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THE RECEIVING ALARO RIVER IN IBADAN, NIGERIA.

Sayo O. Fakayode
Department of Chemistry and Biochemistry, Baylor University
P.O. Box 97348, Waco Texas 76798, U.S.A
E-mail: Sayo Fakayode@baylor.edu

ABSTRACT

Alaro River is receiving industrial effluent as a point source. The water quality of the river upstream and
downstream after the point of effluent discharge was assessed with the view of determining the effect of industrial
effluent on the water quality of the river. The water samples were analyzed for dissolved oxygen (DO), pH,
alkalinity, electrical conductivity, total solid (TS), chloride, sulphate, phosphate and heavy metals (Pb, Mn, Ni, Cd,
Cr and Cu). The average levels of the parameters upstream were: pH (7.8 £ 0.5); DO (7.0 £ 1.3 mg/L); alkalinity
(405 + 103 mg CaCOs/L); TS (328.8 £ 106.7 mg/L); chloride (474.8 = 154.1 mg/L); sulphate (2.3 = 0.7 mg/L);
phosphate (0.175 £ 0.026 mg/L); Pb (0.023 + 0.001mg/L); Mn (0.169 + 0.009 mg/L); Ni (0.011 £+ 0.003 mg/L); Cd
(0.004 £ 0.002 mg/L); Cr (0.003 + 0.001 mg/L) and Cu (0.005 £ 0.001 mg/L). Much higher average levels of
alkalinity (744 £ 80 mg CaCOs/L); total solids (1379 + 389 mg/L); chloride (1126 + 83 mg/L); sulphate (16.4 + 13.9
mg/L); phosphate (4.62 + 2.07 mg/L); Pb (0.14 + 0.03 mg/L); Mn (0.456 + 0.190 mg/L); Ni (0.03 £ 0.03 mg/L); Cd
(0.01 £ 0.001 mg/L); Cr (0.021 + 0.007 mg/L); Cu (0.0923 + 0.035 mg/L) and lower average levels of pH (6.5 + 0.5)
and DO (0.63 £ 0.93 mg/L) were obtained downstream. The levels of most parameters in the effluent exceeded the
effluent guideline for discharge into surface water. River's recovery capacities for the water quality parameters were
fairly good and ranged between 36 and 90 %.
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1. INTRODUCTION

One of the most critical crises in developing countries is the lack of adequate treatment of
drinking water. Rivers, streams, wells, and borehole water are usually used as supplements for
the scarce pipe borne water for drinking with little or no treatment. Drinking such water has led
to the outbreak of epidemics such as cholera and other water related diseases on severd
occasions (Frontiers, 1996; USFDA, 1993; Adesina, 1986). The supply of water in several cities
islimited, and in many cases, water supply is chronically insufficient for the inhabitants. Despite
the inadequacy of water supply, the management and conservation of the available water bodies
is generally poor. Industrial growth is fast increasing globally and so also is the water demand
for industrial productions or processes. This has put more pressure on the limited available water
resources. Water bodies are also constantly used as receptacles for the untreated waste water or
poorly treated effluents accrued from industrial activities, which has rendered many water bodies
unsuitable for both primary and/or secondary usage.

In advanced countries, environmental monitoring agencies are more effective and
environmental laws are dtrictly followed. General environmental quality monitoring is
compulsory and the monitoring of the quality of water resources is done on aregular basis (Neal
and Robson, 2000; USEPA, 2000; Robson and Neal, 1997; USEPA, 1996; USEPA, 1995;
USGS, 1995, USEPA, 1991). Asaresult, any abnormal changes in the environmental or water
quality can easily be detected and appropriate action taken before the outbreak of epidemics.

The case is quite the opposite in many developing countries. Environmental laws where
there are any, are rarely observed. Industrial growth and its associated environmental problem
such as soil, plant, and air contamination is fast increasing (Fakayode and Onianwa, 2002;
Onianwa and Fakayode, 2000). Reports of general water quality contaminations in several cities
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in Nigeria abound (Olgjire and Imeokparia, 2001; Biney et al., 1994; Onianwa, 1993) yet, littleis
known about the effect of effluent discharge as a point source on the water quality of numerous
rivers and streams in the country. Literature on the recovery capacity studies from pollutional
loads or stress, a significant parameter in determining the degree of self -purification ability of
riversisalso sparse or limited.

The present study investigates the effect of the industrial effluent as a point source on the
water quality of areceiving Alaro River in Oluyole Industrial Estate in Ibadan, Nigeria. Ibadan is
the second largest and the second most populated city in Nigeria with an estimated population of
4 million. In addition, the effluent was also sampled and analyzed to evaluate the level of
compliance with the effluent quality guideline for discharge into surface water. The study further
determined the recovery capacity of Alaro River from the effluent pollutional load.

