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ITydrogcochemical Study, Health Implications and Interpretation of Surface Water:

Analysis Around Rural Settlements of Itasin and Olki-gbode, Southwestern, Nigeria

Ikhane Phillips R, *Folorunso Adetayo F., *Shonibare Olufemi L., *Odukoya Abiedun M, and
'Shomoye Comfort Q.

'Department of Earth Scicnces, Olabisi Onabanio University, Ago-lwoye, Ogun Stale, Nigeria
‘Department of Geosciences, Universily of Lagos, Lagos, Nigeria
*Departiment ol Petroleum and Chemical Sciences, Tai Solarin University of Education, Tjebu-Ode,
Ogun State, Nigeria

Alstract: A total of twelve water samples were collected from two rivers in ilasin and Oki- Gbode areas
of lmahi, southwestern Nigeria, six (6) from each river and analyzed for ehemical and physical quality
paramelers, The two water badies serve the inbabitants of these comnunitics as source of drinking water,
agricultural and domestic uses. The hydrochemical paramelers determined inelude majoc cations and anions
using Inductively Coupled Plasma Optical Binissien Spectroscopy (1CP-QES) and the jon Chromatography
methods to evaluale the water lype, qualily and usage. The physical analysis of (he waler samples were
deternmined and the results indicate that the pH and Total Dissolved Solids (TDS) values range from
4,4-5.5 and 21.00-75.00 mg/L respectively, Flectrical Cenduclance (12C) ranges 1vom 32.31-115.39 mS/en
and Sedium Adsorption Ratio (SAR) rom 1.62-3.39. Results of the chemical and physical analysis
obtained for the river water samples were assesscd and compared with World Health Orpanization (WIHG)
and Standard Organization of Nigeria (SON) standards in order (o deduce il the water satisfies all the’
conditions for potability, irrigation and industrial use in low pressure boilers, Results obtained show that
the water samples do not Nt for drinking from the two standards employed, but can lind uses in irrigation
and for industrial purposcs in low pressure boilers. The health implications deriving from drinking of these
waler bodies could be very devastating, For example, consumption of water having low pll over a leng
period of time may lead to metabolic acidosis, respiration may become deep and rapid in severc cases,
Using Piper Trilincar diagram, the water samples were clagsified as Alkali/Carth Atkaline [Ca - Na - (1
- S0, - HCO,] water Lype.

ey word; Water Quality, Piper/Trilinear Diagram, Sodium Absarption Ratio (SAR); 1Tydrochemical.

INTRODUCTION

Water is (he most essential constituents af (he
human environment, Tebbutt™! The waler resources
generate  development in socio-environmental issue
crucial to the sociely in general and more specifically
for industries, agricultural aclivities and lor public use.
Surface waler classifications are designations applied lo
surface waler bodics, such as streams, rivers, and akes,
which define the best uses o be protected within these
waler (for example swimming, fishing, drinking water
supply) and carry with them an associated sct of water
quality standards to protect those uses. There is no
substitute for water in any of its uses. However, as
much as waler is important in life, where and when it
is avnilable, it must be kept safe and free of
contamination and  pothgion for the survival of
mankind. Until recently, supface water was the obvious

source ol waler but the advenl of hand-dug wells and
boreholes whicl are relatively recent development have
almonst shifted the supply of fresh waler from surface
water badies Lo underground water supply. The
chemical composition of water s important eriterion
that determines the qualily of waler. Water qualily is
very impottant and often easily degraded. While natural
environmental processes provide a means for removing
pollutants from waler, there are definite limils, {Uis up
lo sociely to provide salegrards to protect and maintain
water quality. Pollution ol water comes from many
sources.  Municipalities  and  industries  someiimes
discharpe wagte disposals into water bodies that are
used as public sources of supply. Surface run-oft also
brings mud, icaves, and decay vegetalion together with
human and animal ivastes into streams and lakes. 1In
turn, these organic wasjes cause algac and bacleria
flourish. Pollutangs deriving from these and many ofher
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processes may cnter surface or groundwater dirccily,
may fow slowly within the groundwater lo cmerge
cventually in surface water, or may run ofl the land.
Hydrochemical asscssment on the water samples shows
how the dissoived substances {which could be heavy
metals (trace clements), compounds cte) ocour in water.

““The proporticns of these chemical paramcters
constitute indices of its proper use and quality. The
improper disposal of refuse dumps and other pellutlants,
weathering  and  subsequent release  of  weathered
materials also contribute to the chemistry of water, The
World [Ilealth Organization (WHQ) therefore
cstablished certain fimils as minimum and maximum

allowances for certain substance in water {hat is
intended fer drinking purposes.
In WNigeria, the WNational Council on  Water

Resources (NCWR), in 2005, rccognized the need to
urgently establish acceptable Nigerian Standard for
Drinking Water Quality because il was observed that
the “Nigerian Industrial Standard for Polable Water”
© developed by Standards Organisation of Nigeria (SON)
(the only body respansible for developing National
Standards in Nigeria) and the "National Guidelines and
Standaids for Water Qualily in Nigeria” developed by
Federal Ministry of Lnvirenment did not receive a wide
acceptance by all stakeliolders in the country, SON!!
. Also, owing (o the importance of water and the [act
that water quality issues arc health rclated, the Federal
Ministry of Health, collaborating with the SON and
working through a technical committec ol key
stakeholders developed a Standard, SONI'!, which was
also used for this work.

