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Abstract 

Effluents emerging from unprotected local mining activities pollute the nearby rivers containing aquatic lives. Advent 
of nanotechnology however, supposedly helps in removal of water contaminants and as well make waste water 
remediation possible. To this effect, Clarias gariepinus from rivers near mining site at Ijero-Ekiti, Ekiti-State, Nigeria 
were collected and  exposed to 62.5, 125 and 250mg/L suspension of 10nm magnesium hydroxide nanoparticles 
(MgOHNPs) for 14-days under semi-static conditions. The suspected lead concentration in the river water was 
estimated using atomic absorption spectrophotometer while the quality of the river water was also examined. Clarias 
gariepinus collected were sacrificed and alterations in their biochemical and hematological indices were evaluated. The 
results showed that water sample from river I exhibit highest (0.033ppm) lead concentration while water sample from 
river III has the lowest (0.006ppm) lead concentration relative to their proximity to the mining site. Besides, the 
collected fishes demonstrated significant (P<0.05) concentration dependent increase in some biochemical indices and 
no observable significant alteration in hematologic state of the fishes at tested doses. Hence, results from this study 
suggest that toxic lead effluent from local mining activities may have elevated lead concentration levels in nearby rivers 
while exposure to MgOHNPs could evoke alterations in physiological system of the inhabiting aquatic lives.   
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1. Introduction

Magnesium hydroxide nanoparticles have gained commercial interest in the areas of waste remediation and recycling 
of waste water for potable use. Nanoparticles can be prepared from a different materials such as proteins, 
polysaccharides and synthetic polymers and can as well be formulated as injection consisting of amorphous particles 
which can be safely administered intravenously (Mohanraj and Chen, 2006). Magnesium nanoparticles are relatively 
non-toxic and are widely used in industries on the basis of their biodegradability, biocompatibility and are relatively 
affordable (Aluko et al., 2018). Unprofessional mining activity in Nigeria has raised concerns in view of the devastating 
impact on the ecosystem. The aquatic environment is mostly vulnerable to contamination from mining exploration 
which is of great concern (Sun et al., 2014). However, modulatory effect of nanoparticles on possible alterations in 
biochemical and hematological profiles of aquatic organisms could be a functional biomarker for evaluating and 
assessing toxicity. Overtime, series of literatures have reported fish as an appropriate biological model for assessing 
toxicity induced by nanoparticles due to its use in bioremediation (Verma et al., 2018). Clarias gariepinus was chosen as 
an experimental model due to its highly rated aquaculture and commercial value in Nigeria. The research findings of 
this study will give insights to viability of magnesium hydroxide nanoparticles potential in the treatment of lead-induced 
toxicity in river water and the inhabiting fishes.  
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2. Materials and methods 

2.1. Reagent and Kits 

Magnesium hydroxide Mg (OH)2 Nanoparticles of 99.5% purity were obtained from USA Nano-materials Research 
Inc.3302 Twig Leaf Lane, Houston TX77084, USA. The assay kit for the biochemical assay were purchased from Randox 
Laboratory, UK, while other chemical reagents used were of standard analytical grade. 

2.2. Experimental Design 

150 adult Clarias gariepinus (catfish) of average length of 25-25cm and weight 130-170g were collected at random in 
three different rivers tagged river I, II and III, near a prominent local mining site in Ijero-Ekiti, Ekiti State, Nigeria. The 
fishes were maintained in aquarium separately. 

2.3. Determination of Lethal Dose (LD50)  

 Lethal dose of magnesium hydroxide nanoparticles was determined for a period of 7-days with five different 
concentrations (62.5, 125, 250, 500 and 1000mg/L) MgOHNPs. Mortality rate was observed at 500 and 1000mg/L 
MgOHNPs. Thereafter, 250mg/L MgOHNPs was used as the maximum concentration for the experiment where 62.5, 
125 and 250mg/L MgOHNPs were administered into the experimental fishes. Group of five fishes were placed in graded 
MgOHNPs concentrations immediately after preparation in three different aquaria containing the water from the three 
rivers (river I, II and III) respectively from the mining site.         

2.4. Determination of Lead Concentration 

Lead concentrations in the three rivers near the mining site at Ijero-Ekiti were estimated where the river water samples 
collected were aspirated into atomic absorption spectrophotometer buck 200 fitted with Perkin Elmer-337. The lead 
estimation was carried out in triplicate with 10 water sample each where few drops of nitric acid were added to the 
water samples to avoid changes in lead concentration and average concentrations were recorded. 

2.5. Physico-chemical and Biochemical Assays 

The physico-chemical parameters of water for the different concentrations of the MgOHNPs was monitored using 
standard procedure of (Machado and Bordalo, 2014) with high sensitive pH meter while the biochemical parameters 
were determined colorimetrically by employing standard Randox kits. The parameters determined include aspartate 
amino transferase (AST), alanine amino transferase (ALT), alkaline phosphatase (ALP), acid phosphatase (ACP), 
albumin while total protein levels were determined using method described by (Gornal et al., 1949).  

2.6. Hematological Assay 

Hematological analysis was conducted using method described by Alkaladi et al., 2015). The parameters analyzed 
include packed cell volume (PCV), hemoglobin (HB), red blood cells (RBC), white blood cells (WBC), mean corpuscular 
volume (MCV). 

