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ABSTRACT

This paper highlights the standard of groundwater
sources its effects on health in FCT, Abuja. Hand
dug well and borehole water samples were collected
from three locations Abaji, Kwali, and Gwagwalada
F.C.T. Abuja. The samples collected from those
locations were analysed using SPSS. The test results
obtained and recorded with reference to physical,
chemical and biological procedures was done in
accordance with WHO & NGSDWQ standard. All
parameters with respect to physical tests were
recorded for all the samples. The chemical results
shows that the PH value ranges from 6.68-7.37
which indicates alkalinity. The water hardness of
hand dug wells ranges from 14-370 with an average
value of 187 which indicates moderately hard water.
Test results also show value above World Health
organization (WHO) admissive limit and Nigeria
Standard for Drinking Water (NGSDWQ). The
chemical parameters obtained from the tests results
shows that Ec, BOD, COD, HCO;, CO3, SO4, CL,
NO3, Ca and heavy metals including Pb, Cd, Cu, Fe,
Mn, Zn and Ca in all the other waters samples
collected and analysed were within the allowable
limits. The analysis of variance (ANOVA) shows
that there was a significant difference in Total
Bacteria Count (TBC) in those locations with respect
to borehole samples collected at P>0.05. Analysis of
variance also shows that there was a significant
difference in Fe, Mn, Cu and Cd between the well in
those locations. The analysis done has revealed that
regular routine monitoring by concerned authorities
should be adhered to ensure compliance and safety
among many other recommendations for further
research.

L. INTRODUCTION
Groundwater standard and sources have
effects on health in Federal Capacity Territory F.C.T,
Abuja. Water quality is affected by groundwater

rises, stream level rise and climate change through
increasing heavy downpours by washing of pollutant
into wells more frequently, sea level rises causing
more frequent cases of saltwater intrusion into
groundwater supplies. Overflowing of groundwater
could lead to uncontrollable flood causing more
threatto health and living organisms thereby making
the environment more porous to health hazards.

Federal Capacity Territory F.C.T, Abuja
was subjected to unprecedented diseases due to
coronavirus (COVID 19) which started from (2019),
and all over the world Billions of people were
affected by the virus, record of death rate was very
high. Health law was enacted to reduce rate of
infection and death.The quantity of water standard is
influenced by pollutants concentration overflowing
of surface or groundwater due to climate change
among other factors. In some areas, the standard of
water quality deteriorates substantially as more
pollutants are washed into water supplies, overloaded
storm and sewage systems spill effluents into streams
and water supplies, producing health hazards.

Groundwater standard declining due to
increasing downpours are washing pollutants into
wells more frequently, compromising local drinking
water supplies sources after heavy precipitation
event. Sea level rise cause more frequent cases of
saltwater intrusion into groundwater supplies,
making coastal drinking water unpleasant in many
instances undrinkable during heavy down pour,
Flooding activities occurs when bowels of septic
tanks and the rivers containing all manner of dirt are
introduced into the environment deteriorating the
water resources standard, introduced into aquatic
system through several ways which includes
weathering of rocks and leaching of soil, dissolution
of aerosol particles from the atmosphere and from
several human activities, include mining, processing
and the use of metal base materials.

Sustainable management of water and
sanitation for all (sustainable development goal-SDG

DOI: 10.35629/5252-08077076

| Impact Factor value 6.18 | ISO 9001: 2008 Certified Journal

Page 70



\Jhi International Journal of Advances in Engineering and Management (IJAEM)

\‘i'-‘" Volume 8, Issue 7 July. 2026, pp: 70-76

JAEM

www.ijaem.net

6) is the key towards achieving many other
sustainable development goals including good health
(SDG 3) and economic growth (SDG 8) among
others. Water, being essential to human existence,
make up about 71% of the earth’s surface of which
only 2.5% is freshwater (USGS2016). Graham et al.
(2010) noted that about 22-30% of freshwater stored
in underground aquifers portrays the significance of
groundwater in the provision of good standard water.
However unhealthy environmental practices could
impact the natural standard of groundwater sources,
impairing its standard. Also agricultural, industrial
activities, dumpsites and landfill leachates could pose
a significant threat to groundwater quality (Egbi et al.
2017).

