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ABSTRACT

A reach of River Benue (in Makurdi), one of the
two major rivers i Nigeria was monitored for a
period of seven months traversing dry and rainy
seasons of the year for pollution modelling. The
process of field sampling. laboratory analysts,
and regression modelling of flow depth and
pollutants concentration revealed the following:
(i) pollution in River Benue is influenced by
natural regimes such as rainfall and discharges.
Physical and ¢ hemical p ollutants increased with

rainfall while microbial pollution s inversely

proportional to rainfall; (ii) microbial pollution of

the river is more severe than physical and
chemical pollution and has more effect on public
health: (i) unlike time, there is no trend in
degree of pollution with respect to space: (iv) d

positive non-linear relationship exists between

water related diseases in Makurdi and coliform

e — —————

organisms in the river; (v) non-linear models for
physical and chemical pollutants and; (vi) linear
and polynomial models for flow depth and water
pollutants.  The models  vielded values of
coefficients  of correlation  ranging  form
0 8537 0.9994 implying good  fitting. The
regression models are reliable for monitoring and
prediction of water quality in this area, with both

cost and time saving advantages.

1.0 INTRODUCTION

Water is universally accepted as one of the
principal element of life and may also pass the test
of a limited renewable resource. A renewable
resource as used herein implies a resource that has
a means of replenishment as it is being depleted.
For instance, rainfall is a means of replenishing
river flow and/or ground watcr reserves after some
depletion. In the water flow system'. some sort of

equilibrium is maintained within a time period it
e —
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however, more water is taken out ot the system
than is replaced then a sustained imbalance
between outflow and inflow exists;  hence the
term limited rencwable resource  (Nwaogazie,
1990). Also. where water is adversely being
polluted by man’s uncontrolled activities, it may

not be considered renewable resources.

Water pollution manifests atself o form  of
impairment of the quality of the water. Raven and
others (1998) divided water pollutants 1nto eight
categories  viz:  sediment  pollution,  sewage,
disease causing agents, organic compounds and
inorganic plant and algace nutrients (¢.g., Nitrogen
and Phosphorus). Others are inorganic chemicals,
radioactive substances and thermal  pollution.
Besides the discharge of specific pollutants in
water, the construction of dams, reservoirs and

river diversions can also degrade water quality.

The pollution of water directly or indirectly affect
public health. Various studies have shown that
some chemicals are so harmful that even in trace
amounts can cause illness or even death n
humans. For instance, nitrates in drinking water
can cause methemoglobinemia (Ugada, 1986;
Hertzman, 1995). Klein (1969) reported that the
consumption of water with excess TDS has
laxative effects on humans. Pi and others (2002)

linked induction of oxidative stress in humans to

chronic exposure to arsenme in drinking water.
According 1o claudio (2002), consumers of fish
and crabs trom rivers contaminated wiath poly-
chlormated  biphenvis (PCBS) and  prone 1o
cardiovascular discases. endocerine disruptions and
cancers such as breast cancer and leukemia.
Childhood bram tumours have been shown to be
associated with water contaminated with nitrites

and nitrates (Muceller and others. 2001).

Most water borne discases plaguing man are
caused by pathogenic microbial organisms. At
fact, the relationship between polluted water and
discases was firmly established with the ¢ holera
epidemic of 1854 in London. England (Henry,
1989). Viruses. bacterna, parasites and protozoa
are among the micro organisms mvolved in

microbial pollution of water.

Over the vears a considerable amount of time and
effort have been devoted to the improvement o f
water quality in nvers employing a combination
of heuristic and mathematical techniques. The
adoption o f water quality modelling is essential
for prediction or forecasting which 1s an important
ingredient i n formulating w ater pollution control

policies.

A review of literature indicates many studies of

river water quality modeling to date. Kahlg
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-4 2 routing procedure for short-term
cedienion of down stream pollution using an
cuact solution of LTavier's dispersion equation,
§armmond and Nelson (1980) presented a- method
for simulatmg the wross chanees morver water
quahity which may resuft from natural vartations
in ow, svstenatic changes to flow regime asa
whole or major changes i discharge qualin
Stefan and Demetracouples (1981 Tocused on
rver  contamination  simulation  usimg - hinear
concepts. Chen and Kuo (1999) developed a tvo-
laver tank model based on lincar system theory
and use of the gamma assuming a completely

mined system.

