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ABSTRACT: Water pollution, particularly, surface water results from all activities of man
involving indiscriminate waste disposal from industry such as effluents into waterways,
waste, agricultural waste, and all forms of man’s activities that results in contamination of
the surface water. Wastewater samples were collected from two (2) carefully selected
industries and the Physico-Chemical parameters were analyzed and compared to FEPA
(Federal Environmental Protection Agency) standard. DO of the analysis ranged from 6.5 —
9.7mg/l, BOD value range from 3.2 — 8.8mg/l, there was no significant difference among
study stations (P>0.05), TDS showed a high significant difference (P<0.001). The results
obtained from the analysis indicated that the effluents from the industries were relatively
treated as the contaminants sampled were within statutory limits. It was however observed
that the effluent from this brewery was relatively treated. © JASEM
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Introduction: Water pollution, particularly, surface
water results from all activities of man involving
indiscriminate waste disposal from industry such as
effluents into waterways, waste, agricultural waste,
and all forms of man’s activities that results in
contamination of the surface water. Pollution is
caused when a change in the physical, chemical or
biological condition in the environment harmfully
affect quality of human life including other animals’
life and plant (Lowel and Thompson, 1992; Okoye et
al., 2002). Industrial, sewage, municipal wastes are
been continuously added to water bodies hence affect
the physico-chemical quality of water making them
unfit for use of livestock and other organisms
(Dwivedi and Pandey, 2002).

Industrial effluent is unwanted water generated from
industrial  activities and are inappropriately
discharged into the environment or receiving stream.
Its characteristics provide basic information about the
integrity of the rivers and streams into which they are
discharged (Kanu et al., 2006). Effluent discharge
into the environment with enhanced concentration of
nutrient, sediment and toxic substances may have a
serious negative impact on the quality and life forms
of the receiving water body when discharge untreated
or partially treated (Forenshell, 2001; Schulz and
Howe, 2003). Water pollution by effluent has become
a question of considerable public and scientific
concern in the light of evidence of their extreme
toxicity to human health and to biological ecosystems
(Katsuro et al., 2004). The occurrence of heavy of
metals in industrial and municipal sewage effluents

constitute a major source of the heavy metals entering
aquatic media.

The world health organization (WHO, 2006) and
other concerned organization including local
organizations have established international standard
of chemical bacteria quality for portable drinking
water and other water uses as an aid to the
improvement of safe sanity quality. Therefore, for
evaluating present and future sustenance of the
surface water for social-economic growth (since the
pollution of water in a place can lead to the
contamination of water body at other remote regions),
the level or concentration of physico-chemical
parameters which determines the use of particular
water must be periodically monitored. This work was
carried out to analyze the effluent discharged from
industries and to compare the results with Federal
Environmental Protection  Agency  (FEPA)
permissible standard for industrial waste discharge.

MATERIALS AND METHODS

Description of Study Area: Edo State lies roughly
between longitude 060 04'E and 060 43'E and latitude
050 44' N and 070 34' N. Edo State has a tropical
climate characterized by two distinct seasons: the wet
and dry seasons. The wet season occurs between
April and October with a break in August, and an
average rainfall ranging from 150 cm in the extreme
north of the State to 250 cm in the south. The dry
season lasts from November to April with a cold
harmattan spelling between December and January.
The temperature averages about 25 °C (77 °F) in the
rainy season and about 28 °C (82 °F) in the dry
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season. The climate is humid tropical in the south and
sub-humid in the north.

Samples Collection and Preparation: Wastewater
samples were collected from two (2) carefully
selected industries (station 1 and station 2). In station
1 effluent were channeled to the receiving water
through a stationary underground pipe. While in
station 2 a well-constructed concrete drainage was
used to channel the effluent into the river. Station 1
and 2 is the point where the wastewater from the two
breweries enters the river and samples were collected
at the point of entering the river. Samples were
collected in 250ml glass bottles for DO and BOD,
also samples were collected in plastic bottles for other
physico-chemical  parameters, pre-cleaned by
washing with non-ionic detergents and rinsed with
distilled water. The DO was fixed with Winkler
solution A and Winkler solution B and cooled till it
got to the laboratory for analysis. Before sampling;
the bottles were rinsed three times with the sample
water before being filled with the sample. The actual
samplings were done by dipping the sampling bottles
at approximately 20-30cm inside the discharge outlet.
The samples were then transported in cooler boxes
immediately to the laboratory for further analysis.

