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Abstract

The increasing rise in population, poor sanitation habits, massive flooding and lack of enforcement of
environmental Sanitation laws in the study area have contributed immensely to the pollution of water sources.
Thus, water samples were obtained from river Niger, hand-dug wells and a bore-hole in Ganaja, Lokoja, north-
central, Nigeria for water quality analyses. The hydro-geochemical results showed that the pH values range from
6.70-7.70 indicating alkaline water type. The water hardness of the hand dug wells range from 7.46 - 241.09 with
an average value of 110.30 indicating soft to moderately hard water. The hardness value range from 7.47 to
10.78mg/1 in the river samples, 56.88 to 207.78mg/l in hand dug wells and 57.35mg/l in borehole sample
respectively. The results show values are all above the World Health Organization (WHO) admissive limit and
Nigeria Standard for Drinking Water Quality guideline for drinking water. The value of Mg ranges from 1.11 —
10.74mg/l in all the samples, this is above Nigeria Standard for drinking water. The values of the physico-
chemical parameters such as the T°C, Ec, BOD, COD, HCO3, CO;, SO4 Cl, NO; Na, Ca, and the heavy metals
including Pb, Cd, Cu, Fe, Mn, Ni and Zn as well as the concentration of TDS, Ca and K in all the other waters
samples are within the allowable limits. TDS is linked to taste, hardness, corrosion properties and tendency for
incrustation by water. Hard water can cause aesthetic problems including include alkali taste (making morning
coffee taste bitter), formation of deposit on dishes, utensils, laundry basins, difficulty in getting soup and
detergents to lather, formation of insulating precipitate on clothing, characteristic blue-green staining of sinks,
household pipes choking, scaling, incrustations on kitchen utensils and increasing soap consumption. Hardness
of water can create both nuisance and economic burden to individual and community. It is advisable that the
water be treated against hardness, TDS, Ca, Mg and K before consumption or other domestic use. They should
be regular routine monitoring by concerned authorities, as this, will ensure compliance and safety.
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1. Introduction

This paper presents an assessment of water quality in Ganaja, Lokoja at the confluence of Niger and Benue
Rivers (Fig. 1.). The inhabitant practice random waste disposal and the study area was subjected to
unprecedented flooding episodes that occurred in (Sept. 2012 and October 2015) in parts of Nigeria from the
overflowing of the Niger and Benue Rivers. This explain the reason for severity of the flooding with the
attendant destructions witness in parts of Kogi State and Lokoja metropolis in particular, were thousands of
properties were destroyed and hundreds of people displaced and surface and near surface environment
submerged

During flood, bowels of septic tanks and the rivers containing all manner of dirt are and poured into the
environment deteriorating the water resources and contaminating the environment. Metals for example, can
introduced into aquatic system through several ways which include, weathering of rocks and leaching of soils,
dissolution of aerosol particles from the atmosphere and from several human activities, including mining,
processing and the use of metal based materials (Ipinmoroti and Oshodi,1993; Adeyeye, 1994; Asaolu et al.,
1997). The increased use of metal-based fertilizer in agricultural revolution of the government could result in
continued rise in concentration of metal pollutions in fresh water reservoir due to the water run-off. Metals
entering the water may be taken up by fauna and flora and eventually, accumulated in marine organisms that are
consumed by human being (Asaolu et al., 1997).

Indiscriminate faeces and excreter is very prevalent in survey area, particularly, in the stream and river
channels as well as their tributaries and this is very worrisome. The overflow of septic tanks as witness in study
area is also source of concerned as this will introduce faecal into the water resources. The faecal pollution of
drinking water causes water —borne disease which has led to the death of millions of people both in cities and
villages (Asaolu et al., 1997). Uncontrolled waste dumping into the discharge of these wastes may affect the
aquatic of such river or adversely and alter the chemical composition of the river (Adewoye, 1998). The Water
quality characteristic of any environment arise from a multitude of physical, chemical and biological
interactions.

