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Abstract 
Air quality in the residential areas adjacent to the industrial regions is of great concern due to the 
association with human health risks. In this work, the concentration level and composition of particulate 
matter in the ambient air of Sharada industrial area was investigated. The concentration level was 
analyzed using a haz-dust particulate detector. Particulate matter samples were also collected from four 
randomly selected sampling sites using a high volume air sampler for qualitative and quantitative 
laboratory analysis. The samples were analyzed qualitatively for heavy metals using Energy Dispersive 
X-ray Fluorescence (EDXRF) Spectrometer and the detected heavy metals were analyzed quantitatively 
using Flame Atomic Absorption Spectrometer (FAAS). The mean concentration levels of particulate 
matter were found to be 187µg/m3 and 422.44µg/m3 for residential and industrial sites respectively. 
Cadmium, lead and zinc were also found to be present in the particulate matter with mean 
concentrations of 334.55ng/m3, 110,00ng/m3, 54.75ng/m3 and 308.85ng/m3, 89.95ng/m3, 43.65ng/m3 
for Cd, Pb, and Zn for industrial and residential samples respectively. Both the concentration of the 
particulate matter and the composition of the various heavy metals were found to be above the limit set 
by WHO. Therefore, the industrial workers as well as the people residing in areas adjacent to the 
industrial areas are prone to contracting respiratory and heart related illnesses. 

 
Keywords: air pollution, particulate matter, industrial pollution, particulate heavy metals, 
sharada industrial area. 
 
 
INTRODUCTION 
Air pollution remains one of the most critical environmental health risks worldwide, 
significantly contributing to morbidity and mortality, particularly in developing regions. 
Among the various pollutants, particulate matter (PM) is a major concern due to its ability to 
penetrate deep into the respiratory tract, causing cardiovascular and respiratory diseases, and 
even premature death (World Health Organization [WHO], 2021). PM comprises a mixture of 
microscopic solid particles and liquid droplets suspended in the air, including dust, soot, 
smoke, heavy metals, and organic compounds (United States Environmental Protection 
Agency [USEPA], 2020). 
 
The challenges associated with PM pollution are more pronounced in rapidly urbanizing and 
industrializing nations where regulatory frameworks may be weak or under-enforced. In 
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Nigeria, rising population, unplanned urban expansion, vehicular emissions, and industrial 
activities have significantly deteriorated air quality, particularly in large urban centers like 
Lagos, Port Harcourt, and Kano. The World Bank (2020) estimates that air pollution 
contributes to over 114,000 premature deaths annually in Nigeria, with PM₂.₅ identified as a 
key pollutant (World Bank, 2020). 
 
Exposure to elevated PM levels has been linked to chronic bronchitis, asthma, stroke, lung 
cancer, and aggravated heart conditions (Pope & Dockery, 2006; Stanek et al., 2011). Moreover, 
PM pollution affects the climate and ecosystems by altering solar radiation balance and 
depositing heavy metals in soil and water bodies. The lack of comprehensive air quality 
monitoring in many Nigerian cities further complicates efforts to mitigate these impacts and 
protect public health (Taiwo et al., 2014). 
 
Several studies have documented the levels of PM in Nigerian cities. For example, Oluyemi et 
al., (1994) reported PM concentrations ranging from 1,033 to 40,000 µg/m³ in Lagos, while Efe 
(2008) measured values of 118.3 µg/m³ in Abuja and 132.0 µg/m³ in Maiduguri. Obioh et al., 
(2013) recorded PM₁₀ levels of 38 µg/m³ in Abuja and 553 µg/m³ in Aba, with PM₂.₅ 
concentrations ranging from 14 µg/m³ to 102 µg/m³. These findings far exceed WHO (2021) 
and USEPA (2008) daily and annual mean standards, which recommend limits of 50 µg/m³ 
and 150 µg/m³ for PM₁₀. 
 
Despite being the most industrialized city in Northern Nigeria, air quality research in Kano 
remains limited. Khadija et al. (2019) highlighted the role of industrial emissions, domestic 
cooking, and dust storms in degrading air quality in Kano’s urban core. Taiwo et al. (2014) 
further emphasized the influence of high traffic volumes and poor waste disposal practices. 
Nonetheless, very few studies have provided detailed assessments of PM concentrations in 
industrial estates like Sharada, where residential and industrial zones coexist. 
 
The Sharada industrial area, originally designated as an exclusive zone for manufacturing, 
now houses a large residential population due to urban sprawl. Industries in the area include 
textiles, chemicals, pharmaceuticals, and food processing—all of which are known to emit 
various airborne pollutants (NIPOST, 2009). The growing human settlement, combined with 
industrial activities, poses a compounded threat to air quality and public health, yet current 
literature lacks specific data on PM concentrations and their chemical composition in Sharada. 
 
