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Abstract
Water samples collected from boreholes and handnelig located in two wards in Wukari town wereessed
for some physico-chemical parameters on collectind after one week of storage using standard acellyt
methods. Furthermore the quality indices were daterd for the water samples on collection and aftes
week of storage. The parameters determined indendgerature, turbidity, suspended solids, totasalied
solids, conductivity, pH, nitrate —nitrogen, phoaf#s, chlorides, alkalinity, COD and DO. The reshibwed
that some parameters like turbidity, conductivitydasuspended solids exhibited a marked drop inevalu
following their storage for one week in both borehand hand dug well water samples. Mean values of
parameters like nitrate-nitrogen, phosphates atatides did not exhibit marked drop in concentmati@lues in
both water sources. Turbidity and suspended sdides in the well water samples was more than dhat
borehole waters however the mean conductivity \winéorehole water is more than in well water. &/étom
both sources was found to exhibit hardness on aale and after one week of storage. The qualitices in
borehole and well water on collection were found&o26 and 136 respectively. After one week ofagierthe
quality indices were determined and the values vi@rad to be 15 and 89 respectively indicating ioyement
in the water quality after storage for one weekieBole water in Wukari was found to possess betiatity for
drinking than well water. The study provides baslinformation on the quality of borehole and hdnd well
waters in Wukari Town. In addition, the hardnesshef water sources may be an indication of thegnms of
underlying minerals in the ground.
Keywords. Borehole, hand dug well, storage,water quality inde

1. Introduction

Water indeed is an essential component of life (Rigesi, 2012). The need for water in the day tp aetivities
of man include for cooking, washing, drinking arat fndustrial activities (Akpoboriet al, 2008). For the
chemist therefore the quality of water is very impot to ensure that it is potable for drinking Pague, 2008).
Two major sources of water whose quality are asseby chemists are the surface (streams, riversggo
lakes) and ground waters (wells, boreholes). Ttesae is that surface waters are prone to contaimimat
because it was reported  that surface watergeaarerally poor in quality (Okeolat. al, 2010). Ground waters
on the other hand are more reliable for domestitagricultural irrigation needs (Okeattal, 2010; Harunast
al, 2008 and Shymalet al, 2008). In fact a study revealed that well wates the main source of water in
Akure, Ondo state (Ogundele, 2010), an indicatibrhow people generally desire this kind of wateurce for
use in their daily activities especially as surfagser is not accessible to some communities. Dueih offs
into groundwater, they also tend to experience sewed of contamination owing to leaching from weadumps
and industries (Mahanandgal , 2010).

Owing to lack of potable water in most rural ar@adigeria, the people tend to depend on streardsrizer
water for domestic use and other activities (Shettal, 2008). The contamination of these water souroases
from different sources in the environment. Theylide effluents from industries, abattoir activitiasd
pesticides (lornumbe and Onah , 2008) and from alnfaecal discharges into surface and ground waleesto
washing by rain falls (Oko, 2008). One sure waywyich information on the quality of water could be
conveyed to those concerned is by using suitaldiees (Dwivedi and Pathak, 2007).The water quatitiex is

a single value obtained from large number of vdesin a sample (Shultz, 2001). It summarizes otaterms
that can be described as excellent, good, bad arwh or the purpose of reporting to recognizedie®ar
organizations and to the public on the state ofwiat a place (Barti and Kartyal, 2011). Variousthods have
been employed to determine the water quality inbdex the most commonly employed is the Weighted
Arithmetic Index (WAI) method.

It has been reported that the various sources térveapply in Wukari town include boreholes (14.6%gnd-
dug wells (46.6%), streams (1.80%) and water van(i&7%) (Ishakwet al, 2010).The level of adequacy of the
water was rated 28.38% as against 71.64% inadeglrd@bitants rely mostly on boreholes, vended watel
hand-dug wells as sources for drinking water amdotber domestic activities and because of thisiéqaacy,
households are necessitated to collect watersastiplcontainers or metal tanks for storage so theyuse when
the need arises. Against this background this stsidymed at determining some physico-chemical patars
and water quality indices of bore hole and wellevah Wukari town at collection and after storageplastic
containers over a period of time.
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2. Materials and methods

2.1 Study site

Waukari local government lies on the co-ordinaté§1™N 9°47'E or 7.856N 9.783E covering an area of
4,308Knf and having a population of 241,546 based on t¥ 2@nsus (www.en.wikipedia.org/wiki/wukari).
The local government headquarter is Wukari towncihies on the trunk A highway. The town is dividatb
three wards namely Avyi, Puje and Hospital (Ishetkal, 2010). A lot of agricultural products such as gaand
fishes can be found in Wukari town because the lpeopTaraba are predominantly farmers (Ishakal ,
2009).

