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Abstract 

The respirable suspended particulate matter cause acute and chronic impact on 

the respiratory systems depending on the degree of exposure levels. Traffic 

police located in metropolitan city, Mumbai is exposed to heavy traffic and 

prolonged traffic congestion causing stress and body fatigue. A study is 

conducted on the traffic police located at the most congested junctions of 

Mumbai between the age category of 23 to 45 years. Two groups were formed 

exposed (outdoor duty) and unexposed/control (administrative work). 

Metrological, RSPM and congestion data is collected for all the junctions. 

Dataset having attributes like height, weight, BMI and smoking habits of the 

traffic police is collected and correlated with FVC and FEV1 through 

spirometry. significance was done considering 95% confidence level. It is 

observed that height, weight, Number of vehicles, RSPM were significant to 

FEV1 values. To prevent the impact of RSPM protective measures are to be 

strictly followed by the traffic police. 
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INTRODUCTION 

Vehicular exhaust is a major contributor of particulate matter. Exposure to the 

particulate matter cause health related threat and a risk of both acute & chronic 

respiratory diseases. The particles emitted from the vehicular exhaust of more than 10-
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micron size are held in upper respiratory tract and particles less than 10-micron size 

(PM10) accumulates in the lung and produces respiratory disorders. Hence, PM10 i.e. 

RSPM (Respirable Suspended Particulate Matter) are of great concern in air pollution 

studies. Epidemiological studies have developed a correlation between lung functions 

and particulate matter around the world. In many countries with ambitious economic 

growth the acceptable levels of air pollutants are raised and every individual is reacting 

differently. The effects of air pollution include breathing and respiratory problems, 

aggravation of existing respiratory and cardiovascular disease, alterations in the body 

defence systems against foreign materials, damage to lung tissue, carcinogenesis and 

premature death. The effects of air pollution include breathing and respiratory 

problems, aggravation of existing disease and alterations in the body defence systems 

against foreign materials, damage to lung tissue, carcinogenesis and premature death. 

The major subgroups of the population that appear to be most sensitive to the effects of 

particulate matter include individuals with outdoor exposed work pattern. Growing 

number of diseases are linked with pollution exposure. 

 

Occupational environment does play a major role on the health of the exposed. There 

is now a large body of epidemiological evidences associating exposure to ambient 

particles with short and long-term effects on health (Adgate JL.et.al.,) The health 

hazards get more severe when the exposure time increases. This is observed 

prominently in situations as the personnel engaged in traffic duty. Traffic personnel 

undergo a sedentary style of work as they are located at the traffic junctions where they 

are exposed to fumes, vehicles, noise, crowd. Their work includes standing for longer 

durations, restricted to junctions loaded with idling vehicles at the signals. Majority of 

research papers on traffic police have concluded that traffic police are at high stress that 

yield to body fatigue. (Rajan et.al.,2014) Epidemiological evidences are discussed on 

the major impact of vehicles and its carcinogenic impact. Also, a review has contributed 

that the individual health effects among traffic personnel cannot be attributed to specific 

constituents of the vehicular pollution as it is a mixture of multiple constituents that act 

synergistically to induce adverse health outcomes. Variations in the trace elements of 

the particulate matter may also create variations in the health impacts. 

(M.J.Nieuwenhuijsen et.al:2007). It is contributed that dry air aggravates the adverse 

effect of TSP [ Arne Marian.et.al.,2008]. If there is any change in the constituents of 

vehicular exhausted particulate matter, then the resultant health impact differs. Also, 

impact caused by particulate matter vary in combination with other gases. Traffic police 

stands ideal for studies with varied air pollution and microenvironments. (Rajan 

et.al.,2014). size fractions: PM10 (defined as all particles equal to and less than 10 

micrometers (mm) in aerodynamic diameter). Particles larger than this are not generally 

able to be breathed past the trachea, and are caught in the nose and throat, not depositing 

in the lung. PM10–2.5, also known as coarse fraction particles (defined as those 

particles with an aerodynamic diameter greater than 2.5 mm, but equal to or less than a 

