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ABSTRACT

Groundwater exploitation for rural water supply without adequate understanding of its
chemistry and changes that may be induced by physical processes and anthropogenic activities
may be counter-productive. Chloride, turbidity, total suspended solids (TSS), total dissolved solid
(TDS), electrical conductivity, pH, hardness, dissolved oxygen (DO), biochemical oxygen demand
(BOD), chemical oxygen demand (COD), phosphates were determined. Electrical conductivity,
Turbidity, TDS, TSS and pH were found to be between 48.4-74.0 (uS/cm), 12.0-90.0 (mgL?), 19.0-
35.0(mglL?), 6.0-96.0 (mglL?), and 7.2-7.7, respectively, during the wet season. While during dry
season, 63.8-74.2 (uS/cm), 7.0-59.0(mgL?), 20.6, -30.6 (mglL?), 5-62(mgL?) and 7.2-7.6 were
observed for electrical conductivity, turbidity, TDS, SS and pH respectively. The lowest value of

total hardness (8 mgL? CaCOs) was recorded during wet season and the highest was 40.0 mgL™!
CaCO3. Higher values of total hardness 80.0-120.0 mgL™ CaCOs were recorded during the dry
season. DO, BOD and COD were found to range between 5.2-6.0(mgL™), 59-72(mgL?) and 118.0-
144.0(mgL?) respectively during wet season, while 4.9-5.8(mglL?), 51.0-67.0(mgL?) and, 20.0-
134.0(mgL?) were recorded during the dry season. Similarly, 1.5-1.9 mgL*and 0.96-1.36 mgL™
were recorded for the wet and dry season respectively. The WQI (12.51) for the various rivers

©KY Publications. investigated revealed that the water are of poor quality for drinking purpose.

Key words: River, run-off, physic-chemical, water quality, pollution

INTRODUCTION

Many rivers/streams in the developing countries are heavily polluted due to anthropogenic activities, such as
industrial and sewage discharges (Jonnalagadda et al., 1991; Mathuthu et al., 1993; Jonnalagadda and Nenzou, 1996a). The
contamination of freshwater with a wide range of pollutants has become a matter of great concern over the last few
decades, not only because of the threats to public water supplies but also the damage caused to the aquatic life (Canli et
al., 1998). Benue State like quite a number of states in Nigeria is faced with increasing pressure on water resources and the
widespread, long-lasting water shortages in many areas are as a result of rising demand, unequal distribution and
increasing pollution of existing water supply. The by-product of agricultural activities, urbanization and industrialization
result in pollution and degradation of the available water resource (Waziri et al., 2009). It is important to analyse water to
determine its suitability for drinking, domestic, industrial, and agricultural uses. It is also important in water quality studies
to know the amount of organic matter present in the system and the quantity of oxygen required for stabilization of the
water. The impact of organic pollutants on water quality in this work is expressed in terms of the Biochemical Oxygen
Demand, BOD and Chemical Oxygen Demand, COD which all depend on the Dissolved Oxygen, DO. and Total Dissolved
Solids; chloride, pH, Alkalinity, electrical conductivity, phosphate. TDS on the other hand are used to define the organic
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content of the water. Several works on water quality have focused on the physicochemical characteristics of waters (Waziri
et al., 2009; Hati et al., 2008; 1zonfuo and Bareweni, 2001).

Scope of Study

The study covered two locations in the six states of Benue, Kogi, Kwara, Nassarawa, Niger and Plateau (i.e the

North Central Geopolitical Zone of Nigeria). The monitoring will be carried out twice (i.e between August-September, 2011

