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Abstract 

The concentrations of Mn, Fe, Cu, Zn, Pb, and Cd in sediments from Great Kwa, Calabar, Cross River, Imo, and Qua Iboe 
Rivers were investigated during the dry and wet seasons using standard techniques. Results indicated that the mean 
concentrations of all the metals were within their acceptable limits although; higher concentrations were obtained 
during the wet season. Cd was the major contaminant in the studied sediments; the ecological risks of all the metals 
except Cd were in the low class. The potential ecological risks of the metals were in the low and moderate categories 
during the dry and wet seasons, respectively. Sediments from Qua Iboe River exhibited very high human health risks 
for both seasons. Factor analysis revealed anthropogenic and natural factors as the major sources of these metals in 
sediments from the rivers investigated for both seasons. The estimated daily intake (EDI) rates of these metals via 
exposure to the studied sediments were within their recommended oral reference doses however; higher wet season 
values were recorded. The hazard index (HI) values of the trace metals were less than one (1) but, higher during the 
wet season. Pb and Cd were the major contributors to the total HI during the dry and wet seasons. The relative risk 
analysis for both seasons also confirmed Cd as the major human risk in the studied sediments. This research has exposed 
the levels of trace metals and their associated human risks in sediments from the rivers investigated.  
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1. Introduction

Human population explosion, urbanization, and industrialization in both developed and developing nations of the world 
have increased the level of trace metals contamination of the aquatic ecosystems globally, [1, 2]. Consequently, there is 
global concern on the levels of trace metals in the aquatic environments and the associated human health problems. The 
aquatic environment receives wastes from both the natural and anthropogenic sources hence; there is a high tendency 
to be highly contaminated, [3, 4]. The problem of water contamination is more serious in the developing countries such 
as Nigeria where there is no strict enforcement of regulations on proper waste management methods, [5-7]. The aquatic 
ecosystems in the oil producing Region of Nigeria have been highly degraded by the activities of Oil Companies and this 
can be noticed by their turbid status due to their high levels of contaminants, [8, 9]. Majority of trace metals in water 
channels are deposited in the sediment, [10]. Subsequently, these trace metals accumulated in the sediments are 
released into the water channel, [11]. These metals also accumulate in aquatic organisms, which are sources of food for 
man hence; pose adverse human health problems on the consumers, [12]. Prolonged exposure to polluted water body 
can destroy more human lives than the other causes of death, [13, 14]. 

http://creativecommons.org/licenses/by/4.0/deed.en_US
https://zealjournals.com/wjapmr/
https://doi.org/10.53346/wjapmr.2023.5.2.0037
https://crossmark.crossref.org/dialog/?doi=10.53346/wjapmr.2023.5.2.0037&domain=pdf


World Journal of Advanced Pharmaceutical and Medical Research, 2023, 05(02), 001–017 

2 

A comprehensive assessment of trace metals in sediments should consider some indices such as factor and cluster 
analyses, sediment quality guidelines, contamination factor, ecological risk factor, and potential ecological index should 
be considered for effective evaluation and identification of pollution status, [15, 16]. 

The levels of trace metals in sediments from rivers in the northern and western Regions of Nigerian have been 
investigated, [17 - 21]. The evaluation of metals loads in sediments from rivers in the Niger Delta Area of Nigeria has 
also been undertaken, [9, 22 - 24]. These studies revealed high levels of trace metals in sediments however; most of the 
pollution indices and the health risks related to trace metals in sediments were not incorporated in these studies. Hence, 
this research was undertaken to assess comprehensively the trace metals loads and associated human health risks in 
sediments from major rivers in the Niger Delta Area of Nigeria. Related indices have also been employed to assess the 
pollution status of these sediments and to establish the human health risks associated with prolonged exposure to trace 
metals in these sediments. Results obtained will be useful to those exposed to aquatic ecosystems directly or indirectly 
in the Niger Delta Area and beyond. The outcome of this study will also expose the health risks related to prolonged 
exposure to contaminated sediments. This study will certainly close the gaps the previous studies on sediments from 
water channels within the study area had created. 

