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Water quality was assessed from 11 hand dug wells in the Adentan Municipality using Water Quality
Index (WQI) and bacteriological load as indicators. The sampling was conducted during the months of
July to September, 2019. A total of 33 samples were taken from 11 hand dug wells at monthly intervals.
Weighted Average Water Quality Index (WAWQI) was used to compute parameters which include
temperature, pH, conductivity, total dissolved solids, turbidity, total solids, biological oxygen demand,
salinity and total alkalinity. Indicator fecal coliforms were also enumerated. All samples showed
presence of E. coli and Salmonella in the dug wells with AD, having the highest E. coli count of
1.32x10%cfu/100 ml. AD;; had the least count of both E. coli and Salmonella (1.28x102 c¢fu/100 ml and
1.68x10" cfu/100 ml) respectively. The highest WQI value was recorded for AD; and the lowest was
recorded for ADg. 36.4% of the wells were graded as “A” whilst the remaining 63.6% were graded “B”.
The combined results of WQI and bacteriological assessment shown that the water quality determined

only by WQI (physico-chemical) parameters cannot reflect the true water quality status.

Key words: Water quality index, bacteriology, weighted average water quality index, indicator.

INTRODUCTION

Water for domestic activities should be potable to
guarantee good public health using water-quality index
and bacteriological assessment as effective tools for
assessment allowing for reporting of information of the
quality of the water to citizens and policy makers
(Atulegwu and Njoku, 2004). Ground water is generally
considered ‘safe’ and requires no treatment due to the

natural filtering action (Abila et al., 2012), however, it is
susceptible to contamination from sanitary hazards and
fecal matter in close proximity to the wells (Adelana and
MacDonald, 2008). It is estimated that about 100 million
people in rural areas in Sub Saharan Africa rely on
ground water for domestic purposes. A report by the
Ghana Water Company (GWCL, 2019) indicated that
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20% of urban communities are without access to public
water services and depend on other sources like ground
water for survival. UN figures on Sustainable
Development Goal 6 reveal that millions die yearly from
diseases connected to insufficient supply and quality of
water.

The rapid increase in water demand has placed a great
stress on available water resources through both poor
waste management and over exploitation
(Ramakrishnaiah et al., 2011). As a result, groundwater
quality is deteriorating due to among others disposal of
massive industrial effluents and mining activities, as
reported for different parts of India (Rodell et al., 2009;
MacDonald et al.,, 2015). The quality of water from
shallow aquifers is easily compromised when sited close
to septic systems in homes and communities (Lutterodt et
al., 2018). This is more prevalent in peri-urban areas of
Sub Saharan Africa where septic systems are rife
(Lapworth et al.,, 2017). Improving the water supply
remains a challenge and many countries have
implemented water quality protection measures and
monitoring regimens (Astel et al., 2006; Behmel et al.,
2016; Romero 2016) including multivariate statistical
methods (Singh et al.,, 2005), modeling techniques
(Huang et al., 2016), and methods based on multi-metric
indices (Wu et al., 2012).

The Adenta Municipality in Ghana has had a water
crisis for many years as a result of a malfunctioning water
treatment plant. In 2014, the Kpone water treatment plant
was expanded to a capacity of 40 million gallons per day
(GWCL, 2014) allowing the Adenta community to have
access to quality water. However, some localities like in
New Adenta are not connected to the Ghana Water
Company Limited (GWCL). Many households in New
Adenta have resorted to hand dug wells as a source of
water.

Visual inspection of these wells show sub-standard
construction, proximity to contaminant sources like septic
tanks, toilets and others, raising doubts about the quality
of the water. The World Health organization (WHO, 2004)
recommends that, shallow wells and boreholes ought to
be situated at minimum distance of 30 and 17 m from
latrines and septic tanks respectively (WHO, 2004;
Chukwurah, 2001). This is not the case with dug wells of
New Adenta closer than the 17 m distance
recommended, coupled with the low water table of the
dug wells.

