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ABSTRACT 
 

Sediments from an estuarine creek were assessed in order to ascertain heavy metal contamination and 
ecological risk status. Seventy-two samples were collected in triplicate per site (July-December 2016), put 
in labeled polythene bags and preserved in ice chests before laboratory analysis. Air dried samples were 
digested with Equia-Regia (mixture of HCI and HNO3, ratio of 3:1) and metals analysed using Atomic 
Absorption Spectrophotometery. Ecological risk indices were used to evaluate sediment quality/status. 
Mean metal concentration decreased as Zn>Pb>Cr>Ni>Cu>Cd and were lower than WHO and USEPA 
limits, implying minimal contamination concerns. Mean value of Cr at site AZ1 (dry season) exceeded 
probable effect level (PEL) but less than threshold effect level (TEL), Pb level equaled TEL but below PEL 
while Zn, Ni and Cd concentrations were less than TEL and PEL. Monomial-E

i
r and multinomial-RI 

potential ecological risk indices indicated low ecological risk for metals as Cd>Pb>Cu>Zn>Cr, sites-
AZ1>AZ3>AZ2>OK (wet season) and AZ1>AZ2>AZ3>OK (dry season). Monomial (ERM–Qi) biological 
risk index indicated medium-low priority in order of Zn>Pb>Cr while Cu indicated low-priority risk. 
Multinomial (mERM–Q) biological risk index gave low-priority risk. Contamination factor-Cf across sites 
decreased as AZ1>AZ2>AZ3>OK with higher values during the wet season. Degree of contamination-Cd 
was low in order of Cd>Pb>Zn>Cr>Cu>Ni while index of geo-accumulation-Igeo values (-5.460 - 0.552) for 
metals showed Cd>Pb>Zn>Cu>Cr>Ni and sites (AZ1>AZ2>AZ3>OK). Pollution load index values-PLI 
also indicated no pollution. The study concluded that the sediment quality of the Azuabie creek was within 
acceptable limits but relatively deteriorated compared to the control site. 
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1. INTRODUCTION 
 

The rapid development of industries and 
agriculture has resulted in increasing pollution 
by heavy metals, which are a significant 
environmental hazard for invertebrates, fish, and 
humans [1]. Domestic, municipal, commercial 
and industrial wastes are often discharged into 
aquatic environment and such wastes contain 
different concentrations of heavy metals [2]. 
Sediment contamination is an indicator for the 
prediction of potential ecological risks in aquatic 
systems. Heavy metals have low solubility 
properties, absorbed and accumulated on the 
bottom sediments [3, 4]. They are also inert in 
the sediment environment and are often 
considered to be conservative pollutants [5] but 
can be released into the water column in 
response to certain agitations [6], which can 

lead to potential threat to ecosystems [7, 8].  
Heavy metals, have also been said to be 
significant pollutants for invertebrates, fishes 
and humans and have devastating effects on 
the ecological balance of environment and 
diversity of aquatic organisms [9, 10]. .As a 
result, analysing the concentration and 
distribution of heavy metals in sediments 
flanking populated areas could be used to 
investigate anthropogenic impacts on 
ecosystems and would aid in the assessment of 
risks posed by human waste discharges [11, 
12]. The ultimate discharge of effluents by 
industries and other anthropogenic activities in 
and around creeks and rivers constitute a major 
environmental challenge particularly in 
developing areas such as the Niger Delta in 
Nigeria [13]. The Azuabie creek supports huge 
economic activities including fishing, 
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transportation, fabrication and maintenance of 
marine boats up to sub-regional measure. Daka 
and Moslen [14] identified major waste inputs 
into the creek to include run-off from 
surrounding lands, animal wastes from a major 
abattoir, human/domestic waste from a high 
density settlements along the creek and 
industrial effluents from Trans-Amadi industrial 
area, hosting a number of manufacturing and oil 
servicing companies. The aim of this study was 
to assess the ecological risk due to heavy metal 
contamination in sediments of the study area. 
 

