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INTRODUCTION  
Industrial development, urbanization,  and 
growth in the agricultural sector due to human 
needs have resulted in the widespread use of 
chemicals that significantly increased the rate of 
water pollution (Rehman & Anjum, 2010).  
Effluents are discharged industrial wastewater 
or domestic used water, treated or untreated, 
that causes harm and affects both aquatic and 
terrestrial ecosystems with adverse long-term 
health consequences  (Joshi & Santani, 2012; 
Fitzpatrick et al., 2017).  Industrial discharged 

effluents may contain some elements and heavy 
metals such as chlorides, Phosphate, oil, grease, 
Nitrate, and heavy metals, among other 
substances with exceeded acceptable levels 
(Olayinka & Alo, 2004; Ekiye & Zejiao, 2010). 
The tannery and textile industry's major 
production is the conversion of raw materials 
such as hides and skin into finished products such 
as leather, fabrics, clothes, and shoes using 
volatile chemicals and inorganic salt cations 
such as Fe², Zn², Na², Cu², and anions such as 
NO₃ and PO₄ respectively (Baba et al., 2021).   
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Abstract 
Industrial development, urbanization, and growth in the agricultural sector due to human 
needs have resulted in the widespread use of chemicals that significantly increased the rate 
of water pollution through the discharge of effluents.  The present study aimed to determine 
the extends of physicochemical parameters levels in the effluents released by tannery and 
textile industries at Sharada Industrial Area, Kano, Nigeria.  This can pose a health risk to 
humans and other aquatic organisms.  Effluent samples were collected in July and August 
and digested using nitric acid (HNO3).  Effluent samples were analyzed for concentration 
standard limits of heavy metals (Cd and Pb) using the spectrophotometer for atomic 
absorption (Buck Scientific with the model 210VGP).  Effluent samples were further also 
studied for the pH level, temperature and dissolved oxygen (DO).  Furthermore, other 
parameters such as nitrites, biochemical oxygen demand (BOD), Phosphate and electrical 
conductivity (EC).  The results showed that all the heavy metals (Cd and Pb) studied were 
elevated at different levels compared to those previously studied in normal samples and 
those recommended by WHO, EU, and NAFDAC concentration limits.  Furthermore, the 
results of the study also show that samples collected in July revealed that the mean value 
of temperature, Phosphate, Lead, and Cadmium exceeded the permissible levels of the 
WHO, EU, and NAFDAC, whereas those in August revealed that the mean value of 
temperature, Phosphate, Lead, pH, and Cadmium also elevated above the same permissible 
limits set by WHO, EU, and NAFDAC.  Two-sample T-test results revealed a significant 
relationship in the mean concentration of EC, pH, BOD, Nitrate, and Lead between tannery 
and textile industries in July, while pH, EC, BOD, Nitrate, lead, DO, temperature, and 
Phosphate showed a significant correlation difference between tannery and textile in 
August.  The results further showed that the tannery industry had the most contaminated 
effluents, and August had the highest mean level of contaminated effluents.  Therefore, 
these effluents are likely to pose serious risks of diseases and deterioration of health 
conditions of the humans using it as a source of water and adversely affect the quality of 
life of the aquatic organisms in the sewage, drainage, and dams.  It could further pose a 
risk of transmission of diseases to plants during irrigation and affects the fruits and 
vegetables quality and nutrition.  Thus, there is a need for serious monitoring. 
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Effluents from textile industries are composed of 
different chemical compositions, including dyes, 
oils, solvents, heavy metals, and inorganic salts 
that are often used to alter the physical color of 
their products, resulting in the physical and 
biochemical changes in the water bodies with 
fluctuating pH levels (Hannan et al., 2011; Ali et 
al., 2020).  These effluents continue to cause 
pollution and contamination of water, soil, and 
air, leading to a heavy disease burden to the 
communities around the industries after several 
efforts by the Nigerian Government to control 
and provision of the disease-free environment 
(Helmer & Hespanhol, 1997; Santhosh et al., 
2016; Rhouati et al., 2022).  Heavy metals 
mostly found in industrial effluents are 
carcinogenic to humans and other animals when 
present at high levels (Tamburlini et al., 2002; 
Valent et al., 2004; McDonald et al., 2008; 
Rahman et al., 2009; Westra, 2012).  
Kano is the most populated city with available 
industries in northern Nigeria.  Most of the 
industries are tannery and textile (Akan et al., 
2009).  Furthermore, previous works have found 
that effluents released from these industries in 
Kano have serious effects on humans, irrigated 
plants, and animals due to the presence of 
mutagenic chemicals that are genotoxic, which 
may pose a public health risk of disease 
emergencies (Binns et al., 2003; Olukoju, 2004; 
Khadija & Ibrahim, 2019; Abdullahi et al., 2021; 
Koko et al., 2023).  Hence, this work aimed to 
study the concentration levels of effluents 
released by tannery and textile industries in 
Sharada, Kano, and its potential health risk.  
 
MATERIAL AND METHODS 
Area of Study 
Sharada industrial area of Kano State, the study 
area is located in Kano central municipal Local 
Government Area of Kano State Nigeria.  It is 
located at (11˚59.981N, 008˚ 31.491E).  It 
covers an area of 24sqkm with an Altitude of 
486.5m, the largest populated industrial city in 
Nigeria (Koko et al., 2023). 
Sample Collection 
Effluents were collected from July to August 
2023.  The effluent samples were immediately 
transferred to a plastic bottle with screwed caps 
after collection and transported to the 
laboratory.  The container was well labelled, 
and clearly indicated the date, time, and area of 
the effluent collection.  
Determination of Physical and Chemical 
Parameters 
Temperature 
The dipping method was adopted using a 
thermometer dipped into the water in situ 
according to the method of (Sial et al., 2006).   

pH 
pH is also measured based on the procedure of  
(Hannan et al., 2011) using an H1255 combined 
meter where the pH meter pointer was dipped 
into the sample until a fixed reading on the 
meter is achieved.  
 
