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Abstract: Samaru (Zaria), located in Northern Nigeria is a semi
urban university satellite-town with urban migration problem and
resource limitations. Thus, a high proportion of the population is
forced to rely on hand dug well water as source of drinking water. To
ascertain the water’s potability and seasonal variations, proximity
of 10 hand dug wells to pollution sources were investigated dur-
ing the late dry season (Feb. to June) and late rainy season (Sept. to
Nov.), 2009. The physiochemical and bacteriological quality of the
well water samples was analyzed using standard methods. The water
was hard (188.92 £ 66.56 mg/L CaCO;) and soft (61.80 + 6.00 mg/L
CaCOs3) during the dry and rainy seasons respectively. The mean
NOs-N was higher in dry season (84.34 mg/L) than during the rains
(11.60 mg/L). However, the water’s buffering capacity (alkalinity)
was lower during the dry season (82.26 + 71.03 mg/L CaCO;) than
during the rainy season (141.21 + 54.08 mg/L CaCOs) The mean dis-
solved oxygen obtained (4.71 mg/L) was higher than the west Afri-
can sub region’s mean (2.60 mg/L). Generally, the physicochemical
parameters varied, but several of the values were within the WHO
standards for drinking water. However, the ground water has very
high concentrations of coliform bacteria, varying between 478 and
> 1600 MPN /100 ml of water. This is higher than the WHO’s stipu-
lated (0/100 ml) for drinking water. The coliforms isolated from the
water samples were identified as E.coli, Entrobacter sp and Kleb-
siella sp. The high population of coliform bacteria indicates poor
sanitary conditions in the study area, arising from poor handling of
domestic wastes, especially garbage and sewage. The aquifer is thus
contaminated and the groundwater, therefore, is not potable without
treatment.

Keywords: groundwater, potability, physichochemical param-
eters, bacteria, contamination.

Riassunto: Samaru (Zaria), situata nel Nord della Nigeria, é una
citta universitaria satellite con problemi di migrazione urbana e
risorse idriche limitate. Un'alta percentuale della popolazione é
costretta a fare affidamento su pozzi scavati a mano come unica
risorsa di acqua per uso umano. Per accertare la potabilita dell ac-
qua e come questa varia durante le stagioni, sono stati studiati 10
pozzi scavati a mano vicini a fonti di inquinamento durante ['ultima
stagione secca (da Febbraio a Giugno) e durante ['ultima stagione
delle piogge (da Settembre a Novembre) nell anno 2009.

La qualita fisico-chimica e batteriologica dei campioni di acqua
prelevati dai pozzi é stata analizzata usando metodi standard. L'ac-
qua era dura (188.92 + 66.56 mg/L CaCOj3) e dolce (61.80 + 6.00
mg/L CaCQOs) rispettivamente durante la stagione secca e quella
piovosa. 1l valore medio NO3-N era piu alto nella stagione secca
(84.34 mg/L) che durante quella piovosa (11.60 mg/L). Tuttavia, la
capacita tampone dell acqua (alcalinita) era pin bassa durante la
stagione secca (82.26 + 71.03 mg/L CaCOj3) che durante quella pio-
vosa (141.21 + 54.08 mg/L CaCOs). Il valore medio dell ossigeno di-
sciolto che si otteneva (4.71 mg/L) era piu alto di quello della media
delle sub regioni dell Africa occidentale (2.60 mg/L).

Generalmente, i parametri fisico-chimici variano, ma alcuni valori
risultavano entro gli standard WHO per l'acqua da bere. Tuttavia,
la falda ha un’alta concentrazione di batteri coliformi, che varia tra
478 e > 1600 MPN/100 ml di acqua. Questo valore ¢ piu elevato di
quello definito dal WHO (0/100 ml) per I’acqua da bere. i coliformi
isolati nei campioni di acqua sono risultati essere E.coli, Entrobac-
ter sp and Klebsiella sp. Lelevata prolificazione di batteri colifor-
mi indica cattive condizioni sanitarie nell area studiata, derivanti
dalla cattiva gestione dei rifiuti domestici, specialmente spazzatura
e acque reflue. L'acquifero viene cosi contaminato e le acque sotter-
ranee, dal canto loro, risultano non potabili se non trattate.
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Introduction