2. MATERIALS AND METHODS 
 

2.1 Study area 
 

The study was done on the Azuabie and the 
Okujagu creeks. The creeks are tidal in nature 
and located on the eastern part of the Niger 
Delta, Nigeria, (Fig. 1). The creeks have input of 
domestic, commercial and industrial wastes with 
more into the Azuabie creek compared to the 
Okujagu creek. Hence, three locations were 
established on the Azuabie creek and a control 
point put at the Okujagu axis. 

 
Figure 1. Map of study area showing sampled points 

 
2.2 Sample collection and analysis 
 

Seventy six sediment samples were collected in 
triplicates from each site on a monthly basis 
from July - December 2016 using an Ekman 
grab. Samples were wrapped in properly labeled 
polythene bags and put in ice coolers before 
taken to the laboratory for analysis. One (1g) of 
air-dried sediment was digested with Equia-
Regia (mixture of HCI and HNO3 in the ratio of 
3:1). The digested sediment samples  were 
filtered with 20 ml of de-ionized  water  and the  
filtrates  were  stored  in clean acid- washed  
and appropriately  labeled  30 ml  sample  
containers. Heavy metal analysis was done 
using Atomic Absorption Spectrophotometer, 
AAS (Model 210VGP BUCK Scientific, USA). 
 
2.3 Ecological risk analysis 
 
2.3.1 Potential ecological risk index (RI) 
 

The potential ecological risk index was 
evaluated using the method of Håkanson [15] 

which is based on the assumption that the 
sensitivity of the aquatic system depends on its 
productivity. This method was a very useful and 
comprehensive one which enables the 
assessment of the combined pollution risk of an 
aquatic system through a toxic-response factor 
for a given substance. RI = Σ E

i
r ,E

i
r = T

i
rC

i
f, C

i
f  

= C
i
o / C

i
n. Where RI = sum of all risk factors for 

heavy metals in sediments, E
i
r = monomial 

potential ecological risk factor, T
i
r = toxic 

response factor for a given substance (Table 1), 
C

i
f is the contamination factor, C

i
o= 

concentration of metals in the sediment and C
i
n 

= reference value for metals (Table 1) while the 
scale of RI is presented in Table 2. 
 

2.3.2 Biological risk index (mERM-Q) 
 

The sediment quality guidelines (SQGs) were as 
developed by [16]. A mean ERM quotient 
(mERM–Q) was proposed to determine the 
potential effects of multiple heavy metal 
contamination in sediment [17], mERM-Q = 

(∑     
   -Qi) /n, ERM-Qi = Ci/ERMi. Where 
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―mERM–Q‖ = effect range median quotient of 
multiple metal contamination, ―Ci‖ = total content 
of selected metal, ―ERMi‖ = ERM value of 

selected metal (Table 1) and ‗‗n‘‘ = number of 
selected metals. The range of ―mERM– Q‖ is 
presented in Table 2. 

 
Table1. Reference values (C

i
n), toxicity coefficients (T

i
r), effect range low (ERL) and effect range medium 

(ERM) values of heavy metals in sediment [18, 16]. 
 

Heavy Metals RI  mERM-Q 

  C
i
n T

i
r  ERL ERM 

Cr 60 2  80 145 

Cu 30 5  70 390 

Pb 25 5  35.5 110 

Zn 80 1  120 270 

Cd 0.5 30  - - 

 
 

Table 2.Scale used to describe the risk factors of E
i
r, RI, ERM-Qi and mERM-Q [15, 17]. 

