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Abstract 
This study was conducted on the physicochemical parameters, trace element (TE) level and dermal risk 
assessment of water samples from selected fish ponds (concrete and earthen) in Abeokuta, Ogun State, 
Nigeria. Water parameters and TE level were estimated using standard methods while dermal risk of 
exposure was evaluated using US EPA predictive model. The results showed that the water sample had 
a pH (6.8 -7.2), TDS (118.40 -129.39 mg/L), DO (16.80 -  18.25 mg/L), BOD (1.66 - 3.30 mg/L) and 
Cl (0.04- 0.08 mg/L) across the ponds are within the standard limits (6.5-8.5; <500, >5.0, 20.0 and 250 
mg/L). The trace element levels such as Pb (0.62 - 0.94 mg/L), Zn (1.04 - 1.30 mg/L), Co (0- 0.01 mg/L), 
Cr (0.01 - 0.08 mg/L) and Cu (0.13 -0.18 mg/L) across the ponds are within the standard limits (0.01, 
3.00, 0.1,0.05 and 2.00 mg/L). Dermal risk assessment showed that Zn and Pb were the most dosed 
TEs across the ponds, the studied TEs across the ponds at the time of the investigation had a non-
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significant non-cancer risk on dermal exposure. In conclusion, the study showed that the water 
parameters fall within the permissible level except Pb. Therefore, constant freshwater monitoring needs 
to be carried out due to the increase in anthropogenic activities around the experimental stations. 
 
Keywords: Dermal risk, freshwaters, physicochemical, pond, trace element 
 
INTRODUCTION 
The importance of water cannot be over-emphasized; water is essential for life and occupies 
a large portion of the biosphere (Umoren et al., 2024a). Water provides habitat for wildlife 
(Shailendra et al., 2014). The qualities of water control the productivity of the aquatic 
ecosystem, it forms a medium by which organic and inorganic wastes and sediments are 
distributed throughout the ecosystem. Aquatic bodies may be marine, freshwater or estuary. 
Furthermore, Freshwater habitats are broadly classified into lentic and or lotic systems 
(Agaoru, 2012).  
 
The lentic environment includes all forms of inland water systems (lakes, reservoirs, ponds, 
bogs, swamps, etc.) in which water motion is not that of continuous flow in a definite 
direction. Basically, there is little movement in the water, but there is some wave action and 
internal water flow near inlets and exits (Agaoru, 2012). The stagnancy of water bodies like 
aquaculture ponds retain organisms which might be a challenge to aquaculture pond 
production (Boyd, 2016). 
 
In order to ensure provisional water quality and quantity, good water quality management 
strategies must be adopted, the supply of pond water must be adequate through the right 
channels of flow, and the water must be suitable for aquaculture. This is done by regularly 
observing and analyzing the water's parameters (Ngueku, 2014; Aluko et al., 2024). Water 
qualities such as the physiochemical factors influence water quality (Umoren et al., 2024a). It's 
interesting to note that fish culture is affected when the quality of the water influences 
activities related to management, growth, reproduction, survival, or production (Boyd, 2016).  
Aquatic organisms such as fish are predisposed to diseases and other problems due to poor 
water quality in ponds. Furthermore, proper water monitoring is effective with accurate 
equipment and manpower which is pivotal when considerable expertise on the intricacies 
involved (Ngueku, 2014). During fish pond management practices, constant changing of the 
water is essential and there is an obvious skin contact to the pond water. Prolonged skin 
exposure to water with high levels of trace elements such as lead, chromium, cadmium, 
mercury and arsenic is known to be highly toxic (Nguyen et al., 2018; Famuyiwa et al., 2023). 
The knowledge of the monitoring the quality of pond water provides an insight into the 
management programs, restoring and maintenance. Therefore, the study investigates the 
physicochemical parameters, trace element (TE) level and dermal risk of exposure to the 
experimental pond water.  
 