10 mm in diameter). PM2.5, also known as fine fraction particles (generally defined as 

those particles with an aerodynamic diameter of 2.5 mm or less), can be breathed into 

the deepest recess of the lung. Ultrafine particles, generally defined as those less than 

0.1 mm in diameter. Some scientists have hypothesized that ultrafine particles, because 
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of their small size and large surface area to mass ratio, may be especially toxic. (Anna 

Makria et.al,.2008) Particulate matter (PM) is the generic term used for a type of air 

pollutants, consisting of complex and varying mixtures of particles suspended in the 

breathing air, which vary in size and composition, and are produced by a wide variety 

of natural and anthropogenic activities. Major sources of particulate pollution are 

factories, power plants, re-fuse incinerators, motor vehicles, construction activity, fires, 

and natural windblown dust. The size of the particles varies (PM2.5 and PM10 for 

aerodynamic diameter smaller than 2.5mm and 10mm respectively) and different 

categories have been defined. Ultrafine particles, smaller than 0.1mm in aerodynamic 

diameter, Fine particles, smaller than 1 mm, and Coarse particles, larger than 1 mm. 

The size of the particles determines the site in the respiratory tract that they will deposit: 

PM10 particles deposit mainly in the upper respiratory tract while fine and ultra-fine 

particles are able to reach lung alveoli. So far, no single component has been identified 

that could explain most of the PM effects. Among the parameters that play an important 

role for eliciting health effects are the size and surface of particles, their number and 

their composition. The composition of PM varies, as they can absorb and transfer a 

multitude of pollutants. However, their major components are metals, organic 

compounds, material of biologic origin, ions, reactive gases, and the particle carbon 

core. There is strong evidence to support that ultra-fine and fine particles are more 

hazardous than larger ones (coarse particles), in terms of mortality and cardiovascular 

and respiratory effects. In addition, the metal content, the presence of PAHs and other 

organic components such as endotoxins, mainly contribute to PM toxicity. (Daniel Hess 

et al;2010) 

 

MATERIAL AND METHODS 

1.1 Description of study population and area 

Study is conducted at metropolitan, Mumbai on the traffic police and at the traffic 

junctions knows as hotspots for heavy traffic volume. In order to meet the objectives of 

the project, an area with significant population exposure and the location where 

maximum concentration is expected to occur from the existing road are selected as 

monitoring sites. The traffic junction are preferred monitoring sites as most of the 

vehicles stops in idle mode at the junction depending upon signal timing, so these are 

hot spots of air pollution. (Kale et.al:2016) Twenty junctions are selected for the study 

of traffic police assigned to that location. The junctions are Khada Parsi junction, Nana 

chowk junction, Haji Ali junction, Nagpada junction, Kemps corner, Andheri West, 

Bhandup Station junction, Dadar T T junction, Dharavi junction, Elphinstone Road 

Junction, Ghatkopar link road, JVPD, Indian Oil junction, Kalanagar junction, 

Khetwadi junction, Kotwal Garden, Panjarapol Junction, Santacruz airport road, Parel 

T T junction, Sion Station junction. Twenty junctions are selected as hotspots of traffic 

congestions by the traffic control department. Traffic police are considered for the 

research as the most exposed and unexposed cluster. Data obtained from the study 

subject would be of the same occupational background with similar age categories, 

health aspects, work patterns, exposure level, conduction of work. Several studies are 

conducted on the health of traffic police. Many epidemiological evidences have proved 
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the risk of particulate matter. Significant differences were observed between the 

exposed and control groups with respect to the morbidity of rhinitis, pharyngitis, 

trachoma, syndrome of neurasthenia and joint pain, apart from disorders in the digestive 

system in the research conducted. (Zhao X, Niu J. et.al.,1998). Traffic police in-house, 

involved in administrative work are considered as unexposed group and those involved 

in traffic management and bound to outdoor duties are considered as exposed group for 

the study purpose. Health related parameters such as age, height, weight, BMI were 

measured for both the exposed and unexposed group of traffic police. Smoking is used 

as a criterion for rejection of obtained data. 

