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Selected aquatic environmental parameters of Anwai stream, in Oshimili Local Government Area of 
Delta - state, Niger Delta, Nigeria were investigated for a period of nine months (from July, 2003 to 
March, 2004). This period covers the two major seasons (Rainy/wet and Dry seasons) for the study area. 
The study was carried out to determine the water quality of the stream by studying the physical and 
chemical environmental parameters (temperature, dissolved oxygen, pH, alkalinity, chlorinity, hardness, 
depth, transparency and current). The stream was zoned into three with a total of nine stations- stations 
1, 2, 3 formed the upper reaches, stations 4, 5 and 6 formed the middle reaches while stations 7, 8 and 9 
made up of the lower reaches. The physical and chemical parameters were determined using standard 
limnological procedures (APHA, 1973). The results showed that the ambient air temperature averaged 
26°C generally. The water hardness was high at the upper reaches, moderately high at the middle 
reaches and moderately soft at the lowest reaches, which was also muddy at the bottom. It was 
observed during the study period that the current was fastest at the lowest reaches, moderately fast at 
the middle and faster at the upper reaches. Generally, the physico-chemical parameters of the stream 
was found to be within the acceptable ranges for natural optimum growth of fish and other associated 
fauna.  
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INTRODUCTION 
 
Aquatic environmental studies focusing on physico-
chemical parameters studies of inland water systems 
within the Niger Delta have focused mainly on major 
rivers with little attention on streams, in spite of their 
abundance and importance in the region and entire 
Nigeria nation. One such neglected stream is the Anwai 
Stream, an alternative source of water supply and source 
of fish to residents along its course located at Oshimili 
North Local Government Area of Delta state.  Despite the 
vast inland water resources available in Nigeria and Niger 
Delta in particular, sufficiency in fish production has not 
been achieved, resulting to high fish importation. Man’s 
activities through urbanization and industrialization have 
negatively impacted on the aquatic environment of the 
Niger Delta inland waters, thereby hampering it’s natural  
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capacity for fish yield. These activities has also resulted 
in the degrading of the water quality and it’s associated 
environmental components which has generally reduced 
the overall utility of the inland water bodies. 
Consequently, it has therefore become imperative for 
studies focused on determining the environmental 
parameters of the inland waters of the Niger Delta to be 
carried out, with a view to establishing their base 
characteristics. The results from such studies would form 
a basis for judging the state of such inland waters, when 
compared with what the ideal should be. 

The chemical hydrology and fish fauna composition of 
most inland waters within the Niger Delta have been 
studied by Eborge in 1971, and 1981. The physico-
chemical characteristics of any aquatic ecosystem and 
nature and distribution of its biota are directly related to 
and influenced by each other and controlled by a 
multiplicity of nature/ regulatory mechanisms. However 
because of  man’s  exploitation  of  the  water  resources, 



 
 
 
 
the normal dynamic balance in the aquatic ecosystem is 
continuously disturbed and often results in devastating 
dramatic responses as depletion of fauna and flora, fish 
kill, change in physicochemical characteristics e.t.c. 
Therefore the frequent monitoring and evaluation of the 
physico-chemical parameters of freshwater bodies 
enables the scientist understand its status with a view to 
establishing the level of pollution, its impact and influence 
on the surrounding agricultural land and fishing activities 
in the aquatic medium.  

The Anwai Stream is a fresh inland water body. It flows 
from Otulu town in Aniocha South Local Government 
Area through the hills and rocks of Ugbolu village (the 
middle reaches) down the bridge that forms the lower 
reaches and empties into River Niger in Oshimili South 
Local Government Area of Delta - state. It provides a 
good fishing ground and is also important for other 
domestic uses including washing of clothes and cars, 
cassava fermentation. In addition it serves as drainage 
channel/reservoir for run –off waters from nearby farms 
and residential estates. Therefore, the stream is very 
important to residents around the stream. However, there 
are no known works on this stream, which implies that 
there has been no scientific study on the water quality 
and ecology of the stream. This work is therefore a 
pioneer research effort on the Anwai stream, aimed at 
providing baseline information on aspects of the physical 
and chemical analysis of some environmental parameters 
of it’s water. 

