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Abstract 
Water quality is a term used to express the suitability of water to sustain various uses. There are 
still however activities that release large amounts of pollutants into the environment. The 
Majority of people however are unaware of the effects of residing in an environment where these 
chemicals are present. Therefore the objective of this study was to assess the surface water quality 
of River Gongola at Yamaltu-Deba, Gombe state, Nigeria using Water Quality Index (WQI) and 
Principal Component Analysis (PCA)  where water samples were collected from four study 
location for the period of 18 months and the physical and chemical parameters were checked 
using standard laboratory procedures. Of all the parameters analysed, turbidity and total dissolved 
solids (TSS) were the highest, above standard limit. Other parameters were within range. WQI 
results showed that stations 1. 3 and 4 were categorized as very poor water quality (76-100) and 
station 2 as unsuitable for drinking (above 100). The major parameters that contributed to such 
bad water quality were turbidity, TSS, and DO. DO rating became higher in the WQI calculation 
because of the high turbidity and TSS in the water body. PCA analysis showed that most 
parameters correlated positively with each other and parameters such as EC, TDS, TH, Turbidity, 
TSS and BOD contributed most to the contamination of the water and thus these parameters can 
be attributed to both anthropogenic (especially agricultural activities) and natural sources. This 
study indicated that the water at this location is not of good quality and therefore regular 
monitoring and public education on the dangers of human activities that renders water unfit for 
use by human and biota is recommended. 
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Introduction 
Poor water quality poses significant risks to 
human health and environmental 
sustainability, particularly in areas with 
inadequate sanitation and waste management 
infrastructure. The study area is likely 
vulnerable to waterborne diseases and 
environmental degradation due to potential 
pollution sources. Surface water quality 
refers to the chemical, physical, and 

biological characteristics of water bodies 
found on the Earth's surface, such as rivers, 
streams, lakes, ponds, and reservoirs 
(Chapman et al., 2013; Neighbourhood 
Water Quality Fall, 2000; Syeed et al., 2023).  
According to Meybeck et al. (1996) “Water 
quality is a term used to express the 
suitability of water to sustain various uses or 
processes”. Any other uses to which the 
water is put to most have certain 
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requirements for the physical, chemical and 
biological characteristics of water. The 
quality of surface water is influenced by 
natural processes including hydrological 
cycles, geological weathering, climate, and 
biological activity, which control the spatial 
and temporal variability of water chemistry. 
Surface water bodies such as rivers, lakes, 
streams, reservoirs, and dams play 
consequential role in water resource 
provisioning. These surface water sources 
support a range of socio-economic activities 
including agriculture, domestic water supply, 
aquaculture, recreation, hydroelectric power 
generation, and industrial use (Kareem et al., 
2021; kumar et al., 2022). Human activities 
have increasingly impacted surface water 
quality, often leading to deterioration. 
Urbanization, agricultural runoff containing 
fertilizers and pesticides, effluents from 
industries, and poorly managed sewage 
systems often find their way into surface 
water bodies, leading to significant 
degradation of water quality by introducing 
pollutants that degrade water quality and 
threaten aquatic ecosystems and human 
health (Chapman et al., 2013; WHO, 2017).  
Physical and chemical characteristics are 
crucial in evaluating the overall condition of 
river water quality with respect to pollution, 
aquatic biodiversity, and river basin 
management (Davies and Ekperusi, 2021; 
Kikuda et al., 2022). The physical and 
chemical properties of water are greatly 
influenced by biotic and abiotic factors, as 
noted by Unanam and Akpan (2006) and 
Kadye et al. (2008). These factors also have a 
significant impact on the distribution and 
richness of fish and biota, as well as how 
water is used. Public interest in safeguarding 
fresh water has prompted an increase in 
research into their quality requirements in the 
area of physicochemical parameters, such as 
temperature, pH, dissolved oxygen, salinity, 
conductivity and so forth (Imevbore, 1990). 
One technique for evaluating the quality of 
water, particularly for surface water bodies 
like rivers and ground water, is the water 
quality index. It provides a quick way to 
assess and compare the water quality of many 
water systems by combining multiple 

environmental parameters into a single unit-
less result (Wu et al., 2018). 
One of the many fresh water bodies that 
empty into the River Benue at Numan is the 
River Gongola at Yamaltu Deba. The water 
from this river is used for purposes of 
irrigation, fishing (even at commercial level), 
domestic uses such as washing, bathing, 
cooking, drinking etc. Therefore the quality 
and safety of the water from this river is 
consequential because inhabitants of this area 
depend on this water for their day to day 
uses. Also aquatic life forms and crops 
irrigated by this water have the tendency to 
absorb and accumulate contaminants thereby 
resulting in detrimental effects to the final 
consumer. Consequently, the objective of this 
paper is to assess the water quality of the 
river at this location using water quality 
index to ascertain its suitability for use and 
safety for biota. 