2, The Study Area: The study arca is around rural
seltlements where people depend on surface waler beth
for consumption, domestic and irrigation purposes. Jt
lics on latitudes 4° 6'to 4° 9'N and longitudes 6° 35" 1o
6° 37" T within Eastern Dahomey Basin, Fig 1. The
stratigraphy of castern Dahomey basin has been studied
by various tesearchers such as Russ'® | Omatsola and
Adckage!") and Agagu', Enu® and Nion'™ Fig 2. The
lithostratigraphic units deseribed are Abeokuta group.

- This is the oldest straligraphic unit overlying the
basement consisted of three formations namely; Ise,
Afowo and Araromi (ormations,

The group is made up of sequence of continental
sands, grits and coarse grained to medium grained
sandstones and also wilh variable but thick interbedded
shales, siltstones and claystones. The reck is sofl and
fragile but it is in some places cemented by
ferruginous and siliceous material. The sandy facics arc
tar bearing and the shales are organic rich. Enu®. The
grains arc well sorted, fine to medium grained siltslone
at base overlain by shale, The bitumen. is found
secping in most areas including the study - area,

Overlving the Abeokuta group is the Jmo group which
consists of Cwekoro and Akinbo [ormalions. The
Cwekoro  lormation is  essentially a  [fosstliferons
limestone, shale, marls with a sandy base as it grades
inlo Abeokula formalion while Akinbo consists of grey
[osst)iferous shale and claystone units!''!

The clayslenes  are  concrelionary  and  are
predominantly  Kaolinite, while the base of the
[ormation is defined by (he presence of glauconitic
bands with lenses of limestone, Osheshun foriation is
the next stratigraphic unit. This lormation composes of
massive phosphale bearing shale with interbedded
sandy unit overlying  Akinbo Tormation!'. 1t is
characterized by a duil brown and brick red sandy
mudstane and claystone.  Underlying this is the
sandslone unit of fHare Formation'™, while the youngesl
sedimenlary formation in the Basin is Benin Formation
or coagtal plain sand consisting of scries of soft poerly
sorted, clayey 'sands, and sandy clay sandstones
shiowing cross bedding,

However, the geology of the study area is mainly
sandslone of the Alowe Tormation. The grains are well
sorted, which is of medium sizes and small component
increases progressively {rom botlom to top. Natural
scepage  of bydrocarbon - Litumen is  common
especially along river courses. ‘

Methodology: Twelve (12) waler samples  were
collected from the two rivers, six (6) from each river
lor laberatory analysis  follewing  a  systematic
procedure. A toree-in-one pH meler was used lo
determine the pH and TDS of the waler samples while
conductivity mefer was employed for the determination
of electrical conductivily (EC). These parameler were
determined 7n situ. Determination of hydro-chemical
parameters such as cencentrations of anions (Ci7, $O,%
, TICO, and NO37) and cations (Na*, K', Ca", Mp™"
Cu® and Fe) was done using Inductively Coupled
Plasima Optical Emission Spectroscopy (ICP - OS) at
the Activation Laboratory, Canada. [CP-OQES lechniyue
is a rapidly develeping multi-clensents methad and is
replacing even Alomic Absorption Specirometry, AAS.
Inherent advantages of the methods includes fime
saving, mulli-element determination of a wide range of
40 — 70 clements, detection limit of (1.01%, beller
precision and accuracy.

Samples for cations deleemination were acidificd
immedialely lo avoid contaminalion and acidilicd
samples were stored inte 60ml bottles and unacidilicd
samples inlo 120ml bottle. Tolal or four-acid digestion,
comprising hydrochloric {HCI), nitric acid (HNO,,
perchloric acid {HCIO,, and hydrofluoric acid (HF),
was used (o decompose metal salls, carbonales,
sulphides, sjlicqles and some sulphates and sullidc.
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Fig, 2: Stratigraphy of Nigeria Portion of Dahomey DBasin with Map ol Nigeria Insel (Modified Afier Billman

1992).

3.1 Geochemical Resulis and Interpretations: The
results of chemical analysis carried out on the samples
were compared to WHO and SON standards. The
concentration of cations, in mg/L, in the river walers
range from 1,50-9.30 for Na, 0.42-6.23 for Fe, 0.50-
10,90 for Ca, 0.20-4.70 for Mg, 0.20-4.70 for K and
4.0-35.0 Cu (Table 1). These were compared with the
WHOPRY  standard minimum  permissible level for
drinking water and SONU" standard for drinking water
in Nigeria. On the account of this, K and Fe
concentrations in the water fall within the range of
- WHOR but far above SONU standard while Cu is
“above the WHO and SON standards.

