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ABSTRACT 
 

Aims: To report the extent of contamination of floodwater by physicochemical parameters (total 
suspended solids, total dissolved solid, chemical oxygen demand, biochemical oxygen demand, 
dissolved oxygen, electrical conductivity, nitrate, nitrite, chloride and sulphate  and heavy metals 
(Zn, Cu, Pb, Hg, As and Cd). 
Study Design: Triplicate floodwater samples collected from ten different sample points in Aba 
metropolis, Abia State, in the month of July, 2012 were analyzed for physicochemical parameters 
and heavy metal concentrations. 
Place and Duration of Study: The study was carried out at Temple-Gate polytechnic Aba and the 
analysis was conducted at the Industrial and Analytical Chemistry Laboratory of University of Port 
Harcourt, River’s State, Nigeria at mid July, 2012. 
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Methodology: Nitrate, nitrite and sulphate were quantitatively determined by spectrophotometric 
method while chloride was determined by titrimetric method. Heavy metals in water were 
determined by atomic absorption spectrophotometry while BODs, COD, DO, TDS, TSS, pH, 
turbidity and Hardness of water were determined by standard methods. 
Results: Results indicated a wide variation in the concentrations of different physicochemical 
parameters and those of heavy metals at various study sites. Correlation coefficient analysis of 
data showed statistically significant positive correlation between the following two pairs of 
parameters: Electrical conductivity and total dissolved solid; Sulphate and hydrogen ion 
concentration; And nitrates and sulphate. Others are cadmium and chemical oxygen demand; 
Mercury and cadmium as well as arsenic and hydrogen ion concentration. However, significant 
negative associations were observed between arsenic and copper; Cadmium and total dissolved 
solid; And lastly nitrate and chemical oxygen demand. Furthermore, highly significant positive 
relationship was observed between lead and dissolved oxygen while highly significant negative 
association occurred between sulphate and chemical oxygen demand. Among the metals 
determined, Cu had the highest concentration while Hg had the lowest concentration.   
Conclusion: The values obtained for the anions and heavy metals were higher than the tolerance 
limits for aesthetic and inland surface water quality, indicating pollution of the sample areas. 
 

 
Keywords: Floodwater; physicochemical parameters; heavy metals; Aba metropolis; Nigeria. 
 

1. INTRODUCTION 
 
The term flood refers to an overflow of a large 
amount of water beyond its normal limits over a 
normally dry land. Flood affects and damage 
public utilities, properties, agriculture, economy 
and could lead to loss of human lives [1]. 
Flooding in most urban areas in Nigeria is a 
combined effect of excessive precipitation and 
insufficient flow channel capacity of sewer 
system [1]. Flood has an excellent ability to 
disperse waste generated by domestic, 
agricultural and industrial activities and has lead 
to increased incidence of gastrointestinal 
diseases at epidemic level. The study area is 
very highly populated with people and consisting 
of mainly a relatively flat terrain. During raining 
season the ground is usually saturated and water 
continues to accumulate due to its inability to 
runoff quickly enough. None existing or poorly 
implemented blue-print for urban development, 
very poor drainage system and poor road 
networks in Aba have immensely compounded 
the flooding problem. In the low-lying areas some 
of the flood water moves away from the flood 
plain into a local river which serves as a source 
of domestic water for communities that lives 
within such vicinity. With the increasing 
urbanization, commercial, agriculture and 
industrial activities, household wastes and 
effluents containing heavy metals, compounds of 
chlorides, nitrites, nitrates, sulphates deposited 
on the soil could have been conveyed into 
residential areas, rivers and agricultural lands by 
floods [2,3].  

 
This paper was designed to investigate the 
concentrations of Heavy metals (lead, cadmium, 
mercury, zinc, copper, and arsenic) as well as 
some physicochemical parameters: Anions, total 
suspended solids, total dissolved solid, oxygen 
demands, dissolved oxygen (DO), electrical 
conductivity (EC), turbidity and hardness of flood 
waters in Aba metropolis. 
 

2. MATERIALS AND METHODS  
 
2.1 Study Area and Data Collection 
 
Aba metropolis is the commercial nerve city of 
Abia State located in south eastern Nigeria  
which lies within coordinates 5°07’

 
N and 7°22’ E    

(Fig. 1). 
 