While several studies have highlighted PM pollution in Nigeria, few have focused on spatially 
resolved assessments within mixed-use industrial-residential zones like Sharada. This study 
addresses this gap by evaluating both the concentration and elemental composition of 
ambient PM in Sharada, using a combination of field measurements and laboratory analysis. 
The novelty of this research lies in its dual focus on industrial and residential exposure, and 
its attempt to link PM profiles to possible health implications, thereby providing empirical 
data that can inform localized environmental policy and air quality management strategies. 
 
MATERIALS AND METHODS 
 
Study Area 
The Sharada Industrial Area is one of the oldest and most prominent industrial zones in Kano 
State, Nigeria. Located in the northwestern part of the country, Kano serves as a major 
economic and commercial hub with a long history of industrial activity. Sharada, in particular, 
was designated as an industrial estate during the post-independence industrialization efforts 
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of the Nigerian government and has since evolved into a densely developed industrial cluster 
(Ibrahim et al., 2020). 
 
Situated in the northwestern part of Kano metropolis, Sharada Industrial Area houses a wide 
array of manufacturing facilities, including textile factories, food processing plants, chemical 
production units, plastic industries, and metal works. The concentration of these industries, 
coupled with inadequate environmental controls, has made the area a significant source of air 
pollutants, especially particulate matter (Akinbami & Oladosu, 2016). Industrial emissions in 
the area are often compounded by other environmental stressors such as traffic congestion, 
unpaved roads, and open burning of waste, contributing to elevated levels of airborne 
particulates. 
 
Climatically, Kano lies in the Sahelian region and is characterized by a hot, semi-arid climate 
with distinct dry and wet seasons. The dry season, particularly the Harmattan period between 
November and February, brings dust-laden winds from the Sahara Desert, exacerbating 
ambient air pollution levels (Ogunbode & Ifatimehin, 2015). These conditions make Sharada 
a critical site for air quality assessment, especially in the context of public health and 
environmental monitoring. 
 
Given its industrial significance and exposure to multiple pollution sources, Sharada 
Industrial Area provides a relevant case study for assessing the concentration and impact of 
ambient particulate matter in a rapidly urbanizing Nigerian context. 
 
Sampling Technique 
To determine particulate matter concentration, a stratified random sampling technique was 
employed. The study area was systematically divided into five strata to ensure spatial 
representation and variability: Sharada-Gandu-Dan’agundi Junction, Sharada Phase One, 
Sharada Phase Two, Sharada Phase Three, and Sharada Diga. From each stratum, two 
sampling sites were randomly selected, resulting in a total of ten samples—five located within 
industrial zones and five within adjacent residential areas. This approach was adopted to 
ensure comprehensive geographic coverage and the generation of a homogenous and reliable 
dataset. 
 
For the composition analysis, a similar stratified approach was utilized. However, in this case, 
the study area was categorized into two primary strata: industrial areas and residential 
surroundings. Two samples were collected from each stratum, facilitating a comparative 
analysis of particulate matter composition across different land-use types. 
 
Fieldwork   
A reconnaissance survey was initially conducted to delineate the study area and strategically 
identify sampling points across the Sharada Industrial Area. Particulate matter (PM) 
concentration data were subsequently collected from ten designated sites using a Haz-Dust 
particulate matter detector. This portable device was manually operated by elevating it into 
the ambient air, where it measured real-time PM concentrations. The detector outputs 
concentrations in milligrams per cubic meter per minute (mg/m³/min), which were later 
converted to micrograms per cubic meter per day (µg/m³/day) to align with standard 
reporting units in air quality monitoring (USEPA, 2020). 
 
To assess the elemental composition of the airborne particulates, four additional samples were 
collected—two from industrial surroundings and two from residential areas. These samples 
were intended for laboratory analysis to detect the presence and analyze the concentration of 
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heavy metals in the particulate matter. A high-volume portable air sampler (F&J Specialty 
Inc., Model DH-504EV.2, USA), equipped with F&J filter discs, was employed for this 
purpose. This sampler is engineered for continuous air sampling and maintains a consistent 
flow rate, typically between 25 and 70 cubic feet per minute (CFM), ensuring effective 
collection of airborne particulates on the filter medium (Kalisa et al., 2022). 
 