Electrical Conductivity 
This is also obtained following the methods of 
(Hannan et al., 2011) in which the meter probe 
for the EC was dipped into the sample and 
obtained fixed results on the meter screen.  
 
Dissolved Oxygen (DO) 
Dissolve oxygen (DO) analysis was conducted 
with the H19146 Dissolved Oxygen meter 
adopted by (Hannan et al., 2011), where the 
probe was dipped into the sample.  Reading was 
taken in ppm according to the manufacturer’s 
instructions.  
 
Biochemical Oxygen Demand (BOD) 
The biochemical demand of oxygen was 
conducted after incubating the effluent sample 
for a minimum of 5 days at a temperature of 
20˚C.  Readings were obtained on the 5th day on 
the dark bottle container, where oxygen 
emission evolved as expected because of the 
destruction of the dead organic matter by 
microbes present with the effluent (Rice et al., 
2012).    
BOD=DO₁-DO₅. DO₁=Dissolved Oxygen 
concentration prior to incubation.  
DO₅=Dissolved Oxygen concentration after 5 
days incubation 
 
Nitrate 
Phenol di-sulphuric acid method was adopted in 
the determination of Nitrate using the following: 
Spectrophotometer, hot water bath, glass 
wares, and other reagents such as Phenol di-
sulphuric acid; 235ml of conc H2SO4 was divided 
into two, in one part, 150ml of conc H2SO4 was 
added white phenol measuring 25g and allow to 
stand.  Another concentrated H2SO4 at 85ml was 
also added and heated in a dark container for 2 
hours.  Nitrite was obtained by dissolving 0.722g 
of anhydrous potassium nitrite in distilled water 
to obtain 1ltr of stock solution containing1.00mg 
NO₃ N/L (or 443mg NO₃ ions/liter) (Ewaid et al., 
2020).    
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Procedure 
About 25ml of the effluent sample was subjected 
to dryness through evaporation in a water bath 
with 0.5ml phenol di-sulphuric acid (Reagent A).  
In 1.5ml of potassium hydroxide, 5ml of distilled 
water was added and termed as (reagent B).  The 
solution is thoroughly mixed, and yellow 
coloration indicates the presence of Nitrite.  
Absorbance was read at 410nm, while Nitrite 
was recorded in mg/l (Tumolo et al., 2020).  
 
Determination of Phosphate 
About 25ml of the effluent sample was 
evaporated to dryness in an Erlenmeyer heating 
flask.  The effluent residue was then cooled and 
allowed to dissolve in 1mL hydrochloric acid 
(Reagent A). The content of the flask was further 
heated to become colorless and allowed to cool.  
Two (2) drops of Phenolphthalein indicator were 
added to the 10ml distilled water (Reagent B).  
Sodium hydroxide was titrated against reagent A 
and reagent B (Reagent C) to obtain a pink color.  
Furthermore, 25ml of water sample was placed 
in an Erlenmeyer flask and heated to evaporate 
to dryness.  The residue was also allowed to cool 
and dissolved in 1 ml of perchloric acid (reagent 
A). 
furthermore, the flask was then heated gently so 
that the contents would become colorless.  It is 
then allowed to cool.  Ten (10ml) of distilled 
water was then added together with 2 drops of 
phenolphthalein indicator (reagent B).  Reagents 
A and B were titrated against sodium hydroxide 
solution (reagent C) until the solution changed 
to a pink color.  The volume of the solution was 
raised to 25mL by adding distilled water.  
Furthermore, reagent D (ammonium molybdate) 
was added by 1mL and 3 drops of reagent E 
(stannous chloride solution was further added.  
Blue coloration ensures the presence of 
Phosphate and absorbance is read at 690nm and 
measured in mg/L (Ewaid et al., 2020). 
 
Determination of Heavy Metals (Cd and Pb) 
Cadmium (Cd) and Lead (Pb) heavy metals were 
determined by atomic absorption spectrometer 
(Buck scientific with model 210VGP) based on 
the method adopted by  Elboughdiri., (2020) 
 
 
 
 
 

Sample preparation for Heavy Metals 
Detection 
About (100ml) of the effluent samples were 
heated and evaporated to 25ml and filtered.  
75ml distilled water then added to increase the 
volume to 100ml and digested with 5ml 
concentrated HNO₃ (for metal digestion) (Yilmaz 
& Kartal, 2012). 
  
Heavy Metals Analysis 
Using an atomic absorption spectrometer, heavy 
metals were determined in this study using (Buck 
scientific model 210VGP).  A specific wavelength 
was set for each heavy metal.  Galvanometer 
reading obtained in 1-2mins.  The levels of the 
heavy metals concentration were calculated 
according to the standard of measurement based 
on the method adopted by Elboughdiri, (2020).  
y=mx+c (straight line quadratic equation). 
y= mx, x= y/m 
Where : y= Absorbance , M= Slope, X= 
Concentration 
 
Statistically Analysis 
Data obtained were analyzed based on the 
software of statistics, SPSS version 15.0, for 
mean, standard error, and two-sample t-tests. 
 