2. Materials and methods 

2.1. Study area 

The study area varied from latitude 4°33’ N - 5°10’ N to longitudes 7°31’ E - 8°23’ E within the Oil producing Zone of 
Nigeria (Fig. 1). The Rivers investigated are Great Kwa, Calabar, Cross River, Imo, and Qua-Iboe as shown in Figure 1. 
The studied locations are within the tropical rainforest zone, [25, 26].These locations investigated have two (2) 
outstanding seasons namely dry and wet. According to Murtala et al. [27], the dry season commences from November 
and ends in March, while the wet season begins in April and stops in October27. Highest temperature of the studied 
locations is in February and the lowest is in July and August, [28]. The highest and lowest humidity of these locations 
vary between July and January, respectively, [29, 30]. The coordinates and symbols of the rivers investigated are shown 
in Table 1 below. 

 

Figure 1 Map showing the studied rivers 

 

 

https://www.researchgate.net/profile/Animashaun-Murtala?_sg%5B0%5D=fDS2eWJOiADmhg98k45p7anXCTMMj7NvVhV6NLYG7TrqPQRq4k8G-G9gV_ji9Fcv3ChTgmA.f4wTSgPdAg86wFCP8q6njjwYUKHZ4HQeM-5DytBIz4jrtpGbI1b9oxhI5iQrjueVanxIeh-IB2IXx_Gx74rsVA&_sg%5B1%5D=Hj9aF_dHCYA8Hs9qjB7ruRNN_Ezgls8qjfcsDVYkM6gF2lAVazc_8ZOEOPc_4821qEcLA0w.9U33JT_W0k6zZFsLfpMWDzE3jiFuD3PEBoIFFXOjR5QO_3amtQSHgUgs7p4fuFOTx9Z61nU_D8Ecj1z3TE1Avg
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Table 1 Site location and Coordinates 

S/N  River System Symbol Longitude  Latitude  

1  Great KwaRiver  GKR 8° 23' E  4° 56' N  

2  Calabar River  CR 8° 19' E  4° 58' N  

3  Cross River Estuary CRE 8° 04' E  5° 10' N  

4  Imo River Estuary IRE 7° 31' E  4° 40' N  

5  Qua Iboe River Estuary QIRE 7° 56' E  4° 33' N  

2.2. Sample collection and treatment 

Surface sediments were obtained from Calabar River, Cross River Estuary, Great Kwa River, Imo River Estuary, and Qua 
Iboe River Estuary in the Oil producing Area of Nigeria using Grab Sampler, [31]. Sample collection was done during the 
wet (April and June 2011) and dry season (December to February 2012). Thirty (30) composite sediment samples were 
obtained from the studied rivers for the study. Surface sediments were preferred for this study because this portion 
controls the exchange of trace metals among sediments and the water channel, [32, 33]. Samples collected were put in 
polyethylene bags and transported to the laboratory inside a cooler. These samples were oven dried at 104 °C for two 
(2) days, ground and sieved using a 2-mm plastic sieve to eliminate debris, gravels and other unwanted materials, [34]. 
One gram (1 g) of the sieved sample was digested with 10ml of freshly prepared Aqua regia on a hot plate for 45 minutes 
according to the methods of Mendham et al. 35. The mixture was allowed to cool, filtered with Whatmann No. 1 filter 
paper into a 100 mL standard flask and made to mark with distilled water, [36]. 

2.2.1. Contamination factor (Cf) 

Contamination factor was used as a mechanism for evaluating the extent to which trace metals contaminate the studied 
sediments and it was determined by Equation 1 below, [37, 38]. 

𝐶𝑓 =  
𝐶𝑚𝑒𝑡𝑎𝑙

𝐶𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑
… … … … … . . (1) 

Where Cmetal indicates the determined metal concentration of the sediment samples, and Cbackground is the 
background concentrations of the different trace metals. In this study, the Turekian and Wedepohl, [39] concentrations 
of Mn, Fe, Cu, Zn, Pb, and Cd as adopted by Achi et al. [40] were used as the background concentrations of the metals in 
the calculation of Cf. The values for Mn, Fe, Cu, Zn, Pb, and Cd are 850.0, 47,000.0, 45.0, 95.0, 20.0, and 0.30 mgkg-1, 
respectively. The different categories of contamination factor according to Hakanson, [41] and Saha et al. [42] are in 
Table 2.  

