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Hydrogeochemical assessment of surface water Resources of Orlu and its environs was carried out in
order to evaluate the chemical composition and quality profile with respect to the environmental setting
of the study area. A total of six samples were collected, from different rivers and streams traversing
different communities in the area, and analyzed for major cations and anions as well as trace elements
I|ke Fe, Mn Zn, Pb and As. The major cation concentrations determined were in the order of Ca®*> Na*>
K*> Mg W|th mean values of 4.14, 3.78, 1.60 and 1.19 mg/L respectlvely and that of the major anion
concentration of the surface water is of the order HCO3 > ClI'> SO4 > NOj; with mean values of 19.83,
11.67, 3.45 and 0.24 mg/L respectively. Two major water groups were identified based on
characterization on the Piper Trilinear diagram. They include Ca-(Mg)-Na-HCO; and Ca-Mg-(SO,)-HCOs.
This reflects diverse effects of bedrock lithologies, base exchange processes, precipitation and
weathering. The pollution index (PI) value of 9.10 (which is greater than the critical value of unity)
shows that the surface water bodies in the area are slightly polluted by the trace elements and as such
not fit for domestic use as those parameters exceeded the maximum permissible level set by the
Nigerian Industrial Standard (2007) and the World Health Organization (2006) Standard. Finally the
electrical conductivity (EC) values of 13.0 to 97.0 us/cm and total dissolved solids (TDS) values of 8.0 to
66.0 mg/L, alongside the estimated sodium absorption ratio (SAR) of 1.74 revealed a fresh water grade
that is fairly suitable for agricultural purposes.
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INTRODUCTION

Water is an essential resource and forms the primary
need of man in his environment. It is a vital component of
life for both plants and animals. It is available in forms of
rain and snow thereby making rivers, oceans, streams,
lakes, springs etc (Ibeneme et al., 2013). Water, is most
readily available to man in the flow of stream and river.
These flows show wide variation both in time and
place. Throughout ages, mankind has been faced with the

problem of providing suitable water of sufficient quality for
his use. Water pollution is one of the most serious
environmental problems facing the world today as most
industrial wastes are channeled directly to water bodies
thereby affecting the qualities of the surface water
systems (Nganje et al., 2010). The availability of large
volumes of water is not on its own enough guarantee that
the water is potable. The presence of objectionable tastes,
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Figure 1. Geological map of the study area.

odour, colour as well as harmful substances in such
water no matter how abundant it is, renders it
unsuitable for domestic, industrial and agricultural uses
(Okeke and Ighoanua, 2003). Geochemical determination
of surface water is one of the principal criteria for
assessing the quality of water. Geology, particularly rock
types, their weathered products and precipitation from
rainfall contribute greatly to the chemistry of surface and
ground water (Abimbola et al., 2002). The primary
purpose of water analyses is therefore to determine the
suitability of water for a proposed use; the main classes
of use being domestic, agricultural and industrial
purposes (Opara et al., 2005). This study is therefore
carried out to ascertain the portability and suitability of the
surface water resources of Orlu and environs for
municipal use.

