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Abstract
In this study, the concentration of sub-micron particulate matter (PM) and its associated metals concentration have 
been discussed. Monitoring of sub-micron particulate matter has been made by using Leland legacy sample pump 
with five-stage Sioutas Cascade Impactor. Total, 150 samples from urban and sub urban areas of western part of India 
were analysed using ICP-OES. For PM1.0–2.5, PM0.50–1.0 and PM0.25–0.50 the average mass concentration ranged from 28.33 
to 38.86 µg m−3, 30.46 to 39.44 µg m−3, 25.43 to 46.30 µg m−3 for indoor environment, while outdoor environment con-
centrations ranged from 23.15 to 54.01 µg m−3, 22.38 to 36.20 µg m−3, 22.32 to 44.30 µg m−3, respectively. On the other 
hand, in sub urban area, the average mass concentrations ranged from 23.15 to 69.44 µg m−3, 27.72 to 51.73 µg m−3, 17.72 
to 54.01 µg m−3 for indoor environment, while for outdoor environment, the average mass concentrations ranged from 
30.86 to 77.16 µg m−3, 23.15 to 54.01 µg m−3, 24.25 to 46.30 µg m−3 for PM1.0–2.5, PM0.50–1.0 and PM0.25–0.50, respectively. 
Among all eight toxic metals, Al and Fe were found to be abundant. Human health risk factor also being calculated which 
showed that these metals were threat to human life. The sources of the sub-micron particulate matter associated metals 
in outdoor air were found to be the emissions from industries, vehicular activities, and dust from construction sites and 
in indoor it was mostly from cooking, cleaning and other human activities.
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1  Introduction

In air pollution research indoor air quality (IAQ) evaluated 
by particulate matter is one of the topics of the major 
concern [37]. Generally, most of the people spend their 
time in indoor environments (i.e. office, school, shop-
ping mall restaurants etc.) [9, 19]. For the health studies 
point of view, monitoring of particulate matter (PM) has 
been focused on concentration of fine fraction of PM [10, 
19]. Particles with aerodynamic diameters < 100–200 nm 
defined as airborne ultrafine particles and often related 
to adversarial health effects as they can penetrate deep 

into the lung tract and further transport to other parts of 
the body [7, 39, 41, 43, 44]. Primarily the two size mode 
Nucleation and Aitken are lowest size particle modes and 
are classified under the category of ultra-fine particles. The 
smallest Nucleation mode particles are the particles with 
aerodynamic diameter < 30 nm and designed from gas 
phase vapours through nucleation. Further the growth of 
nucleation mode also gives rise to Aitken mode particles. 
They are also generated by a variety of man-made sources 
and the size of these particles ranges in between 30 and 
100 nm [13] The Accumulation mode is the mode which 
gives rise to major sub-micron particles that are evolved 
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from Aitken mode being a key source with the help of two 
process i.e. coagulation and condensation.

Looking at the studies of indoor PM it has been identi-
fied that higher concentration of PM in indoor environ-
ment especially during domestic activities than outdoor 
environment [8, 18, 19]. Moreover, there are evidences of 
higher levels of PM as high as 300 µg m−3 reported when 
the sources like smoking found for at least half an hour 
until it completely burnt off. Further, the indoor aver-
age concentration of PM is also found to be exceeded 
to 20 µg m−3 for 24 h [19, 38]. The levels of PM not only 
depend on emission sources indoors but are also related 
to human activities such as cleaning, working, cooking etc. 
and it is also affected by the mere presence of the occu-
pants indoors [15, 19, 38]. The largest sub-micron parti-
cles efficiently infiltrate from outdoors to indoors, whereas 
lowest size ultrafine particles in the size range < 100 nm 
get disperse easily outdoors [41]. Though this scientific 
concept of ultrafine particles containing trace metals in 
outdoor air is impartially new, even though the studies 
on ultrafine particulate and its concentration are reported 
well [41].

