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Abstract: The effect of human activities and o1l pollution on the microbiological quality of Udu River was
mvestigated from September 2002 to January 2003. The microbiological parameters were carried out using the
standard microbiological techniques. The bacterial and fungal loads were shown to be highest in the inhabited
stations (2 and 3) with downstream (station 4) suffering from dilution effects of human activities and upstream
(station 1) showing lower counts. Stations 2 and 3 were shown to record the lughest heterotrophic microbial
load10.7 x 10° cfuml " and 104 x 10°cfu mL ' and 8.0 x 10° cfumL " and 9.0 x 10° cfu mL " for bacterial and
fungal isolates respectively. Total coliform counts ranges from 1.5 - 4.3 x 10°and 1.4 — 2.8 x 10°MPN100 mL™
for stations 2 and 3. Microorganism isolated and characterized includes nine bacterial and four fungal genera.
The bacterial isolates were Staphviococcus, Streptococcus, FProteus, Escherichia, Clostridium, Acetobacter,
Salmonella, Pseudomonas, Micrococcus and the predommant fungal isolates mecludes, Aspergillus,
Peunicillivm, Geotrichum and Helminthosporium. The concentrations of total suspended solids, Biochemical
Oxygen Demand (BOD.), conductivity, total iron, total solids, total copper and total dissolved solids were
shown to be higher in stations 2 and 3 than station 1 which have no direct human activities. Similarly, the values
obtained for salimty, total hardness and Dissolved Oxygen (DO) of the mhabited stations were shown to be
lower than station 1. Correlation coefficient shows positive relationship between the different microbial
populations and some physicochemical parameters studied.
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INTRODUCTION

Water constitutes an integral part of man’s life as
well as the earth’s surface, hence the need for continuous
research about impact on its quality due to one form of
human activity or the other. Of all the water found on
earth, marine constitutes the largest with about 97%.
Fresh waters, although a small part of the waters on earth,
are extremely important as source of drinking water. In
many locations the contamination of surface and
subsurface waters by domestic and industrial wastes
causes environmental problems (Prescott et af., 2000).

The Udu River which is a tributary of the Warri River
is located in Warri South Local Government Area of Delta
State and spans over 48 km’. The river has its source from
Aboh in Delta north, lying between longitude 6.20°N and
latitude 5.45"E. The river flows southwest to Warri where
it is joined by a large number of creeks from where it
empties into the very brackish Forcados River and finally
mto the Atlantic Ocean (Udo, 1975).

The river flows across a large uninhabited stretch of
land. Companies involved in one form of marine activity

or the other basically occupy the inhabited expanse of
land. This rapid industrialization has led to alterations in
the water quality of the river thus causing great concern
for the immediate users of the river water and the larger
society. The location of a jetty where people take boat
straight from Ovwma to Igbudu (a central position of
Warri main town) thereby avoiding the numerous traffic
in the town has resulted m increased human activities
along the course of the river. This is evident in higher
faecal contamination of the river, urban run offs, abattoir
effluent discharges and organic and morganic dumps
around or directly mto the river. The dumpmg of
chemicals by companies like Nissco and Globester
involved in the fabrication of cilrig platforms, has further
led to great alterations of the bacteriological and
physicochemical quality of the river.

The importance of water to humans has resulted
in the sitting of most rural communities and industries
as well as individual homes along the river course
{(Egborge, 1982). Large amounts of water consumed
by humans are form surface water, which includes

rivers, streams, lakes, wetlands, groundwater
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(Thurman et al., 1998). Water pollution is basically
rendering the water the water unfit for human
consumption and recreational purpose. The Udu River
serves commumities like Ujevwu, Egim, Aladja and
Ovwian where fishing serves as a major source of
occupation for most inhabitants of theses communities.
Other activities like swimming, bathing, dumping of
sawdust and washing of clothes by the river are also a
common feature of water pollution observed here.
Thurman et af. (1998) reported similar results where
inhabitants in the rural communities rely on untreated
natural water for use, especially in the developing
countries of the world.