 

Assessment of potential ecological risk Assessment of biological risk 

Potential ecological risk for monomils 
factors (E

i
r) 

Potential ecological risk 
for multinomial factors (RI) 

(Biological 
toxicity risk for 
monomial 
(ERM-Qi)  

(Biological toxicity risk 
for multinomial 
(mERM-Q)  

<40 = Low ecological risk <95 = Low ecological risk <0.1 = Low priority risk 

40 - 80 = Moderate ecological risk 
95 - 190 = Moderate 
ecological risk 0.1 - 1.5 = Medium-low priority risk 

80 - 160 = Considerable Ecological Risk 
190 - 380 = Considerable 
Ecological Risk 0.5 - 1.5 = High -medium priority risk 

160 - 320 = High ecological risk 
>380 = Very high 
ecological risk >1.5 = High priority risk 

>320 = Very high ecological risk   
  
  

 
 
2.3.3 Contamination factor (Cf) and degree of 
contamination (Cd) 

 
The level of contamination in sediment by a 
given toxic substance (metals) suggested by 
[15] was also used to evaluate the 
contamination factor as follows. Contamination 
factor (Cf ) =  C0/Cn). Background value of the 

metal equals the world surface rock average 
given by [19]. Cf values for describing the 
contamination level were Cf<1 (low 
contamination), 1 ≤ Cf< 3 (moderate 
contamination), 3 ≤ Cf< 6 (considerable 
contamination) and Cf> 6 (very high 
contamination). Degree of contamination (Cd) is 
the sum of all contamination factors (Cd 

=∑    
    . The classes of the degree of 

contamination used were: Cd< 8 (low degree of 
contamination); 8 < Cd< 16 (moderate degree of 
contamination); 16 < Cd< 32 (considerable 
degree of contamination); Cd> 32 (very high 
degree of contamination). Where Cd = degree of 
contamination, Cf= contamination factor, C0 = 
the metal content in the sediments and Cn is a 
background values. 

 
2.3.4 Geoaccumulation Index (Igeo) 

The geoaccumulation index (Igeo) was also used 
to ascertain metal pollution in sediments and 
was calculated as Igeo= log2 (Cn/1.5 Bn) where 

Cn is the level of heavy metal (n) in the 
sediment, Bn is the geochemical background 
value in the average shale of element n, and 1.5 
is the background matrix correction factor due to 
lithogenic effects. This study considered Bn = 
world surface rock average given by [19]. The 
Igeo is related with a qualitative scale of pollution 
intensity, seven categories of pollution from 
unpolluted (Igeo ≤ 0) to extremely polluted (Igeo ≥ 

5) are defined for the quality of sediments based 
on Igeo values [20]. 
 

2.3.5 Pollution load index (PLI) 
 

Pollution load index (PLI), for a particular site, 
has been evaluated following the method 
proposed by [21]. This parameter is expressed 
as: PLI = (Cf1 x Cf2 x Cf3 x Cfn)

 1/n 
where, n is 

the number of metals. 
 

3. RESULTS 
 

3.1 Concentration of heavy metals 
 

The concentration of heavy metals in sediments 
is given in Table 3 and differed across sites 
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during the wet and dry seasons respectively as 
follows; Cr 5.33±0.65 - 7.36±1.28 mg/kg

-1
, 

9.23±0.39 - 19.56 ±2.09 mg/kg
-1

; Ni 2.58±0.39 - 
5.26±0.81mgkg

-1
, 2.79±0.31 - 7.36±1.28 mgkg

-1
; 

Cd 0.18±0.01 - 0.44±0.03 mgkg
-1

, 0.04±0.01 - 
0.24±0.01 mgkg

-1
; Pb 8.34±0.69 - 35.20±3.34 

mgkg
-1

, 3.42±0.40 - 25.26±3.19 mgkg
-1

; Zn 
22.60±1.58 - 58.26±5.58 mgkg

-1
, 18.91±1.15 - 

61.16±1.35 mgkg
-1

; Cu 1.44±0.21 - 11.42±1.97 
mgkg

-1
, 1.09±0.26 - 8.67±0.42 mgkg

-1
. 