One sample for each station in triplicate was 
collected in plastic bottles in the month of July, 
2012, which is the middle of rain season in 
south- eastern Nigeria. The samples were 
properly labeled prior to analysis as 1, 2, 3, 4, 5, 
6, 7, 8, 9, and 10 based on their locations: Aba-
Enugu Express, Okigwe road, Brass junction, 
MCC Junction, Ukaegbu Street, Umugasi, 
Umuojima, Borrow Pit, Ogbohill-waterside, and 
Ariaria respectively. The floodwater samples 
were filtered with whatman No 42 filter paper and 
transferred into prewashed two litres plastic 
containers with screw caps followed by the 
addition of 5 ml of concentrated nitric acid for 
preservation. 
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Fig. 1.  Abia state map (Nigeria) showing Aba Metropolis and sampling areas 
 (Adapted from Nwoko Alex, 2013)  

 

2.2 Sample Analysis  
 
2.2.1 Determination of physicochemical 

parameters 
 

The pH of the samples was measured by using 
the Electro-metric methods (pH meter Jenway 
3015). Electric conductivity in µs/cm was 
determined using a salinity-conductivity meter 
(model, YSI EC 300). Total dissolved solids were 
carried out by gravimetric method according to 
American Public Health Association [4], 
dissolved oxygen was determined via Winkler’s 
method by azide modification of iodometric 
method [5,6]. Nitrate, Nitrite and sulphate were 
determined by uv-spectrophotometric methods 
[7]. Turbidity (NTU) in water was measured by 
Nephelometric method [6,8,9] and while 
hardness was measured by the EDTA titration 
method [10]. Concentration of chloride was 
determined argentometrically by titration of 50ml 
of sample against silver nitrate indicator. Total 
suspended solids, biochemical oxygen demand, 
chemical oxygen demand of the water samples 
were determined by standard methods [4,11]. 
 

2.2.2   Heavy metal determination 
 
Heavy metal estimation was done by using  
Atomic absorption spectrophotometer as per the 
methods of [4,12]. 

 2.2.3 Statistical analysis 
 
Results are presented as mean and three 
replicate measurements were performed (n = 3). 
Pearson’s correlation analysis was carried out 
using IBM SPSS statistics 20 software in order to 
substantiate the association among floodwater 
parameters determined in this study. 
 

3. RESULTS AND DISCUSSION 
 
The variation in physicochemical parameters of 
the studied samples were shown in                  

Figs. 2 and 3. 
 

3.1 Hydrogen Ion Concentration (pH) 
 
The pH values of floodwater in the studied 
station (Fig. 2a.) ranged from 5.20 to 8.60. The 
maximum value was recorded at station 10 while 
the minimum pH value was measured at station 
6. The pH of the samples was within the 
tolerance limits 5.5 to 9.0 prescribed by India and 
Philippine regulations of inland surface water 
subject to pollution [13,14]. The decrease in pH 
could be as a result of contamination of 
floodwater by inorganic compounds, and effluent 
produced due to commercial and industrial 
activities. Low pH may also results from 
deposition of CO2 during precipitation especially 
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within the rainy season. The amount of dissolved 
CO2 which forms carbonic acid in water 
determines to large extent the pH of surface 
water. Organic acids are produced from   
decaying vegetation and the dissolution of 
sulphite minerals decreases also the pH of 
floodwater [10]. 
 

3.2 Electric Conductivity 
 

Electrical conductivity ranged from 645.30 to 
2578.80 µS/cm (Fig. 2a). Noticeably four water 
samples from stations 1, 2, 3 and 8 were above 
the permissible limit of 1400 µS/cm [15,16], 
which could be attributed to the presence of 
higher amount of dissolved inorganic substances 
in ionized form. The values were however, within 
the tolerance limits of 2250 mg/L recommended 
for industrial waste water discharged into inland 
water for irrigation purpose [17]. 
 

3.3 Total Dissolved Solid (TDS)  
 

Minimum and maximum values of TDS were 
recorded at stations 1 (400.0 mg/L) and 3 
(1750.0 mg/L) respectively (Fig.2a). TDS values 
in most of the sampling stations were below 1000 
mg/L except for stations 3 (1750 mg/L) and 8 
(1110.40 mg/L) respectively (Fig. 2a). Water with 
very low concentration of TDS has a 
characteristic insipid taste while higher levels of 
TDS impacts objectionable mineral taste and is 
capable of causing excessive scaling in boilers, 
heaters as well as water pipes [3,18]. This water 
is unsuitable for many industrial as well as 
agricultural applications and the high levels of 
TDS may be attributed to indiscriminate 
discharge of agricultural and domestic wastes 
[19]. 
 

