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Abstract

Trace metals contamination of surface water and sediments remain a global threat to biodiversity and humans. The study was carried
out to assess the variation pattern in trace metals concentration in water and sediments samples from selected mining ponds in Jos South
and Barkin Ladi for the period of February and March (Dry season) and July and August (Wet season), 2019. Metal concentrations were
analysed using the PG-990 model atomic absorption spectrophotometer after HNO3-HCI digestion in the ratio of 1:3 (aquarigia). Results
of the analysis showed that higher metal concentrations of Pb (0.06 mg/kg), Cd (0.02 mg/kg), As (0.31 mg/kg) and Ni (0.19 mg/kg)
were recorded in dry season than wet season for water samples. The concentration of toxic metals Pb, Cd, As and Ni were higher than
the recommended values reported by WHO/USEPA (2000) for water samples. Mean relative abundance of trace metals in water occurred
in the order Zn>Cu>As>Ni>Cu>Pb>Cd for dry season and Zn>Ni>As>Pb>Co>Cu>Cd for wet season. For sediments, the mean relative
abundance of trace metals occurred in the range Zn>Ni>Cu>As>Ab>Co>Cd for dry season and Zn>Ni>Pb>As>Co>Cu>Cd for wet
season. Generally, the concentrations of Pb (14.78 mg/kg), Cd (4.23 mg/kg), As (16.73 mg/kg) and Ni (26.48 mg/kg) in the sediments

exceeded the International Sediment Quality Guidelines, ISQG (2000) and could have adverse effect on aquatic organisms.
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Introduction

Seasonal variation in quality of water and sediments generally
refer to the change in components of water and sediments which
are to be present at the optimum level for suitable growth of
plants and animals. These components play an important role for
the growth of plants and animals in the water body. In natural
aquatic system, various chemical parameters occur in low
concentration. This concentration increases as a result of rapid
growth in population, increased in urbanization, industrial
activities and exploitation of natural resources (Raji et al., 2016)
119, Contamination of surface water courses and their sediments
by trace metals is a global problem which has attracted policy
makers and researchers because of the toxicity associated with
them, as well as their bioaccumulation potentials (Edoknayi et al.,
2017; Cevik, 2009) . This has led to the formulation of several
sediments quality guidelines (SQGs) which have been useful in
identifying pollution of consensus (Ki, 2014). The concentration
of trace metals, exposure route, duration of exposure age, genetic,
chemical species as well as the nutritional status of the exposed
individuals are part of the various factors that influence the
potential toxicity of trace metals to humans (Jchounwou et al.,
2012). Trace metals are known to be toxic, persistent and have
bioaccumulation tendencies in the environmental media (Tersach
and Okpokwasili, 2016) [, Once released, they can stay for
exceptionally long period time, resisting degradation and
undergoing various chemical processes in water (Xu et al., 2015).
Trace metals are easily adsorbed to sediments which can act as a
sink and secondary sources of these contamination in water and
aquatic biota (Varol and Sen, 2012). Such accumulation of metals

is dependent on a number of factors which include pH of the
surface water, concentration of metals, anthropogenic inputs and
other chemical parameters of water itself. Under favorable
conditions, metals can solubilize back to the aqueous phase.
Contaminated sediments do have adverse effect on the aquatic
ecosystem, therefore, monitoring of sediments is important
(Edokpayi et al., 2016) 1!,

Trace metals contamination in surface water and sediments have
been linked to several human activities that occur both far and
close to the natural resource such as settlement, mining and
industrial activities, farms game reserves, car wash, storm water
run-off and waste water treatment facilities (Chaves et al., 2016).
Edokpayi et al (2017) ™ reported that anthropogenic activities
performed very close to surface water poses threat to the aquatic
ecosystems and humans, as contaminated water becomes a
chemical pathway through which several diseases are spread to
people living around the water resources.

The objectives of this study is to

1. Assess trace metals contamination of mining ponds from Jos
South and Barkin Ladi, which is often used by people for
various purposes.

2. Investigate the effect of seasonal variation on the level of
trace metals determined and,

3. To evaluate the possible ecological risk of the metal levels
found.
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Materials and Methods

Sampling and Sample Preparation

Water Samples

A 1000cm’® acid washed clean polyethylene containers were used
for collection of water samples. A hydrobios water sampler was
used to transfer water into 1000cm?® polyethylene containers with
screw caps. The samples were collected 50m distance between
sampling sites. The samples were transported to the laboratory
and stored in the refrigerator.