2. MATERIAL AND METHODS
The industries in the Oluyole Industrial Estate range from agrochemical, paper mill, and
pharmaceutical to metal works, construction, foods, and packaging industries. The effluents from
the industries in the estate were connected by a network of canals and channeled directly into
Alaro River as a point source (see Figure 1). Effluent (EFF) was collected as a composite sample
at the point of discharge (PD) into the river at 15 minutes interval over a period of four hours. At
each time of effluent collection, two separate set of samples were collected, one for the
determination of heavy metals and the second for the determination of other physico-chemical
parameters. The point of discharge was chosen as a reference point. Water upstream (UPS) were
sampled at four sampling locations before the point of effluent discharge at a distance of 250 m
apart. Water samples were aso collected downstream after the point of discharge (APD) of the
effluent at ten different sampling locations at 250 m intervals. At each sampling location, the
surface water sample was collected at the middle of the river and stored in a clean polyethylene
bottles that have been prewashed with nitric acid and thoroughly rinsed with deionized water.
The water chemical analysis was done using standard analytical methods of water
analysis (Trivedi and Goyal, 1986; APHA-AWWA-WPCF, 1985; USEPA, 1979). Non-
conservable parameters such as, temperature, pH, and electrica conductivity (EC) were
determined at the time of sampling in the field. The pH of the sample was measured with a pH
meter that has been previously calibrated with buffer solutions and conductivity was measured
with a conductivity meter calibrated with potassium chloride solution. Dissolved oxygen (DO)
was determined by Winkler’'s titration. The dissolved oxygen contents of the effluent or water
samples were fixed on the field by addition of manganous sulphate solution and alkali-iodide-
azide reagents to the sample. The samples were transported to the laboratory where the samples
were titrated with a standard sodium thiosulphate solution. Total solid (TS) was determined
gravimetrically by evaporating a known volume of water sample to dryness in a preweighed
crucible on a steam bath at 105°C. Sulphate (SO,*) was determined by a turbidimetric method.
20 mL of the buffer solution (made from magnesium chloride, sodium acetate, potassium nitrate,
and acetic acid), and a spoonful of barium chloride crystal was added to a known volume of the
sample and stirred on a magnetic stirrer for one minute. The barium sulphate turbidity was then
measured with a UV-visible spectrometer at 420nm. Alkalinity was determined by titrating a
known volume of water sample with 0.10M HCI. Chloride (CI") was analyzed by titration of a
known volume of water sample with standardized 0.014N mercuric (I1) nitrate solution.
Phosphate (PO,*) was determined colorimetrically by ascorbic acid-molybdenum blue method
(APHA-AWWA-WPCF, 1985).
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Heavy metal was determined by digesting a known volume of water sample with
analytical grade HNOg. The digested sample was filtered into a 20 ml standard flask, made up to
the mark with distilled-deionized water and stored in a nitric acid prewashed polyethylene bottle
in the refrigerator prior to the chemical analysis. The water extracts were analyzed for metals
(Pb, Mn, Ni, Cd, Cr, and Cu) by atomic absorption spectrometer. Each sample was analyzed in
duplicate and the average of the results reported. General laboratory quality assurance measures
were always observed to prevent sample contamination and instrumental errors. The water used
throughout the experiment was doubly distilled in an all glass distiller before it was deionized.
Wavelengths setting of the spectrometers used were done daily by the standard instrumental
procedure and other equipment used were always calibrated against reference standards
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Figure 1. Layout of the Oluyole Industrial Estate, Ibadan, Nigeria

3. RESULTSAND DISCUSSION

Alaro River was a clean, clear and free flowing river before the point of the discharge of the
effluent. After the point of discharge, the river became gray-black, stagnant with offensive
odour. Table | shows the average levels of pH, DO, akalinity, EC, chloride, sulphate, phosphate,
and TS with distance at the sampling points. The degree of contamination as a result of effluent
discharge was estimated by the accumulation factor (AF), the ratio of the average level of a
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given parameter downstream after the point of effluent discharge to the corresponding average
level upstream (Tablell).

Tablel: Levelsof pH, dissolved oxygen (DO), akalinity, electrical conductivity,
chloride, sulphate, phosphate and total solids at various sampling points

