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 Background: A campaign study was conducted from September 2011 to November 

2011 in different indoor working environment of supermarkets, shops and offices of 

Agra city for PM10, PM5.0, PM2.5, PM1.0, PM0.5 & PM0.25 mass and number 
concentration. Results: Data obtained during the campaign study was compared to 

WHO standards for PM2.5 which exceeded 9 times and for PM10 exceeded 6.5 times in 

all the sites and in comparison with NAAQS standards for PM2.5 exceeded 3.7 times 
and for PM10 exceeded 5.4 times. The concentration trends were found highest in the 

offices followed by shops and commercial centers. The data obtained were also linked 

to the indoor activities using occupant’s diary entries. The data obtained from sampling, 
questionnaire diary entries and survey of different microenvironment, suggested that 

indoor activities influenced the course and especially the fine particulate concentrations 

of indoor environment. Health problems in occupants of the offices in comparison to 
shops and supermarkets were higher more prominent. Conclusion: The present work 

provides updated information on particulate mass and number concentrations and their 

sources in different indoor working environments and their effect. 
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INTRODUCTION 

 

 The last few decades have seen major changes in the home and work environments. Public concern over 

indoor air quality (IAQ) has increased dramatically in recent years, as hundreds of pollutants from various 

indoor and outdoor sources have been identified in indoor environments, depending on the operations and 

activities that occur within the environment [1]. These air pollutants have been associated with adverse health 

effects that have a significant socioeconomic impact [2]. Most of the people in India spend 80-90% of their time 

indoors, where exposure to majority of air pollutants is quite different from those of outdoors [3]. Therefore the 

understanding of how indoor air pollutants affect the human health is of great importance. Exposure to airborne 

particles and specifically to its fine fractions (PM2.5, PM with ≤2.5 µm in aerodynamic diameter) is of particular 

importance as these particles have a higher probability of penetration into the deeper parts of the respiratory 

tract including trachea, bronchi, bronchioles and alveoli, and also contain higher levels of trace elements and 

toxins [4]. Particles deposited in these areas are removed more slowly from the body and thus, have more 

opportunities to impair healthy cells and tissues [5]. These problems are intimately bound up with modern 

lifestyles and at the same time require the urgent attention and action of many different parts of society as huge 

commitments, which are currently being made for the future in the absence of a coherent urban environment 

policy framework [6]. Environmental awareness rises with the affluence of Indian people as more people are 

seeking higher living standards and a better living environment [7]. Thus the development of sound 

environmental policy requires both scientific information about the linkages between pollutant emissions and 

human health effects and value judgments about the importance of these effects relative to other social concerns. 

Thus detailed investigations of the size and number of particulate matter are important for elucidating the 

possible particulate toxicity. The present study aims at deriving the relationships between coarse and fine 

particles in offices and other commercial buildings of the city. The objective of this study will be to pinpoint the 

integrated actions essential to reduce the particulate pollution. This be implemented in other towns and cities of 

India where some type of situation occurs that can benefit health, quality of life and the economy. 
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MATERIALS AND METHODS 
 

Site Description: 

Agra, the city of Taj (27°10’N, 78°02’E) is located in the central part of northern India, about 204 km in 

south of Delhi in the Indian state of Uttar Pradesh. The city, situated on the west bank of the river Yamuna 169 

m above sea level, is known world over as home to a wonder of the world, the Taj Mahal. A part of the great 

northern Indian plains, Agra has a tropical climate. The climate during summer is hot and dry with the 

temperature ranging from 32°C to 48°C. In winter the temperature ranges from 3.5°C to 30.5°C. The downward 

wind is south-southeast 29% and northeast 6% of the time in summer, and it is west-northwest 9.4% and north-

northwest 11.8% of the time in winter. Agra has about 1,400,000 total population and the population density is 

about 19,246 persons per sq. km [8]. In the present study real time series data for mass and number of PM was 

monitored in an indoor environment of three different locations (two shops, two shopping malls or commercial 

buildings and two offices) in different regions of Agra city in an area of 10 km
2
 (Figure 1).  