Groundwater contamination is a widespread
environmental problem across the globe, which
requires long term monitoring this could be
challenging in the event of an unexpected storm,
which could result in abrupt changes in contaminant
levels which might not be captured be periodic
manual sampling (Chao, 2018). Schmidt et al. (2018)
developed a low-cost, real-time method of
monitoring pollutants using the Kalman filter. It
allows continuous in situ monitoring of groundwater
contamination. Technological advances like this are
largely missing in most of the developing countries
such as Nigeria, which is militating against efficient
groundwater monitoring operations.

Lack of municipal water supply, rapid and
unplanned urbanization, and the relatively cheaper
cost of accessing groundwater make it a favourable

choice for households in Nigeria. Ground water
usage cuts across various sectors, accounting for
42% agricultural, 36% domestic, and 27% industrial
purposes in Nigeria; hence, it remains a vital
resource (Olusola et al. 2017). Lack of adequate
monitoring by appropriate agencies has resulted in
cases of reported microbial contamination of
drinking water in various states in Nigeria (Adekule
et al. 2007). Olowe et al. (2017), reported that
microbial contamination of drinking water sources,
which could be linked to lack of public water system
(portable water) and inadequate groundwater
monitoring, have resulted in high rates of water
borne diseases such as cholera, typhoid fever,
dysentery, and diarrhoea.

II. RESEARCH METHODOLOGY
2.1 Materials and Methods
Water samples were collected from different
sources from three council Area at FCT, Abuja
which includes Abaji, Gwagwalada and Kwali. The
sampleswere collected in one litre plastic bottle each
after thorough washing and rising with distilled
water.The samples were preserved airtight to
minimize oxygen contamination and the escape of
dissolved gas. SPSS package was used to run the
analysis for all the samples collected. The test results
samples and method of collection was grouped in the
table 3.1 shown below. The test procedures and
parameters for the analysis was grouped into
physical, chemical and bacteriological categories

Table 2.1 Method of collection of samples

S/N Samples Location Symbol NO. of sample
collectedper location

1 Samplel Abaji AB 2

2 Sample2 Kwali KW 2

3 Sample3 Gwagwalada GW 2

III.  RESULTS AND DISCUSSION

3.1 Data collection and analysis

The physical test, chemical test and bacterial tests were recorded as shown in the table 3.1, 3.2 and table 3.3

respectively.

The physical tests analysis recorded for each sample was presented in Table3.1 below

Table 3.1
S/NO SAMPLE | TDS mg/l | TURB Fe mg/1 Mnmg/l | Cumg/l | Cdmg/l | Pbmg/l
1D NTU
1 ABI1 105.76 5 0.33 0.01 0.03 ND ND
2 KW1 36.64 5 0.17 0.01 0.01 ND ND
3 GWI1 163.36 5 0.31 ND 0.05 ND ND
4 AB2 5.92 12 0.65 0.03 0.07 ND ND
5 Kw2 104.64 8 0.48 0.02 0.09 0.01 ND
6 GW2 225.76 10 0.72 0.03 0.04 ND ND
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AB (1) = ABAJI 1 (BOREHOLE)

KW (1) = KWALI 1 (BOREHOLE)

GW (1) = GWAGWALADA 1 (BOREHOLE)

AB (2) = ABAJI 2 (WELL)

KW (2) = KWALI 2 (WELL)GW (2) = GWAGWALADA 2 (WELL)
ID = SAMPLE LOCATION

TURB = TURBIDITY

NTU = NEPHELOMETRIC TURBIDITY UNIT

ND = NOT DETECTABLE

Table 3.2

S/N| SAMP.| PH | EC TH TA | Ca Mg | Cl HCOs3| COs | P04 | NO3 | COD| BOD

ID pS/ecm | mg/l | mg/l | mg/l | mg/l | mg/l | mg/l | mg/l | mg/l| mg/l| mg/l | mg/l