3.4 Turbidity and Hardness 
 
Evidently data obtained for turbidity of water 
samples in this study ranged from 19.70 to 
234.70 NTU (Fig. 2a). These values were higher 
than the standard water quality guidelines: 1.0 
NTU [20,21] and 5.0 NTU [15]. The presence of 
silt, clay, organic and inorganic colloidal particles 
in water might have contributed to higher values 
of turbidity [22]. The absolute minimum value of 
hardness of water (1011.0 mg/L) was recorded at 
stations 10 while the absolute maximum value 
(2875.5 mg/L) was observed at station 5        
(Fig. 2a). It is apparently clear that these values 
were well above the prescribed permissible and 
desirable limits of 150 mg/L and 300 mg/L 
respectively [15,13]. Flood water with total 
hardness between 150 and 300 mg/L is said to 

be hard [23]. The higher values of hardness 
could be attributed to discharge of calcium 
carbide by automobile –welding workshops [24], 
effluent from paint, chalk and ceramic industries 
as well as the dissolution of land derived 
carbonates and bicarbonates  into the water [25]. 
 

3.5 Total Suspended Solid (TSS) and 
Dissolved Oxygen (DO) 

 
The results revealed that minimum and 
maximum values of TSS were observed at 
stations 10 (240.2 mg/L) and 6 (4575.0 mg/L) 
respectively (Fig. 2a). High levels of TSS could 
be due to discharge of organic wastes into water, 
occluding light and thereby causing serious drop 
in photosynthesis by phytoplanktons as well as 
other bottom dwelling plants [26]. Dissolved 
oxygen level is greatly lowered due to the drop in 
photosynthesis and also because the decay 
process of death plants consumes remaining 
oxygen in water. The values of dissolved oxygen 
ranged from 1.10 to 3.30 mg/L (Fig 2b), which 
were below 3.0 mg /L or higher recommended for 
inland surface water standard except for stations 
1 (3.0mg/L) and 2 (3.30 mg/L) [17,18]. Aquatic 
organisms exposed to dissolved oxygen level 
less than 2.5 mg/L for few days are less likely to 
survive while DO value of 5.0 mg/L is suitable for 
most of fish population [ 27]. 
 

3.6 Biochemical Oxygen Demand (BODs) 
and Chemical Oxygen Demand 
(COD) 

 
The biochemical oxygen demand of floodwater 
ranged from 0.25 to 1.20 mg/L (Fig. 2b). The 
maximum BODs content (1.20 mg/L) was 
recorded at station 1 while the lowest value (0.25 
mg/L) was reported at station 7. The COD values 
ranged from 1.00 to 1.86 mg/L with maximum 
value (1.86 mg/L) and minimum value (1.00 
mg/L) obtained from stations 10 and 7 
respectively (Fig. 2b). It should also be noted that 
COD contents recorded at stations 5 and 6 were 
below detection limit [28]. The very low content of 
both BODs and COD could be a consequent of 
over consumption of dissolved oxygen due to 
microbial decomposition of high contents of 
dissolved and suspended organic matter or 
pollutant in water [29]. The BODs values 
obtained for all the samples were significantly 
lower than 4 to 5 mg/L prescribed limit for class II 
type of inland surface water [30 ]. The COD 
values were lower than 40 mg/L prescribed by 
FEPA [19]. 



 

 

3.7 Nitrate (NO3
-) and Nitrite (NO

 
The concentration of nitrite and nitrate in all the  
samples studied as shown in Fig. 3, ranged from 
71.20 to 640.0 mg/L and 420.70 to 2336.1 mg/L 
respectively. The World Health Organization has 
a recommended value (50 mg/L) for nitrate [30].
 

Fig. 2.   Variations in levels of physicochemical parameters with sample location
All the physico-chemical parameters were expressed 
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) and Nitrite (NO2
-) 

The concentration of nitrite and nitrate in all the  
samples studied as shown in Fig. 3, ranged from 

to 640.0 mg/L and 420.70 to 2336.1 mg/L 
Health Organization has 

a recommended value (50 mg/L) for nitrate [30]. 

The US EPA has established guideline values for 
the maximum level of nitrate-nitrogen and nitrite
nitrogen of 10 mg/L and 1.0 mg/L respectively 
[28]. The results obtained for nitrate 
concentration in all the samples were higher than 
the guideline values. 