Sampling Distance pH DO Alkalinity EC Cl SO, PO, TS
Point (m) (mg/L) (mgCaCO4L) (W'em') (mglL) (mglL) (mg/L) (mg/L)
UP4 1000 82 69 520 3400 2799 16 0.19 230
UPS3 750 72 54 450 7300 559.8 3.2 0.17 440
UPS2 500 78 72 370 5600 629.8 2 0.14 245
UPS1 250 81 85 280 6800 4299 23 0.20 400
Average

upstream 78 70 405 5775 4748 2.3 0.18 328.8
*STDEV 05 13 103 1737 1541 0.7 0.03 106.8
EFF 0 54 00 940 22000 12796 52 88.10 2655
APD1 250 55 00 880 20000 1259.6 45 8.44 1995
APD2 500 62 00 840 18000 1240 32 7.47 1755
APD3 750 63 00 790 14000 1169.6 27 6.26 1735
APD4 1000 64 00 780 13000 1149 15 5.41 1535
APD5 1250 67 00 750 13000 1134 12 4.99 1445
APD6 1500 67 00 740 13000 1127 11 4.26 1290
APD7 1750 68 08 700 12000 1070 10 2.81 1220
APDS8 2000 69 11 670 12000 1059.7 4 2.63 1140
APD9 2250 69 19 650 12000 10427 4 2.37 915
APD10 2500 71 25 640 12000 1009.4 4 1.82 760
Average

downstream 65 063 744 13900 1126 164 4.62 1379
*STDEV 05 093 80 2807 83 13.9 2.27 389

*Standard deviation ()

The temperatures of the water upstream and downstream were normal with no significant
difference. The average temperature obtained upstream and downstream of 27.5 °C was about
the values of the ambient air temperatures. The pH levels upstream ranged from 7.2 to 8.2, with
an average level of 7.8. These pH values were normal for unpolluted fresh water (Kudryavtseva,
1999; Chernyavskaya et al., 1993). The acidity of the effluent was low (pH 5.4) compared to the
pH of water upstream. Low pH of the effluent could be attributed to mineral acids such as
hydrochloric, nitric, phosphoric and/or sulphuric acids which are essential reagents or raw
materials in many industries. Discharge of the effluent into the river resulted to a decrease in pH
levels of the water downstream. The pH level was 5.5 at APD1 and 6.2 at APD2. The level of pH
6.9 at APD9 was still slightly acidic and lower than the pH levels obtained upstream. pH has
profound effects on water quality. It affects the metals solubility, the akalinity, and hardness of
the water. Aquatic organisms are also affected by pH because most of their metabolic activities
are pH dependent (Wang et a., 2002; Chen and Lin, 1995; Morgan and McMahon, 1982;
Haines, 1981).
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Table I1: Accumulation factors and percentage recovery capacity of the water quality parameters
Parameters Accumulation Factor *  Percentage Recovery Capacity

Pb 6.1 70.0
Mn 2.7 46.4
Ni 2.7 50.0
Cd 25 50.0
Cr 7.0 75.0
Cu 18.4 50.0
Cr 2.4 53.0
SO, 7.1 42.0
PO,> 26.4 90.4
TS 4.2 56.7
Alkalinity 1.8 36.0
EC 2.4 52.0
ARatio of the average level of agiven parameter downstream to the average
level upstream

DO was not detected in the effluent. This was not surprising considering the high levels
of nutrients, organic loads, and total solids contents of the effluent. DO is very crucial for the
survival of aquatic organisms and is also used to evaluate the degree of freshness of ariver. The
water upstream was rich in DO, with DO levels ranged between 5.4 to 8.5 mg/L. These levels
could adequately sustain aquatic lives. DO was not detected at any sampling location from the
point of effluent discharge and APDG. It was completely depleted until APD7, and the level of
DO a APD10 was just 2.5 mg/L. Depletion of the level of DO downstream was due to the
enormous amount of organic loads which required high levels of oxygen for chemical oxidation,
decomposition or break down.

The levels of akalinity upstream ranged between 280 and 520 mg CaCOs/L, with an
average level of 405 mg CaCOs/L. The average level of akalinity downstream was accumulated
by a factor of 2 compared with the average level of alkalinity upstream. Effluent has an average
level of akalinity of 940 mg CaCOs/L.

Electrical conductivity (EC) is a measure of conducting ionic species in a sample
solution. Effluent was of an average level of EC of 22000/Wem.  High levels of EC of the
effluent could be attributed to the high levels of conducting species such as sulphate, chloride,
phosphate, and heavy metals present in the effluent. EC levels upstream ranged between 3400
and 7300/Wem with an average level of 5775/\WWem, while the levels of EC downstream was of an
average level of 13900/\WWem.

Sulphate levels upstream ranged from 1.6 to 3.2 mg/L with an average level of 2.3 mg/L.
These levels were similar to the natural background sulphate levels of 1-3 mg/L reported in other
unpolluted rivers elsewhere  (Kudryavtseva, 1999; Offiong and Edet, 1998). The level of
sulphate in the effluent was 52 mg/L. Level of sulphate in the effluent could be ascribed to the
use of sulphuric acid or sulphate salts, which are commonly used in several industries. Although
the average level of sulphate of 16.4 mg/L downstream was accumulated by a factor of 7
compared with the average sulphate level upstream, it was comparatively lower than the sulphate
levels of 662 mg/L, 275 mg/L, 168 mg/L and 59 mg/L reported from other pollution studies
elsewhere in rivers receiving industrial waste water or effluents of higher sulphate contents
(Seleznev and Selezneva, 1999; Stamatis, 1999; Riv’er and Litvinov, 1997).
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The average level of phosphate (88.1 mg/L) in the effluent was particularly too high and
of great concern. The major sources of phosphate in the effluent were from phosphoric acid,
phosphate salts and detergents used for washing in the canteens of most of the industries. A
relatively low average phosphate level of 0.175mg/L was found upstream. Discharge of effluent
of high phosphate content into the river resulted in increased levels of phosphate downstream
with an average phosphate level of 4.62 mg/L. Phosphate was the most accumulated nutrient
downstream with an accumulated factor of 26. High levels of phosphate and other nutrients
downstream have led to the eutrophication and outbreak of the growth of alga, which could
further deplete the DO levels of theriver.