Polluted waters, irrespective of the pollutants, when consumed, may lead to variety of diseases, such as
cholera, typhoid, dysentery, skin and mental disorders (Okolo, et al., 2009). The quality of groundwater resource
depends on the management of human waste as well as the natural physio-chemical characteristics of the
catchment areas (Efe et al, 2005).
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The availability of good water is indispensable feature for preventing disease and improving the quality
of life (Oluduro and Aderiye, 2007).The present study has assessed the water quality of hand dug wells,
boreholes and river Niger in Ganaja, Lokoja, to ascertain their suitability for human consumptions as well as
other domestic uses. This is very necessary because next to air, water constitutes the most essential resource to
human existence. Water is needed not only for drinking, but also for cooking, washing and general sanitation.
Man can survive longer without food than water.

2. Geology and Hydrogeology of the Study Area

The study area lies between latitude 7°45'N and 7°47'N and longitude 6°43'E and 6°45'E in Ganaja, Lokoja,
north-central Nigeria (Fig. 1). Lokoja is located at the confluence of Niger and Benue Rivers and at the contacts
between the Precambrian Basement Complex of Nigeria, the Campanian-Maastrichian sedimentary Bida Basin
(Omada et al., 2009) and Lower Benue sedimentary inland basin (Benue Trough). The geology comprises of the
Precambrian basement complex rocks which are mostly gneiss and migmatite with older granites intrusives. The
mineral foliations defined by alternating biotite-rich and quartz-feldspar rich are common in the gneiss (Obaje,
2009). Major foliation and fracture trends are in the N-S and NNE, SSW directions markedly exhibited by the
flow direction of the River Niger (Obaje, 2009).

The dominate lithological units in the study area include migmatite, older granite, gneiss (augen gneiss
or porphyroblastic and biotite gneiss) intruded by the NE-SW trending pegmatite dykes and covered by the
Cretaceous — Recent coarse-medium grained sands to the East forming the bank of River Niger (Fig.1).

Groundwater in the Lokoja area occurs in weathered and or weathered/fractured basement rocks and is
recharged by precipitation and by river Niger (Omali, 2014). Two aquifer types have been delineated in the area:
weathered layer aquifer and weathered/fractured aquifer (Musa et al., 2014). The Lokoja area is generally
drained by rivers Niger, Benue and Meme. Aquifer parameter data of the study area are relatively sparse
(Ibrahim, et al., 2014). Based on aquifer test data, the static water level varies between 1.5m and 7.6m; well
depth is between 8.2m and 21.8m; and yield is between 70m’/day and 130m’/day (Ibrahim, et al., 2014)
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Fig. 1. Geological map of Lokoja and Environs (Source: Omali, 2014)

3. Materials and Methods
Water samples were collected from different sources as indicated in Table 1.0 (three from river Niger, eleven
from hand dug wells, and one from a borehole) at different locations in Ganaja. The altitude and cordinates for
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each sampling point were recorded using a Garmin model 76S GPS. At each sampling location water sample
were collected in 1 litre plastic bottles after thorough washing and rinsing with distilled water and the water to be
sampled. The samples were preserved airtight in order to minimize oxygen contamination and the escape of
dissolved gases. The cations were analyzed by Atomic Absorption Spectrophotometer (model 210 VGP while
Anions where analyzed by Spectrophotometer (model Genesys 20), MOHR’S METHOD and the provisional
method of Barnes et al, 1981 was used for carbonate and bicarbonate determination at the Geochemistry
Laboratory of the Department of Geology of Federal University of Technology, Akure, Nigeria. The quality of
the analysis is controlled through the analysis of samples of known compositions along with the unknown.

The analytical results of the hydrogeochemical analyses were compare with World Health Organization
(WHO) admissive limit, Nigeria Standard for Drinking Water Quality guideline for drinking water as the water
hardness classification of Gary (1994). Piper diagram is used to characterise the water types and their
contaminants.

To be able to explain if sources of the contaminants are geogenic or anthropogenic. The anthropogenic
factor (AF) is computed using the formula: Concentration of element analyzed/background value (Bn). Where
AF > 1, anthropogenic enrichment is indicated; where AF < 1, there is no anthropogenic enrichment of
contaminants. For the purpose of calculation of the anthropogenic factor (AF) the average concentration of
background value for drinking water is taken from WHO (2011).