for the rainy season and between February-March, 2012 for the dry season).
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Figure 1: Map of North Central Nigeria Showing the Major and Minor Rivers.
Source: Longman School Atlas, 2003.
Table 1: Water Quality Parameters for September/October, 2011
Parameters A B C D E F G H I J K L
EC ps/cm 72.8 | 73.7 | 69.0 | 61.0 | 63.0 | 48.4 | 57.0 | 55.0 | 70.0 | 74.0 | 59.0 | 63.1
DO mg/L 54 (54 |55 |52 |54 |52 (60 |52 6.0 56 |55 |52
BOD mg/L 67 70 66 61 64 65 63 60 59 62 72 70
COD mg/L 134 | 140 | 132 | 122 | 128 | 130 | 126 | 120 118 124 | 144 | 140
TH mg/L 80 60 80 60 40 60 60 60 60 80 60 80
Alkalinity mg/L | 10.2 | 12.4 | 10.8 | 11.6 | 14.2 | 10.6 | 12.0 | 14.0 | 12.0 | 10.0 | 11.8 | 10.6
PO4* mg/L 160|170 (180|160 | 170|190 | 1.70 | 1.50 | 1.60 | 1.65 | 1.74 | 1.64
Clmg/L 455 | 445 | 45.0 | 453 | 43.8 | 54.7 | 42.8 | 44.8 | 445 | 43,5 | 45.8 | 45.3
pH 7.5 7.2 7.5 7.4 7.6 7.6 7.6 7.4 7.6 7.7 7.4 7.2
Turbidity mg/L | 39 41.0 | 240 | 86.0 | 41.0 | 90.0 | 22.0 | 27.0 | 42.0 | 21.0 | 12.0 | 29.0
TDS mg/L 34,0350 |33.0|19.0|21.0|23.0|24.0|28.0 | 29.0 | 26.0 | 22.0 | 30.0
TSS mg/L 23.0 (200 |18.0|30.0| 75.0|81.0(6.0 |74.0 | 8.0 19.0 | 20.0 | 96.0
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Figure 2: Physicochemical properties during the dry season
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Figure 1: Physicochemical properties during the wet season
Table 2: Water Quality Parameters for Feb/March 2012
Parameters M N (0] P Q R S T u \Y w X
EC ps/cm 64.4 | 66.0 | 676 | 66.8 | 684 |74.2 | 63.8 | 680 |742 |701 |69.0 |6838
DO (mg/L) 5.3 5.3 5.1 5.4 4.9 5.3 5.4 5.8 5.4 5.1 5.3 5.4
BOD (mg/L) 64 67 61 59 58 60 60 57 51 57 60 65
COD (mg/L) 128 134 122 118 116 120 20 114 102 114 120 130
TH (mg/L) 100 | 100 | 100 | 80 100 | 120 | 100 | 100 | 120 | 80 80 80
Alkalinity 10.2 | 12.4 | 10.8 | 11.6 | 14.2 | 10.6 | 12.0 | 14.0 | 12.0 | 10.0 | 11.8 | 10.6
PO4* (mg/L) 1.14 | 1.2 1.26 | 096 | 1.22 | 136 |1.28 | 1.30 | 136 | 1.2 1.14 | 1.12
Cl (mg/L) 30.8 | 34.0 | 36.8 | 229 | 364 |476 | 342 | 368 |514 |304 |388 |342
pH 7.2 7.6 7.6 7.5 7.6 7.4 7.4 7.6 7.6 7.4 7.5 7.4
Turbidity (mg/L) | 24.0 | 19.0 | 20.0 | 33.0 | 14.0 | 28.0 | 59.0 | 24.0 | 45.0 | 42.0 | 7.0 10.0
TDS (mg/L) 20.6 | 28.2 | 29.0 | 27.2 | 284 |24.0 | 248 | 260 |22.8 |30.6 | 284 |27.8
TSS (mg/L) 23.0 | 20.0 | 46.0 | 430 | 17.0 | 17.0 | 62.0 | 23.0 | 48.0 | 30.0 | 5.0 17.1
700
600
500
400
300
200
100
0
A B E F G H | L
=@==EC ps/cm DO mg/L =@==B0D mg/L ==@==COD mg/L
=@==TH mg/L Alkalinity mg/L ==@=P043- mg/L  ==@==Cl- mg/L
=@=pH =@=—Turbidity mg/L =@=TDS mg/L =@=—TSS mg/L
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Table 3: Sample codes of sample locations

Sample Sample Sample Codes | Sample Codes | Intra State Sample

States Locations (Wet Season) (Dry Season) Distance (km)

Benue Wadata A M 7
Wurukum B N

Kogi Confluence C (0] 10
Hotel
Lokoja Town D P

Kwara Jebba E Q 15
Jebba Bridge F R

Nassarawa Yelwa G S 45
Gudi H T

Niger Shiroro I U 120
Kainji J \

Plateau Kalong K w 20
Shendam L X
Town

Methodology

Water samples were collected in precleaned plastic containers from 12 sampling locations each during the wet and
dry season spread across North Central Nigeria areas where human, animal and agricultural activities were high. Samples
were collected on a seasonal basis i.e wet and dry seasons. The samples were analysed for DO, BOD, COD, and TDS using
standard analytical techniques (Ademoroti, 1996; Radojevic and Bashkin, 1999; Sawyer et al., 1994).