The average level of chloride in the effluent was 1279 mg/L. The sources of chloride in
the effluent were likely to be from hydrochloric acid, common salt (NaCl) and other chloride
containing compounds, which are usually used as raw materials particularly in the food
industries. Chloride was of an average level of 474.8 mg/L upstream, and ranged between 279.9
and 629.8 mg/L. The chloride levels downstream were elevated than the chloride level upstream,
with an accumulation factor of 2.4. An elevated level of chloride downstream with a
corresponding low level upstream of receiving effluent rivers of Upper Volga and Danube has
been reported by other researchers in other countries (Chernyavskaya et a., 1993; Riv'er and
Litvinov, 1997).

Effluent was of high TS, with an average TS level of 2655 mg/L. TS is the sum total of
the suspended solid particulates and dissolved materias in the effluent. The levels of TS
upstream were generally lower than the levels downstream with average levels of TS of 328.8
mg/L and 1379.3 mg/L, respectively. Deposition of solid particulates from the effluent through
the river course could lead to the reduction in the volume of the water and also impede the free
flowing of the river. Long term deposition of materials in the river could also result in flooding,
particularly during heavy rain fall which could have both economic and ecological implications.

The levels of heavy metals at the sampling points upstream, downstream and in the
effluent are presented in Table 111. Pb, Mn, and Ni were of average levels of 0.23, 0.93, 0.048
mg/L, respectively, in the effluent, while the average levels of Cd, Cr, and Cu in the effluents
were 0.016, 0.09, 0.237 mg/L, respectively. The sources of the heavy metals from the effluent
could probably be from the metal work, construction and engineering and agrochemical
industries. The average levels of Pb, Mn, Ni, Cd, Cr, and Cu upstream were 0.023, 0.169, 0.011,
0.004, 0.003, and 0.005 mg/L, respectively, while their corresponding average levels
downstream were 0.14, 0.456, 0.03, 0.01, 0.021, 0.092mg/L, respectively. Copper was the most
accumulated metal downstream with an accumulation factor of 18. Lead and chromium were
accumulated by a factor of 6 and 7 than the corresponding average level upstream. Low level of
Pb, Mn, Ni, Cd, Cr, and Cu upstream before the point of effluent discharge with the
corresponding higher level downstream after the point of effluent discharge in many rivers has
also been reported elsewhere (Gasparon and Burgess, 2000; Tsareva et a., 1999; Kashin and
Ivanov, 1997). Water downstream is used for irrigation of many vegetables and other food crops
along the bank of the river because of its high nutrient contents. Accumulation of heavy metals
by crops recelving such contaminated water for irrigation is common and metals could be
biomagnified along food chain to a higher tropic level. Consumption of such food crops could
expose man to untold heavy metal hazards.



AJEAM-RAGEE Volume 10 March 2005 p1-13

Tablelll: Levelsof heavy metals (mg/L) at the sampling points

Sampling Distance Pb Mn Ni Cd Cr Cu
Point (m)

UP+4 1000 0.01 0.160 0.015 0.003 0.003 0.004
UPS3 750 0.02 0.170 0.011 0.006 0.003 0.006
UPS2 500 0.03 0.180 0.009 0.003 0.002 0.005
UPS1 250 0.03 0.165 0.010 0.003 0.002 0.005
Average

Upstream 0.023 0.169 0.011 0.004 0.003 0.005
*STDEV 0.001 0.009 0.003  0.002 0.001 0.001
EFF 0 0.23 0.93 0.048 0.016 0.09 0.237
APD1 250 0.18 0.860 0.032 0.012 0.038 0.128
APD2 500 0.172 0.747 0.030 0.010 0.024 0.122
APD3 750 0.17 0.495 0.029 0.010 0.023 0.117
APD4 1000 0.16 0.388 0.029 0.010 0.020 0.110
APD5 1250 0.16 0.385 0.028 0.010 0.019 0.107
APDG6 1500 0.14 0.375 0.027 0.010 0.019 0.105
APD7 1750 0.11 0.344 0.026 0.010 0.018 0.087
APDS8 2000 0.11 0.329 0.023 0.010 0.017 0.080
APD9 2250 0.10 0.326 0.022 0.009 0.016 0.067
APD10 2500 0.10 0.308 0.022 0.008 0.012 0.010
Average

