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Abstract

Heavy metals are a group of pollutants that are found in ambient air of the industries. The metals can lead to cancerous and 
non-cancerous diseases in the exposed persons. In this systematic review, the concentration of heavy metals in the ambient 
air of industries and the related health risks were studied. In general, heavy metals with different average concentrations 
were found in various industries. Given the results, Zinc (539.96 µg/m³ ), Iron (216.04 µg/m³), Mercury (19.37 µg/m³), Lead 
(19.24 µg/m³), Arsenic (17/51 µg/m3), Chromium (12/18 µg/m³), Titanium (10/63 µg/m³ ), Nickel (9/09 µg/m³), Copper 
(8/11 µg/m³), Cadmium (6/7 µg/m³), Antimony (3/2 µg/m³), Manganese (2.99 µg/m³), Cobalt (1.32 µg/m³ ) were found in 
the air of the industries. For the zinc smelting, atomic energy, steel, roofing, printing, tape production, and cement, the highest 
concentration was for zinc (2518 µg/m³), lead (41/35 µg/m³), lead (45 µg/m³), lead (1/38 µg/m³), copper (20/20 µg/m³) 
and iron (216/04 µg/m³), respectively. All of the concentration in this research is reported in µg/m³. The average carcinogenic 
risk for the metals were 1.78×10-2, 3.32×10-3, 3.6×10-2, and 1.79×10-3 respectively for arsenic, cadmium, chromium, and 
nickel. The average non-carcinogenic risk of chromium, manganese, and mercury were 8.06×104, 77×10-4, and 1.22×10-2, 
respectively. According to the results, the variety of heavy metals in cement industry is more than in other industries, while 
the concentration of heavy metals in zinc smelting and atomic energy industries was more than remain. Zinc showed the 
highest average concentration and chromium showed the highest expected risk of carcinogenicity for occupational exposure.
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Introduction

Human uses the air every moment, it has a vital function 
for living beings [1]. A person breathes about 22,000 times a 
day and about 25 kg of air enters the lungs [1]. Generally, the 

effects of air pollution on humans are considered, however, 
air pollution is not ending of these effects [2]. The pollutants 
can affect humans, animals, plants and materials or the 
global environment and leave adverse effects [2]. Many of 
the pollutants enter the atmosphere via sources that are 
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currently not controlled enough [3]. One of the pollutants 
is heavy metals [3]. Heavy metals are metals including 
cobalt, chromium, copper, gold, iron, lead, zinc, cadmium, 
manganese, nickel, mercury, and a limited number of other 
elements which have a specific gravity greater than 6 g/cm3 
or an atomic mass greater than 50 [4]. From an economic 
point of view, they have an outstanding strategic role [4]. 
Although the presence of some of these elements in the body 
is very important in terms of nutrition for the metabolism, 
facing their excessive concentrations through different 
sources (air, water, and soil), can have adverse effects [5]. 
From the point of view of occupational health, exposure to 
heavy metals is also of particular importance. Occupational 
exposure to heavy metals mainly occurs through inhalation 
and during various industrial processes [6]. It can be 
mentioned that the effects on the central and peripheral 
nervous system, digestive system, kidneys, hematopoietic 
system, cardiovascular system, enzyme disorders, and finally 
cancer are the major effects of exposure to heavy metals 
[7]. Today, due to the industrialization of current societies, 
many cities or megacities have many industrial factories. As 
mentioned, one of the pollutants emitted from industries 
is heavy metals [8]. People in the cities, the workers of the 
industries, and their families are exposed to the metals in 
various ways. These metals enter workers’ houses through 
the contaminated clothes, hair and shoes, and expose their 
wives and children [9]. In this article, a systematic review 
of the concentration of heavy metals in the indoor air of the 
industries was investigated and the related health risks were 
calculated for the exposed workers of industries.

Study Method

 In this systematic review, Databases of Science Direct, 
Google Scholar, SID, and MagIran were searched by applying 
the keywords “Air”,” Heavy metals”, and “Industry” in the 
period time from October 14, 2022, to October 23, 2022. In 
the next step, from the resulting articles, the cases including 
“Air”,” Heavy metals”, and “Industry” in their title or summary 
keywords were selected. In this regard, 193 articles were 
related to the topic and 20 of them were selected after 
study of the abstract. Finally, 9 articles that reported the 
concentration of heavy metals in industrial air were included 
in the study [1-9].