Physicochemical Analysis: All field meters and
equipment’s were checked and calibrated according
to the manufactures specification, samples collected
where analyzed for pH, temperature, electrical
conductivity Dissolved oxygen, organic matter, total
dissolved solids (TDS), Total suspended solids
(TSS), total solids (TS), organic carbon, chemical

oxygen demand (COD), chlorinity, calcium,
magnesium,  sodium,  potassium, ammonium,
sulphate, nitrate, phosphate and bicarbonate,

biological oxygen demand (BOD), Samples were
analyzed according to, APHA, 1995; Boyd C. E.,
1979; Gordon et al, 1994.

RESULTS

The results of effluents analysis from study stations is
presented in Table 1.

The mean pH of effluent ranged from 5.2 — 6.6 in
both stations. The most acidic station however was in
station 1 having a mean average pH of 6.5. There
was no significant difference (P>0.05) among the
study stations.
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The mean Electrical Conductivity valvues ranged
from 75uS/cm — 840 uS/cm, 175 upS/cm - 2340
pS/cm in station 1 and 2 respectively. The highest
value was recorded in station 2 (2340 pS/cm) and the
lowest value was recorded in station 1 (75uS/cm).
There was a high significant difference (P<0.01) in
the mean values of conductivity among the study
stations.

The mean salinity values ranged from 0.209 mg/Il and
0.579mg/I in station 1 and station 2 respectively.

The mean colour values ranged from 17.25 and 21.25
in station 1 and 2 respectively. The highest value was
recorded in station 2 (35.1) and the lowest value was
recorded in station 1 (7.4). There was no significant
difference (P>0.05).

The turbidity range values for the two stations were
10.5 — 15.7NTU, 5.8 — 24.8NTU respectively. The
turbidity values from the study were however not
significantly different (P>0.05).

The mean Total suspended solids (TSS) range values
for station 1 and 2 were recorded as 18.4 — 23.9mg/I
and 12.9 — 47.2mg/l respectively. The TSS values
obtained from the study stations had no significant
difference (P>0.05). Total dissolved solids range
values for both stations were recorded as 34.5 —
430mg/l and 119 — 1180mg/l respectively. The TDS
values obtained in the study stations show a high
significant difference (P<0.001).

Dissolved oxygen fluctuates between 6.5 — 9.7mg/l.
The highest value 9.7mg/l was recorded in station 2.
There was no significant difference (P>0.05) among
study stations.

Biological oxygen demand values recorded were in
the range of 3.8 — 8.8mg/l for both station land 2
respectively. The average mean values for both
stations were observed as 6.8 — 7.5mg/l. There was no
significant difference (P>0.05) among the study
stations.

Chemical oxygen demand values ranges from 61.6 —
92.1mg/l and 40.6 — 140.8mg/l in station 1 and 2
respectively. There was no significant difference
(P>0.05) among study stations. Alkalinity was taken
as HCO; with values ranging from 40.7- 238mg/l and
13.0 — 780mg/l in station 1 and 2 respectively.
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Table 1: Physio-Chemical Parameter Chi-Square Test Was Used To Analyzed the Test of Significant