MATERIALS AND METHODS 
Study area     
The ponds used in this study are located in Odeda and Ajebo in Abeokuta, Ogun State, 
Nigeria. Abeokuta is one of the industrial cities in Nigeria with a population of over 2 million 
inhabitants. Abeokuta has a tropical mixed ecotype vegetation (forest and wet savannah) 
climate with a mean annual rainfall of about 1037 mm. The mean monthly ambient 
temperature ranges from 28°C in December to 36°C in February with a yearly average 
temperament of 34°C. The relative humidity of Abeokuta ranges from 60% in January to 94% 
in August with a yearly average of 82%. The vegetation represents an interphase between the 
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tropical rainforest and the derived Savannah (Umoren et al., 2024a). However, the choice of 
the sampling sites was based on the ecological setting of the study area. 
 
Collection of water samples 
Water sample was collected from the concrete and earthen fish ponds in the two locations. 
The samples were aseptically collected into sterile plastic bottles (2L) in triplicate between the 
hours of 8:00 – 11:00 in the month of January 2024. The plastic bottles were properly labelled 
and transferred to the chemistry laboratory for physicochemical and trace element analysis. 
 
Physicochemical analysis 
 
Quality Control 
All chemicals used for the study were of analytical grade while reagent blanks were prepared 
according to the specifications to evaluate the reagents' purity. To ensure the highest level of 
instrument accuracy, instruments and equipment were checked and calibrated according to 
the manufacturer's directives (Famuyiwa et al., 2023; Umoren et al., 2024b). 
 
Determination of Physiochemical Properties 
The physicochemical quality of the water sample was assessed using standard laboratory 
methods according to Umoren et al. (2024a). The pH and TDS were determined using an 
electronic water quality meter. The total chloride ion, DO and BOD were determined using 
titrimetric methods (Umoren et al., 2024b). 
 
Determination of Chloride ion (Cl-) 
Exactly, 100 cm3 of the water sample was measured into the conical flask using 1 cm3 
potassium chromate (K2CrO4) as the indicator. The solution was then titrated against a 0.01M 
silver nitrate (AgNO3). A brick red colouration indicated the endpoint.  

𝐶ℎ𝑙𝑜𝑟𝑖𝑑𝑒 𝑖𝑜𝑛 =
𝑇𝑖𝑡𝑟𝑒 𝑣𝑎𝑙𝑢𝑒 × 1000

100
       𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 1 

 
Determination of Dissolved Oxygen (DO) 
Dissolved oxygen was carried out using Winkler’s method. Exactly, 200 cm3 of the water 
sample was cautiously transferred into a 300 cm3 BOD bottle. 1 cm3 of Winkler’s method 
reagent was added, followed by 1 cm3 concentrated sulphuric acid (H2SO4). The resulting 
mixture was titrated against sodium thiosulphate (0.1 N Na2S2O3) to the end point where there 
was a colour change using 1 cm3 of starch solution as an indicator. The values were expressed 
using Equation 2 below: 

𝐷𝑖𝑠𝑠𝑜𝑙𝑣𝑒𝑑 𝑂𝑥𝑦𝑔𝑒𝑛 (𝐷𝑂) =
𝑇𝑖𝑡𝑟𝑒 𝑣𝑎𝑙𝑢𝑒 ×0.1𝑁

0.025
       𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 2     

 
Biochemical Oxygen Demand (BOD) 
Biochemical oxygen demand is carried out using Winkler’s method. BOD bottle was prepared 
and incubated at 20° C for 5 days in the dark cupboard. After five days, the method used for 
the DO estimate was carried out. BOD was then calculated using Equation 3 below: 

𝐵𝑂𝐷5 = 𝐷𝑂0 – 𝐷𝑂5                     𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 3 
 
Where BOD5 is the biochemical oxygen demand after day 5, DO0 is the level of dissolved 
oxygen at the start day, while DO5 level of dissolved oxygen after day 5 of incubation. 
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Sample Digestion and Trace Elements Analysis 
Ten (10) cm3 pond water sample was measured using a measuring cylinder, then transferred 
into a 250 cm3 of sterilized conical flask and treated with 20 cm3 of concentrated Nitric acid 
(NHO3). The mixture was placed on a hot plate in a fume cupboard until a clear solution was 
achieved. The flask was allowed to cool to room temperature, then the digest was then filtered 
with Whatman No. 42 filter paper and diluted up to mark with deionized water in a 250 cm3 

standard volumetric flask (AOAC, 2019; Aluko et al., 2024), then TEs were estimated using 
Atomic Absorption Spectroscopy.  
 
