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ABSTRACT

Heavy metal pollution of aquatic ecosystems poses a significant environmental issue, 
particularly in rivers exposed to industrial and domestic effluent discharges. This study 
assessed the physicochemical characteristics of water and sediments from Wupa River, 
Abuja,  Nigeria.  Three  stations  were  selected  to  represent  different  levels  of 
anthropogenic  impact:  Station  1  (upstream,  reference  site),  Station  2  (effluent 
discharge point from Wupa wastewater treatment plant), and Station 3 (downstream of 
the discharge). Water and sediment samples were collected in triplicates and analyzed 
using  standard  methods  and  procedures.  Key  water  quality  results  included 
temperature  (28.00–29.33  °C),  pH  (7.81–8.06),  conductivity  (0.15–0.20  µS/cm), 
turbidity  (5.92–7.57  NTU),  chloride  (105.32–118.71  mg/L),  nitrate  (17.92–20.86 
mg/L), sulphate (0.15–0.27 mg/L), and chemical oxygen demand (1.52–2.32 mg/L). 
Detected heavy metals in water included cadmium (0.10–0.12 mg/L), copper (0.01–
0.04 mg/L), iron (0.57–0.83 mg/L), nickel (0.11–0.15 mg/L), lead (0.98–1.04 mg/L), 
and zinc (0.02–0.03 mg/L).  Sediment analysis revealed copper (0.13–0.28 mg/L), 
nickel (0.02–0.18 mg/L), zinc (0.03–0.05 mg/L), cadmium (0.004–0.01 mg/L), lead 
(5.09–5.69 mg/L), and iron (2.00–5.65 mg/L). The elevated levels of lead and iron in 
sediments, and detectable concentrations of cadmium and nickel in water, suggest 
significant contamination associated with effluent discharge. These findings highlight 
the need for effective wastewater management and regular monitoring to safeguard 
aquatic ecosystems and public health in communities dependent on the Wupa River.
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1 | INTRODUCTION 

Water  is  essential  for  sustaining  life,  yet  millions  of 

people globally lack access to clean and safe sources, 

increasing their vulnerability to waterborne diseases [1]. 

Water serves as a medium for the propagation of human-

associated  pathogens,  underscoring  the  importance  of 

adequate, secure, and accessible supplies [2]. Improving 

access to potable water results in immense health and 

socio-economic benefits [3]. Surface waters are under 

growing  pressure  from  industrial,  domestic,  and 

agricultural  pollution,  leading  to  nutrient  enrichment, 

eutrophication, and contamination by toxic substances 

such  as  heavy  metals.  Heavy  metals  are  particularly 

concerning  because  they  are  non-biodegradable, 

bioaccumulate in aquatic organisms, and pose long-term 

ecological and public health risks [4,5]. 

Since  the  industrial  revolution,  water  pollution  from 

untreated sewage and industrial effluents has become a 

global issue, with severe consequences for ecosystems 

and human health  [6,7].  Urban rivers  are particularly 

vulnerable due to population growth, rapid urbanization, 

and economic expansion [8]. Contaminants introduced 

include nutrients, pathogens, and toxic substances, all of 

which can threaten public health and biodiversity [9]. 

Unlike  organic  pollutants,  heavy  metals  are  non-

biodegradable  and  can  bioaccumulate  in  aquatic 

organisms, entering the food chain and posing long-term 

ecological and health risks [10]. They may also form 

organic  complexes,  increasing  their  toxicity  [11]. 

Common heavy metals of concern in effluent-impacted 

rivers  include  cadmium,  lead,  chromium,  zinc,  and 

copper  [12].  Their  persistence  and  ability  to 

bioaccumulate  exacerbate  the  risk  of  eutrophication, 

oxygen depletion, and aquatic life mortality [13,14].

Heavy  metal  pollution  continues  to  escalate  due  to 

urbanization,  industrialization,  and  poor  waste 

management practices [15].  Industries often discharge 

wastewater without treatment, releasing large amounts of 

toxic metals such as lead, chromium, nickel, cadmium, 

mercury,  and  arsenic  [16].  Such  discharges  result  in 

contamination of rivers and sediments, which serve as 

sinks for these metals and can later reintroduce them into 

the  aquatic  system  under  changing  environmental 

conditions [17].