 

 (a) 
 
 

(b) 
 

Fig. 2.   Variations in levels of physicochemical parameters with sample location
chemical parameters were expressed in mg/L except Turbidity (NTU)
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The US EPA has established guideline values for 
nitrogen and nitrite-

nitrogen of 10 mg/L and 1.0 mg/L respectively 
[28]. The results obtained for nitrate and nitrite 
concentration in all the samples were higher than 

 

 

Fig. 2.   Variations in levels of physicochemical parameters with sample location 
in mg/L except Turbidity (NTU) 



 

 

 
Fig. 3.   Variation in anion levels with sample location

 
The nitrate concentrations of the samples were 
also significantly higher than the tolerance limits 
of 10 mg/L prescribed by India law and 5 mg/L 
recommended by Philippine regulatio
surface water [13,14]. The source of high nitrate 
and nitrite in floodwater may be due to runoff 
water which contain fertilizers and manure from 
agricultural land. Other sources are industrial 
effluents, sewage and wastewater [30]. It was 
observed that the concentration of nitrate in all 
the samples was significantly higher than the 
values obtained for nitrite. This may be as a 
result of nitrification process that takes 
soil and flood water [3]. Ammonium ion is 
progressively oxidized by microorganisms first to 
nitrite and then to nitrate. Nitrate, naturally 
present in green leafy and water supply is 
immediately converted to nitrite by bacterial 
residing in the mouths and in the intestine [3,
 

3.8 Chloride (Cl-) and Sulphate 
 
Chloride concentration as shown in Fig. 3 ranged 
from 34.60 to 986.0 mg/L. The values of chloride 
in most of sampling stations were well above the 
permissible limit (200 mg/L) recommended by 
WHO [28]. However, concentration of chloride in 
uncontaminated water is often below 10 mg/L 
[31]. High concentration of chloride and 
contamination of sampling stations may be 
attributed to the discharge of grease, oil, 
pesticides and other chloride containing 
compounds  (especially inorganic chlorides) 
from industrial and municipal activities as well as 
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Fig. 3.   Variation in anion levels with sample location 

The nitrate concentrations of the samples were 
also significantly higher than the tolerance limits 

mg/L prescribed by India law and 5 mg/L 
recommended by Philippine regulation for inland 

14]. The source of high nitrate 
and nitrite in floodwater may be due to runoff 
water which contain fertilizers and manure from 

r sources are industrial 
effluents, sewage and wastewater [30]. It was 
observed that the concentration of nitrate in all 
the samples was significantly higher than the 
values obtained for nitrite. This may be as a 
result of nitrification process that takes place in 
soil and flood water [3]. Ammonium ion is 
progressively oxidized by microorganisms first to 
nitrite and then to nitrate. Nitrate, naturally 
present in green leafy and water supply is 
immediately converted to nitrite by bacterial 

uths and in the intestine [3,30]. 

Sulphate (SO4
2-) 

Chloride concentration as shown in Fig. 3 ranged 
from 34.60 to 986.0 mg/L. The values of chloride 
in most of sampling stations were well above the 

recommended by 
WHO [28]. However, concentration of chloride in 

below 10 mg/L 
]. High concentration of chloride and 

contamination of sampling stations may be 
arge of grease, oil, 

hloride containing 
(especially inorganic chlorides) 

tivities as well as 

from water softening and agricultur
Sulphate concentration ranged from 90.0 to 
980.6 mg/L (Fig. 3). Sampling station 6 (980.6 
mg/L) and station 7 (90.0 mg/L) recorded the 
maximum and minimum concentrations of 
sulphate ion respectively. Sulphate levels 
between 250 and 300 mg/L is good enough to 
support aquatic life in inland surface water [18]. 
Sulphate in the form of hydrogen 
tetraoxosulphate (vi) Acid which constitutes 
electrolyte for wet cell batteries, discharged by 
battery chargers and agricultural runoff (super 
sulphate fertilizers) might have contributed to 
the overall concentration of SO
floodwater [31]. 
 

3.9 Heavy Metals 
 
Heavy metal in floodwater samples was 
determined by Atomic Absorption 

Spectrophotometer. The concentration of heavy 
metals in floodwater is shown in Fig
concentration of Zn and Cu ranged from 3.20 to 
11.63 mg/L and 17.30 to 89.5 mg/L respectively 
(Fig. 4). The maximum permissible limit 
recommended by prescribed by Indian regulation 
for Zn and Cu in inland surface water is 5.0 mg/L 
and 3.0 mg/L respectively [13]. It was observed 
that seven stations (1, 2, 3, 6, 7, 9 and 10) had 
higher zinc concentration compared to the 
recommended 5.0 mg/L. Similarly the 
concentration of copper in all the sampling 
stations was significantly higher than the 
recommended 3.0 mg/L, indicating contamination 

3 4 5 6 7 8 9 10

Sample station

Sulphate

Nitrite

Nitrate

Chloride

 
 
 
 