BOD tests only measures biodegradable fraction of the total potential DO consumption of a water sample, while
COD tests measures the oxygen demand created by toxic organic and inorganiccompounds as well as by biodegradable
substances [Sawyer et al., 1994). Elevated BOD levels implies decrease in DO as the oxygen that is available in the water is
being used by the bacteria resulting in the inability of fish and other aquatic organisms to survive in the river. TDS on the
other hand is equally important in water quality studies, although there was no serious health effect associated with TDS
ingestion in water but some regulatory agencies (FEPA, 1991; FME, 2001; NAFDAC, 2001) recommend a maximum TDS
value of 500mg/L in drinking water supplies.
The COD was determined by titration with (0.25M) Ferrous sulphate, using 1:10 phenanthroline. At the end point blue
green colour of contents changes to reddish blue. A blank was run simultaneously in similar manner. Turbidity, dissolved
oxygen, chemical oxygen demand, and phosphate were determined using direct reading spectrophotometer (DR/2000)
made by the HACH Company. Total dissolved solid and conductivity were determined using TDS kit model 50150 made by
HACH. pH of was determined using a pH meter (model HI 8014) from HANNA Company. Water hardness was determined
using Hardness EDTA titration. All the instruments were calibrated before use. While biochemical oxygen demand was
determine using the mathematical expression. BOD mgL™ = DO1 — DOs /dilution factor
DO: = dissolved oxygen before incubation
DOs = dissolved oxygen after incubation for five days
Discussion

The physicochemical parameters during the wet season are shown in Table 1 while Table 2 shows the
physicochemical parameters during the dry season.
Electrical conductivity: Electrical conductivity during the wet season range between 48.4 (E)-74.0 (J) uS/cm while the range
was between 63.8 (S)-74.2 (R, U) uS/cm during the dry season.
DO: The maximum and minimum DO values during the wet season were 5.2 (D, F, H, L)-6.0 (G) mg/L respectively while the
maximum and minimum DO values during the dry season were 5.8 (T) and 4.9 (Q) mg/L respectively.
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pH: The pH range during the wet season was 7.2 (B, L)-7.7 (J) while the dry season range was between 7.2 (M)-7.6 (N, O, Q,
T, U). These pH values fall within the WHO permissible limit of 6.5-8.0 for drinking water.

Total Hardness: From Table 1 it can be seen that the range of total hardness was 40 (E) - 80 (A, C, J, L) mg/L while the range
during the dry season was 80 P, V, W, X) -120 (R, U) mg/L. These values fall below the WHO recommended limit of 200 mg/L
in drinking water.

Cl: The maximum concentration of Cl in the wet season was 54.7 (F) mg/L while the minimum value under the same period
was 42.8 (G) mg/L. In the same vein the maximum concentration of CI" in the dry season was 51.4 mg/L (U) while the
minimum concentration was 22.9 mg/L (P). From the result it can be seen that the Cl" values for both seasons are less than
the WHO permissible CI" limit of 250 mg/L in drinking water.

Turbidity: The turbidity during the wet season range between 12.0 (K) — 90 (F) mg/L while the dry season range was 7 (W) —
59 (S) mg/L.

Alkalinity: Alkalinity values during the wet season were between 10.0 (J) — 14.2 (F) mg/L while the corresponding values
during the dry season were 10.2 (M) — 14.2 (Q) mg/L.

PO4* Similarly, the range of concentration of PO4> during the wet season was 1.5 (H) - 1.9 (E) mg/L while the concentration
ranged between 0.96 (P) — 1.36 (R, U) mg/L during the dry season portraying values that are below the regulatory limit of
5.0 mg/L set by FEPA.

TSS The maximum and minimum TSS values during the wet season were 81 (F) and 6.0 (G) mg/L respectively while the dry
season maximum and minimum values of TSS were respectively 17.0 (Q, R) and 62.0 (S) mg/L. This shows that some sample
locations presented values that are greater than the 30 mg/L permissible limit set by FEPA.

TDS: The TDS range during the wet season was 19 (D)-35 (B) mg/L while the dry season range was between 20.6 (M)-30.6
(V) mg/L. These TDS values fall within the FEPA permissible limit of 2000 mg/L for drinking water. From Table 1 it can be
seen that the range of BOD was 59 () - 72 (K) mg/L while the range during the dry season was 51 (U) -67 (N) mg/L. These
values are above the FEPA recommended limit of 30 mg/L in drinking water.