Fig. 1: Map of Taraba State showing Wukari Local Government (inset: map of Nigeria showing Taraba

State)

2.2 Sample collection, treatment and preservation

The water samples were collected from boreholeshand- dug wells sited in two of the three ward¥\fkari

town. The samples were collected in August 201&favyi and Puje wards of the town. The samples were

collected in pre-cleaned 4 L plastic containersnttaidified with Analar grade of concentrated nitri

acid(pH=1.5) (Aremtet al , 2011). The choice of plastic containers for si@engollection is for the fact that the

level of contamination from it to the water espbgifrom heavy metals is low (Odoét al , 2013).They were

then kept in coolers containing ice blocks and dpamted to the laboratory for preservation in aigefator

before analysis was carried out on them.

2.3 Physicochemical analysis of borehole and hand-dug well samples

Thirteen parameters were analyzed in the sampliésctad. The parameters analyzed for include teatpe

which was taken at the site of collection usingalibcated thermometer, pH using a pH meter, condtict

using conductivity meter ; nitrate nitrogen and ftmate were determined by colorimetry using DR 2000

spectrophotometer (Model 50150), chloride by gratiy alkalinity by titrimetry; dissolved oxygerchemical

oxygen demand and hardness by standard methods.

2.4 Determination of water quality index

The method employed for this study is as descrimpdhakadet al(2008) on groundwater samples which

involves first calculating the quality of paramete®p as presented in the equation below;

n (A -1
szz ﬁ x100
p=1 p
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Ap is the average values of the parameters datedninder laboratory conditions, S is the stangardissible
values obtained from recognized organizations/Isdied Ip is the ideal values for the parameterk.id&lal
values (Ip) are taken to be zero except that of=FiHDO=14.6 and fluorides=1(Dhakad et al ,2008)e Thit
weight is calculated by taking the reciprocal vafoe the standard permissible value S for the patam
considered. The water quality index therefore iteeined by aggregating the products of the paramet
qualities and the unit weights and dividing by #ggregate of the unit weights.

2 QW
= b=t
LW,
p=1

The water quality ratings assigned to water quatithex values are given below;

WQI

Table 1: Water quality index and water quality status

| Water quality index water quality status
0-25 Excellent
26-50 Good
51-75 Bad
76-100 Very bad
>100 Unfit for dkimg

Source: Chatterji and Razuiddin(2002)

3. Discussion

The result shows that the mean temperature forhotgewater is 21.3&. The temperatures of the water on
collection at Avyi and Puje wards were 2C4and 21.3C respectively which fall within acceptable stambar
limits. Turbidity value was found to be 1.25 NTU liAmelow the limit set by SON standard (2007). Thebidity
affects clarity of water and presents an unpleasat of the water. Suspended solids and totalotliesl solids
had mean values of 2 mg/l and 246 mg/L respectivehe TDS was found to be lower than that deterchiiog
boreholes in Kubwa , FCT (Arenatal, 2011).

The mean conductivity was found to be 4&6cm. Avyi ward had the least value of 3GIcm while Puje was
571 pus/cm. These values were higher than that deternfimretoreholes in Kubwa (Aremet al,2011) which
had conductivities values of 0.44/cm though lower than determinations made for botes in Gusau (Adejo
et al, 2013) where conductivity levels were found in thege of 248-3,764s/cm in borehole samples. This
expresses the level of dissolved ions in the Wubaréhole water.

The pH expresses the extent of acidity or alkalinita sample. It was found to have a mean valu&@8. This

is an indication of weak acidity. The soil type may such that it permits dissolution of materiatsal bring
about slight acidity in the sample. The pH was fbtmbe lower than that for Kubwa though slightigtter than
that for Gusau borehole waters. It however fallthimithe accepted range of 6.5-8.5.