; Article no.ACSj.2015.017 

 

softening and agricultural runoff [31]. 
ranged from 90.0 to 

(Fig. 3). Sampling station 6 (980.6 
mg/L) and station 7 (90.0 mg/L) recorded the 
maximum and minimum concentrations of 
sulphate ion respectively. Sulphate levels 
between 250 and 300 mg/L is good enough to 
support aquatic life in inland surface water [18]. 
Sulphate in the form of hydrogen 

which constitutes 
electrolyte for wet cell batteries, discharged by 
battery chargers and agricultural runoff (super 
sulphate fertilizers) might have contributed to    
the overall concentration of SO4

2-
 ion in 

Heavy metal in floodwater samples was 
determined by Atomic Absorption 

The concentration of heavy 
metals in floodwater is shown in Fig. 4. The 
concentration of Zn and Cu ranged from 3.20 to 
11.63 mg/L and 17.30 to 89.5 mg/L respectively 
(Fig. 4). The maximum permissible limit 
recommended by prescribed by Indian regulation 
for Zn and Cu in inland surface water is 5.0 mg/L 

ectively [13]. It was observed 
that seven stations (1, 2, 3, 6, 7, 9 and 10) had 

compared to the 
recommended 5.0 mg/L. Similarly the 
concentration of copper in all the sampling 
stations was significantly higher than the 
recommended 3.0 mg/L, indicating contamination 

Sulphate
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of the floodwater samples by these metals
The sources of Zn and Cu are mainly through 
runoff from refuse dumps and industrial effluents 
[33]. The concentration of Pb and Cd in this 
study (Fig. 3) ranged from 0.03 to 9.70 and 0.003 
to 1.24 mg/L respectively. 
 
Results obtained for analysis of lead revealed 
that samples at all the stations except station 9 
(0.03 mg/L) recorded concentration values 
higher than 0.1 mg/L recommended for all 
classes of surface inland waters according to 
regulation authorities in Poland, India and Sri
Lanka [34]. Similarly, samples analyzed fro
the stations had higher Cd content compared to 
the maximum permissible limits of 0.005mg/L 
and 0.005 to 0.1 mg/L prescribed by bo
EPA [23] and Polish law [34] respectively, 
except those recorded at stations 3, 4 and 10. 
High level of Pb and Cd in the water samples 
could be from used dry cell batteries and tires 
and non serviceable metal scraps from 
dumpsites [34]. The concentration of mercury 
ranged from 0.003 to 0.50 mg/L (Fig. 4). The 
maximum and minimum concentration of Hg 
were found in stations 10 (0.50 mg/L) and 1 
(0.003 mg/L) respectively. The concentration of 
Hg in all the stations except station 3 (below 
detectable limit) were higher than the ap
limits of 0.001 mg/L and  0.001mg/L [35
surface water. The maximum and minimum 

 
Fig. 4.  Variation of heavy metal concentration with sampling station
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of the floodwater samples by these metals [32]. 
Cu are mainly through 

runoff from refuse dumps and industrial effluents 
]. The concentration of Pb and Cd in this 

study (Fig. 3) ranged from 0.03 to 9.70 and 0.003 

Results obtained for analysis of lead revealed 
t all the stations except station 9 

(0.03 mg/L) recorded concentration values 
higher than 0.1 mg/L recommended for all 
classes of surface inland waters according to 
regulation authorities in Poland, India and Sri-

]. Similarly, samples analyzed from all 
the stations had higher Cd content compared to 
the maximum permissible limits of 0.005mg/L 
and 0.005 to 0.1 mg/L prescribed by both US 

34] respectively, 
except those recorded at stations 3, 4 and 10. 

n the water samples 
could be from used dry cell batteries and tires 

metal scraps from 
]. The concentration of mercury 

ranged from 0.003 to 0.50 mg/L (Fig. 4). The 
maximum and minimum concentration of Hg 

ns 10 (0.50 mg/L) and 1 
(0.003 mg/L) respectively. The concentration of 
Hg in all the stations except station 3 (below 
detectable limit) were higher than the approved 
limits of 0.001 mg/L and  0.001mg/L [35] for 
surface water. The maximum and minimum 

concentration of as are 0.15 (station 3) and 0.01 
mg/L (stations 1 and 8) respectively 
Polish laws and Indian regulations set the 
maximum concentration of arsenic in surface 
water as 0.05 to 0.2 mg/L and 0.2 mg/L 
respectively [35]. Interestingly, all the samples 
had values which were within the permissible 
limit for Arsenic in inland surface water.
 
Toxicology studies on heavy metals revealed 
that exposure of Pb at high concentration could 
lead to gastrointestinal tract and central nervous 
system disorders, as well as kidney failure and 
eventual death. Arsenic is associated with 
circulatory system disorder, cancer 
damage [36,37]. Copper at high doses is linked 
to anaemia, liver and kidney damage [37
Bioaccumulation of mercury in human bo
cause lungs, kidneys and permanent brain 
damage. High level of Cd in the blood stream 
leads to kidney dysfunction [38].  
 