The concentrations, in mg/L, of the anions in the
river water range as follow; HCO, from 8.0-23.0, NO;’
from 0.70-3.80, SO from L.70-5.30 and Cl [rom
12.0-64.0 (Table 1). These fpll below the WHOM?' and

SON"! minimum permissible fevel for drinking waler.
From the results, the water under consideration is
adjudped not suitable for consumption for falling far
below the minimum permissible level bf the two
generally accepted standards used (Table 2). Deficiency
and excess of some of these geochemical substances
have been associated with chronic diseases world-wide
such as respiratory damage in case of high intake of
chromium; severe toxicity by arsenic ingestion, mental
disorder, kidiey problem and gastrointeslinal tract
problem causcd by high level ‘exposure to lead;
anaemia, liver and kidney damage, and stomach and
intestinal irrilation as a result of high doses of copper;
while long term exposure to cadmium is associated
with renal (ly:;ﬁmctian,'obstruclive lung diseases and
lung caneer. Excess of NO** could lead to the problem
of i_[nfam”e cyanosis qr “hlue blood™ which could lead

s 2044
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Table b Results of Chemical Analysis for the Two Rivers

SampleLotation Na' K' Ca® Mg I'e Cu HCO, NUy s Cr
g/} (mp/l) (mg/L) {mg/L) (mg/l) (/L) mg/Ly  {mgfl)  (mg/l) {(mgfL)

1A 93 4.7 10.9 4.5 0.45 6 13 0y 1.8 22
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Tabie 2; Statstical results of summary of chemical and physical enalyses with WHO  and SON Standurds

Measued Paramceters

Present Study

WHO (2D06)Sandard

SUN 20078 andard

From the IPresent Study

Min_ Perm. Level

Max. Perm. level

- Max Permn Level

h 4.4-55 498 6.5{mgfl.) 9.5(mg/) 6.5-8.5
™S ey 2;7‘5 ------------ 5 2 500(mg/L.) o iSUU(mg.‘/I) oty
HC (useny PEIRITE 11 400 e ooon
Catwg) . usvlov a1 i) womgt NA
Mg ) 020430 1 2 Wty somgity omgly
Na g 1ssa 357 oty ammgly  o6emghy
Koghh ot wppw  tspem Na
Femgh a6z 318 smely S T
s ameny amgls lomeny
' Cisogmgty
HCO; (me/h) 80-230 1775 200(merL) o0tugh) Na
NOy (mg/l) - 0.70-3 80 1.33 Wty ;IS(mgIL.) Sn(mgfL) ---------------
S0 (mgf) 170530 Y297 150(mg/L) sogngly lowmgd)
G (mg/l) 12.0-64.0 4258 ooy e N T

Min. — Minimum, Max. — Maximum, NA — Nol Available

to infantry death. High conients ol Fe
staining of laundry;
pipes,

also cause
reticulation, scaling in
undesirable taste!'®'™
High concentrations o
from the two rivers may

2t in water can

metal  pipes  [or
and it may pive

[ some clements in walcr
not be unconnecled with

natural and anthropogenic agtivities in the arca. Ilasin

2045

and Oki-Gbode and their envirens are well know with
natural scepage of bilumen also referred to as tar sund,
The bitumen sceps and Mows into the nearby streams
and rivers while at spmie locations it seeps along river
courses. It was glso naticed (hat the resource is mined
by the local c*wc_l‘lgrs for wvarious purposes but
commercial miuipg- is not within the area. These
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activities are expected to have signilicant cffects on
geochemical processes within the environs by way of
increasing and/or  decreasing  the  quantity  of
geachemical elements present, while the qualily of
water is adversely altered. Thus, the environment
cannot be regarded as a natural one owing fo the
alorementioned activitics and other  anthrepogenic
influences.

3.2 Results and Interpretations of Physicochemicnl
Tests on the Water: The physicochemical analyses
carried out on the samples include pHi, TDS, Eleclrical
Conductivity, EC, Hardness and SAR, The last three
parameters i.e. Electrical Conductivity, EC, Hardness
and SAR, arc carried oul for consistency of result and
o ascertain the true characleristics of the waler from
different points. The results show that the pll of the
water samples ranged from acidic values of 4.40 to
slightly acidic valuc of 5.50. The lower values recorded
might be due to decomposition of some organic natlters
or seepage of bitumen into (he water from run-cfi.

The partial decomposition of these crganic maiters
by bacterial and fungi has been recognised to produce
various organic acids that are capable of lowering the
pH of aqueous solution™'!, Also, one of the associalod
impurities  with  hydrocarbon is hydrogen sulphide,
hence its likely introduction to the two water bodies.
The total hardness of water which ranged [rom 2,00 —
30.00 g/, Talls within soft waler classification of
Tadd™,  Table 3. Generally, low Electrical
Conductivity, EC, (32.31-115.39 nS/cm) and TS
(27.00-75.00 mp/L) values were measured showing that
the surface walcrs are fresh waters. While the abnormal
vatue obtained for the pli confirms the interaction of
seeping bitumen with the surface water,

Physical parameters also determine the suitability
of water lor certain uscs (for example domestic usc).
Notable damage could occur both to human being and
ulility from abnormal high or low values of these
parameters. For example,'™ noted that water with iow
pH {(*acidic’ water) may cause severe corrosion of
metal casing used for reticulation. In like manner, long
ecxposure to such water has been associated with
melabolic acidosis wherchy respiration becomes decp
and rapid in severe cases,!'.