 
3.2 Ecological and health Risk Assessment 
 

The mean value of Cr at AZ1 during the dry 
season was higher than the Probable effect 
level (PEL) but less than the Threshold effect 

level (TEL) at all stations and seasons (Table 3). 
The mean value of Pb at site AZ1 during the wet 
season equaled the TEL value but lower than 
the PEL at all sites and seasons while Zn, Ni 
and Cd concentrations were all less than the 
TEL and PEL at all sites examined during both 
seasons. The monomial (E

i
r) and multinomial 

(RI) potential ecological risk indices as well as 
the monomial (ERM–Qi) and multinomial 
(mERM–Q) biological risk indices for each 
station and seasons were determined (Table 3). 
Values of E

i
r and Ri in this study indicated low 

ecological risk for all stations but the order of 
intensity for metals was Cd >Pb> Cu > Zn > Cr 
while that of sites were AZ1>AZ3>AZ2>OK (wet 
season) and AZ1>AZ2>AZ3>OK (dry season).

 
Table 3.The concentration of heavy metals (mean ± standard error), E

i
r in parenthesis, RI, ERM, mERM, TEL, 

PEL and sediment quality guidelines of [22] and [23] for wet and dry season periods in the study area. 
 

  OK AZ1 AZ2 AZ3 WHO USEPA Ri ERMQi mERM-

Q 

TEL  PEL  

Cr wet 7.05±0.98 

(0.24) 

12.46±1.04 

(0.42) 

5.33±0.65 

(0.18) 

6.79±1.17 

( 0.23) 

25 25 1.07 0.22 0.036 42.0 160 

dry 9.50±1.86 

(0.31) 

19.56±2.09 

(0.65) 

10.09±1.29 

(0.35) 

9.23±0.39 

(0.32) 

  1.63 0.33 0.056 

Ni wet 2.58±0.39  5.26±0.81 2.60±0.53  2.65±0.96  20 16 - - - 16.0 43.0 

dry 2.79±0.31 7.36±1.28 4.23±0.52 2.97±0.80   - - - 

Cd wet 0.18±0.01 

(10.8) 

0.44±0.03 

(26.4) 

0.17±0.02 

(10.2) 

0.21±0.01 

(12.6) 

6 0.6 60.0 - - 0.60 3.50 

dry 0.07±0.01 

(4.2) 

0.24±0.01 

(14.4) 

0.08±0.01 

(4.8) 

0.04±0.01 

(2.4) 

  25.6 - - 

Pb wet 8.34±0.69 

(1.67) 

35.20±3.34 

(7.04) 

9.27±0.52 

(1.85) 

10.45±0.56 

(2.09) 

 40 12.65 0.58 0.095 35.0 91.0 

dry 3.42±0.40 

(0.68) 

25.26±3.19 

(5.05) 

10.46±0.80 

(2.09) 

5.52±0.79 

(1.10) 

  8.89 0.41 0.067 

Zn wet 22.60±1.58 

(0.28) 

58.26±5.58 

(0.73) 

34.61±1.32 

(0.43) 

44.45±3.06 

(0.56) 

123 110 1.94 0.59 0.098 123 315 

dry 18.91±1.15 

(0.24) 

61.16±1.35 

(0.76) 

51.80±2.99 

(0.65) 

37.82±3.11 

(0.47) 

  2.12 0.63 0.11 

Cu Wet 1.44±0.21 

(0.24) 

11.42±1.97 

(1.90) 

3.99±0.17 

(0.67) 

1.62±0.22 

(0.27) 

25 16 3.08 0.05 0.008 - - 

 dry 1.09±0.26 

(0.18) 

8.67±0.42 

(1.45) 

3.28±0.41 

(0.55) 

1.99±0.12 

(0.33) 

  2.51 0.04 0.007   

Key: Value in parenthesis is Ei
r = monomial potential ecological risk factor, RI = Risk Index TEL = Threshold Effect Level [24], 

PEL = Probable Effect Level [24], ERM = Effect Range Medium, mERM-Q - ERM quotient, Bold indicate Medium-low priority 
risk. 
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The values of the contamination factor (Cf) and 
the degree of contamination Cd for sediments 
are given in Table 4. The Cf values at the sites 
indicated in order of severity was 
AZ1>AZ2>AZ3>OK with values generally higher 
during the wet season compared to the dry 
season.  The Cd (-17.5 to - 0.404) for all metals 
examined in this study was categorized low in 

the order of Cd>Pb>Zn>Cr>Cu>Ni in the creeks 
examined. The Igeo values [-5.460 (Cu- OK) - 
0.552(Pb- AZ1]obtained in this study (Table 4) 
across all sites and seasons were <1. Intensity 
of mental pollution was generally in the order 
Cd>Pb>Zn>Cu>Cr>Ni having slight alteration 
with respect to sites while intensity of pollution 
with regard to sites was AZ1>AZ2>AZ3>OK.