Dermal Risk Assessment (DRA) 
The fish pond requires regular management practice including cleaning, therefore water-
dermal contact is assumed to be the main pathway for risk assessment (Hadzi et al., 2018). 
Therefore, the dermal risks of exposure were evaluated via the United States Environmental 
Protection Agency (USEPA) mathematical model (RAGS, 2018). The average daily intake 
(ADI) for TEs in the sample was calculated using Equation 4. 

𝐴𝐷𝐼𝑑𝑒𝑟𝑚 = 𝑇𝐸 𝐶𝑜𝑛𝑐.  × (
𝑆𝐴 ×  𝐾𝑃 ×  𝐸𝐹 ×  𝐸𝑇 ×  𝐶𝐹

𝐵𝑊 ×  𝐴𝑇
) ×  𝐸𝐷    𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 4 

 
Where: ADIderm - average daily dose absorbed by the skin, TE Conc. is the level of TEs in pond 
water (mg/L), Kp is the skin permeability coefficient (Pb:0.0001, Cr: 0.002, Zn: 0.0006, Co & 
Cu:0.001), EF (exposure frequency) is 365 days/year, ET is the exposure time (54.5 years), CF 
is the conversion factor (0.001L/cm3), BW is the body weight (70 kg) and AT (25,550)  
The non–cancer dermal risk expressed as the hazard quotient (HQ) was calculated by dividing 
the ADI value for TEs on exposure with their respective reference doses (RfDs) using Equation 
5.  

𝐻𝑎𝑧𝑎𝑟𝑑 𝑄𝑢𝑜𝑡𝑖𝑒𝑛𝑡 (𝐻𝑄) =
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐷𝑎𝑖𝑙𝑦 𝐼𝑛𝑡𝑎𝑘𝑒

𝑅𝑓𝐷
                         𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 5 

 
According to the HQ's interpretation, HQ equal to or less than 1 suggests that there will be no 
significant non-cancer skin condition, while > 1 indicates that there is a chance that there will 
be such a condition (US EPA, 2014). 
 
Statistical data analysis 
All data were analysed using Statistical Package for Social Sciences (SPSS) version 20.0., while 
Microsoft Excel (2016) was used for computing the dermal risk assessment while a post hoc 
test was done using Student Newman Kuel to determine significant differences at a 5% 
probability level. 
 
RESULTS AND DISCUSSION  
 
Physicochemical Quality 
The physiochemical parameter of the pond water is shown in Table 1. A pH higher than 7, but 
lower than 8.5 is ideal for biological productivity while a pH lower than 4 is detrimental to 
aquatic life (Abowei, 2010). The highest pH was recorded in the concrete pond of Ajebo (7.20) 
while the lowest was equally recorded in Odeda concrete and Ajebo earthen pond (6.80) 
respectively. The water pH was not significant across the ponds (p<0.05). Furthermore, the 
ponds had a pH with the threshold value (6.5-8.5). The majority of aquatic species, including 
fish, cannot withstand prolonged, significant pH fluctuations; if these conditions continue, 
death may result. Therefore, aquatic life often thrives better in waters with little pH variation. 
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The total amount of chemical substances (dissolved materials and inorganic salts) in the water 
is known as total dissolved solids. The amount of solids in water varies significantly over time, 
which has an impact on the water's density and, ultimately, the aquatic environment's quality. 
Elevated total dissolved solids (TDS) have the potential to alter the flavour of water and 
damage appliances and plumbing (Umoren et al., 2024a). The highest total dissolved solids 
(TDS) was recorded in the earthen pond of Ajebo (129.39 mg/L) while the lowest was 
recorded in the earthen pond of Odeda (118.40 mg/L). The TDS in the earthen pond were 
significantly different to the concrete ponds (p<0.05). Furthermore, the pond water has a TDS 
within the threshold value (<500 mg/L).  
 