  

Sample Collection: 

A campaign study was conducted from September to November 2011 to determine the mass and number 

concentration of PM10, PM5.0, PM2.5, PM1.0, PM0.5 & PM0.25 in indoors of three different microenvironments (i.e. 

Commercial centers, shops and offices) in different locations of Agra city. During the sampling duration 

parameters like temperature, humidity and air exchange rate were also measured on sampling site by using 

(YES- 205 & 206) Falcon indoor air quality monitor from (Young Environment Systems). Questionnaires were 

also made to fill by the occupants of different working environment to know the daily indoor activity pattern, 

along with the survey to know the sources responsible for the particulate emission and related health effects 

(Figure. 1). The questionnaire included daily time/activity diary to know about the different work characteristics 

and different activities carried in the indoor environment. The data on prevailing illness of the occupants were 

also investigated as mentioned in Table 2. Grimm 31-Channel Portable Aerosol Spectrometer model No.1.109 

was selected for monitoring at a flow rate of 1.2 L min ± 5% constant with controller for continuous 

measurement during the sampling period. Particles are collected close by the analyzer from a dedicated 5 cm 

long vertical sampling head (no sampling tubes and therefore no particle loss). The instrument works on dual 

technology i.e. the principle of scattering of light at 90° to give the real-time measurements and total particles 

can be collected on 47-mm PTFE filter paper for chemical analysis. Its real time measuring range is from 0.25 to 

32 mm in 31 channel sized, each unit is with NIST (National Institute of Standards and Technology) certified, 

monodisperse latex on the size of channels calibrated (www.GRIMM-aerosol.com). The sampling equipment 

was housed such that it was as compact as possible and positioned indoors to cause minimal intrusion to the 

occupants. The instrument was generally positioned in the center of the rooms where people spent most of their 

time. Inlet heads were positioned as close as possible to head height. The instrument was set to average the data 

over 15 minutes to reduce the response time and to enable the identification of individual sources. 

 

 
 

Fig. 1: Map of Agra city showing different sampling sites (Supermarkets, Shops and Offices). 

 

A total of 72 samples (36 for mass and 36 for number concentrations) were collected from all the sampling 

sites. This sampling time covered the activities for the entire day (i.e. Twenty four hours) in different working 

areas. It also accounted for the times when the traffic was low and high and also for the use of generators in case 

of power failures. The sampling equipment was placed in as compact manner as possible and was positioned 

indoors to cause minimal intrusion to the occupants. The instrument inlet heads were positioned as close as 

possible to head height. The instrument was set to average the data over 15 minutes to reduce the response time 

and to enable the identification of individual sources. Sampling equipment was alternatively positioned inside 

for sampling of the mass and number concentration (i.e. One day for mass concentration and another day for 

number concentration at each sampling site). Ideally to compare mass and number concentration in the indoor 

environment should be done simultaneously, but due to the lack of multiple samplers it was done alternately, 
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prior to sampling, deviations in daily concentrations of particulate matter of all sizes were determined for a 

week). A variation between 3% and 8% was observed in the mass and number concentration of PM when 

sampled continuously for one successive week in all the working microenvironment of the study. 

 

Results: 

Particulate Mass and Number Concentration: 

 A total of twelve samples per month (i.e. Six for mass concentration and six for number concentration) for 

PM10, PM5.0, PM2.5, PM1.0, PM0.5 & PM0.25 were collected from three different indoor microenvironments. 

Figure 2 a & b gives the statistical summary of particulate mass and number concentrations during the total 

sampling days. During the campaign study the mean PM10, PM5.0, PM2.5, PM1.0, PM0.5 & PM0.25 mass 

concentration and standard deviation (SD) was 324.17±46.70 µgm-
3
, 270.27±42.66 µgm

-3
, 223.41±48.19 µgm

-3
, 

137.47±23.43 µgm
-3

, 99.84±20.39 µgm
-3

 & 52.34±11.45 µgm
-3

 at supermarket sites, 324.57±47.13 µgm
-3

, 

271.30±40.63 µgm
-3

, 225.44±49.79 µgm
-3

, 137.89±23.86 µgm
-3

, 99.41±20.72 µgm
-3

 & 53.07±11.36 µgm-
3
 at 

shop sites and 327.00±47.03 µgm
-3

, 272.98±40.03 µgm
-3

,227.44±50.54 µgm
-3

, 139.17±23.75 µgm
-3

, 

101.33±20.75 µgm
-3

 & 56.13±11.58 µgm
-3

 at office sites.  