2.2.2. Ecological risk factor (ERF) 

Ecological risk factor (ERF) evaluates the negative impacts of contaminants/pollutants on the host environment43. 

Ecological risk factor was computed based on Equation 2 as described by Hakanson, [41]. 

𝐸𝑅𝐹 =  𝑇𝑟 𝑥 𝐶𝐹 … … … … … . (2)  

Where Tr indicates the toxic-response factor of metals analyzed for and CF shows the contamination factor of the metals. 
Toxic response factors for the metals are Mn (1.00), Fe (0.00), Cu (5.00), Zn (1.00), Pb (5.00), and Cd (30.00), [41]. The 
different categories of ecological risk factor based on the classifications of Mahabadi et al. [44] and Rostami et al. [45]. 

2.2.3. Potential ecological risk index (PERI) 

Potential ecological risk index (PERI) was used to assess the effect of trace metals on sediment from each of the studied 
rivers and was estimated using Equation 3 as reported by Cao et al. [46] and Ebong et al. [47]. The various classes of 
potential ecological risk index according to Hu et al. [48] and Kang et al. [49] are in Table 2. 

𝑃𝐸𝑅𝐼 =  𝛴𝐸𝑅𝐹………………….. (3) 

Where 𝛴𝐸𝑅𝐹 is the summation of ecological risk factor for each location. 
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Table 2 Pollution indices, categories, and ecological implications of trace metals in sediments from rivers investigated 

Pollution Index  Class Implication Source 

 

 

Contamination factor (CF) 

Cf < 1 Low contamination  

 

Hakanson, [41] and 
Saha et al. [42]. 

1 ≤ Cf < 2 Low to moderate contamination 

2 ≤ Cf < 3 Moderate contamination 

3 ≤ Cf < 4 Moderate to high contamination 

4 ≤ Cf < 5 High contamination 

5 ≤ Cf < 6 High to very high contamination 

Cf ≥ 6 Extreme contamination 

 

Ecological risk factor (ERF) 

Er < 40 Low risk  

Mahabadi et al. [44] and 
Rostami et al. [45]. 

 

40 ≤ Er < 80 Moderate risk 

80 ≤ Er < 160 Considerable risk 

160 ≤ Er < 320 High risk 

Er ≥ 320 Very high risk 

 

Potential ecological risk index 
(PERI) 

RI < 150  Low risk  

Hu et al. 48 and Kang et 
al. [49]. 

 

150 ≤ RI < 300 Moderate risk 

RI ≥ 600 Considerable risk 

RI ≥ 600 High risk 

2.2.4. Estimated daily intake  

The estimated daily intake (EDI) of trace metals due to the exposure to sediments from the studied rivers during the 
dry and wet seasons was determined using Equation (4). 

𝐸𝐷𝐼 =  
𝐶 × 𝐷𝐼

𝐵𝑊
… … … … . . (4) 

Where C indicates the concentration of trace metals in sediments from the studied rivers, DI is the average daily intake 
rate, which is 114 mg/day, BW signifies body weight which is 70 kg for an adult, [50, 51]. 

2.2.5. Hazard quotients 

Hazard index (HQ) of the trace metals through exposure to the studied sediments was estimated by Equation (5). 

𝐻𝑄 =  
𝐶𝐷𝐼

𝑅𝑓𝐷
… … … ..(5) 

Where EDI is the estimated daily intake rate calculated and RfD is the oral reference dose as recommended by USEPA, 
[52] are shown in Table 6.  

2.2.6. Total hazard index 

The total hazard index (THI) was calculated using Equation 6. 

𝑇𝐻𝐼 = 𝛴𝐻𝑄 = 𝐻𝑄𝑍𝑛 + 𝐻𝑄𝐹𝑒 + 𝐻𝑄𝑁𝑖 + 𝐻𝑄𝐶𝑢 + 𝐻𝑄𝑃𝑏 + 𝐻𝑄𝐶𝑑 + 𝐻𝑄𝐶𝑟 + 𝐻𝑄𝑀𝑛 − (6) 

In equation 6 above, ΣHQ is the sum of all the hazard quotients (HQ) of the metals determined. 
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2.2.7. Relative risk (RR)  

Trace element with the highest potentials to cause both cancer and non-cancer risks was identified by the calculation 
of relative risk (RR) using Equation (7) according to the methods of Adebiyi et al. [53].  