Nigerian freshwater bodies have been extensively 
studied in recent times. With specific reference to the 
Niger Delta area, the following studies focusing on the 
environmental physicochemical parameters have been 
have been undertaken; Edokpayi (1983) also investigated 
the distribution of the physico-chemical parameters and 
the benthic organisms in polluted areas of the Ogba river, 
Benin City, Edo State. Ohagi (1983) investigated the 
physico-chemical and microbiological quality of the 
Ikpoba River, Benin City, Edo State. Some other similar 
studies within the region include: Agada (1978) on the 
Ossiomo River, Abudu, Edo State. Onyeche (1979) 
worked on some aspects of “the Benin Wells. Chukwuma 
(2000) worked on “Waters around oil well head” in Burutu 
area.  In Ogba River, Benin city, Edo State, some studies 
have been carried out along the stretch of the river, 
basically on the physico-chemical parameters by 
Ezemonye and Kadiri (1998).  

The direct effect of interactions of many frequently 
measured water quality with biotic components that affect 
productive potentials of fish species have been 
demonstrated by  Kemidirin  (1993).  Aston  et  al.  (2005) 
also showed that variations in physicochemical 
parameters of a water body could significantly influence 
the water treatment processes; portability of the water 
supply as well as the long term effect of the biota in the 
aquatic environment. Adebisi (1981) reported on the 
physic-chemical properties  of  Ogun  River,  that  in  lotic  
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state, the water’s transparency, pH, total alkalinity and 
conductivity were lower, while its dissolved oxygen (DO) 
and free carbon dioxide concentrations were higher than 
the corresponding condition in the resultant pools formed 
when the water was lentic. 

The Optimum levels of the various physical and 
chemical properties must be within the acceptable limits 
as stated by Boyd (1979) for optimum fish yield. Some of 
these physico- chemical properties include dissolved 
oxygen (DO), pH, temperature, alkalinity and conduc-
tivity. Adebisi (1981) equally documented that knowledge 
of the physico-chemical regime of a water body is of 
great value in the determination of its productivity, 
usefulness and other characteristics which influence the 
vertical and horizontal migration of organisms, their 
distribution, diversity/composition and feeding pattern. 
The ultimate objective of limnology is therefore to 
understand the factors upon which the continued 
existence of nature depends and to find out causes of 
declination and in some cases, extinction (Oso and 
Fagbuano, 2008).  

Studying the base line environmental physico-chemical 
parameters of Anwai stream is therefore very crucial to 
understanding and managing the stream water quality for 
optimum biodiversity productivity and sustainability. This 
is very important as regards fisheries, the stream being a 
very good source of fresh fish yield within the locality and 
a contributor to the fish produce of Niger Delta in 
particular and Nigeria as a nation. 
 
 
MATERIALS AND METHODS 
 
The Anwai Stream is located between latitude 6° 15N’ 
and 6° 20N’ and Longitude 6° 23’E and 6° 06’E (Figure 
1). The stream’s upper reaches (Otulu end) is shallow 
with a minimum depth of 20cm and a maximum depth of 
4.5m at the middle reaches. Its entire length 
approximates 20km and the highest width about 0.7km. 
There are two tropical seasons in the area – the rainy 
season, which occurs between April and October, and 
the dry season which spans from November to March. 
The rainy season is usually characterized by high 
humidity and low atmospheric temperature. The reverse 
is the case for dry season. The vegetation along the bank 
of the stream consists of bamboo trees (Bambussa 
spinosa) and Awolowo plant (Odorata spp), Dongoyaro 
plant (Azadiratcha indica) and palm trees especially the 
Delta State University palm oil plantation.  