RESULTS 
The result of the physicochemical analysis 
conducted shows that the concentrations of 
Temperature (27.36 ºC), Phosphate (1.07 mg/L), 
Lead (0.68 mg/L), and Cadmium (0.30 mg/L) 
(Table 1) have exceeded the permissible limits 
set by WHO, NAFDAC, and EU while pH (9.50), 

EC (36.41µ𝑠𝑚), DO (3.43 mg/L), BOD (2.18 
mg/L), and Nitrate (0.67 mg/L) were all below 
the permissible set limits in Tannery industry 
(Table 1).  In the Textile industry, only 
Phosphate (0.89 mg/L) and Lead (0.31 mg/L) 
were above the permissible limits while 
Temperature (24.48), DO (5.16), EC (11.04µ𝑠𝑚), 
BOD (36.41), pH (6.16), Nitrate (0.63) and 
Cadmium (0) have been found to be lower than 
the limits set to be permissible WHO, EU and 
NAFDAC (Table 1).  Welch two sample t-test 
result of physic-chemical parameters for July 
revealed a significant difference in the mean 
concentration of EC, BOD, Nitrate, and Lead 
both in Tannery and Textile at p˂0.05 (Table 1).  
In July, the result revealed no significance in the 
mean values for pH, Temperature, Phosphate, 
DO, and Cadmium (Table 1) between Tannery 
and Textile at p˂0.05. 
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Table 1: Mean value concentrations of physicochemical parameters of Tennery and Textile 

industries collected in July 2018 

Parameters                Sites  Limits   

 Tannery Textile WHO EU NAFDAC 

Temperature oC 27.36±0.33a
* 24.48±0.71a 25oC *      -      - 

pH 9.50±0.63a  
 

6.16±0.23b 6.5-8.5 6.5-9.5 6.5-8.5 

EC µ𝑠𝑚  36.41±1.49a 11.04±0.57b 1000 2500 1000 

DO mg/l  3.43±0.24a 5.16±0.30a 10      -      - 

BOD mg/l 2.18±0.34a 2.60±0.15b 8-10      -      - 
Phosphate mg/l 1.07±0.04a

* 0.89±0.02a
* 0.1 *      -      - 

Nitrate mg/l 0.67±0.04a 0.63±0.02b 50 50 10 
Lead mg/l 0.68±0.18a

* 0.31±0.06b
* 0.01 * 0.05 * 0.01* 

Cadmium mg/l 0.30±0.02 *      ND 0.003 * 0.025 *      - 

Note: Mean value with different alphabets is significantly different at p<0.05. Mean values with (∗) 
had exceeded permissible limits. Mean values are n=6 replications 
 
The result of concentrations of heavy metals 
(Cadmium and Lead) mentioned above in August 
2018 (Table 2) shows that the mean value of 
Temperature (27.65 ºC), Phosphate (1.09 mg/L), 
Lead (0.26 mg/L), pH (11.10) and Cadmium (0.26 
mg/L) were higher than the permissible limits 
set by WHO, EU, and NAFDAC While EC 

(35.15µ𝑠𝑚), DO (3.28 mg/l), BOD (1.91 mg/L) 
and Nitrate (0.73 mg/L) were all below the 
permissible limits set by WHO, EU, and NAFDAC 
in Tannery industry (Table 2).  Furthermore, the 
results of the physicochemical analysis of the 
effluents released from the Textile industry also 
show that Temperature (26.53 ºC), Phosphate 
(0.89 mg/l), and Lead (0.35 mg/l) exceeded the 
permissible limits set by WHO (2008), EU (2011) 

and NAFDAC (2013) (Table 2).  Moreover, the 

results of pH (9.04), EC (10.84µ𝑠𝑚), DO (3.84 
mg/L), BOD (1.88 mg/L), Nitrate (0.60 mg/l) and 
Cadmium (0) were all found to be within the 
permissible limits set by WHO, EU and NAFDAC 
respectively (Table 2).  Welch two sample t-test 
result of physicochemical parameters in August 
revealed a significant difference in the mean 
value of Temperature, pH, Phosphate, EC, DO, 
BOD, Nitrate, and Lead between Tannery and 
Textile at p˂0.05 (Table 2).  However, no 
significant difference was found in the mean 
value of Cadmium (Table 2) between Tannery 
and Textile at p˂0.05

. 
Table 2: Mean value concentrations of physicochemical parameters of Tennery and Textile 

industries collected in August 2018 

Parameters Sites    Limits   

 Tannery Textile WHO EU NAFDAC 

Temperature oC 27.65±0.39a
* 26.53±0.41b

* 25oC*      -      - 
pH 11.10±0.22a

* 9.04±0.20b 6.5-8.5* 6.5-9.5* 6.5-8.5* 
EC µ𝑠𝑚 35.15±0.95a 10.84±0.67b 1000 2500 1000 

DO mg/l 3.28±0.40a 3.84±0.40b 10      -      - 
BOD mg/l 1.91±0.28a 1.88±0.21b 8-10      -      - 
Phosphate mg/l 1.09±0.01a

* 0.89±0.09b
* 0.1*      -      - 

Nitrate mg/l 0.73±0.01a 0.60±0.01b 50 50 10 
Lead mg/l 0.26±0.04a

* 0.35±0.06b
* 0.01 * 0.05* 0.01* 

Cadmium mg/l 0.26±0.02*      ND 0.003 * 0.025*      - 

Note: Mean value with alphabets is significantly different at p<0.05.  Mean values with (∗) had 
exceeded permissible limits.  The mean value is for n=6 replication. 
 
DISCUSSION 
The present study evaluates physicochemical 
parameters and heavy metals of Cadmium and 
lead in the tannery industries in Kano Municipal 
Local Government Area.  The concentrations of 
Cadmium in the tannery industry studied in this 
work were found at 0.030mg/L and 0.26mg/L in 
the study sites, were considered maximum to 
the acceptable limits according to WHO and EU 

