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ABSTRACT 
Surface water is a major source of heavy metal contamination due to land use variabilities and can 
impair the health status of humans especially children when consumed. This study investigated the 
arsenic concentration in surface water of River Balogun in south-west Nigeria. Fifty-one samples were 
collected from 17 points along the river and were examined using inductively coupled plasma optical 
emission spectrophotometer (ICP–OES) for arsenic concentration levels and the potential of a risk due 
to prolonged exposures in children using average daily dose, and hazard quotient (HQ) indices were 
estimated. From this study, it revealed that the mean daily intake concentrations of arsenic for children 
were within the range of 0.0034–0.0068 mg/l and these values were below the standards for the World 
Health Organization. However, long term exposures could be injurious to the health of children as the 
HQ values were greater than one for all 51 samples. Therefore, continuous human health risk 
assessment, sensitization on the adverse effects on the overuse of agrochemicals in farms surrounding 
the rivers, intensified ecosystem services as well as best management practices for improvement of 
surface water in the region need to be adopted. Furthermore, elaborating on the dangers of high arsenic 
in water can also be a strategy in preventing children and other population groups from consuming 
contaminated surface waters in that vicinity. 
Keywords:  risk assessment, arsenic, pollution, heavy metals, dispersion, hazard quotient. 

1  INTRODUCTION 
Access to safe water is germane and this has led to the Sustainable Development Goals 
(SDGs) Target 6, Goal 6 which aimed at providing cheap, safe and less polluted water for all 
[1], [2]. Rain-harvested, surface, sachet waters are some of the sources where water can be 
assessed. However, getting this water free from chemical or bacteriological pollution is still 
very difficult especially in developing nations. Several reports have revealed the chemical 
toxicity levels of heavy metals at significant levels in some of these water sources in an 
alarming rate [3]–[5]. The reasons for this pollution levels may be due to land use and poor 
hygiene as there is a strong significant relationship between the environment and the 
pollution status of water bodies or sources [6]–[8] as well as lack of consciousness and 
convincing awareness from the inhabitants and relevant agencies. These metals can cause 
several health effects that can reduce human efficiency at the least and may result in death at 
worst. Some of these adverse effects have been well reported in the literature [9]–[11]. 
Arsenic (As), which is one of these heavy metals which are found naturally is of great concern 
for public health because of its effects on the human health such as dermal and cardiovascular 
diseases, skin and bladder cancer, diabetes mellitus among others [12], [13]. Its presence in 
food proves that it is usually accumulated from the environment [14]. In groundwater, As is 
found mainly in inorganic forms [15] which are considered much more toxic than the organic 
one [16]. It is estimated that close to 140 million people globally are exposed to inorganic As 
which are primarily ingested by consuming unregulated contaminated water [17]. Thus, As 
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in the drinking water sources, be it ground or surface waters, is of important concern due to 
its associated health risk [18]. In the light of this, this study investigated the pollution level 
of As in surface water of River Balogun, located in Ota. This river is surrounded by industries 
and it is well utilized by the inhabitants for domestic and recreational purposes. Due to the 
open nature of the river, it is mostly used as a carrier of unwanted substances with the believe 
that with dilution and dispersion, these inherent pollutants concentration may be reduced 
[19]. Therefore, in this paper, we examine the health risk linked with surface water daily 
consumption of As to children. 

2  METHOD AND MATERIAL 

2.1  Study area 

River Balogun situated around Ado-Odo/Ota local government area in south-west Nigeria, 
with an area of 1,460 km2. It lies between latitude 6°40’58.52”N–6°41’23.92”N and 
longitude 3°8’53.87”E– 3°8’57.86”E and is a tributary of the River Atuwara. The study area 
is densely populated with informal settlements situated close to the study area. River Balogun 
traverses across villages, providing the needed water and economic activities to the 
surrounding villages such as dredging, irrigation farming and fishing. River Balogun’s water 
is essentially important for the ecosystem, health and sustained economic activities such as 
agriculture and supply of drinking water to people, which requires continuous environmental 
surveillance and proper industrial waste management. 
 

 

Figure 1:  A map showing River Balogun at Ota, Ogun State [10]. 