 
 

Table 4. The index of geoaccumulation (Igeo), contamination factor (Cf) and the degree of contamination 

(Cd) for this study. 
 

 OK AZ1 AZ2 AZ3   Cd 

Igeo Cf Igeo Cf Igeo Cf Igeo Cf  

Cr wet -3.91 0.09 -3.095 0.175 -4.320 0.075 -3.971 0.095 -14.87 

dry -3.48 0.134 -2.444 0.275 -3.399 0.142 -3.528 0.13 -12.17 

Ni wet -4.83 0.53 -3.804 0.107 -4.821 0.053 -4.793 0.054 -17.50 

dry -4.71 0.056 -3.32 0.15 -4.821 0.085 -4.629 0.061 -17.13 

Cd wet -0.73 0.9 0.552 2.2 -0.819 0.85 -0.514 1.05 3.481 

dry -2.09 0.35 -0.321 1.2 -1.906 0.4 -2.906 0.2 -5.085 

Pb wet -1.52 0.52 0.5525 2.2 -1.372 0.579 -1.199 0.65 0.4047 

dry -2.81 0.21 0.0738 1.57 -1.198 0.65 -2.120 0.345 -3.280 

Zn wet -3.07 0.177 -1.709 0.458 -2.460 0.272 -2.099 0.35 -8.088 

dry -3.33 0.149 -1.639 0.481 -1.878 0.407 -2.332 0.297 -7.849 

Cu Wet -5.05 0.045 -2.071 0.356 -3.588 0.125 -4.889 0.051 -15.03 

 dry -5.46 0.034 -2.468 0.271 -3.871 0.103 -4.592 0.062 -15.92 

Wet = wet season period, dry = dry season period 

 
 
The pollution load index (PLI) further 
corroborated results obtained for other 
ecological indices analysed for this study in 
terms of sediment quality and status. The PLI 

values for all sampled sites were <1 and ranged 
from 0.019 - 0.23 (Fig. 2) with order of pollution 
intensity for sites as AZ1>AZ2>AZ3>OK.

 

 
 

Figure 2. PLI values across study sites. 
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4. DISCUSSION 
 

This study found average heavy metal 
concentration decreased in the order 
Zn>Pb>Cr>Ni>Cu>Cd which differed from 
Cu>Ni>Zn>Cr>Cd>Pb>As [25] and 
Zn>Ni>Cr>Cu>Pb>As>Cd [26]. All the heavy 
metals examined were found to be less than the 
permissible limits of [22] and [23] implying 
minimal concerns in view of contamination. 
Seasonal differences were also observed with 
no particular pattern where some metals 
showed higher values than the other during one 
season or the other. For the TEL and PEL, 
results of this study is at variance with the 
findings of [24] who reported higher Zn, Ni, Cr, 
and Cd concentrations than TEL and Ni 
concentrations higher than PEL. [26] also had 
mean Zn level of 190.3 mgkg

-1
 which is above 

TEL but below PEL. [27] reported percentages 
of sediment samples exceeding TEL and PEL 
levels respectively as thus Cd (100% and 53%); 
Zn (40% and 33%) while Pb, Ni and Cr 
exceeded TEL by 13%, 67% and 93%, 
respectively but fell below PEL in all sediment 
samples. Nevertheless, studies have reported 
that exceeding sediment quality guideline (SQG) 
limits does not firmly certify incidence of 
deleterious ecological effects, unless they are 
also coherent with regional background levels 
[28, 29]. The elevated levels of Pb and Cr in the 
current study could be traced to anthropogenic 
activities including oil bunkering activities while 
human activities such as discharge of industrial 
and household waste are non-natural sources of 
Cr [30]. Cd values of this study were below TEL 
and PEL but above certain concentrations 
(0.005-0.15 ppm) it has been reported to be 
lethal for some aquatic biota such as 
crustaceans [26] but can be minimized by 
mangrove ecosystem via root absorption and 
binding. Mangrove in the research area are 
been destroyed for land developments and this 
can increase the effect of Cd pollution. 
 