standards of ˂ 0.003 mg/l and 0.025 mg/l 
respectively (WHO, 2002, 2004; Adah et al., 
2013; Ojekunle et al., 2015).  These standard 
values were set by WHO and EU following the 
previous study comparison in Peshawar, 
Pakistan, for tannery and textile industries 
effluents (Tariq et al., 2006).   
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Cadmium is present in air, food, and water in 
low quantities.  However, prolonged exposure to 
Cadmium could lead to kidney diseases and 
other potential public health emergencies, such 
as respiratory diseases and weak bones (Rehman 
et al., 2018; Satarug & Phelps, 2020).  
Lead concentrations in this study was found at 
0.68mg/L, 0.26mg/L in tannery industries, and 
0.31mg/L,0.35mg/L in textile industry.  These 
results show a higher elevation than the 
standard recommended limit set by WHO, EU, 
and NAFDAC at 0.01mg/L, 0.05mg/L, and 
0.01mg/L, respectively.  Furthermore, long-
term exposure to Lead was also proven to result 
in acute or chronic damage to sense organs and 
the central nervous system in humans (Islam et 
al., 2015; Shahbazi et al., 2016; Sanusi et al., 
2017; Mathaiyan et al., 2021).  Furthermore, pH 
values in this study were shown to be within and 
little above the WHO recommended limits of 
7.5-8.5, which were founds in the tannery site 
within the range of 9.5 to 11.1 and that of the 
textile at the range of 6.16 to 9.04.  These were 
acceptable as compared with the acceptable 
values of the water quality of 6.5-8.5 for 
drinking water, domestic use and other contact 
recreation (WHO, 2002, 2004).  Moreover, it was 
also within the EU pH acceptable limits of 6.5-
9.5 for fisheries and other aquatic life, 
respectively.  The pH value of 11.10 of the 
tannery industry recorded in this study was 
higher compared with the acceptable maximum 
limit of 9.5 previously reported for Nigeria water 
by EU (Fatoki et al., 2003; Davies et al., 2006; 
Wakawa et al., 2008; Ajayi et al., 2009; Wogu & 
Okaka, 2011).  
Temperature values of 27.360C and 27.650C 
obtained at the tannery and 24.480C and 26.530C   
at the textile were all above the permissible 
limits of 250C recommended by WHO as a 
guideline for water quality.  These temperatures 
rise above the standard limit and have effects on 
the balance in the water environment, which 
adversely affects the life of the fauna and flora 
in the water ecosystem.  Consequently, the 
24.480C value in the textile was within the 
acceptable WHO limits (Talaiekhozani et al., 
2016; Nayar, 2020; Shmeis, 2018).  The 
electrical conductivity of a water sample was an 
indicator that determines salinity and total 
levels of salt content in a given water, which 
makes it healthy and suitable for consumption 
(Veelen, 2002).  This shows that the electrical 
conductivity obtained in this work on the two 
different sites at 36.41µsm and 35.15µsm in the 
tannery and 11.04µsm, and 10.84µsm in the 
textile were found within the acceptable limits 
of WHO, EU, and NAFDAC of 1000µsm, 2500µsm, 

and 1000µsm respectively.  Dissolved oxygen is 
also a crucial parameter in the life of aquatic 
environment where it determines the survival of 
aquatic organism in fresh water.  It further 
maintains the life of biological systems in the 
body (Alam et al., 2020).  The oxygen demand 
(DO) values were found to be at 3.43mg/L, 
3.28mg/L at the tannery, and 5.16mg/L, 
3.84mg/L at textile, which shows below 
standard for drinking purposes set at 6mg/L and 
for sustaining fish and aquatic life was 4-5mg/L 
for good aeration of water and supported life 
(Yilmaz & Kartal, 2012).  These further show that 
the effluent of the studied sites was poorly 
aerated, polluted, and unhealthy for drinking 
and domestic consumption.  
 Biological oxygen (BOD) serves as a 
measure that shows the presence of pollution 
effects, and it also shows the required oxygen 
demand by microbes to degrade and break down 
organic matter in the water environment.  The 
higher the micro-organisms in the effluent 
samples, the lower the DO and BOD values.  The 
biological oxygen demand (BOD) values obtained 
in this study were 2.18mg/L,1.91mg/L at the 
tannery, and 2.60mg/L, 1.88mg/L at the textile.  
The observed BOD levels were within the 
acceptable limit of 8-10mg/L recommended by 
WHO (WHO, 2002, 2004).  These shows that the 
presence of large amounts of biodegradable 
materials and debris from plants could cause 
harm to the aquatic animals in the lakes, rivers, 
and streams due to the poor dissolved oxygen in 
the water, leading to oxygen depletion that 
eventually leads to the death of the animals and 
creates unpleasant odor and damage to the 
overall water quality (Devi et al., 2017; Malik et 
al., 2020).  The Nitrate level present in effluents 
was drive from the several components of the 
nitrogen-containing chemicals present in the 
proteinaceous materials in the effluents (Akan 
et al., 2009).  The observed Nitrate level tested 
in this work was found to be within the 
acceptable limits of EU, WHO, and NAFDAC of 
50mg/L, 50mg/L, and 10mg/L, respectively.  
This shows that the nitrate levels measured of 
0.67mg/L, 0.73mg/L at the tannery and 
0.63mg/L, 0.60mg/L at the textile were all safe 
and would not cause any health threat for any 
domestic use. 
Furthermore, high phosphate content affects 
water quality and causes high algal growth, 
changing the physical and chemical composition 
of the water and making it unsafe for use.  The 
phosphate measure values obtained in this work 
were 1.07mg/L, 1.09mg/L at the tannery and 
0.89mg/L, 0.89mg/L at the textile.   
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These phosphate concentration values were 
found to be above the maximum recommended 
limit by WHO (2000).  This makes the effluents 
unsafe for domestic use.  Also, these high values 
can cause an imbalance in the water, leading to 
the accumulation of harmful toxins that could be 
harmful to health and destroys aquatic species 
(Garg et al., 2022; Sahu et al., 2024).  
Finally, this study considers that the 
concentrations of Temperature, pH, Phosphate, 
Lead, and Cadmium in the site tannery were 
above the recommended permissible set limits 
by WHO, EU, and NAFDAC.  Hence, these results 
were higher than the permissible recommended 
limits observed in Peshawar, Pakistan, for 
Tannery effluents as the standard (Shafiq et al., 
2017; Shakil et al., 2023).  Also, the value of 
Temperature, Lead, and Phosphate obtained in 
the textiles site was above the permissible 
limits. Thus, these untreated effluents were 
considered harmful and unsafe for both aquatic 
and terrestrial life.   