The dissolved oxygen (DO) is a gauge of the extent of organic matter pollution, the 
decomposition of organic materials, and the water body's ability to purify itself (Ojekunle and 
Lateef, 2017). Both direct and indirect details regarding bacterial activity, photosynthesis and 
the availability of nutrients are provided by the link between DO and bodies of water (Eze 
and Chigbu, 2015; Umoren et al., 2024c). The highest DO level was recorded in the earthen 
pond of Ajebo (18.25 mg/L) while the lowest was recorded in the earthen pond of Odeda 
(16.80 mg/L). The DO in the earthen pond of Odeda is significantly different from other ponds 
(p<0.05). Furthermore, the ponds have a water DO within the threshold value (> 5 mg/L). 
The measured water's DO was higher than that of Devangee et al. (2013), who reported 6.1–
6.3 from several water bodies. Nonetheless, according to reports, DO of 5 mg/L is the lowest 
value that should be taken into account for aquatic communities in the aquatic ecosystem to 
survive and function properly (Darko et al., 2013; Ajibare, 2014). 
 
According to Famuyiwa et al. (2023), biochemical oxygen demand (BOD) is a sign that organic 
or inorganic materials that require oxygen are present in a body of water and can be linked to 
human pollution. The highest BOD was recorded in the concrete fish pond of Ajebo (3.30 
mg/L) while the lowest was recorded in the earthen pond of Odeda (1.66 mg/L).  The water 
BOD was not significant across the ponds (p<0.05). Furthermore, the ponds have a water BOD 
within the threshold value (20 mg/L).  
 
Elevated levels of Cl ions in water bodies can lead to skin harm, but they can also accelerate 
the ageing process of reinforced concrete ponds and have a corrosive effect (Hong et al., 2023). 
Chlorides can contaminate freshwater bodies causing damage to the fish and aquatic 
communities (Kumar and Puri, 2012). The highest Cl ion was recorded in the concrete fish 
pond of Ajebo (0.08 mg/L) while the lowest was recorded in the earthen pond of Ajebo (0.04 
mg/L). The Cl- in the water was not significant across the ponds (p<0.05). Furthermore, the 
ponds have a water BOD within the threshold value (20 mg/L). 
 
Table 1: Physicochemical parameters of the studied pond 

ab means values with different superscripts across columns are significantly different at p<0.05 

Trace Element (TE) Level 
The trace element level of the pond water is shown in Table 2, the highest level of lead (Pb) 
was recorded in the concrete pond of Odeda (0.94 mg/L) while the lowest was recorded in 

Parameters Odeda 
concrete 

pond 

Ajebo concrete 
pond 

Odeda earthen 
pond 

Ajebo 
earthen 

pond 

Benchmark 
(WHO, 2011) 

pH 6.80a 7.20a 7.00a 6.80a 6.5-8.5 
TDS (mg/L) 121.87b 127.59a 118.40b 129.39a <500 
DO (mg/L) 17.03a 17.65a 16.80b 18.25a >5 
BOD (mg/L) 2.18a 3.30a 1.66a 2.96a 20 
Cl- (mg/L) 0.07a 0.08a 0.05a 0.04a 250 
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the earthen pond of Ajebo (0.62 mg/L). The level of Pb in the concrete pond of Odeda is 
significantly higher than other ponds (p<0.05). Additionally, the studied ponds has a Pb level 
above the threshold value (0.01 mg/L) therefore the water should be considered unsafe for 
aquaculture purposes. The elevated levels of Pb detected in the ponds can be attributed to the 
largely unmanaged nature of most fish ponds, which experience minimal or no water 
exchange throughout the cultivation period (Adeyemo, 2007). This situation poses a 
significant health hazard to the general population, as the majority of their fresh fish 
consumption is sourced primarily from these ponds. The highest level of Zinc (Zn) was 
recorded in the earthen pond of Odeda (1.30 mg/L) while the lowest was recorded in the 
concrete pond of Odeda (1.04 mg/L). The Zn level in the Odeda and Ajebo's earthen ponds 
was significantly higher than that of the concrete ponds (p<0.05).  Additionally, the studied 
ponds have a Zn level within the threshold value (3.00 mg/L). Cobalt (Co) was only detected 
in the earthen pond of Odeda (0.01 mg/L) with no record or below the detectable limit in the 
other ponds. This was within the threshold value (0.1 mg/L).  The highest level of Chromium 
(Cr) was recorded in the earthen pond of Ajebo (0.08 mg/L) while the lowest was in was 
recorded in the earthen pond of Odeda (0.01 mg/L). The level of Cr in the concrete pond of 
Odeda and the earthen pond of Ajebo is significantly higher than that of the Ajebo and Odeda 
respectively (p>0.05), and also higher than the threshold value (0.05 mg/L). The elevated Cr 
levels noted in certain ponds can be attributed to their lotic characteristics, as Cr is an element 
with low mobility, particularly in conditions with moderate redox potential and almost 
neutral pH. The primary contributors to its presence are industries related to steel production, 
alloys, chrome plating, and dye manufacturing (Aluko et al., 2024). The highest level of 
Copper (Cu) was recorded in the concrete pond of Odeda (0.18 mg/L) while the lowest was 
recorded in the earthen pond of Odeda (0.13 mg/L). The level of Cu across the ponds is not 
significantly different (p<0.05). Additionally, the level of Cu is within the threshold limit (2.00 
mg/L).   
 