In Nigeria, recent attempts have been made to
wome Nigerian mvers. Moses (1979) and Nawa
(1982) studied aspects of the physico-chemical
characteristios of the Cross River and reported that
water quality of the river was manly influenced
by natural regimes such as rainfall and discharges
Odokuma and Okpokwasihi ( 1997) monitored the
oreanic pollution of the new Calabar River.
However, no o attempt  was made o seek
mathematical  representation of the quality

phenomenon

N aoease and Ogelle (1997) reported linear and

pon-hincar relationships between pollutants and

prodice hase-line information on the quahity of

consistent time-trends in degree of pollunon on
the Onna river hasm. Ohap (1999) developed
models  for predicting biochenical oxyeen
demand (BOD) and dissolved oxyveen (DO) m

Okrika stream usimg New moment method.

Aboiva (2000) investigated the pollution of nver
Benue in Makurds but the work was Tmited i
scope. Also. noattempt was made 10 seck
mathematical relationship between the various
parameters investigated. The objective off this
rescarch 1s 1o increase the scope with respect to
time and space and then develop mathematical
models that can describe the relationships between
pollution paramicters and the resultant cftect on

public health.

[B¥)

0 MATERIALS & METHODS.

2.1 Area of Study

River Benue s one of the two major rivers m
Nigeria. It starts from the Camerounian mountams
and flow westwards through Makurdi to meet the
River Niger at Tokoja in Kogr State Tis tributaries
include but not imited o Rivers Dongzo. Katsina-
\la. Bamtapi and Taraba (b Dy Along the
Makurdt New bridge. the viveris L194km wade
with an average depth and cross-sectional arca of

7 82m and 4608 42m" respectively.
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The valley of the river which is covered with
metasediments, consists of land areas below 300m

above sca level. The flood plain, which s

charactenized by extensive swamps, is good for
drv season imgated fanming.

Makurdi town, located in the Benwe wvalley
experience a typical tropical climate with distinct
drv and wet seasons. The wet season, which lami
for seven months, starts from April and ends n
October. There is however, usually one or more
carly heavy rains in January. February or March.
The dry season begins in November and ends in
March. Within the same period, the area
experiences two distinct weather situations: While
harmattan, with cool and chilly weather is
experienced from December to carly February, hot
weather and high temperatures are expenenced
between the later part of February and early April.
The average maximum and minimum daily
temperature are respectively 35°C and 21°C. The
average monthly rainfall distribution is dépiclcd m

Fig 2.

In Makurdi, the study area. the niver is subjected
to various sources of pollution. Industrial wastes
from the Benue Brewery Limited (BBL) and
Nigena Bottdling Company (NBC) all located
along Gboko road are chammelled o the niver.
Allsion, waastties from the New Garage market and the

abation ncar the mew bodge are washed mto the
m.c*rmofPMOfﬁwﬁ\uam
faeces from bumans defaccating directly m the
li'ﬂ:-ﬁh:dn'alad_m_tmfmhlﬂ
to the nver as well as fethizers and other
chemicals applied to the crops that are usually
grown at the nver banks.

The contamimation of this nver has led to
incidences of water related discases m the arca.
Notable among water related discases in Makurda
are typhoid fever, amocebic dysentery and cholera.
River Benue is the main source o f water supply
for the inhabitants of Makurdi, both for industrial,
agricultural and domestic purposes.  These
informed the decision to study its pollutional level
especially at it affects human health.

2.2 Sampling, laboratory analvses and Data
collection '
Water sample were taken mouthy at a depth of
0.4m from the surface of the water at a distance of
5m from the right bank at five sampling pomts
marked A, B, C. D & E n fig. Z!:a!onga rcach of
the River Benue in Makurdi. Point A is upstream
of the point where effluents from BBI. amd NBC
enters the mver. B s dmuminmm of A at a
distance of 2 km. Point €, downstream off B is
below the Makordi New bridoe at o distance of
2.5 km from B. D i at the Makondn weatter wionlks,