Vol.6, No.2, 2016

4. Result and Discussion
Table 1: The analytical result of the BOD, COD, physico-chemical and heavy metals (mg/l) in different water

samples
Sample ID Localty Coordinates pH Ec (us/cm) TDS (mg/l) Temp(0C)Mg Ca K Na Fe Cu Zn Cd |Po Moo [Ni €l |50, |NO, [HCO, |CO; |BOD Hardness |COD
BiS1 |GanaaAaokia road M35 6'4448E | 78] 079 g 28] 1074 421 e2[tora[eol] 0.0 042 6ol 6o ool eod o.e] 063] o.32f eesefose] 047 srae| 164
RE? |Canga-Aaokiaroad Tadd 6444 | 78| 00s] 4| e8| 121 247 saltezs[ona] oo rae[ ong omt] oon] oue] sl 22| va a[1ed] sar to7e[1e74
RIS |Canaj-ApokiaroadNTaa305aeaTe | 75| 005 4] 28| 11| tos| a5l tezs[onz| o0z 14 oug o] oon] oo zeg] 2eq] os|  z[oan] 003  7e| 2054
R4 [Cang-Aaokiaroad 4408 6444 | 78| 005 4 oo 108 tos| er[tezsfonal oo vzl om| ont] oon] oo zeg] zer] o efoa] oag a7 412
HIVSS |200HousngUnt  |N74643 6'4353% | 67| 027 166|291 5] 2011 57| 3628[002] o0 to| om| 6o oo1] aoi) nag] s0s] 08 7a[o2e] 07 7ese o9
HIVSE [20HousngUnk  |Wragsadsz | 77| o2 15 292 ez ts0e| ot sets[oon] o2 wee[ ool e ol o) s es ro es[o2d] os] sese 12
HIVST |200HousngUnt W75 64319 | 72| 034 250|293 78] 3t0d| 63 22l oni| 002 0sq oug] 6o ol oo 21| a6d] oz s o2g] 0] tioee 102
HISE [S00housngUni  |N756 64429F | 7] 047 ] 293 589 ste| 7l ssas|oor] eoc| ot om| oot ol o) o] ess] o[ woefoes] o7 sl 213
HIED |CangaVilbge  NT4437644%% | 6ol 08 <] 293 661 ase| ealsses[ Aot oo vee[ om| oot] ooi] Ao 0]z oz rea[oey 013 2etng 242
HISID [GangiaVilege  NTa434'64418E | 7] 04] a5 93 461 5o 13| e[ 002 eo| r2d eol oot ol oo ote]ste] o se[oed] o76] isemn| 228
HIVENT [CangiaVilege  NT#439 644268 | 68| 081] 1] 294 662 easr| 7 sazrjonal oo ror| om| 6o eol aoi) ote] ase] o6l ee[o13] o0& aor7e 174
Hist? [cangavilbge  Wradwreasare | eel  nes] sl o] ees] e eaferesfona oo wee[ om] o oon] o) ote] em] o[ 7afosq o4 sser] 19
W53 [cangiavilbge  Wragwreasare | 7] o] el el vs sz sl see{ooe] oo v 0w em| ol oozl sse] oa| efor] os] vtend] og
HIVEI: [CanglaVilbge  NT#4336'4423% | e8| 057 am| 291 62e) @ase| 13l eate[oos| o2 r22[ ol omt[ ol oo] ote soi] a3 7o[oeq] oes tszoa 214
HIVSIS [GangiaVilege  |NT4431°6'4425E | 68| 03] 258 288 699 4697 58l sars|oor] eoc| rsal om| oot[ ol o] 7] e3s] o[ ve[os1] o4f s 229
Table 2: Classification use for Water Hardness (Source: Gray, 1994)
Classification use for Water Hardness. Degree | Conc. (Mg/l)
of Hardness
Soft 0-50
Moderately Soft 50-100
Slightly Hard 100-150
Moderately Hard 150-250
Hard 250-350
Excessively Hard 350+
Parameters WHO (2011) NSDWQ (2007) Parameters | WHO (2011) NSDWQ (2007)
pH 6.50-9.00 6.50-8.50 Cd 0.003-0.03 0.03
Ec (us/cm) 250 1000 Mn 0.5 0.2
TDS (mg/1) 500.00-1000.00 500 Ni 0.01-0.02 N/A
Temp (°C) 29 Ambient Cl 250 250
Mg 150 0.2 SO, 50 50
Ca 75 N/A NO; 50.7 50.7
K 12 N/A HCO;, 600 N/A
Na 200 200 CO;,
Fe 0.3 0.3 BOD NA NA
Cu 2 1 Hardness 150 150
7n 3 3 COD NA NA
Pb | 04 | 0.01
Source: NSDWQ (2007)
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Fig 2: Piper Diagram for Surface and groundwater in the study area