Each sampling session lasted 24 hours per site. Prior to use, the filter papers were conditioned 
at 20°C and 50% relative humidity to minimize variability due to moisture content. During 
sampling, a known volume of ambient air was drawn through the sampler head and filter 
media via an integrated pump, allowing particulate matter to be captured on the filter surface. 
Upon completion, the filters were carefully sealed in labeled polyethylene bags as sample “A” 
and sample “B” for residential and industrial samples respectively, and subsequently 
transported to the laboratory for further compositional analysis. 
 
Laboratory Analysis 
For qualitative analysis, the qualitative identification of heavy metals present in the 
particulate matter samples was conducted using an Energy Dispersive X-ray Fluorescence 
(EDXRF) Spectrometer (JEOL JSX-3202-M, Japan). This non-destructive analytical technique 
enables simultaneous multi-elemental detection and is particularly suited for environmental 
sample screening due to its rapid analysis time and minimal sample preparation requirements 
(Ken et al., 2002; Sudarshan et al., 2011). For the analysis, each filter disc was segmented into 4 
cm-sized pieces, which were directly subjected to EDXRF analysis without further chemical 
treatment. The instrument’s integrated software facilitated automated qualitative spectral 
acquisition and elemental identification. 
 
For quantitative analysis, the concentrations of the detected heavy metals in the airborne 
particulate matter were determined using a Flame Atomic Absorption Spectrometer (FAAS) 
(Varian AA 240, USA). Prior to analysis, metal extraction from the filters was achieved 
through acid digestion, a well-established method for dissolving metal-bound particulates 
from filter media (Baulig et al., 2004; USEPA, 1999). 
 
Each filter disc was divided into four equal sections using a clean, non-metallic cutter to 
prevent contamination. One section was finely shredded and placed in a digestion beaker. A 
digestion mixture comprising 30 mL of hydrochloric acid (HCl, 1:1) and 5 mL of distilled 
water was added, and the solution was covered with a watch glass and heated on a hot plate 
at 120°C for one hour. After cooling, the mixture was filtered using Whatman No. 41 filter 
paper. To ensure complete extraction, an additional 20 mL of HCl (1:1) was added to the 
remaining residue and heated for 15 minutes, followed by a second filtration. The two filtrates 
were combined and evaporated gently on a hot plate until a minimal volume remained. 
 
Subsequently, a small volume of nitric acid (HNO₃) mixture (2:98) was introduced to oxidize 
any remaining organics and stabilize the metals in solution. The resulting digest was 
quantitatively transferred into a 25 mL volumetric flask and made up to volume with the same 
acid mixture. The final solution was stored in a polyethylene bottle and subjected to FAAS 
analysis. 
 
To ensure analytical accuracy, blanks were prepared by subjecting clean filter discs to the 
same digestion protocol using acid mixtures, thereby accounting for any potential 
contamination introduced during sample preparation (Gatari et al 2009). The final 
concentrations of the target metals were corrected against these blanks to ensure precision 
and reliability in the reported values. 
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Statistical Analysis 
A t-test was ran using a Microsoft Office Excel to test if there is a statistically significant 
difference between the concentration of PM in the ambient air of industrial environment and 
that of the residential surroundings of Sharada area. 
 
 
Results and Discussion 
Particulate Matter Concentration  
The concentration level of particulate matter in the ten sampling points, five within the 
industries and the other five in the residential neighborhood are given in Table 1. 
 
Table 1: Concentration Level of Particulate Matter (PM 10 ) at the Ten Sampling Points 

S/N Sampling point PM Conc in µg/m3/day 
(SD 163.68) (t-stat -2.78) (Pearson Correlation -0.55) 

1 Point 1 (res.) 
Long 8.522972 Lat 11.980146 

125.0 

2 Point 2 (res.) 
Long 8.521992 Lat 11.976395 

110.0 

3 Point 3 (res.) 
Long 8.483665 Lat 11.940123 

232.6 

4 Point 4 (res.) 
Long 8.475331 Lat 11.944764 

268.1 

5 Point 5 (res.) 
Long 8.497017 Lat 11.961462 

199.3 

 Mean (res) 
Variance (res) 

187 
4645.215 

6 Point 6 (ind.) 
Long 8.510435 Lat 11.961593 

417.0 

7 Point 7 (ind.) 
Long 8.501922 Lat 11.952709 

558.3 

8 Point 8 (ind.) 
Long 8.491808 Lat 11.946248 

557.7 

9 Point 9 (ind.) 
Long 8.485959 Lat 11.952987 

212.5 

10 Point 10 (ind.) 
Long 8.507817 Lat 11.974299 

366.7 

 Mean (ind)  
Variance (ind) 

422.44 
20991.138 

 Overall Mean   304.72 

Note: res. and ind. are abbreviations of industrial and residential areas respectively. 

