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Abstract: Heavy metal pollution has been considered to be an ecological threat to man and other organisms 

especially when found in organs above the threshed concentrations. Elechi creek is a major source of water for 

domestic and industrial use. The concentration of heavy metals such as Cadmium (Cd), Chromium (Cr), lead 

(Pb) and Copper (Cu) in water and sediment were investigated using Atomic Absorption Spectrophotomer. The 

mean concentrations (mg/l) in water were respectively, Cd(0.0036 ± 0.277), Cr (0.0042 ± 0.196), Pb(0.00387± 

0.136) and Cu(0.0068 ± 0.217) while that of sediment(mg/kg) were Cd(0.00494±0.203), Cr (0.00457 + 0.172), 

Pb(0.00468 ± 0.205) and Cu(0.00731 ± 0.204)) respectively. Apart from Cd which exceeded the TSE – 266 and 

WPCC limit and Pb which exceeded the criterion continuous concentration (CCC) other metals studied were 

within the TSE – 266, WPCl, CIW and EC water guideline. The order or magnitude of heavy metal 

concentration in water is Cu > Cr > Pb > Cd while that of sediment is Cu > Cd > Pb > Cr with Cu having the 

highest concentration in both media. The contamination factor (CF) and pollution load index (PLI) were all less 

than unity showing that there was little pollution and not pollution in the area. Elechi Creek is therefore 

contaminated though without potential danger for now but may pose risk with time depending on further 

degradation by agriculture and other anthropogenic activities in the area.  
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I. Introduction 
Heavy metal pollution has been considered as one of the major ecological threat to man and other organisms 

especially through food chain when found above the threshold concentrations. Owing to the severe effects on 

the human race and environment, pollutants such as heavy metals, pesticide, polychlorobiophenys (PCBs), 

polycylic aromatic hydrocarbon (PAHs) etc are now of utmost concern (Bhuvaneshwari et al, 2016). It is 

pertinent to note that increased levels of heavy metals in creeks, rivers, lakes, oceans and ponds are considered 

to be disastrous because they are the only sources of drinking water as well as the abode for aquatic organisms 

such as fishes and other invertebrates especially in developing countries (Ochieng et al, 2008). When heavy 

metals find their way into the aquatic environments as a result of urbanization, industrialization and other 

anthropogenic activities, they settle in the sediment and water in the various water bodies. These metals are 

eventually taken up or absorbed by fish, plankton and other biota through water, food and sediment whether 

they are essential or non – essential ones which get accumulated in their tissues (kalay and Canli, 2000).      

 

When these metals accumulate in the tissues and water above threshold and finally consumed by man through 

food chain, they could cause potential consequences to man. According to Christophoridis, et al, (2008), 

sediment is known to be a sink and a potential source of aquatic pollutants or contaminants especially of heavy 

metal origin. Zabetoglou et al. (2002) opined that sediments are often found contaminated with different 

hazardous and toxic materials while Singh et al; (2005) considered sediments to be transporters and sink for 

pollutants thus reflecting the history of pollution.  

Due to the fact that heavy metals cannot be biodegraded and cannot usually be removed from the aquatic 

ecosystem by natural means, they are therefore considered to be of great significance as indicator of ecological 

quality of all water flow considering their toxicity, persistence and bio-accumulative behaviour (Forstner and 

Wittman, 1981, Murray, 1996, Prosi, 1981, Moalla et al. 1998 and Purves, 1985). Heavy metals displace vital 

elements and obstruct their biological functions. These metals get into the body through food consumption, skin 

exposure, beverages, and air inhalation. Exposure of heavy metals by any means of food consumption will have 

confirmative negative effects to human health (Pan, et al, 2013). On this note it is important to undertake risk 

assessment of these toxins called metal ions in human even at low concentration especially in the occupational 

and environmental exposure to toxic metals (Sung and Huang, 2003). 
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This study was carried out in Elechi creek flowing through a densely populated area with so many 

anthropogenic activities such as oil and gas exploration, refining, agricultural activities etc taking place. These 

activities may contribute a huge amount of municipal sewage and industrial effluents containing heavy metals 

and other hydrocarbon compounds such as PCBs, PAHs etc. Due to modernization, the degree of heavy metal 

present in the water even in low concentration tends to cause serious threat to aquatic life and food web.  