Most of the water requirement for Samaru, Zaria is met from
surface and ground water supplies. Samaru located in north central
Nigeria, has urban migration problems and resource limitations.
Thus, as found in many Nigerian towns, a certain proportion of the
population is force to rely on hand dug well water for drinking and
other domestic uses. According to Asonye et al. (2007), availability
of safe and reliable source of water is an essential prerequisite for
sustained development. However, high population growth of Sama-
ru, coupled with poor development plan, chronic unhygienic habits
and lack of enforcement of regulations have served collectively as
recipe for environmental pollution. The availability and purity of
groundwater are affected by location, construction and operation of
wells (Egbulem, 2003). Due to lack of guidelines governing ground-
water exploitation being not properly enforced in Nigeria (Eduvie et
al., 2003), community wells meant to serve the growing population
are often left uncovered. Furthermore, inadequate and inefficient tap
pipe borne water supply has resulted to construction of wells that
have close proximity to pit latrines, household trash, gutters (waste
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water channels) and therefore prone to storm water.

Dauda (1993) and Yerima et al. (2008) observed that as surface
water becomes increasingly polluted, people turn to groundwater for
alternative supplies. Therefore the development and efficient man-
agement of groundwater resources is of particular concern in Africa,
Middle East and Latin America, particularly the Sudano-Sahelian
belt (WHO, 2000). In these areas, not only is there relative scarcity
of water resources and quality degradation but also they face high
evaporation rates and high levels of anticipated future demands (Of-
fodile, 2002)

Variations in groundwater physico-chemical characteristics are
more pronounced during the dry season probably due to evaporation
(Gelinas et al., 1996). Dug wells are generally the worst groundwater
sources in terms of faecal contamination, and bacteriological analy-
sis serves primarily to demonstrate the intensity of contamination
and hence the level of the risk to the consumer (WHO, 1997; Chi-
roma et al., 2007). However, groundwater is generally a very good
source of drinking water because of the purification properties of the
soil (Langenegger, 1994).

For a water supply, precise evaluation of quality can be made only
when the results of laboratory examinations are interpreted in light
of sanitary survey data (APHA, 1998; WHO, 1997). Thus, after a

sanitary survey, the current investigation evaluates the physico-
chemical and bacteriological quality of Samaru groundwater during
the late dry and late rainy seasons.

Materials and Methods
Study Area and Sampling

The study area, Samaru-Zaria is underlain by rocks of a basement
complex (igneous and metamorphic) of the Precambrian age. The
complex is composed of granodiorite, biotite granite, granite igneiss,
schist and quartize. They are usually overlain by the overburden ma-
terials except in few places where they are exposed as inselbergs,
whalebacks and platforms. The ground is sandy-clay-loam and per-
meable. The principal sources of groundwater in Samaru-Zaria are
the fractured crystalline and unconsolidated overburden aquifers.
The overburden unit has an average thickness of about 50m. Ground-
water occurs at shallow depths under unconfined to semi-confined
conditions. Water levels in wells could drop to about 19 m below the
ground surface at the peak of the dry season (Alagbe, 2002).

Samara — Zaria is approximately within latitudes 11°09°30.99”N
and longitude 7°38’15.68 to 7°39°20.68”E (Figure 1). Samaru
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Fig. 1: Samaru - Zaira showing locations of sampling stations. Source: adapted and modified from Samaru street map
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(Zaria), located in the Northern guinea savanna zone of Nigeria, has
two main seasons (rainfall and dry). It was planned as a semi urban
University satellite town but because of neglect over the years, slums
and uncoordinated residential buildings sprang up. A railway across
Samaru divides the town into two parts. The dug-well waters are
used mainly for domestic and irrigation purposes. Heaps of refuse
dumps, stagnant water in pools or in gutters and pit ‘laterines’ could
be found in close proximity to the wells. Plastic or rubber pails at-
tached to a rope that are used for drawing water are left lying on
the ground between uses. Based on a preliminary survey, 10 hand
dug-wells (sampling stations), with mean depth of 12.66 + 1.76 m
and mean diameter of 0.85 + 0.21 m were chosen for the purpose
of carrying out the set objectives. 6 stations were located south of
the railway road while 4 were located on the Northern part. Of the
10 wells sampled, 4 were public wells, 5 were located in private/
residential compounds while 1 was located on a hospital compound.