1. | AB(1) | 7.13] 661 0.48| 3.24| 6.30 | 2.70
244.00| 82.00| 47.93 | 43.91]| 44.10| 39.69 | 37.30

2. | KW ()| 7.37| 229 0.32| 5.55|4.28 | 2.20
110.00| 50.00| 26.91 | 18.61| 13.72| 23.19 | 21.80

3. | GW (1) 7.01| 1021 0.65|3.82| 7.35 | 2.60
468.00] 90.00| 159.79| 69.03| 73.50| 43.81 | 41.18

4. | AB(2) | 6.68| 37 22213961 3.73 | 3.30
14.00 | 6.00 | 4.20 | 2.19 | 34.30| 0.515 | 0.48

5. | KW (2)| 6.83| 654 1.84| 8.22| 6.12 | 4.50
178.00| 30.00| 42.89 | 30.26| 73.50| 12.88 | 12.11

6. | GW (2)| 6.77| 1411 4.16 | 5.72| 10.81]| 4.60
370.00| 54.00| 100.92] 60.27| 132.3| 25.25 | 23.74

Table 3.3
SAMPLE ID TOTAL BACTERIAL| TOTAL COLIFORM COUNT
COUNT cfu/ml (10%) | cfu/100ml (10%)

1 AB1 6 10
2 KW1 8 14
3 GW1 4 8

4 AB2 26 30
5 KWwW2 32 44
6 GW2 28 32

Descriptive statistical analysis was used to compute all the parameters for physiochemical analysis in well and
borehole, microbial tests as well heavy metals in all the three major locations in F.C. T Abuja. The summary of
the analysis is given below

Table 3.4 Physiochemical Analysis (Borehole)

PARAMETERS ABAII KWALI GWAGWALADA
PH 7.140.14 7.37+0.07° 7.00+0.14

EC (uS/cm) 661.5+0.7° 229.5+0.7° 1021.5+0.7°

TA (mg/L) 82.5+0.7° 51.0+0.7° 89.50.70°

TH (mg/L) 242.5+2.12b 109.041.41¢ | 467.0+1.41°
Ca(mg/L) 47.94+0.14° 26.92+0.14°  159.77+0.21°
Mg(mg/L) 43.8+0.21 18.6240.14° | 69.01+0.21°
Cl(mg/L) 44.05+0.71° 13.7140.00°  73.49+0.01°
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HCO3(mg/L)
COs3(mg/L)
PO4(mg/L)
NO3(mg/L)
COD (mg/L)
BOD (mg/L)
TDS (mg/L)
TURBIDITY

39.64+0.01°
39.2+0.01°
0.46+0.03°
3.23+0.01
6.29+0.01°
2.65+0.01?
105.75+0.01°
4.5+0.7°

Values are mean + S.D of duplicate determinations.
Mean in the same row followed by the same superscript are not significantly different (P<0.05)
Mean not followed by the same superscript are significantly different (P>0.05)

PARAMETERS
PH

EC (uS/cm)
TA (mg/L)
TH (mg/L)
Ca (mg/L)
Mg (mg/L)
CI (mg/L)
HCOs(mg/L)
COs3(mg/L)
PO4(mg/L)
NO;(mg/L)
COD (mg/L)
BOD (mg/L)
TDS (mg/L)
TURBIDITY

ABAIJI
6.68+0.00°
36.00+1.41°¢
5.50+0.70°¢
13.00+1.41¢
4.10+0.14¢
2.2040.02°¢
34.20+0.14°¢
0.51+0.00°¢
0.47+0.01°
2.21+£0.01°
3.954+0.01°¢
3.71+0.02¢
3.29+0.01°
5.92+0.00°¢
11.50+0.702

Values are mean + S.D of duplicate determinations.
Mean in the same row followed by the same superscript are not significantly different (P<0.05)

Mean not followed by the same superscript are significantly different (P>0.05)

Table 3.5 shows the Analysis of variancewas significant difference in pH, EC, TA, TH and others parameters
between the well and borehole in Abaji, Kwali and Gwagwalada at P > 0.05.