The physico-chemical parameters obtained from analysis of water sample from the river, wells, and the
borehole in Ganaja, Lokoja, Kogi State are presented in Table 1. The water hardness value of the hand dug wells
rages from 7.47- 241.09 with an average value of 110. 30 indicating soft to moderately hard water (Fig). HW-S8,
HW-S9, HW-SW10, HW-S11, HW-S12, HW-S14 and HW-S15 are above WHO (2011) and NSDWQ (2007)
admissive limits. The hardness of water recorded in the borehole and the river water samples are all within
acceptable limit. Negative association between water hardness and cardiovascular disease have been observe
(Kahlown et al., 2006). Hard water can cause aesthetic problems. These problems include alkali taste (making
morning coffee taste bitter), formation of deposit on dishes, utensils, laundry basins, difficulty in getting soup
and detergents to lather, formation of insulating precipitate on clothing, characteristic blue-green staining of
sinks, household pipes choking, scaling, incrustations on kitchen utensils and increasing soap consumption.
Hardness of water can create both nuisance and economic burden to community (Kahlown et al., 2006)

In all water samples, the pH values range from 6.70-7.70 with an average value of 7.14 indicating that
the water are alkaline. The Ec values rages from 0.21- 0.73 ps/cm with an average value of 0.36 ps/cm. The
Temp (°C) values rages from 28.50 — 29.40 °C with an average value of 29.07°C and TDS values ranges of 4-
525mg/l with an average value of 262.53mg/l. The results are all within the permissive limits of WHO (2011)
and NSDWQ (2007) for drinking water with the exception of the borehole water sample (BH-S1) TDS of
525mg/l, that is above NSDWQ (2007) guideline of 500mg/l. TDS is linked to taste, hardness, corrosion
properties and tendency for incrustation by water. TDS and EC are important in quality assessment of water due
to their effect on the corrosivity of a water sample and their effect on the solubility of slightly soluble
compounds such as CaCO3 (Nas, 2010). Electrical conductivity is an indirect measure of salinity in many areas,
which generally affects the taste and thus has significance on the user acceptance of the water as potable
(Langenegger, 1990).

The value of the BOD and COD ranges from 0.12 — 5.97mg/l with an average concentration of
0.75mg/1 and 0.97 — 20.54mg/1 with an average concentration of 4.85mg/1 respectively.

The concentration of K in the water samples ranges from 1.3 — 13.0mg/l with an average value of
5.93mg/1 and the AF value rages from 0.11 — 1.08mg/l. The value of K in sample (HW-S10) is above the WHO
permissive level for drinking water; the AF value of 1.08mg/l indicate anthropogenic source of contamination.
Potassium is a soft silvery alkaline metal that occurs naturally bound to other elements in sea water and mineral
minerals. It is oxidize rapidly in water, very reactive in water and resemble sodium chemically. The potassium is
very important body mineral significant for cellular and electrical functions. The total potassium in the body and
blood serum varies between 4-5mg/100ml. Potassium deficiency causes irregular heartbeats, hypertension,
muscle weakness, bladder weakness and asthma whereas overdose could lead to irregular/rapid heart beats,
cystitis, bladder infections, ovarian, cysts and weakened immune system (ACU-Cell, 2003). An increase
potassium in the blood is known as hyperkalemia appears as reduced renal functions, abnormal breakdown of
protein and severe infections (Aparna, 2001).

The value of Ca ranges from 1.09 — 79.89mg/l with an average value of 32.97mg/l and the AF value



Journal of Environment and Earth Science www.iiste.org
ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) JLEL}
Vol6. No.2, 2016 IISTE

ranges from 0.01 — 1.06 mg/1 indicating that the value of Ca in (HW-S11) is above the WHO permissive level for
drinking water. The AF value of 1.06mg/] indicate that the source of contamination is anthropogenic. Calcium
react with water displacing hydrogen and forming Calcium hydroxide.

Mg concentration rages from 1.11 — 10.74mg/l with an average value of 6.05mg/l is within the
permissive limits of WHO (2011) but above NSDWQ (2007) requirement for drinking water in the samples. The
AF value ranges from 5.55 — 53.7 mg/I indicating anthropogenic sources of contamination.