4




NSE TECHNICAL TRANSACTION Vol. 41, No. 2 Apsl - June, 2006  G.D. Akpen & RAM. Eze

i

15 &= downstieam of C. E is a pomt
dowmscam of the New garage market sla‘
Sstamce of 3 km from D. T he sampling period

conesed seven months from march  through

Om the water samples collected, chemical and
microbial laboratory amalyses were performed
(Akpen, 2002). Total Suspended Solids (TSS).
Colous, Total lron, Copper. Lead. Phosphate and
Mangancse concentrations were determined using
HACH model DR2000  spectiophotometer
axccondmg to the procedures owtlined in the
sl pH was determined with HACH pH
compactor.  Whike HACH ™~ model 44600
comductority TDS meter was wsed im determiming
S comcenteation of TDS and conductivity
o comdum 1o the methods desoribed i the miamual.
Chloride. Dissobve Oxygeon (DO), callsium and
S coRceREations were obtained wsng
HACH dagnd sator modiel 16900-1. Miaorobial
et was performed 0 estimate the CONCONFRGON
of sl coiismm (TC) and Faceal Colfom (FC)
Betene  The Mot Prsbhubile Nwmtbar (MIPR) dest
seomtme fo APHA (1954 was wsed for dhe

B ey snsfyses, resoids of flow dgph
e oillnsied Seom A Fadom] kgl Wakeoways

ey Mded g 4 Al o of

paticnts suffering from water-related diseases in

‘Makindi were collected from the Federal Medical

Centre Makurdi  covering the pemod  under
investigation (Table 3.1).

30

RESULTS & DISCUSSION.
3.1 Comparison of laberatory resukis with
WHO standards

The maximum and/or minimum values of the
vatious parameters irespestive of which month or
sampling point they osewr were isolated for
comparison with WHO standards as shown in
Table 1.2. The purpose of the companson was 10
choose the principal pollutant for trend analysis
and medelling with 2 secondary advantage of ease
of handling data. I is obvious fiom Table 1.2 that
parameters Tike colowr, i ToR, MAREANESE, COPPST,
lead, fotal suspended solids (TSS), Faecal
Coliforms (FC) and Total Coliferms (1€) have
concentiations above WHO Himits indicatng
pollution and were erefore considered fov
fovther analysis. Also, inchided for miodeliing
vee  fowl  dissobved solids (TDS) and
conductivity becavse csonomy aad ease of
ANEASWEROR i (e SOFAORY -

32 Frend Analysis

ke resutks of TS CONCOMEATON MEAHERERS 29
# fanction of time ae presensd iw Fig- § 1SS
ies were Tgh dwing the Y moRts 8

W
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mdicated by the steady rise from Apnl and May to
a peak n.} September. There was however a drop in
IS concentration in July probably because of the
<hort dry period (usually referred o as August
breaky  The IS8 concentration at point Iowas
consistently higher than the other sampling points
reaching a maximum of 153mg'l in September,
Fhe Teast value of 12me D was recorded at point B
m March. The relatvely Tow value of 188 in the
dry month (March) and high values inthe rainy
season showed that mcrcased rainfall results in
merease surlace run-off hence more suspended
wolids were washed into the river, Also. the high
current resulting from an inerease in volume of
water due to heavy rainfall, leads to resuspension
of solid particles originally settled at the bottom of
the river. Further more, apart from the larger run-
oft contributing area of the sampling pomnt I+ over
that of the entire study area, recreational and
commercial  activities  such as  fishing  and
iransportation of goads and people across the river
are concentrated at this point. Hence. there is
greater resuspension of settled sediments at this
point. There was however no consistency i the
degree of pollution at pomnts A, B. O & D with
respect (o the arca contributing to run-ott. I'his is
due to the introduction of surface run-off mto the
viver at different points along the river. The high

1SS values. observed during the rainy season is

similar 1o the trend reported by Odokuma and

Okpokwastli (1997) 1 the New Calabar River.
However, Okah (1999 observed a reverse trend

for the Tmo river system

1he time variation of the other physico-chemical
parameters are depicted i Figs. 6 - 12 and those
of the micrabial parameters are presented i Figs.
13 and 14 The folfowing are discernable from the
plots: First pollution i River Benue s influenced
by natural regimes such ax rainfall and discharges,
Chemical  pollutant  concentrations— generally
decrease in the dry scason and increase m the
rainy season. This 1s because less malerials are
discharged into the nver from surface run-oft.
Also. there is no consistency in the degree -of
pollution  with respect o space due 1o the
introduction of surtice wastes at different points
along the reach of the river investigated.