Statistics from the Adentan Municipal Health
Directorate on Water Borne Diseases show high
incidence of Typhoid fever and Diarrheal cases.
Frequency of typhoid fever increased from 4793 cases in
2016 to 7147 reported cases in 2018 representing 49.1%
increase over a two-year period. Within that same period
diarrhoeal cases increased from 2290 to 3176
representing a 38.7% increase. The suitability of water
from hand dug wells have not been analyzed for either
bacteriological or physicochemical quality together with
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the water quality index in the Adenta municipality. The
aim of this study was to assess the quality of some hand
dug wells of the Adentan Municipality using both the
water quality index and bacteriological load as a novel
way to determine water quality for our municipality.

MATERIALS AND METHODS
Study area

Adentan municipality is located on latitude 5’ 43”"N and longitude 0’
09"W, and is 10 km to the North-East of Accra, Ghana. The total
land area of the municipality is 123 km? and is bound by Kpong
Katamanso to the North, Ledzokuku Krowor and Accra Metro to the
South, Tema Metro to the East and La Nkwantanang Madina to the
West. The municipality is divided into four sub-districts; Gbentenaa,
Koose, Nii Ashale Botwe and Sutsurunaa.

Sampling and analysis

Sampling was based on the sanitary inspections that were
conducted during the months of July to September, 2019 from 11
different sampling locations around the Adentan Municipality. The
risk assessment was based on five factors: relative position of
septic systems (whether downhill or uphill), closeness to septic
tanks, protection mechanisms and appropriate receptacles for
fetching water. A risk matrix with appropriate colour coding (not
shown) was used to rank the wells based on these risk factors.
Preferences were given to wells available for communal use and for
drinking purposes. A total of 33 samples were taken from 11 hand
dug wells (triplicate from each well) at monthly intervals and coded
as follows ADl, AD2, AD3, AD4, AD5, ADG, AD7, ADg, ADg, AD]_o, and
AD1; (Table 1) and analyzed within 24 h.

All chemicals and reagents were of analytical grade. Samples
were collected in 500 ml polythene bottles having double stopper.
Prior to the collection, the clean sample bottles were rinsed
thoroughly with the sample water to be collected. The physical and
chemical parameters analyzed included temperature, pH, TSS,
TDS, conductivity, salinity, turbidity, DO, BOD and total alkalinity.
Total coliforms, Fecal coliforms, E. coli and Salmonella present in
the samples were enumerated using lactose and lauryl tryptose
broths for fecal coliforms and E. coli, while pre-enrichment broth
selenite cystine was used for Salmonella.

Water quality index

The Overall WQI (OWQ)I) for surface water and groundwater for
drinking purposes was developed by Singh et al. (2015) and Stigter
et al. (2006). The present study used the Weighted Average Water
Quality Index (WAWQI) for ten water quality parameters to compute
WQI. The parameters are temperature, pH, conductivity, total
dissolved solids, turbidity, total solids, biological oxygen demand,
salinity and total alkalinity. The water quality index was calculated
using quality rating scale and assigning weight values to the
selected parameters (Dinius, 1987). The following weighted
average aggregation functions were employed for this purpose:
Where Wi = weight of the ith variable and Qi is the quality score
rating. These scores are further converted to a common scale
based on their relative importance to impact the quality of water.
These sub-indices functions are developed based on the water
quality standards and their concentrations to meet in particular
range. For this purpose, mathematical expressions were fitted for
each parameter to obtain the sub-index equations (WAWQI =
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Table 1. Sample location and respective GPS coordinate at Adenta used for water sampling.

Well ID Coordinate Sampling location

AD; 5.704-0.182 Well near WASS JHS

AD; 5.703-0.179 Well opposite New Adenta Royal House Chapel
AD3 5.708-0.77 Well at Adenta Transformer bus stop
AD, 5.709-0.177 Well near Rotana

ADs 5.708-0.182 New Adenta well close to Busy Tots
ADsg 5.709-0.172 Well at container quarters

AD7 5.707-0.182 Well at BTS station

ADg 5.710-0.179 Well near Okataban Methodist Church
ADy 5.709-0177 New Adenta Well near Taxi rank

AD1g 5.709-0.178 New Site Well near Medi-moses

AD11 5.705-0.181 Well near Last stop Mosque

Source: Field work (2019).

Table 2. Grading scheme for WAWQI.

Category Range Description
I 0-25 Excellent (A)
Il 26 - 50 Good (B)
11 51-75 Poor (C)
v 76 - 100 Very Poor (D)
\% >100 Unsuitable for drinking (E)

Source: Tyagi et al. (2013); Brown et al. (1970).