Parameter  Station 1 Station 2
vl Min Max kvl Min Max X P-values ~ FEPA
X +sD X +sD
PH 5.7+0.707 5.2 6.2 6.5+0.141 6.4 6.6 0.782° P>0.05 6-9
EC 457.5+540.937 75 840 207.5+45.962 175 2340 93.844°  P<0.001 1000
Sal 0.209+0.241 0.039 038  0.579:0.665 0.0109  1.05
Col 17.25+2.758 153  19.2  21.25%19.587 7.4 35.1 0.421° P>0.05 7
Turb 13.1£3.677 105 157  15.3+13.435 5.8 24.8 0.143 P>0.05 5
TSS 21.15+3.889 184 239  30.05+24.254 12.9 47.2 1.588" P>0.05 30
TDS 232.25+279.661 345 430 649.5+750.240 119 1180 1.981E2*  P<0.001 2000
DO 6.810.424 6.5 7.1 7.5£3.111 5.3 9.7 0.067° P>0.05 7.5
BODs 4.2+0.566 3.8 4.6 6+3.959 3.2 8.8 0.400° P>0.05 50
coD 76.85+21.567 61.6 921  90.7+70.852 40.6 140.8  1.167° P>0.05 150
HCO; 139.35+139.512 40.7 238 396.54542.351  13.0 780 1.242E2*  P<0.001
Na 7.59+8.075 1.88 133  50.14465.421 3.88 96.4 30.414*  P<0.001 200
K 3.725+4.349 065 68 8.775+10.501 1.35 16.2 1.923° P>0.05
Ca 7.32+4.073 444 102  7.925%5.480 4.05 11.8 0.067° P>0.05 200
Mg 2.01+0.863 140 262  2.165+1.336 1.22 3.11 0.000° P>0.05 200
cl 63.25+10.819 556 709  77.95:65.266 318 1241  1.596° P>0.05 600
P 5.51545.918 133 970  12.965+15.889 173 24.2 2.579° P>0.05 5
NH.N 8.149+11.386 0.098 2.62  0.716x0.897 0.081  9.15 5.444° P<0.05
NO, 0.739+0.963 0.058 142  4.059+5.658 0.058  8.06 1.800° P>0.05
NO; 5.694+7.928 0.088 113  14.674+20543  0.148  29.2 3.857° P<0.05 20
SO, 9.1611.229 122 171 3531548345 113 69.5 15.364*  P<0.001 500
Fe 2.755+1.181 192 359  1.645+1.902 0.30 2.99 0.200° P>0.05 20
Mn 0.330.255 015 051  0.1495:0.064  0.15 0.24 5
Zn 0.785+0.488 0.44 113 0.78+0.042 0.75 0.81 0.000° P>0.05 <1
Cu 0.775+0.502 042 113  0.755:0.601 0.33 1.18 0.000° P>0.05 <1
Cr 0.074+0.026 0.055 0.092  0.032+0.027 0.013  0.051 0.05
Cd 0.077+0.0749 0.024 013  0.046:0.034 0.022  0.07 <1
Ni 0.0390.029 0.018  0.062  0.029+0.022 0.013 0044
Pb 0.026+0.016 0.015 0.037  0.041%0.019 0.027  0.054 <1
\Y 0.029+0.018 0.016  0.041  0.026+0.009 0.019  0.032 <1
THC 0.37+0.481 050 071  0.305:0.276 0.11 0.5
Note:
P<0.001 - Very highly significantly different
P<0.05 - Highly significantly different
P>0.05 - Not significantly different

Key: THC= Total hydrocarbon content, EC=Electrical Conductivity, Turb=Turbidity, TSS=Total Suspended

Solids, TDS=Total Dissolved Solids,
COD=Chemical Oxygen Demand, Col=Colour

Range values of sodium for both stations were
recorded as 1.88 — 13.3mg/l and 3.88 — 96.4mg/l in
station 1 and 2 respectively. The highest value in
station was recorded as13.3mg/l and in station 2 as
96.4mg/l. There was a highly significant value
observed (P<0.001) among study stations. Potassium
highest value was recorded as 6.8mg/l in station 1 and
16.2mg/l in station 2. There was no significant
difference (P>0.05) among study stations. Calcium
values in Station 1 and 2 ranged 4.44 — 10.2mg/l and
4.05 — 11.8mg/l respectively. The lowest value for
calcium in station 1 was recorded as 4.44mg/l and for

DO=Dissolved Oxygen,

BOD=Biological Oxygen Demand,

station 2 as 4.05mg/l. There was no significant
difference (P>0.05) among study stations. The
minimum and maximum values of magnesium for
both station 1 and 2 were recorded as 1.40 — 2.62mg/I
and 1.22 — 3.11mg/l respectively. Highest value for
magnesium recorded were 2.62mg/l and 3.11mg/l in
station 1 and 2 respectively. There was however, no
significant difference (P>0.05) in the mean values of
magnesium content in the study stations. Chlorine
content values ranged from 55.6 — 70.9mg/l and 31.8
— 124.1mg/l in station 1 and 2 respectively. There
was no significant difference (P>0.05) among the
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study stations. The values of phosphate ranged from
1.33 — 9.70mg/l and 1.73 — 24.2mg/l in station 1 and
2 respectively. There was no significant difference
(P>0.05) in the mean value of phosphate in study
stations. Average mean value for ammonia content
ranged from 8.149mg/l and 0.716mg/l in station 1 and
2 respectively. Minimum and maximum value in both
study stations were recorded as 0.098 — 2.62mg/l and
0.081 — 9.15mg/l. There was a highly significant
value (P<0.05) among the study stations. Average
mean value for nitrous oxide content ranged from
0.739mg/l and 4.059mg/l in both station 1 and 2
respectively. Minimum and maximum value range
from 0.058 — 1.42mg/l and 0.058 — 8.06mg/l in both
stations respectively. There was no significant
difference (P>0.05) among the study stations. Nitrate
values ranged from 0.088 — 11.3mg/l and 0.148 —
29.2mg/l in both station 1 and 2 respectively. The
mean average of nitrate in both stations was observed
as 5.694 mg/l and 14.674mg/l. There was highly
significant difference (P<0.05) among the study
stations. Sulphate Values ranged from 1.22 -
17.1mg/l and 1.13 — 69.5mg/l in station 1 and 2
respectively. The mean average of Sulphate was
observed as 9.16mg/l and 35.315mg/l in station 1 and
2 respectively. The Sulphate values shows very
highly significance (P<0.001) among study stations.