GEOLOGY AND PHYSIOGRAPHY OF THE STUDY
AREA

The study area is located between latitudes 5°43'N to
5°51’N and longitudes 7°00'E to 7° 09’'E (Figure 1). It is
part of the Anambra sedimentary Basin, and is
characterized by three major geologic formations with
Bende-Ameki formation being the oldest. Bende-Ameki
formation is overlain by Ogwashi-Asaba formation which
in turn is overlain by the Benin Formation. The geology
and hydrogeology of these units have been extensively
studied by various authors (Reyment, 1965; Uma, 1989;
Whiteman, 1982). The Benin formation comprises of a
thick sequence of poorly consolidated to unconsolidated
sandstones that are friable with sorting ranging from
poorly to fairly sorted (Onyeagocha, 1980). Several grain
sizes occur within the unit and the coarse and fine unit
alternate along the vertical sequence. The thick sandy
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units are frequently separated by thin and discontinuous
clay streaks and lenses. The clay beds are thin (less than
1 m) and sometimes occur as lamination lining the
bedding plane of the unconsolidated sandstone beds.
The formation starts as a thin edge at its contact with the
Ogwashi/Asaba formation in the north of the area and
thickens southwards (Avobovbo, 1978). The Ogwashi—
Asaba formation is identified within the Palaeocene
Anambra Basin (Afikpo geosynyncline) (Oboh — Ikuenobe
et al.,, 2005). The formation is characterized by
alternation of clays, sands, grits and lignites (Bassey and
Eminue, 2012). The formation occurs mainly in Benin,
Asaba, Onitsha and Orlu areas, Reyment (1965)
suggested Oligocene—Miocene age for this formation, but
palynological results by the work of Cherie et al. (1978)
assigned a Middle Eocene age to the basal part. The
Ogwashi—-Asaba formation is a surface lateral equivalent
of the Agbada formation which occurs in the subsurface
of the Niger Delta (Assez, 1989; Akpoborie et al., 2011).
The Bende-Amaki formation of Eocene to Oligocene age
consists of medium to coarse-grained white sandstone,
which may contain pebbles, graygreen sandstone, bluish
calcareous silt, with mottled clays and thin limestone.
Considerable lateral variation in lithology has also been
observed. The lower part of the formation consists of fine-
coarse-grained lenses of sandstone with abundant
calcarceous shales and thin shelly limestone. The Bende-
Ameki formation overlies the impervious Imo shale group
of Paleocene age, which is characterized by lateral and
vertical variations in lithology (Akaninyene, 2012). The
physiography is dominated by a segment of the NW-SE
trending Awka-Orlu cuesta which rises to about 350 m
above mean sea level and to about 200 m above the
surrounding plains. These undulating ridges and plains
are somewhat related to bedrock underlying the area.
The drainage pattern in Orlu and environs is the dendritic
type indicative of lithological, structural and topographic
differences and also typical of alluvial rocks, which is
typical of the geology of the area that consists mainly of
sedimentary rocks (Figure 1).

MATERIALS AND METHODS

The study aims at determining the physico-chemical characteristics
of the surface water resources in order to assess their quality and
usability. Six water samples were collected from different rivers
traversing different communities in the study area. In-situ
measurements of temperature (°C), electrical conductivity (EC),
total dissolved solids (TDS) were carried out in the field while
samples were collected in clean new white plastic bottles (1.5 L)
which were first rinsed with part of the water samples to avoid
contamination. For unclear water sample, a filter membrane was
used to filter off suspended particulate and then subjected to further
detailed analyses. The TDS was measured using a specially
calibrated TDS meter, with a small container where the water
sample can be poured. The EC was measured using a WPACMD
400 m which can measure conductivity over the range of 102 t010°
u Siemens/cm? with an accuracy of 0.1 y S/cm?. The coordinates
(longitude, latitude and elevation/altitude) of each sample location
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Table 1. Results of geochemical analysis of water samples of Orlu and environs compared with NIS (2007) and WHO (2006) standard.

Parameter Swi  Sw2 Sw3 Swd Sw5 Sw6 WHO2006 NIS 2007 Undesirable effects at higher levels

Temperature (°C) 28 29 21 27 21 20 25 Ambient -

pH at 24°C 6.4 6.5 6.7 6.2 6.7 6.7 6.5-8.5 6.5-8.5 High pH-Corrosion; Low pH-Taste/Soapy feeling.

Colour (apparent) 970 830 460 690 500 44.0 15 15 Appearance.

Turbidity (FTU) 120 250 380 160 6.0 230 5 5 Appearance.

Conductivity (us/cm) 21.0 280 240 130 760 97.0 100 1000 -

TDS 110 156 162 80 380 66.0 500 500 Taste.

Hardness (mg/L) 8.9 8.0 150 190 140 160 ) ) High-$cale deposit and scum formation; Low-Possible
corrosion.

Iron (mg/L) 203 167 014 007 052 263 0.3 0.3 Stain of Laundry and Sanitary wares.

Calcium (mg/L) 1.7 36 688 136 211 920 75 100 Scale Formation.

Magnesium (mg/L) 160 008 155 251 080 057 20 0.2 Hardness and Gastrointestinal Irritation.

Potassium (mg/L) 005 024 100 165 106 558 200 200 -

Sodium (mg/L) 25 68 230 170 330 6.10 200 200 Taste.

Sulphate (mg/L) 360 004 508 339 020 840 250 100 Taste and Corrosion.

Nitrate (mg/L) 015 013 015 018 040 040 10 50 Physiological problems.

Chloride (mg/L) 834 121 107 667 123 199 200 250 Taste and Corrosion.

Bicarbonate (mg/L) 128 178 219 134 165 366 500 500 -

;I'g;% 0 (mr;?[()jness 44 49 240 34 544 230 100 150 cH(I)?Po-sSigﬁl,e deposit and scum formation; Low-Possible

Lead (mg/L) 042 022 005 032 006 0.08 0.01 0.01 Irritability, Acute Psychosis and reduced dermal sensitivity.