Table 2: Trace element (TE) parameters of studied pond waters 

abmean values with different superscripts across columns are significantly different at p<0.05 

Dermal Risk of Exposure 
The non-cancer dermal risk of exposure to TEs in the ponds is shown in Tables 3 – 4. The 
average daily dose absorbed by the skin on exposure presented in Table 3, shows that Cr is 
the most dosed TE in the concrete and earthen pond of Odeda (1.90E-04; 2.72E-05) and also 
the earthen pond of Ajebo (2.17E-04) while Pb is the most dosed in the concrete pond of Ajebo 
(3.20E-05). Additionally, the most dosed TEs were recorded in the concrete pond of Odeda.  
The hazard quotient (HQ) value for the TEs across the pond water appears in the order of 
Zn>Pb>Cu>Cr (Figures 1-4). The value also revealed that shows that Zn and Pb are the chief 
contributors to TE exposures across the ponds. 

 
 
 
 

TE (mg/L) Odeda 
concrete 

pond 

Ajebo concrete 
pond 

Odeda earthen 
pond 

Ajebo 
earthen 

pond 

Benchmark 
(WHO, 2011) 

Co 0.0a 0.0a 0.01a 0.0a 0.1 
Cr  0.07a 0.03b 0.01b 0.08a 0.05 
Cu 0.18a 0.14a 0.13a 0.16a 2.00 

Pb 0.94b 0.69a 0.63a 0.62a 0.01 
Zn 1.04a 1.06a 1.30b 1.16b 3.00 
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 Table 3: Average daily dose absorbed by the skin 
  
 
 
 
 
 

Table 4: Non–Cancer Dermal Risk 

  
 

 
Figures 1 & 2: Contributing % of each TE to Non-Cancer dermal risk in the pond 

 

 
Figures 3 & 4: Contributing % of each TE to Non-Cancer dermal risk in the pond 

 
 
CONCLUSION 
The study investigated the physicochemical parameters, TE level and dermal risk assessment 
of from some ponds water in Abeokuta, Ogun State, Nigeria. The study showed that the 
analyzed physicochemical and trace element parameters were within the standard threshold 
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Pb 
31%

Zn
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Co
0%
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Cu 
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TE Odeda concrete Ajebo concrete Odeda earthen Ajebo earthen 

Co - - 5.43E-06 - 
Cr  1.90E-04 8.13E-05 2.72E-05 2.17E-04 
Cu  7.33E-07 5.70E-07 5.30E-07 6.50E-07 
Pb  4.37E-05 3.20E-05 2.94E-05 2.89E-05 
Zn 5.63E-07 5.77E-07 7.07E-07 6.30E-07 

TE Odeda concrete Ajebo concrete Odeda earthen Ajebo earthen 

Co - - 1.63E-09 - 
Cr  1.14E-08 4.88E-09 1.63E-09 1.3E-08 
Cu  2.93E-08 2.28E-08 2.12E-08 2.6E-08 
Pb  1.53E-07 1.12E-07 1.03E-07 1.01E-07 
Zn 1.69E-07 1.73E-07 2.12E-07 1.89E-07 
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values except for lead (Pb). Zinc and Pb appear to be the primary TEs contributing to possible 
dermal risk. However, that was no significant dermal risk on exposure to the pond water. 
Therefore, constant freshwater monitoring needs to be carried out due to the increase in 
anthropogenic activities around the experimental stations. 
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