To obtain the carcinogenic and non-carcinogenic risk, we 
use the method reported by Rostami, et al. [10]. Calculations, 
while it was 30 years for carcinogenic risk assessment.in 
this line of research, equations (1) and (2) were used for 
calculation of the exposure concentration (EC) and estimated 
daily intake (EDI) then they were used for estimation of 
carcinogenic and non-carcinogenic risk, respectively.

Where, c: The concentration of employees exposed 

to heavy metal, ET (exposure time): In various industries, 
workers shifts are set every 8 hours., ED (exposure duration): 
The retirement age of workers is 30 years, EF (exposure 
frequency): The number of days that workers work in a year, 
which actually has 52 weeks in a year, each week including 
5 working days, so we put 260, AT (averaging time): ED × 
365 days , BW (body weight): The usual weight for women 
workers is 70 kg and for men 80 kg, so we use the average 
of these two, which is 75, and IR (inhalation rate): A normal 
person breathes 16 m3 /day of air for 8 hours a day, but a 
worker uses 20 m3/day due to physical activities during 
our work.To assess the carcinogenic risks of heavy metals, 
we followed the equation provided by The United States 
Environmental Protection Agency (USEPA).
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(2)

Where, the Lifetime Cancer Risk (LTCR) denotes 
inhalation lifetime cancer risk and the Unit Risk (UR) 
denotes cancer unit risk. The UR values of As, Cd, Cr, and Ni 
are 4.3 × 10-3, 1.8 × 10-3, 1.2 × 10-2, and 4.8 × 10-4(µg/m³)-1, 
respectively. Also, to assess the non-carcinogenic risk of Cr, 
Hg and Mn, the hazard quotient (HQ) value was employed as 
shown in the following equation (4).

To calculate the reference dose (RfD) for the heavy 
metals, we employed the reference concentration (RfC) 
approach. The values of RfC for Cr, Hg, and Mn were 8.86 × 
10-4, 3.0 × 10-4, and 5.0 × 10-5, respectively.

While HQ values of more than 1.0 indicate a potential 
risk for exposed people a value of less than 1.0 is an indicator 
of an unacceptable level of risk.
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Results and Discussions 

Average Concentration of the Metals in the 
Industries 

Out of 20 articles found about heavy metals in the air of 
different industries, 9 articles mentioned the concentration 
of heavy metals (zinc smelting industry in Iran, steel industry 
in Iran, roofing in Nigeria, printed circuit board industry in 
China, cement industries in China, Morocco, Czech Republic, 
and Iran, and Atomic Energy Organization in Iran), and 
according to the results, it can be seen from Figure 1 that 
zinc metal with a concentration (µg/m³) of 539.9 had the 

highest concentration among other metals, followed by: iron 
metal with a concentration of 216.04, mercury metal with a 
concentration of 37. 19, lead metal with a concentration of 
19.24, arsenic metal with a concentration of 17.51, chromium 
metal with a concentration of 12.18, titanium metal with a 
concentration of 10.63, nickel metal with a concentration 
of 9.09, copper metal with a concentration of 8.11, There 
is cadmium metal with a concentration of 6.7, antimony 
metal with a concentration of 3.2, manganese metal with 
a concentration of 2.99 and cobalt metal with the lowest 
average concentration of 1.32.

 Figure1: The average concentrations of heavy metals in industries.

Concentration of the Metals in Various 
Industries

According to the obtained results, in the Atomic 
Energy Organization (Figure 2a), the concentrations of 
Lead (Pb) and Cadmium (Cd) are 41.35 µg/m3 and 37.3 
µg/m3 respectively, which are more than other metals. The 
concentration of Pb metal in this industry is higher than in 
other industries, except the steel industry (41.35 vs. 45 µg/
m3). Also, Cd metal in this industry is more than other metals. 
In the cement industries (Figure 2b), the variety of metals 
in this industry is very large, and the most diverse industry 
is heavy metals. The concentrations of Iron (Fe) and Zinc 
(Zn) are 216.04 µg/m3 and 59.97 µg/m3 available in higher 
concentrations than other metals. The concentration of Fe 
metal in the air of this industry is much higher than other 
metals. In the Printed circuit board industry (Figure 2c), the 
concentration of Copper (Cu) is 20.025 µg/m3 available in 
higher concentration than other metals. In the Ile-ife roofing 
industry (Figure 2d), the concentrations of Pb, Manganese 
(Mn), Cd and nickel metals are 1.382 µg/m3, 0.564 µg/m3, 

0.3663 µg/m3, and 0.1623 µg/m3 respectively, which are 
more than other metals. In the steel industry (Figure 2e), the 
concentrations of Pb, chromium (Cr), and Ni metals are 45 
µg/m3, 40 µg/m3, and 23 µg/m3 respectively, which are more 
than other metals. The concentration of Cr and Ni in this 
industry is much higher than other industries. In the Zinc 
smelting industry (Figure 2f),) the concentrations of Zn and 
Pb are 2518 µg/m3 and 58.1 µg/m3 respectively, which are 
more than other metals.