CONCLUSION 
Effluents discharged from tannery and textiles 
industries studied in this work show that the 
concentrations of Cadmium and Lead were found 
to be above the recommended limits set by EU 
NAFDAC and WHO.  The concentration levels of 
DO, BOD, and Phosphate tested show a clear 
indication of poor water quality that demands 
the need for awareness to the general public and 
consideration for regulation by the authority on 
the potential health risk of emergence of 
diseases.  Finally, there is a high need for regular 
monitoring of the heavy metal concentrations 
and treatment of the water before discharge to 
avoid disease outbreaks that could lead to public 
health emergencies.  
Acknowledgment 
We would like to appreciate the Department of 
Biological Sciences of Bayero University Kano for 
providing laboratory assistance during the 
analysis of the physicochemical parameters. 

 
REFERENCES 
Abdullahi, N., Igwe, E. C., & Dandago, M. A. 

(2021). Heavy metals contamination 
sources in Kano, Nigeria and their 
concentrations along Jakara River and its 
agricultural produce: A review.  Moroccan 
Journal of Agricultural Sciences, 2(2). 

Adah, C. A., Abah, J., Ubwa, S. T., Ekele, S., 
Surendhiran, D., Vijay, M., Umar, S., 
Muhammad, U. K., Garba, M. M., & Yahya, 
H. N. (2013). Soil availability and uptake of 
some heavy metals by three staple 
vegetables commonly cultivated along the 
south bank of River Benue, Makurdi, 
Nigeria.  International Journal of 
Environment and Bioenergy, 8(2), 56–67. 

Ajayi, T. R., Torto, N., Tchokossa, P., & Akinlua, 
A. (2009). Natural radioactivity and trace 
metals in crude oils: implication for health.  
Environmental Geochemistry and Health, 
31, 61–69. [Crossref] 

Akan, J. C., Abdulrahman, F. I., Ogugbuaja, V. 
O., & Reuben, K. D. (2009). Study of the 
physicochemical pollutants in Kano 
industrial areas, Kano State, Nigeria.  
Journal of Applied Sciences in 
Environmental Sanitation, 4(2). 

Alam, M., Hussain, Z., Khan, A., Khan, M. A., 
Rab, A., Asif, M., ... & Muhammad, A. 
(2020). The effects of organic amendments 
on heavy metals bioavailability in mine 
impacted soil and associated human health 
risk. Scientia Horticulturae, 262, 109067. 
[Crossref] 

Ali, M. E., Hoque, M. E., Safdar Hossain, S. K., & 
Biswas, M. C. (2020). Nanoadsorbents for 

wastewater treatment: next generation 
biotechnological solution.  International 
Journal of Environmental Science and 
Technology, 17, 4095–4132. [Crossref]  

Amin, A., Ahmad, T., Ehsanullah, M., Khatak, M. 
M., & Khan, M. A. (2010). Evaluation of 
industrial and city effluent quality using 
physicochemical and biological 
parameters.  Electronic Journal of 
Environmental, Agricultural & Food 
Chemistry, 9(5). 

Baba, A., Garba, S., Abdullahi, H., & Baba, D. 
(2021). Anions bioremediation potential of 
immobilized bacteria in tannery industrial 
effluents from Kano State, Nigeria.  
Chemical Review and Letters, 4(1), 43–53. 

Binns, J. A., Maconachie, R. A., & Tanko, A. I. 
(2003). Water, land and health in urban 
and peri‐urban food production: the case 
of Kano, Nigeria.  Land Degradation & 
Development, 14(5), 431–444. [Crossref]  

Bordajandi, L. R., Gómez, G., Abad, E., Rivera, 
J., Fernández-Bastón, M. del M., Blasco, J., 
& González, M. J. (2004). Survey of 
persistent organochlorine contaminants 
(PCBs, PCDD/Fs, and PAHs), heavy metals 
(Cu, Cd, Zn, Pb, and Hg), and arsenic in 
food samples from Huelva (Spain): levels 
and health implications.  Journal of 
Agricultural and Food Chemistry, 52(4), 
992–1001. [Crossref]  

Camargo, J. A., & Alonso, Á. (2006). Ecological 
and toxicological effects of inorganic 
nitrogen pollution in aquatic ecosystems: a 
global assessment.  Environment 
International, 32(6), 831–849. [Crossref].

https://doi.org/10.1007/s10653-008-9155-z
https://doi.org/10.1016/j.scienta.2019.109067
https://doi.org/10.1007/s13762-020-02755-4
https://doi.org/10.1002/ldr.571
https://doi.org/10.1021/jf030453y
https://doi.org/10.1016/j.envint.2006.05.002


UJMR, Vol. 9 No. 2, December, 2024, pp. 106 - 114       E-ISSN: 2814 – 1822; P-ISSN: 2616 – 0668 

UMYU Journal of Microbiology Research                   112                           www.ujmr.umyu.edu.ng 
 

Davies, O. A., Allison, M. E., & Uyi, H. S. (2006).  
Bioaccumulation of heavy metals in water, 
sediment and periwinkle (Tympanotonus 
fuscatus var radula) from the Elechi Creek, 
Niger Delta.  African Journal of 
Biotechnology, 5(10). [Crossref]  

Devi, P. A., Padmavathy, P., Aanand, S., & 
Aruljothi, K. (2017). Review on water 
quality parameters in freshwater cage fish 
culture.  International Journal of Applied 
Research, 3(5), 114–120. 

Ekiye, E., & Zejiao, L. (2010). Water quality 
monitoring in Nigeria; Case Study of 
Nigeria’s industrial cities.  Journal of 
American Science, 6(4), 22–28. 

