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a b s t r a c t 

Any water source used for domestic purposes should meet World Health Organization water quality standards. 

In most slums of developing nations, water sources such as springs are critical to the residents. Although spring 

water is often considered fit for domestic use, poor sanitation practices in slums lead to faecal contamination 

of spring. The objectives of this study were to assess the faecal contamination risk factors and the water quality 

from the identified springs in Bwaise, Kampala in the dry and rainy seasons. Parameters that were considered in 

this study were: pH, Electrical conductivity, apparent colour, turbidity, hardness, Chloride, Nitrate, total coliform 

and E-coli. The cross-sectional sanitary risk assessment for all springs revealed faecal contamination risks. The 

physiochemical parameters were within the allowable limits of World Health Organization standards for drinking 

water in all seasons. E-coli values were between 1.35 -13.75Cfu/ 100ml in all seasons. Both total coliform and E- 

coli were above the permissible limit of o Cfu/100ml in all seasons. When the water samples were analyzed basing 

WQI, the indices revealed excellent water during the dry season and good water during the wet season. The index 

values were between 40.09 to 49.34 in the dry season and 54.24 to 74.17 in the wet season. Therefore, treatment 

or boiling before drinking should be encouraged in the community. Also, proper solid waste management and 

pit latrine construction strategies should be used in the area 
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. Introduction 

Globally, 30.1% of the freshwater on earth is groundwater that is un-

er intense pressure from anthropogenic contamination caused by cli-

ate change effects and other man’s activities ( Twinomucunguzi et al.,

021 ). Due to the scarcity of fresh surface water across the world,

roundwater abstraction is becoming a major water source for domes-

ic, agricultural, and industrial purposes in urban and rural areas. This

ind of water is stored underground in the aquifers (unconfined or con-

ned aquifers) that are beneath the surface. The quality of groundwater

physiochemical and biological characteristics) is largely dependent on

he geological formation of the area, however, there is also an effect

ue to anthropogenic activities in the locality. The water quality is as

ital as the quantity depending on the different purposes of the user. The

roundwater quality globally is declining due to various factors namely,

griculture, mining, industrialization, waste disposal, and urbanization
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endering it unsafe for human consumption ( Kazakis & Voudouris, 2015 ;

oldovan et al., 2020 ). 

With the increased movement of humans from villages to town cen-

res, the formation of informal, unplanned, and peri-urban settlements

s inevitable specifically in developing countries like Uganda. In Kam-

ala, these communities have increased and are characterized by poor

anitation practices and substandard solid waste disposal management

 Twinomucunguzi et al., 2020 ). The predominant water source in these

lum areas is from springs because of their affordability compared to

iped water. Spring water is considered economically friendly; however,

ts quality is based on certain physiochemical parameters that need to

e assessed before its consumption ( Ameen, 2019 ). In urban slums, wa-

er from springs is mainly stressed by on-sanitation practices that render

o its contamination. Therefore, residents who consume such water are

ulnerable to water-borne diseases namely cholera typhoid, etc. Accord-

ng to World Health Organization, 80% of illnesses across the globe are
16 December 2022 

article under the CC BY-NC-ND license 

https://doi.org/10.1016/j.envc.2022.100667
http://www.ScienceDirect.com
http://www.elsevier.com/locate/envc
http://crossmark.crossref.org/dialog/?doi=10.1016/j.envc.2022.100667&domain=pdf
mailto:hmutanda@must.ac.ug
https://doi.org/10.1016/j.envc.2022.100667
http://creativecommons.org/licenses/by-nc-nd/4.0/


M. Kiwanuka, H.E. Mutanda, J.B. Niyomukiza et al. Environmental Challenges 10 (2023) 100667 

Table 1 

Geographical Location of springs. 

Spring Village Description Easting m E Northing m N 

Nabukalu Nabukalu zone Unprotected 451213 39593 

Bishop Mukwaya Kakajo zone Unprotected 451868 39155 

Kiggundu Kiggundu Unprotected 451510 38704 

Jace school Kawaala Unprotected 449861 38199 
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Table 2 

Risk assessment questions of the springs. 

