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This study assessed the impact of road runoff on the ecological risk of heavy metals in the Eagle Island River. 
Runoff samples were collected from a drainage network of secondary and primary drains and an outlet. The 
drains were situated in the Rivers State University, Port Harcourt campus while the outlet is the Eagle Island 
River. Samples from the secondary drain, primary drain, upstream and downstream of outlet were labelled 
as SD, PD, US, and DS respectively. Samples were collected and analyzed using standard methods between 
the months of August and October, 2023. Heavy metals including Cd, Cr, Cu, Pb, and Zn were analyzed using 
Atomic Absorption Spectrophotometer Instrument (GBC XplorAA, Australia).  Total pollution of heavy metals 
was determined using the degree of contamination (Cd) and the modified degree of contamination (mCd) 
while the potential ecological risk was assessed by the Risk Index (RI). Results showed spatial variation of 
heavy metal concentration along the drainage network and Cd and Pb concentrations in all samples exceeded 
the WHO guideline.  Cd and mCd values ranged between 22.20 – 88.70 and 4.44 - 17.74 respectively while the 
RI values ranged between 217.72 – 609.53. This implies that the entire drainage network was polluted by 
heavy metals and Cd and Pb were largely responsible for the pollution load with Cd contributing a range of 
7.75% - 26.46% while Pb contributed 66.88% - 90.14%. Cd and Pb are carcinogenic, therefore storm runoff 
treatment is recommended for environmental sustainability. 
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1. INTRODUCTION 

Of all the natural resources, water is the most essential for the sustenance 
of living things. Water's availability and quality, both seasonally and 
regionally, have a significant impact on human health, food production, 
and economic growth and development (Joshua and Islam, 2015). The two 
main sources of water include surface water including streams, rivers, 
lakes, etc and groundwater bodies like wells, boreholes, and springs. 
Rivers as water resources, are very important to man’s health not only in 
terms of drinking water supply, but also in terms of their function in 
recreational and sport activities (Shanbehzadeh et al., 2014). Rivers also 
serve a set of economic, cultural, and ecological functions including 
transportation, ecotourism, aquaculture, ecological habitat, and ecological 
defense. However, the impact of human activities; urban and industrial 
waste disposal have significant negative effects on these water bodies 
which have resulted in water pollution and have caused serious ecosystem 
issues.  

The two main sources of water pollution include point and nonpoint 
sources. Point sources are clearly defined distinct locations through which 
pollutants enter into water bodies and are therefore easy to control. On 
the other hand, nonpoint sources (NPS) also known as unidentifiable 
sources originates from everywhere including urban runoff, agricultural 
land runoff, eroding stream banks, and storm sewer. Runoff is the primary 
transport medium of pollutants in nonpoint source pollution. Pollutants 
from natural and anthropogenic activities are carried by runoff during and 
after precipitation which end up in adjacent lakes and rivers (Yoo and 

Kang 2004; Jin-Ho et al., 2007). Also, the amount of non-point source 
pollutant entering a river varies greatly under different land uses (Zhang 
et al., 2022). The order of the contribution of total nitrogen and total 
phosphorus loads to Three Gorges Reservoir Area by different land use 
types (Tong et al., 2022).   

Heavy metals have been identified as one of the common pollutants 
associated with nonpoint source pollution (Aziz et al., 2023; Briffa et al., 
2020; Singh et al., 2024). They are toxic and persistent in the environment 
(Onyekuru et al., 2017; Temitope et al., 2016) and can bio-accumulate in 
the tissues of different biota (Melake et al., 2023; Zhang et al., 2023).  The 
chief heavy metals noted in the environment include arsenic (As), 
cadmium (Cd), chromium (Cr), copper (Cu), lead (Pb), manganese (Mn), 
mercury (Hg), nickel (Ni), thallium (Ti), and zinc (Zn). Most of which are 
essential micronutrients for plants, animals, and humans, but at high 
concentrations, may cause toxicity and harm animals’ health including 
humans. Of these, As, Cd, Cr, Hg, and Pb are recognized as health hazards. 
They accumulate in the food webs mainly in fishes and vegetables thereby 
threaten the living organisms that depend on these groups for their food 
(Temesgen and Shewamolto, 2022).  