Exposure to air pollution is considered to be the world’s 
largest environment health risk [17, 42, 45], it is globally 
accepted that smaller particles call for special attention 
from health point of view and thus should be specifically 
focused from an epidemiological context [29]. Information 
on pollutant load of size segregated study of particulate 
matter (PM2.5–1.0 and PM1.0–0.5) is still sparse. PM from these 
sources may contain hazardous metals and can have car-
cinogenic effects. The present study aimed to address the 
indoor outdoor concentration of three size sub-micron 
mode particulate matter and their associated toxic met-
als concentration. The findings of the study analysed the 
values of toxic metals concentration in different size of 
sub-micron PM in both indoor and outdoor environments. 
Moreover, this is the first time when sub-micron particles 
study has been conducted in the indoor and outdoor air 
of two different microenvironments. Thus the results of 
this study will give a better view of the air quality with 
reference to size resolved particulate concentrations at 
different microenvironment that could help the health 
officials and general public to gain insight the toxicity of 
metal bound particles with a better understanding to con-
trol them.

2 � Experimental methodology

2.1 � Study area

Mumbai which is the capital of Maharashtra state lies 
on the western coast (latitude 19°4′33.54″N & longitude 

72°52′39.56″E) of India. It is the most populous city of India 
and it covers a total area of 603 sq km. Number of plants 
(i.e., petrochemical, compost, and power plants) have been 
located at the south-eastern corner. It also has number of 
working industries such as dyeing, textile, pharmaceutical, 
paint and pigment and metal. (UN World Cities in 2016 
[21]). Samples were collected from the two locations at 
Mumbai which represented urban and suburban site of 
Mumbai. An urban location of sampling site was selected 
in the heart of the city i.e. Mumbai Central which faces 
the heavy traffic throughout the day and is densely popu-
lated whereas, a sub-urban site was selected far from the 
city and was typically located in the sub-urban of Mumbai 
named as Ulhasnagar about 55 km away from the urban 
site (Fig. 1). 

Simultaneous indoor–outdoor air samples were col-
lected from urban and sub urban locations of Mumbai for 
a duration of 6 months i.e., August 2016 to January 2017. 
Sampling was done once in week so there were total 150 
samples collected from both locations. Leland Legacy 
sample pump (SKC Cat. No. 100-3002; Inc. Eighty-Four 
PA USA) with five-stage Sioutas Cascade Impactor was 
used to collect PM in the size range of PM1.0–2.5, PM0.50–1.0 
and PM0.25–0.50 on 25 mm PTFE filter paper with pore size 
0.5 µm. The instrument was set at air flow rate of 9 l min−1 
for 24 h. All the filter papers before and after sampling 
were first conditioned by keeping them in desiccator 
which was equilibrated at temperature of 20–30 °C for 24 h 
and were weighed thrice on a six digits weighing balance 
(Contech, CAS 234) with the sensitivity of ± 0.2 mg having 
capacity of 230 g.

2.2 � Sampling analysis

After post weighing the exposed filter papers were trans-
ferred to a round bottom glass beaker for digestion. In 
each beaker, containing the filter papers, 5 ml concen-
trated HNO3 was added and then they were kept on hot 
plate for 90 min at 40–60 °C [22] and it was made sure 
that the beaker containing filter papers and HNO3 should 
not be dried up during the digestion processes due to 
the evaporation of nitric acid. As the digestion process 
got over all the samples were allowed to cool and the 
filtrate was then transferred to a 10 ml volumetric flask 
using 0.22 µm filter paper and volume is made up to 
10 ml using Millipore water. Blanks were also used dur-
ing the process and treated same like the test samples. 
Once all the samples were ready they were further ana-
lyzed for eight elements on Inductively Coupled Plasma 
Optical Emission Spectrometer (ICP-OES; ICAP 6300 
Duo). Stock solution having concentration of 1 mg ml−1 
(Make-Inorganic Ventures, USA) were used for calibration 
standards, after serial dilution. Millipore water was used 
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for dilution. 2% acidity using HNO3 was maintained in 
all the standards. 2% supra-pure nitric acid was used as 
calibration blank. Calibration standards i.e. one set of 
multi-element standard with eight elements and other 
with five elements, their concentration range (0.1, 0.2, 
0.5, 1, 5, 10 ppm) used for getting calibration curves. 
Table 1 shows the Quality control and quality assurance 
parameters of analysed elements with their minimum 
detection limit. About 10–12% samples were spiked with 
a known volume of metal species to check the recovery 
efficiency of the analysed metals and the results of the 
same were found to be more than 95% for all the metals. 
The results of recovery efficiency were found to be under 
2% (Table 1). Further to ensure the quality control the 
standard solution analysis was done at least ten times. 
The compendium of methods for the determination of 
inorganic compounds in ambient air were followed to 
do the calculation of the analysed metals concentration 
in air samples as reported by USEPA [40].