In each station, duplicate water samples were collected monthly
for physico-chemical analysis for a period of 5 months (February
- June 2009) and three months (August — October, 2009). Bacterio-
logical analysis was separately carried out at the end of dry and rainy
seasons. Samples were collected aseptically, taken to the laboratory
and analysis carried out within 2 - 4 hours of collection.
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Sample analysis

Bacteriological examination of the water sample carried out includes
Most Probable Number (MPN) of presumptive coliforms (MPN/100
ml water) using the Multiple Tube Fermentation Technique (WHO,
1997; APHA, 1998). Suspected colonies of coliform groups were also
identified on the basis of morphological, cultural and biochemical
characteristics (Seeley and Denmark, 1971; Health Canada, 2006)

Water temperature was determined with a mercury thermometer,
pH and electrical conductivity by using conventional meters (Lind,
1979). TS, TDS, TSS and CO, were analyzed following standard
methods (APHA, 1998). Optical density, PO,4-P and NOs-N using
spectrophotometer while DO, BOD, total hardness, total alkalinity
and chloride were evaluated by burette titration.

Results and discussion

Statistical summary of the results obtained is as shown in table 1,
while the bacteriological variation among the sampling sites is pre-
sented in Figure 2. Analysis of variance for DO, PO,-P, TS, TSS
and optical density revealed that the variation between the monthly

Tab. 1: Summary of Samaru hand-dug well water quality in comparison with WHO drinking water guidelines.

Parameter Seasonal means Grand mean Highest Maximum
. permissible
Dry Rainy +SD desirable level
level
Water temperature (°C ) i 26.16 26.5 26.33 £0.89 -
Elect. Conductivity (uS/em) 5595 6356 597.60£22932
Totl dissolved solids (mg/L) 291,04 3196 3053023309
Total suspended solids (mg/L) 1432 2542 198.70 88.48
Total solids(mg) 2102 5738 49740 £263.52
WaterpH ................................................................ o s e
Optical density 051 031 0412014
Cabon dioxide (mgll) 2584 215 3671306 -
Dissolved oxygen (mglL) 55 39 PEIFEITEE
B.0.D.(mg/L) 417 13 FECFET T N
Total hardness (mg/L CaCOy) 188.92 618 125.40.489.88
Total alkalinity (mg/L.CaCOy) 8226 10523 gmena -
Phosphate-phosphorus (mg/L) 015 - 0.64 040008 -
Nittenitogen (mglL) 1324 58 4se205 10
Chlorlde(mg/L) ........................................ 80.06 52.7 66.38 +19.34
Total coliforms (MPN index/100ml) 1600 479 10392793
Escherichia coli (Col./100 ml) 18 20 19+ 1.00
Enterobacter sp (Col/100ml) 2 10 112100 |
Kiebsiellasp (Col/100ml) m o 132200 0/100ml 0/100 ml
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means were highly significant (P < 0.05) while the difference be-
tween the stations were not significant (P > 0.05). For TS, TDS, TSS,
optical density, electrical conductivity, CO,, total hardness, total
alkalinity, DO, BOD, chloride, NOs-N and PO,4-P there were high
significant variation (P < 0.01), both between the seasonal means.
The mean groundwater temperature (26.33 + 0.89°C) aggress with
the findings of Langeneger (1994), who reported that the West Afri-
can subregion mean annual groundwater temperature variations are
small, with mean deviations of 0.5°C to 1.5°C. The mean pH (6.77 £+
0.34), falls within the pH range (6.5 - 8.5), recommended for drink-
ing water (WHO, 1996). The slight pH fluctuation recorded between
the wells indicates that Samaru wells draws water from the same
aquifer. The concentration of DO in groundwater from hand pump
equipped wells in West African subregion is usually between 0.7
and 4.5 mg/L (Langeneger, 1994). The mean DO (4.71 £ 3.19 mg/L)
obtained is higher than normal (DO > 4.5 mg/L) for West African
groundwater. Presumably because a significant quantity of oxygen
was introduced during sampling. Gelinas et al. (1996) made simi-
lar findings on some Republic of Guinean wells. The high dissolved
oxygen obtained could also be attributed to the shallow nature of
Samaru wells, which could have made aeration easy.