Elboughdiri, N. (2020).  The use of natural 
zeolite to remove heavy metals Cu (II), Pb 
(II) and Cd (II), from industrial wastewater.  
Cogent Engineering, 7(1), 1782623. 
[Crossref]  

Ewaid, S. H., Abed, S. A., Al-Ansari, N., & Salih, 
R. M. (2020). Development and evaluation 
of a water quality index for the Iraqi rivers.  
Hydrology, 7(3), 67. [Crossref]  

EU (2011) assess online 
at environment.ec.europa.eu  

Fatoki, O. S., Gogwana, P., & Ogunfowokan, A. 
O. (2003). Pollution assessment in the 
Keiskamma River and in the impoundment 
downstream. Water SA, 29(2), 183–188. 
[Crossref]  

Fitzpatrick, J., Schoeny, R., Gallagher, K., 
Deener, K., Dockins, C., Firestone, M., 
Jordan, W., McDonough, M., Murphy, D., & 
Olsen, M. (2017).  US Environmental 
Protection Agency’s framework for human 
health risk assessment to inform decision 
making.  International Journal of Risk 
Assessment and Management, 20(1–3), 3–
20. [Crossref]  

Garg, S., Chowdhury, Z. Z., Faisal, A. N. M., 
Rumjit, N. P., & Thomas, P. (2022).  Impact 
of industrial wastewater on environment 
and human health.  Advanced Industrial 
Wastewater Treatment and Reclamation of 
Water: Comparative Study of Water 
Pollution Index during Pre-Industrial, 
Industrial Period and Prospect of 
Wastewater Treatment for Water Resource 
Conservation, 197–209. [Crossref]  

Gulfam-E-Jannat, S., Golui, D., Islam, S., Saha, 
B., Rahman, S. M., Bezbaruah, A. N., & 
Iskander, S. M. (2023). Industrial Water 
Demand and Wastewater Generation: 
Challenges for Bangladesh’s Water 
Industry.  ACS ES&T Water. [Crossref]  

Hallegraeff, G. M. (2003).  Harmful algal blooms: 
a global overview.  Manual on Harmful 
Marine Microalgae, 33, 1–22. 

Hannan, M. A., Rahman, M. A., & Haque, M. F. 

(2011). An investigation on quality 
characterization and magnitude of 
pollution implications with textile dyeing 
industries’ effluents using bleaching 
powder.  DUET Journal. 

Helmer, R., & Hespanhol, I. (1997). Water 
pollution control: a guide to the use of 
water quality management principles.  
CRC Press. [Crossref]  

IDRIS, A. J. (2021).  Effects of Agrochemicals on 
Soil and Water Quality in parts of Rivers 
Niger and Kaduna Catchments, North 
Central Nigeria. 

Islam, M. S., Ahmed, M. K., & Habibullah-Al-
Mamun, M. (2015). Determination of heavy 
metals in fish and vegetables in Bangladesh 
and health implications.  Human and 
Ecological Risk Assessment: An 
International Journal, 21(4), 986–1006. 
[Crossref]  

Jana, B. B., & Sarkar, D. (2005). Water quality 
in aquaculture-Impact and management: A 
review.  The Indian Journal of Animal 
Sciences, 75(11). 

Joshi, V. J., & Santani, D. D. (2012). 
Physicochemical characterization and 
heavy metal concentration in effluent of 
textile industry.  Universal Journal of 
Environmental Research & Technology, 
2(2). 

Khadija, B. U., & Ibrahim, M. (2019). Assessment 
of the pollution extent of sulphur dioxide 
(SO2) and nitrogen dioxide (NO2) in 
ambient air within kano Metropolis, Kano 
State, Nigeria.  Journal of Environmental 
Science, Computer Science And 
Engineering & Technology, 8(8), 396–404. 
[Crossref]  

Khan, T., Muhammad, S., Khan, B., & Khan, H. 
(2011). Investigating the levels of selected 
heavy metals in surface water of Shah Alam 
River (A tributary of River Kabul, Khyber 
Pakhtunkhwa).  Journal of Himalayan 
Earth Sciences, 44(2), 71–79. 

Koko, A. F., Bello, M., & Sadiq, M. A. (2023). 
Understanding the Challenges of 21st 
Century Urbanization in Northern Nigeria’s 
Largest City, Kano.  In Sustainable Built 
Environment.  IntechOpen. 

Malik, D. S., Sharma, A. K., Sharma, A. K., 
Thakur, R., & Sharma, M. (2020).  A review 
on impact of water pollution on freshwater 
fish species and their aquatic environment.  
Advances in Environmental Pollution 
Management: Wastewater Impacts and 
Treatment Technologies, 1, 10–28. 
[Crossref]  

Mathaiyan, M., Natarajan, A., Rajarathinam, X., 
& Rajeshkumar, S. (2021). Assessment of 
Pb, Cd, As and Hg concentration in edible 

https://doi.org/10.4314/gjes.v5i2.2477
https://doi.org/10.1080/23311916.2020.1782623
https://doi.org/10.3390/hydrology7030067
https://environment.ec.europa.eu/topics/water/drinking-water_en
https://doi.org/10.4314/wsa.v29i2.4854
https://doi.org/10.1504/IJRAM.2017.082558
https://doi.org/10.1007/978-3-030-83811-9_10
https://doi.org/10.1021/acsestwater.3c00023
https://doi.org/10.4324/9780203477540
https://doi.org/10.1080/10807039.2014.950172
https://doi.org/10.24214/jecet.A.8.4.39604
https://doi.org/10.26832/aesa-2020-aepm-02


UJMR, Vol. 9 No. 2, December, 2024, pp. 106 - 114       E-ISSN: 2814 – 1822; P-ISSN: 2616 – 0668 

UMYU Journal of Microbiology Research                   113                           www.ujmr.umyu.edu.ng 
 

parts of broiler in major metropolitan cities 
of Tamil Nadu, India.  Toxicology Reports, 
8, 668–675. [Crossref]  

McDonald, E., Bailie, R., Brewster, D., & Morris, 
P. (2008).  Are hygiene and public health 
interventions likely to improve outcomes 
for Australian Aboriginal children living in 
remote communities?  A systematic review 
of the literature.  BMC Public Health, 8(1), 
1–14. [Crossref]  