COD: The maximum value of CODin the wet season was 144 (K) mg/L while the minimum value under the same period was
118 (1) mg/L. In the same vein the maximum value of COD in the dry season was 134 mg/L (P) while the minimum
concentration was 20 mg/L (S).

Water quality assessment using water quality indices

In total, the quality of the River of North Central Nigeria River waters was assessed work based on the prescribed format of
CCME, 2001; the WQl value of 12.50 was calculated which corresponds to water of poor quality for drinking purpose. The
ten indicator parameters used in the water quality assessment are as follows: pH, BOD, DO, COD, Alkalinity, Total hardness,
phosphate, TSS, TDS, and electrical conductivity.

Statistical Analysis The statistical analysis of the result of physicochemical parameters was carried using SPSS statistical
package. Analysis of variance ANOVA at each season at p<0.05 indicates significant difference in the result of
physicochemical parameters between different parameters while within a physicochemical parameter, there is no
significant difference between results at p<0.05. Post Hoc analysis on results between different physicochemical
parameters shows that there is no significant difference in the results.

REFERENCES

[1]. Ademoroti, C.M.A. (1996). Standard methods for water and Effluents Analysis. lbadan: Foludex Press Ltd. Pp 44-
54.

[2]. APHA (2005). Standard methods for the Examination of Water and Wastewater. American Public Health
Association, Washington, D.C. 21st Edition.

[3]. Canli, M.; Ay, O.; Kalay, M., (1998). Levels of heavy metals (Cd, Pb, Cu, and Ni) in tissue of Cyprinus Carpio, Barbus
Capito and Chondrostoma regium from the Seyhan river. Turk. J. Zool., 22 (3), 149-157.

[4]. CCME (2005). Canadian Environmental Sustainability Indicators. Freshwater Quality Indicator: Data Sources and
Methods. Catalogue no. 16-256-XIE (http://www.statcan.ca/bsolc/english/bsolc?catno=16-256-XIE#formatdisp).

[5]. FEPA (Federal Environmental Protection Agency) (1991) Guidelines and Standards for Environmental Pollution

Control in Nigeria.

39




Ogah.Eetal,, ISSN:2455-040X Vol.2.Issue.1.2016

[61.

[7].

[8].

[9].

[10].

[11].

[12].

[13].

[14].

[15].

FME (Federal Ministry of Environment) (2001). Guidelines and Standards for Water Quality In Nigeria. Publ. Fed.
Min. of Environment. 114pp.

Izonfuo, L.W.A. and Bareweni, A.P. 2001. The effects of Urban Runoff Water and Human Activities of some
physicochemical parameters of Epie creek in the Niger- Delta. Journal Of applied sciences and Environment. 5: 47-
55.

Jonnalagadda S. B. and Nenzou G. (1996a). Studies on arsenic rich mine dumps: I. Effect on the terrestrial
environment. J. Environ. Sci. Health: Part A 31(8), 1909-1915.

Jonnalagadda S. B., Mathuthu A. S., Odipo R. W. and Wandiga S. O. (1991). River pollution in developing countries.
A case study lll: Effect of industrial discharges on quality of Ngong river waters in Kenya. Bull. Chem. Soc. Ethiopia.
5, 49-64.

Mathuthu A. S., Zaranyika F. M. and Jonnalagadda S. B. (1993). Monitoring of water quality in upper Mukuvisi river
in Harare, Zimbabwe. Environ. Int. 19, 51-61.

NAFDAC (National Agency for Food, Drug Administration and Control). (2001). National Primary Drinking Water.
Regulation. Consumer Bulletin, Oct-Dec. (1): 9.

Radojevic, M. and Bashkin, V.N. (1999). Practical Environmental Analysis. The Royal Soceity of Chemistry
Cambridge. 466-468.

Sawyer, C.N. Mc Carty, P.L. and Parkin, G.F. (1994). Chemistry for Environmental Engineering 4th Ed. McGraw- Hill
Int. Editions.

Waziri, M. Ogugbuaja, V.O. and Dimari, G.A. (2009). Heavy metal concentrations in Surface and groundwater
samples from Gashua and Nguru areas of Yobe State- Nigeria. Int. Jour.of Sci. and Eng. 8(1): 58-63.

Waziri, M. (2006). Physicochemical and Bacteriological investigation of surface and groundwater of Kumadugu-
Yobe Basin. PhD Thesis, University of Maiduguri, Nigeria. pp 88-96.

40




