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A B S T R A C T  
 

 

Air pollution is defined as the presence of any air pollutants in the air that have the potential to cause 
health effect or cause harm to the environment. This study was conducted to investigate the exposure 

levels to air pollutants among workers in a depot, and the relationship between the exposure levels 

and the respiratory level of the workers in the depot. The methods used in this study included 
measuring the concentration of air pollutants namely CO, CO2, total volatile organic compounds 

(TVOCs), PM10 and two types of heavy metals namely lead (PB) and arsenic (As). Lung function 

test was also done for workers who were exposed. Three sampling points were chosen to measure 
the concentrations of air pollutants, namely Loco, power generating car (PGC) and coach lines. 

Kuala Lumpur Central Office Depot was selected as the control station. Low volume sampler and 

sampling devices were used to measure the concentration of the air pollutants. This study found that 
there were three air pollutants with concentrations exceeding the standard limits of suspended 

particles PM10, lead, and arsenic. The highest concentrations of PM10 and Pb recorded were in the 

PGC line with 0.49 ± 0.03 mg/m3 and 160 ± 5.13 μg/m3, respectively. The highest concentration of 
As recorded was in coach line with 36.00 ± 15.50 μg/m3. Statistical test results showed that only the 

concentration of As had a significant difference between the sampling stations. For the lung function 

test, the values of forced vital capacity (FVC) and forced expiratory volume in the first second 

(FEV1) for the exposed group were below normal. These findings showed that the depot workers had 

a lower respiratory level compared to the workers at the depot office. Statistical analysis showed a 

significant difference between spirometry diagnosis of employees who had served more than ten 
years and spirometry diagnosis of employees who had served for ten years and less. In conclusion, 

the depot workers who had long exposure to air pollutants had low respiratory levels. 
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INTRODUCTION1 

 
Air pollution as indicated by the United States 

Environmental Protection Agencies (US EPA) is the 

presence of any pollutants in the air. Air pollution can 

cause health problems and bring harm to the 

environment [1]. Indoor air is defined as air in the 

building, including the air in the room and the air 

removed from the room by mechanical methods [2]. 

Indoor air quality is the quality of air in a building. A 

good indoor air quality could lead to the comfort and 

health of the occupants in the building [3]. According to 

the US EPA, at present, most people spend almost 90% 
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of their time in the house or in the building. Scientific 

evidence shows that the air inside a home or building 

can be more polluted than the air outside. Thus, for most 

people, the effects of indoor pollution on health are even 

more dangerous than outdoor pollution because of 

longer exposure to indoor air pollution than outdoor air 

pollution (www.epa.gov/iaq/pubs/insidesroty.html). 

Air pollutants are any substances that can cause 

harm to humans, animals, and plants. Various air 

pollutants have been reported, and each of these air 

pollutants varies in chemical composition, response, 

emission, persistent in the environment, and impact on 

human and animal health [4]. For example, carbon 

monoxide (CO) is a colourless, odourless, and toxic gas 

(http://www.epa.gov/iaq/co.html). It is a gas that is 

  

http://www.ijee.net/


Iranica Journal of Energy and Environment 6(2): 86-91, 2015 
 

87 

resulted from incomplete combustion of materials 

containing carbon. Apart from the incomplete 

combustion, carbon monoxide is also present in the 

environment as a result of the introduction of outdoor 

air into the building, smoke on the vehicle in the garage, 

tobacco smoke, and the use of gasoline-powered 

electricity generator during a power failure [5]. 

Carbon dioxide (CO2) is a colourless gas and is 

odourless. Carbon dioxide is present in the environment 

as a result from metabolic processes in humans and 

animals [5]. Carbon dioxide emission to the 

environment is also caused by the combustion of 

carbon-containing fossil fuels such as oil, natural gas, 

and coal [3]. 

Total volatile organic compounds (TVOCs) are any 

chemical compounds that have at least one carbon and 

hydrogen in their molecular structure. The main source 

of TVOCs is from natural and anthropogenic activities 

[5]. TVOCs can also come from human activities, 

building product emissions, and air entering from 

outside into a building [6]. 

Particulate matter (PM) is a generic term used for 

type of air pollutants that consist of a mixture of 

suspended particles. This mixture differs in size and 

composition as a result of natural and antropogenic 

activities [4]. The main sources of PM are from diesel 

engine exhaust, food preparation activities, and dust 

from wood combustion [7]. 