Despite the existence of the Wupa wastewater treatment 

plant,  limited data exist  on the extent of heavy metal 

contamination  in  the  adjoining  Wupa  River  and  its 

potential  impacts  on  aquatic  ecosystems  and  nearby 

communities.  This  study  therefore  evaluated  the 

physicochemical  parameters  and  heavy  metal 

concentrations  in  both  water  and  sediments  of  Wupa 

River, Abuja. The findings provide insight into effluent-

induced  contamination,  environmental  health 

implications,  and  the  need  for  improved  wastewater 

management to safeguard public health.

2.0 | MATERIALS AND METHODS

2.1 Description of Study Area

Wupa  River  lies  between  Longitude  7°17’00″E  and 

7°22’12″E and Latitude 8°56’48″N and 9°01’48″N. It is 

part  of  the  Jabi  River  watershed  in  Abuja,  spanning 

approximately 16 km. The river is relatively narrow, with 

a maximum dry season width of 10–20 m. The catchment 

area experiences temperatures ranging from 27–36°C, 

with  an  average  of  29°C,  and  rainfall  of  10–68  mm 

monthly during 2021 [2].

2.2 Sampling Stations and Period

Samples  were  collected  bi-weekly  for  two  months 

(October–November  2024).  Although  the  sampling 

period was short, it coincided with the dry season when 

effluent discharges are concentrated and rainfall dilution 

is  minimal,  providing  a  representative  picture  of 

contamination levels. Water and sediment samples were 
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collected in triplicates at each station to ensure statistical 

reliability and representativeness.

Figure 1. Map of the Federal Capital Territory showing 
the location of the Wupa River and sampling stations.

2.3 Sample Collection

Water samples were collected with 1 L plastic bottles, 

pre-rinsed  with  distilled  water  and  the  sample  water. 

Vertical  column  sampling  (30  cm  depth)  was  used. 

Bottles were labeled and transported to the laboratory for 

analysis.  Sediment  samples  were  collected  from  the 

same stations, stored in clean containers, and transported 

under cold conditions.

2.4 Physicochemical Analyses

Water  quality  parameters,  including  temperature,  pH, 

conductivity,  and  turbidity,  were  determined  using 

standard  methods  [18].  Temperature,  pH,  and 

conductivity  were  measured  using  a  multiparameter 

probe  (HI  98129,  HANNA).  Turbidity  was  measured 

using a turbidimeter. 

2.5 Heavy Metal Analyses

Heavy metals (Cd, Cu, Fe, Ni, Pb, Zn) were quantified 

using  Atomic  Absorption  Spectrophotometry  (AAS). 

Standard solutions were prepared by serial dilution of 

1000  ppm  stock  solutions.  Calibration  curves  were 

generated, and concentrations were calculated based on 

absorbance values.

3 | RESULTS AND DISCUSSIONS 

3.1 Physicochemical Parameters of Water

The  physicochemical  parameters  of  water  sample 

collected from effluent impacted Wupa River is shown in 

table 1. Water temperature ranged between 28.00 ± 0.70 

°C and 29.33 ± 1.05 °C, within tropical freshwater limits. 

pH  values  (7.81–8.06)  indicated  slightly  alkaline 

conditions,  exceeding  WHO’s  acceptable  range  (6.5–

7.5). Conductivity values were low (0.15–0.20 µS/cm), 

below  the  WHO  permissible  limit  of  125  µS/cm. 

Turbidity ranged between 5.92–7.57 NTU, lower than 

the WHO threshold (<40 NTU). Chloride levels were 

high (105.32–118.71 mg/L), while nitrate concentrations 

(17.92–20.86 mg/L) remained within WHO standards. 

COD  values  (1.52–2.32  mg/L)  indicated  moderate 

organic pollution.