The International Agency for Research on Cancer in 2012 has classified As, 
Cd, Cr, and Pb, as carcinogenic, while Co, Cu, Fe, Mn, Ni, and Zn, are 
classified as non-carcinogenic. The toxicity and carcinogenic potentials of 
heavy metals make heavy metals a major environmental and health 
concern and has led to the monitoring of the concentration of heavy metals 
in road runoff and in rivers receiving road runoff. Results of some of these 
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studies have also shown that the extent of heavy metal concentrations in 
road runoff is site-specific and affected by the volume of traffic, road 
design, climate and surrounding land uses (Ukabiala et al., 2010; Nawrot 
et al., 2020; Gao et al., 2022). With urbanization and industrialization, 
there is a constant rise in heavy metal concentrations in urban runoffs 
which would affect the receiving environments, therefore heavy metal 
pollution assessment from nonpoint source should be given priority.  

Researchers have developed heavy metal pollution load indices that give 
conclusive indication for the overall levels of heavy metals contamination 

level in an environment (Hakanson, 1980; Abrahim and Parker, 2008). 
Some commonly used pollution indices in ecological risk assessment 
include the contamination factor (CF), degree of contamination (Cd), 
modified degree of contamination (mCd), ecological risk factor (Er), and 
risk index (RI). The mathematical representations of these indices and 
their categorization are displayed in Table 1. This study seeks to assess the 
impact of urban road runoff on the ecological risk of heavy metals in Eagle 
Island River, a drainage outlet for the River State University (RSU) Port 
Harcourt campus. 

Table 1: Pollution Indices 

Pollution indices Formula Values Degree of pollution 

Contamination Factor 

(CFi) 
CFi =

Ci

Si

CFi < 1 

1 < CFi < 3 

3 < CFi < 6 

CFi > 6 

Low 

Moderate 

Considerate 

Very high 

Degree of Contamination Cd = ∑ CFi 

Cd < 6 

6 ≤ Cd < 12 

12 ≤ Cd < 24 

Cd > 24 

Low 

Moderate 

Considerate 

Very high 

Modified degree of 
contamination (CPI) mCd =

1

n
∑ CFi 

mCd < 1.5 

1.5 ≤ mCd < 2 

2 ≤ mCd < 4 

4 ≤ mCd < 8 

8 ≤ mCd < 16 

16 ≤ mCd < 32 

mCd ≥ 32 

Nil to very low 

low 

moderate 

high 

very high 

extremely high 

ultra-high 

Ecological Risk Factor (Er
i ) Er

i  = Ti x CFi 

Er < 40 

40 ≤ Er < 80 

80 ≤ Er < 160 

160 ≤ Er < 320 

Er ≥ 320 

Low 

Moderate 

Considerate 

High 

Very high 

Risk index (RI) 
RI = ∑Er

i  

RI < 150 

150 ≤ RI < 300 

300 ≤ RI < 600 

RI ≥ 600 

Low risk 

Moderate 

Considerate/severe 

Very high/serious 

Where Ci is the measured concentration of the heavy metal, Si is the 
standard permissible concentration of the contaminant and Ti is the toxic 
response factor for a given heavy metal. (Hakanson, 1980; Abrahim and 
Parker, 2008 

2. MATERIALS AND METHOD 

2.1   Description of study area 

The   study   area   is   called   Eagle   Island   in   Port   Harcourt    City  Local  

Government Area of Rivers State. It is situated on projected coordinate of 
528175.43mN & 275303.08mE – 529488.65mN, & 276709.19mE in 
(WGS-84) datum, (UTM) Zone 32N coordinate system. The layout covered 
a total area of 62.26 hectares consisting of 621 parcels of different parcel 
area (square meters) including parcels reserved for recreational and 
commercial purposes (Eze et al., 2022). It is bounded in the north by the 
RSU Port Harcourt campus, in the west by Diobu communities, in the east 
by the Nigerian Agip Company Limited, and in the south by rivers and 
wetlands that provide sites for many companies (Eze et al., 2022).  