Downstream 0.14 0.456 0.026 0.010 0.021 0.092
*STDEV 0.03 0.190 0.003 0.001 0.007 0.035
* Standard deviation ()

Table IV compares the quality of the effluent from this study with the effluent quality
guidelines for discharge into surface water in some devel oping and developed countries. Most of
the parameters in the effluent did not meet the minimum requirement to be discharged into the
surface water. Parameters such as chloride, total solids, and phosphate in particular were above
the recommended limits. The effluent was too acidic and its pH was lower than the effluent
quality guideline. However, the levels of sulphate and some metals in the effluent were within
the effluent quality standards. Generally, industrial effluents are toxic and discharge of such
untreated or poorly treated effluent could have serious consequences on aguatic organisms
(Fisher et al., 1998; Moiseenko, 1999).

Unlike in advanced countries where industrial productions are usually done in an
environmentally friendly manner through the use of modern and best available technologies or
processes, many industries in developing countries still use either outdated or the best practicable
technologies due to economic constraints. Treatment of effluents to recommended and safe
levels requires additional overhead cost which several industries either cannot afford or are not

willing to pay.
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Table 1V: Comparison of the effluent quality from this study with effluent standards of some
countries

Effluent from
Parameter this study Chind®  Japan” Caribbean® Kenya® Uganda™ Nigerid®

pH 54 6.0-9.0 6-8.5 6-9 6.9-85 6-8 6-9
DO (mg/L) 0.0 - - - - - -
Alkalinity(mg 940 - - - - - -

CaCOs/L)

EC (W'ecm™) 22000 - - - - - -
Cl"(mg/L) 1279.6 - - 1000 30 600
SO, (mglL) 52 - - - 1000 500 500
PO, (mg/L) 88.1 - - - - - 5.0
TS (mglL) 2655 - - - - - 2000
Pb (mg/L) 0.23 - 0.1 0.1 3 0.1 1
Mn (mg/L) 0.93 10 10 - - 1.0 5.0
Ni (mg/L) 0.048 1 - 3.0 1.0 1.0 1.0
Cd (mg/L) 0.016 0.03 0.1 2 0.5 0.5 1
Cr (mg/L) 0.09 2.0 0.1 2.0 1.0 1.0 1.0
Cu (mg/L) 0.237 3.0 1.0 3.0 1.0 1.0 1.0

A Source: NEMAMNR, 1997: © Source: FEPA, 1983

The water of Alaro River is generally used for washing, cooking, fishing, and irrigational
purposes. The water is also used for drinking with little or no pretreatment under acute or chronic
water shortage. The quality parameters of water from the river were therefore compared with
drinking water guidelines. The overall average levels of the water quality upstream and
downstream as compared with the drinking water quality standards of some regulatory bodies are
shown in Table V. Almost all the parameters determined upstream were within the maximum
permissible limit for drinking water, while the levels of parameters such as akalinity, EC, CI’,
TS, Pb, Cd, and Cr downstream were significantly above the recommended maximum
permissible limit.

Statistical method of analysis was employed to determine the nature and the possibility of
other sources of pollutants in the river apart from the effluent. Regression analysis was used to
evaluate the correlation between water quality parameter pairs upstream and downstream. There
was no significant correlation (at p < 0.05) upstream between DO/alkalinity, DO/CI", DO/PO,*,
DO/TS, akalinity/EC, alkdinity/Cl, SOs*/akalinity, PO, >/akalinity, TS/akalinity, EC/CI’,
EC/IPO,*, CI'/SO.Z, CIITS, POs>/SO.*, POITS, pH/DO, pH/akalinity, pH/CI", pH/PO,%,
pH/TS, Pb/Mn, Pb/Cd, Pb/Cu, Mn/Cd, Mn/Cr, Ni/Cd, Ni/Cu, Cd/Cr, and Cr/Cu, whereas they
were highly correlated downstream (see Table VI). Non correlation between these parameters
upstream was a strong indication of absence of other common source of polluting substances
upstream. Slight correlations only occurred between CI/PO,>, Mn/Ni and Cd/Cu upstream
which could probably be attributed to the intrusion of these parameters from unavoidable or
natural phenomena such as leaching of soil nutrients and water run-off. High correlations
between al the pair quality parameters downstream confirmed the effluent as the primary and the
only common source of the pollutants.
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Table V. Comparison of the water quality upstream and downstream
with the drinking water guidelines

Parameter Upstream Downstream  Maximum Organization/Body
permissible limit

pH 7.8 6.5 6.5-9.2 WHO, 1984, 1S, 1983

DO (mg/L) 7.0 0.63 -

Alkalinity 405 744 500

(mg CaCOg/L)