Pearson’s correlation analysis was applied to 
data in order to evaluate and confirm the 
association among the physicochemical a
as heavy metal parameters of flood water 
samples (Table.1). Generally, direct relationship 
exists when increase or decrease in the value of 
one parameter is associated with a 
corresponding increase or decrease in the value 
of another parameter [21].  
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Table 1.  Pearson correlation matrix of physicochemical parameters of floodwater samples 

 
 pH EC TDS TSS NTU BODs COD DO SO4

2-
 NO3

-
 NO2

-
    Cl

-
 Pb Cd Zn Hg  Cu As     

pH 1                  
EC 0.46 1                 
TDS 0.46 0.67*       1                
TSS 0.38    -0.15      -0.19      1               
NTU 0.12     0.49       0.03     -0.45      1              
BODs 0.26     0.06      -0.29     0.23      0.12      1             
COD -0.52     0.07        0.31    -0.59      0.10    -0.60      1            
DO -0.15     0.33       -0.11    -0.44     0.58     0.59      0.16        1           
SO4

2-
 0.72*   -0.09      -0.14     0.54     -0.12     0.57    -0.86**   -0.17        1          

NO2
-
 0.14     0.09       -0.37     0.44      0.08     0.57    -0.27      0.49       0.30      1         

NO3
-
 0.38    -0.38      -0.32     0.20     -0.29     0.42    -0.67*    -0.13      0.70*    0.10       1        

Cl
-
 -0.23     0.35      -0.18    -0.06      0.33    -0.32     0.01     -0.05      -0.36    -0.00    -0.33       1       

Pb -0.36     0.19      -0.29    -0.39      0.37     0.42     0.30      0.81**   -0.25     0.52     -0.26     0.09      1      
Cd -0.26    -0.30      0.06    -0.63*    0.22    -0.30     0.65*     0.15      -0.31    -0.33    -0.16    -0.45      0.22      1     
Hg -0.41    -0.40      -0.07    -0.36    -0.36    -0.07     0.47       0.06     -0.15    -0.05     -0.04    -0.48      0.42     0.64*     1    
Zn -0.14    -0.11      -0.33     0.46      0.00     0.12    -0.36      -0.16     0.22      0.28     -0.27     0.27     -0.01    -0.39     -0.13      1   
Cu -0.44    -0.42      -0.58    -0.03    -0.21     0.11     0.05      -0.04     -0.00     0.06     -0.01     0.07      0.48     -0.21     0.58     0.20     1  
As  0.60      0.58        0.61    -0.29      0.38     0.24    -0.21        0.31       0. 31    -0.05      0.22    -0.20      -0.12    -0.05    -0.26    -0.24    0.71* 1 

*Correlation is significant at the 0.05 level (2-tailed), **Correlation is significant at 0.01 levels (2-tailed)
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A positive correlated existed between electrical 
conductivity (EC) and total dissolved solids 
(0.67). This suggests that electrical conductivity 
depends on the dissolved solids and salt 
compounds which have the ability to furnish 
more number of mobile ions in solution. 
Sulphate ion (SO4

2-
) showed significant 

positively correlated with pH (0.72) indicating 
that pH increased with increase in sulphate 
ions. The source of sulphate ions may be from 
compounds of alkaline metals such as sodium, 
potassium and magnesium. Sulphate ion (SO4

2-
) 

had highly significant negatively correlated with 
COD (0.86).  Nitrate ion (NO3

-
) is significantly 

positively correlated with SO4
2-

 (0.70) and 
significant negatively correlated with COD (0.67) 
suggesting that this pair of anions have identical 
source. There was a highly significant positive 
association between lead (Pb) and dissolved 
oxygen (0.81). Cadmium (Cd) showed 
significant positive correlation with chemical 
oxygen demand and significant negative 
association with Total dissolved solids (0.63). 
Under slightly acidic to alkaline condition, lead 
and cadmium may have bonded to a loosely 
crystalline oxide. The development of a 
reducing condition due to microbial 
decomposition of organic matter promotes the 
reduction of lead and cadmium [38]. A 
significant positive association was also 
observed   between mercury (Hg) and cadmium 
(0.64) suggesting that this pair of elements have 
identical source or chemical phenomena. 
Arsenic (As) had significant positive correlation 
with hydrogen ion concentration (0.60) and 
significant negative association with copper 
(0.71). 
 