Materials and Methods 
Collection and analysis of water samples 
Water samples were collected from four 
sampling locations in 1 liter container at a 
depth of 10cm for physical and chemical 
parameters analysis. The samples were 
collected between 9am and 12noon monthly 
for a period of 18 months (Dec. 2021-May 
2023). Temperature, pH, Electrical 
Conductivity (EC) and TDS (Total Dissolved 
Solids) were determined with a portable 
Hanna HI9828/30 pH meter in situ. Other 
parameters were analysed following APHA 
(1998) standard procedures. 
Water Quality Index (WQI)  
A Water Quality Index (WQI) is a tool that 
characterizes the overall water quality by 
combining intricate and technical data on 
water quality into a single meaningful 
unitless numerical value (Lukhabi et al., 
2023). It involves four processes which are: 
(1) parameter selection, (2) transformation of 
the raw data into common scale, (3) 
providing weights and (4) aggregation of sub-
index values (Chidiac et al., 2023). The 
Weighted Arithmetic Water Quality Index 
(WAWQI), which provides information 
regarding the quality evaluation of a body of 
water, was adopted in this study to calculate 
the water quality as described by Shweta et 
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al. (2013). This WQI method was chosen for 
the study because it is one of the WQI 
techniques that have been adopted the most 
in the past ten years (Lukhabi et al., 2023). 
The most often measured water quality 
parameters such as pH, BOD, COD, DO, P-
PO4

-3, N-NO3
- and N-NO2

-) as used in this 
study. For the calculation of water quality 
index in this study, twelve (12) important 
parameters were chosen, namely; 
Temperature, pH, EC, TDS, Nitrate, 
Phosphate, Turbidity, TH, Alkalinity, BOD, 
DO and TSS. The WQI method is calculated 
according to the following formula: 
WAWQI= 𝑊nQn 
          𝑊n 
Where: WQI has a value between 0 and 100 
which indicates the quality of the water;  

Qn represents a relative value of the water 
quality, specific to each parameter; 

 n represents the number of parameters taken 
into consideration;  

Wn is a factor which measures the 
importance of a parameter in the calculation 
of the WQI index (relative weight). 

Qn is calculated by applying formula below:  

Qn =𝑉n−𝑉o×100 
        𝑆n−𝑉o          
Where: 
Vn represents the value experimentally 
determined of the nth analyzed parameter;  

Vo represents the ideal value of ith parameter 
in pure water 

Note: Ideal value in most cases Vo= 0 except 
in certain parameters like pH and dissolved 
oxygen. Calculation of quality rating for pH 
is 7 while dissolved oxygen is14.6mg/l  

Sn represents the standard, legally accepted 
value for the nth parameters 

Wn factor is calculated by using formula: 

Wn= K /Sn 

Where K is a constant =1, which can result 
from applying the formula K= 1  
                                                                                                          
(1/ Sn)                   
The water ecological status can be 
ascertained using the value obtained from the 
Weighted Arithmetic WQI method, as shown 
in the classification in Table 1 below. 

Table 1: Water Quality Rating as per WAWQI Method 
WQI Value Water Quality 
0-25 Excellent 
26-50 Good 
51-75 Poor 
76-100 Very Poor 
> 100 Unsuitable for drinking 
Source: (Shweta et al., 2013) 

Results  
Table 2 shows the minimum, maximum, 
mean, standard deviation and the National 
and International standard of the physical and 
chemical parameters measured during the 
study period in River Gongola for all the four 
stations. Most of the parameters measured 
were within standard limit except for 
turbidity and Total suspended solids (TSS) in 
all the locations. The highest values of 
Turbidity (10.69NTU) and TSS (95.25mg/l) 
were recorded in station 2.  