 
As shown in Table 1, the recorded particulate matter (PM₁₀) concentrations at all ten sampling 
locations exceed the World Health Organization (WHO) guideline limit of 50 µg/m³ for 24-
hour mean exposure (WHO, 2021). This indicates a significant level of air pollution in both 
the industrial zones and adjacent residential areas of the Sharada region. These findings are 
consistent with previous studies conducted in similarly industrialized settings. For instance, 
Muhammad et al. (2011) reported elevated PM₁₀ levels in urban industrial zones of Pakistan, 
attributing the pollution to a combination of industrial emissions and vehicular exhaust. 
 
Within the industrial sector, PM concentrations were noticeably higher and more variable 
than those recorded in residential areas. This variation can be attributed to the heterogeneous 
nature of industrial activities in Sharada, which hosts a wide range of manufacturing sectors 
including textiles, ceramics, furniture, electronics, pharmaceuticals, rubber processing, 
fertilizers, and pesticides (Olofin, 2006; Okopi 2021). Industries such as cement, milling, and 
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box manufacturing tend to release higher volumes of particulate matter compared to 
relatively cleaner sectors like pharmaceuticals or pesticide formulation, which may instead 
contribute more to gaseous emissions (Anderson et al., 2017; Zhang et al., 2020). 
 
Additional sources contributing to elevated PM levels in the industrial area include vehicular 
emissions, wind-blown dust, fuel combustion, solid waste burning, and power generation. 
These sources are known to facilitate gas-to-particle transformation in the atmosphere, 
exacerbating ambient PM concentrations (Ji et al., 2025; Sharma & Mandal, 2020). 
 
The residential areas, while exhibiting slightly lower concentrations than industrial zones, 
also recorded PM₁₀ levels well above the WHO threshold, suggesting significant air quality 
degradation (WHO, 2021; Sajjadi et al, 2017). Notably, there is a discernible gradient of 
increasing PM concentrations from residential areas toward the industrial core, underscoring 
the influence of industrial emissions on surrounding neighborhoods. Other potential 
contributors in residential zones include vehicular traffic, dust resuspension, domestic fuel 
use, roadside trading, and small-scale waste burning (Abolude et al., 2019). 
 
Table 1 confirms this spatial trend, with increasing PM₁₀ levels moving from residential to 
industrial sampling points. However, Sampling Point 1, located near the Dan-Agundi 
junction, deviated slightly from this pattern by registering a marginally higher concentration 
than Point 2. This anomaly is likely due to intense vehicular activity at the junction, which 
contributes additional PM from combustion engines and tire wear (Abolude et al., 2019). 
Conversely, Point 9, situated in a relatively deserted section of the industrial area, showed the 
lowest PM concentration among industrial sites, possibly due to reduced human and 
industrial activity in that location (Soleimani et al, 2018). 
 
Overall, the alarming exceedance of WHO standards across all sampling locations highlights 
the urgent need for air quality management strategies in the Sharada region, particularly 
targeting industrial emissions and urban transport systems. 
 
The calculated t-statistic is -2.76, with 4 degrees of freedom. The critical t-value (two-tailed) at 
95% confidence is ±2.776. The p-value (two-tailed) is 0.051, which is slightly above the 
conventional significance threshold of 0.05. Although the mean PM concentration in industrial 
areas is more than twice that of residential areas, the difference is only marginally not 
statistically significant at the 0.05 level (p = 0.051 > 0.05). This suggests that, while there is a 
strong indication of higher pollution levels in industrial zones, the result does not meet the 
strict threshold for statistical significance, possibly due to the small sample size (n=5 per 
group) and high variance. However, given the large effect size and practical relevance 
(industrial mean more than double), the results still support the conclusion that industrial 
activities likely contribute substantially to elevated PM levels in the area, even if the difference 
is just outside statistical significance. 
 
Particulate Heavy Metals 
The qualitative analysis of the collected samples was carried out by X-Ray Fluorescence (XRF) 
prior to their quantification by Flame Atomic Absorption Spectroscopy (FAAS). The XRF 
analysis demonstrated the presence of Cadmium (Cd), Lead (Pb), and Zinc(Zn) in all the four 
samples. The Quantification of particulate metals (Cd, Pb, and Zn) of each sample was 
determined by flame atomic absorption spectrometry (FAAS).  
 