The Sadium Adsorption Ratio (SAR) ranged rom
1.62-3.39. The recommended water classification based
on SAR js shown in Table 4. Mendel and Shiltan!®
suggesied that waters baving SAR of 0-10 can be uscd
lor agricultural soils while those having SAR range of
18-26 may produce harmful effects on agricuitural
soils. Thus, based on this classification, water from the
two rivers are good for irrigation, which is one of the
major uses of the water by the rural dwellers ol (he
two communities.

3.3, Trilinear (Piper) Diagram: This can be used to
classify water into various (ypes based on the dominant
cations and anicns. Tt is graphical representation of
water types maodified after Piper {19:44). For oxample,
if calcium and bicarbonate are the daminant iops, then
the water would be Ca-HCO, type. On this diagram,
relative concentrations of major fons, in Meg/l. are
plotted on cations and anions triangles, and then the
locations are projected to a point on a quadritateral
representing both ions, Deutsch™, The quadrifateral was
further divided to seven hydrochemical facies from, a
— ¢ by Tijani""” using the anions concentrations, Fig 3.
Based on this, waters {rom Oki-Gbode area fall into
the ‘e’ and *g’ types. This is known as predominantly
SO, - Cl 1e. Alkali/Earth-alikali water.

However, Ttasin walter differs as it shows a
predonninantly  Carth-Alkaline type {e), wilh higher
alkali compenents, except in location ¥ where a high
sulfate, SO4, of itype ‘¢’ was rccorded. Cations
concentrations show high Ca and Na contents. Hence,
the overall resulls could be put as Alkali/Earth Alialine
water [Ca — Na - Cl - 80, — HCO,] Fig 3. This
reflects diverse effects of bitumen seepage, atmospherc
precipitation. weathering, cation exchange processes
and anthropogenic input as alfected surface water
gquality of the areas. [Larth-alkaline waters2)Earth-
alkaline  waters  (with  higher  Alkali  component)
Predaminantly HCO,(d) Predominantly HCO, HCO, -
50,(e) Predeminantly §Q, — Cl Predominantly SO,
Alkali watersi-6 — Oki-Ghode water () Predominantly
HCO, {g) Predominantly S0, - Cl 7-12 — Hasin waler

3.4, Statistical Evaluations:
3.4.1. Correlation Coelficient: The determination of
coelficient of correlation helps to evaluale the existence
and extent of relationship belween two variables.
Association of some elements may lead directly to the
interpretation of the likely sources of the clements. Na,
K, Ca and Mg are strongly correlaled to one another
{Fig 4). 1t implies that same source could be inferred
for these elements which mean hat the process (hat
introduced Na into the water is also culprit for other
elements that are strongly correlated with Na. For the
aniens, HCO, correlates with NO; and NGy, with SO,
We know that CO,, nitrates and ammonia could be
introduced  from rain water which run-ofl’ info the
stream. This may possibly be responsible for increasing
acidity of the water. A few positive relationship cxits
between sdme cations and some anions, for example Te
versus NO, and HCO,; and between Cu versus SO, e
could be from ferruginous sandstone that constitutes
part of the geology of the arca. A better approach (o
understand the distribution of chemical etenients made

us o determine tlie f];jl\\" path of (hese efements in the

river water as shown il] the Schoeller diagrams {14g ).
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MHa-H

CATIONS
1) Earlh-alkahine walers
{41 Predominsnily HCO,
b HEO, - 20,
(1 Fredaminanlly =0,
23 Alkal wdlery
Iy Predannaalty HCO,;
(g1 Predeunnuanty 20, - C1

.

AN
b
w

HC Gy

Chionde (L)

eag ANIONS
2)Earih-dikaline walers (with higher Alkal competeny

1d) Fregominantly H20,
fey Pregommnantly 50, -~ O

o -3 —Oki-3bode valer

w700 Hosin water

l"ig.l"J: Trilincar {"iper) Diagram plot of the Chemical Dala Showing Diflerent Hydro-chemical Facies in the study

arca,

Table J: Waler Classification based on TDS and Hardness {After Todd, 1980)

TDS (ing/l.) Class Hardress (ng/l.) Class
<],000 I'resh 0 - 60 Sol
1,000-3,000 stightly Saline ot - 120 T Moderately o
10,000-35,000 Very Saine ioas s
siso00 pae ase T e

Table 4; Classification of water based on SAR (AlNer Mandel and Shiflan, 1991)

SAR (%)

Water Class

<10

Fxeelent

Comd

The spatial distribution ol the chemical elements
denotes progressive increase in waler mineralization for
Itasin as against Oki-Gbode waler. In the later, most
cations, except for Fe, remain constant (Fig Sa);
~ whereas, therc is peneral increasing trend of cations
" concentration for ltasin ‘water (Fig 5b). Afso, the
chloride composition shows an increasing scquence in

both waler but more pronaounced in Itasin than Oki-
Cibode.