microbial however, should a

The parameters

reverse  trend  to that  of  physico-chemical

parameters.  Pheir concentrations were higher
during the dry than the rainy months similar o
Nwaogazie and O gelle (1997) 0 bservation at the
Obinna river. The low concentration in the rainy
season is due to the effect of dilution as a result of
increase in rainfall and hence volume of water in
the river. Just as in the case of physico-chemical
pollutants. there was no trend in the degree of

microbial pollution with respect to space.
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Foome Tabde 1.1, 62 water-related disease cases
cach were reported in May and June, the least
valoe of 38 cases were observed in September.
Ihe decrease in cases of WD after June is due to
the cffect of dilution as justified by the reduction
m cohform organisms with increase in rainfall
(Figs. 13 14 and 2. The relatively high values
recorded from March through June may be due to
the residual effect of infections during  the
preceding dry season (November - March). Higher
cohiforms were observed during the dry season
hence the tendency for greater number of WD
cases. Table 1.1 also reveals that microbial
pollution has greater effect on public health as
most of the reported water-related disease cases
are from microbial pathogens. This observation
confirms the work of Feachem & o thers (1978),
who reported  that hazards from  microbial
polistion of water to health in the tropics were on

2 Bugher scale than from chemical pollution.

#

33 DEVELOPMENT OF REGRESSION
MODELS
The pasameters chosen in section 3.1 were

sefgecied % regression modelling.  Regression

cvem walh Bmaed data, with a secondary
advammape of zase of calibration and application.
The perameters comcentration at point D (Makurdi

waker warks) wess 2ken to be representative of

the entire study arca for two reasons: (i) There
was no consistency in terms of area of influence
(r.e., area contributing flow or run-off) at any
point with respect to the entire study area because
of the introduction of contaminants at different
pomnts along the river (ii) D is the point where
water 1s extracted for treatment and subsequent

distribution to the town.

Flow depth, total iron, TDS and WD were
respectively chosen as independent variables and
regressed with the other parameters as dependent
variable. A plot of the dependent variables
against the independent variables should either
linear or non-linear relationship Mathematically,
both the linear and polynomial models as

represented as:

YTataXeoooiiiii, (1)
and  y=Ap+Ax+A;x° + .. +Anx"
tAR # O) <o 2)

Where ag, a;, Ag, Ay, A, ... An are the coefficients
of the regression models. A computer program
Microsoft Excel was then used to calibrate the

models.

In the case of a quadratic model: consider the
water-related cases (WD) and faecal coliforms for

instance, we have the model.
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WD = 3.9782 + 3.5062(FC) - 0.0516(FC)’ ...(3)
r=09318, R’ = 0.8642

Where R? = Goodness of fit

r = coefficient of correlation

The suhmar.y of the model is shown in Table 1.3.
The high coefficient of correlations (r) implies the
of  the

regression models are representative

observed field/laboratory data  and hence are
rehiable tools for prediction of water quality in the
study area. To verify the models, the models’
predictions and the observed data points are
The observed data

point lie either on the regressed model or close to

presented in Figs. 15 - 22,

~the curves Justifying their reliability as prediction

tools in the area.l |

3.4 Measures for abating pollution and its

effect on public heaith

The following measures, will help in minimizing

the degree of pollution of the river and/ or its

effect on public health:

(1) Proper disposél of animal and human
wastes will help in reducing microbial
pollution.

(i)  NBC and BBL should implement FEPA

(2002) guidelines by treating their wastes

to meat the minimum standards before

discharging into the niver to minimize
chemical pollution.

(1) . Public enlightenment campaign should be

intensified to educate the people on the

dangers inherent in taking water from the
river with out any form of treatment.

(iv)  As a routine, regular water quality
assessment should be carried out and the
treatment method modified accordingly to
ensure safe water at the tap. Rapid
assessment of water quality can done using
the models developed in this study.

4.0 CONCLUSION

The processes of data collection, field sampling

and laboratory analyses of water samples from

River Benue has been presented. The result of the

research reveal consistent microbial pollution

which is greater during the dry season. Chemical
and physical pollution occasionally occurs but is
not as severe as microbial- pollution and is

generally higher in the rainy season.

Water related disease cases reported such as .

typhoid, fever, cholera, schistosomiasis and

bacillary  dysentery normally result from

infections by pathogenic microbes; which implies

the microbial pollution has effect on public health.

o¢ |
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These = mo wend in degree of pollution with
sespext @0 space. As evident in the inconsistency
sssociated with the level of pollution at the
vanows locations relative to the upstream

reference point of the reach of the river monitored.

