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ABSTRACT

Water samples from twenty one boreholes were collected within University of Lagos and analyzed for physical proper-
ties. truce elements and cations using inductively coupled plasma optical emission spectrometry (ICP-OES). Physical
analvsis of the samples shows shight acidity and alkalinity with 78% of the samples exceeded recommended standards.
They can be classified as fresh swater based on TDS and EC. Chioride concentrations fall within water standards in muost
samples aiile AL Nao Phoand Br exceeded recommended standards in most samples. Gibbs plot, relatienship between
tatal eations, Na - K. Ca -~ Mg and Cl showed that all the groundwater samples fall in the water-rock interaction field
which suggests that the weathering of rocks and inflluence of sea water primarily controls the major chemistry of
aroundssater in the area. Sodium Abserption Ratio {SAR) for all the water samples was less than 10 and excellent for
irrigation purpose. Only 33% of water samples were suitable for irrigation based on Soluble Sodium Percentage (SSPy
and Magnesium Adscrption Ratio (MAR), whercas based on Kellys Ratios (KR) all the water samples were not good
for irrigation purpose having KR greater than 1, Fifty percent of the water samples showed poliution index (P abaove |
with highest contribution (37.8%) from lead {PB1. Mo, AL Ni. Fe and As contributed 29.3%, 19.13%, 8.66%, 4.25% and
08270 respectively .

Kevwords: Hydrogeochemical Processes; Groundswater Geachemistry: Weathering; Irrigation; Pollutien [ndex

1. Introduction thirty (307 water boreholes distributed across the campus
' were located, with at least twenty one (213 of the bore-
holes functioning as at the time of the research work.

Chemistry of groundwater is an important factor de-
termining its use for domestic, irrigation and industrial
purposes. Interaction of groundwater with aquifer miner-
als through which it flows greaily controls the ground-
water chemistry, Flytrogeochemical processes that are
responsible for altering the chemical composition of
groundwalter vary with respect to space and time. In am
arca, groundwater has unique chemistry due o soveral
processes like soil/rock-water interaction during recharge
and groundwater Mow, prolonged storage in the aquiler.
dissolution ol mineral specivs, ete. [2].

According to world health organization 40% or maore

Grouad waler is an impertant saurce of water supply in
many parts of the world and the most important source ot
drinking water for 70% of Nigerian population. [t is
widely distributed under the ground and it is a replenish-
ahle resouree wnlike other resources of the earth.

One of the most importanl crises of the twenty-first
century is the scarcity of drinking water. Most freshwaler
bodies of the world over are becoming increasingly pol-
luted. thus decreasing the potability ol water [1]. The
University with pepulation of students and staff totaling
It theusand (50,0000 depends an groundwater for wa-
ter supply, This has led o disproportionate sinking of
borcholes by all organs of the University community ina

bid (o meet (e water ne “their units all, . .

I vaker E‘Cdm siran 5. I”__ "vlji‘]ti’ﬂ[ of the disease outbreaks are attributed to polfuted yround-
Carespamding datl ol water consumption. Thus, it is absolutely necessary to
Copyrrehe © 2013 Seiles, JIWVARP
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ascerlain the potability of water before it {s used for hu-
man consumption. Therelore. in thé present study. an
altempt is made to determine the chemical characteristics
of groundwater within University of Lagos and its suit-
ability Tor both drinking and trigation purposes.

2. Study Area

Ulnisersity ol Lagos is located within Lagos, Southwest-
ern Nigeriw, The campus s nearly encompassed by water
bodies with Lagos laggon on the east, swamp in the north
and canal i the west curving the southward (Figure 1),
Topouraphy is generally Jow and characterized by tor-
rential raintall with o shallow water table (as shallow as
0.5 m around the coast). The geelogy of the area is char-
acterized by two bands of sand separated by silty mud
lving within the Dohomey Basin, Dahomey Basin, a
cambination of inland'coastal olfshore basin that stre-
tches from southeastern Ghana through Togo and the
Republic ol Benin to southwestern Nigeria has been
variousty described by many workers like [3-0]. Though
there has been a nomenclature preblem in the stratigra-
phy o the Dahomey Basin [6]. the age range is from
Cretaccous to Tertiary . Lagos mainland is underlain by
sediment of Cretaceous through Tertiary to Quaternury.
Quaternary  sediments are alluvial deposits. covering
must part of the Lagos Ceastal areas and river valleys.