Thus, a main Wend towards ucreasing salinily can
be observed. Nitrate and sulphate concentralions are
quite constant in both. Samples SA and 6A have the
highesl Fe concentrations followed by sample 2A,
while  sample  12B has  the  lughest chlonde
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Fig. 4: Correlation Plot of some Chemical Parameters

concentralion, Generally, there seems lo be gradual
increase of the chemical elements in Itasin water.
Higher enriclunent of this water (river llasin)

above th¢ other one (river Oki-Gbhode) could possibly
be explained in the fact that it flows from a lar source
culling across different and  wider  geographical
locations incorporating geochemical signatures from
various sources along ils path,
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Conclusions: Physico-chemical assessment of waler
samples faken from rivers [tasin and Oki-Gbode in the
study areas has been discussed here. Twelve somples
were coblected in all six from each river. The samples
were analysed with Inductively Coupled Plasma Optical
[imission  Spectroscopy  {ICP-OES) and  the ion
Chromatography methads for eations and anions, while
the physical paramelers were determined, same i sifn
and others in the jaboratory.
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Fig. 5: Schoeller diagrams showing the hydrochemical composition Qow paths [or the Lwo rivers

The results when comparcd wilthHO and SON
quality criteria for drinking waler, shows very low
degree of compliance.  Chemieal centenls of Oki-
Gbode waler show lesser concentrations compared (o
that of Htasin. Statistical evaluations on the river walers
indicates that there is peneral increasing (rend of
cations and chloride concentrations for llasm water than
for Oki-Gbode waicr,

Thus, Hasin water is more mincralized than its
counterpart possibly because of its long flow history
and wider gecographic coverage. The high F¢ content is
highly undesirable and long exposure to it may give
undesirable taste.

On the other hand, physical parameters determined
also partend the water unsafe for human consumption.
From the pH value, for example, the water samples
were found lo be acidic which has scrious health
implications. Tt is therefore rccommended that the
inhabitants of the study area be advised Lo desisl {rom
drinking water [rom the two rivers,

However, this eould be difficult without allernative
source of potable water which govermmenl must look
inta,
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around two dumpsites

'x4. M., Odukoya; *A. F. Abimbola
! Department of Geosciences Universin: of Lagos , Lagos, Nigeria
J el P . Al . .
“Departmeni of Geology: University of Thadan, Ovo, Nigeria

Received 16 January 2010;  revised § February 2010; accepted 28 February 2010

ABSTRACT: Geochemical analyses of groundwater and streams tlowing around abandoned and active dumpsites in
Lagos, Southwestern Nigeria were carried out. Resufts show that water samples have generally low total dissolved
solids with average values of 163.75 and 153.4 lor abandoned and active dumpsites, respegtively. pH ranges from 3.96-
8.34 while to1al hardness vanes from 10-220 mg'L calcium carbonate (solt to slightly hard). Average concentrations of
the dominani ions for abandoned and active dumpsites were 57.8 and 25.86 mg/L (Na) representing 40.7 and 46.3 % of
the tota) cations respectively and Nitrate (av. 96.89 and 61.51 mgiL) representing 49.1 % and 40 %, respectively of the
total anions. The pil. coliform count and concentrations of nitrate iron, manganese and sodium in most of the water
samples were above the national drnking water standards proposed by the United States Environmental Protection
Agency. Trace clements like silver, arsenic, beryllium, bismuth, cerium, cobalt, chromium, lithium selenium, tellurium,
titanium, uranjum, vanadium. tin and ytirium were below” detection level for all the waler samples while tungsten,
thallium, molybdenum and lcad were only present in surface and groundwaler close 1o the dumpsites and also display
values higher than recommended standards while cupper, zine, aluminum, banum and strontium were present in most
ol the samples. The pollution index among all sites varied from 0.009 to 1.26 and 0.106 to 6.25 for abandoned and active
dumpsites, respectively while the water around most of the dumpsite arcas exceeded the acute and chronic effect levels

proposed by the United States Environmental Protection Agency in 2007,

Keywords: Anthropogenic: Environment: Pollution index: Trace elemenis ’

INTRODUCTION

The disposal of wastes generated by human
activities within a municipality is generally an urban
problem. The recognition of the connection between
human activities and poliution and the need to protect
human health, recreation and fisheries production led
to the early development of water quality regulations
and n':'onhoring methods (Hem 1985; Jenkins et al.,
1996; USEPA, 2007). The existence of trace metals in
aquatic environments has led to serious concerns about
their influence on plant and animal life {Samarghandi
et al., 2007; Zvinowanda ef al.,, 2009). During their
transport, the trace metals undergo numerous changes
in their speciation due to dissolution, precipitation,
sorption and complexation phenomena (Akcay et al..
2003; Abdel-Ghani and Elchaghaby, 2007; Abdel-Ghani
el al., 2009; Mohinddin er al., 2010). One ofthe reasons
these toxins are so harmful is that they become more