Increased human activities, the accidental and
mtentional dumping of pollutants, effluent discharges into
this river has created growing environmental concerns,
especially loss of commercial fisheries, contaminated
seafood and species extinctions. This alteration in the
water quality has increased the anxiety of the rural
mhabitants, who have to travel great distance to other
creeks to fish as well as shortage of good quality drinking
water. Types and concentrations of contaminants in
drinking water differ with location. In surface water the
difference can also be attributed to nature of
contaminants around the water body (Miller, 2001). Toxic
chemicals and microbial pollutants are widespread. Lead,
commonly used in plumbing condwt and fixtures until
recently, was a serious contamnant especially to foetus
and children. Anson and Ware, (1974) stated that the
bacterial population in water is greatly influenced by
oxygen, pH and temperature of a water body being one of
the most important characteristics which determines to a
considerable extent, the trends and tendencies of changes
mn its quality (Anonymous, 1971). This paper reports the
effect of human activities and oil pollution on the
microbiological and physicochemical qualities of Udu
River, Warri, Nigeria.

MATERIALS AND METHODS

Source of samples: Water samples were collected
between September, 2002 and January, 2003 from four
sampling stations designated 1 to 4 along the course of
the niver. Station 1 1s an upstream and umnhabited with
less human activities. The vegetation around this station
15 composed mainly of trees with branches extending and
creating shade around the immediate bank of the river.
Station 2 15 1 km downstream of station 1 and 1s located
just by the Udu Bridge, the water here is polluted with
high human activities like swimming, washing of clothes
and logs, as well as discharge from boats buildings.
Station 3 1s about 1.2 kin downstream of Station 2,
with a moderate flow rate and less human activities. The

vegetation around this station is composed mainly of
thick grasses, trees and others. The water 1s turbid,
probably due to the effect of human activities such as
disposal of sawdust from upstream. Station 4 18 about
500 m downstream of station 3. It has a consistent flow
rate with no direct human activity. The water 15 less
turbid, clearer than upstream. The vegetation is composed
mainly of thick palm trees and grasses.

Sample collection: Samples for bacteriological analysis
were collected directly from the river in sterilized plastic
containers. The cover of the bottle was removed and held
in one hand while the bottle was held at the base with the
other hand. It was the then plunged neck downwards
below the surface of the water. It was titled until the neck
pointed slightly upwards, with the mouth being directed
towards the current. Samples for Dissolved Oxygen (DO)
and Biochemical Oxygen Demand (BOD) were collected
in 250 mL bottles with stoppers, one millimeter each of
Winkler’s solutions A and B were added to samples on
site to fix the oxygen (Anonymous, 1989). The samples
were collected between 7.00 and 9.00 am and were
transported to the laboratory for both bacteriological and
physicochemical analyses and were analyzed with 6 h of
collection.

The bacteriological parameters monitored include
total  wviable aerobic count to isolate heterotrophic
bacterial and fungal, total coliform counts, Escherichia
coli counts, faecal Streptococci counts and Clostridium
perfringens  counts according to the methods of
Gerhardt et al. (1994). The isolation and identification of
bacterial and fungal isolates were carried out in
accordance with Bergey’s Manual of Determinative
Bacteriology (Buchanan and Gibbons, 1974; Barnett and
Hunter, 1972; Gerhardt et al., 1994). The physicochemical
parameters were studied in accordance with the standard
methods of APHA(Anonymous, 1989) .

RESULTS

The highest total heterotrophic bacteria population
of 10.7x10" cfu mL.~" was recorded in late January at
downstream station 2 and the
5.37'x10° cfu mL ™" was recorded in the upstream station
1 m mid September. The highest aerobic pathogenic
bacterial densities 9.1 10° cfu mL™" was recorded in
Tanuary at downstream
3.2x10° cfu mL™" in September in station 1. It was
observed that both total heterotrophic and aerobic
pathogenic bacterial population increased along the
stations, from station 1 to station 3 with a short drop in
station 4 (Table 1).

lowest count of

station 2 and the lowest
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Table 1: Total bacterial and fingal population of Udu River

Total heterotrophic Total aerobic pathogenic  Total hydrocarbon Tatal cofiform Tatal E. coli Total Strept. fircalis

Station bacteria x 10f cfuml™! bacteriax 10 cfumL™  degraders x 10° cfu mL.™! x 10°PMPN100mL™! x 10° MPN100O mL~! x 10* MPN100 mL.~!