Questions Risks 

1. Is the spring unprotected? Y/N 

2. Is the masonry protecting the spring faulty? Y/N 

3. Is the backfill area behind the retaining wall or spring box eroded? Y/N 

4. Does spilt water flood the collection area? Y/N 

5. Is the fence absent or faulty? Y/N 

6. Do animals have access within 10m of the spring? Y/N 

7. Is there a latrine within 30m and uphill of the spring? Y/N 

8. Does surface water collect uphill of the spring? Y/N 

9. Is the diversion ditch absent or non-functional? Y/N 

10. Are there any other sources of pollution in the spring (e.g., solid waste) Y/N 
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aused by poor sanitation, which includes polluted water or poor access

o drinking water ( World Health Organization, 2018 ). 

Water sources with good quality that meets WHO standards or Na-

ion’s Standards are essential for improving human health in the com-

unity. The informal settlements in Kampala largely depend on wa-

er from springs for domestic purposes ( Omara et al., 2019 ). Therefore,

his paper aimed at assessing water quality from the springs in Bwaise,

eri-urban areas of Kampala during the Country’s predominant seasons.

he study utilized three assessment methods: sanitary inspection around

he springs, the physiochemical and bacteriological parameters of water

amples from springs, and the quantification of the Water Quality Index .

. Materials and methods 

.1. Study area 

The study was conducted in Bwaise, Kawempe Division, Kampala

ity. The area is roughly about 5km from the Central Business District

CBD). It lies on geographical coordinates of 00 21 00N, 32 33 40E.

waise shares boundaries with Kawempe in the North, Kyebando in the

ast, Mulago in the Southeast, Makerere in the South, and Kasubi in the

outhwest. 

.2. Sanitary inspection of springs in Bwaise 

Four springs (Nabukalu, Bishop Mukwaya, Kiggundu, and Jace

chool) were identified in the study area with the assistance of commu-

ity leaders. There were denoted as NAB for Nabukalu, BM for Bishop

ukwaya, KIG for Kiggundu, and JS for Jace School. The geographical

ocation of the identified spring is presented in Table 1 . 

To examine the identified springs for faecal bacterial contamination

isk, a cross-sectional sanitary assessment was utilized. A standardized

oward’s method previously applied in other studies was followed in

he assessment ( Omara et al., 2019 ). The assessment involved the com-

letion of ten questions on sanitary inspection forms of Yes (Y) and No

N) format per designated risk as in Table 2 . 

A question answered with Yes (Y) was awarded one point and it in-

icated that risk was observed within the area. However, the question

nswered with No (N) suggested that no risk was observed in the vicin-

ty and zero point was awarded. The final sanitary risk score for each
2 
pring was obtained by aggregating all the yes. It was then computed

nto percentages by applying the formula as in Eq. 1 . 

𝑖𝑠𝑘 % = 

𝑁𝑜 𝑜𝑓 𝑎𝑛𝑠𝑤𝑒𝑟𝑒𝑑 𝑌 𝑒𝑠 𝑟𝑖𝑠𝑘 𝑞𝑢𝑒𝑠𝑡𝑖𝑜𝑛𝑠 

𝑇 𝑜𝑡𝑎𝑙 𝑁𝑜 𝑜𝑓 𝑟𝑖𝑠𝑘 𝑞𝑢𝑒𝑠𝑡𝑖𝑜𝑛𝑠 
∗ 100 (1)

The study adopted the risk scorecard from the previous researchers,

here 81-100% indicated a very high risk, 51-80% high risk, 31-50%

edium risk, 1-30% low risk, and 0% no risk ( Lukubye & Andama, 2017 ;

mara et al., 2019 ). 

.3. Water representative sampling and analysis 

The water samples from Nabukalu (NAB), Kiggundu (KIG), Bishop

ukwaya (BM), and Jace School (JS) springs were systematically col-

ected in April (Wet season) and June (dry season) in the year 2022. The

ollection followed strict sampling guidelines according to ISO 5667-3.

he representative water samples were fetched in pre-cleaned plastic

ottles of one little capacity for physical parameter analysis. The bacte-

iological samples were collected using pre-cleaned 500ml glass bottles.

inally, the refrigerator box was used to transport the samples to the

aboratory, WRDC, Ndejje for analysis 

The samples were examined for domestic purposes. the considered

arameters in the study were pH, Electrical conductivity, colour tur-

idity, hardness, Chloride, Nitrate, total coliform, and Escherichia Coli.

he APHA, 1998 the methods for water analysis were followed for each

arameter. The pH was measured utilizing a Mettle Toledo 320 model

H meter. The calibrated conductivity meter of the AD310 model was

sed to measure electrical conductivity. Colour and Turbidity were mea-

ured using DR2010 Spectrophotometer and DR2010 Turbid meter re-

pectively. The titrimetric method was used to examine the samples for

otal hardness and Alkalinity. The chloride was determined by a poten-

iometric titration method with a silver nitrate solution. The cadmium

eduction spectrophotometric method was used to measure the Nitrate.

otal coliform and E-coli were measured by classical membrane filtra-

ion technique. 

