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Abstract: Problem statement: Pollution of well water, either from point or nowipt sources, has
become a thing of health concern both in urbanraral areasApproach: This study aim at assessing
the pollution hazards of groundwater resource gmimg some shallow wells from urban and peri-
urban area of Abeokuta. Collected samples wereyaedlfor water quality parameters using standard
procedures. The parameters determined were: Stedier level, color, turbidity, temperature,
Electrical Conductivity (EC), pH, Total Dissolvealffls (TDS) Total Suspended Solids (TSS), Total
Solids (TS), total hardness, cations {potassium gKdlium (Na), Calcium (Ca), magnesium (mg),
Manganese (Mn), iron (Fe)}, aniof&hloride (CT), Nitrate (NQ), Sulphate (Sg), Phosphate (P},
heavy metals {lead (Pb), Zinc (Zn), Copper (Cu)Hanicrobiological parameters {Bacteria count and
Total Coliform count (TC)}Results: Results were subjected to statistical evaluatigigsg SPSS 15.0
for descriptive statistics and Analysis Of VariarfgdOVA). The mean values of TDS, TS, EC and
PO, were higher in well water collected from urbanasre&eompared to peri-urban areas during wet
season. It was also observed that during the drsose TDS, TSS, TS, EC, Mg, Fe, PG, and total
hardness were also higher in samples collected fudman areas relative to peri-urban well water
samples.Conclusion: Water quality parameters such as Fe, Pb; NEZ, Bacteria count and total
coliform have mean values greater than World He@lthanization maximum permissible standards
for drinking water. Elevated values of these patanseare of great concern to public health when the
water from these wells is consumed by people with@atment.
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INTRODUCTION 2002). As a result of rapid expansion of cities and
subsequent population explosion, the development of
Safe water has been described as water that meaggoundwater resources for potable use has increased
the National Standard for Drinking Water Qualityr fo substantially over the last decade especially in
Nigeria (Federal Ministry of Water Resources, 2004) developing countries. Abeokuta is continually
Access to safe drinking water is a prerequisite tggrowing in human population and this has resulted i
poverty reduction and that access to safe drinkingontinuous increase in water consumption demand.
water prevents the spread of water-borne andhe new Abeokuta water Scheme at Arakanga,
sanitation-related diseases; however a large ptigmor Abeokuta, which supplies water to over six hundred
of Nigerians still lack access to safe clean waker. thousand Abeokuta’s residents, has a design cgpacit
Nigeria, 52% of the population does not have accessf 163 million L day*. Presently, the scheme produces
to safe drinking water. Lack of access to safe wate80 million L day® leaving a shortfall of 40 million L da¥
and adequate sanitation services especially imn the domestic water demand of Abeokuta and ensgiro
developing countries often results in the death ofwvhich has been estimated to be 120 million L day
about two million infants annually (UNICEF, 2005; This situation has led to persistent water shortage
Cosgrove and Rijsberman, 2000; Gomez and Nakathe city and its environs. To meet this huge sladrif
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the daily water demand, shallow groundwater is ¢pein Nigeria through determination of water quality
considered a complementary source. Groundwater igarameters.
tapped at shallow depths for domestic uses throluigh
construction of hand dug wells. However, while Description of shallow wells: If the groundwater is
providing an alternative to the public water supplytapped over the first impermeable stratum, it isned
sources; most of the wells are often located taosecl shallow well. If this stratum is near the surfatee
to possible contamination sources. water lying upon it has little protection from sack
Close relationship exists between groundwatepollution. If deep, the surface water, as it sinkas
quality and land use. Various land use activities ¢ the impurities drained out of it by the thick layef
result in ground water contamination. Potentialrses  soil. Hand-dug wells are typical examples of shallo
of groundwater pollution include solid waste lafidfi ~ wells. A dug well may be 0.9-1.8 m in diameter and
on-site excreta disposal systems, cemetery andaanim4.5-10 m deep depending on where the water bearing
wastes resulting from human activities among otHers formation or groundwater is encountered. In oraer t
a solid waste landfill (open dumping or sanitaryprotect a dug well from contamination, watertight
landfill), the organic and inorganic by-products casing of concrete or brick set in cement, or large
resulting from the decomposition of wastes areHedc diameter close jointed piping is installed. Theinogs
out by the infiltration of rainfall. If leachate igleased is usually carried up to form a platform 0.4-1.%high
to the surrounding soil without proper collectionda around the well mouth. A rounded or rectangular
treatment, it could contaminate groundwater resesirc concrete slate is also used as a cover over the wel
(Somjai and Suporn, 1993). Studies have shown thawhich is usually made to grower into a slot in the
the leachate causes an increase in dissolved iniarga platform.
substances such as chloride, sulfate, bicarbonate,
sodium and potassium of groundwater (Zanoni andstudy area: The study was carried out in urban and
Fungaroli, 1973;  Kelly, 1976). ~Groundwater peri-urban areas of Abeokuta, the capital of OgtateS
contamination can originate on the surface of theNigeria (Fig. 1). Abeokuta is in the sub-humid iz
ground, above the water table, or below the watefeginn of southwestern Nigeria and it lies between
table. Where a contamination originates is a fattat | 4o 7°5"N-7°20°N and longitude 3°17"E-3°27'E.