Arsenic (mg/L) 009 001 004 012 002 0.10 0.01 0.01 Toxic, Liver damage.

Zinc (mg/L) 210 202 118 212 138 135 0.01 0.01 Appearance and Taste.

Manganese (mglL) 03 043 026 04 047 031 0.01 0.2 Stain of Laundry and Sanitary wares, Neurological

disorder.

Sw1=Orashi River, Sw2=Njaba River, Sw3=Ezize River, Sw4=0gidi River, Sw5=Ngakwu Stream, Sw6=Mgbede Stream.

in the study area was determined using the GARMIN
GPSmap76CSx. These samples were labeled Sw1-Swé6 (Table 1).
All the water samples were preserved in a refrigerator to exclude
microbial activity and unwanted chemical reaction until analysis was
completed within 2 days. The determinations of other physico-
chemical properties of the water samples were performed within 2
days of sampling. HACH DR 2800 Spectrophotometer was used in
the determination of different hydro geochemical properties such as
Na, K, HCOj3, Cl, NO3, SO4, Fe, Mn, Zn, Pb and As. Analytical water
test tablets prescribed for HACH DR Spectrophotometer 2800 using
procedures outlined in the HACH DR 2800 Spectrophotometer
manual were used for the examination of the water quality. Other
analyses such as the determination of Mg and Ca concentrations
were done by complexometric titration method.

RESULTS

The results of the analyses and the summary of the
physico-chemical parameters in mg/L are presented
(Table 1).

DISCUSSION

From the results, the total dissolved solids (TDS) for the
surface water samples ranged from 8.0 to 66.0 mg/L with

a mean value of 25.80 mg/L. The calcium content ranged
from 1.36 to 9.2 mg/L with an average of 4.14 mg/L, while
that of magnesium was from 0.08 to 2.51 mg/L.
Magnesium ion (M92+) concentration is generally low. The
availability of magnesium ion in surface water systems of
the area could be explained by occurrence of magnesium
with calcium carbonate cement in detrital sedimentary
formation. Similarly the sodium and potassium content on
the other hand ranged from 1.70 to 6.10 mg/L and 0.05 to
5.58 mg/L respectively (Figure 2). Sodium must have
entered the water system through natural system (that is,
rainwater) (Egbunike, 2007). Other natural sources
include weathering of feldspars (albite) and leaching of
clay minerals (Spears and Reeves, 1975; Ogbukagu,
1986). For the anions, bicarbonate was the dominant
anion in the surface water samples and ranged from 12.8
to 36.6 mg/L with a mean value of 19.83 mg/L. This was
followed by chloride, with a range of 6.67 to 19.9 mg/L.
The chloride concentrations are comparatively low
because of the fact that chloride does not show any
correlation with the components of pore water derived
from mineral breakdown (Spears and Reeves, 1975). The
concentration of rain water by evapotranspiration may be
an important source of chloride in the area. Nitrate
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Figure 2. Major cations in the analyzed samples expressed as a
bar chart.

40
35

30
25 M Sulphate

20 B Nitrate

15 Chloride

10 - M Bicarbonate
5 4 |
0 _

SW1 SW2 SW3 Sw4 SW5 SWé6

Figure 3. Major anions in the analyzed samples expressed as a bar
chart.
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Figure 4. Trace elements concentration in the analyzed samples
expressed as a bar chart.

generally was low for all locations and had a range of
0.13 to 0.40 mg/L (Figure 3). Nitrate concentration falls
within the accepted limit. The potential source of nitrate in
the area may include legume, animal excrement, and
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Figure 5. Piper trilinear diagram of the studied water samples.

probably the atmosphere. Sulphate concentration ranges
from 0.04 to 8.4 mg/L with an average of 3.45 mg/L. The
major source of sulphate in the area may result from
gypsum and oxidation of sulphide ores. The pH ranged
from 6.2 to 6.7 with a mean value of 6.53, which clearly
showed the water to be slightly acidic.

The average concentrations of all the trace elements
(Pb, Zn, Mn, Fe, As) (Figure 4) are higher than the NIS
and WHO standard for drinking water (WHO, 2006; NIS,
2007) and this may be attributed to possible infiltration of
petroleum products from the petrol stations, discharge
from surface waste disposal sites, wastes from
automobile workshops as well as the chemical
composition of the bedding rock via which the water
flows. The human health effects are linked to irritability,
acute psychosis, reduced dermal sensitivity, highly toxic
to infants and pregnant women (for Pb); liver and kidney
damage (for As); neurological disorder (for Mn). Fe as
well as Mn can cause stain of laundry and sanitary
wares, while excess of Zn in water gives it unpleasant
taste and appearance (NIS, 2007).