.4. Data analysis 

The statistical analysis of water sample results was computed using

icrosoft Excel 2019 and Statistical Package for Social Science, IBM

PSS statistics 2020. The measured parameters of each spring for each

eason (dry and wet) were analyzed as the average (mean) and standard

eviation for comparison with WHO drinking water quality standards.
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Table 3 

Description of water source using WQI (source ( Bashir et al., 2020 ). 

WQI Range Water type 

< 50 Excellent 

50-100 Good water 

100-200 Poor water 

200-300 Very poor water 

> 300 Unfit for use 

Table 4 

Risk assessment scorecard for the springs. 

Name of spring Risk answered ‘Yes’ questions % Risk score 

Nabukalu 1,2,4,5,6,7,8, 9,10 90% 

Bishop Mukwaya 1,2,3,4,5,6,7,10 80% 

Kiggundu 1,2,3,4,5,6,7,8,10 90 

Jace School 1,2,3,4,6,8,9 70% 
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omparison between the dry and wet seasons results for each spring was

nalyzed by the independent t-test, where the null hypothesis rejection

evealed a significant difference and a non-rejection indicated that there

as no significant difference between the parameters at 0.05, that is

5% level of significance. 

For effective evaluation of water pollution levels for each spring,

ater Quality Index (WQI) analysis was computed using the measured

hysicochemical parameters. The weighted arithmetic mean method

as employed in this study. From several studies, these WQI calcula-

ions entail three main steps: Firstly, a weight (w i ) was fixed to every

arameter following its relative importance in WHO drinking standards.

he relative weight (W ri ) was estimated from Eq. 2 ; 

 𝑟𝑖 = 

𝑤 𝑖 
∑𝑛 

𝑖 =1 𝑤 𝑖 

(2)

Where 𝑊 𝑟𝑖 was the relative weight of every parameter; 𝑤 𝑖 was the

xed weight for every parameter, and 𝑛 was the aggregated number of

arameters. Secondly, the quality rating 𝑞 𝑛 was estimated by utilizing

q. 3 ; 

𝑞 𝑛 = 

𝐶 𝑛 

𝑆 𝑛 
∗ 100 , (3)

𝑞 𝑛 was quality rating; 𝐶 𝑛 was the measured mean concentration of

ach parameter in standard units; 𝑆 𝑛 was the recommended WHO stan-

ard for every parameter. 

The third step was computing the sub-index of individual parameters

y applying Eq. 4 

𝐼 𝑖 = 𝑊 𝑟𝑖 ∗ 𝑞 𝑛 (4)

By summing up all the sub-index, the WQI for each spring was ob-

ained. The water point source (spring) was described according to the

QI categories from the previous studies as in Table 3 ( Bashir et al.,

020 ; Singh & Hussian, 2016 ; Solihu & Bilewu, 2022 ). 

. Results and discussions 

.1. Sanitary risk examination 

The risk assessment score for each spring was reported in Table 4 .

he four springs were at faecal contamination risk. From the scorecard,

he aggregated values ranged between high and very high. Nabukalu and

iggundu springs had a score between 81-100% indicating very high

isk while Bishop Mukwaya and Jace School had a score between 51-

0% signifying high risk. There was a spring that attained a score from

edium to nil. It was observed the springs’ vicinity had two common

isks: pit latrine location from the spring was less than 30 meters which

s recommended by the Ministry of Water and Environment (MoWE),

nd solid waste dumping sites. A similar study done by Haruna et al
3 
n Kisenyi and Katwe parishes in Kampala reported risk scores between

igh and medium ( Haruna et al., 2005 ). Similarly, the study on Kyam-

ogo springs revealed that the risk score was between high and medium

 Omara et al., 2019 ). These results are in agreement with those two

tudies done in other slums in the Greater Kampala Metropolitan area. 

.2. Water quality parameters 

The results obtained for each spring are represented in Tables 5 and

 . These are the average and standard deviation for the individual pa-

ameter of every spring. Table 5 is for the dry season while Table 6 is

or the wet season. These were discussed following the WHO standards

or drinking water. Table 7 reveals the statistically independent t-test

omparison of the results for two seasons for every spring. 