In this study, 9 sampling stations were chosen. 
Sampling stations were demarcated in an interval of 1km.  
The stream was zoned into three (3), each zone is made 
up of 3   stations constituting   a   reach, with the upper 
reaches having stations 1 – 3,  the middle reaches were 
stations   4 – 6,   and  stations  7 - 9  made  up  the  lower 
reaches. The biophysical characteristics of the study area  
based on the sampling stations demarcations are   shown  
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Figure 1. Map of study Area. 
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Table 1. Biophysical characteristics of sampling stations.  
 

Stations                      Biophysical characteristics                

Station 1 (Upper Reach)   This is towards the Head stream. It is sandy and shallow, extending over a 
distance of 0.3km along a narrow course with a mean maximum depth of 
1.21m. The substrate is predominantly sandy.  

 Aquatic plants present in station 1 include Nymphae lotus linneaus, 
commonly known as water lily, found floating in the back waters of the 
stream; Azolla pinnata (water velvet); Pistia stratioles linneaus (water lettuce); 
and Salvinia molesta (ferns). Fringing the shoreline of this station is a dense 
population of Panicum subalbidum.  

  

Station 2 (Upper Reach)   It is very shallow and has a narrow course extending over 1km distance with 
a mean maximum depth of 1.43m during the dry season and rainy season.  

The fringing vegetation and aquatic plants are similar to those found in station 
1 and the substrate is muddy. 

  

Station 3 (Upper Reach) This is shallow extending over 1.50km with a mean maximum depth of 1.5m 
during the dry and rainy season respectively. The fringing vegetation is 
similar to those found in stations 1 and 2 

  

Station 4(Middle Reach) Consist of a shallow area extending beyound 1.85km. The substrate is 
muddy with a mean maximum depth of 1.5m. The fringing vegetation is 
similar to those of stations 1 to 3. 

 

 

Station 5(Middle Reach) This station is shallow and narrow extending over 0.85km with a mean 
maximum depth of 1.85m during both the dry and rainy season. It has similar 
fringing vegetation to those of station 1 to 4. 

  

Station 6  

(Middle Reach) 

Predominantly shallow, with a course stretching over 0.53km long with a 
mean maximum depth of 2.1m during the dry season and rainy season. The 
fringing vegetation are same as in stations 1 to 5. 

  

Station 7(Lower Reach). The length is 0.25Km and it has a mean maximum depth of 3.8m. The 
surrounding vegetations are bamboo trees (Bambosa spinosa), Awolowo 
plant (Odorata spp), while the fringing vegetation is similar to that in the other 
stations (1 to 6). 

  

Station8 ( Lower Reach) It’s course stretches over a distance of 0.35km with a mean maximum depth 
of 4.3m.The fringing vegetations although similar, but are very scanty 
compared to other stations. 

  

Station9 (Lower Reach) This has the widest course with silting and muddy substrate. The water 
velocity is high. It stretches over a distance of 0.15km with a mean maximum 
depth of 4.5m.The fringing vegetation is similar to all the other stations, with 
the exception of station 8 in terms of  scantiness. 

 
 
 
in Table 1. 
 
 
Physico-chemical parameters measurement  
 
The physical and chemical parameters (temperature, 
dissolved oxygen   (DO), pH,   alkalinity,   chlorinity    and  

hardness, depth, transparency and water velocity 
(current) were collected from all the stations fortnightly for 
nine months( July, 2003 and March, 2004). Sampling was 
carried out between the hours of 6am and 9.30am on 
each Sampling day. In carrying out the measurements for 
both the physical and chemical parameters, the stream 
was zoned into three with a total of Nine stations- stations  
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Table 2. Summary of the physiochemical parameters recorded during the study (July 2003 to March 2004) 
 