Figure 1: Map of the Study Area and its coordinates. Source: (Adopted from Google Map) 

2.2   Sample collection and analysis 

Runoff samples were collected from secondary and primary drains. The 
secondary drain is a drain along the tarred road connecting the 

Engineering Faculty, Information Technology Center (ITC), Education, 
Science, and Law Faculties in the RSU, Port Harcourt campus. This drain 
collects road runoff and discharges into the primary drain which 
discharges into the outlet (Eagle Island River). The primary drain is 
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located around one of the female hostels and a shopping complex. Water 
samples were also collected at the upstream and downstream sections of 
the outlet. Samples from secondary drain, primary drain, upstream and 
downstream of outlet were labelled as SD, PD, US and DS respectively. All 
samples were collected between the months of August and October, 2023. 
Samples collection and analyses were done using standard methods. 
Heavy metals including Cadmium (Cd), Chromium (Cr), Copper (Cu), Lead 
(Pb), and Zinc (Zn) were analyzed using Atomic Absorption 
Spectrophotometer (ASS) Instrument (GBC XplorAA, Australia) by direct 
aspiration method as described by APHA in 2017.Total pollution level and 
Ecological risk assessment of heavy metals from road runoff were 
determined using the Cd, mCd, and RI as shown in Table 1. 

3. RESULTS AND DISCUSSION 

3.1   Physiochemical properties of runoff and Eagle Island River 

As shown in Table 2, the average pH of the secondary drain (SD) for the 3 
months ranged between 5.85 to 6.89, while that of the primary drain (PD) 
ranged between 5.91 to 6.31 suggesting that both samples were slightly 
acidic. Similarly, upstream (US) and downstream (DS) average pH within 

the study period was slightly acidic with pH values ranging from 6.06 to 
6.53 and 6.09 to 6.53 respectively. The acidity of the drainage network was 
within range for normal unpolluted rainwater of about 5.6-7. Rainwater 
maybe slightly acidic due to the formation of carbonic acid as rainwater 
reacts with atmospheric CO2 (Efe and Mogborukor, 2012). The salinities of 
the secondary and primary drains were much lower than that of the river 
water samples at both the upstream and downstream sections. Salinity 
readings showed that, runoff at secondary and primary drains were fresh 
water while the Eagle Island River water was brackish and the salinity 
values at the downstream were higher than at the upstream (Table 2). The 
variation in the salinity of the River water samples for the various months, 
is an indication of an external influence such as runoff. However, such 
runoff could not have been from the university campus road runoff.  The 
high values of salinity of the upstream and downstream sections of the 
River in the month of September corroborate this fact. Table 3 shows that 
there was 28 days of rainfall in the month of September with an average 
monthly rainfall of 441.94 mm which was the highest amount of rainfall 
within the study duration. The high rainfall depth would have transported 
more dissolved solids from other land use sources that resulted in the 
higher salinity of the river water samples this is similar to the work of Tong 
et al., in 2022.  

Table 2: Physiochemical Characteristics of Runoff and River Water in Time and Space 

Parameters 
Samples 

August September October 

SD PD US DS SD PD US DS SD DP US DS 

pH 5.85 5.91 6.06 6.09 6.49 5.90 6.11 6.08 6.89 6.31 6.53 6.74 

Temperature (OC) 28.7 29.2 28.3 28.3 28.8 29.8 30.5 29.1 27.0 26.7 26.7 26.9 

Salinity (ppm) 25 124 2280 5210 28 129 5190 5270 25 38 2700 2980 

EC (µS/cm) 50 249 4550 10,440 56 256 10,380 10,570 51 77 5550 5880 

Table 3: Characteristics of the rain events monitored in Port Harcourt 
city between August and October 2023 

Event 
Average Temp. 

℃ 
Rain days in 

a month 
Average monthly 

rainfall (mm) 

August 28 25 397.44 

September 25 28 441.94 

October 26 29 402.42 

3.2   Mean concentration of heavy metals along drainage network 

As shown in Table 4, the mean concentrations of Cd and Pb for all samples 
exceeded the maximum allowable limits (MAL) of 0.005 mg/l and 0.015 
mg/l respectively in surface water by the World Health Organization 
(WHO).  On the other hand, the mean concentrations of Cu and Zn for all 
samples and Cr for SD and US samples were below the WHO MAL of 2 mg/l, 
5 mg/l, and 0.1 mg/l respectively. The low mean concentrations of Cu and 
Zn implies that these heavy metals may not pose any environmental risk 
along the drainage network especially the outlet. Moreover, the 
International Agency for Research on Cancer in 2012 has classified them 
as non-carcinogens. However, the carcinogens (Cd, Cr, and Pb) that 
exceeded the WHO guidelines have potential pollution and ecological risk.  