> QiWi/yWi). Based on the status of water quality data, the index
value ranges from O to 100 and is classified into five categories:
excellent (0-25), good (26-50), poor (51-75) very poor (76-100) and
unsuitable for drinking (>100). The status of water corresponding to
different WQI values is presented in Table 2. If the index is high, it
indicates that some of the water quality parameters are beyond
permissible ranges and suitable measures are needed to improve
the quality of water.

RESULTS
Sanitary inspection and risk assessment

A standardized inspection checklist originally developed
by British Geological survey and previously used by
Lutterodt et al. (2018) was adapted for risk inspection and
assessment. Results of Sanitary inspection and Risk
assessment of the 11 dug wells showed that ADy and
AD;, were found to have risk of extreme contaminations,
AD, and ADg moderate contaminations, AD; and AD;
high contaminations and the remaining five wells (AD,,
ADs, ADg, AD7, AD4;) had very high contaminations.

Bacteriological analysis

Table 3 shows the mean count and the range of E. coli

and Salmonella count in the dug wells. The highest E.
coli count was 1.32x10° cfu/100 ml in well AD, whilst the
least count was recorded in AD;; with a count of 1.28x10°
cfu/100 ml. Similarly, the highest and the least count of
Salmonella were 1.89x10° cfu/200 ml and 1.68x10"
cfu/100 ml for wells AD; and ADi; respectively. The E.
coli counts in all the dug wells were consistently higher
than the Salmonella count. The results indicate non-
conformity with the WHO (WHO, 2011) and GSA (GSA,
2009) guidelines of 0 CFU/100 ml.

Physico-chemical analysis

The temperatures recorded for the dug wells were within
the range of 28.1+0.6 to 31.7+2.2°C. The maximum
temperature was recorded at ADg with ADg recording the
minimum. The pH values were within the range of 6.4+0.5
to 7.1+0.3 with AD; recording the maximum. Conductivity
and Total Dissolved Solids (TDS) were within the range
of 742+247.6 uS/cm to 5529+521.7 uS/cm and 433+53.5
mg/l to 3328.6+116.0 mg/l respectively (Tables 4 to 7).
AD; and AD;; in both cases recorded the maximum and
minimum values respectively. The turbidity recorded for
the wells were 2.333£0.5NTU to 6.1+0.9 NTU with ADsg
and ADg recording the maximum and minimum
respectively. The TSS values range between 12.3+3.5 to
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Table 3. Geometric mean count and range of Escherichia coli and Salmonella in the samples.
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Geometric mean

WHO/GSA

Sample Bacteria Isolate (cfu/100 ml) Range (cfu/100 ml) (cfu/100 ml)
AD E. coli 7.84 x 10° 3.70 x 102- 1.30 x 102 0
! Samonella 1.89 x 10° 1.10 x 10- 6.15 x 10? 0
AD E. coli 1.32 x 10° 9.40 x 10%- 2.00 x 10° 0
2 Samonella 8.17 x 10* 5.80 x 10*- 9.70 x 10" 0
AD E. coli 5.98 x 10° 5.00 x 102 - 6.80 x 10? 0
8 Samonella 7.54 x1 0* 4.80 x 10*- 9.50 x 10" 0
AD E. coli 3.61 x 10° 3.10 x 10%- 4.00 x 10° 0
4 Samonella 7.19 x 10* 4.30 x 10*- 9.30 x 10* 0
AD E. coli 2.55 x 10° 9.20 x 10*- 4.50 x 10° 0
° Samonella 2.81 x 10* 2.30 x 10'- 4.20 x 10* 0
AD E. coli 1.00 x 10? 9.50 x 10*- 1.10 x 10° 0
e Samonella 1.88 x 10* 1.20 x 10*- 3.10 x 10* 0
AD E. coli 6.16 x 10* 2.60 x 10*- 1.10 x 10° 0
! Samonella 7.51 x 10* 6.20 x 10*- 1.05 x 10° 0
AD E. coli 1.00 x 10? 9.40 x 10*- 1.08 x 10° 0
8 samonella 5.22 x 10 3.00 x 10 - 9.90 x 10* 0
AD E. coli 3.52 x 10° 3.10 x 10%- 4.01 x 10° 0
o Samonella 4.92 x 10* 2.70 x 10*- 9.60 x 10* 0
AD E. coli 5.06 x 10° 4.80 x 10°- 5.39 x 10? 0
10 Samonella 4.50 x 10* 2.30 x 10'- 9.20 x 10? 0
AD E. coli 1.28 x 10° 9.30 x 10*- 2.40 x 10° 0
. Samonella 1.68 x 10* 9.00 x 10*- 2.30 x 10* 0

WHO, World Health Organisation; GSA, Ghana Standard Authority.