                                          Stations 

 Parameters 1 2 3 4 5 6 7 8 9 Mean 

1 Temperature (°C) 

Air 29.2 29.56 29.55 29.88 29.77 28.77 29.56 29.67 29.88 29.54 

Water 28.2 28.1 28.5 28.61 28.33 28.1 28.44 29.1 28.72 28.46 

2 Dissolved Oxygen 8.1 8.2 7.94 8.2 8.5 8.72 8.94 8.77 8.61 8.44 

3 pH 5.7 5.7 6 5.67 6.5 6.38 6.94 6.53 7 6.27 

4 Alkalinity 39.2 36.1 36.1 38 39.9 43.69 56.96 34.2 43.7 40.87 

5 Chlorinity 110 96.67 90 116.67 103.3 106.67 113.33 100 116.67 105.92 

6 Hardness 34.2 34.76 22.8 26.6 26.6 26.6 22.8 24.7 22.8 26.87 

7 Depth (cm) 20 60 100 130 140 168 200 285 352 450 

 
 
 
1, 2, 3 formed the upper reaches, stations 4, 5 and 6 
formed the middle reaches while stations 7, 8 and 9 
made up of the lower reaches. The physical and chemical 
parameters were determined using standard limnological 
procedures (APHA, 1973).  
 
 
RESULTS 
The results of the measured environmental parameters 
are shown in Table 1 and Figures 2 and 3.  
 
 
DISCUSSION 
  
Physico-chemical parameters 
 
Temperature: The air temperature ranges from 28.77°C 
to 29.88°C for the 9 stations with an overall mean 
temperature of 29.54°C while that of water ranged 
between 28.1°C and 29.1°C with an overall mean 
temperature of 28.46°C (Table 2 and Figure 2). 
Generally, the water temperature of inland waters in the 
tropics varies between 25°C and 30°C. The water 
temperature recorded during this study ranged between 
28.1°C and 29.1°C and is in line with the findings of 
Emerson et al. (1975) for tropical waters. The maximum 
temperature of 29.1°C recorded in station 8 is expected 
as it is characterized by very scanty marginal vegetation 
bothering the banks of the stream and high exposure to 
sunlight (Table 2). 
 
Dissolved oxygen (DO): The results of the dissolved 
oxygen ranged between 7.94mg/l and 8.94mg/l. The 
overall mean dissolved oxygen was 8.44mg/l. This range 
is in line with research findings giving a range of between 
7.57mg/l and 15mg/l within the temperature range of 
25°C and 30°C. Indeed, the amount of dissolved oxygen 
(DO) in water increases with decreasing water 
temperature (Bamidele, 2003). 
 
Temperature and dissolved oxygen relationship: The 
study showed that between the end of 2009, culminating 

in the first quarter of 2010, there was an increase in the 
water temperature as observed in station six (6) of July 
2010 with a temperature of 27°C and March 2010 with a 
temperature of 29.5°C (Table 2 and Figure 3). The results 
also indicated that towards the end of 2009, in the 9 
stations, there was a corresponding increase in the 
dissolved oxygen concentration of the various stations. 
This is illustrated in station 3, where it was shown in 
February 2010 to record 30°C water temperature and a 
corresponding decrease in the dissolved oxygen (DO) at 
the same period 7.5mg/l. This is in accordance with the 
findings of by Bamidele (2003) who noted that the 
amount of dissolved oxygen (DO) in water is higher as 
water temperature decreases and reduces as water 
temperature increases. It has also been noted that water 
temperature affects the activities of dissolved oxygen; 
ammonia (NH3)  concentration and other classified gases 
in water (Bamidele, 2003). The actual solubility is directly 
proportional to the partial pressure in the gas phase to 
salt concentration and temperature. The recommended 
minimum dissolved oxygen levels for fresh water fish is 
between 5.0mg/l and 12mg/l (Alken Murray Corp, 2006). 
 