The values ranged recorded for iron in both station 1
and 2 were 1.92 — 3.59mg/l and 0.30 — 2.99mg/I
respectively. The highest value was recorded in
station 1 (3.59mg/l) and the lowest in station 2
(2.99mg/l). There was no significant difference
(P>0.05) in the mean values of iron content in the
study stations. Manganese range values for station 1
and 2 are 0.15 — 0.51mg/l and 0.15 — 0.24mg/l
respectively. The highest mean average was recorded
in station 1 (0.33mg/l) and lowest in station 2
(0.1495mg/l). The minimum and maximum value
range of zinc in station 1 and 2 was recorded as 0.44
— 1.13mg/l and 0.75 — 0.81mg/l respectively. The
mean average was recorded as 0.785mg/l and
0.78mg/l in both station 1 and 2 respectively. There
was no significant difference (P>0.05) in the mean
values of zinc content in the study stations. Station 1
and 2 had range values of 0.42 — 1.13mg/l and 0.33-
1.18mg/1 respectively for copper. The mean average
was recorded as 0.775mg/l and 0.775mg/l. There was
no significant difference (P>0.05) in the mean values
of copper content in the study stations. The range
value recorded for chromium in station 1 and 2 were
0.055 - 0.092mg/l and 0.013 - 0.051mg/Il
respectively. The mean observed for both stations
was recorded as 0.074mg/l and 0.032mg/l in station 1
and 2 respectively.

The range value recorded for chromium in station 1
and 2 was 0.024-0.13mg/l and 0.022 — 0.07mg/I
respectively. The mean for both stations was recorded
as 0.077mg/l and 0.046mg/l. Nickel had range values
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of 0.018 — 0.062mg/l and 0.013 — 0.044mg/l in both
station 1 and 2 respectively. The mean was recorded
as 0.039mg/l and 0.029mg/l in station 1 and 2
respectively.

Lead had range values of 0.015 — 0.037mg/l and
0.027 - 0.054mg/l in station 1 and 2 respectively. The
mean of the study stations were recorded as
0.026mg/l and 0.041mg/I respectively. Vanadium had
range values of 0.016 — 0.041mg/l and 0.019 -
0.032mg/I respectively in both station 1 and 2. Total
hydrocarbonlt had range values of 0.50 — 0.71mg/l
and 0.11 - 0.54mg/1 respectively in both station 1 and
2. The mean average of the study stations were
recorded as 0.37mg/l and 0.305mg/I for station 1 and
2 respectively.

DISCUSSION

The problems associated with the dispersal of
industrial and urban wastes generated by human
activities are the contamination of the soil, controlled
and uncontrolled disposal of wastes, accidental and
process spillage, mining and smelting of
metalliferous ores and sewage sludge application to
agricultural soils.

The range values of pH 5.2 — 6.2, 6.4 — 6.6 was
recorded in station 1 and 2 respectively. The low pH
of 5.2 at the contact point which is acidic can be
attributed to the concentration of the waste coming
out of the station, and were not within the FEPA
regulatory unit of 6--9 set for discharge into surface
water. The acidic nature of an industrial effluent is
capable of stemming the pH of their respective
receiving water bodies thereby, destabilizing
fundamental properties such as alkalinity, metal
solubility and hardness of water. High pH in African
rivers have earlier been recorded by various workers
(Egborge A. B. M,et.,al 1986; Fufeyin P. 1987;
Ogbeibu AE, et.,al 1989) indicating that water is
moderately acidic with little fluctuations in pH values
recorded.