There is paucity of information in this creek with respect to risk assessment and pollution index on the water 

system hence the need for this research.       

 

II. Materials and Methods 
Water and sediment samples were collected in bottles and polythene bags respectively and transported to the 

laboratory for further analysis. Atomic Absorption Spectrophotometer was used to determine the heavy metals 

(Cd, Cr, Pb and Cu) concentration from the samples collected from the three stations(Fig.1) of Elechi creek 

following the procedure of APHA (1998).  

 

 
Figure1. Map of the study area showing the sampling stations 

 

The health risk assessment of heavy metals through water consumption from Elechi Creek was determined using 

the measured mean concentration of heavy metals in water for calculation as shown below: 

 

1) Hazard Quotient = 
RfD

ADD

ATBwRfD

fIRC ww 


 310  

 Where,  Cw = concentration in water  

              IRW = daily water ingestion rate (Adult:    95
th

 Percentile = 211 day 

        50
th

 Percentile = 1.411day  

                Child: 95
th

 percentile = 1.0811 day 

         50
th

 percentile = 0.3811 day  

Ef = Exposure frequency (365days/year) 

ED = exposure duration (70 years) = average life time. 

RfD = Oral reference dose (mg/kg/day) 

Bw = body weight (Adult = 70kg) 

    Child = 30kg 

AT = Average exposure time (non-cancer risk – 70 years x 365 days/year) 

10
-3

 = Conversion factor = 0.001  

 

2. Contamination Factor (CF): This refers to the ratio of observed concentration of trace elements/heavy 

metals (mg/kg) over the background value of the trace elements/heavy metals (mg/kg) in sediment 

calculated using the formular: 
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 Cf = Observed concentration of heavy metals (mg/kg)/ 

  = Background value of the heavy metals (mg/kg) 

 

3. Pollution Load Index (PLI): This refers to the index for pollution assessment derived by measuring the 

metal contents and deriving contaminating factors by reference to the baseline metals levels i.e background 

value of metals in India (Chandrasekhar et al., 2003). It is usually evaluated using the proposed method by 

Tomlinson et al (1980): 

 PLI = (CF1 X Cf2 x Cf3 ……………….. X Cfn)
1
/n 

 Where 

 n refers to the number of metals  

 Cf    < 1 = low contamination 

 Cf 1 – 3 = Moderate Contamination  

 Cf 3 – 6 = considerable contamination  

 Cf    > 6 = very high contamination  

 

III. Results 
The mean and ranges of the heavy metals, Cd, Cr, Pb and Cu in water and sediment are as presented in table 1 

below. The magnitude of the metals were in the order Cu > Cd > Pb > Cr and Cu >Cr > Pb > Cd for sediment 

and water respectively. Copper mean concentration was highest in both sediment (0.0073±0.204mg/kg) and 

water (0.0068±0.217mg/l while chromium and cadmium were lowest in sediment and water respectively. The 

concentrations of all the studied heavy metals in water except Cd were within the respective MPL/WHO, WA 

WPCL and CMC recommended limits for natural water (Table 2). The oral reference dosages (RFD) of heavy 

metals in the sediment (mg/kg/day) are Cd(0.001), Cr (0.05), Pb (0.004) and Cu (0.04) (Table 3).  