1 5.3-6.7 3.2-4.5 3.1-4.5 1.1-22 0.9-1.4 0.7-2.1

2 8.6-10.7 6.1-9.1 3.6-54 1.54.3 1.1-3.9 1.5-3.9

3 8.7-10.4 6.8-8.6 3.6-5.3 1.4-2.8 0.9-3.9 0.9-3.9

4 7.4-95 6.1-7.6 2.6-4.4 0.7-1.4 0.7-2.1 0.7-2.8

Continued

Tatal C. perfringens A. niger A flavus Penicillivm sp. G. comdichum Helminthosperium

Station X 10 MPN100O mL™! X 10° cfu mL™! X 10° cfu mL™! X 10° cfiu mL™! X 10° cfumL™! sp. x 10° cfu mL™!

1 1.1-2.1 2.0-7.5 1.0-6.0 3.0-7.0 1.0-6.0 0-3.0

2 1.5-2.8 2.0-6.0 2.0-4.0 3.0-80 0-4.0 0-3.0

3 1.4-2.8 3.0-7.0 1.0-6.0 4.0-9.0 1.0-5.0 1.0-4.0

4 0.9-2.8 0-3.0 1.0-3 1.0-5.0 0-4.0 0-3.0

Table 2: Occurrence and spatial distribution of microbial isolates in Udu River

Tsolate Station Sept. Sept. Oct. Oct. Nov. Nowv. Dec. Dec. Jan. Jan.

S aurents 1 - - + - - + + - + -
2 + + + + + + + + + +
3 + + + + + + + + + +
4 + + - + - + + + + -

Proteus sp. 1 + + - - - - - + - -
2 + + + + + + + + + +
3 + + + + + + + + + +
4 + + - - + + + + - -

S. typhi 1 - - - - + - - - +
2 + + - + + + + + +
3 + - + + + - - - + +
4 + - + + - - + - - +

C. perfringeny 1 + + + + + + + + + +
2 + + + + + + + + + +
3 + + + + + + + + + +
4 + + + + + + + + + +

S faecalis 1 + + + + + + + + + +
2 + + + + + + + + + +
3 + + + + + + + + + +
4 + + + + + + + + + +

Pseudomonas sp. 1 + - + + + - + + + +
2 + + + + + + + + + +
3 + + + + + + + + + +
4 + + + + + + + + + +

Microoccus sp. 1 - - + - + + - - - -
2 + + + + - + + + - +
3 + + - - + + + + + -
4 + + - + + + - - + +

Acetobacter sp. 1 - - - + - - + - - -
2 + - + + + + - + + -
3 + + - + - - + + - +
4 - - + + - + - - + +

A. niger 1 + + + + + + + + + +
2 + + + + + + + + + +
3 + + + + + + + + + +
4 + - + + + - + + + +

A. flavus 1 + + + + + + + + + +
2 + + + + + + + + + +
3 + + + + + + + + + +
4 + + + + + + + + + +

Penicillum sp. 1 + + + + + + + + + +
2 + + + + + + + + + +
3 + + + + + + + + + +
4 + + + + + + + + + +

G. candidum 1 + - - + + + + + + +
2 - + + + + - + + + +
3 + + + + + + + + + +
4 + + - + + + - - + +

+ =Present, - = Not detected
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Table 3: MeantSFE of the physicochemical properties of sample stations, Sept. 2002-Jan., 2003

