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Abstract — A study was conducted to determine the bioddgichemical and
physical drinking water quality from shallow wellsagrarian communities. An in-
situ membrane filtration test kit was used to deiee the microbiological quality
of water and a photometer was used for the cheraitalyses. Water samples were
collected from protected shallow wells during wetl @ry seasons of the year 2012
to determine the change in quality with differesasons. The results of the
analysis show that Gapkan had the least value ofopld.7 while Lade had the
highest value of 8.4. ANOVA (P<0.05) showed pHedtatistically higher during
the wet season than in the dry season. The condtyaluring the wet season was
observed to range between 1210 uS/cm and 1678 ([f8/dfpada and Gakpan
communities respectivelJurbidity values during the wet season ranged beitwe
and 7 NTU while dry season analysis ranged betwZzemd 3 NTU.Sulphate
concentration was the lowest at 431 mg/L in Fey higthiest of 532 mg/L at Duro
and Rifun Woro during the wet season. Chloride eontwithin the wet season
varied between 260 and 269 mg/L while that of tiyeséason varied between 124
and 130 mg/L. Highest and lowest concentrationsiwhte recorded during wet
season was 0.42 and 0.23 mg/L for Kusogi and Fepedively.The colour
observed during the wet season ranged between Urard 19TCU while that of
the dry season ranged between 10 and 13 TGldre@t status of the water in the
study areas are fit as source of drinking water floe community, though plans
should be put in place for mini treatment plantattban serve these communities
to enhance good drinking water delivery..

Key Words -Agrochemicals, agriculture, groundwater, potabl@stewater, water,
shallow well

1 I ntroduction
Water is the essence of life and safe drinking mate basic human right essential to all (Versetri,

al., 2002). It is essential for the wellbeing of nkimd and for sustainable development. Though,
necessary for human survival, many are denied adoesufficient potable drinking water supply and
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sufficient water to maintain basic hygiene. Theeet§ of drinking contaminated water results in
thousands of deaths every day, mostly in childnedeu five years in developing countries (WHO,
2004a). Thus, access to safe clean water and adespratation is a fundamental right and a conlitio
for basic health (Palamuleni, 2002). The use ofl@laground water sources for drinking and other
domestic purposes is a common feature for manyinoame communities in developing countries.

Ground water which occurs beneath the earth suifacensidered free from contamination, hence
usable but anthropogenic as well as natural fag@saffecting the quality as well as quantitytogt
valuable resource. It has been estimated that polbgtion enters the subsurface environment, it may
remain concealed for many years, becoming dispessed wide areas of groundwater aquifer and
rendering groundwater supplies unsuitable for congion and other uses. Therefore, understanding
the potential influences of human activity on grdumater quality is important for protection and
sustainable use of ground water resources (Jehatgal., 2011). Shallow wells are normally locate
in the valleys where the groundwater table is redét high (1-4m below ground level) and infiltrai

of rain and river water plays a main part in grouater recharge (Pritchard et al., 2008).

Ground water contamination is the result of potiuteater infiltrating through the soil and rock and
eventually reaching the ground water. This procagght take many years and might take place at
varying distances from various wells where suchtamimations are found. Once the ground water is
contaminated, it is very difficult to remediate. Noubt that the new technologies will always reduce
the pollution level (Geetha, et al., 2008). Humaalth, agricultural development and the ecosystems
are all at risk unless water and land systemsfégetiwely managed (Kehinde et. al., 2009).

Pollution of ground water refers to any deteriamatin the quality of the water resulting from the
activities of man. This definition also includes papently natural processes like saltwater
encroachment into freshwater- bearing aquiferoastal areas resulting from the artificial lowerofg
ground-water heads. Most pollution of ground waésults from the disposal of domestic, municipal
and industrial wastes on the land surface, in shaéxcavations including septic tanks, or through
deep wells and mines; the use of fertilizers ameoagricultural chemicals; leaks in sewers, s®rag
tanks, and pipelines; and animal feedlots. The madm of a pollution problem depends on the size of
the affected area, the amount of the pollutant liradh the solubility, toxicity, and density of the
pollutant, the mineral composition and hydrauliamtteristics of the soils and rocks through which
the pollutant moves, and the effect or potentifdatfon ground-water use.

Due to the increase in population growth and ebxVdiving standards and coupled with the ever
increasing demands for clean water around the wamdre water is required for growing
environmental concerns such as aquatic life, viddiefuges, scenic values, and riparian habitats (L
et al.,, 2007). The upsurge in population and th&abéishment of industries involved in the
manufacture of various agrochemicals, petrochenaoal house-hold products have resulted to the
increase in the production of hazardous substamobsding heavy metals in developing countries
(Oguzie and Okhagbuzo, 2010). Application of vasiagrochemicals and fertilizers for improved and
increased agricultural produce can release contatsrof various categories such as nitrate, bagcteri
viruses, and hazardous household chemicals tautteigace, posing potential threats to nearby wells
and surface water. The impact of human activitreand around agricultural farmlands is felt on the
physical and chemical properties of water on wiiloh sustenance of the various forms of life is
dependent upon.

Past and present pollution of land with heavy nsetal a result of atmospheric deposition and the
application of fertilizer have led to an increasetie levels of heavy metals in the soil of farndlamd
uncultivated land. These heavy metals of humanirgrigpgether with amounts that are naturally
occurring in the soil, cause emissions into growmgwand surface water (Bonten and Groenenberg,
2008). Depending on the area under study, undemgrawater quality in basins are based on various
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factors such as, influx of industrial effluent,liné of water through rainfall, soil, agriculturetfn
etc., so we can say that by these factors, thergralend water quality can be varied qualitativatgla
quantitatively.