Table 4: Mean concentration of heavy metals at various sampling 
points 

Sampling 
point 

Cd 

mg/l 

Cr 

mg/l 

Cu 

mg/l 

Pd 

mg/l 

Zn 

mg/l 

SD 0.034 0.068 0.015 0.276 0.050 

PD 0.023 0.274 0.003 0.223 0.082 

US 0.016 0.049 0.007 0.459 0.067 

DS 0.034 0.186 0.007 1.199 0.065 

3.3   Potential Ecological risk assessment of heavy metals 

Results of total pollution level and ecological risk assessment of heavy 
metals along the drainage network as determined by Cd, mCd, and RI are 
presented in Table 5. The Cd values described sampling points SD, US and 
DS as very highly polluted (Cd > 24) and sampling point PD as 
considerably polluted (12 ≤ Cd < 24). Similarly, the mCd values described 
sampling points SD, PD, and US as highly polluted with 4 ≤ mCd < 8 while 
sampling point DS was described as extremely highly polluted (16 ≤
mCd < 32). The difference in the total pollution description between the 
Cd and mCd is attributable to the fact that both indices may not be 

comparable (Gao and Chen, 2012) since there are 4 and 6 different 
categories for Cd and mCd respectively. The potential ecological risk index 
(RI) values as shown in Table 5 explains that sampling points SD, PD, and 
US had moderate risk potential with values ranging from 217.72-299.41 
while sampling point DS had very high-risk potential with a value greater 
than 600 (Table 1). The RI value description were different from Cd and 
mCd for all sampling points except sampling point DS. This is because RI 
has low similarity with other indices. 

Table 5: Pollution Levels At Various Sampling Points 

Sampling points Cdeg mCd, RI 

SD 25.96 5.19 299.41 

PD 22.20 4.44 217.72 

US 34.37 6.87 252.01 

DS 88.7 17.74 609.53 

3.4   Effect of individual heavy metal on potential ecological risk 

Table 6 showed that Cd and Pb contributed the most pollution load at all 
sampling points with Cd contributing a range of 7.75% - 26.46% while Pb 
contributed 66.88% - 90.14%. Cd pollution load contribution was highest 
at the SD and least at the DS sampling points (SD > PD > US > DS). The 
high level of pollution at the SD was associated with traffic activities along 
the road (Gao et al., 2022). The pollution pattern of Cd (SD > PD > US >
DS) along the drainage network implies that the major source of Cd in the 
Eagle Island River was largely the road runoff from the university campus.  
Similarly, the high level of Pb pollution across the entire drainage network 
was associated with traffic activities for SD and PD sampling points and a 
combination of traffic and industrial activities for US and DS sampling 
points. This is similar to the work of Gao et al. (2022). The pollution load 
patterns of Pb along the drainage network is DS > US > SD > PD. This 
explains that the source of Pb in the Eagle Island River was largely 
contributed by the activities around the downstream section of the river 
rather than from the road runoff in the university campus.  

Table 6: Percentage pollution contribution of individual heavy metal 
at various sampling points 

Sampling 
points 

Cd, % Cr, % Cu, % Pb, % Zn, % 

SD 26.46 2.62 0.03 70.86 0.04 

PD 20.73 12.30 0.009 66.88 0.07 

US 9.51 1.43 0.009 89.02 0.04 

DS 7.75 2.10 0.003 90.14 0.01 
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4. CONCLUSION

In the assessment of heavy metals in a drainage network in Rivers State 
University, Port Harcourt campus, the concentrations of non-carcinogenic 
heavy metals (Cu and Zn) were below while the carcinogenic heavy metals 
(Cd, Cr, and Pb) exceeded the WHO guidelines in surface water. Cd, Cr, and 
Pb were responsible for 99.9% of the pollution load in the secondary and 
primary drains as well as the upstream and downstream section of the 
Eagle Island river. Cd, and mCd values described the total pollution along 
the drainage network to range from significantly polluted to extremely 
highly polluted while the RI values described the potential ecological risk 
as moderately to very high risk. Sources of Cd, Cr, and Pb were attributed 
to traffic activities in the campus and other anthropogenic activities 
around the downstream section of the Eagle Island River. Storm runoff 
treatment in the study area is recommended for sustainable environment.  
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