Nitrate nitrogen was determined to be 2.26 mg/Le Phesence of nitrates in a water sample couldugetal
inorganic fertilizers, plants and animal decompositand wastes which may have percolated the swés time
(Ademoroti, 1995). The average mean for boreholeewm Gusau (3.09 mg/L) was higher than that for t
nitrate level for Wukari and even much lower forrddmles in Akure which range between 30-61 mg/L
(Akinbile and Yusoff, 2011).

Phosphate and chloride levels were found to be tn$§d and 63.86 mg/L, respectively. The presence of
phosphate in a water source could be attributeditoharges from detergents, animal wastes andecklat
contaminants. The presence of chlorides on the bidned in natural water could be attributed to ygahs from
sewage, minerals and industrial effluents (Martlal ,2011) .Furthermore geochemical conditions coutdken
chlorides to present in varying conditions (Arer@av,0Opaluwa,Atolaiye, Madu and Sangari, 2011).Tleam
value for alkalinity was found to be 8.00 mg/L. Fleixpresses the component of the water sample.

Water hardness values for the borehole samplelsrigiL though the values for Puje ward indicatedvabthe
permissible levels and Avyi had values that wekeelothan the accepted limit of 150 mg/L. The rea®orthis
variation is not clear but may be due to variationthe geochemical features of the soil in movinogn one part
of the town to the other. It may also be an indizabf the presence of limestone, gypsum, dolomitether
calcium or magnesium containing minerals in thé agioiWukari town.

Calcium hardness has been classified as 0-20 mggfft),( 20-40 mg/L (moderately soft); 40-80 mg/L
(moderately hard), 80-120 mg/L (hard), >120 mg/L el hard)
(www.watrresearch.net/watrqualindex/index.htm) Tierehole water samples may therefore be described a
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hard thus creating difficulty for washing generdbtlgcause it would not form lather with soap eastlyvould
however be good for drinking because hard wateh@agyeferable to soft water for the purpose ofldnig.

COD and DO recorded mean values of 89.00 mg/L aB8l vhg/L respectively. These parameters are impbrta
for the sustenance of aquatic lives.COD test has edicated to indirectly measure the organic coumals in
water (www. en.wikipedia.chem.oxygen demand). Thec@ss requires the quantity of oxygen which would
convert all chemicals in the water into forms saskcarbon (V) oxide and ammonia.

The results of parameters in borehole water after week of collection are presented in table 3. ther
parameters discussed, the mean results show ardtemperature (20.28). Turbidity (0.54 NTU), suspended
solids (0.53mg/L), total dissolved solids (109 mjgdnd conductivity (268.nS/cm). This may be attributed to
the fact that the particles in the water settlethatbottom of the container after one week ofagjerthus causing
most of the physical parameters determined to $itethe body of the water. Owing to gravitatiofmate most

of the dissolved ions may have also settled whalidchave accounted for the drop in their conditigis and
hence their values.

The mean values for nitrate nitrogen (2.14 mg/Lhp$phate(1.12 mg/L) and Chloride(63.34 mg/L) which
expressed little lower concentrations were withémge as the values determined for the parameters o
collection of samples. The reason for this is a@lgbclear but it could be that soluble particlest thre chemical

in nature could be well distributed in the bodywafter and possibly interact with the water molesutea form
that storage for one week may not have signifigariffected the concentration in the body of water.
Furthermore, the analysis was only repeated afterveeek. It is possible that the concentration fmatner drop
significantly if the water was allowed to stay ofonger period of time before analysis is donét.ofihe values
for pH and alkalinity presented a slight rise dd&and 8.25 mg/L respectively. However the resuals within
range of the detection at the time of initial cotien. Chemical oxygen demand and dissolved oxygsues
also dropped after one week of storage. This atguliés that the components in the water interfervith
oxygen demand and uptake could have settled doenadgravitational force.