3 � Results and discussion

Table 2 depicts the average concentration of PM in both 
indoor and outdoor air home at urban and sub urban 
site for all three size of particles (i.e. PM1.0–2.5, PM0.50–1.0 
and PM0.25–0.50). The range of the particle concentrations 
at urban site in indoor air were 28.33 to 38.86 µg m−3, 
30.46 to 39.44 µg m−3, 25.43 to 46.30 µg m−3 for PM1.0–2.5, 

Fig. 1   Study area and selected sampling locations

Table 1   Quality assurance/
quality control values of ICP-
OES for the analysed metals

Metals Al Fe Zn Pb Cu Mn Cr Ni

Detection limit (mg l−1) 0.2 0.01 0.005 0.2 0.01 0.002 0.01 0.02
Accuracy (%) > 95 > 95 > 95 > 95 > 95 > 95 > 95 > 95
Precision (%) at 0.2 mg ml−1 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2

Table 2   Average concentration of  particulate matter three size in 
indoor and outdoor at urban and sub urban sites in µg m−3

Size Urban Suburban

Indoor Outdoor Indoor Outdoor

PM1.0–2.5 49.19 ± 1.23 56.08 ± 2.99 50.512 ± 7.38 58.19 ± 7.56
PM0.50–1.0 38.06 ± 0.94 49.14 ± 4.61 38.32 ± 4.54 45.47 ± 2.62
PM0.25–0.50 33.38 ± 1.42 40.83 ± 3.41 36.72 ± 4.91 38.10 ± 4.68
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PM0.50–1.0 and PM0.25–0.50 and at outdoor it ranged from 
23.15 to 54.01  µg  m−3, 22.38 to 36.20  µg  m−3, 22.32 
to 44.30 µg m−3 for PM1.0–2.5, PM0.50–1.0 and PM0.25–0.50 
respectively. Whereas, at sub-urban site it ranged from 
23.15 to 69.44 µg m−3, (PM1.0–2.5) 27.72 to 51.73 µg m−3 
(PM0.50–1.0), 17.72 to 54.01 µg m−3 (PM0.25–0.50) in indoor 
and at outdoor it ranged from 30.86 to 77.16 µg m−3, 
23.15 to 54.01 µg m−3, 24.25 to 46.30 µg m−3 for PM1.0–2.5; 
PM0.50–1.0 and PM0.25–0.50 respectively. The concentrations 
of particulate matter at sub-urban site were found to 
be higher than urban site apart from the concentration 
PM0.25–0.50. At urban site, the concentration of PM0.50–1.0 
and PM0.25–0.50 were found to be higher in indoors 
than outdoors. The probable reason for the varied 

concentration at these sites for individual particulate 
matter in indoor and outdoor may be the local emission 
sources which had been resulted into the enhanced con-
centration for individual particulate matter concentra-
tion. The Sum of the Total Particulate Matter (STPM) was 
103.10 µg m−3 and 108 µg m−3, while at sub urban site it 
was 113.05 µg m−3 and 123.58 µg m−3 in indoor and out-
door air, for PM1.0–2.5; PM0.50–1.0; PM0.25–0.50, respectively. 
The concentration of eight analysed elements has been 
presented in Fig. 2. Al and Fe were the two crustal met-
als which were dominated at both the sites in all three 
size PM. Further the most dominated trends of metal 
concentration for PM1.0–2.5; PM0.50–1.0; PM0.25–0.50, particu-
lates were Al > Fe > Zn > Pb > Cu > Mn > Cr > Ni in indoor 

Fig. 2   Metal concentration at 
urban and sub urban areas in 
µg m−3
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and outdoor air at both the location homes. Whereas the 
above trend was found to be varied for the concentra-
tion of Mn, Cr, and Ni. The percentage of Al and Fe were 
ranging from 35 to 43%; 38 to 51% and 41.22 to 43.87%; 
37 to 38% at urban site home for all the metals in indoor 
and outdoor, whereas at sub-urban homes it was 41 to 
46%; 33 to 42% and 41 to 47%; 34 to 38%. 