𝑅𝑅 (%) =  
𝐶𝑚

𝑅𝑓𝑑
 𝑋 100 … … … … …(7) 

Where Cm represents the concentration of trace metals, Rfd indicates the oral reference dose.  

2.3. Data Analysis  

Analysis of data obtained during the study was performed with IBM SPSS Statistics 20 (IBM USA). Multivariate analyses 
(Principal component analysis and Hierarchical cluster analysis) were done using Duncan’s multiple range tests at 90% 
confidence limit. Factor analysis was accomplished using Varimax Rotation procedures on six (6) parameters and values 
from 0.622 and higher were considered as significant. Cluster analysis was carried out by Dendrograms to separate the 
parameters based on their common sources and properties. 

3. Results and discussion 

Results of the distribution of trace metals in sediments from rivers investigated are shown below (Figures 2 and 3).  

 

Figure 2 Statistical Data of Trace Metals in Sediments during the Dry Season 

 

 

Figure 3 Statistical Data of Trace Metals in Sediments during the Wet Season 
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3.1. Distribution of trace metals in sediments from the studied rivers 

Manganese (Mn) in sediments from the rivers examined during the dry and wet seasons varied from 2.15 – 4.42 mgkg-

1 and 2.32 – 4.22 mgkg-1, respectively (Figure 2-3). The highest level of Mn was recorded in sediments from Qua Iboe 
River Estuary while the lowest was obtained at Cross River Estuary. The ranges obtained for both seasons are below 
25.90 – 73.67 mgkg-1 reported in sediments form Ogbere River in Ibadan, Nigeria by Achi et al. [40]. The general range 
reported in this study is also lower than 128.0 – 976.0 mgkg-1reported in sediments from Al-Diwaniyah River, Iraq by 
SAl-Asadi and Al-Kafari, [54]. 

Iron (Fe) concentrations in sediments from the studied rivers ranged from 43.70 to 71.46 mgkg-1 and 47.74 to 74.57 
mgkg-1 for the dry and wet seasons, respectively (Figure 2-3). The lowest concentration of Fe was reported in the 
samples from Imo River Estuary while the highest was recorded at Qua Iboe River Estuary. Generally, the obtained 
range is higher than 2.70 – 32.11 mgkg-1reported in sediments from Eleyele Lake, Ibadan, Nigeria by Utete and Fregene, 
[55]. However, the range is lower than 9350.0 –18400.0 mgkg-1 obtained by Iwegbue et al. [56] in sediments from 
Forcados River, Niger Delta Region of Nigeria.  

Copper (Cu) in sediments ranged as follows: 2.04 - 3.87 mgkg-1 and 2.39 – 3.93 mgkg-1, respectively for the dry and wet 
seasons (Fig. 2-3). The highest level of Cu was obtained at Qua Iboe River Estuary while the lowest was recorded in 
sediments from Calabar River. The range reported in sediments from Poprad River in Poland by Sojka and Jaskuła, [57] 
(0.200 – 84.30 mgkg-1) is higher than the ranges obtained for both seasons in this study. However, ranges obtained are 
higher than 0.02 – 0.33 mgg-1recorded in sediments from Manyera River located between Nasarawa and Niger States, 
Nigeria by Omotugba et al. [58]. 

The ranges 18.76 – 27.34 mgkg-1 and 20.13 – 32.71 mgkg-1 were recorded for zinc (Zn) during the dry and wet seasons, 
respectively (Figure 2-3). Sediments from Calabar River had the lowest level of Zn while the highest concentration was 
obtained in samples from Qua Iboe River Estuary. These ranges are below 51.16 – 84.42 mgkg-1obtained in sediments 
from rivers in Niger Delta Area, Nigeria by Ebong and Etuk, [9]. However, these ranges lower than 32.29 - 37.11 mgkg-1 
reported by Akintade et al. [18] in Asa River Sediments in Ilorin, Nigeria.  