&2 *Comesponding Author Email: sesanbiodund@ vahoa.com
Tel./Fax: +0805 627 2219
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concentrated in successive trophic levels of a food
web, a process called biological magnification
(Woodwell, 1972; Grimanis eral., 1978; Adams et al.,
1992; Campbell, 1996; Manly, 1996; Kaanga et al., 2010).
The need for socio-economic advancement has led to
rapid expansion of the industrial sector in developing
countries like Nigeria. These waste disposal sites and
{andfills are neither properly designed nor constructed.
After some years a dumpsite undergoes biologically,
chemically, geologically and hydro geologically
mediated changes resulting in a weathering process
consequently, it becomes point source for pollution of
the aquiferous units close to them {Arienzo et al., 2001;
Manjunatha et al., 200]; Altindag and Yigit, 2005;
Awofolu et al., 2005; Wang and Zhuo, 20035; Adeniyi et
al., 2008). The commonly used disposal methods of
the solid wasles in the study area are open dumps,
non-engineering sanitary landfill and incineration.
When rain falls, the rain leaches pollutants from the
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waste disp’osal sites. Thus introducing toxins and
containingnts into the soil, surface and proundwater
and eventually plants that grow within the vicinity of
the dumpsite (Awofolu ef al., 2007; Daka er a/., 2007},
The overall implication ofthis is that the hydrochemical
facies of groundwater changes in response 10 its low
path history, that ts, underground water quality is
dependent on pollution status of its environment
(Olabaniyi and Owoyemi, 2006).

Geological and geomorphologic features

The geology of the study area [all within coastal
plain sand of Dahomey Basin and is characterized by
coarse, unsorted sands and clay lenses mixed together
in varying proportions at varying depth. Depth ta water
ranges from land surface to about 10 m for first aquifer.
Generally, the lithology is composed of medium to
coarse grained sandy horizon interbedded with thin
tand of grey black clay which occur in minor proportion
(< 20 m),

The study areas which are 1solo and Ojola
dumpsites are both located in Lagos, southwestern
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Nigeria (Fig. Ta and b). Ojota disposal site ss located in
the northeastern area of Lagos. Ttis very massive with
atopoeraphical height ofabout 43,45 m (156 &) from
the sea level it has been in operation since 1992 still
very active and’it is very close to so many industries,
The Isolo waste dispusal site is situated at the northern
part of Lagos metropolis. Itis sited verv close toa big
canal wihich normally overflows its sanks during the
rainy season and a dominant percentage of the wasle
deposited here are donmiestic wastes. Also. the site has
been abandoned lor the past twelve vears and therefore,
it 1s no more active. This rescarch has been done
between 2007 and 2008,

MATERIALAND METHODS
Water samples from bercholes, veells and streams
were coflected at several locations within and around

the two dumpsites. Several sensitive parameters of

waler such as total dissolved solids {TDS), electrical
conductivity and pl! were determinad during the on
the spot samphing using the appropriate digital meters
{e.g. water treatment works (WTW)-conductivity meter
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model L/92 and WTW- pH meter model pH:91). Water
samples of approximately 125 mL were collected for
multielement analysis: pressure filtered through 0.2 mm
Nuclepore membranes and 3 mL analytical grade HNO,
was added to bring the water acid solutiontoa pH ~ 2.
The analysis of trace elements and cations in water
were carried out using inductively coupled plasma-
optical emission spectrometry (ICP-OES) while
unacidified water samples were analyzed for anions
concentrations using the DIONEX DX-120 ion
chromatography techniques. All the analyses were
carried out at the Actlabs laboratory. Ontario Canada.
To check the accuracy, activation laboratories (Ontario,
Canada) employed two internal standards (each run
twice) and found that the errors were consistently
minimal. Bacteriological analysis of the water samples
was also carried out. Results were further compared
with recommended standards and pollution index was
calculated to determine the impacts of the two
dumpsites on water quality.

RESULTS AND DISCUSSION

The summary of the concentrations of dissolved
elements in streams and groundwater around both
active and abandoned dumpsites in Lagos,
Southwestern Nigeria were given together with
national drinking water standards proposed by the
US Environmental Protection Agency (USEPA) in may
2009 (Tables 1 and 2). pH values range from 3.96-8.34 )
with most of the samples slightly acidic and out of
the USEPA (2009) standards as a result of dilution by
leachates. Tota) dissolved solid is low generally with
mean values of 163.62 and 133.38 while electrical
conductivity (EC) showed mean of 301.63 and 311.21
for abandoned and active dumpsites, respectively. On
this basis, the water can be classified as fresh (Tedd,
1980). Major ions such as Fe, Mg, Mn, Na, Brand NO,
in the water samples were higher than the limits of the
above standards for samples close to the dumpsites,
(Fig. 2). Concentrations for Au, Be, Hg, In, Ir, Nb, Os,
Pd, Pt, Re, Rh, Ru, Sb, Se, Ta and Te were all below the
detection limit for ICP-OES and therefore were not
listed in Tables 1 and 2. The metals showed the
following trends Zn > Al > Sr>Ba > Cu>Niand Zn >
Al > Ni > Sr > Ba > Cu for abandoned and active
dumpsites respectively. The mean concentrations for
samples taken around abandoned and active
dumpsites were 551.5 and 398.76 for Zn, 4.71 and 72.06
for Ni, 52.35 and 43.76 for Ba. 32.59 and 15.29 for Cu,