Most of the physical and chemical parameters 
measured were reported to be higher in 
station 2 and lower in station 3. The 
concentration pattern for levels of turbidity 
and TSS were station 2 > station 1> station 3 
> station 4.  
Figure 1 below presents the results of the 
WQI values for all the stations and Tables 1 
to 4 in the Appendix presents the steps used 
in calculating the WQI of all the four stations 
respectively. The WAWQI method was used 
for the calculations.  
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Table 2:  Summary of Physical and Chemical Characteristics in River Gongola between December 2021 and May 2023 

Parameter Units Station 1 Station 2 Station 3 Station 4) P-Value WHO NSDWQ 
Temperature °C 29.80±2.33 

(25.50-33.95) 
29.56±2.10 
(24.60-32.83) 

29.90±2.09 
(25.60-33.72) 

29.98±2.28 
(25.50-33.57) 

p>0.05 30 Ambient 

pH  7.21±0.31 
(6.40-7.86) 

7.22±0.30 
(6.48-7.95) 

7.19±0.21 
(6.94-7.87) 

7.30±0.30 
(6.73-7.83) 

p>0.05 8.5 6.5-8.5 

EC Mg/l 97.26±38.36 
(46.96-218.60) 

136.40±85.60 
(48.04-354.66) 

84.75±30.70 
(50.19-174.92) 

93.84±52.31 
(51.87-286.98) 

P<0.05 250 1000 

TDS Mg/l 65.12±31.79 
(23.92-109.01) 

80.18±47.98 
(24.32-173.28) 

47.13±18.40 
(25.60-89.47) 

49.88±25.95 
(26.00-141-90) 

P<0.05 500 500 

Nitrate Mg/l 37.51±14.64 
(17.38-56.96) 

39.01±11.07 
(20.19-58.34) 

37.12±13.03 
(20.29-59.98) 

37.57±13.90 
(19.43-61.50) 

p>0.05 50 50 

Phosphate Mg/l 2.46±1.56 
(0.73-5.30) 

1.78±0.88 
(0.95-3.96) 

1.46±1.11 
(0.19-3.29) 

2.41±1.56 
(0.80-5.87) 

p>0.05 5 - 

Turbidity NTU 9.47±4.10 
(4.34-18.15) 

10.69±4.02 
(5.41-16.46) 

8.83±3.19 
(7.07-17.11) 

8.68±3.72 
(5.28-17.40) 

P<0.05 5 5 

TH Mg(CaCo3)/l 71.19±21.90 
(49.00-143.12) 

113.47±67.24 
(51.45-216.40) 

59.82±20.19 
(30.76-116.77) 

62.51±22.02 
(38.25-125.11) 

P<0.05 200 150 

Alkalinity Mg/l 92.07±27.44 
(58.04-139.04) 

81.56±23.17 
(59.02-131.80) 

86.93±23.70 
(60.00-130.49) 

98.66±41.57 
(55.63-200.76) 

p>0.05 200 - 

BOD5 Mg/l 6.18±0.95 
(4.88-7.99) 

6.52±1.33 
(4.01-8.03) 

6.06±1.05 
(3.09-7.81) 

5.96±0.75 
(5.21-7.71) 

p>0.05 10 - 

DO 
 
TSS 

Mg/l 
 
Mg/l 

3.00±0.59 
(2.00-3.83) 
82.68±18.55 
(35.58-101.06) 

2.95±0.72 
(2.01-4.60) 
95.25±48.78 
(52.72-273.50)  

3.06±1.08 
(1.12-5.21) 
69.55±20.21 
(40.46-98.22) 

3.15±0.65 
(1.97-4.16) 
66.55±33.33 
(29.64-141.80) 

p>0.05 
 
 
P>0.05 
 

6 
 
 
30 

- 
 
 
- 
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Results of the Water Quality Indices showed 
that station 2 with the highest WQI value 
(Figure 1) is categorized as unsuitable for 
drinking (Above 100)  followed by  stations 
1, 3 and 4 (figure 1)  and are categorized as 
very poor water quality (76-100). The WQI 
values of the stations were; 98.10, 109.21, 
94.40 and 93.38 for stations 1- 4 
respectively.  According to the WAWQI 
method, 0-25 is excellent quality, 26-50 is 
good water quality, 51-75 is poor water 
quality, 76-100 is very poor water quality 
and Above 100 is classified as unsuitable for 
drinking. The water quality report showing 
the quality rating of each parameter for all 
the stations can be seen in Tables 1 - 4 in the 