Lead (Pb) in the studied sediments varied from 1.72 to 3.41 mgkg-1for the dry and 2.03 – 3.55 mgkg-1 for the wet season 
(Figure 2-3). The highest level was reported in samples from Qua Iboe River Estuary and the lowest in Calabar River. 
Ranges obtained for both seasons are generally higher than 0.27— 0.72 mgkg-1reported by Osakwe and Peretiemo-
Clarke, [59] in Sediments of River Ethiope, Nigeria. Nevertheless, these values are lower than 0.60 – 86.40 mgkg-1 
obtained in sediments from the Eastern Niger Delta Basin, South-East Nigeria by Ekwere, [60]. 

Cadmium (Cd) in the sediments investigated in the dry and wet seasons ranged as follows: 0.75 – 1.98 mgkg-1and 0.93 
– 2.20 mgkg-1, respectively (Figure 2-3). The lowest level of Cd in the studied sediments was obtained in Great Kwa 
River whereas; the highest was obtained at Qua Iboe River Estuary. Ranges reported are lower than 0.03–14.50 mgkg-1 
obtained in sediments from Warta River, Poland by Jaskuła et al. [61]. Nevertheless, is higher than 0.05–0.38 mgkg-1 

obtained in sediments from Euphrates River, Turkey by Varol, [62].  

The results revealed that, the mean values of all the metals for both seasons except Fe were within their acceptable 
limits of 30.0, 25.0, 123.0, 40.0, and 6.0 mgkg-1 for Mn, Cu, Zn, Pb, and Cd, respectively by WHO, [63] and USEPA, [64]. 
However, the mean values of Fe for the dry and wet seasons were higher than 30.0 mgkg-1 stipulated for unpolluted 
sediment by WHO, [63]. Consequently, as an essential element for both aquatic and human lives the high level of Fe 
reported in the studied sediments may not pose serious threat to the food chain, [65, 66]. However, proper monitoring 
is encouraged to forestall bioaccumulation and the associated environmental problems. The results also revealed that, 
the highest levels of all the metals were obtained in sediments from Qua Iboe River Estuary. This may be due to the 
negative impact of oil activities in the area and the interaction of the Qua Iboe River Estuary with the Atlantic Ocean, [4, 
67, 68].  
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Table 3 Comparison of mean levels (mgkg-1) of metals in sediments with sediment quality guidelines (SQGs) 

 Mean Level Sediment quality guidelines (SQGs) Sediment quality assessment guideline 

  Threshold effect levels  

 Dry Wet aTEL bPEL cERL dLEL eMET fTEC gPEC 

Mn 3.19 3.24 - - - 460.0 - - - 

Fe 60.49 64.89 - - - 2 x 104 - - - 

Cu 2.80 3.06 35.7 197 70 16 28 32 150 

Zn 22.66 26.19 123 315 120 120 150 120 460 

Pb 2.50 3.05 35 91.3 35 31 42 36 130 

Cd 1.32 1.56 0.6 3.5 5 0.6 0.9 1 5 
aThreshold effect level (TEL), [69]; bProbable effect level (PEL), [69]; cEffect range low (ERL), [69]dLowest effect level (LEL), [70; eMinimal effect 

threshold 70; fThreshold effect concentrations (TEC), [71]; gProbable effect concentrations (PEC), [71]. 

The sediment quality guidelines (SQGs) are useful for the assessment of sediment quality, [71]. The quality of sediments 
from the studied rivers was evaluated using threshold effect level (TEL), probable effect level (PEL), effect range low 
(ERL), lowest effect level (LEL), minimal effect threshold (MET), threshold effect concentrations (TEC), and probable 
effect concentrations. These parameters indicate the extent to which toxic substances in sediments can affect the aquatic 
organisms. A comparison between the metals in the studied sediments with SQGs is in Table 3. Results obtained revealed 
that all the elements were within the sediment quality guidelines except Cd. The mean levels of Cd obtained during the 
dry and wet seasons were higher than the TEL, LEL, MET, and TEC. This shows that the concentrations of Cd in 
sediments from the studied river can cause serious effects to the aquatic organisms and human exposed to sediments 
from the sources investigated, [72].  