182.4and 264.7 tor Aland 0.18 and 137.6 and 57.65 for
Sr, respectively (Tables 1 and 2). W, Mo and Pb were
tound only in the two samples and both were above
USEPA. 2009 standards. NO, ranges between 0.3-250.3
mg/L and 3.2 mg/L - 200 mg/L while coliform ranges
between Ocfi/1 00 ml - 600 ¢fu/100 mL and [0 cf/100
mL 600 ctiv 100 mL for abandoned and active dumpsites,
respectively. The large relative standard deviation values
indicate that there is significant variability among the
individual sampling sites around the two dumpsites. The
wide range of concentrations most likely represents
different point-source inputs from different materials in
the dumpsites since chemical weathering of sedimentary
rocks which is Coastal Plain Sands in the case of the
study area are unlikely to provide such large spatia]
fluctuations in trace elements content. The variability of
concentrations of these elements, as well as total coliform
within the water suggests local anthropogenic input
sources through domestic, municipal and industrial
wastes within the dumpsites. The total concentrations
of the elements were compared at several sampling sites
and there was a slight overall trend of increase in the
concentration of trace and major elements in the water
samples within and very close to the dumpsites (Figs. 3
and 4). The large increase at these sites suggests a high
elemental input into the water which is probably from
the dumpsites. Leachate within the two dumpsites
showed the highest values for most of the elements
while the control samples taken far away from the sites
showed the least (Figs. 3 and 4).
Pollution index

The pollution index was used in this study to
evaluate the degree of trace metal contamination
(Nishida ef al., 1982; Chon, et al,, 1991; Kim et al.,
1998; Emoyan et al., 2005; Nier 2007). The tolerable
level is the element concentration in the water
considered safe for human consumption (Kloke 1979;
Lee el al., 1998). The USEPA naticnal drinking water
standards (2009) were used as tolerable level for water
and the pollution index can be calculated by the
formulae below

Heavy metal concentration in water

Tolerable level

Pl =
Number of heavy metals

The PI among all sites varied from 0.009 to 1.26 and
0.106 to 6.25 for abandoned and active dumpsites,
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of these metals will pollute the water which serves as have considerable influences on :he heavy metal
source of drinking water for some people while the  contaminations of surface and greundwater in the
possible trophic transfers especially at the downsweam  study area. The study revealed slight degree
outside the urban areas where local inhabitants use  contamination of Al Zn. Ba, Cu, P, Pb, Mo, W and
the water in vegetable nurseries/ farming call for Nt in the some water samples around the two

concerns. 1 dumpsites compared to the USEPA [ 2009) standards.
Among the major elements, NO and Fe are the most
CONCLUSION critical in the water systern. Also, total coliform

Quality evaluation of surface and groundwater from  counts were very high in all the samples. The
Lagos Southwestern Nigeria, were discussed asa case  pollution index among all sites var.ed from 0.009 to
study of anthropogenic influence of dumpsites in a 1.26 and 0.106 10 6.23 for abandoned and active
typical urban environment of a developing countrv.  dumpsites. respectively while the water around most
From this study, it is clearly evident that lack of well ~ ofthe dumpsite areas exceeded the z cute and chronic
constructed environmental friendly landfilis and  effect levels proposed by the US Environmental
indiscriminate dumping of wastes to stream channels  Protection Agency (USEPA, 2007).
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Tabie 1: Summary of results of water ~amples within and arcund abandencd Jumpaite

Surface water Oroundwater Leachare Conirol NDWS

pH 45T AN AR A [ TS [EINE P

Conductivity 170-250¢226.25%) HETINIEE Y [N ) 14
TDS, T16-186(164.75) 26453 10N Y ETTEN i 10