can affe_ct Its a_ctua_l impact on groundwater quality It has a population of 605,451 (Projected from 1991
comparison with rivers, groundwater tends to move

very slowly and with very little turbulence. Theoeé Census of 374,043 at 3.5 growth rate). Its geogcaph

once the contamination reaches the groundwateé?catior_1 make; it eas?ly gccessible from. L?gos, -the
dilution or dispersion normally takes a long tinide  Industrial capital of Nigeria and the nation's nmajo
contaminants usually form a concentrated plume tha$€aPort. The city covers a geographical area of
flows along the same path as the groundwater. Among,256 kni, which include Abeokuta South, Abeokuta
the factors that determine the size, form and cdte North and part of Obafemi Owode and Odeda Local
movement of contaminant plume are the amount an§overnment Areas of Ogun State.

type of contaminant and the velocity of groundwater

movement. Groundwater contaminants could be MATERIALSAND METHODS

undetected for years until the supply is tappedue.

Substances that can contaminate groundwater can be pariiurban Areas are settlements found on the

divided into two basic categories: substances thaf, o of cities and towns and are in transitiorb&
occur, naturally and substances produced by man corporated into urban areas. The communitiehén t
activities  (USEPA, - 1990). ~ Naturally —occurring eri-urban areas of Abeokuta where water samples

substances include: minerals such as iron, calciu ) .
om hand-dug wells were collected included: Banjok

magnesium, manganese, copper and selenium whi .
anthropogenic substances are: Synthetic organitd€hun, Bode-Olude, Oke Ata, Osiele, Oloke, Kemta

chemicals, hydrocarbons, pesticides, Polychlorihate 'di A&, ljeun Lukosi, Obantoko, Camp and Adigbe.
Biphenyl (PCB), landfill leachates (liquids thatvea Majority of the people living in these parts of tbiéy
dipped through the landfill and carry dissolvedWere farmers with a few population engaging in aiim
substances like heavy metals, organic decompositioffaring on free-range system. Houses in these
products), salts; bacteria and viruses. This stwdg communities are sparsely located with about four to
carried out to assess the pollution hazards ofiehal eight inhabitants per house. Vegetal growth is also
wells water in Abeokuta and its environs, Southwestpeculiar in these areas.

51



Am. J. Environ. i, 6 (1): 50-56, 2010

(
—
ONDO STATE

ts IdiABS

=  Samplelocations

——Drainage network

[ River Ogun

1 o 1 2 km
T« 1

Fig.1: Map of study area showing drainage netwaitk sample locations

Urban centers are considered as the continuoumagnesium, manganese, iron, lead, zinc, copper,
build-up areas of largest cities and towns. IndHgan  chloride, nitrate, sulphate, phosphate, Bacterianto
areas, water samples were collected from the falgw and coliform count. Static water levels of the well
locations: Isabo, Ago-Oko, ljeun, ljaye, llogbo, @k were also measured. pH, conductivity and total
Ejigbo, Ago-Oba, Lantoro, Ake, Adatan, Oke-Aregba,dissolved soilds were measured with COMBO HI
Totoro, Oke-Sokori, Lafenwa, Iberekodo, Keesi, Ita-model 98130 pH/Conductivity/TDS meter. Total
Elega, Itoko, Oke-Efon, Igbein, Igbore, Ago-Oba, hardness was determined by complexometric titration
Kobiti and Itoku. Most of the people who live inede  with standard EDTA as titrant in the presence of
areas of Abeokuta are educated while some aréThet. Eriochrome Black T indicator. Sodium and potassium
major activities in these areas are trading, textil were determined with flame photometer (Model PFP 7,
making, artisans and transportation activities. $¢suin ~ JENWAY, UK). Other metals were analyzed by
these areas are densely populated with about six tatomic Absorption Spectrophotometric (AAS) method.
twenty persons per house. TSS was determined gravimetrically while TS was