For most communities, the most secure source @& dahking water is pipe-borne water from
municipal water treatment plants. Often, most ofewdreatment facilities do not deliver or fail to
meet the water requirements of the served commudiig to corruption, lack of maintenance or
increased population. The scarcity of piped wager inade communities to find alternative sources of
water: ground water sources being a ready souredis\&te a common ground water source readily
explored to meet community water requirement orengk the short fall (Adekunle, 2009).

The lack of safe drinking water and adequate séamitaneasures lead to a number of diseases such as
cholera, dysentery, salmonellosis and typhoid, amdry year millions of lives are claimed in
developing countries. Diarrhea is the major cawsedéath of more than 2 million people per year
world-wide, mostly children under the age of fiveis a symptom of infection or the result of a
combination of a variety of enteric pathogens (Zakaxet. al., 2004).

The use of physic-chemical properties of watersgeas water quality gives a good impression of the
status, productivity and sustainability of suchevdiody (Mustapha, 2008). The evaluation of potable
water supplies for coliform bacteria is importamtdetermining the sanitary quality of drinking wate
(Zamxaka et. al., 2004).

The aim of this study is to evaluate the sourcesotdible water from the different locations in Bati
Local government area of Kwara State and to cldng/concerns about the quality and safety of water
used as drinking water within the locality.

2 Methodology and Materials
21 Study site

Patigi is one of the sixteen local government afdswara State, north central area of Nigeria. The
surface mean annual temperature ranges from 24°® @nd the mean annual precipitation of 86 —
1100 mm (IMS, 2011). The vast area has a populatid@&®0,000 (NPC, 2009). The area is one of the
largest fadama lowland areas of the State withr iNiger as a major water source for irrigation and
other farming activities. The most common sourcedrimking water are mainly open wells, water

vendors and boreholes which are mostly not funatidbue to the rural nature of the study area, pipe
borne water is not provided for in most of the camities except in Patigi Township which is not

supplied for domestic use on regular bases. Thityjoé water supplied by water vendors cannot be
guaranteed.
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Figure 1: Map of Kwara State

Existing wells within some selected communities evieigh rates of agricultural activities are known
to take place and farm locations were not far ftbenresidential areas of the farmers were congidere
The areas covered during the study period are piedén Table 1 below.

Table 1: Areas covered during the study periodatigi Local Government Area of Kwara State.

S/no Location Sample Label No of samples collected
1 Gakpan G 4
2 Duro D 4
3 Kapda K 4
4 Kusogi K 4
5 Sokingi S 4
6 Patigi P 4
7 Lade L 4
8 Rifun Woro R 4
9 Tankpafu T 4
10 Fey F

This area is characterized by extensive agriculyparations located in low-relief basins underlayn
shallow, alluvial aquifers of River Niger. The magidespread and common type of crops grown in
these areas are cereal crops. Farm operationgsimetion are family owned arable farms with an
average land size of nearly 10 acres some of wdrielirrigated during the dry season.

2.2 Sample Collection and Analysis
Samples were collected in clean 1.5 liter plasrs jwith screw caps and labeled with appropriate

codes of the first letter of the name of the comityuand then a number ranging between land 4
depending on the total number of samples collefrtad the location. Some parameters such as pH,
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electrical conductivity and Total dissolved solittdal hardness, calcium, magnesium, chlorideatatr
and sulfate were determined using standard mefloo@dsamination of water samples quality.

The in situ parameters, pH, electrical conductiatyd total dissolved solids were measured using
potable digital meter, EXTECH pH-100 and HM digitalC/TDS/Temperature COM-100. Total
hardness, calcium and chloride were determinedgusinmetric method. Nitrate and sulfate was
determined using HACH DR/2000 direct reading spgttotometer. Total solids and magnesium were
determined by gravimetric and Atomic absorptioncsmphotometer (AAS), respectively (Balogun et
al., 2012). Water samples intended for chemicalyara were vacuum filtered through 0.45-Im nylon
membranes. Samples intended for dissolved metdysmsawere preserved with concentrated nitric
acid, and all samples were kept on ice until theylat be refrigerated. Field duplicates were codlidct
on three occasions. Samples collected for isot@pialyses were filtered, frozen, and shipped
overnight to the lab. Isotope analyses have beed usa number of previous studies as a tool for
identifying nitrate sources (Wilcox et. al., 2005).

The samples were chemically analysed at the Watbioldatory of the Federal Ministry of Water
Resources in Minna, Nigeria. The instrument pertoroe check solutions and calibration blanks were
analyzed for every 10 samples. Alkalinity was meagduby titration with hydrochloric acid according
to Standard Method 2560 (American Public Healtho&ggtion, American Water Works Association,
and Water Environment Federation 1995a).