Mean temperature ranged from 28.00 ± 0.70 in Station C 

to 29.33 ± 1.05 in Station A. pH mean value ranged from 

7.81 ± 0.04 in Station C to 8.06 ± 0.21 in Station A. 

Conductivity mean value ranged from 0.15 ± 0.53 in 

Station C to 0.20 ± 0.05 in station A. Resistivity mean 

value  ranged from 4918.66  ±  1040.6  in  Station  A to 

5323.00 ±  571.91  in  Station C.  Total  dissolved solid 

mean value ranged from 0.09 ± 0.01 in Station C to 0.10 

± 0.02 in Station A. Salinity mean value ranged from 

0.09 ± 0.01 in Station B and C to 0.09 ±0.02 in Station A. 

Turbidity mean value ranged from 5.92 ± 2.75NTU in 

Station B to 7.57 ± 1.36NTU in Station C. Chlorine mean 

value ranged from 105.32 ± 3.80 in Station B to 118.71 ± 

0.70 in Station 118.71 ± 0.70 in Station C. Nitrate mean 

value ranged from 17.92 ± 042 in Station C to 20.86 ± 

1.24 in Station A. Sulphate mean value ranged from 0.15 

± 0.01 in Station C to 0.27 ± 0.02 in Station A. Chemical 

oxygen demand mean value ranged from 1.52 ± 0.08 in 

Station A to 2.32 ± 0.35 in Station B.
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Table 1: Physicochemical parameters of water sample 
collected from Wupa River

Parameters Station 
A

Station 
B

Station 
C

P-
value

WHO

acceptabl
e Limit

Temp.

(°C)

28.83 ± 
0.20

29.33 ± 
1.05

28.00 ± 
0.70

p>0.0
5

40

pH 8.06 ± 
0.21

7.90 ± 
0.04

7.81 ± 
0.04

p>0.0
5

6.5-7.5

Conduct.

(µS/Cm)

0.20 ± 
0.05

0.20 ± 
0.02

0.15 ± 
0.53

p>0.0
5

125

Resistivity

(Ω.m)

4918.66 
±

1040.6

4971.6
6 ±

616.54

5323.0
0 ±

571.91

p<0.0
5

TDS 
(mg/L)

0.10 ± 
0.02

0.10 ± 
0.01

0.09 ± 
0.01

p>0.0
5

500

Salinity 
(mg/L)

0.09 
±0.02

0.09 ± 
0.01

0.09 ± 
0.01

p>0.0
5

0.00001

Turbidity 
(NTU)

6.18 ± 
2.69

5.92 ± 
2.75

7.57 ± 
1.36

p<0.0
5

<40

Chlorine 
(mg/L)

110.64 
± 5.53

105.32 
±

3.80

118.71 
± 0.70

p>0.0
5

Nitrate 
(mg/L)

20.86 ± 
1.24

20.63 ± 
0.30

17.92 ± 
042

p<0.0
5

50

Sulphate 
(mg/L)

0.27 ± 
0.02

0.20 ± 
0.01

0.15 ± 
0.01

p<0.0
5

COD 
(mg/L)

1.52 ± 
0.08

2.32 ± 
0.35

2.06 ± 
0.05

3.2 Physicochemical Parameters of Sediment

The  physicochemical  parameters  of  sediment  sample 

collected from effluent impacted Wupa River is shown in 

table 2. Sediment pH (7.69–7.95) was slightly alkaline. 

Conductivity values (0.02–0.03 µS/cm) were low. Total 

nitrogen ranged from 0.49–0.77%, organic carbon 1.16–

1.43%,  and  organic  matter  2.01–2.46%.  Available 

potassium ranged from 2.32–3.49%. 

Mean sediment temperature ranged from 29.66 ± 0.75 in

Station C to 30.70 ± 1.30 in Station A. Sediment pH 

mean value ranged from 7.69 ± 0.28 in Station B to 7.95 

± 0.25 in Station C. Conductivity mean value ranged 

from 0.02 ± 0.01 in Station B to 0.03 ± 0.07 in station C. 