 

Figure 4 Mean concentrations (mgkg-1) of Trace Metals in sediments during the dry and wet seasons 

3.2. Seasonal Variations of Trace Metals in Sediments from the Studied Rivers  

Results of trace metals in sediments during the dry and wet seasons are in Figure 4. Results obtained indicated that the 
mean concentrations of all the metals were higher during the wet season than in dry season though insignificantly at p 
< 0.05. This is consistent with the findings by Edokpayi et al. [73] and Hong et al. [74] during their studies in river 
sediments. This may be due to runoff from adjoining farmlands into the studied rivers during wet season, [75, 76].  
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Table 4 Contamination Factor (CF), Ecological Risk Factor (ERF), and Potential Ecological Risk Index (PERI) of Trace 
Metals in the Studied Sediments 

 DRY SEASON WET SEASON 

  Mn Fe Cu Zn Pb Cd Mn Fe Cu Zn Pb Cd 

CF MIN 0.003 0.001 0.05 0.22 0.09 2.90 0.003 0.001 0.06 0.24 0.13 3.87 

MAX 0.005 0.002 0.08 0.28 0.16 6.40 0.005 0.002 0.09 0.32 0.17 6.87 

MEAN 0.004 0.001 0.06 0.24 0.12 4.41 0.004 0.001 0.07 0.28 0.15 5.21 

 

ERF 

MIN 0.003 0.00 0.25 0.22 0.45 87.00 0.003 0.00 0.30 0.32 0.65 116.10 

MAX 0.005 0.00 0.40 0.28 0.80 192.00 0.005 0.00 0.45 0.24 0.85 206.10 

MEAN 0.004 0.00 0.30 0.24 0.62 132.24 0.004 0.00 0.35 0.28 0.76 156.18 

 

PERI 

MIN 87.93 117.51 

MAX 193.49 207.73 

MEAN 133.40 157.57 

Results of Contamination factor (Cf) of trace metals are shown in Table 4. The mean Cfvalues obtained are 0.004, 0.001, 
0.06, 0.24, 0.12, and 4.41 for Mn, Fe, Cu, Zn, Pb, and Cd, respectively during the dry season. The mean CF values for Mn, 
Fe, Cu, Zn, Pb, and Cd during the wet season are 0.004, 0.001, 0.07, 0.28, 0.15, and 5.21, respectively. The results obtained 
revealed that, Mn and Fe showed similar mean values during the dry and wet seasons. Higher mean CF values were 
recorded for Cu, Zn, Pb, and Cd during the wet than dry season. The obtained results indicated that the CF values of Mn, 
Fe, Cu, Zn, and Pb for both seasons were in the low class. The mean CF values of Cd during the dry (4.41) and wet season 
(5.21) were in the High contamination and high to very high contamination classes, respectively (Table 2). The 
evaluation of contamination factor indicated that Cd was the main contaminant in sediments from the studied rivers. 
The trend for Cf of Cd in the studied aquatic ecosystems for both seasons varied as follows: QIRE < IRE < CR < GKR < 
CRE. Consequently, for both seasons the highest CF value of Cd was recorded in sediments from Qua Iboe River Estuary 
and the lowest at Cross River Estuary.  

Results of ecological risk factor (ERF) for trace metals determined in the studied sediments are in Table 4. Results in 
Table 4 indicate that, mean ERF values of the metals are 0.004, 0.30, 0.24, 0.62, and 132.24 for Mn, Cu, Zn, Pb, and Cd, 
respectively during the dry season. During the wet season, the mean ERF values were 0.004, 0.35, 0.28, 0.76, and 156.18 
for Mn, Cu, Zn, Pb, and Cd, respectively. Iron (Fe) with no toxic-response factor was not assigned any ecological risk 
factor. The sequence for ERF values varied as Cd < Pb < Cu < Zn < Mn during the dry and wet seasons. Based on the 
classifications of ERF in Table 2 all the trace metals except Cd are in the low contamination class. The mean ERF values 
for Cd during the dry and wet seasons were in the considerable risk category44, 45. The high ERF values of Cd reported 
in this study is similar to that obtained by Wang et al. [77]. 