The respective maximum values of E

i
r (26.4) 

and RI (60) observed were for Cd at station AZ1  
particularly during the wet season indicating an 
incremental potential of this metal over time due 
to influence of human activities in the study 
area. The monomial (ERM–Qi) biological risk 
index indicated medium-low priority risk in order 
of these metals Zn>Pb>Cr while Cu indicated 
low priority risk during the wet and dry season 
periods. The multinomial (mERM–Q) biological 
risk index gave low priority risk during dry and 
wet season periods. The biological risk of 
contamination to sediments for multinomial 
index indicted biological risk of the same metal 
trend as the monomial biological index. The 
implication of this suggest that considerable risk 
may be posed to biota by individual metal 
contamination in sediment regardless of 
insignificant risk due to multiple metal 
contamination in the ecology. The results of 
potential ecological risk index (E

i
r) for a single 

regulator obtained in this study fell short of that 
of Ciceket al. [31], who reported Pb to have 

posed a moderate risk while 25% of their 
sampling sites had moderate risk for ecological 
risk for all factors (RI). For biological risk index 
of single factor (ERM–Qi) [31]  found that 
chromium posed a high–medium priority, Pb 
posed a high–medium to high priority and Zn 
posed a high–medium priority but for the 
biological risk for all factors (mERM-Q), 28.57% 
of their sampling sites showed high – medium 
priority in a similar study elsewhere. All metals 
in this study had low ecological risk (RI) but [26] 
in a study of seven metals reported that 3.7% 
were low ecological risk, 66.3% were moderate 
ecological, risk, and 30.0% were considerable 
ecological risk. [32] also found E

i
r for Cd to pose 

high ecological risk while Pb, Cu, Cr, and Zn 
had potential ecological risk indices which were 
low and also reported RI values of moderate or 
considerable ecological risk and clearly related it 
to the degree of anthropogenic disturbance.  
Also [33] reported E

i
rvalue range of 1.2 (Zn) - 

806 (Cd) and RI range of 42.3 - 916 while [27] 
reported sites with Ri values lower than 150 (low 
ecological risk value from heavy metal pollution, 
300 - 600 (considerable risk) and RI values 
greater than 600 as high ecological risk of heavy 
metals.  
 