Hardness 10-18(29.25) 20220060 1) T 67

Tolal cojiform 104200161 5) U-GDOUR ) 20 14 [

Ca 92128449 1 25019 85y - ER LIl o0

Fe 0.05-0.230.1%) 0030 Y40 00s AT 1 02

K 74194(56.85) TR g T T 7 Iy

Me 363 1(IR25) 0 S~43 206 9y 22 tn St}

Mn 0.09-0 160012 a0 140U U un 1341 RN
Na 27324307 8y 428429 T R 15 no

P D.82-3.76(2.3) 022222084 L o

Si 2A-10.0(5.6) 2AX SN N3 T

S 524145 1-22(4 03y 9 hl

Ci 28.6406(128.7) I2X295215840 91 8 M RR1Y

Br 0-0.61(D.18) ND-O6 177 1y 134 0.01

NG, 0.03-250.3(135.96) O82-120 329 %) 140 001 10
S0, JO07TIOBHS A6 P IATH 2969 R THl 404
HCO; 0-3&1N 0-25(6.3} TR 13

Al 200-1100(400) ND-30won K] 14 87

Bs 40-100(65) 40-100(491 b 40 i
Cu d-46(21.5) R-232(43 .60 16 4 i
Ni 0.20(7.5) ND-LA3E S 0 m 002
Zn . S25-1060(731.25) IG-960(3R1 6y 23 30 5
Sr 50-670{227 .5 J0-5200105%) 126 250 301
*NDWS: National drinking water standards, *ND: Nt detected. * Major clemenis wnome Lo " Trwe clements ooy |

Table 2: Summary of results of water samples within and arvund active dumpsite
Surfoce water Groundwater Leachate Contral NINWWS

pH 4286 T5(5. 1) 423080405 64} 189 792 6H.5-8§
Conductivity 122.603(302.6) 122.70(340.9) R 3 1160
TDS 2418501284 Ro-424197. 1) 2% 2= 10100
Heardness 10-65(31) 2201008 2o TS

Total coliform 12-308(11 1) 10-30%(90 3} 08 < 4]
Ca 2.3-23.1{02.16} 24175168 LI K 200
Fe !} 0.04-2.36(0.52) 002132018y 046 001 0.3
K 1.2-210.7(9. 1) 1206617 33 1.3

Mg 0.5-1.9(23) 06-3.501 43} I 6 50
Mn 0.020.21¢0.1) 0.02-014(0.06, 06 .01 003
Na 13.2-75.6(3R.62) 13 4-56. 712608 3ih 43 200
P 0.34-3.64(1.99) 0.02-2.32(0 86 ) i 0.0+

Sit 4.4.9.6(6.56) 138744 47 7h

S . 5-19(10.8) 2.176.4) 1l 5

Cl 12.5-54{44,95) SO6-TE2ARD w72 34 130
Br ND XD ND ND o
NQO, 3.2-117.9(79.13 2420000151 60 M7 0.0 10
SO, 1.29-7.09(4.13) 1. 19-986(4 3) "0y 281 400
HCG, 0-103(20.5) 0-213(2445 i 43

Al 200-600¢300) 2004001290 200 103 L
Ba 40100472y NID-RU{AG) 33 40 |
Cu 10-24{14.9) K-26017.1) 2K 4 1
Ni nd-1%(6} NJ-S1068 5 (1K) Nd 002
Zn 240-645(405) 260-R95¢402 11 3 5
Sr 20-B0(5K) 20-160044 40 klt} 250 n.0j

*NDWS: National drinking water standards, *ND: Not detected. *Major elemenis i mg 1.
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Fig. 2: Bar charis of heavy metals and some major clements concentration with acute, chronic and national drinking water

standards proposcd by USEPA (2009)

respectively. Concentrations of Al, Ba, Cu, Zn and Sr
in most of the water samples were less than the given
tolerable levels while Ni showed higher concentration
in 1 and 2 samples for abandoned and active dumpsites,
respectively (Figs. 5 and 6). Pi was below 0.1 at 4 and
6 samples representing (27.7 % and 37.5 %) of the total
samples, between 0.1 10 0.3 at 6 and 8 samples (37.5 %
and 50 %) and greaterthan 0.3 at 5 and 2 samples (33.3%
and 12.5%) for abandoned and active dumpsites,
respectively (Table 3). The pollution index for shallow
well and leachate within the active dumpsite were as
high as 5.42 and 6.03, respectively.

Fresh water acute and chronic criteria

The water around mast of the dumpsite areas
exceeded the acute and chronic effect levels proposed
by the US Environmental Protection Agency (USEPA)
in 2007 (Fig. 1). The tolerable acute and chronic levels

for fresh water are 470 and 52 ug/L for Ni, 750 and 87
ug/L for Al, 13 and 9 pug/L for Cu, 65 and 2.5 pg/L for
Pb and 120 pug/L for both, for Zn. Among all the
studied areas, 6.25 %, 84.38 %, 71.87 % and 81.25 %
of water exceeded the acute and chronic limit of Ni,
Al, Cu and Zn, respectively. For chloride only one
sample from surface water exceeded the fresh water
aquatic life acute and chronic criteria. The standard
recommended for the consumption of water and
organisms for human health by USEPA (2007} include
300 ug/L, 50 ug/L and 10,000 ug/L for Fe, Mn and NO,
while 31.25 %, 46.88 % and 59.4 % of total samples
exceeded these values, respectively. The source of
these metals may be attributed to anthropogenic
activities from the various wastes at the dumpsites
and dumping of wastes/rubbish on the stream
channels, The envirenmental implication of water
contamination lies in the fact that the adsorbed portion
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Generally, the waler contamination is related to
anthropogenic sources mostly from different wastes
within the dumpsites which are domestic municipal
and slightly indusinial in origin.
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