Human activities such as industrialization, improper management

f solid wastes, and agricultural chemicals have highly contributed to

ater quality deterioration ( Bashir et al., 2020 ; Shirani et al., 2018 ;

olihu & Bilewu, 2022 ). Therefore, any water source must meet WHO

tandards or the country’s standards to serve intended purposes such as

omestic use. 

Warm water is not palatable for domestic purposes. Therefore, tem-

erature measurement of any source is for acceptability reasons rather

han health. The growth of microorganisms that affect colour, odour,

aste, and corrosion happens at high temperatures. The mean tempera-

ure for the springs ranged from 27.67 to 22.33°C, Table 5 during the dry

eason, and between 18.43 to 14.69°C, Table 6 during the wet season.

abukalu spring had the highest temperature of 27.67°C and Kiggundu

eported the lowest at 22.33°C in the dry season. The 18.43°C was the

ighest reported at Kiggundu spring and 14.69°C was the lowest, re-

orted at Jace School spring in the wet season. There was no statistical

ignificance at a 95% confidence interval between temperature measure-

ents in the dry and wet seasons for each spring as in Table 6 . These

esults were within the acceptable value of WHO standards. Similar re-

ults were reported in the study within Greater Kampala ( Omara et al.,

019 ). Globally, these results were similar to the studies conducted in

estern Nepal and Southwestern Basin, Jordan on spring water ( Al-

hashman et al., 2017 ; Gurung et al., 2019 ). 

Compounds that dissolve in water are responsible for colour in wa-

er. The colour can be anthropocentric or natural. The water samples

rom the springs revealed that the average colour measurements were

ithin the WHO limits for drinking of ≤ 15 Pt-Co in all seasons as in

ables 5 and 6 . The highest colour was recorded at Kiggundu spring

uring the rainy season and the lowest was Nabukalu spring also dur-

ng the same season. The high/low colour measurements are not perfect

ndicators of drinkable water; however, colour affects the aesthetic or

osmetics of the water more than human health concerns. According

o Table 7 , the results were statistically insignificant between the two

easons at a 95% confidence interval. 

The solid matter in the suspended condition determines the turbidity

f either groundwater or surface water. Turbidity evaluates water clarity

roperties and the measurement is applied to designate the waste quality

ischarge in the water regarding the colloidal matter ( Ilori et al., 2019 ;

eride & Ayenew, 2016 ). Turbidity measurements from all the springs

ere very low during the dry season ranging between 0.66 to 0.58 NTU,

ithin the permissible limits of WHO standards. The study by Haruna

t al found similar results during the dry season ( Omara et al., 2019 ). It

as attributed to the reduction in precipitations which aid runoff lead-

ng to the dissolution and infiltration of suspended solids in the dry pe-

iod ( Ngabirano et al., 2016 ). The water sample measurements carried

ut during the wet season yielded slightly higher turbidity above the

HO acceptable level ranging between 8.86 to 5.50 NTU. Statistically,

esults were insignificant between the seasons. Turbidity > 5 𝑁𝑇 𝑈 re-

eals bacteria, pathogen and viruses presence in water ( Omara et al.,

019 ). Consequently, consumption of water with high turbidity is at-

ributed to diseases and symptoms such as diarrhoea, cramps, and nau-

ea ( Chaudhary & Satheeshkumar, 2018 ; Memon et al., 2016 ). 
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Table 5 

Parameters’ statistical average and standard deviation during the dry season. 

Parameters/D NAB BM KIG JS WHO (2017) 

Temp (°C ) 25.67 ± 1.26 24.96 ± 2.17 22.33 ± 0.75 27.51 ± 0.98 20 − 30 

Colour (PtCo) 7.21 ± 3.79 8.47 ± 2.07 8.31 ± 0.88 7.52 ± 0.29 ≤ 15 

Turbidity (NTU) 0.61 ± 0.14 0.66 ± 0.12 0.65 ± 0.02 0.58 ± 0.03 5 

TDS (mg/l) 252.69 ± 24.13 261.67 ± 20.97 207.93 ± 4.73 125.53 ± 2.90 ≤ 1000 
pH 5.70 ± 0.48 6.27 ± 0.60 6.21 ± 0.15 5.95 ± 0.16 6.5 −− 8.5 