[Table 2.1 places.kml] 

 

 

2. DATA 

2.1 Meteorological and air pollution data: 

Data is collected at the twenty traffic junctions at Khada Parsi junction, Nana chowk 

junction, Haji Ali junction, Nagpada junction, Kemps corner junction, Andheri West 

junction, Bhandup Station junction, Dadar T T junction, Dharavi junction, Elphinstone 

Road junction, Ghatkopar link road junction , JVPD junction, Indian Oil junction, 

Kalanagar junction, Khetwadi junction, Kotwal Garden junction, Panjarapol junction, 

Santacruz airport road junction, Parel T T junction, Sion Station junction located in 

Mumbai, India. PM2.5 is measured at the junctions with the help of high volume 

sampler, Model-PEMHVS 310. Annual Average is considered for the data analysis. 

Dispersion models are predicted using calroads for the same data. (Kale et.al:2016) 

 

2.2 Health data:  

In the spirometry test forced expiratory volume (FEV) and forced vital capacity (FVC) 

are performed on the traffic police of both the clusters exposed and unexposed. Forced 

expiratory volume (FEV) measures air exhaled during a forced breath. The amount of 

air exhaled may be measured during the first second (FEV1), second (FEV2), and third 

seconds (FEV3) at the forced breath. Forced vital capacity (FVC) is the total amount of 

air exhaled during the FEV test. Forced expiratory volume and forced vital 

capacity are lung function tests that are measured during spirometry. FEV is the most 

important measurement of lung function. Test is performed on the exposed and 

unexposed cluster of traffic police. Smoking is used as rejection criteria. It is also 

studied that cigarette smoke contains significant amount of oxides of nitrogen that 

causes restrictive impairment by the variations in diffusing capacity. (Rao N M. 

et.al.,1992) 

 

 

3. METHODS 

Spirometry: The spirometry was done under the consultant pulmonologist using 

MINISPIR S/N T01795.Data collected was among the age group of 23 to 45 years is 

selected for the test. 

Traffic congestions: The methodology and data collection is same as published before. 

Monitoring of vehicles was done to count the number of vehicles passing from one 

http://www.webmd.com/hw-popup/vital-capacity-vc
http://www.webmd.com/hw-popup/vital-capacity-vc
http://www.webmd.com/asthma/guide/lung-function-tests-asthma
http://www.webmd.com/hw-popup/spirometry
http://www.webmd.com/lung/picture-of-the-lungs
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junction. No of vehicles along with their speed were considered as a criterion for 

congestions. (Uma et.al:2015)   

 

 

4. RESULTS 

Descriptive statistics: Factors such as age, height, BMI, FVC, FEV1, PEF etc.were used 

for significance check. Comparison of significance was done considering 95% 

confidence level. 

 

Spiro Analysis - Hypothesis Testing of Factors affecting a exposed/unexposed 

cluster  

 

Table 1.0: Spirometry and significance check for exposed and unexposed cluster. 

Factors Affecting Exposed or Unexposed Spiro Analysis 

Parameters Groups Mean Std Dev Median P-Value Significance 

Age unexposed 40.8 12.08 40.5 0.29 Not significant 

exposed 38.6 9.14 39 

Height unexposed 171.87 12.17 171.5 0.1728 Not significant 

exposed 174.88 11.37 176 

BMI unexposed 23.85 3.95 23.04 0.452 Not Significant 

exposed 23.37 2.814 23.38 

FVC Pred (L) unexposed 3.81 1.19 3.71 8.94E-06 Highly Significant 

exposed 4.68 0.77 4.69 

FEV1 (L) unexposed 2.95 1.01 2.86 3.28E-07 Highly Significant 

exposed 3.86 0.76 3.87 

PEF unexposed 6.93 1.74 7.015 1.80E-01 Not significant 

exposed 7.3 1.19 7.15 
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Any p-value below 0.05 is considered as a significant factor that affects the healthiness 

quotient of the spirometry test. The above table shows that FVC and FEV1 are highly 

significant for exposed as well unexposed cluster. While the parameters like weight 

height and BMI are not significant with the exposed and unexposed group. 