3 Results and Discussion

Surveillance of water quality to ensure microbidbad) and chemical safety is a vital public health
function most especially in our local and small commities as most of the agricultural products and
local labour are from there. Four sets of resultsencollected each for the two identified seasost (w
and dry) in the year 2012. Almost all the water gka® collected from shallow wells showed evidence
of previous human impact on the basis of thesetitoasts. Although most of the parameters tested
had higher concentrations than average values 0OW2004b) and NSDWQ (2007). The physco-
chemical properties of water from the various we$ied for domestic purposes in the various agrarian
communities were analyzed during the dry and was@eas of the year 2012. The results obtained are
presented in Tables 2 and 3.
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Table 2: Average Physico-chemical parameters hted during wet season for the year 2012

Samples and location

Water Quality Standard

Parameters and units Gakpan Duro Kpada Kusogi Sokingi Patigi Lade \I/?Vn;urr(; Tankpafu Fey WHO NSWDQ
Temperature’C) 32 33 35 33 32 33 35 34 34 36 Ambient ~ Ambient
pH 6.7 7.3 7.4 7.8 7.9 8.1 8.4 8.3 8 7.6 8.5 6%5-8.
Conductivity (uS/cm) 1678 1450 1230 1210 1658 12301562 1653 1548 1340 1000 1000
Turbidity (NTU) 4 6 6 7 5 6 5 6 5 6 5 5
Sulphate (mg/L) 550 532 561 556 531 532 533 532 527 531 500 400
Suspended solid (mg/L) 460 428 380 425 478 385 437 461 462 434 400 500
Chloride (mg/L) 260 269 263 267 269 269 260 264 267 268 250 NS
c&* (mg/L) 268 297 247 268 284 258 259 258 258 258 250 NS
Chromium (mg/L) 0.057 0.065 0.06 0.055 0.054 0.05D.054 0.053 0.045 0.055 NS 0.05
Magnesium (M§") (mg/L) 0.03 0.04 0.02 0.03 0.03 0.03 0.04 0.03 050. 0.045 0.05 0.02
Sodium (mg/L) 230 240 198 256 275 301 300 253 213 38 2 NS 200
Potassium (mg/L) 312 301 298 320 301 256 300 306 5 37 406 200 NS
Zinc (mg/L) 2 2.4 2.6 2 15 2.9 3 2.7 3.6 3.5 5 3
Nitrate (mg/L) 0.3 0.35 0.38 0.42 0.29 0.27 0.24  260. 0.28 0.23 0.2 0.2
Copper (ppm) 0.88 0.86 0.87 0.97 0.59 0.68 0.98 1 11 0.75 1.3 1
Iron (mg/L) 0.35 0.28 0.41 0.32 0.31 0.33 0.32 0.35 0.31 0.32 0.3 0.3
Cadmium(ppm) 0.0045 0.041 0.043 0.042 0.039 0.035.0140 0.014 0.012 0.014 0.005 0.003
Lead (ppm) 0.019 0.019 0.018 0.012 0.018 0.01 4£.010.015 0.014 0.012 NS 0.01
Colour (TCU) 19 18 19 19 17 18 18 19 19 17 15
Odor 0] 0] (0] o] o] (0] (0] o] (0] o] uo uo
Hardness (as CaGD(mg/L) 250 230 245 250 254 276 180 198 200 202 NS 150
E. Coli count (cfu/mL) 2 1.7 1.8 2 2 2.3 2.3 1.7 2 1.6 NO 10




Table 3: Average Physico-chemical parameters ihted during dry season for the year 2012

Samples and location

Water Quality Standard

Parameters and units Gakpan Duro Kpada Kusogi Sokingi Patigi Lade \I/?Vn;urr(; Tankpafu Fey WHO NSWDQ
Temperature’C) a7 a7 46 46 47 47 46 47 46 46 Ambient ~ Ambient
pH 6.9 7.3 7.1 7.2 7.2 7.4 7.8 7.6 7.4 7.6 8.5 B5H-
Conductivity (uS/cm) 1176 1098 1056 1210 1256 10761232 1256 1324 1231 1000 1000
Turbidity (NTU) 3 3 2 2 3 3 2 3 3 3 5 5
Sulphate (mg/L) 289 350 231 249 321 362 363 352 287 311 500 400
Suspended solid (mg/L) 248 312 256 312 267 298 372 312 321 344 400 500
Chloride (mg/L) 130 129 129 127 129 129 130 124 127 128 250 NS
c&* (mg/L) 241 253 212 246 234 216 218 128 197 258 250 NS
Chromium (mg/L) 0.035 0.032 0.041 0.04 0.047 0.0390.039 0.041 0.031 0.027 NS 0.05
Magnesium (M§") (mg/L) 0.021 0.032 0.017 0.024 0.024 0.021 0.0320.021 0.041 0.037 0.05 0.02
Sodium (mg/L) 176 185 169 181 183 187 198 179 185 971 NS 200
Potassium (mg/L) 187 157 182 162 171 140 182 198 8 19 194 200 NS
Zinc (mg/L) 0.79 15 1.2 1.6 1.4 1.2 1.9 1.7 1.8 12 5 3
Nitrate (mg/L) 0.17 0.11 0.13 0.11 0.15 0.11 0.12 .110 0.11 0.18 0.2 0.2
Copper (ppm) 0.82 0.81 0.75 0.87 0.61 0.61 097 707 0.95 0.68 1.3 1
Iron (mg/L) 0.25 0.18 0.21 0.32 0.21 0.33 0.3 0.25 0.28 0.27 0.3 0.3
Cadmium(ppm) 0.0025 0.0041 0.0043 0.0042 0.0039 03B0 0.0032 0.0035 0.0024 0.0012 0.005 0.003
Lead (ppm) 0.009 0.009 0.008  0.012 0.008 0.01 .01 0.015 0.014 0.012 NS 0.01
Colour (TCU) 12 12 10 13 12 13 13 12 12 10 15
Odor uo uo uo uo uo uo uo uo uo uo uo uo
Hardness (as CaGD(mg/L) 142 143 143 146 147 143 149 146 148 143 NS 150
E. Coli count (cfu/mL) 0 0 0 0 0 1.7 1.8 0 0 0 NS SN

Where UO means unobjectionable, O means objectiemalnl NS means Not Specified
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3.1 Temperature

The temperature wet season ranged between thetloale® of 32 °C which were obtained from
Gakpan and Sokingi respectively while maximum terapge during the wet season was observed in
Fey which could be attributed the nature of thé within the area as the most common type of soll
here is the red clay type. The highest of 46 andG4®f temperature was observed during the dry
season for almost areas under consideration. rsosetemperature was significantly higher (P<0.05)
than the wet season. It was observed that all@ahpératures were within the ambient temperature
range that which is recommended by both WHO (20@4id) NSDWQ (2007).