Resistivity mean value ranged from 29633.12 ± 5953 in 

Station  C  to  40666.67  ±  1411  in  Station  B.  Total 

dissolved  solid  mean  value  and  Salinity  mean  value 

recorded  0.01  ±  0.00  mg/L  across  all  the  sampling 

stations. Total Nitrogen mean value ranged from 0.49 ± 

0.03 in Station C to 0.77 ± 0.03 in Station B. O.C mean 

value ranged from 1.16 ± 0.05 in Station B to 1.43 ± 0.09 

in Station A. O.M mean value ranged from 2.01 ± 0.00 in 

Station  B  to  2.46  ±  0.15  in  Station  A.  Available 

Potassium mean value ranged from 2.32 ± 0.11 in Station 

B to 3.49 ± 0.03 in Station A.

Table  2: Physicochemical  parameters  of  sediment 

sample collected Wupa River

Parameter
s

Station 
A

Station 
B

Station 
C

P-
value

Temp.
 (°C)

30.70 ± 
1.30

29.70 ± 
0.55

29.66 ± 
0.75

p>0.0
5

pH 7.73 ± 
0.04

7.69 ± 
0.28

7.95 ± 
0.25

p>0.0
5

Conduct.

(µS/Cm)

0.03 ± 
0.01

0.02 ± 
0.01

0.03 ± 
0.07

p>0.0
5

Resistivity 
(Ω.m)

31536.6
7 ±

5737

40666.6
7 ±

1411

29633.1
2 ±

5953

p<0.0
5

TDS 
(mg/L)

0.01 ± 
0.00

0.01 ± 
0.00

0.01 ± 
0.00

p>0.0
5

Salinity 
(mg/L)

0.01 ± 
0.00

0.01 ± 
0.00

0.01 ± 
0.00

p>0.0
5

T.N (%) 0.53 ± 
0.02

0.77 ± 
0.03

0.49 ± 
0.03

p<0.0
5

O.C (%) 1.43 ± 
0.09

1.16 ± 
0.05

1.37 ± 
0.04

p>0.0
5

O.M (%) 2.46 ± 
0.15

2.01 ± 
0.00

2.37 ± 
0.07

p>0.0
5

Available 
P (%)

3.49 ± 
0.03

2.32 ± 
0.11

2.65 ± 
0.07

p<0.0
5

3.3 Heavy Metals in Water
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The result of the heavy metals of water sample collected 

from effluent impacted Wupa River is shown in figure 2. 

Cadmium mean value ranged from 0.10 ± 0.01mg/L in 

station A to 0.12 ± 0.00 mg/L in station C. Copper mean 

value ranged from 0.01 ± 0.01 mg/L in station C to 0.04 ± 

0.02 mg/L in station B. Iron mean value ranged from 0.57 

± 0.23 mg/L in station C to 0.83 ± 0.26 mg/L in station A. 

Nickel  mean value ranged from 0.11 ± 0.01 mg/L in 

station A to 0.15 ± 0.10 mg/L in station B. Lead mean 

value ranged from 0.98 ± 0.86 mg/L in station A to 1.04 ± 

0.64 mg/L in station C. Zinc mean value ranged from 

0.02 ± 0.00 mg/L in station C to 0.03 ± 0.00 mg/L in 

station A.

Cadmium ranged from 0.10–0.12 mg/L, above WHO’s 

guideline (0.002 mg/L). Copper levels (0.01–0.04 mg/L) 

were within permissible limits (1.3 mg/L). Iron (0.57–

0.83  mg/L)  exceeded  the  0.3  mg/L guideline.  Nickel 

(0.11–0.15 mg/L) surpassed the 0.1 mg/L limit.  Lead 

(0.98–1.04  mg/L)  greatly  exceeded  the  0.01  mg/L 

threshold.  Zinc  concentrations  (0.02–0.03  mg/L) 

remained below the permissible limit (0.12 mg/L).

Figure 2: Mean Concentration of heavy metals in Wupa 
River

3.4 Heavy Metals in Sediments

The  result  of  the  heavy  metals  of  Sediment  sample 

collected from effluent impacted Wupa River is shown in 

figure  3.  Copper  mean  value  ranged  from  0.13  ± 

0.03mg/L in station A to 0.28 ± 0.06mg/L in station B. 