Lead (Pb) has long been recognised as a harmful 

environmental pollutant. Humans can be exposed to 

lead in many ways such as through air, drinks, foods, 

contaminated soil, and dust. Airborne lead enters the 

body when a person breathes or swallows lead particles 

or dust. Fuel from motor vehicles and industrial sources 

is a major contributor to the emission of lead 

(http://www.epa.gov/schoolair/pollutants.html#Arsen). 

Arsenic and arsenic compounds are carcinogenic to 

humans. Arsenic is a heavy metal that is always found 

in low concentrations in the environment. Exposure to 

arsenic occurs via oral route (ingestion), inhalation, and 

contact with skin. Exposure during working hours is 

often associated with exposure through inhalation [1].  

This study was conducted specifically to measure the 

concentration of air pollutants in the Kuala Lumpur 

Central KTMB Depot. Measurement of the 

concentration of these contaminants can help in the 

assessment of the level of exposure to the employees at 

the work area and in determining the health effects of 

exposure to workers. Evaluation of pollutant exposure 

levels was to find out which employees would be 

exposed to pollutants higher than others under certain 

circumstances. Other than that, the determination of the 

effects of exposure was conducted to determine the 

level of exposure that could affect the health of the 

people in a location. 

 

MATERIALS AND METHODS 
 

This study was divided into two parts namely 

sampling of air pollutants and health impact assessment. 

Sampling of air pollutants was to measure 

concentrations of selected air pollutants such as carbon 

monoxide (CO), carbon dioxide (CO2), total volatile 

organic compounds (TVOCs), particulate matter (PM10), 

and heavy metals of lead and arsenic. The health impact 

assessment was to assess lung function in workers 

exposed to air pollutants during working hours using 

spirometry test. 

 

Air sampling 
Sampling location 
The sampling stations chosen were Loco line, power 

generating car (PGC) line, and Coach line in Kuala 

Lumpur Central Depot. The Kuala Lumpur Central 

Office Depot was selected as the control station. 

 

Parameters of air pollutants 
The sampling of air pollutants involved six parameters 

namely carbon monoxide (CO), carbon dioxide (CO2), 

total volatile organic compounds (TVOCs), particulate 

matter (PM10), lead, and arsenic. 

 

Air pollutant sampling methods 
The first sampling method was by using devices that 

took readings directly or in situ. This method was 

applied to pollutants CO, CO2 and TVOCs. CO was 

sampled using Tetra 3 Portable Gas Detector, CO2 was 

sampled using Aeroqual Series 500, and TVOC was 

sampled using Photo Ionisation Detector (PID). Sensor 

of each device was placed at the level of 75 cm to 125 

cm from the floor. Direct readings were taken every 10 

min intervals for a period of 30 min.  

The second method was by using a low volume air 

sampling device (LVS) for sampling PM10. This tool’s 

flow rate was adjusted to 6 L/min at a pressure of 7 psi 

for 6 h. 

 

Laboratory Procedure 
Laboratory analysis in this study focused on acid 

digestion method. The analysis was done on a sample 

parameter PM10. The method was carried out to extract 

lead, Pb and arsenic, As from PM10 sample according to 

NIOSH Method 7300 with some modifications when 

appropriate.  

Small sample of filter paper were cut and mixed 

together for homogeneity in a 50 mL beaker. 10 mL of 

1:1 nitric acid was added to the beaker and refluxed for 

10–15 min. The beaker was covered during the reflux. 

Then, the sample was cooled to room temperature, and 

then 5 mL concentrated nitric acid was added. The 

sample were then refluxed for another 2 h, and the 

beaker was closed again. After 2 h, the sample were 
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cooled to room temperature. Then, the beaker was 

added with 2 mL of distilled water and 3 mL of 

hydrogen. The sample were refluxed until the foam 

subsided. The sample were refluxed again for 2 h or 

until the end sample volume was 5 mL. The sample 

were allowed to cool to room temperature. The process 

continued with filtration using Whatman filter paper No. 

41 in the conical flask. The sample was then diluted 

with 100 mL distilled water. The samples were placed 

in a cold room before analysis using Induced Coupled 

Plasma Mass Spectometry (ICP-MS).  