 

 
 

Fig. 2a and 2b:  Mass and number concentration of PM10, PM5.0, PM2.5, PM1.0, PM0.5 & PM0.2 at supermarkets, 

shops and offices from September 2011 to November 2011. 

 

 For number concentrations, mean PM10, PM5.0, PM2.5, PM1.0, PM0.5 & PM0.25 was 564050±91578.43 

Particles/L, 320394±39385.52 Particles/L, 193678±17880.25 Particles/L, 174101±23865 Particles/L, 

158428±29089.22 Particles/L & 73378±22638 Particles/L at supermarket sites, 589882±98489.67 Particles/L, 

349888±39072.42 Particles/L, 206648±25422.77 Particles/L, 181495±24131.06 Particles/L, 166050±28853.73 

Particles/L & 77619±22858.65 Particles/L at shop sites and 622352±77730.91 Particles/L, 352319±38052.23 

Particles/L, 232186±35323.51 Particles/L, 193769±28899.68 Particles/L, 178172±24245.03 Particles/L & 

85121±24879.46 Particles/L at office sites. 

 On comparing with the standards given by WHO guidelines (24 hours mean = 25 µgm
-3

, 50 µgm
-3

 for PM2.5 

and PM10), PM2.5 exceeded 9 times and PM10 exceeded 6.5 times in all the indoor microenvironment (i.e. 

supermarkets, shops and offices). On comparison with NAAQS standards (24 hours mean = 60 µgm
-3

, 100 µgm
-

3
 for PM2.5 and PM10), PM2.5 exceeded 3.7 times and PM10 exceeded 5.4 times at all the sites. PM concentrations 

were found in similar trend at the three types of the microenvironment. However, the mass and number 

concentration trends were comparatively higher for all the particle sizes in the offices followed by shops and 

supermarkets. The highest concentrations in the offices are due to particle resuspension from vacuum cleaning, 

sweeping, low air exchange rate or the movements of office workers [9]. PM concentrations are also greatly 

affected in the offices by the use of printers and multi-task devices [10]. During the campaign study a slight 

increase was noticeably in the PM concentrations during the month of October in comparison to September and 

November.  

 

Full Day Variation: 

 The average diurnal trend of particulate mass and number concentrations during the study period monitored 

continuously throughout the day and night in indoors at the supermarket, shop and office sites is given in figure 

3 A & B. Full-day variation means monitoring of particulate pollutant around the clock (24h), covers all the 

indoor activities taking place in a day. The highest mass and number concentration peaks are observed during 

the morning hours from 9:00 to 10:00 AM and late in the evening hours from 18:00 to 19:00 PM. These 

occurrence times of maximum concentrations of the particulate are due to re-suspension generated by traffic and 
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other human activities, as these sites are mostly adjacent to busy traffic roads of the city (Figure 1A). As a 

result, concentrations reaches maximum during the peak rush hours in the morning and evening [2). 

 

 
 

Fig. 3a and 3b: Full Day variation in particulate mass concentration (µgm
-3

) and number concentration 

(Particles/Litre) different indoor microenvironment at supermarkets, shops and offices.   

 

 Whereas, the low concentrations of all the particles are observed between the 3:00 to 4:00 AM early in the 

morning hours. While during the working hours low concentrations were reported between 14:00 to 15:00 PM 

late in the afternoon hours at all the sampling sites. The mass and number concentrations for all the particulate 

sizes showed the similar kind of trends in all the sampling sites during the sampling duration. As also shown in 

Table 1, in the offices the air exchange rate ranged between 2.86 to 2.14 h
-1

, in the shops it ranged from 4.86 to 

4.32 h
-1

 and in the supermarkets it ranged from 5.36 to 5.17 h
-1

 respectively. Thus indicating commercial centers 

have somewhat better indoor air quality in comparison to shops and offices. The temperature ranged from 

36.21°C to 28.67°C at different working environment, with an average 34.63°C at the supermarket, 35.86°C at 

shops and 30.96°C at offices due to air conditioning and  whereas the humidity ranged from 50.39% to 30.72%  

with an average of 49.31% at supermarkets, 58.76% at shops and  32.02% respectively. 