The BOD value obtained ranged as low as 0.10 mg/L in the dry
season to as high as 9.80 mg/L at the onset of the rains and dropping
to as the rainy season progresses to mean rainy season of 1.31 +0.05
mg/L. BOD is used as an approximate measure of the amount of
biochemical degradable organic matter present in a sample (WHO,
1996). The high BOD at the onset of rains could be attributed to the
high organic load at the wells’ surrounding which could had been
washed into the wells by runoffs. This is because most of the wells
do not have walls above the ground. Free carbon dioxide also fol-
lowed a similar pattern as the BOD. This could be attributed to the
fact that decomposition of high organic matter in the topsoil resulted
in the formation of CO, via microbiological processes in the top-
soil. According to Langenegger (1994), this CO, enriched air in the
interstices of the microbiologically active vadose zones are usually
picked up by rain water as it percolates downward through the zone
on its way to the aquifer. The mean electrical conductivity obtained
during this study is 597.60 pS/cm. Langenegger (1994) and Adakole
(2007), stated that electrical conductivity is not a good indicator of
water quality with regards to health hazards. It is however, an indica-
tor of salinity, which is an important factor in taste and taste is an
important factor in user acceptance of water points.

World Health Organization does not directly consider electrical
conductivity in guidelines for drinking water quality (WHO, 1984),
but it does give recommendations for dissolved solids because of
taste considerations. The TS, TDS and TSS obtained in dry season
were low while higher values were obtained during the rainy sea-
son. The mean TDS obtained was 305.30 £ 233.09 mg/L. Ground
water with TDS <600 mg/L (electrical conductivity of about 850.00
uS/em), is considered “good”, while groundwater with TDS > 1200
mg/L (electrical conductivity of about 1700.00 puS/cm) becomes
progressively less palatable. The WHO guideline value for TDS
in drinking water is 1000 mg/L (electrical conductivity of about
1400.00 puS/cm).

Optical density is a function of turbidity. The mean optical density
obtained is 0.41. According to Langenegger (1994), turbidity does
not have effect on health but high turbidity reduce the effectiveness
of disinfection procedure because microorganisms can be protected
from disinfection by suspended materials. In addition, turbid water
is less acceptable to consumers from an aesthetic viewpoint.
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Fig. 2: Mean variations in feeal coliforms in selected dug- wells of Samaru
- Zaria.

The WHO drinking water guideline value for total hardness is
500.00 mg/L CaCOs. However, this is not based on health consider-
ations but on “taste and houschold-use” (WHO, 1984). A mean total
hardness value of 125.40 + 89.88 mg/L CaCO; was obtained dur-
ing this study period. Based on WHO standard for water hardness,
Samaru well water has a good taste and is also good for household
uses. According to Lind (1979), the expected total alkalinity in natu-
ral water usually ranges from 20.00 to 200.00 mg/L CaCO;. During
this study on Samaru groundwater, a range of 10.00 to 323.00 mg/L
CaCOj; and a mean of 141.29 mg/L CaCO; were obtained. Stations
1, 7 and 10 recorded higher values throughout the study period, pre-
sumably due to poor maintenance of these wells.