A total number of 76 shallow wells were determined by summing TDS and TSS together. Water
investigated in Abeokuta and its environs. Fiftyefo temperature was measure by using mercury thermomete
wells were sampled from urban areas while 22 wellhloride was determined by using silver nitratetion
were from peri-uban areas. The study covers bogh drmethod as potassium chromate served as indicator
and wet seasons. The following parameters weréVogel and Bassett, 1978). Color and turbidity were
analyzed using standard procedures (Clesceri, 1989%etermined spectrophotometrically using UV/Visible
Color, turbidity, temperature, electrical conduityiyv ~ spectrophotometer (HACH DR/4000, UK). Bacteria
pH, total dissolved solids, total suspended solid&l count and total coliform count were determined by
solids, total hardness, potassium, sodium, calciumstaining and total viable cell count method. Thatict
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water level was measured with tape rule. Result® we are shown in Table 1 while that of peri-urban areas

analyzed using SPSS version 15.0 package.

collected from fifty four shallow wells in urbaneas

(twenty two wells) are depicted in Table 2. The lael
sampled in the urban areas have concentrations of
TDS, TSS, TS, Fe and Pb higher at wet season cechpar
to dry season. For peri-urban samples, it was wveder
The mean values of groundwater parametershat parameters such as TSS, TDS and phosphate are
higher during the wet season relative to deason.

Table 1: Mean values of groundwater parametergmated in shallow wells of urban areas.

Parameters Mean = SD wet season Mean + SD dry season WHO atdsd
SWL (m) 2.85+1.27 4.11+1.20

Color (TCU) 6.39+2.98 9.91+12.98 15.0
Turbidity (NTU) 4.16+2.20 6.80+8.18 5.0
Temperature (°C) 25.1940.67 28.26+0.48

pH 6.73+0.30 7.19+0.32 6.5-8.5
TDS (mg LY 402.72+117.44 377.50+184.24 500
TSS (mg [ 604.52+198.34 228.57+141.31

TS (mg LY 604.52+198.13 605.94+294.68 2000
EC (uS crit) 865.37+242.19 976.26+288.53

Ca (mg Y 23.1749.77 44.17+16.51

Mg (mg L™ 7.09+3.57 37.76+16.09

Na (mg %) 64.32+41.68 51.44434.73 200
K (mg L™ 29.50+23.73 18.01+11.51

Fe (mg %) 0.37+0.65 0.13+0.18 0.30
CI"(mg LY 128.51+83.68 213.39+118.70 200
NO; (mg L™ 12.02+7.52 12.00+7.16 10.0
SQO* (mg LY 26.21+18.19 22.18+14.67 500
PO (mg L) 0.21+0.36 0.07+0.21

Pb (mg %) 0.25+0.16 0.01+0.02 0.01
Mn (mg L) 0.02+0.07 0.02+0.03 0.50
Zn (mg LY 0.12+0.25 0.05+0.04 30.0
Cu (mg 'Y 0.06+0.13 0.05+0.09 2.0
Total hardness (mgh) 30.26+11.90 81.94+28.13

Bacteria count (cfu/100 mL) 35.72+33.44 25.45+25.93 0.0
Coliform count (cfu mr*) 105.56+27.05 91.60+32.23 0.0
SWL: Static Water Level

Table 2: Mean values of groundwater parametergm@ied in shallow wells from peri-urban areas

Parameters Mean + SD wet season Mean + SD dry season WHO atdsd
SWL (m) 3.62+1.47 5.48+2.52

Color (TCU) 7.73+4.0 12.50+20.456 15.0
Turbidity (NTU) 4.58++2 .91 8.75+17.93 5.0
Temperature (°C) 25.2740.77 28.41+0.59

pH 6.66+0.41 6.94+0.48 6.5-8.5
TDS (mg LY 263.68+150.06 263.45+190.01 500
TSS (mg [ 169.41+99.54 138.96+100.76

TS 433.09+238.49 401.95+267.30 2000
EC (uS crit) 564.55+327.29 551.91+387.52

Ca(mg L) 24.4949.63 31.41+15.20

Mg (mg L™) 6.68+3.41 28.05+21.05

Na(mg L™ 51.51+23.17 40.05+23.83 200
K (mg L) 32.06+21.99 15.44+9.48

Fe (mg %) 0.23+0.20 0.22+0.18 0.30
Cl"(mg L™ 130.68+71.38 135.18+173.35 200
NO; (mg L™ 10.6945.82 11.4946.22 10.0
SO (mg LY 33.27+16.01 22.59+15.01 500
PO (mg L) 0.030.09 0.14+0.16