Sediment samples

About 10g of sediment samples (surface sediments) were
collected at a 0-5Scm depths using a clean stainless steel trowel
into an acid washed plastic containers. Three sediment samples
were taken at different points on the river bank and mixed to form
a composite sample procedure in order to obtain a representative
sample (USEPA, 2001). The sediment samples were air-dried and
then crushed using a porcelain mortar and a pestle after which, it
was mixed thoroughly and sieved through a 2mm mesh sieve. The
powdered samples were stored in polyethylene sample bottle
prior to analysis (Wushuang ez al., 2017).

Method

Extraction of trace metals in water

To a 50m’ aliquot of the water sample, 30cm?® of Conc. HCI and
10cm® of Conc. HNO3 were added. The solution was placed on a
hot plate and heated at a temperature of 100°C for 1 hour. After
the solution was allowed to cool, it was filtered and then adjusted
to 100cm’volume with deionized water and stored for
determination of trace metals (David and Minati, 2018).

Preparation of soil and sediment samples for the
determination of trace metals

A 1.0g of the sieved soil or sediment samples were digested with
amixture of 15¢cm? Conc. HCI and 25¢cm? Conc. HNOj and heated
for 2 hours at 100°C. After cooling, the mixture was filtered and
made up to 50cm?® volume with deionized water and stored for
determination of trace metals (Joseph et al., 2013).

Determination of trace metals in the samples

The concentration of trace metals in water and sediment samples
were determined using the PG-990 model atomic absorption
spectrophotometer. The filtrates were aspirated into the flame of
the atomic absorption spectrophotometer and the absorbance
were taken. From the calibration curve, the corresponding
concentrations were obtained and reported in mg/l and mg/kg dry
matter.