Muga, H. E., & Mihelcic, J. R. (2008). 
Sustainability of wastewater treatment 
technologies.  Journal of Environmental 
Management, 88(3), 437–447. [Crossref]  

Mushtaq, N., Singh, D. V., Bhat, R. A., Dervash, 
M. A., & Hameed, O. bin.  (2020).  
Freshwater contamination: sources and 
hazards to aquatic biota.  Fresh Water 
Pollution Dynamics and Remediation, 27–
50. [Crossref]  

NAFDAC (2013) Assess online at 
www.doe.gov.my 

Nayar, R. (2020).  Assessment of water quality 
index and monitoring of pollutants by 
physico-chemical analysis in water bodies: 
a review.  International Journal of 
Engineering Research and Technology, 
9(01). [Crossref]  

Ojekunle, Z. O., Rasak, A. M., Mustapha, D. Z., 
Ojekunle, V. O., Sangowusi, R. O., 
Oyebanji, F. F., & Adekitan, A. A. (2015). 
Assessment of Heavy Metals Leaching in 
Groundwater of Industrial Areas of 
Nigeria. 

Olayinka, K. O., & Alo, B. I. (2004). Studies on 
industrial pollution in Nigeria: The effect of 
textile effluents on the quality of 
groundwater in some parts of Lagos.  
Nigerian Journal of Health and Biomedical 
Sciences, 3(1), 44–50. [Crossref]  

Olukoju, A. (2004).  Nigerian cities in historical 
perspective.  Nigerian Cities, 11–46. 

Organization, W. H. (2002).  Guidelines for 
drinking-water quality.  World Health 
Organization. 

Organization, W. H. (2004).  Guidelines for 
drinking-water quality (Vol. 1). World 
Health Organization. 

Organization, W. H. (2008). Guidelines for 
drinking-water quality, Geneva, 1(3): 306-492. 
Organization, W. H. (2000). Joint Monitoring 

Programme for Water Supply and 
Sanitation: Meeting the MDG drinking water 
and sanitation target: a mid-term 
assessment of progress. Geneva, 
Switzerland. 

Rabbi, M. A., Hossen, J., Sarwar, M., Roy, P. K., 
Shaheed, S. B., & Hasan, M. M. (2018).  
Investigation of waste water quality 
parameters discharged from textile 

manufacturing industries of bangladesh.  
Current World Environment, 13(2), 206–
214. [Crossref]  

Rahman, A., Vahter, M., Smith, A. H., Nermell, 
B., Yunus, M., El Arifeen, S., Persson, L.-
Å., & Ekström, E.-C. (2009). Arsenic 
exposure during pregnancy and size at 
birth: a prospective cohort study in 
Bangladesh.  American Journal of 
Epidemiology, 169(3), 304–312. [Crossref]  

Reda, A. H. (2016).  Physico-chemical 
characterization of tannery effluent and its 
impact on the nearby river.  Journal of 
Environmental Chemistry and 
Ecotoxicology, 8(6), 44–50. [Crossref]  

Rehman, A., & Sohail Anjum, M. (2010). 
Cadmium uptake by yeast, Candida 
tropicalis, isolated from industrial 
effluents and its potential use in 
wastewater clean-up operations.  Water, 
Air, and Soil Pollution, 205, 149–159. 
[Crossref]  

Rhouati, A., Berkani, M., Vasseghian, Y., & 
Golzadeh, N. (2022). MXene-based 
electrochemical sensors for detection of 
environmental pollutants: A 
comprehensive review.  Chemosphere, 
291, 132921. [Crossref]  

Rice, E. W., Bridgewater, L., & Association, A. 
P. H. (2012).  Standard methods for the 
examination of water and wastewater 
(Vol. 10).  American public health 
association Washington, DC. 

Rehman, K., Fatima, F., Waheed, I., & Akash, M. 
S. H. (2018). Prevalence of exposure of 
heavy metals and their impact on health 
consequences. Journal of cellular 
biochemistry, 119(1), 157-184. [Crossref] 

Sahu, A. K., Mir, S., Nayak, B., & Baitharu, I. 
(2024). Sustainable management of 
eutrophication and problems associated 
with the algal toxin in ponds and lakes of 
rural areas.  In Water Resources 
Management for Rural Development (pp. 
155–170).  Elsevier. [Crossref]  

Santhosh, C., Velmurugan, V., Jacob, G., Jeong, 
S. K., Grace, A. N., & Bhatnagar, A. (2016).  
Role of nanomaterials in water treatment 
applications: a review.  Chemical 
Engineering Journal, 306, 1116–1137. 
[Crossref]  

Sanusi, K. A., Hassan, M. S., Abbas, M. A., & 
Kura, A. M. (2017). Assessment of heavy 
metals contamination of soil and water 
around abandoned Pb-Zn mines in Yelu, 
Alkaleri Local Government Area of Bauchi 
State, Nigeria.  International Research 
Journal of Public and Environmental 
Health. 

Satarug, S., C. Gobe, G., A. Vesey, D., & Phelps, 

https://doi.org/10.1016/j.toxrep.2021.03.017
https://doi.org/10.1186/1471-2458-8-153
https://doi.org/10.1016/j.jenvman.2007.03.008
https://doi.org/10.1007/978-981-13-8277-2_3
https://www.doe.gov.my/en/environmental-quality-industrial-effluents-regulations-2009-p-u-a-434-2009
https://doi.org/10.17577/IJERTV9IS010046
https://doi.org/10.4314/njhbs.v3i1.11507
https://doi.org/10.12944/CWE.13.2.05
https://doi.org/10.1093/aje/kwn332
https://doi.org/10.1093/aje/kwn332
https://doi.org/10.1007/s11270-009-0062-4
https://doi.org/10.1016/j.chemosphere.2021.132921
https://doi.org/10.1002/jcb.26234
https://doi.org/10.1007/978-981-99-8757-3
https://doi.org/10.1016/j.cej.2016.08.053