The hazard quotient (HQ) resulting from the exposure of cadmium was higher in adult (0.13 x 10
-3

 and 0.072 x 

10
-3

) than child (0.054 x 10
-3

 and 0.0014 x 10
-3

) at 95
th

 and 50
th

 percentile respectively though lower than unity 

(Figure 2). The HQ for other metals at 95
th

 and 50
th

 percentile were Cr(0.024 x 10
-3

 and 0.017 x 10
-3

) for adult  

and 0.013 x 10
-3

 and 0.004 x 10
-3

 for child, Pb (0.028 x 10
-3

 and 0.019 x 10
-3

) for adult and 0.015 x 10
-3

 and 

0.0053 x 10
-3

) for child,  Cu (0.045 x 10
-3

 and 0.0034 x 10
-3

) for adult and 0.0026 x 10
-3

 and 0.0009 for child. Cu 

had the lowest HQ value (figure 2). 

Figure 3 showed the contamination factor (CF) for the various heavy metals in the study area to include Cr 

(0.000063), Pb (0.00026) and Cu (0.000131) which is less than unity (1). 

The PLI value (2.145 x 10
-12

)
1
/3 is less than unity signifying low contamination in the area.  

 

Table 1: Concentrations and Ranges of Heavy Metals(HM) in Water and Sediment of the Study Area 
 Mean Values of HM in Cd Cr Pb Cu 

Water(mg/l) 0.00361±0.277 0.0042±0.196 0.00387±0.136 0.00682±0.217 

Range 0.00060-0.0070 0.0100-0.0900 0.00200-0.0060 0.0030-0.0100 

     

Sediment(mg/kg 0.00494±0.203 0.00457±0.172 0.00468±0.205 0.00731±0.204 

Range 0.00050-0.0090 0.00060-0.0080 0.00110-0.0140 0.0020-0.0120 

 

Table 2: Acceptable level (mg/l) of Heavy Metals in Natural Waters( Water Guideline) 
Heavy Metal Cd Cr Pb Cu 

Maximum Permissible Limit (MPL 0.003 0.05 0.01 NA 

Threshold Concentration for aquatic lifeTC 0.01 0.05 0.10 NA 

Bureau of Indian Standards BIS 0.01 0.05 0.05 NA 

World Average of trace element in unpolluted rivers (WA) 0.001 NA 0.04 NA 

Turkish Standard,2006)  (TSE-266)  0.005 0.05 0.01 2.0 

Water Pollution Control (WPCL,2004) 0.003 0.02 0.01 0.02 

Annonymous Criterion of the Irrigation Water (CIW,1997) 0.01 0.10 5.0 0.20 

World Health Organisation (WHO) 0.01 0.05 0.05 2.00 

European Community (EC)Water Guideline 5 50 10 2.00 

Environmental Protection Agency (EPA) 0.01 0.05 0.05 1.30 

 

Fresh Water Quality Criteria 

    

Criterion Maximum Concentration (CMC) (USEPA,2006) 0.002 0.016 0.07 NA 

Criterion Continous Concentration (CCC) (USEPA,2006) 0.0003 0.011 0.003 NA 

NA= not available 
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Table 3: Oral Reference Doses(Recommended Standard) of Heavy Metals in Sediment 
Heavy Metal Cd Cr Pb Cu 

RFD(mg/kg/day 0.001 0.05 0.004 0.04 

Background Value of Metals in India (BV)( Chandrasekhar et al.,2003 NA 73 18 56 

Unpolluted Sediment (US)(Kumar et al.,2010) NA NA 19 33 

Threshold effect level (TEL)(ISQG)(CCME,2002) NA 37.3 35 35.7 

Probable effect level (PEL)( Chandrasekhar et al.,2003 NA 90 91.3 197 

Threshold effect concentration(TEC) (NOOA,2009) 0.99 43.4 35.8 31.6 

Lowest Effect Level (LEL) (NOOA,2009) 0.60 26.0 31.0 16.0 

Probable Effect Concentration(PEC) (NOOA,2009) 4.90 111.0 128.0 149.0 

Severe Effect Level (SEL) (NOOA,2009) 10.0 110.0 250.0 111.0 

 