The regression models developed in this study are
good tools for motoring and prediction of water
guality in the reach of the river investigated, given
the high coefficients o f correlation they yielded.
The models have both cost and time saving

advantages
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Table 1.1:  Water-related disease cases in Makurdi
Diseases Number of reported cases ' Total |
March | April May June July August Sept.

Typhoid fever 9 8 7 11 10 5 56
Schistosomiasis 0 0 0 1 0 0 0 1
Gastro enteritis 25 ‘l 18 26 15 12 10 8 114
Bacillary dysentery 7 | 22 20 10 16 13 10 98
Diarrhaea 16 1 13 9 26 20 18 15 17
Total 57 61 | 62 62 sa 1 st T 1 a6 |

Table 1.2:

L
Source: Federal Medical Centre Makurdi.

Comparison of tested water quality indicators with WHO standards.

WHO Limit

(ihulity Indicator Conceltratio; _ Remarks

S/N
1 Colour 300 pt_co units 15 colour unint.s Pollution
2 . | Conductivity 153.6 psicm 400 ps/cm No pollution
3 Calcium 12.01 mg/l 75 my/l No pollution
4 Magnesium 7.81 30 mg/l No pollution
5 TDS 88.3 mg/l 500 mg/l No pollution
6 PH 6.7 835 6.5-8.5 No pollution
7 Total Iron 1.59 mg/l 0.1 mg/l Pollution

| 8 Manganese o 0.5 mg/l 0.05 mg/l Pollution

|9 Copper 0.16 mg/l 0.05 mg/1 Pollution
10 | Chloride 27 mg/l 7200 mg/l No pollution
11 | Phosphate 0.58 mg/l 5 mg/l No pollution
12 DO 5.4 mg/l 5 mg/l (min) No pollution
13 | Lead 0.026 mg/l 0.01 mg/l Pollution
14 | TSS 155'mg/l 30 mg/1 Pollution
15 | Total coliform 1800 MPN 0 Pollution
16 | Faecal coliform 110 MPN 0 Pollution

14
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Table 1.3 Summary of the Models

]

lwd

Dependable
variable Y
I'SS

TDS

Colour
Conductivity
Copper

Total Tron
Manganese
Lead

1SS

Colour
Conductivity
Copper
Manganese

| cad

WH

Wi

Independent

variable X

Flow depth
Flow depth
Flow depth
Flow depth
Flow depth
Flow depth
Flow depth
Flow depth

TDs

DS
1DS
ron
Iron

Iron

I

i

i

;o
Y
y
Y
Y
Y

r

M
i

i

Y
Y
Y
Y
%
Y =
b
Y
Y
<

"= -0.001] /yu - O:ﬁqwkf) o

Regression model
-2.8224X7 + 51.471X - 124.86
-3.0802X7 + 93.384X" - 1092.8X°
-12.166X7 + 181.18X - 436.97
7.9292X + 3.3307
-0.0022X" + 0.0587X" - 0.5679X% + 2.3415X - 3.3549
0.0269X" - 0.5667X" + 3.8289X -
-0.0209X7 + 0.6313X" - 7.3328X"
0.002X - 0.0018

+6154.9X7 - 16664X + 17394

FAL215XT - 11109
L713X° + 300.97X -
905X

-1E - 04X +0.0203X" - 1 5462%°
S34.439X% + 104.4N - 114087

00822

26324
102.42X - 1034.9
+ 54.782X7 - 912.56X
FSS894X7 - 11.872X +0.9219

-

0.683X" - 0.5969
-0.073X7 + 0.1362X" - 0.0554X
-0.0516X7 + 3.3062X + 3.9782
SE -Axf ,:::. /

= 00093

0.2437X - 7.5388

5.38

£5799.3

il

R
0.8758
0.9272
0.8918
0.9534
0.9062
0.7288
0.9289
0.8843
0.9362
0.9672
0.9775
0.9994
0.9773
0.906

0.8682
0.9713

r

0.9358
0.9629
0.9444
0.9764
0.9519
0.8537
(0.9638
0.9404
0.9676
(.9835
0.9887
0.9997
0.9886
0.9518
0.9318
(0.9855
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Fig. 17:  Regression model of conductivity against flow depth
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Fig. 19:  Regression model of Lead against flow depth