Results and Discussions

Trace Metal Concentration in Water Samples

The results revealed the concentration of copper from the mining
ponds as ranging from 0.38+0.04-0.52+0.03 mg/l in dry season
and 0.03+0.01-0.05+0.02 mg/l in wet season. The mean
concentration of copper (0.44+0.03mg/l) in dry season was
higher than the mean values of copper (0.04+0.01 mg/l in wet
season (Figure 1). Copper recorded higher concentrations in the
dry season than the wet season. These values are above the
maximum permissible limit of 0.01 mg/l recommended by WHO
(2004), WHO/USEPA (2000), EPA (2000) and SON (2007). The
concentration of copper from the mining ponds were higher than
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its concentration from the non-mining pond. The higher values of
this metals can be attributed to anthropogenic activities such as
mining, biosolids, refining, smelting and electroplating (Liu et
al., 2005). Copper is highly toxic to fish, invertebrates and
amphibians. It can damage gill and kidney and reduce the growth
of aquatic organism such as fish. Copper is an essential trace
element for humans. It is essential for the activity of enzymes
associated with iron and also important pigment. However,
elevated level of copper or copper poisoning may result in
cirrhosis of the liver (liver disease) and in extreme cases the death
to humans (Golam, 2014). The concentration of zinc recorded for
the two seasons ranged from 0.74+0.04-0.82+0.02 mg/l in dry
season and 0.21+0.01-0.69+0.03 mg/l in wet season. The mining
ponds recorded the mean concentration of zinc as 0.78+0.05 mg/1
in dry season and 0.47+0.02 mg/] in wet season (Figure 1). Zinc
had its high concentration in dry season than in wet but did not
exceeded the maximum permissible limits of 3.0mg/l
recommended by the WHO/USEPA (2000) and SON (2007).
Zinc concentrations at the mining ponds were higher than the
values from the non-mining pond. The main source of zinc in the
environment could be due to mining activities, biosolids,
refining, smelting and electro planting (Liu et al., 2005).Growth
survival and reproduction of aquatic plants and animals can be
adversely affected by elevated zinc levels. Though zinc is an
essential element, however, its excessive concentration in food
and feed plants are of great concern because of its toxicity to
humans. It can cause hemolytic anomic, liver and kidney damage.
Vomiting, diarrhea abdominal pain, lethargy and dizziness are
among symptoms of zinc poisoning (Atieh, 2011; Chinwe et al.,
2010). The concentration of cadmium ranged from BDL-
0.01+0.00 mg/l in dry season and 0.03+0.00-0.06+0.02 mg/] in
wet season. The mean concentration of cadmium was 0.01+0.00
mg/l in dry season and 0.04+0.01 mg/l in wet season (Figure 1).
The result of the analysis in dry and wet seasons have significant
concentrations above the maximum permissible limits of 0.01
mg/l recommended by the EPA (2004), WHO/USEPA (2000)
and WHO (2004) for drinking water. Cadmium had higher
concentrations in wet season than the dry season. Cadmium
values from the mining ponds were higher than from the non-
mining pond. Higher Level of cadmium had been reported to
cause itai-itai disease. The presence of cadmium in water may be
connected with mining activities, application of phosphate
fertilizer, sewage sludge (Mohammed et al., 2008). Cadmium can
damage the nervous and reproductive system and can reduce the
ability of aquatic organism to osmo regulate. Cadmium can
bioaccumulate in muscle of aquatic organism. This can be
transferred to human via seafood contamination. If cropland is
irrigated with wastewater containing cadmium, there is high risk
of transfer of cadmium from crop to human. It has been reported
that cadmium can cause cancer and disease of the heart, lungs
kidney, bones, reproductive failure and infertility etc. (Golam,
2014). The results recorded the concentration of lead ranging
from BDL-0.5+0.01 mg/1 in dry season and 0.08+0.01-0.17+0.02
mg/l in wet season. The mean concentration of lead in dry and
wet seasons was 0.06£0.00 mg/l and 0.12+ 0.05 mg/l
respectively, with higher values in wet season (Figure 1). These
results were significantly above the maximum permissible limits
of 0.05mg/l recommended by the EPA (2000) and WHO/USEPA
(2000). The concentrations of Pb in the mining ponds were found
to be above the value from the non-mining pond. High levels of
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Pb could be accounted for by natural deposit, mining activities,
discharge from lead acid batteries used as power sources by the
inhabitants, burning of leaded gasoline, municipal sewage,
industrial waters enriched in Pb, (Gisbert et al., 2003) Pl Lead
can adversely affect aquatic organisms including algae and fish.
Cultivation of crops and vegetables for human or animal
consumption on lead contaminated soil/water can potentially lead
to uptake and contamination in edible plant parts with a potential
risk to human and animal health (Golam, 2004). Lead is
considered as a potential carcinogen and can damage
cardiovascular kidney, nervous system, circulatory system in
human (Yilmaz, 2007; Nsi, 2007). The concentration of arsenic
from this work ranged from BDL-0.39+0.05 mg/] in dry season
and BDL -0.35+0.02 mg/1 in wet season. The mean concentration
of arsenic from the mining ponds also varied significantly as
0.31£0.04 mg/1 in dry season and 0.16£0.02mg/l in wet season
(Figure 1). Arsenic had higher concentrations in dry season than
wet season. The result obtained for dry and wet seasons were
above the maximum permissible limits of 0.03mg/l
recommended by the WHO/USEPA (2000). Arsenic is one of the
contaminants found in the environment, which is notoriously
toxic to human and other living organisms (Chutia et al., 2009).
It is a highly toxic elements that exist in various species, and the
toxicity of arsenic depends on its species. The trivalent
methylated arsenic species have been found to be more toxic than
inorganic arsenic because they are more efficient at causing DNA
breakdown (Chutia et al., 2009). Arsenate which is in pentavalent
state is also considered to be toxic and carcinogenic to human
(Yusuf and Malek, 2009).High concentration of arsenic could be
attributed to its discharge into the body of water from mining and
smelting, herbicides, pesticides, organic arsenic compounds used
as wood preservatives (Nriagu, 1994) 8,

The concentration of nickel significantly varied from 0.04+0.01-
0.30+0.06 mg/l in dry season and 0.13+0.00-0.28+0.03 mg/l mg/1
in wet season. The mean concentrations of nickel in dry and wet
seasons were 0.19+0.02 mg/l and 0.22+0.03 mg/l respectively
(Figure 1). Furthermore, the seasonal concentrations of nickel in
water during the wet season differ significantly from that of in the
dry season. Higher concentrations above the recommended limits
of 0.02 mg/l as reported by WHO/USEPA (2000) and (SON,
2007) were observed for nickel in the dry and wet seasons. The
higher concentration of nickel in the environment could be due to
weathering of soils and geological materials, land fill, forest fire
(Knox et al., 1999). Nickel is moderately toxic to fresh water
organisms and poisoning may cause gill damage and even death
in fish. International Agency for Research on cancer (IARC) has
classified nickel compounds as human carcinogens. Though
small quantities of nickel are essential for human but higher
uptake could be a health hazard and may cause lung cancer, nose
cancer, larynx cancer and prostate cancer, respiratory failure,
birth defect and heart disorders etc. (EL-Shafie 2011; Chervona,
et al., 2012). The water samples exhibited higher concentration
of cobalt in the dry season compared to the wet season. The
values ranged from BDL-0.24+0.03 mg/l in dry season and
0.07£0.00-0.1240.01 mg/l in wet season, with mean
concentrations of 0.12+0.00 mg/l and 0.08+0.00 mg/1 in dry and
wet season respectively. (Figure 1). These values were above the
maximum permissible limits of 0.05 mg/l recommended by
WHO (2004).The higher values of this metal could be attributed
to the natural factors which include weathering of rocks, soil as
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well as anthropogenic activities such as mining, application of
phosphate fertilizer on farm lands, pesticide in fishing, plants
metal leachates from solid mine dumps as well as domestic
effluent (Okorie, 2011). Cobalt is an essential trace metal known
as a constituent of vitamins, By in the body. It plays a major role
in the process of erythropoiesis—the process wherein erythrocyte
or red blood cells are produced (Tagveem, 2011).
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Fig 1: Seasonal Variation in Concentration of Trace Metals in Water
from Mining Ponds D = Dry Season; W = Wet Season