3. Muaterial andg Methods

Twenty one boreholes and one lagoon water were col-
lected at several locations within University of Lagos and
analyzed Tor 73 constituents and physical properties. The
samples were taken from boreheles located in different
part ol the University of Lagos (Figure 2). Several sensi-
tive parametars of water such as total dissolved solids

{TDS). electrical conductivity, temperature and p!l were
determined during the on the spot sampling using the
appropriate digital meters (e.g. water treatment sworks
{WTW)-conductivity metermodel L/9Z2 and WTW-pH
meter medel pH/S1). Water samples of approximately
125 mL were collected for multi-element analvsis; pres-
sure fitered through 0.2 mm Nuclepore membranes and
3 mL analytical grade HNO; was added to bring the wa-
ter acid solution to a pHl ~ 2. The analysis of trace ele-
ments and cations in water were carried out using indus-
tively coupled plasma optical emission spectrometry
(ICP-OES. All the analyses were carried out at the
ACME laboratory, Ontario Canada. To check the aceu-
racy: activation laboratories {Ontario, Canada) employed
two internal standards (each run twicd) and found that the
errors were censistently minimal. Parameters such as
Sodium Adsorption Ratio (SAR), Soluble Scdium Per-
centage (SSP). Magnesium Adsorption Ratio (MARL
kellys Ratic {KR) were also calculated from the result 1o
determine the suitability of the water for irrigation pur-
pose using the equation in [7]. Resuits were further com-
pared with recommended standards and pollution index
as well as other hydro-geochemical parameters were cal-
culated to determine the warer geochemistry and its qual-
ity for both drinking and irrigation purposes.

4, Results and Discussion

Aore than one quarter (20) of the 73 constifuents ana-
lvzed for were not detected above the laboratory report-
ing levels (LRLs) in any sample. Result summary of the
remaining 33 censtituents and physical propertics which
include range, mean, standard deviation were presented
in Table [ for physical and major elements and Table 2 for
trace elements. Anaiytical results for significant elements

Table I Sununary of physical/major elements in university of Lagos water,

Phys el Parameters/Miuor

Number of Sample

| o ments Range Mean  Standard Deviation Exceeding standards Lagoon Water [8,10] Standards (o, h, ¢, d.3
piH J27 708 £.58 46 19 - 708 65-85"
IS [ R 38 i 2000 sen!
L 37 - AU 175 7 117 % 0 3599
L 20237 $2 39 0 244
Ao (IS 74 68 0 776
N (R PN T 394 0 6511 30 60
[ ERATUI REYVR 6 34 U 223
P S -t A 0435w ] 0 2
N Tiv- 34 9 -h T 9 0 396
N AL anR2 [ 703 Bl 10
'l 1. 286 79 703 ] 8476 250+

Copyriaht © 2013 Sciles.
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Table 2. Summuary of trace clements in university of Lagos water.
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were compared with National Primary Drinking warer
standard and United State Envirenmental Protection
standards (USEPA). The standards include Maximum
Contaminant Levels (MCLLs), Secondary Maximum Con-
taminunt Levels 1SMCLs) established by the [8-11] and
[12] MCLs ave enforceable standards that specify the
hizhest level of a contaminant that is aliowed in public
wiler,

4.1 Groundwater Geochemistry

Groundwater samples of university of Lagos are hoth

Vopariptht © 2005 Seiles

slightly acidic and atkaline with pH ranges between 4.2
and 7.08 and mean of 6.8 {Table 1). 78% of the samples

exceeded [11,12] standards. The temperature of the water

ranged from 28.9°C to 31.5°C; the mean was 30.2°C.
Electrical conductivity (EC) and Total Dissolved Solids
(TDS3) of the samples ranged from 37 to 630 pS/em. and
46 to 312 mg/l while the mean values were 117.& and
88.9 respectively. CC and chloride show large variation
between minimum and*maximum value and also expross
high standard deviation. This inference suggests the in-
flucnces of complex contamination sources and peo-
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Figure 2, Map showing sarmple locations.

chemical process as well as inhomogeneocus waler che-
mistry in the study area (see Table 1), All the water
samples can be classified as fresh water and are within
the recommended standards of 500 mg/l for TDS [11,12],
All the samples are also colorless and odorless.