To study the relationship between indoor and outdoor 
pollutants, Indoor/outdoor (I/O) ratio and Indoor/out-
door correlation coefficient were calculated. The average 
values of I/O ratios and the correlation coefficient for the 
concentration of elements in three particles size matter 
are shown in Figs. 3 and 4. Furthermore, Paired-sample 
t-test was also applied in Indoor-outdoor concentration 
of metals to confirm whether the I/O ratios were signifi-
cantly higher or not. The range of the indoor/outdoor ratio 
for PM1.0–2.5, PM0.50–1.0, PM0.25–0.50 was 0.53 to 2.07 and for 
metal concentration it was 0.09 to 1.18 for urban and sub-
urban site. Further, from the table it can be observed that 

Al, Fe, Zn and Pb were the dominant elements in both 
indoor and outdoor air of all three particulate size matter 
at both the location homes. High indoor concentration 
of elements especially for Al, Fe, Zn and Pb in addition to 
those of other elements with the same origin such as Cu, 
Cr, Ni and Mn suggest high transport rates from outdoor 
to indoor environments for these elements. It was further 
confirmed from the significant correlation values (P < 0.05 
at 95% confidence interval) between indoor and outdoor 
concentrations and also by the results of the paired-sam-
ple t-test (P < 0.05).

3.1 � Source identification

Pearson correlation is a statistical tool used to determine 
relationships between metal concentrations of each par-
ticulate size. This technique can be used to hypothesize 
the probable sources on the assumption that two or 
more species correlate to each other either because of 

Fig. 3   Indoor/outdoor ratios of 
toxic metals at urban and sub 
urban sites

Fig. 4   Indoor/outdoor cor-
relation cofficient (R) of toxic 
metals at urban and sub urban 
sites
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a common source or because of the atmospheric condi-
tion. The Pearson correlations for metal concentration in 
each particulate size in indoor and outdoor air are shown 
in Table 3 for urban site and Table 4 for suburban site. 
From the table, strong correlation among all the met-
als in indoor air in PM1.0–2.5 as well as in outdoor except 
for Zn with Ni can be observed. The correlation among 
all the metals were highly significant (P > 0.01; P > 0.05). 
The probable source of these metals might be from re-
suspension of road dust [22] and further transported to 
indoors as the correlation and indoor/outdoor ratio for 
this size particulate matter was lesser than unity. The sig-
nificant correlation was also obtained among Cu, Ni, Pb, 
Zn and Al in indoor air in PM0.5–1.0 and Cr, Cu, Fe, Ni, Pb 
and Zn in PM0.25–0.5 in indoors. The probable reason for 
this correlation might be the generation of these metals 
from the household dust and cooking activities [28]. At 
outdoor, Fe, Ni, Zn, Al, and Mn were correlated to each 

other in PM0.5–1.0 and Cr, Cu, Ni, Fe, Zn, Al and Mn were 
correlated in PM0.25–0.5, the probable reason of this cor-
relation might be a common source of combustion from 
diesel vehicles [25].

At sub-urban site, the indoor/outdoor correlation of 
PM1.0–2.5 particulate matter showed the same pattern as 
that at urban site except Zn which does not showed cor-
relation with any metals in outdoor samples (Table 3). 
This correlation further classified the same source as at 
urban site i.e. re-suspension of road dust [30] and would 
be transported indoors from outdoors through infiltra-
tion. In PM0.5–0.25 and PM0.25–0.5, in indoors Cr, Cu, and Fe 
were correlated among themselves and this might be 
attributed to household dust emitted by walls, cleaning, 
cooking other human activities [11, 22, 23]. At outdoors 
in PM0.5–1.0 and PM0.25–0.50 Cr, Cu, Fe, Ni, Al and Mn were 
found to be correlated to each other significantly and 
might be attributable from the tyre of the vehicles which 
is considered as non-exhaustive traffic sources [1].