pH: The results showed that the pH ranged between 5.6 
to 7.0 in the 9 stations with an overall mean pH of 6.27 
(Table 2). The analysis revealed a decrease in the pH 
value in the first quarter of 2010 for the various stations 
and interestingly, it showed an increase in the water 
temperature on the 9 stations. This clearly indicates that 
the actual solubility of dissolved oxygen is directly 
proportional to the partial pressure in the gas phase and 
to the salt concentration and temperature. (Alken Murray 
Corp, 2006). pH is important in defining the quality of the 
aquatic environment for fish health (Emerson et al., 
1975). The range of pH values found in fresh water can 
fluctuate but fish commonly live in the pH range of 5.0 - 
9.5 (Bamidele, 2003). Most natural waters will have pH 
values from 5 to 8.5. Fresh water rain water may have a 
pH of 5.5 to 6.0 (Alken -Murray Corp, 2006). Water with a 
pH value between 6.5 and 8.0 is acceptable to keep and 
even breed most common tropical fish (Aquatics 
Unlimited, 2000). 
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Figure 2. Monthly variation of air temperature parameters during the study. 
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Figure 3. Monthly variation of the dissolve oxygen parameters during the study. 

 
 
 
Alkalinity: The alkalinity results for the nine (9)   stations  showed   that     station   seven    (7)   had    the    highest  
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concentration level of 56.98.4mg/l while station 8 
recorded the lowest level  in    concentration   (34.2mg/l).  
There was a high concentration of alkalinity at station 7 
(July and August 2009) as the analysis equally revealed 
a high concentration of hardness in the same station 
(Table 2). This is in accordance with the result of 
Emerson et al. (1975) in his studies of fresh water. For 
fresh water fishes (Alken-Murray Corp, 2006) 
recommended an acceptable range of 20-200mg/l. The 
result of this study falls within this range.  
 
Chlorinity: The chlorinity level of the various stations 
were between 90mg/l and 120mg/l with station nine (9) 
having the highest concentration at 120mg/l (Table 2). 
Aquatics unlimited (2002) noted that when calcium or 
magnesium is the cation in water, up to 1000mg/l can be 
tolerated in fresh water fish production. The chlorinity 
reading obtained from the nine (9) stations fell within this 
range. It could be said to be tolerable as applicable 
cations are tolerated in fresh water. 
 
Hardness: The results of the analysis on hardness at the 
nine (9) stations showed a concentration level of between 
17mg/l and 39.2mg/l (Table 2). The degree of hardness 
as indicated by the results showed station 2 has the 
highest level of concentration at 34.76mg/l. The analysis 
of station 8 showed an increase as the year approached 
an end and equally increased towards the first quarter of 
the Year (2010) except for stations 3, 4 and 7, which 
showed decrease in the hardness concentration as we 
approached the end of the year 2009 then a 
corresponding increase in the first quarter of the year 
2010. Hardness in freshwater are classified as: soft water 
containing 1-60mg/l; moderately hard water containing 
60-120mg/l; and hard water containing an excess of 
120mg/l (Emerson et al., 1975). Equally, the US 
Department of interior and Water Quality Association 
classified the various water hardness in Mg/l or PPM as: 
soft water (0-17.1), slightly hard (17.1-6.0), moderately 
hard (60-120), hard (120-180) and very hard (180 and 
above). Hardness, which is primarily a function of the 
geology of the area could best be classified in this 
research as slightly hard which falls in line with the 
classification by Alken-Murray Corp. (2006) on hardness 
of water. It was equally observed that stations close to 
rocky terrain recorded the highest concentration of 
hardness because it was prone to dissolution and 
respective cations carried along to the water system.  
 