Electrical conductivity (EC) is a measure of the total
ionic composition of water and therefore its overall
chemical richness. It is primarily determined in water
by the presence and levels of concentration of sodium
and magnesium ions and to some extent calcium ions.
Their ions help buffer the effect of bicarbonate and
carbonate ions, thus maintaining the pH. The EC of
the water samples ranged with lowest mean average
in station 2 as 207.5uS/cm and highest recorded in
station 1 as 457.5 puS/cm, there was a high significant
difference (P<0.01) in the mean values of
conductivity among the study stations. The EC of
water is a useful and easy indicator of its salinity or
total salt content. In the present study the salinity
values are less than 1000 pS/cm set by the FEPA
(FEDERAL ENVIRONMENTAL PROTECTION
AGENCY).
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It is known that calcium and magnesium along with
their carbonates, sulphates and chlorides naturally
confer temporary and permanent hardness. Water
having 0-75mg CaCO; was describe as soft, 75-
15075mg CaCOj as hard water while samples having
total hardness of over 300mg CaCOsL as hard
according to Adeyeye and Abulude (2004). Samples
of water collected at various points and brewery
effluent samples were below hard water concentration
limits, as the amount of calcium and magnesium was
low as compared within the FEPA permissible limit
of 200mg/l. The low values of calcium and
magnesium in the various samples collected from the
effluent may have resulted from the rapid dissolution
of calcium and magnesium in the flowing effluent
into open waters.

Total suspended solids (TSS) mean range from
21.15mg/l to 30.05mg/l respectively. The value
obtained from wastewater collected in station 2 as
30.5 was slightly above 30mg/I permissible limit set
by FEPA. If this waste water is applied directly to
agricultural field or discharged into rivers and stream,
this could make it unsuitable for aquatic life. For the
total dissolved solids (TDS), values obtained for all
samples assayed were within the permissible limit set
by FEPA.

Polluted water contains low levels of dissolved
oxygen (DO) as a result of heavy biological oxygen
demand(BOD) and chemical oxygen demand(COD)
placed by effluent discharged into surface water. This
makes water unsuitable for drinking and irrigation
(Hari et al., 1994) or any other use. Lowest mean for
DO concentration was recorded in station 1 as
6.8mg/l. The mean value for COD observed were
76.85mg/l in station 1 with highest mean value
recorded in station 2 as 90.7mg/l but was below the
150mg/l set by FEPA. The biological oxygen
demand (BOD) and chemical oxygen demand (COD)
are useful parameters in water quality analysis. BOD
and COD are both a function of DO; decrease in DO
will lead to increases in BOD and COD values.
Ipeayada and Onianwa, suggest that brewery effluent
samples on entering nearby stream or river will cause
oxygen depletion and may cause suffocation of fish
and other aquatic organisms.

Heavy metals are inorganic elements essential for
plant growth in trace amount, toxic in relatively
higher concentrations (Egborge, 1994). These heavy
metals are not biologically degradable (Ezemonye,
1992). This was observed in the study stations. The
heavy metals tested for; Fe, Mn, Cr, Ni, V which
shows very low concentration and was within the
limits set by FEPA as shown in Table 1. Lead (Pb)
was detected in the brewery effluent samples with
mean average 0.026mg/l in station 1 and 0.041 in
station 2. The concentration of Pb obtained for the
brewery effluent samples (0.041mg/l) was slightly
below permissible limit of 0.05 set by FEPA.

The mean average of the concentrations of Mn in
both station 1 and 2 were recorded as 0.33 —
0.1495mg/l respectively and were below the
permissible limit of 5mg/l set by FEPA. While the
mean average concentration of Zn were recorded as
0.785 — 0.780mg/l in both station 1 and 2 respectively
which was higher than the permissible limit of
0.1mg/l set by FEPA Station 1 and 2 had range
values of copper as 0.42 — 1.13mg/l and 0.33-
1.18mg/l for both stations respectively as this was
observed to be higher than the permissible limit set
by FEPA.

Conclusion: Although to a very large extent, by
comparing the physicochemical quality of effluent as
a result of industrial processes, one can conclude if
actually the quality of the water body where it is
discharged into was modified, the study however
showed that contaminants sampled were within
statutory limits. The water samples collected could
not pose any environmental risk even when let into
open waters. It was however observed that the
effluent from this brewery was relatively treated.
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