EC (W'em?®) 5775 13900 2500 WHO, 1984

Cl" (mg/L) 474.8 1126 250 WHO, 1984;
USEPA, 1989

SO/ (mg/L) 23 16.4 400 WHO, 1984

PO, (mg/L) 175 4.62 -

TS (mgl/L) 328.8 1379 1000 WHO, 1984

Pb (mg/L) 0.023 0.14 0.01-0.06 WHO, 1984; EC, 1980;
CWQG, 1995

Mn (mg/L) 0.169 0.46 -

Ni (mg/L) 0.011 0.03 1.0 WHO, 1984

Cd (mg/L) 0.004 0.01 0.005 WHO, 1984; CWQG, 1995

Cr (mg/L) 0.003 0.021 0.05 WHO, 1984; USEPA, 1989;
CWQG, 1995

Cu (mg/L) 0.005 0.092 1 WHO, 1984; CWQG, 1995

The knowledge of the overall concentration of pollutants in the effluent receiving rivers
or streams s critical, but is not enough to determine the spatial and temporal changes of the river
water quality from pollution stress. River or stream has natura recovery capacity or self-
purification ability in which the pollutants are removed, redistributed, decomposed or
transformed to harmless substances. Self-purification capacity of water is a good indicator to
evaluate the ecological status of awater body (Ernestova and Semenova, 1994). Self-purification
of rivers primarily involves chemical oxidation, biodegradation of organic material, volatilization
of volatile organic compounds, and deposition of solid or particulate materials into the sediment
and dilution of the contaminants by water. Self-purification of river involves complex
mechanism and depends on several factors such as the flow rate, time, temperature, presence of
micro organisms, pH, and dissolved oxygen content of the water. The nature of the contaminants
also plays significant roles on the river recovery capacity. Hence, some rivers quickly recover
from pollution stress than others depending on the prevailing factors. The degree of river's
recovery capacity (RRC) expressed in percentage of the Alaro River over the stretch of the
investigated river section from the effluent pollutional loads was calculated using the formula
adapted from Ernestova and Semenova (1994):

RRC = (£-S) *100

S

where, Syisthe level of the parameter at the furthest-downstream sampling point (APD10) and S
is the corresponding average level upstream where there was no pollution. The percentage
recovery capacities of the river for Mn, Ni and Cd were 46.4 %, 50.0 %, 50.0 %, while the
percentage recovery capacities for Pb and Cr were 70 and 75 %, respectively. The natural heavy
metal removal mechanisms from river are through redistribution and partitioning of the metals
between water and sediment and bioaccumulation by plants or aquatic organisms. Chloride,
sulphate, TS and akalinity have percentage recovery capacities of 53 %, 42 %, 56.7 % and 36.0
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%, while phosphate has the highest percentage recovery capacity of 90 %. Although deposition
of these materials into sediment plays prominent role in their natural remova from water,
phosphate could particularly also be utilized as nutrient by alga and other aquatic plants. This
might explain the high percentage recovery capacity of the river for phosphate. Sedimentation is
a mechanism of removing pollutants from the river, but it could also serve as a secondary source
of pollution through the redistribution of the deposited pollutants back into the water under
certain conditions.

Table VI. Correlation coefficient between water quality parameter pairs
upstream and downstream

Correlation coefficient (r’)

Quality parameter pairs upstream downstream
DO/alkalinity 0.45 0.68
DO/CI 0.07 0.68
DO/PO,* 0.13 0.63
DOITS 0.03 0.75
Alkalinity/EC 0.37 0.78
Alkalinity/Cl 0.15 0.98
SO, #/akalinity 0.02 0.89
PO,*/alkalinity 0.00 0.98
TY alkalinity 0.14 0.95
EC/CI 0.42 0.80
EC/PO,* 0.01 0.80
Cl/1SO% 0.28 0.88
cl/TS 0.06 0.94
PO,*/SO* 0.01 0.90
PO2ITS 0.10 0.94
Pb/Mn 0.44 0.57
Pb/Cd 0.03 0.50
Pb/Cu 0.18 0.90
Mn/Cd 0.01 0.51
Mn/Cr 0.26 0.83
Ni/Cd 0.00 0.63
Ni/Cu 0.40 0.76
Cd/Cr 0.33 0.82
Cr/Cu 0.01 0.53
pH/DO 0.01 0.50
pH/alkalinity 0.02 0.89
pH/CI 0.44 0.87
pH/PO,* 0.47 0.89
pHITS 0.35 0.86
Cl'/PO* 0.65 0.98
Mn/Ni 0.60 0.62
Cd/Cu 0.67 0.70

10



AJEAM-RAGEE Volume 10 March 2005 p1-13

4. CONCLUSION

The results of the study revealed that the water qualities of Alaro River were adversely affected
and impaired by the discharge of industrial effluent. The levels of parameters downstream were
significantly elevated than the corresponding levels upstream. The quality of the industria
effluent was poor and did not meet the minimum requirement to be discharged into surface
water. The river’'s recovery capacities over the stretch of the studied section were fairly good but
vary among the water quality parameters.