Risk assessment

The standard amount of LTCR for an organization is from 
1×10-5 to 1×10-6, and it is for USEPA 1×10-6 organizations, in 
this article, we follow the USEPA standard. The permissible HQ 
by USEPA is 1 [11]. According to Table 1, In the Zinc smelting 
industry, Ni and Cd metals showed the carcinogenic risk of 
1.23×10-3 and 1.28×10-3 respectively. Cadmium and nickel 
can lead to chronic kidney dysfunction, osteomalacia (bone 
softening), acute heart failure, secondary hypertension, and 
arteriosclerosis [12]. In the steel industry, all three metals Ni, 
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Cd and Cr have the risk of carcinogenesis and Cr metal has a 
much higher risk of carcinogenesis, and also, in this industry, 

the HQ or the non-carcinogenic risk of Cr metal is lower than 
the standard.

Figure 2: Concentration of the metals in the industries of atomic energy organization (a), cement industries (b), printed circuit 
board industry (c), roofing industry (d), steel industry (e), zinc smelting (f). 

High concentration of chromium can lead to death, 
cancer, severe poisoning, allergy, or in the long term it can 
cause tumors body tissues [12]. In the roofing industry 
(Nigeria), Ni, Cd, and Cr metals have a carcinogenic risk. In 
the steel industry, all three metals Ni, Cd and Cr have the risk 
of carcinogenesis, and also, in this industry, the HQ of Cr, Mn 
metals are lower than the standard. Exposure to manganese 
can lead to iron deficiency [12]. In the Printed circuit board 
industry, Ni, Cd, and Cr metals have a carcinogenic risk, 
and also, in this industry, the HQ of Cr metal is lower than 

the standard. In Cement industries, Ni, Cd, Cr, As, Mn, Hg 
have a carcinogenic risk and As has a much higher risk of 
carcinogenesis. Inhalation of high concentrations of arsenic 
vapors and dust by the workers can lead to gastrointestinal 
side effects such as nausea, diarrhea, abdominal pain and 
also disorders of the nervous system [12]. For this industry, 
the HQ of Cr, Mn, and Hg metals are lower than the standard. 
In the Atomic Energy industry, Cd metal has a carcinogenic 
risk.

Industry Elements LTCR HQ

Zinc smelting
Ni 1.23×10-3 -
Cd 1.28×10-3 -

Steel
Ni 2.62×10-3 -
Cd 6.41×10-4 -
Cr 1.13×10-1 2.53×10-3

Roofing

Ni 1.84×10-5 -
Cd 1.56×10-4 -
Cr 4.7×10-5 1.04×10-6

Mn - 3.57×10-5
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Printed circuit board
Ni 2.9×10-5 -
Cd 1.7×10-5 -
Cr 2.62×10-3 5.83×10-5

Cement industries

Ni 1.16×10-3 -
Cd 1.93×10-3 -
Cr 2.86×10-2 6.36×10-4

As 1.78×10-2 -
Mn - 3.42×10-4

Hg - 1.22×10-2

Atomic Energy Cd 1.59×10-2 -

Table 1: Health risk assessment of heavy metals in the indoor air of industries.

Conclusion

According to the obtained results, attention should be 
paid to the cement industries and the zinc smelting industry 
because the observed concentrations of metals in the air of 
these industries are much higher than other industries. In 
accord with the results obtained from the calculation of LTCR 
and HQ, as well as according to the stated standard, the LTCR 
of chromium metal exceeds the permissible limit and should 
be taken into account. We should also pay more attention to 
chromium metal and arsenic in the cement industry and to 
cadmium metal in the industry. It should be noted that the 
Atomic Energy Organization has also allocated a significant 
number in the LTCR. Regarding the results, more rigorous 
monitoring and health protection instructions are required 
to control of the adverse effects of the heavy metals and 
the workplaces. In this regard, emphasis on application of 
appropriate personal protection equipment and decrease of 
the contact time with the considerate shift planning by the 
managements system can be helpful.
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