 

Lung function test 
Lung function test is one of the most important methods 

for the assessment of the effect of air pollution on 

human health. This test is a fundamental procedure to 

diagnose, assess, and monitor respiratory diseases and is 

often done using spirometry. In this study, the 

spirometry test was based on NIOSH method (NIOSH. 

2003. NIOSH Spirometry Training Guide. United 

States: National Institute for Occupational Safety and 

Health.). Before starting the test, the subjects were 

asked to complete a survey form to get their 

demographic data. 

First, the subjects were asked to sit or stand. If 

sitting, the subjects were asked to sit up straight. The 

subjects were then asked to loosen tight clothing as it 

could restrict breathing. Then, the subjects were 

instructed to elevate their chin and extend their neck. 

Nose clip was used when appropriate. Forced expiratory 

manoeuvre was then started. The subjects held the tube 

spirometry at shoulder level. Then, they were asked to 

inhale as deep as possible. Next, they were asked to put 

spirometry funnel into their mouth and exhale as hard 

and as long as possible until instructed to stop. The 

forced vital capacity (FVC), forced expiratory volume 

in the first second (FEV1), and ratio of FEV1 to FVC 

(FEV1/FVC) were recorded and analysed. 

 

Statistical analysis 

The data collected were analysed using the Statistical 

Package for Social Sciences (SPSS) version 18.0. The 

analysis tests used were descriptive analysis and 

inferential analysis. 

 

 

RESULTS AND DISCUSSION 
 
Air sampling 

Table 1 shows the average concentration of each 

pollutant at each sampling station. 

The highest average concentration of CO recorded 

was at PGC with a reading of 1.00 ± 0.39 ppm. From 

the one-way ANOVA, there was no significant 

difference between the average concentrations of CO at 

each sampling station. PGC line is the line for the 

maintenance and repair of Power Generating Car 

(PGC), which is one of the components in a train. High 

concentrations of CO in indoor air can be attributed to 

the emission into the building with smoke ventilation 

systems and from parked vehicles and engines turned on 

[8]. However, the average concentration of CO at each 

sampling station was below the standard of 10 ppm set 

by the Department of Safety and Health (COP. 2010. 

Industrial Code of Practice On Indoor Air Quality. 

Malaysia: Department of Safety and Health, Ministry of 

Human Resource). 

The highest concentration of CO2 recorded was in Kuala 

Lumpur Central Depot office with an average of 977.33 

± 6.93 ppm. One-way ANOVA showed no significant 

difference in the average CO2 concentrations at each 

sampling station. high concentrations in the depot office  

are due to the limited area of the office and the number 

of employees occupying the space in it. Next, Loco, 

PGC, and Coach lines had a lower average reading of 

CO2 compared to the depot office. This was because the 

area of the depot was greater than other areas despite the 

many employees. 

The CO2 concentration in the indoor air depends on 

the number of occupants in the building and the level of 

metabolic activity carried out in that space [3]. The 

Department of Occupational Safety and Health (DOSH) 

has set the limit of acceptable indoor air CO2, which is 

1,000 ppm. Thus, the CO2 concentrations at each 

sampling station in this study were still under the 

standard limit. 

The highest average concentration of TVOCs 

recorded at Loco line was 0.13 ± 0.09 ppm. One-way 

ANOVA showed no significant difference between the 

average TVOCs concentrations at each sampling station. 

According to Kampa and Castanas [4], fuel combustion 

especially the combustion processes for energy 

production and road transport is an important source of 

TVOCs [6]. In addition, the TVOCs can also come from 

paint, paint stripper, cleaning materials, pesticides, 

building materials, and office equipment 

(www.epa.gov/iaq/pubs/insidesroty.html). TVOCs 

present in Kuala Lumpur Central Depot resulted from 

the combustion of the fuel used to ignite the train. As 

for the office depot, the presence of TVOCs was from 

furniture, wall paint, and office equipment such as 

printers, photocopiers, and stationery tools. The 

standard limit allowed by DOSH in Indoor Air Quality 

Industry Code of Practice is at a concentration of 3 ppm. 