4. CONCLUSION  
 
The results of this study indicated that the levels 
of TDS, hardness, nitrate, nitrite, chloride, 
copper, zinc, lead, cadmium and mercury were 
above the recommended limits prescribed by 
India, Sri-Lanka, US EPA and Philippine 
guideline values for inland surface water quality 
in most of the stations. On the other hand, values 
of DO, COD and BODs were below the tolerance 
limits while pH and concentration of arsenic were 
within the tolerance limits for surface water 
quality. The quality of this surface water is 
unsatisfactory for domestic, industrial, irrigation 
and fish culture purposes.  
 
The general high levels of anions and heavy 
metals were indications of possible pollution of 
the sampling stations as a result of excessive 

application of fertilizers, manures, disposal of 
waste water and discharge of industrial effluents 
on land. 
 
To this end, there is an urgent need for the 
relevant authorities to effectively control flooding 
promptly as they occur in order to mitigate the 
associated health hazards. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. John DN, Gordon TA, Pat N. Spatial 

assessment of urban flood risks in Aba 
Metropolis, using geographical information 
systems Techniques. Global Advanced 
Research Journal of Environmental 
Science and Toxicology. 2013;2(3):86-92. 
Available: http://garj.org/garjest/index.htm 

2. Cebila E, Ciba, J. Effects of flooding in 
Southern Poland on heavy metal 
concentrations in soils. Soil use and 
management. 2005;21:348-351. 

3. Osu CI, Ogoko EC. Concentration levels of 
physicochemical  parameters, nitrate and 
nitrite anions of floodwaters from selected 
areas in Port-Harcourt metropolis,  Nigeria. 
Journal of Applied Sciences and 
Environmental  Sanitation. 
2012;7(2):147-152. 

4. American Public Health Association, 
American Water Works Association and 
Water Environment Federation (APHA, 
AWWA and WEF). Standard Methods for 
the Examination of Water and Wastewater, 
20th edn. Washington, DC; 1998. 

5. Entz B, Ramzy B. Some physical, chemical 
and limn logical  characteristics of Lake 
Nasser reservoir. UAR Knoxville. USA; 
1970. 

6. American Public Health Association, 
American Water Works Association and 
Water Environment Federation (APHA, 
AWWA and WEF). Standard Methods for 
the Examination of Water and Wastewater, 
20th edn. Washington, DC; 2001. 

7. Badiadka N, Kenchaiah S. A 
spectrophotometric method for the 
determination of  nitrite and nitrate. 
Eurasian J. Anal. Chem. 2009;4(2):204-
214. 

8. Trivedy RK, Goel PK. Chemical and 
biological methods for water pollution 



 
 
 
 

Ogoko et al.; ACSj, 5(2): 174-184, 2015; Article no.ACSj.2015.017 
 
 

 

183 

studies. Environmental Publication, Karad, 
Maharashtra; 1986. 

9. Kodarkar MS. Methodology for water 
analysis, physico-chemical, Biological and 
Microbiological  Indian Association of 
Aquatic Biologists Hyderbad. 1992;2:50. 

10. Boyd C, Tucker C.  Water quality and pond 
soil analysis for aquaculture. Alabama 
agric. Experimental station. Auburn. Uni. 
1992;183  

11. Senior LA. Groundwater-quality 
Assessment, Pike County, Pennsylvania, 
US. Geological Survey Scientific 
Investigations Report. 2009;5129. 

12. Tukura BW, Ayinya MI, Ibrahim IG, Onche 
EU. Assesssment of heavy metals in 
ground water from Nasarawa State, Middle 
Belt, Nigeria. American Chemical Science 
Journal. 2014;4(6):798-812. 

13. ISI: Tolerance limit for inland surface water 
subject to pollution, 2296, Indian 
Standards Institute, New Delhi, India; 
1982. 

14. DENR Administrative Order 2008-XX. 
‘Water Quality Guidelines and General 
Effluent Standards of 2008, Revising DAO 
34 and 35, Series of 1990. 

15. World Health Organization. Guidelines for 
drinking water quality. Geneva, 
Switzerland: World Health Organization; 
2008. 

16. Murhekar GH. Determination of physico-
chemical parameters of surface water 
samples in and around Akot City. 
International Journal of Research in 
Chemistry and Environment. 
2011;1(2):183-187. 

17. Kerketta P, Baxla SL, Gora RH, Kumari S, 
Roushan RK. Analysis of physico-chemical 
properties and heavy metals in drinking 
water from different sources in and around 
Ranchi, Jharkhand, India, Vet World. 
2013;6(7):370-375. 

18. Mohamed AF, Mostafa AK. 
Physicochemical characteristics of water 
quality in Lake Nasser Water. Global 
Journal of Environmental Research. 2009; 
3(3):141-148. 