The concentration of Na ranges from 14.28 — 107mg/l with an average value of 50.29mg/l. Na is soft,
waxy, silvery reactive metal belonging to the akali metals that is abundant in natural compounds. It reacts
violently water and oxidizes in air necessitating storage in an inert environment. Sodium are necessary for
regulation of blood and body fluids transmission of nerve impulses, heart activity and certain metabolic
functions. ACU-Cell (2003) indicated that deficiency of sodium in the body may appear as metal apathy. Low
blood pressure, fatigue, depression, seizure, dehydration etc. Similarly, the excess presence as observe cause
edema, hypertension, stroke, headaches, kidney damages, stomach problems and nausea.

The values of HCO; and CO; ranges from 12 — 183mg/l with an average concentration of 75.38mg/l and
0.13 — 1-66mg/1 with an average concentration of 0.51mg/l respectively. On the average the concentration of Cl
is 1.12, NO3is 0.57mg/l1 while SO, is 4.30mg/1 as well as the result of the heavy metal obtain for Pb, Cd, Cu, Fe,
Mn, Ni and Zn on the average are within the allowable limit for drinking water. The result of the AF value for
the each trace element is <1 indicating geogenic source.

4.1 Hydrogeochemical Facies

Characterization of surface and groundwater resource of the study area are presented by plotting them on a
Piper-tri-linear diagram (Fig. 2). The diagram reveals the analogies, dissimilarities and different types of waters
in the study area. HW-S9, HW-S10, HW-S11, HW-S12, HW-S14 and HW-S15 are Ca-HCO3 water type
(Temporary Hardness), RN-S3, RN-S4, HW-S5, HW-S6, HW-S7, HW-S8 and HW-S13 are Ca-Na-HCO3 type
(Alkaline earth and Alkali metal water type), RN-S2 is Na-Cl type (Saline) and BH-S1 is NaHCO3 type (Alkali
Carbonate water type) (Fig. 2).

5. Conclusion

The water is alkaline with high concentration of Ca in HW-S11; K in HW-S10 and high TDS value in BH-S1.
The average hardness of all the water samples indicate that water is soft to moderately hard water. The
concentration of Mg in all the samples are above the acceptable limit of NSDWQ (2007). The value of T°C, Ec,
BOD, COD, HCO;, COs;, SO, CI, NO;5 Na, Ca, and the heavy metals including Pb, Cd, Cu, Fe, Mn, Ni and Zn
are within the allowable limits of WHO 2011 and NSDWQ (2007). Potassium is a soft silvery alkaline metal that
occurs naturally bound to other elements in sea water and mineral minerals. It is oxidize rapidly in water, very
reactive in water and resemble sodium chemically. The potassium is very important body mineral significant for
cellular and electrical functions. The total potassium in the body and blood serum varies between 4-5mg/100ml.
Potassium deficiency causes irregular heartbeats, hypertension, muscle weakness, bladder weakness and asthma
whereas overdose could lead to irregular/rapid heart beats, cystitis, bladder infections, ovarian, cysts and
weakened immune system (ACU-Cell, 2003). An increase potassium in the blood is known as hyperkalemia
appears as reduced renal functions, abnormal breakdown of protein and severe infections (Aparna, 2001). TDS is
linked to taste, hardness, corrosion properties and tendency for incrustation by water. Negative association
between water hardness and cardiovascular disease have been observe (Kahlown et al., 2006). Hard water can
cause aesthetic problems. These problems include alkali taste (making morning coffee taste bitter), formation of
deposit on dishes, utensils, laundry basins, difficulty in getting soup and detergents to lather, formation of
insulating precipitate on clothing, characteristic blue-green staining of sinks, household pipes choking, scaling,
incrustations on kitchen utensils and increasing soap consumption. Contaminated water creates both nuisance
and economic burden to individual and the community. Availability of good water is indispensable feature for
preventing disease and improving the quality of life. The water should be properly treated before consumption as
well as other uses because consuming contaminated water will ultimately affect human health.

6. Recommendation
They should be bacteriological analysis to ascertain the level of pollution of both surface and groundwater as this
cannot be detected through their physical and chemical analysis.

There is need to regularly conduct water quality tests and verification, sanitary inspections for
enforcement of environmental sanitation laws to ensure safe environment and healthy living.
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