appendix. In station 1, the parameter with 
the highest quality rating was turbidity 
(42.71), followed by DO (25.34), then TSS 
(10.36). BOD and phosphate had a quality 
rating of 6.97 and 4.78. The quality rating 
for turbidity and DO in station 2 were 28.21 
and 25.45 while TSS, phosphate and BOD 
had 11.93, 8.03 and 7.35 respectively. For 
station 3, the highest quality rating was in 
turbidity (39.82), followed by DO (25.21) 
and in station 4, turbidity and DO gave the 
quality rating of (39.14) and (25.01) 
respectively. TSS, BOD and phosphate gave 
8.34, 6.72 and 5.41 as rating respectively. 
All other parameter not mentioned had 
below 5 as rating. 

 

 

Figure 1: Water Quality Index values for the four study stations of River Gongola 

Principal Component Analysis (PCA) for 
Physical and Chemical Characteristics in 
Water 
The PCA results gained 3 Principal 
Components (PC) out of which the first 2 
PC’s were used because their eigen value is 
> 1 suggesting a two factor solution. Other 
smaller eigen values < 1 were not used to 
obtain a probable number of contributing 
source factors. This indicates that the first 
and second principal components (PC1 and 
PC 2) are the right choices. The first 
principal component (PC1) with 80.60% of 
variance comprises EC, TDS, Nitrate, 

Phosphate, Turbidity, TH, BOD and TSS 
with strong positive loadings (Table 7). 
PC 1 was also seen to be negatively 
correlated with Temperature, pH, alkalinity 
and DO. The second principal component 
(PC2) accounts for 12.775% of variance and 
has high strong positive loadings for pH. It 
can be observed that the cumulative variance 
contribution of the first two PC’s was 
93.371% which explains why the total 
variance was 93.371%.  
The results showed that the most important 
variables for the first PC were EC, TDS, 
Nitrate, Phosphate, Turbidity, TH, DO, 
BOD and TSS. The Biplot of the PCA is 
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shown in figure 4.30. The plot showed that 
EC,TDS, TH, Turbidity, TSS, BOD and 
phosphate placed to the right in the loading 
plot are close together and therefore 
positively correlated, indicating a common 
Source. Temperature, alkalinity and DO 
correlated negatively in PC1 while pH 
correlated but negatively and positively in 
both PC’s.  

As seen in the Biplot (Fig. 1), parameters 
such as EC, TDS, TH, Turbidity, TSS and 
BOD were the key parameters that affected 
the water in station 2. Alkalinity, DO and 
Temperature were more in station 4 and 
Phosphate was more in station 1. Nitrate and 
pH contributed to both stations 2 and 4. 

 

Table 3: Varimax normalized factor loading of physical and chemical characteristics in 
River Gongola 

Parameters PC 1 PC 2 

Temp. -0.997 0.038 
pH -0.377 0.922 
EC 0.940 0.335 
TDS 0.947 0.169 
Nitrate 0.908 0.403 
Phosphate 0.736 -0.080 
Turbidity 0.993 0.072 
TH 0.973 0.218 
Alkalinity -0.826 0.482 
BOD 0.999 -0.019 
DO -0.916 0.293 
TSS 0.968 0.006 
Eigen values 9.672 1.533 
% variance 80.596 12.775 
Cummulative % 80.596 93.371 

 

Figure 1: Biplots for PC1 and PC 2 for physical and chemical characteristics in water 