Depth and transparency:  The study results showed 
that the depth of the water ranged between 0.2m and 
4.5m for all the reaches with a mean depth of 2.27m. 
Lotic water bodies of fresh water such as rivers and 
streams move slowly and contain producers such as 
algae and cyanobacteria, as well as rooted aquatic plants 
and because of land erosion, the water is often muddy 
and filled with suspended matter including  nutrients  from  

 
 
 
 
land run-off. This makes the transparency to vary with 
respective zones of the water body (Lenntech Water 
Ecology, 2008). The upper reaches of the Anwai stream 
water showed the depth to range between 20cm and 
40cm and equally revealed a corresponding transparency 
of the water to be very high for the 3 stations that 
comprise the upper reaches (stations 1, 2 and 3). The 
middle reaches showed the depth of the water to range 
between 30cm and 2.1m with the transparency shown to 
be high in mainly the first quarter of the year (2010) and 
low in the last quarter of the year 2004. This suggests an 
increased influx from wash-off and run-off from the 
adjourning farms as noted by Fresh Water Ecology 
(2000). The lower reaches of the stream studied had a 
depth range of between 20cm and 45cm while the 
transparency results equally revealed a high 
transparency of 2.5m for the period of January, February 
and March 2010 and low transparency of about 30cm for 
the last quarter of the year in 2003, in the 3 stations that 
comprise the reaches. This indicates that the low 
transparency recorded in the study with increasing depth 
is as a result of the alteration of the stream environment, 
thereby greatly affecting appearance of the water. 
 
Depth and temperature: In the lower reaches  especially 
station 7, the highest water temperature was recorded in 
the months of November 2009, and February and March 
2010, while the corresponding minimal depth of 30cm 
was recorded in the same period of the study, hence 
fairly uniform temperature was observed. This is due to 
penetration of sunlight up to 30cm. In fact, Lenntech 
Water Ecology (2008) noted that sunlight can only 
penetrate the water up to a depth of about 30m below the 
surface with suspended matter interfering with the 
penetration of the sunlight into the water. This makes 
water temperature a very important limiting factor in 
aquatic life even as it shows a decrease with depth. As 
with osmosis, temperature will even out across a 
particular substance over time and this applies to a still 
body of water. Sunlight striking the water will heat up the 
surface, thereby creating a temperature difference 
between the surface and the basin in the body of water. 
As has been documented, water temperature falls with 
depth because less sunlight will penetrate the water with 
greater depth (Lenntech Water Ecology, 2008). The study 
revealed that the upper reaches of station 1 had the 
lowest water temperature (26°C) in the months of 
October and December 2009 with a corresponding depth 
of about 1.2m, in the months of September and October, 
which was the highest depth recorded in the station. 
Equally, in the middle reaches at station 4, the highest 
water temperature of 30°C recorded in the months of 
September 2009 and March 2010 corresponded with the 
minimum depth of 30cm recorded in the month of March. 
This is in line with the observation by Lenntech Water 
Ecology (2008) where temperatures fell with depth 
because   less   sunlight   will   penetrate   the  water  with  



  
 
 
 
greater depth. 
 
 
Conclusion 
 
The results of the investigations carried out on the Anwai 
Stream showed that all the parameters investigated are 
in line with the aquatic environmental parameters 
qualifies the stream to be classified within the ideal range 
for a typical tropical productive water body. However, the 
water hardness is high at the upper reaches, moderately 
high at the middle reaches and moderately soft at the 
lowest reaches. The physiochemical results generally 
indicate that the Anwai stream as a natural habitat, 
especially for fish fauna is not significantly degraded as 
most of the readings are within ranges that will support 
the thriving of fish and related aquatic lives that has 
nutritional and therefore socio-economic values. 
 
 
Recommendation 
 
Based on the results of the study, it is recommended: 
 
- That prevailing environmental factors constituting the 
Anwai stream watershed be sustained and possibly 
improved upon for optimum natural productivity. 
- The results of the hardness of water especially at the 
upper reaches make it not too fit for portability uses, 
hence human activities that increases hardness should 
be abated. 
- More studies should be done on the stream especially 
at the lower reaches (station 7-9), where there is high 
human activities such as human defecation, washing of 
clothes and cars and effluents from cassava fermentation 
to determine the level of pollutants in the water especially 
disease causing organisms and metals. 
- All parameters investigated during the studies are 
indicative that the stream water can be harnessed to 
support aqua cultural activities with minimal treatment, 
especially at the upper and middle reaches. 
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