3.2 pH and Alkalinity

The acidity or basicity of domestic water is exgegsas pH (< 7.0 acidic; > 7.0 basic). The norrkhl p
range for domestic or drinking water is from 6.58®& according to WHO (2004b) and NSDWQ
(2007). The pH ranged between 6.7 and 8.4 duriagmét season of the year 2012. Gapkan had the
least value of pH of 6.7 while Lade had the higlvedtie of 8.4. During the dry season, the pH values
in Gakpan increased from 6.3 to 6.9 which also tvadowest pH value while others were observed to
reduce in the pH values. The highest value of ptbnaeed during the dry season was 7.8 for Lade
community. ANOVA (P<0.05) showed pH to be statislic higher during the wet season than in the
dry season. The values generally were found to ieinnthe recommended range for WHO and
NSWDQ respectively for both seasons. Abnormally fadls are not common in Nigeria, but where
observed to occur it may cause accelerated corragithe various metal mediums which the water
may be stored for future use. High pH’s above 8eaddten caused by high bicarbonate (Hg@nd
carbonate (C¢)) concentrations, known as alkalinity. High carbtlesacause calcium and magnesium
ions to form insoluble minerals leaving sodiumtzs dominant ion in solution.

3.3 Conductivity

The variations in conductivity during the wet seas@s observed to range between 1210 uS/cm and
1678 uS/cm while during the dry season the avevafyees of electrical conductivity ranged between
1056 and 1324 uS/cm for Kpada and Tankpafu agrawammunity respectively. When the results
were compared with the recommended values of WHID4R) and that of NSWDQ (2007), it was
observed that all the values for both the wet and stasons were found to be higher than the
recommended values of WHO and NSWDQ. This shows ithast of the water considered for
domestic purpose was discovered to have high saltent which supports the conduction of
electricity in the various water samples testeds Timy also be attributed to the high rate of cloaimi
and fertilizer application to the various agricudtllands. Some of which are retained in the sbilev
others are dissolved into the various water boaliegse area and they in turn find there ways i t
various wells. Thus, the high rate of electric aactevity.

34 Turbidity

Turbidity values during the wet season ranged betwg and 7 NTU while that of the dry season
ranged between 2 and 3 NTU. It was observed thatseason for the 2012 had a high rate of
impurities flowing into the various open wells whitvere observed to be poorly lined with Kusogi
havingthe highest value of 7 NTU and Gakpan having the ldowéd NTU. Clarity of water is said to
be a major factor in consumer satisfaction. Thugpidity has been used over many years as an
indicator of drinking water quality and as an iradar of the efficiency of drinking water coagulatio
and filtration processes. Thus the results obtafrad the ten study wells during the wet season for
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the year 2012 were found to be higher than themewended values of WHO (2004b) and NSWDQ
(2007) while the results obtained for the dry seasere below the recommended values of the two
regulatory bodies. In general this result corresisowith the works of Zamxaka et al., (2004).
Turbidity has been described as a relatively cradéhod of detecting a wide variety of particlesro

a wide assortment of sources as it provides narnmdtion about the nature of the particles. Turlgidit
in water is caused by the presence of colloidalammpended matter (such as clay, silt, finely aigid
organic and inorganic matter, plankton, and othareacopic organisms). The added presence of
turbidity increases the apparent, but not the ¢aleur of water.

3.5 Sulphate

The fluctuations in the average sulphate conceotrah wells of selected agrarian community in
Patigi Local Government area of Kwara State camobserved in the Tables 2 and 4. Sulphate
concentration was the lowest at 431 mg/L in Fey higthest of 532 mg/L at Duro and Rifun Woro
respectively during the wet season. It was furthteserved that the sulphate content of most of the
wells studied were relatively lower values compangth the recommended standard of WHO (2004b)
and NSWDQ (2007). The values observed during thesgason were observed o be below the
recommended values of both WHO and NSWDQ. Kpadatlmadowest sulphate value of 231 mg/L
which goes to confirm that the community is notseldo any water body which could transfer this
chemical into the various wells within the communithe average highest value of 363 mg/L was
obtained from the Lade community. Sulphate wasifsigmtly higher in the wet season, while the
order of averagely higher concentration among there&an communities are Duro, Rifun Woro,
Sokingi, Tankpafu, Kpada, Kusogi, Gapkan, LadeigPahd Fey.

Sulfate is a naturally occurring anion. High corcations of sulfate in drinking water may cause
transitory diarrhea (U.S. Environmental Protectiagency, 1990b).However, toxicity is rarely a
problem, except at very high concentrations whégh Isulfate may interfere with uptake of other
nutrients. Sulphate in irrigation water has fegstilbenefits, and irrigation water in Colorado ofteas
enough sulphate for maximum production for mospsro

3.6 Suspended Solids

Sediment is usually measured as a concentratiorifavdl Suspended Solid (TSS).The TSS
concentration was found to be remarkably high intla wells within the agrarian communities
considered for this study. During the wet seas@$§ Tanged between 527 and 550 mg/L which can be
attributed to the nature of soil within the argaaring the dry season, it was observed that TSS was
generally low. The highest value of TSS during dime season was 372 mg/L in Gapkan community
while the lowest value was 248 mg/L in Gapkan.tA# samples for the wet season were found to be
off the range of the recommended values for WH@42) and NSWDQ (2007) while those of the
dry season were within. This finding followed a gantrend with the works of Adejuwon and Adeniyi
(2012).