5. RECOMMENDATIONS

Effluents should be treated to safe levels by the industries before discharging to the rivers or
streams. Nigerian Environmental Protection Agency and other environmental regulatory bodies
should be more aggressive and effective in environmental monitoring, assessment and
enforcement of environmental laws and regulations. People should desist from the use of
effluents or contaminated water for irrigation of any kind. Finally, simple water treatments such
as filtration, addition of alum and boiling are recommended before water is used for washing,
cooking or drinking to prevent the outbreak of epidemics in this fast growing developing and
highly populated country.

ACKNOWLEDGEMENT
The author gratefully acknowledges the assistance rendered by Mr. Idowu Shaheed during field
sampling and sample preparation.

REFERENCES

Adesing, H. O. (1986). Urban Environment and Epidemic Disease. Proceedings of National Conference
on Development and the Environment. Nigerian Institute of Social and Economic Research,
Ibadan, Nigeria. 234-256.

APHA-AWWA-WPCF (1985). Standard Methods for the Examination of Water and
Wastewater, APHA-AWWA-WPCF, Washington DC.

Biney, C., Amuzu, A. T., Calamari, D., Kaba, N., Mbome, I. L., Naeve, H., Ochumba, P. B. O.,
Osibanjo, O., Radegonde, V., Saad, M.A. H. (1994). Review of Heavy Metas in the
African Aquatic Environment. Ecotoxicology and Environmental Safety 28, 134-159.

Canadian Water Quality Guideline (CWQG) (1995). Canadian Water Quality Guideline.

Chen, J. C., and Lin, C. Y. (1995). Responses of Oxygen Consumption, Ammonia-N Excretion and Urea-
N Excretion of Penaeus chinensis Exposed to Ambient Ammonia at Different Salinity and pH
Levels. Aquaculture 136, 243-255.

Chernyavskaya, A. P., Denisova, A. ., Babich, I. 1., Zimina, S. A., Gerashchenko, L. V., Serebryakova,
T. M., Tsuranich, V. V., Krut ko, O. F. (1993). Chemica Composition of the Danube River.
Water Resources 20 (4), 440-446.

Ernestova, L. S, and Semenova, I. V. (1994). The Self-purification Capacity of Natural Water as an
Indicator of the Ecological State of a Water Body. Water Resources 21, (2), 146-150.

European Community (EC) (1980). Official Gazette No. L. 229/11-229/29.

Fakayode, S. O., and Onianwa, P. C. (2002). Heavy Metals Contamination of Soil and Bioaccumulation in Guinea

Grass (Panicum maximum) Around Ikeja Industrial Estate, Lagos, Nigeria. Environmental Geology 43,
145-150.

Federal Environmental Protection Agency (FEPA) (1983). Effluents Limit for Discharge into Surface
Water. Nigerian Environmental Protection Agency.

11



AJEAM-RAGEE Volume 10 March 2005 p1-13

Fisher, D. J, Knott, M. H., Turley, B. S., Yonkos, L. T., Ziegler, G. P. (1998). Acute and Chronic
Toxicity of Industrial and Municipal Effluents in Maryland, U.S. Water Environment Research
70 (1), 101-107.

Frontiers (1996). Tracking A Killer: Following Cholera with Every Available Means.
http://www.nsf.gov/od/l pa/news/publicat/frontier/10-96/10chlrahtm (Retrieved on August 4th,
2003).

Gasparon, M., and Burgess, J. S. (2000). Human Impacts in Antarctica: Trace Element Geochemistry of
Freshwater Lakes in the Larsemann Hill, East Antarctica. Environmental Geology 39 (9), 963-
976.

Haines, T. A. (1981). Acidic Precipitation and its Consequences for Aquatic Ecosystems: A Review.
Transactions American Fisheries Society. 110 (6), 669-707.

Indian Council of Medical Research (ICMR) (1975). Manual of Standard of Quality for Drinking Water
Supplies. Indian Council of Medical Research, Spe. Rep. No. 44, 27.

Indian Standard Institution (1SI) (1983). Specification for Drinking Water, 15: 10500: Indian Standard
Institution, New Delhi.

Kashin, V. K., and M Ivanov, G. (1997). Nickel in Natural Waters of Transbaikalia. Water Resources
24(3), 285-288.

Kudryavtseva, L. P. (1999). Assessment of Drinking Water Quality in the City of Apatit. Water
Resources 26(6), 659-665.

Moiseenko, T. I. (1999). Assessment of Environmental Hazard due to Water Pollution by Metals. Water
Resources 26(2), 162-173.