Table 3   Pearson correlation for 
metal concentration in three 
different particulate sizes at 
urban site indoor (upper half ) 
and outdoor (lower half ) in the 
table

*Correlation is significant at the 0.05 level (2-tailed)

**Correlation is significant at the 0.01 level (2-tailed)

Elements Cr Cu Fe Ni Pb Zn Al Mn

PM1.0–2.5

 Cr 0.939** 0.909** 0.908** 0.864** 0.619 0.888** 0.803**
 Cu 0.962** 0.823** 0.892** 0.752* 0.606 0.984** 0.672*
 Fe 0.914** 0.926** 0.843** 0.864** 0.762* 0.805** 0.842**
 Ni 0.961** 0.960** 0.947** 0.674* 0.46 0.876** 0.553
 Pb 0.539 0.552 0.777* 0.669* 0.839** 0.712* 0.936**
 Zn 0.743* 0.671* 0.837** 0.750* 0.801** 0.607 0.763*
 Al 0.929** 0.866** 0.939** 0.893** 0.661 0.910** 0.637
 Mn 0.916** 0.954** 0.973** 0.924** 0.690* 0.816** 0.930**

PM0.5–1.0

 Cr 0.493 0.889** 0.841** 0.517 0.980** 0.929** 0.891**
 Cu 0.384 0.758* 0.761* 0.523 0.347 0.504 0.640*
 Fe 0.463 0.803** 0.954** 0.358 0.845** 0.945** 0.984**
 Ni 0.262 0.894** 0.455 0.44 0.775** 0.877** 0.919**
 Pb 0.457 0.558 0.089 0.805** 0.359 0.208 0.223
 Zn 0.56 0.831** 0.431 0.935** 0.884** 0.946** 0.883**
 Al 0.572 0.691* 0.248 0.871** 0.953** 0.974** 0.983**
 Mn 0.387 0.739* 0.237 0.943** 0.939** 0.967** 0.974**

PM0.25–0.50

 Cr 0.860** 0.990** 0.979** 0.092 0.323 0.962** 0.780**
 Cu 0.998** 0.921** 0.870** − 0.31 − 0.006 0.769** 0.462
 Fe 0.994** 0.992** 0.979** − 0.017 0.274 0.940** 0.713*
 Ni 0.987** 0.991** 0.996** 0.158 0.387 0.898** 0.823**
 Pb 0.438 0.437 0.502 0.505 0.562 0.022 0.687*
 Zn 0.839** 0.851** 0.820** 0.821** 0.616 0.369 0.561
 Al 0.911** 0.895** 0.944** 0.931** 0.558 0.639* 0.683*
 Mn 0.316 0.323 0.365 0.374 0.965** 0.629 0.362
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3.2 � Enrichment factor (EF)

Enrichment factor which put forward by Rahn [34] is a 
method calculating the difference between the met-
als originating from human activities and those from 
natural provenance or the mixed source of the metals 
to estimating the anthropogenic impact on sediments 
[4, 5]. Atmospheric aerosol is often enriched by pollut-
ants originating from remote sources, but it can also be 
enriched locally by the material lifted up from the soil. 
Enrichment factors can be calculated by this formula:

where Cx and Cref are indicative to the concentration of 
metal and reference element in air and crust respectively. 
For current study, Al was chosen as the reference element. 
The sum of the concentrations of the rare-earth elements 
was also suggested as a suitable reference quantity [19, 

EF =
(Cx/Cref )sample

(Cx/Cref )crust

39]. By definition, the enrichment factor closes to unity 
(EF = 1) indicates, that the element considered did origi-
nated from the soil [39]. The present study discusses the 
factors affecting the uncertainty of assessing the origins of 
metals accumulated in air and soil, when EF < 10. If EF > 1 
indicated the remote sources, while the linear correlations 
most probably indicated these metals originated only 
from the local soil.