EC 512.76 ± 39.26 516.13 ± 41.82 349.13 ± 6.37 382.87 ± 5.58 ≤ 400 

Hardness(mg/l) 90 ± 134.50 ± 0.43 125.5 ± 2.45 178.24 ± 2.32 ≤ 500 

Ca (mg/l) 22.12 ± 1.87 23.80 ± 3.51 18.62 ± 1.05 15.65 ± 0.89 ≤ 150 

Mg (mg/l) 12.93 ± 1.62 18.07 ± 4.86 22.87 ± 2.88 23.27 ± 2.55 ≤ 30 

Na (mg/l) 61.93 ± 1.62 66.40 ± 5.50 126.80 ± 8.10 133.67 ± 4.29 ≤ 250 

Cl (mg/l) 65.69 ± 22.74 59.53 ± 23.59 14.07 ± 2.19 15.71 ± 1.39 ≤ 250 
NO 3 

− 1 (mg/l) 35.55 ± 9.03 43.13 ± 12.12 16.67 ± 2.85 29.77 ± 1.52 ≤ 50 
TC (Cfu/100ml) 11.76 ± 1.15 10.33 ± 4.50 8.92 ± 1.56 8.92 ± 1.56 0 

E-coli (Cfu/100ml) 1.35 ± 0.43 1.55 ± 0.90 2.21 ± 0.39 0.77 ± 0.12 0 

Table 6 

Parameters’ statistical average and standard deviation during the wet season. 

Parameters/D NAB BM KIG JS WHO (2017) 

Temp (°C ) 17 . 54± 0.61 16.49 ± 0.27 18.43 ± 0.30 14.69 ± 0.50 20 − 30 

Colour (PtCo) 4 . 45± 0.32 13.59 ± 0.46 14.79 ± 0.30 7.52 ± 0.29 ≤ 15 

Turbidity (NTU) 7 . 29± 0.25 8.86 ± 0.14 6.35 ± 0.46 5.50 ± 0.07 5 

TDS (mg/l) 205 . 0 ± 4 . 28 294.07 ± 2.25 249.73 ± 3.77 221.20 ± 9.14 ≤ 1000 
pH 5.17 ± 0.05 5.73 ± 0.13 5.22 ± 0.10 5.49 ± 0.30 6.5 −− 8.5 

EC 417.87 ± 2.90 937.60 ± 27.36 619.00 ± 5.84 470.93 ± 5.57 ≤ 400 

Hardness(mg/l) 156.33 ± 3.37 189.30 ± 2.97 412.67 ± 5.85 154.20 ± 11.33 ≤ 500 

Ca (mg/l) 56 . 27± 3.37 22.32 ± 1.11 120.33 ± 6.14 46.33 ± 4.08 ≤ 150 

Mg (mg/l) 15.37 ± 0.97 13.09 ± 1.23 24.69 ± 1.49 27.60 ± 1.92 ≤ 30 

Na (mg/l) 143 . 33± 2.99 166.47 ± 5.57 136.87 ± 8.57 222.69 ± 9.35 ≤ 250 

Cl (mg/l) 42 . 53± 1.90 148.80 ± 28.55 13.49 ± 0.93 29.67 ± 3.87 ≤ 250 
NO 3 

− 1 (mg/l) 19 . 32± 0.19 28.45 ± 0.77 18.69 ± 0.31 13.69 ± 0.83 ≤ 50 
TC (Cfu/100ml) 31 . 13± 2.88 17.67 ± 2.50 25.33 ± 3.44 8.92 ± 0.56 0 

E-coli (Cfu/100ml) 12 . 69± 0.46 2.36 ± 0.34 13.75 ± 0.66 5.80 ± 0.01 0 

Table 7 

Independent t-test between parameters during the dry and wet seasons for each 

spring. 

Parameters n df 

P-Values 

NAB BM KIG JS 

Temp (°C ) 15 28 0.000 0.000 0.000 0.000 

Colour (PtCo) 15 28 0.013 0.000 0.000 0.028 

Turbidity (NTU) 15 28 0.000 0.000 0.000 0.000 

TDS (mg/l) 15 28 0.000 0.000 0.000 0.000 

pH 15 28 0.001 0.002 0.000 0.000 

EC 15 28 0.000 0.000 0.000 0.000 

Hardness(mg/l) 15 28 0.000 0.000 0.000 0.000 

Ca (mg/l) 15 28 0.000 0.129 0.000 0.000 

Mg (mg/l) 15 28 0.000 0.001 0.038 0.000 

Na (mg/l) 15 28 0.000 0.000 0.003 0.000 

Cl (mg/l) 15 28 0.045 0.000 0.354 0.000 

NO 3 
− 1 (mg/l) 15 28 0.000 0.000 0.011 0.000 

TC (Cfu/100ml) 15 28 0.000 0.000 0.000 0.049 

E-coli (Cfu/100ml) 15 28 0.000 0.003 0.000 0.000 

∗ ∗ 95% confidence interval. 