3. Results 

Table 1 Lead concentrations in river I water samples near mining site in Ijero-Ekiti 

River water sample                Lead (Pb) concentration (ppm) 

1 0.002 

2 0.005 

3 0.003 

4 0.008 

5 0.033 

6 0.012 

7 0.019 
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8 0.011 

9 0.004 

10 0.002 

 

Table 2 Lead concentrations in river II water samples near mining site in Ijero-Ekiti 

River water sample                Lead (Pb) concentration (ppm) 

1 0.001 

2 0.001 

3 0.003 

4 0.002 

5 0.017 

6 0.015 

7 0.012 

8 0.003 

9 0.005 

10 0.001 

 

Table 3 Lead concentrations in river III water samples near mining site in Ijero-Ekiti 

River water sample                Lead (Pb) concentration (ppm) 

1 0.002 

2 0.004 

3 0.002 

4 0.001 

5 0.003 

6 0.004 

7 0.003 

8 0.005 

9 0.003 

10 0.006 

 

Table 4 Physicochemical properties of river I water before and after exposure to magnesium hydroxide nanoparticles 

Parameter                 Before-Experiment              After-Experiment 

  Control         2.5mg/L           5.0mg/L         10.0 mg/L        

Temperature ℃                  28.0                           25.0 25.0 25.0 25.0 

pH                                        5.20 6.6 6.5 6.3 6.0 

Ammonia Nitrate (ppm) 0.4 0.45 0.56 0.59 0.64 
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Nitrate (ppm) 0.05 0.05 0.05 0.08 0.09 

Alkalinity (ppm)                  25.00 192.0 232.0  238.0 241.0 

Carbon (IV) Oxide (ppm) 33.0 48.0 53.5 55.2 61.0 

Chloride ions (ppm)             13.00 8.0 10.0 9.0 9.0 

Total hardness (ppm)           18.00 34.0 40.0 44.0 52.0 

Dissolved Oxygen (ppm)     3.30 1.5 1.10 0.52 0.30 

Table 5 Biochemical parameters of Clarias gariepinus in river I water exposed to magnesium hydroxide nanoparticles 
for 14-days 

Parameter                   Control              62.5mg/L 125mg/L 250mg/L 

ACP (U/L)                0.23±0.04a         0.55±0.66c         0.37±0.04b        0.41±0.04b 

ALP (U/L)                20.78±2.10a        17.16±5.26a   48.71±4.40b      133.80±6.52c 

ALT (U/L)                2.40±0.90a 3.13±0.90a         3.54±1.41a         3.12±1.40a 

AST (U/L)                2.25±3.32a          1.52±0.44a         0.87±0.16a         0.90±0.09a 

Total protein (g/L)     17.46±5.63a        42.08±6.37c       38.08±29.40bc    25.62±12.73b 

Albumin (mmol/L)    15.23±4.77a         19.80±0.97a     34.67±10.02b      37.00±5.13b   

Results are expressed as means ± SD (n=6). Test values with superscript (b-c) are significantly different (P<0.05) from the control (a) for each 
parameter 

Table 6 Hematological parameters of Clarias gariepinus in river I water exposed to magnesium hydroxide nanoparticles 
for 14-days 

Dose (mg/L) PCV (%)     HB (g/dL)      RBC (x106/L)    WBC (x103µ/L)    MCV (fL) 

Control       26.01±5.26a    16.58±2.80a    10.45±4.09a     7.63±1.05a       33.02±6.50a 

62.5 30.03±6.24a    18.32±5.07a      11.00±4.41a     8.20±1.04a        38.08±6.55a 

125 27.06±7.90a     16.62±3.37a    9.37±0.64a       7.80±1.43a        39.41±10.08a 

250 25.15±7.10a      15.93±3.83a    9.50±0.39a       7.65±0.95a       36.88±2.93a    

Results are expressed as means ± SD (n=6). Test values with superscript (a) are not significantly different (P<0.05) from the control  

4. Discussion 

The river water analyzed for lead toxicity based on standard procedure in this research indicate lead contamination 
where highest lead level (0.033ppm) was obtained in river I while (0.006ppm) was the lowest obtained in river III. The 
proximity of river I to the mining site could be responsible for such high lead level. The values of lead level obtained in 
this study suggest no health risk as the highest value does not exceed the permissible lead level. However, this overtime 
may have harmful effect on the depending local community due to bioaccumulation of lead in their bodies. The findings 
also showed that the water quality parameters were significantly (P<0.05) altered by magnesium hydroxide 
nanoparticles. It has been reported that water quality largely regulates the distribution and productivity levels of 
aquatic organisms (Spaak and Bauchrowitz, 2010). The significant alteration recorded in water quality in this study 
may affect the physiological state and metabolic rates of the test organisms (Ogbuagu et al., 2015). Variations observed 
in levels of ACP, ALP, albumin and total protein are associated with hepatic damage. Elevated levels of the marker 
enzymes in the blood was as a result of leakages from tissues (Pendota et al., 2010). The elevation of plasma levels of 
albumin and total proteins could be attributed to derangement in the functionality of the liver cells (Adedara et al., 
2014). However, activities of ALT and AST remained unaltered regardless of significant increase in activities of ACP and 
ALP in the plasma which could be attributed to compromised membrane integrity of the fish organs ( Aluko et al, 2018). 
Besides, results from the hematological parameters used as tools to ascertain the structural and functional status of the 
fish exposed to the contaminants indicate no significant effect of magnesium hydroxide nanoparticles. This is an 
indication that the nanoparticles did not affect the hematopoietic system of the fishes at tested doses. 
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5. Conclusion 

The results obtained in this study are clear indications that lead effluents in mining sites have high propensity to 
contaminate the nearby rivers which may be harmful to the aquatic organisms. It also reveal that magnesium hydroxide 
nanoparticles could alter the physicochemical properties of water and as well impose deleterious effects on tissue 
functionality and biochemical status of the Clarias gariepinus at the tested doses. 
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