The water resources of the area were found to have
two dominant hydrochemical facies according to the piper
Trilinear diagram (Figure 5). These include Ca-(Mg)-Na-
HCO; and Ca-Mg (SO,)-HCOs;. According to Lohnert
(1973) and Onyekuru et al. (2010), the former facies
group has appreciable amount of NaHCO3; which is an
indication of cation exchange water. One of the
characteristics of this water type is the higher carbonate
hardness as compared to the total hardness. This in
effect means that there is more HCO; than the available
alkaline earth metal ions (Ca®* and Mg®") in equivalent
concentration (Lohnert, 1970). These excess bicarbonate
ions then release the alkaline (notably Na') into the
solution by exchange reaction with the cation exchangers
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Table 2. Physico-chemical parameters of water resources of orlu for pollution index determination.

Surface water WHO 2006 Cj

Parameter

Range Mean (Cj) (W) Wij
Temperature (°C) 21-29 24.33 25 0.9732
pH at 24°C 6.2-6.7 6.53 6.5 1.0046
Colour (apparent) 44.0-97.0 65.67 15 4.378
Turbidity (FTU) 6.0-38.0 20.00 5 4.000
Conductivity (us/cm) 13.0-97.0 43.17 100 0.4317
Total dissolved solids 8.0-66.0 25.80 500 0.0516
Hardness (mg/L) 8.0-19.0 13.48 - -
Iron (mg/L) 0.07-2.63 1.18 0.3 3.933
Calcium (mg/L) 1.36-9.2 4.14 75 0.0552
Magnesium (mg/L) 0.08-2.51 1.19 20 0.0595
Potassium (mg/L) 0.05-5.58 1.60 200 0.008
Sodium (mg/L) 1.70-6.10 3.78 200 0.0189
Sulphate (mg/L) 0.04-8.4 3.45 250 0.0138
Nitrate (mg/L) 0.13-0.40 0.24 10 0.024
Chloride (mg/L) 6.67-19.9 11.67 200 0.0584
Bicarbonate (mg/L) 12.8-36.6 19.83 500 0.0397
Total hardness (CaCOs) (mg/L) 4.4-23.0 10.86 100 0.1086
Lead (mg/L) 0.05-0.42 0.19 0.01 19.00
Arsenic (mg/L) 0.01-0.12 0.05 0.01 5.00
Zinc (mg/L) 1.35-2.12 1.69 0.01 169.00
Manganese (mg/L) 0.13-0.40 0.26 0.01 26.00
Total 234.16
Mean 11.71

such as clay minerals. The Ca-Mg (SO,4)-HCO; type falls
within normal alkaline water and is predominantly
hydrogen carbonate sulphate (Piper, 1953). Assessing
the water samples suitability for domestication pollution
index computation using the method of Horton (1965)
was utilized (Table 2). To determine the pollution index of
the water samples, the formula below was used:

PI = VIMax(Cij/Wij)]?> + [Mean(Cij/Wij)]?
2 . (1)

The pollution index (Horton, 1965) obtained using the
above relation is 9.10. This shows that the surface water
resources of Orlu and its environs are slightly polluted by
trace elements. The source of these pollutants could be
from the open solid waste dumpsites disseminated in
different localities (like Ugwu Mgbee and TESAC
dumpsites from which leachate and other substances
seep to join the Orashi River and Mgbede stream),
effluent discharge from automobile workshops (“Mgbuka”
in Amaifeke that empty their wastes directly into the Ogidi
River) and the geology of the underlying bedrocks along
the river channel (made up of predominantly sedimentary
rocks). For agricultural purposes, sodium content of water
was used for this purpose. The sodium absorption ratio

(SAR) estimated this. The two principal effects of sodium
are reduction in soil permeability and hardening of the
soil (Etu-Efeotor, 1981). For the study area, SAR lies
between 0.79 to 3.55 with an average of 1.74, which
revealed a class of water suitable for irrigation purposes
(Wilcox, 1955).

Conclusion

All the physico-chemical parameters measured conform
to the standard set by the regulatory bodies except pH
and the trace element. The electrical conductivity (EC)
values of 13.0 to 97.0 us/cm, total dissolved solids (TDS)
of 8.0 to 66.0 mg/L and sodium absorption ratio (SAR) of
1.74 revealed a class of water suitable for agricultural
purposes. High concentrations of trace element as
observed in the rivers sampled rendered the water unfit
for domestic uses. Thus, the water resources of the area
need to be treated for heavy metals prior to domestication.
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