3.7 Chloride

In this study, chemical analysis revealed presefi¢tégh concentrations of chloride in water frone th

shallow wells during the wet season which is maéé through the saltiness of water from wells.
Chlorides are present in all waters with sourcesyireg from sedimentary rocks (particularly the
evaporates), Salt 'seeps’, oil field drainage, @gbimeand industrial contaminants (Adejuwon and
Adeniyi, 2011). According to Bello and Makinde (2)0the chosen locations are located within the
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Nupe basin area which may likely account for théoritle content within the various wells under
consideration. The chloride content within the sedson varied between 260 and 269 mg/L while that
of the dry season varied between 124 and 130 mgHen these values were compared with those of
the recommended values of WHO (2004b) though thBkSWDQ was not available, it was observed
that the values obtained during the wet season higteer than that of WHO while during the dry
season the values were relatively low. Chloridenie of the constituents found in human excretae Lik
nitrate, the chloride in the samples could be fbgdraced to fecal contamination of shallow wells.
Chloride increases with fecal coliform which isrsfgcant to coliform count.

3.8 Nitrate

The highest mean concentration of nitrate recodigthg the wet season was 0.42 mg/L which was
obtained from Kusogi while the lowest average rdedrvalue of 0.23 mg/L was obtained for Fey.
Though, the amount of nitrates determined during season was relatively higher when compared
with the recommended values of WHO (2004b) and N&®AR007). This can be attributed to high
rate of inorganic fertilizer and chemical application the surrounding farmlands. On the overadl, th
nitrate content during the wet season was founuetbigher when compared with the recommended
values of WHO and NSWDQ.

A decrease as observed generally in the dry seadihnthe lowest concentration of 0.17 mg/L

recorded from Lade, where high rate cereal croptataon is practiced. ANOVA at P<0.05 shows

significant difference in the nitrate concentratioluring the seasons and within the various
communities. Nitrate was higher in the rainy seasod the order of magnitude in the concentration
among the communities was Fey, Lade, Rifun WortigRdankpafu, Sokingi, Gakpan, Duro, Kpada

and Kusogi.

Nitrate is one of the major anions in natural watéut concentrations can be greatly elevated @ue t
leaching of nitrogen from farm fertilizers. The meaoncentration of nitrate nitrogen (NO -N, nitrate
measured as nitrogen in testing) in a typical serfavater supply would be around 0.2 to 2 mg/L;
however, the individual wells considered in thisdst showed a significantly higher concentrations
during the wet season with a slight reduction duthe dry season.

3.9 Colour

The appearance of water can be a significant factoonsumer satisfaction. Low levels of colour and
turbidity are also important for drinking water. e'lsolour observed during the wet season ranged
between 17 TCU and 19TCU while that of the dry seasnged between 10 and 13 TCU. The colour
for wet season was observed to be higher than ébemmended value of WHO (2004b) while
NSWDQ regulatory body in Nigeria did not have aommended value. Fey and Sokingi had the least
colour value during the wet season while commusiigach as Gapkan, Kpada, Kusogi and Rifun
Woro had 19 TCU colour rating all as against thrmonemended value of 15 TCU by WHO (2004).
The sources of colour in water can include nataratallic ions (iron and manganese), humic and
fulvic acids from humus and peat materials, planktdissolved plant components, iron and sulfur
bacteria, and industrial wastes or the dissolvéldosaticles within the area as most of the soithis
area are either clay or loam soils. This is in oomity with the works of Adejuwon and Adeniyi
(2011).

Pure drinking and domestic water is a colourlegsidi. Therefore, colour in water is suggestivehef t

presence of foreign, water-soluble substances igargand inorganic). Thus the coloured appearance
of water obtained from the shallow wells during thiet season from the ten study areas suggest
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contamination, which may have its origins in dissdl products of the decay of dead natural
vegetation as rainwater infiltrates to the groundwéable or it may be due to surface runoffs mgkin
input into poorly covered or lined wells.

3.10 Hardness

Hardness is generally defined as the sum of thgvplant cations present in water and expressed as
an equivalent quantity of calcium carbonate (CgCThe most common such cations are calcium and
magnesium. This can also be definedoe a measure of the capacity of the water fecipitating
soap. It is this aspect of hard water that is thestnperceptible to consumersrom the various
samples collected during the wet season, it wasreed that it ranged between 180 and 276 mg/L for
CaCQ. These values were found to be higher than themmewended value of NSWDQ (2007) which
is stated to be 150 mg/L Cag@hile the WHO (2004b) did not have any specifietue. Wells in
Patigi township recorded the highest value of whtadness value of 276 mg/L Cagwhile Lade
had the least value of 180 mg/L Ca{®he other agrarian had varying values, thoughsavéath such
high value of hardness were observed to be higivglved in agricultural activities which imply that
more chemical application in the ar@dose having between 75 and 150 mg/L CaCO3 aretcdid
moderately hard. Those having from 150 to 300 ni@ACQ are hard, and waters having more than
300 mg/L CaCQare classified as very hard. Calcium is of impoeeaas a component of scale.