In summary the mean seasonal variation of trace metals in the
water occurred in the sequence, Zn>Cu>As>Ni>Co>Pb>Cd> in
dry season and Zn>Ni>As>Pb>Co>Cu>Cd in wet season (Figure
1). The concentrations of copper, zinc, arsenic and cobalt were
higher in the dry season, while lead, cadmium and nickel
recorded high concentrations in wet season. The concentrations
of the metals generally decreased in wet season compared to dry
season due to increase in volume of water in wet season as a result
of rainfall and also metal dissolution (Rajiet al., 2016) !9,
Mondol et al (2011) reported that many bodies of water in Nigeria
experience seasonal fluctuations leading to a higher
concentration of pollutants during dry season when effluents are
least diluted. Generally, all the metals were observed to have
concentrations above the standard acceptable guidelines of SON
(2007) and WHO/USEPA (2000), except for Cu and Zn. This can
adversely affect aquatic organism which man depends on for
food. Fish can bioaccumulate these metals which is passed to man
through the food chain. The high values of these metals could be
attributed to natural factors which include weathering of rocks,
soils, flood as well as anthropogenic activities as mining, use of
phosphate fertilizer on farm lands, pesticides in fishing, metal
leachates from solid waste dumps and domestic effluents
(Okorie, 2011). The results from the mining ponds when
compared was found to be higher than the values from the non-
mining ponds which signifies that mining activities had
significant impact on metal concentration.
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Trace Metal Concentration in Sediment Samples

The concentration of copper recorded for the two seasons ranged
from 15.78+1.30- 23.09+1.45 mg/kg in dry season and
1.63+0.12-7.40+£0.14 mg/kg in wet season. The mean seasonal
variation showed that copper had the concentration of 19.21+£0.52
mg /kg in dry season and 4.00+0.12 mg/kg in wet season (Figure
2). However, these values are below the safety limits of trace
metals in sediments, 65 mg/kg, 25 mg/kg and 20 mg/kg
recommended by ISQG (2000), WHO/USEPA (2002) 5! and
CEPA (2005) respectively. Sediments are important sink for
various pollutants such as heavy metals and also play a useful role
in assessment of heavy metal concentration. Sediments may serve
as a metal pool that can release metals to the overlaying water via
natural and anthropogenic processes, causing potential adverse
health effects to the ecosystem because of their serious toxicity
and persistence (Abdolah et al., 2014).

The result of the analysis showed that zinc occurred in the range
61.98+1.35-80.78+2.00 mg/kg in dry season and 63.49+1.257 -
6.15+1.40 mg/kg in wet season). The mean concentration of Zn
varied with seasons, 69.40+ 1.20 mg/kg in dry season and
69.35+1.30 mg/kg in wet season. Dry season recorded higher
concentration of Zn than the wet season (Figure 3). The results
for both seasons were lower than the safety limits of trace metal
in sediments, 200 mg/kg, 123 mg/kg and 100 mg/kg reported by
ISQG (2000), WHO/USEPA (2002) 3! and CEPA (2005)
respectively. From the analysis, the concentration of lead in the
sediments ranged from 12.35+1.45-19.75%£1.40 mg/kg in dry
season and 12.70+0.45-19.35+£1.30 mg/kg in wet season. The
mean concentration of Pb also varied with seasons, 14.78+ 1.24
mg/kg in dry season and 16.69+1.35 mg/kg in wet season (Figure
2). Lead recorded it highest values in wet season compared to dry
season. Higher concentrations above the safety limits of 10 mg/kg
(WHO/USEPA, 2002) 5! and 9mg/kg (SEPA, 2005) were
recorded for lead in dry and wet season. High levels of lead in
sediments could be attributed to natural deposit, mining activities,
discharge from lead acid from batteries used, municipal sewage,
industrial wastes enriched in lead (Gilbert et al., 2003).