Using the categorization Cf< 1 (low 
contamination factor); 1 <Cf< 3 (moderate 
contamination factor); 3 <Cf< 6 (considerable 
contamination factor); Cf> 6 (very high 
contamination factor). The Cf values obtained in 
this research (Table 4) were all <1 indicating low 
sediment contamination of the study area 
except for Cd and Pb at site AZ1 during wet and 
dry seasons where moderate level of 
contamination was observed. This was 
attributed to high anthropogenic activities 
around site AZ1. The result of this study falls 
within that recorded by [33] who found Cf values 
between 0.3 - 26.9 indicating low - moderate - 
high contamination factors. According to [33] Cd 
classed between low - high contamination factor 
while Cr (1.0 - 2.3), Cu (0.5 -1.5), Pb (0.5 - 2.3) 
and Zn (1.1 - 1.9) were categorized as low - 
moderate contamination factor. Cf results of this 
study also accords with the range recorded by 
[34] with Cf values for all metals at all sites <1 
indicating good quality while [35] recorded mean 
contamination factors as follows Pb (3.9), Cd 
(4.1), Cr (1.04), Cu (5.76) and Zn (3.89) above 
results of the current research. The degree of 
contamination (Cd) was taken as the sum of all 
contamination factors. Cd were categorized as 
Cd< 8 (low degree of contamination); 8 < Cd< 16 
(moderate degree of contamination); 16 < Cd< 
32 (considerable degree of contamination); Cd> 
32 very high degree of contamination. The Cd (-
17.5 to - 0.404) for all metals examined in this 
study was categorized low. This was lower than 
the range 9.64 - 33.16 [35] and 7.5 - 43.2 [33], 
which they attributed to indicate very serious 
anthropogenic pollution at such sites with high 
Cd values.  Based on the qualitative scale of 
rating of pollution intensity for Igeo the sediments 
of the study area in the current study were 
classed as unpolluted. Li [27] in a similar study 
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elsewhere reported strongly polluted for Cd (3 < 
mean Igeo< 4), unpolluted to moderately polluted 
for Zn (0 < mean Igeo< 1), and unpolluted for 
Cr, Pb and Ni with the last class corresponding 
with the findings of this research. The Igeo values 
of this current study for Cr and Cd at AZ1 fall 
within the range (Cr; -1.46 to - 0.06; Cd,0.42 to 
2.42)  reported by [35] but at variance (higher) 
with those of other metals while [34] reported 
Igeo values of zero class indicating unpolluted 
sediment quality which corroborates the findings 
of this present study.  [36] also reported Igeo 
value thus: Pb (-0.90 to -0.51); Cd (-0.52 to 
1.20) and Cr (-2.35 to -1.99). The pollution load 
index (PLI) was used to further compare and 
ascertain the degree of pollution across sites. 
The PLI values for all sampled sites were <1 in 
order of pollution intensity for sites as 
AZ1>AZ2>AZ3>OK. With reference to [21]and 
[37] the result of this study indicated no overall 
pollution but relatively higher PLI values at sites 
AZ1 indicated inputs from anthropogenic 
sources of commercial and industrial origin. PLI 
values obtained in this study fell short of values 
(0.45- 1.15) reported by [38] but agrees with the 
findings of [34] who reported PLI range of 0.040 
- 0.395 with average of 0.221 suggesting no 
pollution. [36] also recorded PLI ranges as 
follows Pb (0.60 - 0.88), Cd (0.73 - 4.61), Cr 
(0.14 - 0.20) while [39] found very low PLI that 
varied between 0.301-0.970, indicating 
unpolluted sites in their study area which is in 
consonant with the findings of this study. 
 

5. CONCLUSION 
 

All sampled sites including the control creek had 
heavy metal values below WHO and USEPA 
limits. The monomial (E

i
r) and multinomial (RI) 

potential ecological risk indices indicated low 
ecological risk and low priority risk for all 
stations and seasons for single and combined 
factors. The concentrations of Zn, Ni and Cd 
were all less than the TEL and PEL at all 
stations examined during both seasons while 
mean value of Cr at AZ1 during the dry season 
was greater than the probable effect level (PEL) 
but less than the Threshold effect level (TEL) for 
all stations and seasons. However, mean value 
of Pb at site AZ1 during the wet season equaled 
the TEL value but lower than the PEL at all sites 
and seasons. Values of E

i
r and Ri in this study 

indicated low ecological risk for all stations while 
the monomial (ERM–Qi) biological risk index 
indicated medium-low priority risk and the 
multinomial (mERM–Q) biological risk index 
showed low priority risk for sediments during dry 
and wet season periods. The Cf values obtained 
in this research were all <1 indicating low 
sediment contamination of the study area 
except for Cd and Pb at site AZ1 during wet and 
dry seasons where moderate level of 
contamination was observed. The Cd (-17.5 to - 
0.404) for all metals examined in this study was 
categorized low in the order of 
Cd>Pb>Zn>Cr>Cu>Ni in the creeks examined 
while the Igeo and PLI indicated unpolluted 
sediment. In conclusion, the sediment of the 

study area did not show contamination of 
significant concern but requires regular 
monitoring to observe deteriorations in future 
due to increasing anthropogenic activities in the 
study area. 
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