Thus, the TVOCs concentrations at each sampling 

station were below the standard. 
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TABLE 1. The average concentration of air pollutants at each sampling station 

Sampling Stations Average concentration ± Standard deviation 

CO(ppm) CO2(ppm) TVOC (ppm) PM10 (mg/m3) Pb(µg/m3) As(μg/m3) 

Loco 0.78 ± 0.45 895.67 ± 52.49 0.13 ± 0.09 0.40 ± 0.06 75.33 ± 29.00 10.67 ± 1.33 

PGC 1.00 ± 0.39 702.67 ± 100.77 0.00 ± 0.00 0.49 ± 0.03 160.00 ± 5.13 35.33 ± 3.76 

Coach 0.44 ± 0.29 888.00 ± 80.60 0.10 ± 0.00 0.41 ± 0.03 91.67 ± 44.39 36.00 ± 15.50 

KL Central Depot Office 
0.00 ± 0.00 977.33 ± 6.93 0.07 ± 0.03 0.31 ± 0.08 35.67 ± 28.69 27.33 ± 2.85 

Acceptable Limits 10 1000 3 0.15 50 10 

* significant value at p < 0.05 

Notes: Bold values indicate the highest concentration value for each parameter at each station 

 
 

The highest average concentration of PM10 recorded 

was 0.49 ± 0.03 mg/m
3
 in PGC line. The lowest PM10 

reading recorded was 0.31 ± 0.08 mg/m
3
 at the office 

depot in Kuala Lumpur Central. The Kruskal-Wallis 

statistical test showed no significant difference between 

the average PM10 concentrations at each sampling 

station. The standard limit set by DOSH as in the Indoor 

Air Quality Industry Code of Practice is 12:15 mg/m
3
. 

Thus, the average PM10 concentrations at all sampling 

stations namely Loco, PGC, and coach lines and Kuala 

Lumpur Central Office Depot exceeded the 

standard.The average concentrations of PM10 were high 

and exceeded the standard. This was likely a result from 

the activity done inside the depot. PM10 detected in PGC 

line was due to smoke produced when the PGC as on. 

Besides being a place to repair the PGC, this line was 

also used as a parking area for trains for heating up the 

engine before starting the journey. Apart from the PGC, 

among other resources that could be associated with the 

high PM10 concentrations were from the dust brought in 

by trains entering the depot, smoke, and other external 

sources [2]. For the depot office, the presence of PM10 

was caused by the entry of dust particles from 

construction sites located near the depot office. The 

presence of PM10 could also be caused by the depot 

workers who were exposed to high concentrations of 

PM10 and walked into the office depot thus affecting air 

quality interior. According to Yau et al. [3], the 

ventilation system that is not properly maintained will 

increase the concentration of pollutants in indoor air [3]. 

Overall, the concentration of PM10 in each sampling 

point was higher than the allowable standard limits, and 

this high concentration of PM10 can affect the workers 

who were exposed in long periods of time.  

The average concentration of lead (Pb) was the 

highest at PGC line with 160 ± 5.13 mg/m
3
, while the 

lowest average concentration was recorded at the Kuala 

Lumpur Central depot office with 35.67 ± 28.69 mg/m
3
.
 

There was no significant difference between the average 

concentrations of Pb in each sampling station. The 

average concentrations of Pb in Loco, PGC, and coach 

line exceeded the standard set at 50 mg/m
3
. The average 

concentration of Pb at the PGC was high due to the 

production of smoke and soot emissions. Pb is usually 

found in smoke produced by motor vehicles. Apart from 

the PGC, loco parked with the engine turned on was 

also a source of Pb. Turning on the engine before 

starting on a long journey or for the purpose of 

inspection and maintenance of loco can also produce 

smoke and soot [14].  

The highest arsenic average concentration was 

recorded in coach line with 36.00 ± 15.50 mg/m
3
. The 

lowest average concentration of As of 1.33 ± 10.67 

mg/m
3
 was recorded at Loco line. All the sampling 

stations had an average concentration of As exceeding 

the standard limit set in USECHH 2000 of 10 mg/m
3
 for 

an 8-hour Time Weighted Average (TWA). However, 

from the Games-Howell Post Hoc test, there were 

significant differences among the average 

concentrations of As at the Loco and PGC lines and at 

the Kuala Lumpur Central Office Depot. The highest 

concentration of As in coach line was from the smoke 

emitted by the train under maintainence. In addition, 

this sampling station was far from sources of outside air. 

Inadequate ventilation and air circulation slowly caused 

accumulation of pollutants at this station. Based on the 

results, the concentration of As in each sampling point 

was higher than the standard limit allowed. According 

to Awang et al. [2], As is usually found in the 

suspended particulates, environmental tobacco smoke, 

and construction activities [2]. During sampling at the 

depot, some employees were smoking near the work 

area. A similar situation was observed at the office 

depot. Some employees were smoking at the emergency 

stairs in the office. Smoking activity causes the release 

of environmental tobacco smoke, thus increasing the 

concentration of As in the environment.  