3.11 Cadmium

The various communities considered for this study areas which are mostly without electricity
power supply, thus much batteries are used to pon@st of their electrical appliances. At the
expiration of these sources of power supply, they discarded anywhere within their vicinity.
Cadmium occurs as an impurity in zinc which is ryosised as roofing materials in all the
communities. Due to reactions of rain water witkesi roof materials (iron zinc), some of the
dissolved materials find their way into the surrdumg open shallow wells thus increasing the
presences of cadmium.

During the wet season, cadmium values ranged betve@045 and 0.043 ppm. The values in
communities like Kpada, Kusogi, Sokingi and Patigire found to be high; this can be linked to their
proximity to a mining location in the area. Where thialues obtained were compared with the
recommended values of WHO (2004b) and NSWDQ (200é)pbtained values were observed to be
higher than the recommended ones. The dry seasoesveanged between 0.0012 and 0.0043 ppm.
The observed values were found to be below themmemnded values of WHO and NSWDQ. This
reduction in values of the dry season shows thathilgh rate of runoff and infiltration activities
occurring within the communities during the wetsmathe higher values of cadmium.

3.12 Chromium

Primary sources of chromium in water is usuallynfranining areas, wastes from electroplating

operations which is not a practice in the all tbenmunities considered for this study, and garbage o
refuse dump sites which is very much common irthelstudy areas. The chromium values during the
wet season ranges between 0.045 and 0.065 mg/k Widt of the dry season ranged between 0.032
and 0.047 mg/L. It was observed that the valueaindtl during the wet season were slightly higher
than the recommended value of NSWDQ (2007) thoummesommended value for WHO (2004b)

was observed. The obtained values during the dagosewere observed to lower compared to the
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value of NSWDQ (2007). This could be linked alsothe rate of runoff and infiltration activities
within the various communities.

Chromium in excess is toxic thus leading to livexd &kidney damage, internal hemorrhage, and
respiratory disorders, as well as causing cancéuimans and animals through inhalation exposure,
but it has not been shown to be carcinogenic throungestion exposure (U.S. Environmental

Protection Agency, 1985a; U.S. Environmental PtaiacAgency, 1991e).

3.13 Copper

Copper is commonly found in drinking water (U.SvEonmental Protection Agency, 1985a) though
it is a nutritional requirement. Lack of sufficieobpper leads to anemia, skeletal defects, nervous
system degeneration, and reproductive abnormallfiesng the wet season the obtained values from
the study areas ranges between 0.59 and 1.10 pflmduning the dry season it ranges between 0.61
and 0.97 ppm. These values were observed not higher than recommended values of 1.3 ppm for
WHO (2004b) and 1.0 ppm for NSWDQ (2007). Whenvhkies were further compared against the
seasons, it was observed that the values obtaimeéagdthe wet season were higher than that of the
dry season. Thus the values were not statistisalyificant.

314 Lead

Lead occurs in drinking water primarily from conas of lead pipe and solders and faucets

constructed with leaded brass, especially in aoéa®ft or acidic water. The values obtained during

the wet season ranged between 0.01 and 0.019 pjdmthdit of the dry season ranges between 0.008
and 0.015 ppm. When the values obtained for babkae were compared with the standards of WHO
(2004b) and NSWDQ (2007), it was observed thatvidleies obtained during the wet season were
higher while that of dry season was found to bewehe recommended values which again could be
linked to the effect of runoff and infiltration adties.

Health effects of lead are generally correlatedhwlbod test levels. Infants and young childreroats
ingested lead more readily than do older childred woung adults. Lead exposure across a broad
range of blood lead levels is associated with aicoam of pathophysiological effects, including
interference with heme synthesis necessary fordtom of red blood cells, anemia, kidney damage,
impaired reproductive function, interference witlitamin D metabolism, impaired cognitive
performance, delayed neurological and physicaleldgment, and elevations in blood pressure (U.S.
Environmental Protection Agency, 1988b).

3.15 Iron

The values of iron concentration in all the shallgmoundwater bodies considered for this study
during the wet season ranged between 0.28 andn@gdl Only the Duro community wells had low
iron content which fell within the WHO and NSWDQcoenmended values of 0.3 mg/L. During the
dry season, the values of iron from the study asesed between 0.18 and 0.33 mg/L. Patigi
community was observed to have the highest valu@.38 mg/L which could be attributed to the
washing of some iron materials around the edgelseofvell which will find their ways into the same.

All fell within the WHO and NAFADC permissible limfor samples analyzed during the dry season.
The samples analyzed during the wet season wasicagly higher (p<0.05) than that of the dry
season but still within the permissible limit o80Ong/L that is based on taste and appearance rather
than detrimental health effect with an exceptionhiat of Patigilron is not considered hazardous to
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health. In fact, instead it is an essential elenfengood health because it transports oxygen én th
blood. Iron is considered a secondary or aesthetitaminant (WHO, 2004b).

3.16 Zinc

Zinc commonly occurs in source waters and may laatd finished waters through corrosion of
galvanized metal roofing sheets which mostly usethése communities. The zinc content during the
wet season ranged between 3.5 and 5.4 mg/L whiieglthe dry season it ranges between 0.79and
2.1 mg/L. Some of the obtained values for the wesen were found to be within the recommended
values of WHO but above that of NSWDQ. The avenragae of the wells in Duro community had a
high zinc content of 5.4 mg/L. The values obtaingating the dry season were within the
recommended ranged of value of both WHO and NSWDK@hking water containing zinc typically
contributes the basic requirement of 15 mg/L folemand 12 mg/L for female as recommended by
WHO.