Pb (mg %) 0.19+0.18 0.04+0.07 0.01
Mn (mg LY 0.02+0.44 0.01+0.03 0.50
Zn (mg LY 0.09+0.03 0.04+0.02 30.0
Cu (mg L' 0.07+0.13 0.03+0.02 2.0
Total hardness (mgh) 31.174£12.20 59.45+30.99

Bacteria count (cfu/100 mL) 49.83+£39.98 15.42+19.54 0.0
Coliform count (cfu mrY) 100.0+£17.32 91.00+43.57 0.0

SWL: Static Water Level
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In both areas, the static water level was lowelingur effects on human. Magnesium concentrations in the
the dry season, due to lack of recharge by raiafall  sampled well water also fall within 1.0-40 mg*L
draft in groundwater reserve as a result of cootilsu normal range values in potable groundwater (Adedij
abstraction of groundwater by domestic users. Resuland Ajibade, 2005). The value of Na is greatentha
shows the pattern of dominance of major cationgdas that of K, which was in line with the observatidrat,
on the mean values to be Na > K > Ca > Mg during weconcentration of K should normally be around ongke
season and Na > Ca > Mg > K during the dry season iof sodium concentration and less than 10.0 rigfar
urban and peri-urban areas. potable groundwater (Adediji and Ajibade, 2005).
However, the least value of potassium recordedhis t
DISCUSSION study is found in the peri-urban wells with a mean

The seasonal values of color in both urban andalue of 15.44+9.48 mg L (Table 2). Except for the
peri-urban samples are within the 15.0 CTU WHOmMean value of iron (0.37+0.65 mg*). observed in the
values permited in drinking water (World Health well water of urban areas (Table 1), the rest \afad
Organization, 1993). The value of turbidity wastgg bellow WHO standard of 0.30 mgLin potable water.
than WHO standard in dry season of both urban anéiigh iron concentration in water could impart taste
peri-urban groundwater. High turbidity values irgh  discoloration, deposits and turbidity (World Health
wells are indications of high-suspended materagae Organization, 1971). Pb concentration was also high
and aquatic microscopic organisms (Clesceri, 1989). in the well samples, greater than WHO standard of

The high turbidity at dry season may have als®0.01 mg L' Pb has being classified as potentially
resulted into high color values respectively. Thetew  hazardous and toxic to most forms of life (USEPA,
temperature, which is generally less than 29°C, may986). It also causes a number of ailments in hsman
affect the chemistry of the groundwater as well asuch as chronic neurological disorders in fetuses a
metals toxicity (Awofoluet al., 2007). pH values of the children. Manganese, zinc and copper mean
well samples are in the normal range of WHO stathdar concentrations are within the WHO limits permitied
in drinking water. However, lower pH at wet seasonpotable water. The higher values of most parameters
may result from deposition of G@uring precipitation. especially the metals in urban wells (Table 1) ddug
TDS and TS values fall below the international attributed to the high urban run-off (USEPA, 1986}
permissible standard in drinking water (World Healt the activities going on around the areas (textitekimy,
Organization, 1993). But, the high value of TSS intransportation).
these wells is of health concern. Normally, TS eailu Chloride and sulphate mean concentrations are
water should be in the range of 25-80 mg (Robert,  within the WHO minimum permissible limits of 250
1978). A positive significant correlation betweeBS and 500 mg [* respectively. High chloride
and turbidity has been established (Bertram anaoncentration in groundwater may indicate pollusion
Balance, 1998). Invariably, high TSS indicates highby sewage, industrial wastes or saline water ifnss
load of both organic and inorganic materials in the(Bertram and Balance, 1998). Both chloride and
water. Electrical conductivity is a measure of ibes  sulphate have no health implication on human but at
or salinity. It has a mean value betweenhigh concentrations chloride could impart tastevater
551.91+387.52 and 976.26+288.53 uS tifTable 1  while sulphate could cause gastrointestinal iidtat
and 2) and is a reflection of high dissolved solids (World Health Organization, 1971). The nitrate \esu
Based on groundwater classification (Freeze andvere higher than WHO standard of 10.0 mg In
Cherry, 1979), the samples fall within brackish evat drinking water. This has a lot of health implicatio
High conductivity indicates high Na and K salts, especially on the growing infants and pregnant wome
which was evident in the values obtained from theséAdekunle et al., 2007). However, the high nitrate
metals (Adediji and Ajibade, 2005). Total hardnessvalues in all the aquifers sampled are of healtizeon
mean results are below 70 mg'lin all the samples especially to growing infants as it causes
(Table 2) except the dry season value in well watemethemoglobinemia. The symptoms of
from urban areas (Table 2); therefore the groundiwat methemoglobinemia are paleness, bluish mucous
could be described as soft (Environment Canadanembranes, digestive and respiratory problems
1977). (McCaslandet al., 2007). World Health Organization