USEPA TOXICITY CLASSIFICTION 

Non-Polluted NA NA <40 25 

Moderately polluted NA NA 40-60 25-50 

Heavily polluted NA NA >60 >50 

NOAA     

ERL NA NA 46.7 34 

ERM NA NA 218 270 

Source: USEPA,2011,2012, Chandrasekhar et al.,2003, NA-Not available 

 

NOTE: Ad (95% & 50%)= Adult at 95  & 50 percentile,  

               

Ch (95% &50%) = Child at 95 & 50 percentile 

 

0

0.02

0.04

0.06

0.08

0.1

0.12

Cd Cr Pb Cu

V
al

u
e

s

Figure 2: Hazard Quotient of Heavy Metals through Consumption of 
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IV. Discussion 
The mean values of heavy metals (Cd, Cr, Pb and Cu) observed in water in this study are lower than that of 

sediment except copper. The result of this study is in conformity with that of Davies et al (2006) where all the 

heavy metal values in the sediment were higher than that of the water. The result of this study is also in 

agreement with the assertion by Christophoridis et al (2008) that sediment acts as sink and a potential source of 

different contaminants in the aquatic ecosystem. The high concentration of copper in both sediment and water in 

this study is also in line with the finding of Nwoko et al (2014) which was attributed to the anthropogenic 

activities in the area.  

 

The cadmium levels in this study which ranged from 0.0006 – 0.007mg/l with the mean value of 0.00361 + 

0.277mg/l is lower than the range of 0.001 to 0.034mg/l in Asa river reported by Eletta (2007). The mean 

concentration of cadmium in this study (0.00361 + 0.277mg/l) is slightly above the maximum permissible limit 

(WHO/MPL) for drinking water and world average of trace element in unpolluted rivers (WA) but lower than 

the threshold concentration for aquatic life (TC) and Bureau of Indian Standards (BIS). Therefore, based on the 

drinking water standards of World Health organization and World Average of trace elements in unpolluted 

rivers, this result showed that there is contamination of the surface water with cadmium. Cadmium 

concentration is also slightly higher than the Criterion Maximum Concentration (CMC) and Criterion 

Continuous Concentration (CCC) of USEPA (2006). Cadmium is relatively mobile and its environmental levels 

are influenced by industrial operations since it has both natural and anthropogenic sources. Cadmium 

concentration in this study is also comparable to the 0.006mg/l reported by Trocine and Trefry (1996) in Indian 

Rivers, Florida USA, and 0.005mg/l reported by Okonkwo and Motheba 92005) in Madanzhe river. 

 

The mean concentration of Chromium (Cr) observed in this study (0.0042 + 0.196mg/l) is also in agreement 

with the value (0.04mg/l) reported by Eletta (2007) in Asa River, Nigeria which is below the WHO and BIS 

permissible values for drinking water quality. The value is also below the criterions maximum concentration 

(CMC) and criterion continuous concentration (CCC) of USEPA (2006). 

The mean value of lead (Pb) observed in this study (0.00387 + 0.136mg/l) is also below the permissible limit or 

standard of WHO, BIS, WA, TC and CMC but slightly higher than the Criterion Continuous Concentration of 

USEPA (2006). Therefore, with respect to CCC (USEPA, 2006), Elechi surface water is not contaminated with 

Pb.  

The presence of Cadmium (Cd) in both water and sediment in this study is in disconformity with the finding of 

Mwamburi (2003) where there was presence of Cd in water but absent in the sediment. The values of Cd among 

the heavy metals observed in this study except chromium are contrary and less than that reported by Davies et al 

(2006) from Elechi creek, Port Harcourt, Nigeria.  