Note: Green lines positively correlated are seen very close to each other. 
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Discussion 
Most of the physical and chemical parameters 
checked for in the water samples are within 
the standard except for turbidity and Total 
Suspended solids (TSS). Turbidity is the 
ability of water to retain light and it is 
brought on by tiny particles found in water 
bodies (Dirisu and Olomukoro, 2015). The 
mean turbidity values recorded in this study 
were high for all stations. They were higher 
than the 5 NTU limit stipulated by 
WHO/NSDWQ. The elevated levels noted 
may be ascribed to surplus surface runoffs 
resulting from rainfall and additional human 
activities. Aquatic live cannot thrive in turbid 
water; the higher the turbidity measurement, 
the more suspended solids there are in water, 
giving the water a hazier appearance (Eze et 
al., 2021). There was a strong negative 
correlation observed between Turbidity and 
DO. Dissolved Oxygen depletion in the water 
may happen if organic particles are the main 
cause of the turbidity (Seema, 2015).  The 
inverse relationship between turbidity and 
dissolved oxygen in this study may be 
explained by Eze et al. (2021) suggesting that 
higher turbidity raises temperature, which in 
turn lowers the levels of Dissolved Oxygen in 
water. The higher values of turbidity 
recorded in this study is in line with the 
findings of Atobatele and Ugwumba (2008) 
and Eze et al. (2021). However, this 
disagrees with the reports of Abdulhammed 
et al. (2010), Olomukoro and Dirisu (2012), 
Umar et al. (2018) and Muhammad et al. 
(2020). Increased turbidity may result in 
fewer photosynthetic organisms available to 
feed a wide variety of invertebrates, which 
could lead to a general decline in the number 
of invertebrates and subsequent decline in the 
fish population in the river.  
Total Suspended Solids, which are the 
percentage of total solids held by a filter 
when water is filtered, are markers of erosion 
that occurred nearby or upstream, according 
to Andem et al. (2012) and Seema (2015). 
The mean values of TSS for the four stations 
were above the WHO value of 30mg/l. The 
high TSS found in this study could be caused 
by the dumping of solid wastes at the river 
bank, runoff from farm lands, and household 

domestic sewage. Heavy metals can also 
contribute to high TSS in water. Leachates 
from landfills, home discharges, and other 
human activities are the sources of elevated 
concentrations of heavy metals in water 
(Rapheal et al., 2021, Chukwujindu et al., 
2023) Elevated TSS may decrease the 
amount of light that reaches the water, which 
could result in less photosynthesis and have 
an impact on the aquatic ecosystem. Station 2 
had the highest TSS value followed by 
station 1. The reason could be as a result of 
the influx of waste water from Gombe 
metropolis that joins the river at station 2. 
High TSS owing to geologic factors may also 
be caused by soil erosion and other natural 
causes. The results of this study are in line 
with the findings of Ojekunle et al. (2014), 
Abdulwasiu (2016), Awomeso et al. (2019) 
and Eze et al. (2021). 
Water Quality Index (WQI) 
The results of the water quality index as seen 
in tables 4.3- 4.6 showed that stations 1, 3 
and 4 had WQI values between the ranges of 
76-100. This is categorized as grade D 
according to the Weighted Arithmetic Water 
Quality index rating. This implies that the 
water from these stations is of very poor 
water quality. Station 2 had WQI value >100 
which classify it as group E, implying it is 
unsuitable for drinking purposes. From these 
results, it can be deduced that the water of 
River Gongola is of very poor quality and 
thus unsuitable for drinking. It can be seen 
from the WQI calculation tables (Tables 4.3- 
4.6) that the parameters that contributed to 
this poor water quality were DO, TSS and 
turbidity which may be attributed to 
anthropogenic activities along the river. The 
physical and chemical characteristics results 
reported turbidity and TSS to be above the 
standard limits, this in turn affected the levels 
of oxygen in the water. Phosphate also added 
moderately to it. These parameters in turn 
reduced the levels of DO in the water thus 
affecting the water quality. Therefore the 
water of River Gongola at these locations 
needs to be properly treated before it can be 
used for domestic purposes. The values 
presented in this study were higher than the 
values of Kalagbor et al. (2019) and Hnar, 
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(2022); however it is in line with the reports 
of Amadi et al. (2010), Ekhator et al. (2015), 
Uzochukwu et al. (2019) and Kalagbor et al. 
(2020). 
According to Grimm and Yarnold (2000), 
loadings > 0.71 are principally regarded as 
excellent and loadings < 0.32 were regarded 
as very poor. The PCA results for water 
shows that the parameters with the strong 
positive loadings in PC1 (EC, TDS, Nitrate, 
Phosphate, TSS, BOD and Turbidity) 
contributed most to the contamination of the 
water and thus these parameters can be 
attributed to both anthropogenic (especially 
agricultural activities) and natural sources. 
Conclusion 
The physical and chemical characteristics 
investigated in the water of River Gongola 
showed that the River water is not of good 
quality. This may be as a result of natural and 
anthropogenic process along the river course. 
This water when consumed will result in 
detrimental effect on the consumer. 
Treatment of the water before consumption is 
highly recommended and a long term 
effective monitoring plan should be put in 
place by the government to help safeguard 
the water resources. Public enlightenment 
and education is also needed to curb 
indiscriminate waste disposal in water bodies. 

Additional data 
Additional data/information on the research 
are available with the corresponding author 
upon request. 
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