At urban site the values of EF ranged from 0.15 to 650 
in indoor and outdoor whereas at suburban site it was 
found to be 0.12 to 864 for both indoor and outdoor 
for PM1, PM0.5 and PM0.25 respectively (Table  5). Five 
contamination categories are generally recognized on 
the basis of the enrichment factors EF < 2, depletion to 
mineral enrichment; 2 ≤ EF < 5 moderate in enrichment; 
5 ≤ EF < 20 significant enrichment; 20 ≤ EF < 40-very high 
enrichment; EF > 40-extremely high enrichment. In the 
present study the trend of elements for EF values were 
Mn < Al < Fe < Ni < Cr < Cu < Zn < Pb at urban site whereas 
at sub-urban site it was Mn < Al < Fe < Cr < Ni < Cu < Zn < 

Table 4   Pearson correlation for 
metal concentration in three 
different particulate sizes at 
sub-urban site indoor (upper 
half ) and outdoor (lower 
half ) in the table

*Correlation is significant at the 0.05 level (2-tailed)

**Correlation is significant at the 0.01 level (2-tailed)

Elements Cr Cu Fe Ni Pb Zn Al Mn

PM1.0–2.5

 Cr 0.916** 0.932** 0.984** 0.705 0.188 0.872** 0.896**
 Cu 0.968** 0.824* 0.917** 0.591 0.138 0.913** 0.733*
 Fe 0.900** 0.905** 0.935** 0.707* 0.241 0.816* 0.893**
 Ni 0.947** 0.926** 0.959** 0.799* 0.117 0.904** 0.983**
 Pb 0.823* 0.808* 0.970** 0.894** 0.577 0.751* 0.842**
 Zn 0.921** 0.887** 0.981** 0.955** 0.976** 0.092 0.15
 Al 0.838** 0.786* 0.952** 0.910** 0.985** 0.980** 0.866**
 Mn 0.960** 0.986** 0.955** 0.943** 0.886** 0.939** 0.857**

PM0.5–1.0

 Cr 0.796* 0.727* 0.805* 0.437 0.387 0.784* 0.603
 Cu 0.866** 0.904** 0.655 0.536 0.014 0.850** 0.878**
 Fe 0.898** 0.579 0.373 0.796* 0.167 0.629 0.966**
 Ni 0.531 0.857** 0.186 0.013 0.151 0.795* 0.292
 Pb 0.796* 0.565 0.826* 0.235 0.559 0.242 0.7
 Zn 0.279 0.45 − 0.03 0.394 0.069 0.101 − 0.07
 Al 0.869** 0.906** 0.654 0.763* 0.777* 0.428 0.539
 Mn 0.939** 0.673 0.988** 0.291 0.784* 0.04 0.695

PM0.25–0.50

 Cr 0.945** 0.756* 0.811* − 0.011 0.253 0.65 0.585
 Cu 0.919** 0.668 0.902** 0.033 0.228 0.794* 0.574
 Fe 0.755* 0.657 0.54 0.562 0.785* 0.696 0.906**
 Ni 0.539 0.541 0.354 0.12 0.251 0.815* 0.602
 Pb − 0.066 − 0.015 0.494 0.171 0.948** 0.559 0.788*
 Zn 0.225 0.195 0.763* 0.157 0.925** 0.622 0.911**
 Al 0.188 0.412 0.083 0.502 0.334 0.178 0.826*
 Mn 0.366 0.571 0.417 0.677* 0.606 0.517 0.825**
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Pb. Mn < Al was depletion in metals; Fe, Cr was moder-
ate; Cr, Ni was very high; Cu, Zn, Pb was extremely high 
at both sampling site (urban and sub-urban site). High-
est value of six heavy metals (Al, Fe, Pb, Cu, Cr, Ni) were 
found at urban site whereas two metals (Zn and Cu) were 
found to be higher at Sub-urban site. Overall the results 
showed that Fe, Mn was crustal originated Cr, Ni was 
moderately enriched whereas Zn, Pb and Cu was highly 
enriched which has anthropogenic sources for all size 
fraction at both the sampling locations and these results 
were found to be in agreement with some of the recent 
studies carried out in India and other parts of the world 
[6, 24, 33]. Further the above trends were also correlated 
well with the sources which were discussed through the 
inter correlation of the metals and concluded that all the 
metals at these sites were had their sources in indoors 
as well as outdoors.