Properties physical Station 1 n (10) Station 2 Station 3 Station 4
Atmos. temp. 27.7+0.76 28.5+0.84 27.9£0.83 27.9540.684
Water temp. (°C) 26.5+0.69 27+0.75 26.45+0.807 26.75+0.573
Water velocity (°C) 0.72140.04 0.59£0.023 0.57£0.025 0.498+0.020
Total suspended solids (mg L™!) 24.03+0.81 67.35+77.93 59.75+7.3 52.22+7.312
Total dissolved solids (mg L™") 42.98+3.45 105.06+6.51 97.3146.22 88.37+6.213
Total solids 67.01+4.24 172.35+14.31 157.01+13.27 140.35+13.31
pH 6.7320.029 6.15+0.049 6.14+0.048 6.52+0.066
Conductivity 51+2.67 92.846.17 84.7+4.876 70.8+5.280
Hardness 12.08+0.12 10.81+0.029 10.5240.105 10.244+0.096
Dissolved oxygen 9.1+0.35 T.68+0.0228 7.08+0.267 8.1+0.301
Biological oxygen demand 5.07+£0.19 6.83+0.122 6.28+0.154 6.37+0.109
Nitrate 0.156+0.019 0.157+0.011 0.132+0.008 0.085+0.005
Phosphate 00.28+0.023 0.218+0.016 0.18£0.015 0.138+0.012
Sulphate 0.39+0.032 0.38+0.010 0.36+0.019 0.326+0.016
Iron 0.25+0.013 0.545+0.016 0.537+0.018 0.352+0.010
Lead 0.435+0.028 0.29+0.007 0.28+0.013 0.226+0.01
Chromium 0.029+0.004 0.03£0.05 0.03£0.005 0.015+0.002
Copper 0.43+0.013 0.49+0.017 0.50+0.019 0.42+0.009
Manganese 0.39+0.003 0.049+£0.0043 0.05+£0.004 0.023+0.003
Zinc 0.465+0.021 0.577+0.018 0.56+0.016 0.495+0.016
Cadmium 0.071+0.005 0.087+0.008 0.09+0.007 0.063+0.008

The total hydrocarbon degrading microbial isolates
showed a similar pattern as total heterotrophic and
aerobic pathogenic bacteria, the microbial counts ranges
from 3.1x10° ¢fu mL ™' — 5.4x10° cfu mL ™" The highest
count 5.4x10° cfu mL.™ was recorded in downstream
station 2 in late January and the lowest value was
recorded in early September at station 4.

The total coliform counts were observed to fluctuate
throughout the sampling period. The results showed that
the total coliform population was lowest (0.7x110°
MPN100mL ™) in mid September at staticn 4 while the
highest density (4.3x10° MPN100 mL™") was recorded in
JTanuary at station 2. Similar trend was observed in the
population densities of faecal streptococci Clostridium
perfringens in all the water-sampling stations. The
population of E. cofi m all the water sampling stations
was moderate but significantly lower than that of
coliforms. There was variation in the fungal population,
which ranges from species to species, as some species of
fungi were found more in unmhabited station than
inhabited stations. Aspergillus niger and Geotrichum
candidum were seen as the most predominant fungal
species. Eleven microbial 1solates were identified and
characterized and these include mine bacterial and four
fungal genera, Staphvlococcus, Streptococcus, Proteus,
Escherichia, Clostridium, Acetobacter,  Salmonella,
Pseudomonas, Micrococcus, Aspergillus, Penicillium,
Geotrichum and Helminthosporium. The eleven
microbial isolates were frequently isolated from the
upstream-downstream The results of the
oceurrence and distribution of the microbial 1solates 1s
showed in Table 2. Station 1 showed a scanty distribution
of the bacterial isolates, with the exception of C.
petfringens. Stations 2 and 3 were seen to be heavily

station.

loaded with the bacterial isolates, which 1s an evidence of
the high human activities and the oil pollution effects of
the different o1l companies operating n the area. Among
the fungal 1solates, Aspergillus niger, A. flavus and
Penicillum sp. were predominantly present in the first
three stations. The physicochemical qualities of Udu
River studied are showed mn (Table 3). During the periods
of sampling, the flow rate ranged from 0.498 to 0.721 ms ™.
The flow rate was highest at station 1 (0.721 ms™") and
lowest at station 4 (0.498 ms™'). Air and water
temperature varied from 27.7-28.5°C and from 26.45 to
27.0°C. The pH value of water varied from 6.14 to 6.73.
The Total Dissolved Solids (TDS), Total Suspended
Solids (TSS) and Total Solids (TS) values varied from
24.03 to 67.35; from 42.98 to 105.06 and from 67.01 to
172.35, respectively with stations 2 and 3 recording the
highest values (Table 3). In contrast, conductivity,
hardness, Dissolved Oxygen (DO), nitrate, sulphate, lead,
chromium, cadmium decreased from September to January
along the sampling stations. The BOD values of the water
samples varied from 5.07-6.83, the highest value was
recorded in station 2.The correlation coefficient tests
conducted for all the sampled stations between the
microbiological and physicochemical parameters at 95%
probability level showed mostly relationships in all the
parameters.