UJMR, Vol. 9 No. 2, December, 2024, pp. 106 - 114       E-ISSN: 2814 – 1822; P-ISSN: 2616 – 0668 

UMYU Journal of Microbiology Research                   114                           www.ujmr.umyu.edu.ng 
 

K. R. (2020). Cadmium and lead exposure, 
nephrotoxicity, and mortality. Toxics, 8(4), 
86. [Crossref] 

Shafiq, M., Shaukat, T., Nazir, A., & Bareen, F.-
. (2017). Modeling of Cr contamination in 
the agricultural lands of three villages near 
the leather industry in Kasur, Pakistan, 
using statistical and GIS techniques.  
Environmental Monitoring and Assessment, 
189, 1–18. [Crossref]  

Shahbazi, Y., Ahmadi, F., & Fakhari, F. (2016). 
Voltammetric determination of Pb, Cd, Zn, 
Cu and Se in milk and dairy products 
collected from Iran: An emphasis on 
permissible limits and risk assessment of 
exposure to heavy metals.  Food 
Chemistry, 192, 1060–1067. [Crossref]  

Shakil, S., Abbasi, N. A., Shakoor, M. B., Ahmad, 
S. R., Majid, M., Ali, A., & Farwa, U. 
(2023). Assessment of physicochemical 
parameters and trace elements in tannery 
wastewater treatment facility and 
associated health risks.  International 
Journal of Environmental Science and 
Technology, 1–14. [Crossref]  

Shmeis, R. M. A. (2018). Water chemistry and 
microbiology.  In Comprehensive analytical 
chemistry (Vol. 81, pp. 1–56).  Elsevier. 
[Crossref]  

Sial, R. A., Chaudhary, M. F., Abbas, S. T., Latif, 
M. I., & Khan, A. G. (2006).  Quality of 
effluents from Hattar industrial estate.  
Journal of Zhejiang University SCIENCE B, 
7, 974–980. [Crossref]  

Svobodová, Z. (1993). Water quality and fish 
health (Issue 54).  Food & Agriculture Org. 

Talaiekhozani, A., Bagheri, M., Goli, A., & 
Khoozani, M. R. T. (2016). An overview of 
principles of odor production, emission, 
and control methods in wastewater 
collection and treatment systems.  Journal 
of Environmental Management, 170, 186–
206. [Crossref]  

Tamburlini, G., von Ehrenstein, O. S., & 
Bertollini, R. (2002). Children’s health and 
environment: a review of evidence: a joint 
report from the European Environment 
Agency and the WHO Regional Office for 
Europe.  Office for Official publications of 
the European communities. 

Tariq, S. R., Shah, M. H., Shaheen, N., Khalique, 
A., Manzoor, S., & Jaffar, M. (2006). 
Multivariate analysis of trace metal levels 
in tannery effluents in relation to soil and 

water: A case study from Peshawar, 
Pakistan.  Journal of Environmental 
Management, 79(1), 20–29. [Crossref]  

Tariq, S. R., Shaheen, N., Khalique, A., & Shah, 
M. H. (2010). Distribution, correlation, and 
source apportionment of selected metals in 
tannery effluents, related soils, and 
groundwater—a case study from Multan, 
Pakistan.  Environmental Monitoring and 
Assessment, 166, 303–312. [Crossref]  

Tumolo, M., Ancona, V., De Paola, D., Losacco, 
D., Campanale, C., Massarelli, C., & 
Uricchio, V. F. (2020). Chromium pollution 
in European water, sources, health risk, 
and remediation strategies: An overview.  
International Journal of Environmental 
Research and Public Health, 17(15), 5438. 
[Crossref]  

Valent, F., Bertollini, R., Nemer, L. E., Barbone, 
F., & Tamburlini, G. (2004). Burden of 
disease attributable to selected 
environmental factors and injury among 
children and adolescents in Europe.  The 
Lancet, 363(9426), 2032–2039. [Crossref]  

Van Veelen, M. (2002). The development of 
principles and procedures for the 
establishment of water quality objectives 
for aquatic systems and their application 
on the Jukskei River system, Gauteng.  
Rand Afrikaans University Johannesburg, 
South Africa. 

Wakawa, R. J., Uzairu, A., Kagbu, J. A., & 
Balarabe, M. L. (2008). Impact assessment 
of effluent discharge on physico-chemical 
parameters and some heavy metal 
concentrations in surface water of River 
Challawa Kano, Nigeria.  African Journal of 
Pure and Applied Chemistry, 2(10), 100–
106. 

Westra, L. (2012).  Environmental justice and 
the rights of unborn and future 
generations: law, environmental harm and 
the right to health.  Routledge. [Crossref]  

Wogu, M. D., & Okaka, C. E. (2011). Pollution 
studies on Nigerian rivers: heavy metals in 
surface water of warri river, Delta State.  
Journal of Biodiversity and Environmental 
Sciences, 1(3), 7–12. 

Yilmaz, V., & Kartal, S. (2012). Determination of 
some trace metals by FAAS after solid-
phase extraction with amberlite XAD-
1180/TAN chelating resin.  Analytical 
Sciences, 28(5), 515–521. [Crossref]  

  
 
 

https://doi.org/10.3390/toxics8040086
https://doi.org/10.1007/s10661-017-6126-9
https://doi.org/10.1016/j.foodchem.2015.07.123
https://doi.org/10.1007/s13762-022-04737-0
https://doi.org/10.1016/bs.coac.2018.02.001
https://doi.org/10.1631/jzus.2006.B0974
https://doi.org/10.1016/j.jenvman.2016.01.021
https://doi.org/10.1016/j.jenvman.2005.05.009
https://doi.org/10.1007/s10661-009-1003-9
https://doi.org/10.3390/ijerph17155438
https://doi.org/10.1016/S0140-6736(04)16452-0
https://doi.org/10.4324/9781849771184
https://doi.org/10.2116/analsci.28.515