 

i  

r  

(  

u  

v  

t  

o  

e  

d  

r  

v  

w  

&  

s

 

o  

t  

I  

5  

W  

W  

l  

w  

p  

U  

h  

a  

(  

p  

m

 

t  

t  

c  

i  

t  

i  

T  

t  

o  

s  

o  
Total dissolved solids show the ability of water to break down

norganic and organic salts or minerals for instance sulphates, chlo-

ides, calcium, potassium, sodium bicarbonates, magnesium, and others

 Ilori et al., 2019 ; Meride & Ayenew, 2016 ). These substances create an

ndesirable colour appearance and taste ( Ibrahim, 2019 ). There is se-

ere harm in the consumption of drinking water with high TDS concen-

rations ( Ilori et al., 2019 ). However, some studies report constipation

r laxative effects, and the suffering of people with heart or kidney dis-

ase ( Ilori et al., 2019 ; Sasikaran et al., 2012 ). TDS values during the

ry period ranged between 100 and 300 mg/l and for the wet season

anged between 214 and 452mg/l. There was a slight increment in TDS
4 
alues for water samples from all the springs. All the TDS values were

ithin the desirable level ( < 500mg/l) for drinking water ( Chaudhary

 Satheeshkumar, 2018 ; WHO, 2017 ). However, there results between

easons were statistically insignificant. 

The acidity or basicity conditions of the water are evaluated based

n the pH logarithmic scale. The scale has a range of 0 - 14, water is neu-

ral at a pH of 7, pH < 7 designates acidic, and pH > 7 for alkaline status.

n this study, the average measurements of the pH were between 6.40 to

.13 in both seasons, indicating that the values were slightly below the

orld Health Organization standards for drinking water ( WHO, 2017 ).

hen a comparison was made with other research, these were simi-

ar to the study in other slums in Kampala ( Omara et al., 2019 ). The

ater samples were moderately acidic. Organic matter decomposition

robably led to the acidity of water as in the study in Lukaya town,

ganda ( Nayebare et al., 2020 ). Several studies have disclosed minimal

ealth concerns with human consumption of water with low pHs such

s acidosis, skin and eye irritation, and mucous membrane cell injury

 Popoola et al., 2019 ). However, a few more studies have also reported

roblems of metal corrosion for household apparatus and others as a

ajor concern for low pH ( Adnan et al., 2020 ). 

The Electrical Conductivity water parameter measurement indicates

he conductor or insulator properties of the water. Generally, pure wa-

er should be a good insulator of electric current rather than a good

onductor ( Meride & Ayenew, 2016 ), but such water does not exist

n reality. EC in water is mainly determined by the concentration of

he inorganic ions such as magnesium, sodium, and calcium chloride

n the aquifers ( Al-Khashman et al., 2017 ; Meride & Ayenew, 2016 ).

he results in Table 5 revealed that Electrical Conductivity ranged be-

ween 345-400 𝜇S/cm in the dry season, within the acceptable limit

f drinking water by the WHO standards ( WHO, 2017 ). The dry sea-

on values were in agreement with the range obtained by Omara et al

n Kyambogo springs ( Omara et al., 2019 ). On the contrary, the aver-
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Table 8 

WQI of springs during the dry season. 

Parameters WHO 𝑤 𝑖 𝑊 𝑟𝑖 𝑆𝐼 𝑖𝑁𝐴𝐵 𝑆𝐼 𝑖𝐵𝑀 𝑆𝐼 𝑖𝐾𝐼𝐺 𝑆𝐼 𝑖𝐽𝑆 

Turbidity (NTU) 5 3 0.08 1.08 1.10 1.08 0.96 

TDS (mg/l) 600 5 0.14 5.76 6.06 4.81 2.91 

pH 8.5 4 0.11 7.47 8.20 8.11 7.77 

EC 400 2 0.06 7.10 7.17 4.85 5.32 

Hardness(mg/l) 500 2 0.06 0.99 1.49 1.39 1.98 

Ca (mg/l) 150 3 0.08 1.21 1.32 1.03 0.87 

Mg (mg/l) 30 3 0.08 3.46 5.02 6.35 6.46 

Na (mg/l) 200 4 0.11 3.45 3.69 7.04 7.43 

Cl (mg/l) 250 5 0.14 2.98 3.31 0.78 0.87 

NO 3 
− 1 (mg/l) 50 5 0.14 9.76 11.98 4.63 8.27 

36 WQI = 43.27 49.34 40.09 42.84 

Table 9 

WQI of the springs during the wet season. 