Results of potential ecological risk index (PERI) of trace metals in sediments from the rivers examined are in Table 4. 
The PERI value of trace metals varied from 87.93 to 193.49 between CRE and QIRE, respectively during the dry season. 
However, a higher range (117.51 – 207.73) for the trace metals was recorded during the wet season between CRE and 
QIRE, respectively. The mean PERI values of trace metals in sediments during the dry season (132.23) belong to the low 
risk class, [49, 78]. However, a higher mean PERI value of 156.18 recorded during the wet season belong to the moderate 
risk class (Table 2). The high PERI values at QIRE can result in adverse health problems on those expose to the aquatic 
ecosystem for a long time, [79]. This can be the negative impact of anthropogenic activities on the quality of the Qua 
Iboe River Estuary, [80]. 
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Table 5 Results of Principal Component analysis (PCA) of Trace Metals determined in the studied sediments 

 DRY SEASON WET SEASON 

 PC1  PC2 PC1  PC2 

Parameter     

Mn 0.827 0.136 0.769 0.354 

Fe 0.532 0.782 0.525 0.698 

Cu 0.868 0.404 0.848 0.393 

Zn 0.884 -0.289 0.879 -0.208 

Pb 0.897 -0.351 0.856 -0.385 

Cd 0.906 -0.340 0.766 -0.601 

% Total Variance 68.78 18.60 61.29 21.99 

Cumulative % 68.78 87.38 61.29 83.28 

Eigen value 4.13 1.12 3.68 1.32 

The identification of the actual sources of trace metals in sediments from the studied aquatic ecosystem was done by 
the use of principal component analysis (PCA), [81, 82]. During the dry season, the PCA revealed two major sources of 
trace metals in the studied sediments with a total variance of 87.38%. The first source (PC1) with Eigen value 4.13 
contributed 68.78% of the total variance with significant positive loadings on Mn, Cu, Zn, Pb, and Cd (Table 5). This 
represents the negative impact of human activities on the quality of the aquatic channels examined and their sediments, 
[75, 83]. The second source has Eigen value of 1.12 and added 18.60% to the total variance with strong positive loading on Fe 

only. This may be due to the impact of natural geological activities in the studied water channels, [29, 84]. 

The PCA results in the wet season also revealed two (2) fundamental sources of trace metals in the studied sediments 
with 83.28% total variance. The first source (PC1) with Eigen value 3.68 donated 61.29% to the total variance has strong 
positive loadings on Mn, Cu, Zn, Pb, and Cd (Table 5). This may be due to the impacts of human activities and runoff from 
farmlands into these rivers, [85, 86]. The second factor (PC2) with Eigen value 1.32 contributed 21.99% to the total 
variance had significant positive loading on Fe only. This may signify the influence of natural factor on the quality of the 
studied sediments, [87, 88]. 

 

Figure 5 Hierarchical cluster analysis of trace metals in the studied sediments for both seasons resulted in a similar 
cluster as illustrated in Figure above 
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Hierarchical cluster analysis (HCA) of trace metals in sediments from rivers investigated for both the dry and wet 
seasons resulted in a similar pattern as shown in Figure 5. The HCA is tool that reveals parameters with similar source 
and properties in a media, [26, 81]. Results of HCA in Figure 5 indicate three (3) major clusters namely: Cluster 1 links 
Mn, Cu, Pb, and Cd together. This represents Factor 1 of PCA analysis during both seasons in Table 4. Cluster two links 
Zn only while, cluster 3 connects Fe only. Cluster 3 corroborates the finding by Factor 2 of PCA in Table 4 for both the 
dry and wet seasons. This HCA indicates that, Mn, Cu, Pb, and Cd have originated from a source different from Zn and 
Fe, [89, 90]. 