With the exception of heavy metal such as Cd value in this study which exceeded the TSE – 266 (Turkish 

Standards, 2006) and WPCL (water pollution control legislation, 2004), guideline other heavy metals 

concentrations such as Cr, Cu and Pb did not exceed the TSE-266 Wpd (2004), CIW (Anonymous, criterion of 

the irrigation water, 1997) and EC (European Community, 1998) water guideline. Therefore with respect to TSE 

– 266 (2006) and WPCL (2004) standard, Elechi creek is polluted with cadmium.       

 

The concentration of Cu in the water in this study is lower than the 0.01mg/l in Avsar Dam lake reported by 

Ozturk et al (2009) and the 0.02mg/l and 0.034mg/l in Demirkopru Dam lake and Gediz River reported by 

Ozturk et al ( 2008) and Uzunoglu (1999) respectively. Comparing the mean concentration of Cu in this study 

with the water guideline of TSE-266 (2005), WPCL (2004), CIW (Anonymous, 1997), WHO (1993), EC (1998) 

and EPA (2002), Elechi Creek is not polluted with copper.  

The order or magnitude of concentration of heavy metals in the sediment in this study (Cu > Cd > Pb > Cr) 

differs from the order (Cr > Cu > Pb) reported by Bhuvaneshwari et al (2016) in River Cauvery and the Cu > Cr 

> Pb > Cd reported by Ozturk et al., (2009) in Avsar Dam Lake in Turkey. The sediment heavy metal(Cd, Cr, 

Pb and Cu) concentrations observed in this study area are all lower than the BV – Background values of metal in 

India, (Chandrasekhar et al., 2003), US – unpolluted Sediment (Kumar et al., 2010), ISQG – Interim sediment 

Quality Guidelines (CCME, 2002), PEL – probable effect level and PL – permissible limit (Chandrasekhar et 

al., 2003). These values are also lower than the lowest effect level (LEL – NOAA 2009) and Severe Effect 

Level (SEL–NOAA,2009).  According to the Canadian Sediment Quality Guidelines, there is no indication of 

possibility of adverse effects in consuming the water and its resources.  

 

Considering United State Environmental Protection Agency (USEPA) toxicity classification, Elechi creek is a 

non–polluted lake since all the studied heavy metals (Cr, Pb and Cu) concentrations were within the permissible 

limit of the standard except Cd. The level of contamination of Elechi creek is therefore not hazardous to man 

and other organisms. 
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According to Ukoha et al (2014), health risk assessment is an essential tool to determine the consequences of 

human action and to measure the adverse effect of public health.  

 

The HQ of cadmium in this study is higher than any other metals studied though below unity (K1) just as others 

which will not pose health risk. The HQ of all metals studied are higher in adult at both 95
th

 and 50
th

 percentile 

than children which indicates more health risk in adult than children which is in line with the assertion that 

difference in age and exposure conditions might also contribute to risk. 

The HQ value of all the metals in this study is within the range of values reported by Wu et al (2009) in the 

waters from Yangtze River, China and Huguet et al (2009 in Ebro River, Spain but far lower than that reported 

by Bhuvaneshwari et al (2016) in River Cauvery. 

 

According to Puyate et al (2007) contamination factor (CF) with value less than 1 (unity) refers to low 

contamination, therefore Elechi creek has low contamination. The calculated values of CF for Cd, Cr, Pb and Cu 

in this study which are all less than unity is in agreement with that reported by Bhuvaneshwari et al (2016) in 

the Cauvery River which was said to cause minimum hazard to the aquatic organisms. Also, the pollution load 

index (PLI) less than unity and far less than 0.5 obtained in this study showed that there is low or no 

contamination and therefore cannot cause hazard to the aquatic organisms. This simply means that the 

environment is safe for the organisms which is in turn safe for human consumption 

 

V. Conclusion 
The heavy metal concentrations of the water and sediment showed that there was no pollution except cadmium 

which exceeded the drinking water standard such as WHO/MPL and WA. This shows that potential danger may 

exist in years to come depending on agricultural activities and other anthropogenic activities in the area.  
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