Following are the graphs for the significant factors -  FVC and FEV1 values and their 

relation with the exposed/unexposed result. 

 

   

Figure 1: FEV1 with exposed and 

unexposed cluster 

Figure 2: FVC with exposed and 

unexposed cluster 

 

Insights  

 Most of the Exposed subjects had a FVC value above 4, thereby making 4 as a 

threshold limit 

 Most of the exposed subjects had FEV values above 3 making 3 a threshold limit 
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Table 2: Factors influencing FEV1 values 

Factors influencing FEV1 Values FEV1 = Var Coef* Var 

+ Constant 

Variable Cor P-value Significance Variable 

Coefficient 

Constant 

Age 0.03 0.5321 Not Significant --- --- 

Height (cm) 0.25 1.46E-06 Highly Significant 0.02651 -1.26354 

Weight (kg) 0.28 3.94E-08 Highly Significant 0.025267 1.455215 

BMI 0.12 0.0213 Significant 0.03538 2.40029 

Number of Vehicles -0.1 0.03947 Significant -3.89E-05 3.382 

SPM -0.3 3.80E-09 Highly Significant -0.0028033 4.2246824 

Traffic Police Unexposed -0.06 0.1961 Not Significant --- --- 

Traffic Police Exposed 0.42 < 2.2e-16 Highly Significant 0.93925 3.05742 

 

Datapoints:- 

 Highly significant parameters are those with p-value below 0.01 

 Significant parameters are those with p-value <0.05 but > 0.01 

 Correlation along with the equation coefficients would give the linear relation 

between the variables and FEV/FVC 

 

 

.            

 

Figure 3: FEV1 vs particulate matter          Figure 4: FVC vs Congestion 
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5. DISCUSSIONS AND LIMITATIONS 

A model was used to predict the dispersion of RSPM around the traffic junctions. It is 

also observed that the concentration of particulate matter is much above than the Indian 

permissible limits. Exposure of traffic police is unavoidable due to work profile. Survey 

was conducted through the questionnaire and it was identified that traffic police were 

more incline towards the respiratory disorders (Uma et.al:2015). Idling of the vehicles 

and emissions at the traffic junctions are the contributors of stress level and fatigue in 

the traffic police. (Kale et.al:2016) FEV1 and FVC values are more significant towards 

was performed and the data is significant towards particulate matter. It implies that 

there are positive chances of getting asthama and other respiratory disorders. Traffic 

congestions and particulate matter form dependency on FEV1 values. Lowering the 

number of vehicle and particulate matter concentrations can improve the values and 

breathing capacity of the traffic police. 

  

 

6. CONCLUSIONS 

There is urgent need to look in the rise of asthmatic patients in the metropolitan city, 

Mumbai. Mitigation measure starts from controlling the pollutants at the source, vehicle 

emission control, controlling rise in number of vehicles by facilitating more on public 

transport. MMRDA project like Mumbai metro Line 1 and Line 2 had undergone 

excavations throughout majority of the junctions. So, the Vehicle emissions clubs with 

the particulate matter emitted during implementation of these projects. Absence of 

historical data on exposure, which limits the possibility of establishing the temporal 

order of cause and effect. As it is already studied that population characteristics 

encompass several factors that interact and confer vulnerability towards the impact of 

pollutants on human body. (Anna Makria et.al,.2008). It is concluded that to avoid the 

exposure of particulate matter the placement can plays important role. Instead of 

enclosed shelters open spaces may reduce the exposure levels. (Daniel Hess.et.al, 

2010). So, traffic police at the junction can shifted to several locations that one at a 

stretch after prolonged duty hours. The task of protecting the population from health 

deterioration and ecosystem damage requires a policy agenda that embraces a suite of 

measures across the whole economy.  (Jia Li.et.al.,2004) a policy has to be strictly 

implemented towards protection of traffic police. 
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