2.2  Sampling collection and procedures 

Fifty-one (51) water samples from seventeen (17) stations were collected from the river using 
a well labelled High density polyethene bottle. The samples collected were iced in a cooler 
at 4°C. Thereafter, these samples were sent to the International Institute for Tropical 
Agriculture, Ibadan, Nigeria, for chemical analysis. The samples were analysed for As using 
Inductively Coupled Plasma–Optical Emission Spectrometry (ICP–OES). 
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2.3  Health risk assessment 

Generally, risk assessment is a function of hazard while exposure is the process of estimating 
the probability of occurrence of an event and the probable magnitude of adverse health effects 
produced over a specified time period [20]. Human health risk assessment is considered as 
the characterization of the potential adverse health effects of humans due to exposure to 
environmental hazards [21]. This paper estimated the average daily dose (ADD) expected for 
the intake of As using the following eqn (1), while cancer risk and hazard quotient were 
estimated using (2) and (3) respectively 

 ADD = C × IR × ED × EF/BW × AT, (1) 

where ADD is the average daily dose (mg/kg-day), C is the concentration of the heavy metal 
in stream water (mg/l), IR is the ingestion rate per unit time (L/day), ED is the exposure 
duration (years), EF is the exposure frequency (days/year), BW is body weight (kg), AT is 
the average time (years), with their values obtained from literatures [22]–[24].  
     The cancer risk was calculated as outlined by [21]: 

 Cancer risk = ADD × CSF, (2) 

where ADD = average daily doses (mg/kg-day); CSF = cancer slope factor (mg/kg-day). 
     The calculated ADD and cancer risk are as presented in Fig. 2. 

 𝐻𝑄௦௧ ൌ
ೞ
ோೞ

. (3) 

3  RESULTS AND DISCUSSION 
The ADD values for As are presented in Fig. 2. For children, the daily intake for As was 
between range of 0.0034–0.0068 mg/kg-day. According to the results, the level of As,  
6.799 E-03 mg/kg-day for children in Station 1 and Station 2 respectively appeared high, but 
the highest values of 8.500 E-03 were recorded at stations 11, 12, 13,15, 16 and 17 for  
 

 

Figure 2:  Graphical representation of average daily intake of As in children. 
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children. Furthermore, due to the measured results and importance of the ELCR (excess 
lifetime cancer risk) level – which is the threat to human health, it becomes highly important 
that drinking water control and quality in that region is a necessity specially to protect the 
children. In addition, results revealed that River Balogun water may pose a high risk, when 
compared with the water quality guidelines of USEPA [25], which is fixed at 10 µg/l. 
Consequently, cancer risk assessment of the study area suggested that there is high health 
risk due to the As contamination. As was reported to be detrimental to the central nervous 
system and cognitive development in children [26]. It was also found to accumulate in 
fingernails and hair [27] which can later find its way into our body. Therefore, it implied that 
using this water either for ingestion or recreation is dangerous. 
     Fig. 3 shows the HQ of As consumption for children in River Balogun at different 
sampling stations. The HQ values recorded ranged from 11.33–22.67 mg/l. The highest level 
was at Stations 9 and 10 which recorded 22.67 mg/l as against World Health Organization 
[28] standard of 1.00 mg/l. This result indicates that children ingest water that is significantly 
polluted with As (about 22 times more than the threshold value) and appeared to be at high 
risk for carcinogenic effects in the long run. In other stations, high As levels were equally 
recorded. Specifically, stations 11–16, with values as 19 mg/l while 15 mg/l was recorded in 
stations 1 and 2. Furthermore, 11 mg/l were recorded at stations 3, 4, 5, 6 and 7 as well. This 
may be due to over application of fertilizers and poor agricultural practices within the study 
area as reported in similar studies elsewhere [29], [30]. These results agreed with the findings 
of [31] in Taiwan where the HQ values were 19.3 mg/g revealing threat to life of the 
population. Subsequently, when children ingest water polluted by As, they become more 
exposed to all kinds of cancers especially cancer related to the skin, kidney and bladder which 
are classified as carcinomas [32]. As also known to speed up cell division which leads to all 
kinds of health complications in human. In addition, retardation of time required for enzymes 
to repair DNA damage during DNA replication will occur and the likelihood of genetic 
misleading may be the consequence. 
 

 

Figure 3:    Graphical representation of the hazard quotient (As for children) against the 
World Health Organization standard. 
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4  CONCLUSION 
The ADD values and cancer risks for As were highest in Stations 11, 12, 13, 15, 16, and 17 
for children, which can pose a threat to human life. Due to the carcinogenic tendency of As 
over long periods of exposure and the risk to life and health, it is important to control the 
presence of As in the river Balogun as the present status showed a significant health risk to 
children. Prevention of exposure to As in drinking water is a major strategy for reducing the 
incidence of cancer due to As ingestion. In addition, regular monitoring of contamination 
levels of heavy metals and imbibing good sanitation practises and convincing awareness to 
inhabitants on the dangers of As pollution to children would boost general water quality of 
the river as well as other water sources. In addition, improving ecosystem services around 
rivers in general by creating wetlands or riparian buffers which should prevent agricultural 
runoff from gaining easy entrance into the river would serve as some kind of best 
management practices to be swiftly adopted. 
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