The experimental results revealed the range of concentration of
cadmium as 3.23+0.02-5.04+0.10 mg/kg in dry and 1.10£0. 12-
2.41+40. 30 mg/kg in wet season. Mean concentration of cadmium
for dry and wet seasons were 4.23+0.40 mg/kg and 1.62+0.25
mg/kg respectively, with higher values in dry season than wet
season (Figure 2) These values are above the safety limit of 1.30
mg/kg, 1.50 mg/kg and 0.20 mg/kg recommended by ISQG
(2000), WHO/USEPA (2002) 31 and SEPA (2005) respectively.
The presence of Cd in sediments may be connected with mining
activities, application of phosphate fertilizer which is washed in
to the body of water, sewage sludge (Mohammad et al., 2008) [,
The concentration of arsenic from this work ranged from
15.05+£0.55-18.28+1.30 mg/kg in dry season and 14.91+1.30-
17.10+1.25 mg/kg in wet season. The mean seasonal variation
showed that arsenic recorded its highest mean values of
16.73£1.40 mg/kg in dry season than 15.98+1.35 mg/kg in wet
season (Figure 2). The concentration of arsenic in sediments is
above the value of 3.0 mg/kg recommended by WHO/USEPA
(2002). The high concentration of As in sediments could be
attributed to mining and smelling, herbicides, pesticide
application which could he washed into the body of water,
organic arsenic compounds used as wood preservatives, animal
feed additives (Nriagu,1994) B,
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Nickel concentration ranged from 22.41+0.05-29.31+1.56 mg/kg
dry season and 15.43+1.25-18.62+1.35 mg/kg in wet season, with
mean concentration of 26.48+1.30 mg/kg in dry season and
17.25+1.30 mg/kg in wet season (Figure 2). The concentration of
nickel was significantly higher in dry season than in wet season.
The values in dry season are above the safety limits of 20 mg/kg
recommended by ISQG (2000) and WHO/USEPA (2002) 51, In
wet season, the concentration of Ni was below the recommended
values of 10 mg/kg (CEPA 2005). The high concentration of
nickel in the environment could be due to weathering of soil and
geological materials, land fill, forest fire (Knox et al., 1999).
The result of the analysis showed that the concentration of cobalt
ranged from 9.84+0.05-15.57+1.20 mg/kg in dry season and
11.91+1.20-19.84£1.45 mg/kg in wet season. Cobalt recorded
higher concentration in wet season than dry season, with mean
seasonal variation as 11.95+0.50 mg/kg in dry season and
15.24+1.30 mg/kg in wet season (Figure 2). These values are
below the safety limits of 50 mg/kg recommended by the
WHO/USEPA (2002) 131,
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Fig 2: Seasonal Variation in Concentration of Trace Metals in
Sediments from Mining Ponds D = Dry Season; W = Wet Season

In summary, the mean seasonal variation of trace metals in
sediments from the mining area occurred in the sequence, Zn>
Ni> Cu> As>Pb> Co> Cd in dry season and Zn> Ni>Pb>As>
Co> Cu> Cd> in wet season. Most of the trace metals had higher
concentrations in dry season than wet season. Edokpayiet et al
(2017) ™ Suwalee (2018), Ebahet et al (2016) and Sancer and
Tekin-ozan (2016) reported that metal concentrations in
sediments increase in dry season than wet season due to reduced
water volume and flow less dilution effect and increase
evaporation from water bodies. The concentration of the toxic
metals, arsenic, lead, cadmium and nickel were observed to be
above the safety limits for sediment quality recommended by
WHO/USEPA (2002) 31, SEPA (2005) and ISQG (2002).
Possible sources of these metals are from weathering of soil
parent materials, use of phosphate fertilizers, pesticides, animal
feed additives and metal leachable from soil, waste dumps and
effluents (Okorie, 2011). Generally, the concentrations of the
metals from the mining areas were higher than the non-mining
area (control). This shows that mining activities had greatly
impacted the concentration of trace metals in sediments.
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Conclusion

The concentration of toxic metals Pb, Cd, As and in water and
sediments were higher than the permissible level recommended
by the WHO/USEPA (2000) guidelines. Trace metals
concentrations were generally higher in dry season compared to
wet season. Mining activities were found to impact trace metal
concentration in water and sediments samples. Higher
concentrations of trace metals in water and sediments could pose
serious health risk to the aquatic organisms and humans.
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