Table 2: particulate metal concentration 

Industrial Area 
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Sample  Pb (ng/m3) Cd (ng/m3) Zn (ng/m3) 

Sample 1 106.90 320.80 56.10 
Sample 2 113.10 348.30 53.40 
Mean  110.00 334.55 54.75 

Residential Area 

Sample 1 91.30 311.70 42.80 
Sample 2 88.60 306.00 44.50 
Mean  89.95 308.85 43.65 

 
The analysis revealed elevated concentrations of cadmium (Cd) in both residential and 
industrial air samples. This widespread presence is likely linked to emissions from metal-
based industrial processes, particularly steel production and recycling activities. Industries 
involved in reprocessing Cd-plated steel scrap are known to emit substantial quantities of Cd 
into the atmosphere (Xu et al., 2023). Additionally, open burning of municipal solid waste—
including Ni-Cd batteries, plastics containing cadmium-based pigments, and other electronic 
waste—contributes significantly to ambient Cd levels. Other sources such as vehicular 
emissions, particularly tire and brake wear, as well as tobacco smoke, have also been 
identified as minor contributors (Jeong et al., 2019; Singh et al., 2020). 
 
Lead (Pb) is a common contaminant in urban and industrialized environments and is 
frequently detected in ambient air. In the context of Sharada, the presence of Pb is most likely 
associated with industrial activities such as the manufacture of automobile batteries, cable 
sheathing, and pigments. The continued use of Pb in products like ceramics, plumbing 
materials, ammunition, and plastic stabilizers increases the risk of environmental 
contamination and poses serious health hazards, particularly for vulnerable populations like 
children and pregnant women (WHO, 2021; Zhang et al., 2022). 
 
Zinc (Zn), while occurring naturally in soils and particulate matter, is also emitted through 
industrial metallurgical processes, especially from galvanization, brass manufacturing, and 
zinc smelting facilities. The elevated levels of Zn observed in industrial samples may be 
attributed to such sources. In residential areas, Zn may originate from resuspended road dust, 
windblown soil particles, and vehicle-related emissions (Rai et al., 2019; Xu et al., 2023). 
 
A strong positive correlation was observed between the concentrations of Cd, Pb, and Zn in 
samples from both industrial and residential zones, suggesting common or overlapping 
sources of emission, likely stemming from industrial activity with secondary dispersion into 
neighboring residential areas via atmospheric transport and deposition (Yuan et al., 2020). 
Pb levels are higher in the industrial area, likely due to emissions from automobile battery 
production, cable sheathing, and pigment manufacturing (Xu et al., 2012). The elevated levels 
in residential areas suggest dispersion of industrial emissions or contributions from vehicular 
traffic and older infrastructure containing Pb. 
 
Cd shows the highest concentration among all metals, especially in industrial samples. This 
can be attributed to steel manufacturing and recycling activities, and possibly burning of Cd-
containing waste (Karar et al., 2006). The relatively high levels in residential areas also point 
to atmospheric transport from industrial sources. 
 
Zn concentrations are modest but still higher in the industrial area. The presence of Zn can be 
linked to metal processing, galvanized materials, and road dust (Karar et al., 2006). Residential 
levels are likely from wind-blown soil and vehicular emissions. 
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All three metals show higher concentrations in industrial areas, confirming the influence of 
industrial activities on ambient air quality. However, the residential area's values are also 
elevated, indicating the mobility of airborne particulates and the interconnectedness of urban 
environments. Cd stands out due to its toxicity and abundance, warranting closer attention. 
 
CONCLUSION 
This study revealed that the ambient air of Sharada industrial area was highly contaminated 
with substances and component suspended at disturbing concentration that can pose risk to 
human health. 
 
Based on the findings of this study, it is recommended that continuous air quality monitoring 
stations be established in the Sharada Industrial Area to provide real-time data on particulate 
matter concentrations. Such infrastructure would aid in tracking pollution trends and guiding 
regulatory action. There is also a pressing need for stricter enforcement of emission control 
regulations by relevant authorities such as the National Environmental Standards and 
Regulations Enforcement Agency (NESREA). Industries operating in the area should be 
mandated to adopt cleaner production technologies and sustainable waste management 
practices to reduce particulate emissions at the source. 
 
Urban planning strategies should incorporate the development of buffer zones between 
industrial zones and residential neighborhoods to minimize pollutant exposure. Additionally, 
public health interventions are essential; routine medical surveillance and respiratory health 
screening should be implemented in communities surrounding the industrial estate. Public 
awareness campaigns are also necessary to educate residents on the risks of air pollution and 
encourage community participation in environmental protection. 
 
Furthermore, policymakers should integrate empirical air quality data into urban 
development and transportation planning to ensure environmentally sustainable growth. 
Lastly, future studies should focus on chemical characterization and source apportionment of 
particulate matter to identify dominant sources and inform targeted mitigation efforts. These 
recommendations are aimed at improving air quality, safeguarding public health, and 
supporting evidence-based environmental governance in Kano State and beyond. 
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