 

Discussion: 

Particulate concentrations and health effects: 

 Analyses of particle concentration data collected over the sampling duration in each supermarket, shops and 

offices and comparison of this data with the entries in the occupant diaries enabled the identification of various 

health effects. Epidemiological literature for acute and adverse effects to particulates (TSP, PM10 or smaller 

particles) has been studied by many scientists (1, 2 & 4). Committees of the Environmental and Occupational 

Health Assembly of the America in 1996 estimated these effects and found that an increase of PM10 by 10 µgm
-3

 

increases the mortality rate from 1% to 3.4%, aggravates asthma by 1.9% to 12.2%, increases hospital 

admissions by 1.9% and related respiratory problem from 0.7 to 3%. Data collected from the study indicated 

that health related problems like irritation of the eyes, headaches, coughing, cold, dizziness and asthma were the 

symptoms primarily caused by particulate pollution. In this study problems linked to particles like asthma or 

respiratory problem and cold and dizziness were more in common in the occupants of the offices in comparison 

to shops and supermarkets. It was found that the occupants of the offices with a mean concentration of coarse 

particles (i.e. PM10 to PM5.0) 308.45 µgm
-3

 and for fine particles (i.e. PM2.5 to PM0.25) 144.85 µgm
-3

 suffered 

from asthma or respiratory related problems and cold and dizziness. While in the shops and supermarkets where 

the mean concentration of coarse particle varied below from 256.02 µgm
-3

 to 205.39 µgm
-3

 with a difference of 

p 0.52 and p 0.40 and for fine particles varied below from 102.28 µgm
-3

 to 80.12 µgm
-3

 with a difference of p 

0.68 and p 0.40 the symptoms were less reported. The symptom like irritation of eyes was more reported by the 

occupants of the shops with concentration of 284.46 µgm
-3

 and for fine particles with concentration of 121.35 

µgm
-3

, whereas in the offices and shops this symptom was less reported by the occupants where the coarse 

particle varied below from 220.26 µgm
-3

 to 205.39 µgm
-3

 with a difference of p 0.45 and for fine particles varied 

below from 96.18 µgm
-3

 to 80.12 µgm
-3

 with a difference of p 0.52. Whereas symptoms like headache had little 

effect on the occupant’s health (Table 2). 
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Table 1: Statistical summary of temperature, humidity and air exchange rate during the sampling duration at different microenvironment. 

 
 
Table 2: Relationship of health effects and particulate levels. 

 
 

Conclusions: 

 The results of the particulate measurements and questionnaire study given here, gives an overview how 

adverse the condition may be in our working environment. We found that the air quality of the working sites is 

greatly affected by particulate pollutant especially by fine particles in the different working environment of 

offices, shops and supermarkets. Our measurements in comparison with NAAQS standards for PM2.5 exceeded 

3.7 times and for PM10 exceeded 5.4 times and in comparison with WHO standards exceeded 9 times for PM2.5 

times and 6.5 times for PM10 in all the microenvironments. The sources like smoking, incense burning, use of 

mechanical and electrical apparatus especially in the offices, resuspended dust and emissions from paints from 

wall, ceiling and furniture’s contributed to the indoor environment. This study concludes that there is a need to 

address the issue of fine particles and their related toxicity in different indoor micro environments. Therefore 

based on the results of this study, the PM especially the fine particles should be concerned in view of annual 

human exposure. In future a more detailed study of personal exposure, chemical characterization and model 

based exposure assessment is required to understand the human exposures and health risks.  

 The study also has its explainable limitations. For instance, monitoring period was limited due to 

availability of sites and permission for sampling. Further, this study makes a useful addition to the existing 

literature, in particular for a historical city like Agra, where such measurements are yet under–represented. 
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