The mean results of well water samples collectednfiWukari town are presented in table 4. The mean
temperature was found to be L6 Turbidity, suspended solids and total dissolgetids were found to be
10.33 N.T.U, 10 mg/L and 246 mg/L respectively. Aidity and suspended solids values were highehén t
hand dug well waters than the boreholes. This neagthyibuted to the fact that hand dug wells thoogbered
were more exposed to contamination by particulaatten than the borehole waters. The TDS value vgeler
the same with that of the borehole sample whicHdcbe an indication that this same particles presethe
well water was also present in the bore hole watke value was however low when compared with alaim
study done on well water in Abeokuta, Nigeria (&hiOlaitan and Amusa, 2008).

The mean conductivity values were lower in the wedter (329.S/cm) than in the borehole (4836/cm) which
suggests that the mobility of dissolved ions is enior borehole waters than in the well waters. Maigation
could not be accounted for but other physical priige of the waters which were not studied suchissosity
may be responsible. This assertion is not withadety until further studies are carried out.

The mean pH was found to be 6.28 which is weakigie¢s as in the borehole water. The results faithin the
range of a similar work done on well waters in Daltage in Niger state were pH was determinechim tange

of 6.2-7.5(Yisaet al, 2012) .

Mean values for nitrate nitrogen, phosphate andritd were found to be 2.05 mg/L, 1.93 mg/L and®Z0ng/L

, respectively. Concentrations of phosphates atatidis were higher in the well water than thaedetined for
the borehole samples. This could be attributechtofact that well waters are prone to contaminafiom
activities in the environment such as discharges fivashing of clothes, animal wastes among others.
Alkalinity values were slightly lower but within ¢hrange of the values for the borehole samples. riiéan
values for hardness was found to be 130 mg/L whiathescribed as hard. The Chemical oxygen demadd an
dissolved Oxygen values were found to be 93 mgl. 445 mg/L respectively. The COD value is highemt
that for the well water in Doko. This implies ththere are more chemicals in the Wukari ground gatiean
Doko competing for oxygen.

The results of analyzed parameters in well waterpdas after one week of storage are displayedhle ta. It
shows mean values for temperature, turbidity, sudpeé solids, total dissolved solids and condugtitdt be
lower than that originally collected. Also pH anlkgsphate presented lower concentrations than wiegnwere
collected. Chloride, alkalinity and dissolved oxgdead mean values as that for when they were tetlec

Tables 6 and 7 displays water quality index valf@sborehole water on collection and after one weék
storage. The result showed that water quality indezed on the parameters provided from the Nigerian
standards for drinking water show the borehole wttdbe good on collection but improved to excédllafter
one week of storage.

Tables 8 and 9 similarly show water quality index Well water on collection and after one week tofage.
The result shows that the water quality index valinelicated that well water was unfit for drinkiagcollection
and still very bad for drinking after one week tdrage (139 and 89, respectively). The value it lb@rehole
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and well water after storage indicated marked impneent. The implication therefore is that leavirgtev for a
longer period of time could improve the quality ther. The study therefore showed that boreholesmwat
collected during the rainy season in Wukari towasgnted a better quality for drinking than well evatven
after storage for a week.

4. Conclusion

The study conducted to assess the quality of béeednnd well water by way of their indices at cafiea and
after storage for one week showed that boreholirkari town based on physico-chemical parameters wa
deemed to be good. This was however not the cabewell water which was found not be fit for drinii and
was still bad even after one week of storage. Eantiore, the study proved that storage of water ayeriod of
time probably with mild treatment for bacteriologlicelimination would present a better quality oftevafor
drinking than consuming water from borehole or seli collection. The study also showed that bottemaom
bore holes and wells are hard water. This may eo& problem for drinking since it would help to irope
calcium and magnesium content in the body. It waity pose problems when the water is used for imgsh
since more soap would be consumed.

It is thus suggested that enlightenment campaiggrammes be run across Wukari town to educatestiaing
population of the need to collect borehole wateat store for a while before drinking. Furthermoreytishould
be discouraged from drinking well water even asterage.