Chloride concentrations ranged from 14 to 286 mg/L
and the mean was 79. All the samples except sample W3
taking at the Marine Science department fall within [11,
12] of 250 mg/l as shown in Table 1. The cations that
were detected in high concentrations were calcium,
magnesium, phosphorus, sulfur, silica and potassium,
Their concentrations ranged from 2.76 to 23.19 mg/L,
1.58 to 27.49 mg/l, <20 to 162 mg/l, 1 to 34 mg/l, 5.21 to
36.5 mg/l and 0.66 to 12.5 mg/l while the mean vaiues
were 9,72, 7.8, 60.14, 10,12, 11.98 and 6.10 respectively.

Fourteen samples exceeded the USEPA non-regulatory
drinking-water advisory taste threshold for sodium which
recommends that concentrations in drinking water must
not exceed the range of 30 to 60 mg/L [8,101, Table 1,
The remaining cations fall within the recommended stan-
dards.

Copyright © 2013 SciRes,

4.2. Hydrogeochemical Processes

Water quality is determined by reactions betwecn ground-
water and aquifer minerals which are also useful ta un-
derstand the genesis of groundwater [13]. Since the study
region experiences wet and dry climatic condition which
promote weathering, this may also contribute to watcr
chemistry in the area. Hence, Gibbs plot is employed in
this study to understand and differentiate the influences
of rock-water interaction, evaporation and precipitation
on water chemistry [14]. Figure 3 illustrates that all the
groundwater samples fall in the water-rock interaction
field which suggests that the weathering of rocks primar-
ily controls the major ion chemistry of groundwater in
this region.

4.2.1. Effect of Silicate Weathering on Water
Chemistry

The ratios between total cations and Na + K as well as

Ca + Mg are 0.99 and 0.88 respectively (Figure 4). This

observation showed the involvement of silicate weather-

- JWARP




A.M.ODUKOYA ET AL 833
il ing in the gecchemical processes, which contribute main-
5 ly sodium, calcium and potassium ions to the groundwa-
' ter [15,16]. Weathering of soda feldspar (albite) and pot-
P st 8 ash feldspars (orthoclase and microcline), which are
e " ¢ « . .
©y commeon in sand and clay occurring in this area is greatly
£ responsibie for the contribution of Na' and K' ions to
groundwater. Feldspars are more susceptible for weath-
cring and alteration than quartz in silicate rocks. The
5 2 + - . .
average Ca®' + Mg*'/Cl and Na" + K/CI™ equivalent ratio
of 0.27 and 0.88 suggest the influence of the sea watcr
w 02 00 a6 08 I 2 also. The regional geology also implies that the alkali
(Na ke Kag carth &ilicates occur everywhere in the area {Figure 5).
T
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One of the important processes responsible for the con-
centration of fons in groundwater is ion exchange.
Chloro-alkaline index (CAl) calculated for the ground-
water samples of the study area strongly suggest the oc-
currence of ion exchange process. '

CAl=CtL (Na t IK¥C1™ (All values are expressed
in meqg/).

When (here is an exchange between Ca or Mg in the
aroundwater with Na and K in the aquifer material, the
above index is negative, and if there is a reverse fon ex-
change, then the index will be positive [17,18]. CAl val-
ues of the study area range between —0.86 to 5.5 (Figure
6(a)). This observation indicates that reverse ion ex-
change is the dominant precess in the groundwater (52%),
whereas normal ion exchange is alse noliced in 48 % of
the water samples.
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Figure 6. (2) Chloro-alkaline index (CAI) indicating ion ex-
ehange process in the study arca; (b) Relation between EC
and Na/Clin the groundwater.

Copyright © 2013 SciRes.

4.2.3. Evaporation

Na/Cl ralio can be used to identify the evaporation proc-
ess in groundwater. Evaporation will increase the con-
centration of tolal dissolved solids in groundwater. and
the Na/Cl ratio remains the same, and it is one of the
good indicative factors of evaporation [19]. 11 evapora-
tion is the dominant process, Na/Cl ratio should be con-
stant when EC rises [20]. The EC vs Na/Cl scatter dia-
gram of the groundwater samples in the study area (Fig-
ure 6(h)) shows that the trend line is inclined, and Na/Cl
ratio decreases with increasing salinity (EC) for most
samples. This observation indicates that evaporation may
not be the major geochemical process controlling the
chemistry of groundwater in this studwregion or icn ex-
change reaction dominating over evaporation. However,
the Gibbs diagrams (Figure 4) also confirmed that eva-
poration is not a dominant process in the study area but
water rock interaction.