Parameters WHO 𝑤 𝑖 𝑊 𝑟𝑖 𝑆𝐼 𝑖𝑁𝐴𝐵 𝑆𝐼 𝑖𝐵𝑀 𝑆𝐼 𝑖𝐾𝐼𝐺 𝑆𝐼 𝑖𝐽𝑆 

Turbidity (NTU) 5 3 0.08 12.16 14.46 10.58 9.17 

TDS (mg/l) 600 5 0.14 4.75 6.81 5.78 18.78 

pH 8.5 4 0.11 6.76 7.49 6.82 7.17 

EC 400 2 0.06 5.80 13.02 8.60 6.54 

Hardness(mg/l) 500 2 0.06 1.74 2.10 4.59 1.71 

Ca (mg/l) 150 3 0.08 3.13 1.24 6.69 2.57 

Mg (mg/l) 30 3 0.08 4.27 3.64 6.86 7.67 

Na (mg/l) 200 4 0.11 7.96 9.25 7.60 12.37 

Cl (mg/l) 250 5 0.14 2.36 8.27 0.75 1.65 

NO 3 
− 1 (mg/l) 50 5 0.14 5.37 7.90 5.19 3.80 

36 WQI = 54.29 74.17 63.45 71.44 
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U  
ge Electrical Conductivity (EC) of the springs during the wet season

anges between 414-947 𝜇S/cm. Bishop Mukwaya spring reported the

ighest EC and Nabukalu spring recorded the lowest. These were above

he WHO standards for drinking water ( WHO, 2017 ). And there was no

elationship between the dry and wet seasons values. Most scientific

apers associate high EC predominantly with geochemical processes

uch as reverse exchange, silicate weathering, oxidation, ion exchange,

ulphate reduction, evaporation, and rock-water interaction processes

 Annapoorna & Janardhana, 2015 ; Kangpe et al., 2014 ). However, the

ajor attribute in this study is the seasonal rains which influence the

earby soil conditions causing high leachate infiltration into ground-

ater ( Sorensen et al., 2015 ). Annapoorna & Janardhana divulged that

uman gastrointestinal irritation can also be caused by higher Electrical

onductivity ( Annapoorna & Janardhana, 2015 ). 

Water hardness and alkalinity are governed by the existence of

lkaline for example calcium and magnesium in bicarbonate forms.

herefore, the higher number of Total hardness and alkalinity reveal

he existence of hydroxide, carbonate, and bicarbonate in the water

 Kangpe et al., 2014 ). The hardness of water bodies is classified into four

rounds, 75 mg/l is regarded as soft; 75-150 mg/l is considered mod-

rately hard; 150-300 mg/l is reviewed as hard and above 300 mg/l

s considered as very hard ( Al-Khashman et al., 2017 ). The results in

ables 5 and 6 indicate that the hardness of all the representative sam-

les for all seasons was within the acceptable values of the WHO. Total

ardness has no health effect; however, it leads to deficient lather forma-

ion during washing and scales in water distribution pipers and boilers

 Ackah et al., 2011 ; Ezeribe et al., 2012 ). Also, Calcium and Magne-

ium measurements in both seasons were within permissible levels for

omestic water. 

Chloride is largely acquired through hydrochloric salts’ disso-

ution such as sodium chloride and sodium Carbonate ( Meride &

yenew, 2016 ). Groundwater sources frequently have more concentra-

ions of chlorides than surface water sources. Chloride has a fundamen-

al function in the human body during the metabolism process. A high

oncentration of chloride destroys structures and metallic pipes and it is
5 
lso an indicator of pollution ( Meride & Ayenew, 2016 ; Mkadmi et al.,

018 ). All the measurements for chloride in both seasons ranged be-

ween 148.8 mg/l and 14.07 mg/l. These were slightly above those

eported by Omara et al ( Omara et al., 2019 ) on Kyambogo spring

uring the dry season. However, values in both studies do not exceed

he maximum acceptable limit figure of 250 mg/l for domestic water

 WHO, 2017 ). 