The mean PO4-P (0.64 mg/L) obtained is higher than the drinking
water limit (0.2 mg/L) set by Canada. The only well with close prox-
imity to farmlands (Station 7) persistently recorded higher NO;-N
values than other stations throughout the study period. It recorded as
high as 1368.00 mg/L NOs-N. Groundwater nitrates in agricultural
areas are usually known to originate from fertilizers while in non-
agricultural area; groundwater nitrate could be attributed to disposal
of human excreta and domestic sewage. This observation concur
with those of Gelinas et al. (1996), who also reported that after a long
period of dryness (about 6 months), high quantities of nitrogen are
accumulated in the superficial layers of the ground. At the beginning
of the raining season, a high proportion of this nitrogen is leached
and reaches the aquifer as soluble nitrate. The very high concentra-
tions of NOs-N value measured in the well water are worry some,
considering that the values were obtained during the dry season and
the onset of the rains (period of water scarcity). The mean value ob-
tained during this study is many times greater than the standard of
10.00 mg/L NOs-N (45.00 mg/L NOs-) for drinking water. Accord-
ing to Lind (1979), NO;-N value greater than 20.00 mg/L in drinking
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water could cause methemoglobinemia. The chloride value obtained
ranged between 7.0 - 163.45 mg/L. However, this range is below the
permissible criteria (250.00 mg/L) for raw water. The higher chlo-
ride values at stations 2, 7 and 9 could be a direct consequence of the
proximity of these wells to pit “latrines” and wastewater channels
(“gutters”). According to APHA (1998), chloride (Cl') concentration
is higher in wastewater (sewage) than in raw water because sodium
chloride (NaCl) is a common article of diet and passes unchanged
through the digestive system.

In addition to the guideline values for un-piped water supplies (0
fecal coliform organisms per 100 ml), WHO recommends that co-
liform organisms should not occur repeatedly (WHO, 1986). How-
ever, this level cannot be reached without an adduction system and/
or a treatment of the water. To simplify the interpretation of the high
counts measured in open wells of developing countries, Feachem
(1980), proposed a division into three categories corresponding to
the relative quality of the water: >100 fecal coliforms/100 ml should
be considered satisfactory; between 100 and 1000 col./100 ml sug-
gests a strong contamination and risks to health; and above 1000
col./100 ml, the water should be considered seriously pathogenic.
The bacteriological analysis of Samaru groundwater reveals that the
aquifer/groundwater has very high concentration of coliform bac-
teria varying between 478 to > 1600 col./100 ml. A mean total of
85 bacteria comprising of 44 and 41 organisms for dry and rainy
seasons respectively were isolated from the well water. These were
typed to be 38 Escherichia coli, 22 Enterobacter sp and 25 Kleb-
siell sp. These bacterial species had been previously isolated from
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well water source, although with varied densities (Byamukama et
al., 2000; Chiroma et al, 2007; AlOtalbi, 2009). These situation is
assumed to be a direct consequence of close proximity of the wells to
toilets, poor maintenance and shallow nature of the wells. Rahman
(1996), also reported that groundwater from various parts of Karachi
city (Pakistan) indicated the presence of coliform and fecal bacteria
several magnitudes higher than any standards permit, due to poor
sanitation services.

Conclusion

Due to widespread nitrate-nitrogen and bacteriological contami-
nation of Samaru-Zaria dug-well water, its long-term use as a major
drinking water source could have an impact on the health of the
inhabitants. Although it appears that poor well maintenance is the
main factor contributing to the bacteriological contamination, and
that nitrate contamination is more closely linked to infiltration of
organic contaminants from the soil surface, a thorough hydro-geo-
logical study and a careful determination of the contaminant path-
ways must be investigated before any definitive conclusion is drawn.

Standards for location, construction and operation of wells, if
enforced, will help in reducing pollution/contamination problems.
However, for now, we suggest that the well water should be treated
before use. Simple methods like sieving, addition of aluminum or
ferric hydroxide and disinfection with chloride could be employed.
This will help to reduce the risk the water may likely cause to hu-
man health.
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