Nickel  mean  value  ranged  from 0.02  ±  0.02mg/L in 

station A to 0.18 ± 0.12mg/L in station B. Zinc mean 

value ranged from 0.03 ± 0.04mg/L in station A to 0.05 ± 

0.04 mg/L in station B and C. Cadmium mean value 

ranged from 0.004 ± 0.05mg/L in station C to 0.01 ± 

0.01mg/L in station A. Lead mean value ranged from 

5.09 ± 5.38 mg/L in station A to 5.69 ± 1.61 mg/L in 

station C. Iron mean value ranged from 2.00 ± 1.77 mg/L 

in station A to 5.65 ± 2.03 mg/L in station C.

Sediments  showed  copper  (0.13–0.28  mg/L),  nickel 

(0.02–0.18  mg/L),  zinc  (0.03–0.05  mg/L),  cadmium 

(0.004–0.01  mg/L),  lead  (5.09–5.69  mg/L),  and  iron 

(2.00–5.65 mg/L). Lead and iron accumulated at higher 

levels  than  WHO  standards,  indicating  long-term 

contamination.

Figure 3a: Mean Concentration of heavy metals in Wupa 
sediment
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Figure  3b: Mean  Concentration  of  heavy  metals  in 
Wupa sediment

DISCUSSION

The  physicochemical  assessment  revealed  that  Wupa 
River  generally  exhibited  acceptable  temperature  and 
turbidity, but pH, nitrate, and chlorine levels indicated 
anthropogenic  influence.  The  slightly  alkaline  pH 
suggests buffering effects from effluents or geochemical 
factors, consistent with studies in other Nigerian rivers 
[19].  Elevated turbidity,  although below WHO limits, 
still  indicates  sediment  disturbance,  similar  to 
observations  in  South  African  rivers  impacted  by 
effluents [20].

The assessment of water quality revealed that the mean 
temperatures across the sampling stations ranged from 
28.00 ± 0.70°C  to  29.33 ± 1.05°C.  These  values  fall 
within acceptable limits for tropical freshwater systems 
[14], although they are slightly higher than the 26–28°C 
reported  for  the  Ogun  River  [13].  This  temperature 
elevation  in  the  Wupa  River  may  be  attributed  to 
localized thermal influences from industrial effluents and 
wastewater discharge. Elevated temperatures are known 
to reduce dissolved oxygen (DO) levels by increasing the 
kinetic energy of water molecules,  which reduces the 
solubility  of  oxygen,  thereby  potentially  creating 
stressful conditions for sensitive aquatic species [14].

The pH values of the water samples ranged from 7.81 to 
8.06, indicating a slightly alkaline environment. This is 
above the WHO guideline range of  6.5–7.5  and may 
result from buffering effects due to industrial effluents or 
natural geochemical processes [16]. Similar pH ranges 
have  been  documented  in  other  effluent-impacted 
Nigerian rivers,  such as the New Calabar River [17], 
suggesting that alkaline conditions are common in such 
settings. It is important to note that alkaline pH can alter 
the bioavailability of heavy metals by forming insoluble 
hydroxides or other precipitates, thereby reducing their 

bioavailability, potentially exacerbating their toxicity to 
aquatic organisms [21,22]

Conductivity  measurements  ranged  from 
0.15 ± 0.53 µS/cm  to  0.20 ± 0.05 µS/cm,  which  are 
substantially  below  the  WHO  permissible  limit  of 
125 µS/cm [19] These low conductivity values indicate a 
low  concentration  of  dissolved  ions,  possibly  due  to 
dilution  effects  or  the  absence  of  significant  saline 
intrusions. In contrast, higher conductivity values have 
been reported in rivers such as the Kaduna River, where 
increased  anthropogenic  activities  have  led  to  values 
exceeding 250 µS/cm [9]. The low conductivity in the 
Wupa  River  may  affect  the  nutrient  availability  for 
aquatic life by limiting ion exchange capacity. Turbidity 
levels varied between 5.92 ± 2.75 NTU and 7.57 ± 1.36 
NTU.  Although  these  levels  are  below  the  WHO 
threshold of 40 NTU, they still reflect moderate sediment 
disturbance. Comparatively, the Olifants River in South 
Africa exhibited turbidity levels greater than 15 NTU due 
to significant industrial  and municipal discharge [20]. 
Elevated  turbidity  reduces  light  penetration,  thereby 
potentially  affecting  photosynthesis  and  primary 
productivity within the river ecosystem.