23.19+0.00°¢
21.84+0.00°
0.30+0.03°¢
3.54+0.01°
4.27+0.01°
2.19+0.01°
36.65+0.01°¢
4.5+0.7°

KWALI
6.83+0.00%
65.35+0.70°
3.1+1.41°
179.0+1.41°
42.88+0.00°
30.25+0.01°
73.49+0.01°
12.87+0.01°
12.10+0.00°
1.83+0.01¢
8.21+0.012
6.11+0.01¢
4.49+0.01°
104.63+0.00°
7.00£1.41°

43.80+0.01*
41.19+£0.01?
0.60+0.00?
3.80+0.01
7.39+0.01°
2.59+0.01°
163.34+0.02°
5.5+0.7%

GWAGWALADA
6.77+0.00°
1413+2.83%
53.00+1.412
374+5.65%
100.93+0.02*
60.26+0.00*
132.20+0.14*
25.2440.01*
23.71+0.02*
4.17+0.012
5.73+0.01°
10.80+0.01*
4.59+0.01?
225.75+0.00*
9.50+0.71

Table 3.6 Microbial test result (Well)

PARAMETERS ABAJI KWALI GWAGWALADA
TBC 26.50+0.71°¢ 31.00+1.41* 28.50+0.71%
TCC 30.5+0.71° 43.0+1.41* 31.50+0.71°

KEY

TBC (Total Bacterial Count)
TCC (Total Coliform Count)

Values are mean + S.D of duplicate determinations.
Mean in the same row followed by the same superscript are not significantly different (P<0.05)
Mean not followed by the same superscript are significantly different (P>0.05)
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Table 3.6 shows the Analysis of variance was significant difference in Total Bacteria Count in the well in Abaji,
Kwali and Gwagwalada and significant difference in the Total Coliform Count at P > 0.05. Also, from table 3.3
above the bacterial and coliform in the well water are more compared to borehole water between Abaji, Kwali
and Gwagwalada

3.3 Heavy metals
Table 3.8 Heavy metals (Well)

PARAMETERS ABAIJI KWALI GWAGWALADA
Fe (mg/L) 0.65+0.00° 0.470.00¢ 0.720.00°
Mn (mg/L) 0.030.00° 0.02+0.00° 0.03+0.00°
Cu (mg/L) 0.06+0.00° 0.08+0.00? 0.030.00°
Cd (mg/L) 0.000.00° 0.0120.00? 0.00+0.08"
Pb (mg/L) 0.00£0.00 0.000.00 0.00£0.00

Values are mean + S.D of duplicate determinations.

Mean in the same row followed by the same superscript are not significantly different (P<0.05)

Mean not followed by the same superscript are significantly different (P>0.05)

Table 3.8 shows the Analysis of variance was significant difference in Fe, Mn, Cu and Cd between the well in
Abaji, Kwali and Gwagwalada at P > 0.05. while no significant difference in Pb in the well of Abaji, Kwali and
Gwagwalada at P<0.05

Table 3.9 Heavy metals (Borehole)

PARAMETERS ABAIJI KWALI GWAGWALADA
Fe (mg/L) 0.32+0.01° 0.16+0.01° 0.30+0.01°

Mn (mg/L) 0.01£0.00° 0.010.00° 0.000.00°

Cu (mg/L) 0.02+0.00® 0.01+0.00° 0.04+0.00°

Cd (mg/L) 0.000.00 0.00+0.00 0.00+0.08

Pb (mg/L) 0.00+0.00 0.00+0.00 0.00+0.00

Values are mean + S.D of duplicate determinations.

Mean in the same row followed by the same superscript are not significantly different (P<0.05)

Mean not followed by the same superscript are significantly different (P>0.05)

Table 3.9 shows the Analysis of variance was significant difference in Fe, Mn, and Cu between the Borehole in
Abaji, Kwali and Gwagwalada at P > 0.05. while no significant difference in Cd and Pb in the borehole of Abaji,
Kwali and Gwagwalada P<0.05

3.4 Comparison of results with WHO (2011) and NSDWQ (2007)
Table 3.10 (WHO) World Health Organization and (NSDWQ) Nigeria Standard for Water Quality