 

Lung Function (Spirometry) 
In lung function test, a total of 38 subjects were 

involved. Of the total number of subjects, 28 of them 

represented the exposed group, and the remaining 10 

represented the control group. The exposed group was 

for those who worked at the Kuala Lumpur Central 

Depot that was directly exposed to air pollutants, while 

the control group was for those employees who worked 
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at the Kuala Lumpur Central Depot office. All the 

subjects were men and had no history of respiratory 

disease. 

From the results, the average FVC and FEV1 

readings for depot workers were below the normal limit 

of 80% set. However, one sample t-test showed a 

significant difference between the readings of 

FEV1/FVC in both groups of subjects with normal 

limits. The FEV1/FVC readings for exposed group and 

control group were above the normal limits. According 

to Al-Ashkar et al. [15], readings of FEV1/FVC that are 

normal and FVC readings that are lower than normal 

levels show restrictive pattern of lung function tests 

[15]. In comparison, FVC and FEV1 readings for the 

exposed group were lower than the control group. This 

was because the depot workers were directly exposed to 

air pollutants. FVC and FEV1 decline in reading was 

due to the presence of PM10. 

After getting the readings of FVC, FEV1, and 

FEV1/FVC, the subjects were categorised into three 

groups namely normal, restriction, and obstruction. 

Overall, of the 28 subjects from the exposed group, 36% 

of them were normal, 18, 36% of them had mild 

restriction, 28% of them had moderate restriction, and 

18% of them had severe restriction. For the control 

group, 70% of the 10 subjects were diagnosed normal, 

and the rest 30% were diagnosed with mild restriction. 

From chi-square Fisher Exact test, there were significant 

differences among the spirometry diagnoses of the 

exposed group and the control group. 

To test the correlation between sociodemographic 

data and the workers’ breathing status, two factors were 

chosen, namely length of service and smoking habit. 

Table 2 shows the relationship between both factors 

based on the spirometry diagnosis. 

Based on the results, the length of service (>10 

years) and smoking habit contributed to abnormalities of 

lung function, with 89% and 59%, respectively. Several 

studies show that smoking causes the decline in FVC 

and FEV1 of a smoker [7]. Smoking not only causes 

reduction in FEV1 reading of a smoker, but also causes 

chronic obstructive lung disease (COLD). From the chi-

square Fisher Exact test, there were no significant 

differences in the diagnoses between the employees who 

smoked and did not smoke.  

However, this test showed that there were significant 

differences in the diagnosis among the employees who 

had worked for more than ten years and employees who 

had served for 10 years and less. Exposure to air 

pollutants present at low concentrations in a long period 

of time can affect the breathing of a person [5]. 

Therefore, employees who had served more than 10 

years were at greater risk to have low levels of 

respiration than those who had served for 10 years and 

lesser. 

 

 

CONCLUSION 
 
Overall, the PGC line was the most polluted area in 

Kuala Lumpur Central Depot because there were three 

parameters of air pollutants with the highest 

concentrations, namely carbon monoxide (CO), 

particulate matter (PM10), and lead (Pb). For the 

measured pollutants, particulate matter (PM10), metal 

lead (Pb), and arsenic (As) had higher average 

concentrations at each sampling station compared to the 

standard given by DOSH. Therefore, it is mandatory for 

the administration of KTMB to ensure every employee 

who works at the depot and is directly exposed to air 

pollutants to always wear appropriate personal 

protective equipment such as face mask. Moreover, it is 

desirable to strengthen the directive prohibited smoking 

in the depot and to allow smoking at the provided area 

only.  

For the lung function tests, the FVC and FEV1 

readings for the workers at the Depot Kuala Lumpur 

Central were beyond the normal limits prescribed, and 

68% of the employees were diagnosed of having 

abnormal spirometry. This finding showed that the level 

of the workers’ breathing in Kuala Lumpur Central 

Depot was lower compared to workers at the Kuala 

Lumpur Central Depot office. The abnormality of the 

diagnosis was also contributed by the length of service. 