The level of hardness observed in the water coaldtgo the fact that minerals such as lime statwomite
among others may be present in the soils of Wukann. This information would provide baseline datawater
quality index for borehole and hand dug well wanewukari and for comparison with other settlements

Table 2: Mean result of parametersin boreholesin wukari town on collection

L ocation
Parameters Avyi ward Pujeward ® Mean SON standard
(®M ean+ SD) (*Mean + SD)

Temperature (°C) 21.40+0.13 21.39.1 21.35 Ambien
Turbidity (NTU) 1.66 +0.01 0.84+0.02 1.25 5
SS (mg/L) 1.00+0.14 3.00+0.13 2.00 -
Conductivity (uS/cm) 301.00+2.53 571.00+ 0.63 436.00 1000
TDS(mg/L) 165.00+ 3.22 327.00+1.26 246.00 500
pH 6.84+0.01 6.38+0.01 6.61 6.5-8.5
Nitrate nitrogen (mg/L) 1.84+0.02 2.68+0.01 2.26 50
Phosphate (mg/L) 0.72+0.01 6+5.01 1.14 -
Chloride (mg/L) 42.55+0.02 85:0/2 63.86 250
Alkalinity (mg/L) 8.10 +0.06 9(#0.01 8.00 -
COD (mg/L) 90.00+1.26 88.00+2.83 89.00 -
Hardness (mg/L) 120.00+1.26 160.009 140.00 150
DO (mg/L) 4.90+0.06 4.80+0.11 4.85 -

a-Mean values of six determinations
b-Mean of mean values from two wards studied
SD-standard deviation
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Table 3: Mean result of parametersin Borehole samplesin Wukari town after one week of storage

L ocation
Parameters Avyi ward Pujeward ® Mean SON standard
(®M ean+ SD) (*Mean + SD)

Temperature (°C) 20.10+0.64 20.2 +0.13 21.15 Ambdien
Turbidity (NTU) 0.23 +0.01 0.84+0.01 0.54 5
SS(mg/L) 0.006+0.01 1.00+0.09 0.53 -
Conductivity (uS/cm) 216.00+1.27 321.00+ 1.79 268.50 1000
TDS(mg/L) 76.00+ 3.22 142.00+1.41 109.00 500
pH 6.92+0.01 6.44+0.01 6.68 6.5-8.5
Nitrate nitrogen (mg/L) 1.76+0.02 2.52+0.02 2.14 50
Phosphate (mg/L) 0.70+0.01 4+95.01 1.12 -
Chloride (mg/L) 42.51+0.02 85:0402 63.34 250
Alkalinity (mg/L) 8.40 +0.01 1@t0.01 8.25 -
COD (mg/L) 64.00+1.27 80.00+1.79 72.00 -
Hardness (mg/L) 120.00+1.27 80.0¢e1 100.00 150
DO (mg/L) 4.10+0.06 3.70+0.11 3.90 -

a- Mean values of six determinations
b- Mean of means values from two wards studied
SD-standard deviation

Table 4: Mean result of parametersin hand dug well watersin wukari town on collection

L ocation
Parameters Avyi ward Pujeward ® Mean SON standard
(*M ean+ SD) (*Mean + SD)

Temperature (°C) 21.60+0.18 21.6 +0.28 21.60 Ambient
Turbidity (NTU) 20.00 +1.79 0.66+0.02 1.25 5
SS (mg/L) 18.00+1.27 2.00+1.10 10.00 -
Conductivity (uS/cm) 86.00+1.79 572.00+ 2.19 329.00 1000
TDS(mg/L) 165.00+ 3.22 327.00+1.26 246.00 500
pH 5.90+0.01 6.66+0.02 28 6.5-8.5
Nitratenitrogen (mg/L) 1.96+0.01 2.14+0.02 2.05 50
Phosphate (mg/L) 2.64+0.02 24P.02 1.93 -
Chloride (mg/L) 70.91+0.01 7001 70.91 250
Alkalinity (mg/L) 7.20 +0.06 9(#0.01 8.00 -
COD (mg/L) 94.00+1.26 92.00+2.83 93.00 -
Hardness (mg/L) 140.00+1.10 120461.1 130.00 150
DO (mg/L) 4.20+0.06 4.80+0.11 4.85 -

a-Mean values of six determinations
b-Mean of means values from two wards studied
SD-standard deviation
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Table 5: Mean result of parameter sin hand-dug well watersin wukari town after one week of collection

L ocation
Parameters Avyi ward Pujeward P Mean SON standard
(®M ean+ SD) (®Mean + SD)