19. Federal Environmental Protection Agency 
(FEPA). Guideline and standards for 
environmental pollution in Nigeria. FEPA 
Nigeria; 1991. 

20. United State Environmental Protection 
Agency (US EPA). Washington, DC. 
Drinking water contaminants; 2009. 

21. Mansouri BM, Salehi K, Salehi J, Kardan-
Moghaddam H, Mahmoodi M. Assessment 
of Birjand flood plain water quality by 

physico-chemical parameters analysis in 
Iran. J. Adv. Environ Health Res. 
2013;1(2):101-11. 

22. Todd LP. Changes in biological 
characteristics of Daphnia magna from 
chronic action of copper and nickel at low 
concentrations. Hydrobiological Journal. 
1995;5:59-62. 

23. Amadi AN, Nwankwoala HO. Evaluation of 
heavy metal in soils from Enyimba 
Dumpsite in Aba, Southeastern Nigeria 
using contamination factor and geo-
accumulation index. Energy and 
Environment Research. 2013;3:1.  

24. Lawson EO. Physicochemical parameters 
and heavy metal contents of water from 
the mangrove swamps of Lagos Lagoon, 
Lagos, Nigeria. Advances in Biological 
Research. 2011;5(1):08-21. 

25. Singh J, Agrawal DK, Panwar S. Seasonal 
variation in different physicochemical 
characteristics of Yamuna River water 
quality in proposed lakhwar project 
influence area. Intl. J. Appl. Environ. Sci. 
2008;3:107-117. 

26. Geol PK, Gopal B, Trivedy RK.  Impact of 
sewage on freshwater ecosystem.1. 
General features of water bodies and 
sewage. J. Ecol. Environ. Sci. 1980;6:83-
86. 

27. World Health Organization. Guidelines for 
Drinking water quality incorporating First 
addendum. Recommendations. – 3rd Ed. 
WHO Publication Centre, Albany, 191 New 
York. 2006;1. 

28. United State Environmental Protection 
Agency (US EPA). List of contaminants 
and their maximum contaminant level 
(MCLs); 2010.  Available: 
http://water.epa.gov/drink/contaminants/ind
ex.cfm #List. Accessed on 26-12-2010.  

29. Tebbutt TH. Principles of water quality 
control. Philadelphia, PA: Elsevier Science 
Limited. 1992;5:1-251. 

30. Lipkowaska-Grabowska K, Faron-
Lewandowska E. Pracownia Chemicna. 
Analia wody I Sciekow Warsawa; 1998. 

31. McCoy WF, Olson BH. Relationship 
amoung turbidity, particle counts and 
bacteriological quality within water 
distribution line; 1986. 

32. National Environmental Protection 
Measurement of Australia, NSW; 1999. 

33. Scragg A. Environmental Biotechnology. 
Oxford University Press, Oxford, UK, 2

nd
 

edition; 2006. 
34. Sekabira K, Oryem OH, Basamba TA, 

Mutumba G, Kakudidi E. Heavy metal 



 
 
 
 

Ogoko et al.; ACSj, 5(2): 174-184, 2015; Article no.ACSj.2015.017 
 
 

 

184 

assessment and water quality values in 
urban stream and rain water Int. J. 
Environ. Sci. Tech. 2010;7(4):759-770. 

35. Linnik PM, Zubenko IB. Role of bottom 
sediments in the secondary pollution of 
aquatic environments by heavy metal 
compounds. Lakes and Reservoirs. Res. 
Manag. 2010;5(1):11-21. 

36. Chinyere GC, Obisike ES, Ugbogu AE, 
Osuocha KU. Studies on municipal solid 
wastes  dumping on soil anions, cations 
and selected enzymes activities at Njoku 
Sawmill Waste Dumpsite, Owerri 
Municipal, Imo State, Nigeria. Ethiopian 

Journal of Environmental Studies and 
Management. 2013;6:774-783. 

37. Amadi AN, Nwankwoala HO. Evaluation of 
heavy Metal in soils from Enyimba 
Dumpsite in Aba, Southeastern Nigeria 
Using Contamination Factor and Geo-
Accumulation Index, Energy and 
Environment Research. 2013;3:1. 

38. Bjuhr J. Trace metals in soils irrigated with 
waste water in a periurban area 
Downstream Hanoi City, Vietnam, Seminar 
Paper, Institution  enformarkvetenskap, 
Sveriges Lantbruks Universitet (SLU), 
Uppsala, Sweden; 2007.  

_________________________________________________________________________________ 
© 2015 Ogoko et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sciencedomain.org/review-history.php?iid=698&id=16&aid=6885 
 