 

 
TABLE 2. Spirometry test diagnosis results for exposed group according to their length of service and smoking habit 

Sociodemography 
Kuala Lumpur Central Depot Worker 

P value 
Normal Diagnosis n (%) Abnormal Diagosis n (%) 

Length of service    
≤10 years 6 (60%) 2 (11%) 0.011* 

>10 years 4 (40%) 16 (89%)  

Smoking habits    
Smoking 3 (30%) 10 (56%) 0.254 

Not smoking 7 (70%) 8 (44%)  

* significant value at p < 0.05    
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 چکیده

تاضذ. ایي تحمیك جْت  آلَدگی َّا عثارت است از حضَر ّر ًَع آالیٌذُ جَی در َّا کِ تَاًایی اثر سَء تر سالهتی یا اهکاى صذهِ تِ هحیظ زیست را دارا هی

ّا، اًجام ضذُ است. رٍش استفادُ  ّای َّا تا کارگراى اًثار ٍ راتغِ تیي هیساى در هعرض لرارگیری ٍ سغَح تٌفسی آى تررسی هراتة در هعرض لرار گرفتي آالیٌذُ

ٍ دٍ ًوًَِ از فلسات سٌگیي تِ ًام  PM10(، TVOCs، هیساى کل ترکیثات آلی فرار )CO  ٍCO2ّا یعٌی  گیری غلظت آالیٌذُ ضذُ در ایي رٍش ضاهل اًذازُ

ّای َّا سِ  گیری غلظت آالیٌذُ ًیس اًجام گرفت. ترای اًذازُّا لرار داضتٌذ  ضَد. تست عولکرد ریِ ترای کارگراًی کِ در هعرض ایي آالیٌذُ سرب ٍ آرسٌیک هی

( ٍ خغَط تردد اتَتَس هطخص ضذ. اًثار ادارُ هرکسی کٍَاالالهپَر تِ عٌَاى هرکس کٌترل اًتخاب ٍ PGC، هاضیي هَلذ ترق )Locoگیری یعٌی  ًوًَِ  ًمغِ

ّای َّا استفادُ ضذ. ایي تررسی هطخص ًوَد کِ سِ آالیٌذُ َّا یعٌی آرسٌیک،  گیری غلظت آالیٌذُ گیری تا حجن کن ترای اًذازُ ًوًَِ تردار ٍ سایر اتسار ًوًَِ

هیلی گرم  94/0±00/0تا همادیر تِ ترتیة  PGCٍ سرب در خظ  PM10تاالتر از حذ استاًذارد ررات هعلك، ٍجَد دارًذ. تاالتریي غلظت تا غلظت  PM10سرب ٍ 

هیکرٍگرم تر  06±5/15هیکرٍگرم تر هترهکعة ثثت ضذُ ٍ تاالتریي غلظت آرسٌیک گسارش ضذُ در خغَط اتَتَس تِ همذار  160±10/5تر هترهکعة ٍ 

ّای اًذازُ گیری ًوًَِ داضتِ است.  ای در تیي هکاى ّای آهاری ًطاى دادُ است کِ فمظ غلغت آرسٌیک تفاٍت لاتل هالحظِ دُ است. ًتایج تستهترهکعة تَ

ض ًْادُ ترای گرٍُ در هعر FEV1( ٍ همذار َّای خرٍجی ریِ در اٍلیي ثاًیِ تازدم اجثاری تحت عٌَاى FVCتست عولکرد ریِ، همذار ظرفیت حیاتی اجثاری )

ّا ًطاى داد کِ کارگراى اًثار سغح تٌفسی کوتری در همایسِ تا کارکٌاى اًثار ضرکت دارا تَدًذ. آًالیس آهاری  ًرهال تَدُ است. ایي یافتِ ضذُ، پاییي تر از حذ

هغالعِ را داضتِ ٍ کارهٌذاًی کِ   اى هَرددٌّذُ یک تفاٍت فاحص تیي تطخیص دم سٌجی)اسپیرٍهتری( کارهٌذاًی کِ تیص از دُ سال ساتمِ فعالیت در هک ًطاى

اًذ،  ّای َّا لرار داضتِ ضاى سپری ضذُ است، ٍجَد دارد. در ًتیجِ، کارگراى اًثاری کِ عی هذت عَالًی در هعرض آالیٌذُ ترای دُ سال ٍ کوتر از ضرٍع فعالیت

 اًذ. سغح تٌفسی پاییٌی داضتِ

 

 