Temperature (°C) 20.40+0.14 20.5 8.2 21.45 Ambien
Turbidity (NTU) 12.60 +1.79 0.12+0.02 6.36 5
SS(mg/L) 10.00+1.27 0.17+1.10 5.09 -
Conductivity (nS/cm) 74.00+0.89 461.00+ 0.89 267.50 1000
TDS (mg/L) 17.00+ 1.67 214.00+1.79 115.50 500
pH 6.00+1.41 6.72+0.01 6.36 6.5-8.5
Nitrate nitrogen (mg/L) 1.94+0.73 2.12+0.01 2.03 50
Phosphate (mg/L) 2.60+1.10 2+0.01 1.86 -
Chloride (mg/L) 70.91+0.01 7302 70.91 250
Alkalinity (mg/L) 7.30 +0.18 50.13 8.00 -
COD (mg/L) 84.00+1.67 82.00+2.83 93.00 -
Hardness (mg/L) 140.00+1.27 120#1.2 130.00 150
DO (mg/L) 4.20+0.06 4.70+0.13 4.45 -

a-Mean values of six determinations
b-Mean of means values from two wards studied
SD-standard deviation

Table 6:Water quality index of boreholewater collected in wukari town.

S/No Parameter M ean Std
Permisible Ideal value Unit Q rating Q*wW
level Weight(w)
1 Turbidity 1.25 5 0 0.2 25 5
2 Conductivity 436 1000 0 0.001 43.6 0.0436
3 TDS 246 500 0 0.002 9.2 0.0984
4 Hardness 140 150 0 0.0067 93.33 0.625
5 pH 6.61 8.5 7 0.1176 6 2 3.0576
6. Nitrate 2.26 50 0 0.02 4.52 0.0904
Nitrogen
7 Chloride 63.86 250 0 0.004 25.54 0.102
Zw:n.asia ZQW:Q.MT

WQI =X QW =9.017/0.3513
tw

=26

Table 7: Water quality index of borehole water stored for one week after collection in wukari town.

S/No Parameter Mean Std
Permisible Ideal value Unit Q rating Q*wW
level Weight(w)
1 Turbidity 0.54 5 0 0.2 10.8 5
2 Conductivity 268.5 1000 0 0.001 26.85 0.0436
3 TDS 109 500 0 0.002 21 0.0984
4 Hardness 100 150 0 0.0067 66.67 0.625
5 pH 6.68 8.5 7 0.1176 1.23 3.0576
6. Nitrate 2.14 50 0 0.02 8.2 0.0904
Nitrogen
7 Chloride 63.34 250 0 0.004 25.34 0.102

Zw:u.3513 EQW: 5.37281

WOQI=S.gW _ =537281/0.3513
Sw
=15
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Table 8: Water quality index of well water collected in wukari town.

S/No Parameter Mean Std
Permisible Ideal value Unit Qrating Q*W
level Weight(w)
1 Turbidity 10.33 5 0 0.2 206.6 41.32
2 Conductivity 329 1000 0 0.001 32.9 0.0329
3 TDS 246 500 0 0.002 49.2 0.0984
4 Hardness 130 150 0 0.0067 86.7 0.58089
5 pH 6.28 8.5 7 0.1176 48 5.6448
6. Nitrate 2.05 50 0 0.02 14. 0.082
Nitrogen
7 Chloride 70.91 250 0 0.004 28.4 0.1136
z W =0.3513 z oW =47 87259
WQI=X 0W  =47.87259/0.3513
nw
=136
Table9: Water quality index of well water after one week of storage.
S/No Parameter Mean Std
Permisible Ideal value Unit Qrating Q*W
level Weight(w)
1 Turbidity 6.36 5 0 0.2 127 25.44
2 Conductivity 267.5 1000 0 0.001 26.8 0.0268
3 TDS 115.5 500 0 0.002 23.1 0.0462
4 Hardness 130 150 0 0.0067 86.7 0.58089
5 pH 6.36 8.5 7 0.1176  42.7 5.02152
6. Nitrate 2.03 50 0 0.02 14 0.082
Nitrogen
7 Chloride 70.91 250 0 0.004 28.4 0.1136
> w=0.3513 > ew=31,31101
WQI=x g%  =31.31101/0.3513
Ew
=89
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