Table 6 Results of Estimated daily intake (EDI) rate, Hazard quotient (HQ), and Hazard index (HI) of Trace Metal in 
Sediments form the Rivers investigated 

 Rfd EDI Dry EDI Wet HQ Dry HQ Wet 

Mn 0.14 5.20E-06 5.28E-06 3.91E-05 3.77E-05 

Fe 0.70 9.85E-05 1.06E-04 1.41E-04 1.51E-04 

Cu 0.04 4.56E-06 4.98E-06 1.14E-04 1.25E-04 

Zn 0.30 3.69E-05 4.27E-05 1.23E-04 1.07E-03 

Pb 0.0035 4.07E-06 4.97E-06 1.16E-03 1.42E-03 

Cd 0.001 2.12E-06 2.54E-06 2.15E-03 2.54E-03 

HI  3.75E-03 5.36E-03 

3.3. Non-Carcinogenic Human Health risks Evaluation 

The rate of human exposure to trace metals through the ingestion of sediments from the studied river channels was 
examined by the estimated daily intake (EDI) rate, [91]. The ingestion of trace metals via sediments could be accidentally 
or intentionally via the consumption of aquatic foods and water from the studied rivers. Results in Table 6 indicate that, 
for both the dry and wet seasons the mean EDI values obtained were within their recommended oral reference doses 
(Rfds). Hence, these trace metals may not pose serious human health problems on those exposed to them through 
sediments from the studied rivers. 

The hazard quotients (HQs) of the metals in the studied sediments for both seasons are less than one (1) although the 
values for wet season were relatively higher (Table 6). Consequently, exposure to these sediments may not result in 
non-carcinogenic health problems however; the wet season samples had higher potential of causing human health risks 
than the dry. 

  

A B 

Figure 6 Hazard quotient of trace metals for the Dry (A) and Wet (B) seasons 
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The results for the hazard indices (HI) of trace metals via exposure to the studied sediments are in Table 6. The mean 
HI values for the dry and wet seasons were 3.73E-03 and 5.34E-03, respectively. The values for both seasons were below 
one hence; these trace metals may not have the potential of causing non-carcinogenic health risks on those exposed to 
them via the studied sediments. The results obtained showed higher potential for the wet season samples. Figure 6A 
indicates that, Pb and Cd contributed 89% of the total HI value reported during the dry season. However, during the wet 
season Zn, Pb, and Cd contributed 20, 27, and 47% to the HI recorded (Figure 6B).  

 

Figure 7 The Relative Risk of Trace Metals in Sediments during the Dry and Wet seasons 

The relative risk (RR) of trace metals for both the dry and wet seasons are in Figure 7. The sequence for RR values of 
trace metals in sediments is Cd > Pb > Fe > Cu ꞊ Zn > Mn for the dry season. During the wet season, the RR values for 
trace metal varied as Cd > Pb > Fe ꞊ Cu ꞊ Zn > Mn. Consequently, Cd and Pb contributed 89 and 90 % of the total RR value 
obtained during the dry and wet seasons, respectively. In both seasons, Cd contributed the highest percentage (58) of 
the total RR value recorded. Thus, Cd was the metal in the studied sediments with the highest tendency to cause non-
carcinogenic health problems on those exposed to these sediments, followed by Pb, [92]. The high Cd enrichment 
observed in this study is similar to the findings by Wang et al. [93] and Liu et al. [94]. Cd and Pb are highly toxic metals 
hence; their enrichments in the studied aquatic channels should be closely examined for forestall serious health issues 
along the food chain, [95- 97]. 

4. Conclusion 

The study has revealed the potentials of environmental indices in evaluating suspected polluted environment. The 
status of the study areas has also been established and the probable sources of the contaminants identified. Higher 
levels of all the metals were obtained during the wet than in dry season indicating the negative impact of runoff from 
adjoining farmlands. The high levels of Cd in all the studied locations in both the dry and wet seasons are indicative of 
pollution threat traceable primarily to anthropogenic and natural factors. The relative high wet season concentrations 
of the metals also reflected in the higher EDI, HQ, and HI values recorded during the season. Although the all the 
parameters related to human health risks assessment were within safe levels, the high risks potentials of Pb and Cd in 
the studied rivers calls for concern.  
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This research has evaluated the concentrations of trace metals in sediments from five (5) major rivers in the Niger Delta 
Region of Nigeria. The impact of oil exploration and exploitation activities on the quality of the aquatic ecosystems 
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contaminants in the studied aquatic environment. Pb and Cd were identified as the contaminants with very high 
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