Heavy  metal  analysis  confirmed  contamination. 
Elevated lead and iron concentrations in both water and 
sediments  are  particularly  concerning  due  to  their 
persistence and toxicity. The levels observed exceeded 
WHO standards and are consistent with findings in other 
Nigerian  rivers  [21,22].  Lead  contamination  poses 
neurological risks to humans, while iron enrichment can 
alter  aquatic  biodiversity  [23].  Nickel  and  cadmium 
concentrations  also  exceeded  permissible  limits, 
suggesting industrial and agricultural sources [24].

Sediments acted as sinks for heavy metals, accumulating 
higher concentrations than water samples. This agrees 
with reports that sediments store pollutants that may later 
become bioavailable under environmental changes [25-
29]. The high levels of lead (up to 5.69 mg/L) and iron 
(up to 5.65 mg/L) highlight the long-term contamination 
burden in the river system.

The  presence  of  cadmium in  both  water  (0.10 ± 0.01 
mg/L to 0.12 ± 0.00 mg/L) and sediment (0.004 ± 0.05 
mg/L to 0.01 ± 0.01 mg/L) is particularly concerning due 
to its high toxicity. Cadmium exposure has been linked to 
severe  health  issues,  including  kidney  damage,  bone 
demineralization, and carcinogenic effects [30, 31]. The 
slightly elevated levels of cadmium at Station C point to 
potential contamination from industrial sources, such as 
battery production and phosphate fertilizers.
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Significant  spatial  variations  in  heavy  metal 
concentrations  were  observed  across  the  sampling 
stations.  Station  A  generally  recorded  lower  levels 
compared to Stations B and C, implying that pollution 
sources  are  more  concentrated  downstream  where 
industrial activities and wastewater discharges are more 
prevalent.  This  gradient  is  consistent  with  previous 
studies that  have demonstrated increased heavy metal 
accumulation downstream due to the cumulative effects 
of effluent discharges [28, 29]. The implications of these 
findings are substantial.  High concentrations of heavy 
metals  in  both  water  and  sediment  can  lead  to 
bioaccumulation and biomagnification in the food chain, 
adversely  affecting  aquatic  organisms  and  potentially 
leading to declines in fish populations. Furthermore, the 
consumption of contaminated water or fish may result in 
serious health issues in humans, including neurological 
disorders, organ damage, and developmental problems in 
children [32, 33].

These  results  underscore  the  urgent  need  for  stricter 
effluent  management,  improved wastewater treatment, 
and  regular  monitoring  of  Wupa  River.  Without 
intervention,  heavy  metal  bioaccumulation  may  pose 
risks  to  fisheries,  aquatic  life,  and  communities 
dependent on the river.

 4 | CONCLUSION 

This  study  revealed  that  Wupa  River  is  moderately 
impacted  by  effluents  from  the  Wupa  wastewater 
treatment plant, resulting in elevated concentrations of 
heavy  metals,  particularly  lead,  iron,  nickel,  and 
cadmium. Although most  physicochemical  parameters 
were  within  acceptable  limits,  heavy  metal 
concentrations exceeded WHO guidelines, posing both 
ecological and public health risks. Long-term exposure 
to these metals through water use and fish consumption 
may  lead  to  neurological,  renal,  and  developmental 
health  effects.  Continuous  monitoring,  stricter 
wastewater  regulation,  and  community  awareness 
programs  are  therefore  essential  to  protect  both  the 
environment  and  public  health.Acknowledgement: 
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