4.3. Suitability of Water for Irrigation Purpose

4.3.1. Sodium Absorption Ratio (SAR)

Based on the Sodium Absorption Ratio (SAR = Na'/(Na"
+ (Ca®")/2) the water samples range from 1.75 - 8.9 and
can be classified as eycellent and good fer irrigation (see
Figure 7 [21]. All the values obtained for the Sodium
Adsorption Ratic (SAR) during the present study are
generally less than 10 and can be classified as excellent,

4.3.2. Magnesium Absorption Ratio (MAR)

The values obtained for the Magnesium Adsorption Ratio
(MAR) within the study area vary between 33.46% -
75.72%. Increasing amount of magnesium in water will

n

BARS e \—‘\5._/\
Wit gy, sty e B
Rl G e - Tl SAR 5AR
WEE vemi s
Sample | ocations
(1L =
ssi T e
= - w55
oS8P
B
MAR mMAR
1
£
f
KR TN
4 3 .
b ot . \’_\/\
b . i
WIowa oy e .
oWl wiz gy, i S T N .
B W W s KR

Sample Locations

Figure 7. Plots of some parameter indices for rating the sus-
tainability of groundwater quality for irrigation.
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increase the salinity ot the water and therefore decline
the crop vield [22] The values obtained in only 33% of
the samples are less than S0%e considered suitable with
no hazardous effects to the soil according to [23], Figure

-
fi

4.3.3 Soluble Sodium Pereentage (881°)

SSP s frequently used in the determination of the suit-
ability of water for irrigation purpose. In this work, the
valies wbtained tor the S5P parameter range between
073 - 03 Accarding to [24] (Figure 7). 33% of
the water samples [l within fair classification of §0%
and the remaiming samples fall within poor (>80%) for
the purpose of irrigation, Also, the ranges of values for
the Kellv's Ratio {KRy obtained for the water samples
are 1.82 - 937 meql. The values obtained are higher

than the permissible limit of 1.0 recommended by [23] in
all the water samples.

4.4 Trace Elements in Waler

Vo Te, PhoNTL Broand N1 execeded recommended stan-
durds in 60 87%, $35% 65 2% 18.78%, [00% and
13040 ot the total samples respectively - Aluminum con-
centrations ranged Trom F1ote 1331 mg |5 the SMOL (30
pa Loy was exeeeded in fourteen sampies (Table 2). bron
concentrations ranged from <10 {the Laboratory Report-
ing Level {LRL Y to 463 migfl: the Federal SMCL and the
New York State MCL for iron was exceeded in one sam-
ple WS, Lead concentrations ranged from 0.1 to 76.8
peslocthe (127010 ngdly was exceeded in fifteen samples
vlable 2y Manganese, Bromate and Nickel concentra-
tions ranged from 2441 0 348.87 pg/l, 72 1o 95 agil.
and 2.4 1o 3001 e 'L owhile the MCLs of 30 pgdL. 10 pg'l
andd 20 el were exceeded in eighteen, twenty-three and
o samples respectively (Table 2.

Some trace elements. Ge, Gd, Ho, Pr.lu. Th, Tl and
mowvere dateeted fess frequently or at lower concentra-
tions (Table 2y than other constituents. ‘The MCLs for
antimony (6 pe/Ln arsenic (10 pe/L), berylliom (4 pgdLy,
barium (2000 pe/Ly, cadmium (3 pg/l), chromium (100
ve Lo selenium (30wl zine (5000 pgfL). and ura-
nivm (30 ned, and the SNICL for copper (1000 pgfL,
Mercury (2 ug/l nosilver (100 pg/L) and thallium (2
pe'ly were not exceeded in any sample. Co, Li, C, Cs,
Dy, Ery NAU YL YD, 7 Lu, Rb and vV were detected., but
no MCLs have been established for them while W, Th,
Il Teo Ag Au. Ga, HY, Ino Nb, Pd, Re, Rh and Ry were
below Tuboratory detection limit for all the samples,

Nacshowed very weak corvelation with Al Fe, P, N,
Ninand veny strong correlation with Br which are sig-
nificant race elements in the water samples (Figure 8),
This indicates pessible anthropogenic sources for all the
stgnificant trace elements except Br which could be geo-

ceniv,

Copyright © 2073 SelRes,

4.5, Pollution Index (PI)

The pollution index was used in this study to evaluate the
degres of trace metal contamination in water samples
[25-30]. The tolerable level is the element concentration
in the water considered safe for human consumption
[31,32]. The [10] were used as tolerable level for water
and the pollution index can be caiculated by the formulae
below;

Pl = (Heavy metal concentration in water/Tolerable
Levely™Number of Heavy metals.