Calcium concentration is within the 10-100 mg L has no standard for phosphate, however, a savedfmi
permissible in potable groundwater (Adediji andphosphate concentration in uncontaminated watdren
Ajibade, 2005; Walker, 1973). Calcium has no healttrange of 0.01-0.03 mg "L has been established
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(Izonfuo and Bariweni, 2001). With this value, the Adekunle, .M., M.T. Adetunji, A.M. Gbadebo and

mean phosphate concentrations in the wells froranurb 0O.B. Banjoko, 2007. Assessment of groundwater
areas exceeded this limit (Table 1) while in thei-pe quality in a typical rural settlement in southwest,
urban wells; mean phosphate value obtained in #te w Nigeria. Int. J. Environ. Public Health, 4: 307-318

season is within the limit. But the mean phosphate  DOI: 10.3390/ijerph200704040007

concentration of the wells during dry season isagre  Awofolu, O.R., R. Duplessis and |. Rampedi, 2007.

than the standard (Table 2). Influence of discharge effluent on water quality of
The presence of bacteria and total coliform in the  surface water utilized for agricultural purposes.
well water indicate contamination by human or aima Afr. J. Biotechnol., 6: 2251-2258.

wastes. These pathogens may pose a special health www.academicjournals.org/AJB/.../pdf2007

risk for infants, young children and people with Bertram, J. and R. Balance, 1998. Water Quality
severely compromised immune systems (USEPA, Monitoring: A Practical Guide to the Design and
2002). WHO has recommended a zero value of Implementation of Freshwater Quality Studies and
bacteria and total coliform count in drinking water Monitoring Programmes. 1st Edn., Taylor and
The mean values of bacteria count between  Francis, USA., ISBN: 0419223207, pp: 400.

15.42+19.54 and 49.83+39.98 cfu/100 mL (Table 1) isClesceri, L.S., 1989. Standard Methods for the

extremely high in groundwater to be used for drigki Examinationof Water and Wastewatet7thEdn.,
purposes. Mean result of total coliform per mL a0 American Public Health Association, Washington,
extremely high, indicating the pollution of the Vgeby DC., USA., ISBN: 13: 978-0875531618, pp: 1624.
faecal matters. Cosgrove, W.J. and F.R. Rijsberman, 2000. World
Water Vision: Making Water Everybody’'s
CONCLUSION Business. Earthscan Publication Ltd., UK., ISBN:

185383730X, pp: 108.
The high values of some physico-chemical (color Environment Canada, 1977. Surface Water Quality in

turbidity, nitrate, iron, manganese, lead, totapanded Canada: An Overview. Inland Waters Directorate,
solids, phosphate) and microbiological parameters Water Quality Branch, Canada.
(bacteria and total coliform) in the study wellgyner http://catalogue.nla.gov.au/Record/2503379

than the recommended limits is an indication ofFederal Ministry of Water Resources, 2004. National
pollution hazards. This however, in return has  rural water supply and sanitation: A strategic
implications on human health as these wells are the framework. Department of Water Supply and

main source of drinking water supply to the restdet Quality Control, Abuja, pp: 48.
was also observed from this study that most of théreeze, R.A. and J.A. Cherry, 1979. Groundwate
water parameters were higher in wells water caeéct 1st Edn., Prentice Hall Inc. Englewood Cliffs, New

from urban areas relative to peri-urban wells.  YOrk, USA. ISBN: 0133653129, pp: 604.

Generally, the mean results of most parameters Wergong)zzr’tici\]plgtionari]g V\gtcé.r ;\lna;ik?éni%gt?c?r} c\;\;)ar?en:ljlrr]litty
high td th i t . : "
gher at dry season fhan rainy or wet season 27: 343-353. DOI: 10.1080/02508060208687014

Izonfuo, L.W.A. and P.A. Bariweni, 2001. The effedt

Recommendation: This study therefore recommended urban run-off water and human activities on some

that wells should not be dug near contaminatiomcsesu physico-chemical parameters of the epie creek of in

and also that, the wells should always be propargd the Niger Delta. J. Applied Sci. Environ. Manage.,
and covered. Moreover, water from the well showd b 5 47-55.

treated before consumed. Further research workdaho

http:// .bioline.org.br/abstract?id=ja01008&l
be conducted on the sampled wells for proper priwww-bioline.org-briabstract Aid=ja an

g=en

monitoring. Kelly, W., 1976.Groundwater pollution near a landfill.
J. Environ. Eng. Divis. Am. Soc. Eng., 102: 118991
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