DISCUSSION

This research has showed the various effects of
human activities and o1l pollution on the microbiological
and physicochemical qualities of Udu River. There was
increase in the most of the parameters studied with little
fluctuations. Tn the study, human activities and oil
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pollution effect were observed to play significant role in
the influence on the qualities of the parameters
mvestigated. Benka-Coker and Chimian (1995) noted that
mcreased human activities could bring about increase in
organic matter thereby leading to high microbial load. The
introduction of waste water, increased amount of organic
matter and essential nutrients brings about changes in
the microflora (Rheinheimer, 1991). The heterotrophic
bacteria and aerobic pathogenic bacteria make up the total
bacterial load of river systems. Sayler et al (1975)
reported that high microbial population m an aquatic
system 13 a reflection of the mput of microorgamsms from
extraneous sources and availability of growth supporting
organic matter. Anson and Ware (1974) noted that high
countts of bacterial load reflected the level of water
pollution as it gave indication of the amount of organic
matter present. These findings correlate with the results
of the effect of human activities and oil pollution on the
microbiological and physicochemical qualities of Udu
River, Warri, Nigeria.

The  presence of  hydrocarbon  utilizing
microorganisms in Udu Rive could be attributed to the
regular transportation of o1l and its products across the
river as well as the presence of hydrocarbons of biogenic
origin. The counts for this group of microorganisms in
stations 2 and 3 were again higher than those of stations
1 and 4, which may be due to the mcreased human
activities around these stations. Atlas and Bartha (1993)
noted that outside the natural input of carbon into aquatic
habitats, organic compounds enter the ecosystem
through human activities Benka-Coker and Ojior (1995).

The presence of total coliforms, E. coli, feacal
Streptococei and Clostridium pefringens in the water
samples  during sampling period mndicated faecal
pollution of the water due to human activities. The high
densities of faecal indicator orgamsms observed at all
the station in station 2 is indicative of faecal pollution.
Alkpata and Ekundayo (1978) reported high faecal load
with concentration of E. celi in the Lagos Lagoon.

The increased microbial load during the dry season
may be attributed to surface water runoff, wban runoff,
reduced water volume and increased activities.

The physicochemical parameters investigated
showed some variation along the sampling stations
(Table 3). The temperature range obtained throughout the
sampling period was within the WHO range of 10°C to
50°C for surface water (Anonymous, 1971). The
conductivity range of the various statons varied
considerably between inhabited and uninhabited stations.
Station 2 showed the highest value and therefore
decreased along the sampling stations, probably due to
effect of dilution and removal of soluble salts by

biological utilization. Similar results have been reported
by other workers Egborge and Fagade (1999) and
Nkwodimah (1985).

The concentrations of mtrate, sulphate and
phosphate in all the sampling stations were quite low,
expect in station 2, which was reported to be due to
increased human activittes and o1l pollution effect.
Concentration of dissolved oxygen was lughest 1n station
1 with stations 2 and 3 having lower counts than station
4, this could be due to increased waste disposal at
stations 2 and 3 and other form of human activities that
may enhance their growth and proliferation, leading to
consumption of available oxygen.

Conclusively, it was observed that human activities
has impacted negative influence on the quality of water
around stations 2 and 3 with station 4 suffering from
impact of the upstream stations. The high microbial load
as well as high densities of hydrocarbon-utilizing
microbes suggested o1l pollution of the water and high
BOD; of the inhabited stations as well as lugh anions
concentrations along the river course and other
observations can be wsed to classify the Udu river as
polluted, unfit for direct human consumable needs in

accordance with the international standards for
classifying surface waters.
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