29.31£11.0. The maximum total suspended solids (TSS)
was recorded at well ADg whilst the minimum TSS was
recorded at the Well at AD3. The Dissolved Oxygen (DO)
recorded for the dug wells were within the range of
3.620.2 to 6.6+0.5 with ADg and AD1; recording maximum
and minimum values respectively. AD7 recorded the
highest Biological Oxygen Demand (BOD) of 1.0+0.5
(Tables 4 to 7). The salinity recorded for the dug wells
were within the range of 1.1+0.2 to 2.7£0.5. The
maximum salinity was recorded at AD; whilst the
minimum salinity was recorded at the Well at AD;. Total
alkalinity recorded for the dug wells were within the range
of 25.6+4.1 to 393.3+230.0. The maximum alkalinity was
recorded at well at ADg whilst the minimum alkalinity was
recorded at ADq.

Water quality index

The computed WQI for the eleven 11 dug wells are

summarized in Tables 4 to 7. The WQI values of the
wells were in the range from 17.87 to 37.64. With respect
to the WAWQI grading, the smaller the WQI value, the
better the grading of water. The highest WQI value was
recorded at AD; whilst the least WQI value was recorded
at ADy. 36.4% of the wells could be graded as “A” whilst
the remaining 63.6% falls within the “B” grade (Tables 4
to 7). None of the samples were of poor, very poor or not
suitable for drinking grade.

DISCUSSION

The risk ranking and the score assigned to each of the
dug wells did not correlate with actual contamination
levels in the samples (Oluwasanya, 2013). For instance,
wells ADg and AD;q, which were ranked as having
potential for extreme contamination had lower E. coli
count compared to AD; and ADs. This lack of correlation
was also observed with Salmonella counts and may be
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Table 4. Water quality status and WQI values from sampling sites AD1, AD; and ADs.

Sampling sites

\p/)\:;taer;eter (un(iltL)jallty Al_:)l APZ AP3
Max. Min. Mean Max. Min. Mean Max. Min. Mean
Temperature (°C) 30.5 28.5 29.43 29.2 28.1 28.57 29.7 28.4 29.17
pH 7.5 6.8 7.17 6.7 6.2 6.5 6.9 6 6.37
EC (uS/cm) 5039 2510 3987 4270 2998 3443 5943 3140 4151
TDS (mg/L) 3300 1517 2681 2360 1942 2172 2931 1810 2313
Turbidity (NTU) 6.2 2.4 4.1 3.8 15 2.7 3.4 21 25
TSS (mg/L) 40 18 29.3 23 11 17.6 16 9 12.3
DO (mg/L) 5.3 3.2 4.3 4.3 3.6 3.9 51 3.2 4.1
BOD (mg/L) 2.2 1.2 1.7 2.6 1.4 2.2 2.4 0.9 1.7
Salinity (PSU) 3.1 1.3 1.9 14 0.9 11 2.7 2.3 2.4
Alkalinity (mg/L) 166 110 135 36 25 30 281 142 200
WAWQI 32.05 29.97 29.26
WQ status Good (B) Good (B) Good (B)
WAWQI, Weighted average water quality index; WQ, water quality; EC, electrical conductivity.
Table 5. Water quality status and WQI values from sampling sites AD4, ADs and ADs.
) Sampling sites
Water qual_lty AD; ADs ADs
parameters (unit) - - -
Max. Min. Mean Max. Min. Mean Max. Min. Mean
Temperature (°C) 29.2 28.9 29.07 28.8 28.6 28.7 28.7 27.5 28.1
pH 7.2 6.3 6.73 7.3 6.5 6.8 6.8 6.3 6.5
EC (uS/cm) 2760 2115 2399 4684 3241 3904 4486 1153 2336
TDS (mg/L) 1557 1440 1486 2530 2240 2411 2609 750 1406
Turbidity (NTU) 29 1.9 2.3 5.7 2.8 4.1 4.9 2.1 34
TSS (mg/L) 18 14 16 23 18 20 25 19 21
DO (mg/L) 5.2 4.9 5.1 5.2 4.1 4.6 5.2 35 4.4
BOD (mg/L) 15 1.2 1.3 2.2 14 1.8 2.6 0.7 1.9
Salinity (PSU) 15 11 1.2 2.4 1.8 2.1 2.2 1.6 1.8
Alkalinity (mg/L) 240 103 153 453 130 264 653 215 393
WAWQI 22.39 30.42 26.08
WQ status Excellent (A) Good (B) Good (B)