Morgan, D. O., and McMahon, B. R. (1982). Acid Tolerance and Effects of Sublethal acid Exposure on
lono-regulation and Acid-base Status in Two Crayfish Procambarus clarki and Orconectes
rusticus. Journal of Experimental Biology 97, 265-275.

Neal, C., and Robson, A. J. (2000). A Summary of River Water Quality Data Collected Within the Land-Ocean
Interaction Study: Core Data for Eastern UK Rivers Draining to the North Sea. Science of the Total
Environment 251/252, 585-665.

Natural Environmental Management Authority Ministry of Natural Resources (NEMAMNR) (1997).
Environmental Standards and Preliminary Environmental Impact Assessment for Water Quality
and Discharge of Effluent into Water/Land. Uganda, Kampala.
http://www.nemaug.org/monitoring/Preliminary%20El A %20& %20standards%20f or%20water.p
df (Retrieved August 4, 2003).

Offiong, O. E., and Edet, A. E. (1998). Water Quality Assessment in Akpabuyo, Cross River Basin,
South-eastern Nigeria. Environmental Geology 34(2&3), 167-174. Onianwa, P. C., and
Fakayode, S. O. (2000). Lead Contamination of Topsoil and Vegetation in the Vicinity of a
Battery Factory in Nigeria. Environmental Geochemistry and Health 22, 211-218.

Onianwa, P. C. (1993). Environmental Pollution Studiesin an Underdeveloped Country (I): Heavy Metal
Pollution in Ibadan, Nigeria. International Journal of Environmental Education and Information
12, 25-34.

Olgjire, A. A., and Imeokparia, F. E. (2001). Water Quality Assessment of Osun River: Studies on
Inorganic Nutrients. Environmental Monitoring and Assessment 69, 17-28.

Riv er, I. K., and Litvinov, A. S. (1997). A Study of Regions Subject to Increase Environmental Danger
in Reservoirs of the Upper Volga. Water Resources 24 (5), 546-555.

Robson, A. J, and Neal, C. (1997). A Summary of Regional Water Quality for Eastern UK Rivers.
Science of the Total Environment 194 & 195, 15-39.

Seleznev, V. A., and Selezneva, A. V. (1999). Evaluation of the Impact of Wastewater from Tolyatti on
Water Quality in the Saratov Reservoir. Water Resources 26(3), 316-320.

Stamatis, G.  (1999). The Chemical Composition of the Surface System of Peneos River,
Thessaly/Central Greece. Environmental Geology 38(2), 126-140.

Trivedi, R. K., and Goyal, P. K. (1986). Chemical and Biological Methods for Water Pollution Studies,
Environmental Publications, Karad.

12



AJEAM-RAGEE Volume 10 March 2005 p1-13

Tsareva, S. A., Chesnokova, T. A., Grinevich, V. |., Kostrov, V. V. (1999). Forms of Metals Occurrence
in Water and Bottom Deposits of the Uvod Reservoir. Water Resources 26(1), 62- 66.

United States Environmental Protection Agency (USEPA) (2000). 2000 National Water Quality
Inventory. http://www.epa.gov/305b/2000report/ (Retrieved August 6, 2003).

United States Environmental Protection Agency (USEPA) (1996). Environmental Indicators of Water
Quality in the United States. EPA 841- R-96-002.

United States Environmental Protection Agency (USEPA) (1995). Nationa Water Quality
Inventory 1994 Report to Congress. EPA 841- R-95-005, Washington DC United States
Environmental Protection Agency (USEPA) (1991). 1991 Toxic Release Inventories
Public Data Release. EPA-745-R-93-003 Washington DC

United States Environmental Protection Agency (USEPA) (1989). Is Your Drinking Water Safe?
Environmental Protection Agency. (WH-550), 570/9, 89-105.

United States Environmental Protection Agency (USEPA) (1979). Handbook for Analytical Quality
Control in Water and Wastewater Laboratories, EPA 600/4-79-019. USEPA, Cincinnati

United States Geological Survey (USGS) (1995). Water Used in the United States. U.S. Geological
Survey. http://water.usgs.gov/watuse/ (Retrieved August 6, 2003).

United States Food and Drug Administration (USFDA) (1993). Epidemic Cholera-Burundi and
Zimbabwe, 1992-1993. http://vm.cfsan.fda.gov/~mow/cholerahtml (Retrieved on August 4,
2003).

Wang, W., Wang, A., Chen, L., Liu, Y., Sun, R. (2002). Effects of pH on Survival, Phosphorus
Concentration, Adenylate Energy Charge and Na'™-K" ATPase Activities of Penaeus chinensis
Osbeck Juveniles. Aquatic Toxicology 60, 75-83.

World Health Organization (WHO) (1984). Guideline for Drinking Water Quality Recommendations,
(vol.1). World Health Organization, Geneva.

13