3.17 Sodium

The result shows that concentration of sodium'\Naas in the range of 198 mg/L at Kpada to 301
mg/L at Patigi during the wet season while durihg try season the concentration ranged between
169 mg/L at Kpada to 198 mg/L at Tankpafu. Thera sgnificant relationship between the values of
wet season and that of the dry season. Water cimgasodium (N is in some cases absorbed by the
soil. Such soils containing large proportion of isad (Na&) with carbonate and chloride or sulphate
are termed as alkali or saline water, respectivBlydium is a naturally occurring constituent of
drinking water.Food is the major source of sodium. Of a suggesteximum daily intake of 2400
mg, drinking water, at a typical concentration 6frag/L, contributes less than 2 percent, assuming
consumption of 2 L/day. Average adult intake i000, mg/day.

3.18 Microbiological Water Quality

Microbiological water quality results show that tiater is polluted with traces of E. coli duringeth
wet season with the values ranging between 1.@&ghdfu/mL. Patigi and Lade had the highest value
of 2.3 cfu/mL which may be because of the poputaiiothe two communities as it is the commercial
nerve centers for the local government area. Dutiegdry season, E. coli count in the communities
considered were observed to be zero except fogiPatd Lade which had values of 1.7 and 1.8
cfu/mL respectively. This is in conformity with theorks of Fasunwon et al., (2008); Oludare and
Sikiru (2012); and Faparusi et al., (2011).

In terms of total coliform, the results show thppeoximately 100% of the shallow wells tested ia th
dry and wet season did meet the drinking waterddimds set by WHO and NSWDQ with maximum
of 50 TC/100ml for untreated water. All the weltsadied met the standard in at least three of the fo
samples. There was a noticeable increase in théewaf coliform counts in the wet season compared
to the dry season. This increase could be attribtitdhe fact that pollutants are easily transpbtte
water points by rain water.

4 Conclusion

Underground water is believed to be the purest fofmater because of the purification properties of
the soil, however, source of contamination couldibe to improper design and construction of wells,
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shallowness, and proximity to toilet, refuse dunitpss and agricultural farm sites which serve as
source of contamination. Thus, proper well locai®mssential, good sanitation of environment and
control of human and agricultural activities théeet quality of drinking water. Water quality sHdu

be controlled in order to minimize acute problemwadter related diseases. Domestic treatment of
borehole water is also an essential means of inpgowater quality and regular cleaning of water

reservoirs with appropriate cleaning reagents. @omsnonitoring of water quality stands as a good
mean of detecting earlier the deviation of drinkivater from the standard.

It was observed that the wells were all locatedhiwithe residential area of the various communities

traces of agricultural chemical contaminants werensduring the wet season which most were still
within the WHO and NSWDQ limits while during theydseason the amount of these parameters
reduced.

Thus, it is concluded that with the current staifithe water in the various communities considered
for this study is fit as a source of drinking water the community, though plans should be put in
place for mini treatment plants that can servedhsmmmunities to enhance good drinking water
delivery.

References

Adejwon, J. O., and Adeniyi, D. O., (2011): Poliutieffect of pit laterines on shallow wells at ésal
Igbehin community, Abeokutadyigeria. Journal of Geology and Mining Research Vol. 3(8):
211-218

Adekunle, A. S. (2009). Effects of Industrial Efflit on Quality of Well Water within Asa Dam
Industrial Estate, llorin Nigeria. Nature and Science; 7(1), ISSN 1545-0740,
http://www.sciencepub.net

American Public Health Association, American Wawlorks Association, Water Environment
Federation (1995a). Standard Methods for the Examon of Water and Wastewater (19th
ed.). (Method 2560). Washington, D.C.: AmericanlRubealth Assoc.

American Public Health Association, American Wat&forks Association, Water Environment
Federation (1995c). Standard Methods for the Exatmn of Water and Wastewater (19th
ed.). (Method 2130). Washington, D.C.: American|fuealth Assoc.

Balogun, I. 1., Akoteyon, I. S., and Adeaga, O.12D Evaluating Land Use Effects on Groundwater
Quality in Lagos-Nigeria Using Water Quality Indelaurnal of Scientific Research; J. Sci.
Res. 4 (2), 397-409

Bello, A. A. and Makinde, V., (2009). Delineatioti the Aquifer in the South-Western Part of the
Nupe Basin, Kwara State, Nigeriacademia Arena, http://www.sciencepub.org\Vol. 1: 3,
38-46

Bonten, L. T. C., and Groenenberg, J. E., (200&aching of heavy metals from farmland and
uncultivated land. Emission estimates for diffuseirses Netherlands Emission Inventory,
Netherlands National Water Board - Water Unit. 6pp

Faparusi, F., Ayedun, H., and Bello-Akinosho, M2011). Microbial and physicochemical properties
of ground water of llaro, South-West, Nigetiat. J. Biol. Chem. Sci. 5(2): 500-506

Fasunwon, O., Olowofela, J., Akinyemi, O., FasanwB., and Akintokun, O., (2008).
Contaminants Evaluation as Water Quality IndicatoAgo-lwoye, South-westerm\igeria.
African Physical Review pp110-116

www.insikapub.com 561



International Journal of Basic and Applied Science, Musa and Ahanonu
Vol 01, No. 03, Jan 2013, pp. 540-563