The PI dmong all sites varied from 0.26 to 2.836 (Table
3 and Figure 99, Water sample with Pollution index great-
er than | is regarded as being contaminated, 50% ot the
water samples showed pollution index dbove | (Figure 9
with W5, Wiland W18 showed high values of 2,43, 2.86
and 2,13 respectively. Samples W10, W12, W13, W17
W20, W21 and W23 were above 1 with the follewing
valoes 1.21, 1,10, 1.40, 7.06, 1.37. 1.56 and 1.29 respec-
tively, Pollution index for samples W1, W2, Wd, W35

Table 3, Pelution index values per location for the study
area,

Sample Pollution Index Remark
W (740422 7NO{ Ciu-n_l;;mn[e;i _
W2 0262250 Not Contaminated
W3 0940867 Not Cantumtinated
WS 2425822 Contanunated
Wi 626189 Not Contminated
W O 598022 Nat Cantanuinated
WD 1213444 Cantaminate:
Wl 2855022 Contammatetl
W12 1.095522 Contannnated
W13 1 393667 Contaminated
W 0.330256 Naot Contammated
W13 0575922 Not Contaminated
WA 0349911 Not Contamimated
W17 1.059744 Contaminated
WIS 2126233 Contamimated
W19 0347422 Not Contaminated
Wl 370467 Contummated
Wt 1562178 Contaminated
W22 0611878 Not Contaminasted
W23 1 292933 Contaminated

[.agoon 3823 Contanminated

JHARD
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Figure 8. Relation between Na and some significant trace elements,
4 highest percentage (37.8%) to the pollution index. This
= was followed closely by Mn which contributed 29.3%,
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Figure 9. Polution index plot for borehole and lagon water
in the study area.

W8, WO, Wld, W15, WI6 and W19 respectively were
below | {Table 3 and Figure 9). Lead contributed the

Copyright © 2013 SciRes,

Al, Ni, Fe and As contributed 19.13%, 8.66%, 4.25% and
0.82% respectively (Figure 10).

5. Conclusions

In 2011, an assessment of groundwater quality in the
University of Lagos was carried out 21 groundwater
samples were collected from boreholes from August
through September 2011. Water samples were analyzed
for physical properties and other censtituents, including
inorganic major icns, nutrients and trace elements.
Groundwater samples of university of Lagos are both
slightly acidic and alkaline with 78% of the samples ex-
ceeding the standards used for the water evaluation. All
the water samples can be classified as fresh water and are
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within the recommended standards of 500 mg/] for TDS.
Based on Gibbs classification, all the groundwater sam-
ples fall in the water-rock interaction field which sug-
vests that the weathering of rocks primarily controls the
major ion chemistry of groundwater in this regien. The
relationship between total cation, Na + K, Ca -+ Mg and
Cl also confirmed the effect of silicate weathering and
influence of sea water on water chemistry.

SAR for all the water samples are <[0 and excellent
for irrigation purpese. Only 33% of water samples are
suitable based on SSP and MAR while for KR all the
water samples are > 1 and not good for irrigation purpose.
Each borehole sampled had at least one constituent that
exceeded USEPA drinking-water standard, Maximum
Contaminant Levels (MCLs) or Secondary Maximum
Contaminant Levels set by the US Environmental Pro-
tection Agency {USEPA) for major and trace elements.
Al Fe, Pb, Mn, Br and Ni exceeded recommended stan-
dards in 60.87%, 4.35%, 65.2%, 18.78%, 100% and
13.04% of the total samples respectively. The sources of
the trace elements except Br in the study area could be
anthropogenic. Some trace elements, Ge, Gd, Ho, Pr, Lu,
Th, TI, Tm were detected less frequently or at lower
concentrations than other constituents while Sh, As, Be,
Ba, Cd. Cr, Se, Zn, U, Cu, Hg, Ag and Ta were within
USEPA maximum contamination level for ail the sam-
ples. Co, Li. C, Cs, Dy, Er, Nd, Y, ¥b, Zr, Lu, Rband V
were detected, but no MCLs have been established for
them while W, Th, Ti, Te, Ag, Au, Ga, Hf, In, Nb, Pd,
Re, Rh and Ru were below laboratory detection limit for
all the samples, 50% of the water samples showed pollu-
tion index above | and lead contributed the highest per-
centage (37.8%) to the pollution index. This was fol-
lowed closely by Mn which contributed 29.3%. Al, Ni,
Fe and As contributed 19.13%, 8.66%, 4.25% and 0.82%
respectively.
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