Nitrate can happen naturally through the nitrogen cycle but also oc-

urs as a result of human-made sources for instance nitrogenous fertiliz-

rs, industrial waste, etc ( Mkadmi et al., 2018 ; Popoola et al., 2019 ).

t is one of the most parameters that cause diseases such as methe-

oglobinemia (blue baby syndrome) in babies, neural tube defects,

iscarriage, colorectal cancer, birth defects, leukaemia, and thyroid

 Meride & Ayenew, 2016 ; Ward et al., 2018 ). The World Health Orga-

ization standards allow the topmost value of 50mg/l for nitrate tested

s Nitrogen in drinking water ( Al-Khashman et al., 2017 ; WHO, 2017 ).

he water samples from the springs in all seasons were within WHO

tandards. Nitrate values were statistically insignificant at a 95% confi-

ence level for the springs in all seasons. These were in agreement with

he results obtained by Omara et al (2019) . Permissible values were also

btained from the spring in Bihar, India ( Gupta et al., 2017 ) however

he source was located in a rural area. 

Total coliform and Escherichia Coli are bacteria that inhabit the

ower intestine of warm-blooded animals. The detection of Escherichia

oli is a great indicator of pathogen existence (disease-causing or-

anisms i.e., bacteria, protozoa, and viruses) in water for drinking

 Ibrahim, 2019 ; Meride & Ayenew, 2016 ). The diseases that can be

aused by those pathogens are dysentery, cholera, diarrhoea, viral hep-

titis A, and typhoid ( Adebayo et al., 2015 ). Therefore, it is a re-

uirement by WHO standards to have an absence of total coliform

nd Escherichia Coli in domestic water ( Meride & Ayenew, 2016 ). Ob-

ained results reveal faecal contamination for springs in all seasons.

mara et al (2019) also reported faecal contamination in a study done

n Kyambogo slums. Similarly, in the study conducted in Mbarara city,

ganda, total coliform and Escherichia Coli contamination were found
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n the springs in the city ( Lukubye & Andama, 2017 ). However, the

esults in this study were statistically insignificant for each spring in

ll seasons except for Jace School’s reported p-value of 0.625 for to-

al coliform. Generally, the contamination was from infiltrations of an-

mal or human faeces into the ground as in other studies ( Aboagye &

ume, 2019 ; Layton et al., 2010 ). 

.3. Water quality index 

As indicated in Tables 7 and 8 were Water Quality indices for each

pring in all seasons (the dry and wet seasons) using the WHO stan-

ards for drinking. The WQI is the most constructive method of dissem-

nating water quality information from any source due to the aggrega-

ion of studied parameters ( Toma et al., 2013 ). A list of ten parameters

as selected for this analysis. When these results were compared with

he WQIs ranges ( Bashir et al., 2020 ; Singh & Hussian, 2016 ; Solihu

 Bilewu, 2022 ), during the dry season values ranged between 40.09

o 49.34 suggesting that water was excellent for domestic purposes. In

he wet season values ranged from 54.29 to 74.17 suggesting water was

ood for domestic use with some treatment. The WQIs for spring wa-

er quality from the study in Barwari Bala, Duhok, Kurdistan Region,

raq was excellent and good water during the dry and wet seasons re-

pectively as in the study ( Ameen, 2019 ). Also, Taloor et al revealed that

5% of springs fell under the excellent and good categories ( Taloor et al.,

020 ). However, due to the anthropogenic activities observed in areas

uch as nearby pit latrines and improper disposal of wastes, water from

prings needs prior treatment before drinking. Table 9 . 

. Conclusions 

A cross-sectional sanitary risk examination revealed that all springs

n Bwaise were at risk of faecal contamination due to pit latrines and

mproper disposal of solid wastes. Results further reported that phys-

ochemical parameters (PH, Electrical conductivity, colour, turbidity,

ardness, Chloride, Nitrate) were within the permissible WHO limits.

owever, there was a statistically insignificant between the results dur-

ng the dry and wet seasons for each spring. The total coliform and Es-

herichia Coli were above the standards in all seasons. The WQI indices

howed excellent water during the dry season and good water during

he wet season. The study recommends boiling water for drinking pur-

oses, proper pit latrine construction, and solid waste management in

he community. 
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