 0.05 mg/L water (WHO,
2004; USEPA, 2002). Mn concentration levels
in surface water was found to be lower that
recommended limit of 0.40 mg L-1 for Mn in
drinking water (WHO, 2008). Mn is an abundant
metal in earth’s crust and usually occurs with
iron. It is used in the manufacture of iron and
steel alloys, as an oxidant for cleaning,
bleaching and disinfection (as potassium
permanganate) and as an ingredient in various
products (WHO 2011). Mn is introduced into
aquatic  environments  mainly  through
anthropogenic sources, such as sewage sludge,
emissions from alloy, iron, and steel industries,
municipal wastewater discharges, and mining
and mineral processing (Abidemi, 2013).
Manganese in trace amount is an essential
element. It interferes with iron metabolism,
especially haemoglobin formation (Igwemmar et
al., 2013).

Mn is present in over 100 common salts and
mineral complexes that are widely distributed in
rocks, in soils and on the floors of lakes and
oceans (Damodharan, 2013). These Mn minerals
include sulfides, oxides, carbonates, silicates,
phosphates, arsenates, tungstates, and borates.
However, the most important Mn mineral is the
native black manganese oxide, pyrolusite
(MnO2). Mn is used for production of
ferromanganese steels, electrolytic manganese
dioxide for use in batteries, alloys, catalysts,
antiknock agents, pigments, dryers, wood
preservatives and coating welding rods (Bradi,
2005). It is also used as an oxidant for cleaning,
bleaching and disinfection (as potassium
permanganate) and as an ingredient of various
products (WHO, 2011). Mn is an essential
micronutrient present in all living organisms,
because it functions as a co factor for many
enzyme activities’ (Suresh et al., 1999). Mn is a
metal with low toxicity but has a considerable
biological significance and seems to accumulate
in fish (Kumar et al., 2011). According to
(Krishna et al., 2014), high Mn concentration
interferes with the central nervous system of
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vertebrates; hence, the consumption of Mn
contaminated fish potentially resulting in health
risks to the consumers is a matter of concern.
High concentration of Mn causes liver cirrhosis
and also produces a poisoning called Manganese
or Parkinson disease (Bradi, 2005).

Heavy metals like lead, cadmium, and copper
are prevalent in Lake Alau, likely due to
intensive surrounding human activities. Lake
Alau’s watershed experiences greater
agricultural and urban impacts, leading to
pollutant accumulation in sediments and
degraded water quality over time. Local
agricultural ~ practices  likely  contribute
pesticides, fertilizers, and waste products
containing metals like cadmium and zinc to
Lake Alau (Ahktar et al., 2021). These
contaminants enter the lake through runoff,
especially during the wet season, thereby
increasing metal concentrations in the water and
sediment (Liu et al., 2024). The release of lead,
manganese, and zinc from vehicular emissions
near urban areas surrounding Lake Alau
contributes to atmospheric deposition, which
settles into the lake (Dantas Arouca et al., 2024).
Furthermore, urbanization often leads to
untreated or insufficiently treated wastewater
entering the lake.

It’s essential to focus on both immediate and
long-term impacts of heavy metal contamination
in Lake Alau, especially as they relate to the
ecosystem and public health. Elevated
concentrations of heavy metals like zinc, lead,
and cadmium can disrupt aquatic life by
affecting plankton diversity (Zamora-Ledezma
et al., 2021) and reducing food availability for
higher trophic levels, such as fish. Over time,
bioaccumulation of these metals in fish and
other organisms can lead to toxic effects that
threaten biodiversity and diminish population
resilience (Edo et al., 2024). The loss of
sensitive species may ultimately alter the lake's
ecological balance, making it more susceptible
to algal blooms and other indicators of degraded
water quality.

Heavy metals in water systems can pose severe
health risks when they enter the food chain or
contaminate drinking water supplies (Kapoor
and Singh, 2021). Chronic exposure to metals
like lead and cadmium is associated with kidney
damage, neurological disorders, and other long-



term health conditions (Balali-Mood et al.,
2021). Assessing the specific concentrations of
these metals and their accumulation in
commonly consumed fish species from Lake
Alau can help clarify the risk to local
communities, guiding both health advisories and
consumption recommendations.
CONCLUSION
This study confirms elevated levels of heavy
metals, including zinc, copper, manganese,
cadmium, and lead, in Lake Alau's surface
water. Zinc, though essential, poses toxicity
risks at high concentrations, likely stemming
from agricultural runoff, industrial activities, and
urban waste, though it remains within safe limits
for human consumption. Copper, cadmium,
manganese, and lead, however, exceed
permissible limits, highlighting a serious
pollution risk that threatens aquatic health,
growth, and ecosystem stability. To safeguard
Lake Alau’s water quality and biodiversity,
effective management and pollution control
measures are critical. Recommended actions
include promoting organic or low-input
agriculture to reduce runoff, establishing
vegetative buffer zones to filter contaminants,
and enforcing stricter waste disposal controls.
Additionally, dust management efforts, such as
reforestation or physical barriers, could mitigate
heavy metal input from Saharan dust, especially
during harmattan seasons. Regular monitoring of
heavy metals, paired with biodiversity and
health impact assessments, is essential for
tracking contamination trends and enabling early
response strategies. Data on bioaccumulation in
fish linked to human health outcomes would
support stronger regulations and guide public
advisories on safe consumption practices,
protecting both ecosystem and community
health over the long term.
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