WAWQI, Weighted average water quality index; WQ, water quality; EC, electrical conductivity.

due to lack of protective systems in the construction of
the wells or failure to adhere to standard practices
(Nkansah et al, 2010a). Lutterodt et al. (2018) also
reported incoherence of risk score to correlate with actual
contamination levels in dug well and boreholes at
Dodowa in Ghana.

Physico-chemical properties
Many of the dug wells had temperatures slightly higher

than the recommended range of 22 to 29 (WHO, 2011).
The relatively high temperatures recorded may be due

to major ions from water/rock interaction from dissolved
amounts of carbonates like calcite or sulphides like pyrite,
as both dissolution reactions are highly exothermic
(Corbella and Ayora, 2003). Nkansah et al. (2010b)
attributes high water temperature to either microbial
activity or depth at which water is sampled since worm
tends to float in stratified waters.

The positive correlation of temperature with DO (r=0.8),
weak positive correlation with Salinity (r=0.3) and a weak
negative correlation with electrical conductivity (r=-0.1)
may be due to the fact that temperature affects chemical
parameters like dissolved oxygen, electrical conductivity
and salinity (Chapman, 1996). Yang et al. (2007) reports
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Table 6. Water quality status and WQI values from sampling sites AD7, ADg and ADsy.
Water quality Sampling sites
parameter (unit) AD> ADsg ADg
Max. Min. Mean Max. Min. Mean Max. Min. Mean
Temperature (°C) 29.6 29.4 29.4 29.3 28.6 29 34.3 30.2 31.73
pH 7.4 6.8 7 6.7 6.2 6.4 6.9 6.4 6.6
EC (uS/cm) 6125 5152 5529 3672 2300 2920 1509 923 1179
TDS (mg/L) 3460 3240 3328 2148 1679 1929 982 726 799
Turbidity (NTU) 3.8 2.3 3.1 6.9 51 6.1 23 11 1.7
TSS (mg/L) 27 18 22 46 21 33 23 13 16
DO (mg/L) 5.3 3.9 45 4.3 3.2 3.9 7.2 6.2 6.6
BOD (mg/L) 4.6 2.6 3.5 1.8 1.3 15 2 15 1.8
Salinity (PSU) 3.3 2.2 2.7 1.6 1.3 1.4 2.4 1.4 2
Alkalinity (mg/L) 256 131 193 70 48 55 29 21 25
WAWQI 37.63 33.77 17.87
WQ status Good (B) Good (B) Excellent (A)
WAWQI, Weighted average water quality index; WQ, water quality; EC, electrical conductivity.
Table 7. Water quality status and WQI values from sampling sites AD1o and ADs;.
) Sampling sites
Water quality _ AD1o ADw
parameters (unit) : -
Max. Min. Mean Max. Min. Mean
Temperature (°C) 29.2 27.7 28.5 28.7 28.5 28.5
pH 7.1 6.4 6.7 6.8 6.4 6.6
EC (uS/cm) 1050 980 1003 975 482 742
TDS (mg/L) 1310 1061 1173 493 390 433
Turbidity (NTU) 1310 1.6 2.4 4.1 2.2 3.2
TSS (mg/L) 3.8 12 16 21 12 15
DO (mg/L) 20 3.3 4.6 3.8 3.4 3.6
BOD (mg/L) 5.4 0.5 1 2.6 0.2 1.6
Salinity (PSU) 1.6 0.9 1.2 2.3 0.9 1.8
Alkalinity (mg/L) 36 30 33 124 43 72
WAWQI 20.86 23.94
WQ status Excellent (A) Excellent (A)
WAWQI, Weighted average water quality index; WQ, water quality; EC, electrical conductivity.
that climatic conditions and chemical, biological, and dissolved salts in the water samples. The linear