Parameters | WHO (2011) NSDWQ (2007) | Parameters WHO (2011) NSDWQ (2007)
PH 6.50-9.00 6.50-8.50 Cl 250 250

Ec (us/cm) | 250 1000 S04 50 50

TDS (mg/l) | 500-1000 500 NO3 50.7 50.7

Ca 75 N/A HCO3 600 N/A

Cu 3 1 CO3

Fe 0.3 0.3 BOD N/A N/A

Pb 0.4 0.1 Hardness 150 150

Mg 150 0.2 COD N/A N/A

Cd 0.003-0.03 0.03
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Mn 0.5 0.2

Ni 0.01-0.02 N/A

Source: WHO (2011); NSDWQ (2007)

The physiochemical parameters obtained
from analysis of water sample from the wells and
borehole in Abaji, Kwali and Gwagwalada, in FCT,
Abuja are presented in Table 3.1& 3.2. The water
hardness value of the hand dug wells ranges from 14-
370mg/lwith an average value of 187mg/l indicating
moderately hard water. While hardness values range
from 110-468mg/l in the borehole samples
respectively. The results show values are above the
World Health organization (WHO) admissive limit
and Nigeria Standard for Drinking Water
(NGSDWAQ) as presented in table 3.10

It was discovered that in all water samples
with the pH values range from 6.68-7.37 with an
average value of 6.97shows thatthe water is alkaline.
The Ec values rages from 37- 1411us/cm with an
average value of 668 ps/cm, and TDS values ranges
of 5.92-225.76mg/l with an average value of
107.01mg/l. The results are all within the permissive
limits of WHO (2011)and NSDWQ (2007) for
drinking water in shown in table 3.10. TDS is linked
to taste, hardness, corrosionproperties and tendency
for incrustation by water. TDS and EC are important
in quality assessment of water dueto their effect on
the corrosivity of a water sample and their effect on
the solubility of slightly solublecompounds such as
CaCO3. Electrical conductivity is an indirect
measure of salinity in many areas,which generally
affects the taste and thus has significance on the user
acceptance of the water as potable.

The value of mg ranges from 2.19-
132.30mg/1 in all samples, with an average value of
37.38mg/l is above Nigeria Standard of drinking
water. The values of physiochemical parameters such
as the Ec, BOD, COD, HCO3, CO3, SO*, CL, NO?,
Ca and heavy metals including Pb, Cd, Cu, Fe, Mn,
Zn as well as the concentration of TDS, Ca in all the
other waters samples collected and analysed were
within the allowable limits of WHO (2011) and
NSDWQ (2007) requirement for drinking water in
the samples.

IV.  CONCLUSION AND
RECOMMENDATIONS

The study has been able to explicitly
highlight the standard groundwater sources and the
effect on health with reference to the well water and
borehole water in F.C.T Abuja and its environs.

In the test results, it was discovered that the
groundwater has effects on health in FCT, Abuja due
to presence of bacteria in both well and borehole

which may lead to further complication of water
borne, epidemics diseases (cholera, typhoid,
hepatitisetc.). The total bacterial count and total
coliform count in well water are more compared to
borehole water. The water supplies from
aforementioned locations in Abuja area councilsare
not standard ~ because of  present of
contaminantspresent in the water.

From the test results, the average hardness
of all the water samples indicates that water is soft to
moderately hard water. The concertation of Mg in all
the samples are acceptable limit of WHO (2011). The
values of EC, BOD, COD, HCO3, CO3, S04, Cl,
No3, Ca, PO3, PH and the heavy metals including
Pb, Cd, Cu, Fe and Mn are within the allowable limit
of WHO (2011) and NSDWQ (2007). In as much as
availability of good water is indispensable feature for
preventing disease and improving the quality of life
Therefore, water should be properly treated before
consumption as well as other uses because
consuming contaminated water will ultimately affect
human health.

Recommendations For Further Research

i.  Further research on biological analysis of
water test should be in FCT and its environs
apart of recommended locations used for the
analysis.

ii. Sanitary survey for untreated water is
needed to regularly conduct water quality
tests and standard verification.

iii. Regular disinfection of drinking water
sources should be recommended worldwide
to enhance safe drinking.
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