Geetha, A., Palanisamy, P. N., Sivakumar, P. Kum@ar and Sujatha, M., (2008). Assessment of
Underground Water Contamination and Effect of Tex&ffluents on Noyyal River Basin in
and Around Tiruppur Town, TamilnadB-Journal of Chemistry Vol. 5, No.4: 696-705

IMS, (2009). IMS (llorin Meterological Station) uaplished data

Jehangir, A., Tanveer, A., Yousuf, A. R., Masood, &nd Nagash, A. H., (2011). Geochemistry and
Irrigation Quality of Groundwater along River Jhaluin South Kashmir, IndiaRecent
Research in Science and Technology 3(6): 57-63

Kehinde, 0.0., Oluwatoyin, T. A. and Aderonke, Q., (2009). Comparative analysis of the
efficiencies of two low cost adsorbents in the reatcof Cr(VI) and Ni(ll) from aqueous
solution.African Journal of Environmental Science and Technology Vol. 3 (11): 360-369

Li, R., Dong, M., Zhao, Y., Zhang, L., Cui, Q., aH&, W., (2007). Assessment of Water Quality and
Identification of Pollution Sources of Plateau Lake Yunnan (China)J. Environ. Qual.
36:291-297

Mustapha, K. M., (2008). Assessment of water gpadt Oyun Reservoir, Offa, Nigeria, using
selected physic-chemical parametégrkish Journal of Fisheries and Aquatic Sciences 8:
309-319

NPC, (2009). NPC (National Population Council) neor Kwara State.

Nigerian Standard for Drinking Water Quality (NSDW@O007). Nigerian Industrial Standard. NIS
554: 2007 ICS 13.060.20

Oguzie, F. A., and Okhagbuzo, G.A., (2010). Conegions of heavy metals in effluent discharges
downstream of lkpoba River in Benin City, Nigerisrican Journal of Biotechnology Vol.
9(3): 319-325

Oludare, A., and Sikiru, S., (2012). Microbiolodicdhysicochemical and Mineral Quality of
Borehole Water in ljebu Land, Ogun State, Nigeternational Journal of Science and
Advanced Technology Volume 2 No 1: 23-30

Palamuleni, L. G., (2002).Eect of sanitation facilities, domestic solid wadtsposal and hygiene
practices on water quality in Malawi's urban pooeas: a case study of South Lunzu
Township in the city of Blantyrd?hysics and Chemistry of the Earth 27: 845-850

Pritchard, M., Mkandawire, T., and O’Neil, J. G2008). Assessment of groundwater quality in
shallow wells within the southern districts of MalaPhysics and Chemistry of the Earth 33:
812-823.

U.S. Environmental Protection Agency (1985a). NaioPrimary and Secondary Drinking Water
Regulations; Synthetic Organic Chemicals, Inorg&hemicals and Microorganisms. Federal
Register, 50: 46936-47022.

U.S. Environmental Protection Agency (1998b). DiigkWater; Substitution of Contaminants and
Drinking Water Priority List of Additional Substage which May Require Regulation under
the Safe Drinking Water Act. Federal Register, BEH2-1902.

U.S. Environmental Protection Agency (1989b). Dirigk\Water; National Primary Drinking Water
Regulations; Filtration, Disinfection; Turbidity, i@dia lamblia, Viruses, Legionella, and
Heterotrophic Bacteria. Federal Register, 54: 2728641.

U.S. Environmental Protection Agency (1990b). NagioPrimary and Secondary Drinking Water
Regulations; Synthetic Organic Chemicals and Indmg&Lhemicals. Federal Register, 55:
30370-30449.

U.S. Environmental Protection Agency (1991e). NaloPrimary and Secondary Drinking Water
Regulations; Synthetic Organic Chemicals and InmuiggaChemicals; Monitoring for

562 Insan Akademika Publications



Musa and Ahanonu International Journal of Basic and Applied Scie
Vol 01, No. 03, Jan 2013, pp. 548-563

Unregulated Contaminants; National Primary DrinkM@ter Regulations Implementation;
National Secondary Drinking Water Regulations. Fald@egister, 56: 3526—3599.

U.S. Environmental Protection Agency (1995b). Tditi Criteria Document. Washington, D.C.: U.S.
Environmental Protection Agency (Office of Reseamid Development and Office of
Drinking Water)

U.S. Environmental Protection Agency (1998i). Na&ibPrimary Drinking Water Regulations; Interim
Enhanced Surface Water Treatment Rule; Final F@deral Register, 63: 69478—69521.

Versari, A., Parpinello, G. P., and Galassi, S00). Chemometric survey of Italian bottled mineral
waters by means of their labeled pysico-chemicdl@remical compositionl. Food Compos
Anal, 12:251-64

WHO/UNICEF (2004a). Meeting the MDG Drinking Watend Sanitation: A Mid-Term Assessment
of Progress. Geneva: WHO/UNICEF. ISBN 92 4 156278 1

WHO, (2004b). Rolling revision of the WHO guidelséor drinking-water quality, Draft for review
and comments. Nitrates and Nitrites in drinkingevat World Health Organization.
(WHO/SDE/WSH/04.08/56).

Wilcox, J. D., Bradbury, K. R., Thomas, C. L., d@dhr, M. J. (2005). Assessing Background Ground
Water Chemistry beneath a New Unsewered Subdivi§oound Water Vol. 43: 6: 787—-795

Zamxaka, M., Pironcheva, G., and Muyima N. Y. QQQ4). Microbiological and physic-chemical
assessment of the quality of domestic water souirceselected rural communities of the
Eastern Cape Province, South Afrivdater SA Vol. 30: 333-339

www.insikapub.com 563