microbial processes are effective in determining oxygen
variation in water. Except wells AD; and ADg which were
mildly acidic (6.36 and 6.43 respectively), the compliance
level of pH was very high (82%). Addo et al. (2016)
reported that acidic geology of an area may contribute
significantly to the lower pH, below the permissible limit,
as observed in the study. Chapman (1996) reported the
formation of weak carbonic acid which dissolves carbon
dioxide to react with H,O to release hydrogen ions (H") to
lower the pH of the water.

There was a 73% non-compliance in terms of the
measured conductivity which present a health threat to
consumers as a result of the very high amount of

relationship between conductivity and TDS of all the
samples (r=0.97) may be attributed to the direct
proportionality between conductivity and TDS. The
turbidity and TSS recorded in this study were all within
the recommended range of WHO (2011) for drinking
water. Compliance was 91 and 100% for all the analyzed
water samples, respectively. This is supported by
Amoako et al. (2011) who reported similar values of TSS
for ground water samples. All the samples recorded a 0%
BOD compliance level as recommended by World Health
Organization (WHO, 2011) and thereby rendering them
unsafe for consumers without prior treatment. There was
a weak negative correlation with BOD (r=-0.03). There
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was a 100% salinity compliance rate for all the water
samples as the recorded values were below the
recommended threshold of less than 200 mg/l. Similarly,
the compliance rate of total alkalinity was 100% as they
all fell below the WHO recommended value of less than
500 mg/l.

Bacteriological indicators

The results of the bacteriological analysis revealed that
all the 11 samples recorded E. coli and Salmonella spp.
counts which exceed the WHO standard limit for drinking
water which is 0 cfu/l00 ml. This represents 0%
compliance and is a public health concern in this
municipality. Tekpor et al. (2017) reported similar findings
of high levels of bacteriological contamination of dug
wells at Atebubu in Ghana whilst Akple et al. (2011)
stated that location of dug wells and unsanitary features
poses greater influence on contamination levels
compared with the WHO standard. This may be due to
the sitting of dug wells in proximity to septic systems and
unsanitary conditions which might have rendered the
wells susceptible to microbial contamination. Cairncross
and CIiff (1987) indicated that soakage pits and pit
latrines can extend their influence on ground-water
quality up to 10 m or more as groundwater flow is either
lateral or vertical. Even though the presence of coliforms
is a source of worry, Binnie et al. (2002) and Giriffith et al.
(2003) reported that coliform bacteria are widely found in
nature and do not necessarily indicate fecal pollution.

Water quality index

According to the computed WQI, the overall water quality
status in the Adentan municipality was “excellent” for
AD,4, ADg, AD;g and AD4; whilst the rest (63.6%) were of
“good” threshold. These results which were within the
range of 17.8 to 37.6 indicated that the water quality in
the municipality meet the WAWQI standard for drinking
water even though E. coli and Salmonella spp. were
found in the water. Sener et al. (2017) and Bordalo et al.
(2006) have all reported that even though single-factor
methods (for example the major parameter that influence
water quality) provide valuable information, multiple
parameters can benefit water quality evaluation, and
such methods have been increasingly adopted in various
studies. Evtimova and Donohue (2016) recently showed
that water level is an important parameter regulating the
structure and function of natural lake ecosystems. This
may be one of the reasons why all the samples recorded
either excellent or good water quality status.

Conclusion

Eleven different parameters were used to assess the

suitability of hand dug wells for drinking purposes in the
Adentan municipality in Ghana. Even though the
computed WQI shows that 36.4 and 63.6% of water
sample were of excellent or good water category, there
was bacterial contamination in all the samples. The
combined result of WQI and bacteriological assessment
show that, water quality determined only by physico-
chemical parameters cannot reflect the true water quality
status. Therefore, to improve the water quality in the
municipality, local management agencies should pay
attention to the bacteriological quality of the water
samples.
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