3.3 � Excess cancer risk (ECR) assessment

ECR is predictable to find out the possibility of mounting 
cancer over a life time in human being, ECR is considered 
by using the given formula [14]

where c = pollutant’s concentration (µg m−3), IUR = the 
inhalation unit risk (µg m−3), AT = the average time for car-
cinogens (70 year × 365 days year−1 × 24 h day−1), ET = the 
exposure time which was 24 h day−1.

Carcinogens are pain-staking non-threshold, sense 
exposure of any number of carcinogens will cause cancer 
and the secure quantity of carcinogen is “Zero”. The data 
of carcinogens types and the IUR of metals is taken from 
the USEPA data base for IRIS (Integrated information risk 
system) [20]. If the range of risk assessment falls between 

(1)ECR =
c × ET × EF × ED × IUR

AT

Table 5   Enrichment factor of 
urban site and sub-urban of 
metals in indoor and outdoor 
air µg m−3

Metals PM1.0–2.5 PM0.50–1.0 PM0.25–0.50

Urban
 Al 1 1 1 1 1 1
 Fe 2.25 2.1 1.74 2.12 2.43 2.4
 Zn 372 2.98 250 337 316 514
 Pb 650 428.5 190.4 322.7 327.8 370
 Cu 188 111.1 115 355.5 300 345.6
 Mn 0.27 0.23 0.15 0.47 0.23 0.29
 Cr 35 35.5 20 1.03 28.6 30.8
 Ni 39 25 35 37.5 49.18 55.5

Sub-urban
 Al 1 1 1 1 1 1
 Fe 2.05 1.86 2.33 2.38 1.93 1.9
 Zn 329.4 428.9 427 423 473 392
 Pb 523.2 404.5 641 570 864 672
 Cu 232.5 220.5 128 526.3 148 168
 Mn 0.17 0.21 0.18 0.51 0.18 0.12
 Cr 29.06 18.3 32 21.9 27.7 21
 Ni 34.08 29.4 32 26.3 30.8 25.2

Table 6   ECR values of metals 
for indoor and outdoor at 
urban and sub-urban sites

Metals PM1.0–2.5 PM0.5–1.0 PM0.25–0.50

In Out In Out In Out

Urban site
 Pb 3.93E−7 4.76E−7 1.73E−7 2.36E−7 1.57E−7 2.36E−7
 Cr 4.33E−5 7.89E−5 5.03E−5 3.94E−5 2.36E−5 3.94E−5
 Ni 4.73E−7 6.31E−7 5.52E−7 7.01E−7 4.73E−7 7.10E−7

Sub-urban site
 Pb 3.55E−7 4.33E−7 3.94E−7 5.12E−7 5.68E−7 6.31E−7
 Cr 4.73E−5 3.94E−5 3.93E−5 7.94E−5 3.55E−5 3.94E−5
 Ni 4.73E−7 6.31E−7 5.52E−7 4.73E−7 4.71E−7 7.10E−7
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10−6 and 10−4, contamination does not make carcinogenic 
risk [14]. ECR of metals was calculated by using Eq. (1) and 
outcomes are shown in Table 6. Three metals including 
Cr(VI), Ni and Pb are known carcinogens through inhala-
tion pathway.

Table 6 shows the Pb value for PM1.0–2.5 was quite higher 
at urban site for both Indoor and outdoor compare to sub-
urban sampling site while for PM0.5–1.0 and PM0.25–0.50 the 
trend followed as urban to sub-urban sampling site. Fur-
ther Cr value for PM1–2.5 and PM0.25–0.50 were found to be 
higher at indoor in sub-urban site in comparison to urban 
sampling site (4.73E−05, 3.55E−5) respectively whereas in 
PM1–2.5 concentration of Pb was elevated in urban site at 
outdoor (7.89E−5). Concentration of Cr was found higher 
in indoor for PM0.5–1.0 at urban site (5.03E−5) while it was 
higher at outdoor in sub-urban site (7.94E−5). Ni value for 
PM1.0–2.5 and PM0.25–0.50 found similar at urban and sub-
urban sampling site but PM0.5–1.0 was found quite higher 
at outdoor (7.01E−7) in urban site comparing to sub-urban 
site (4.73E−7). Total average concentration of metals ECR 
value for PM1.0–2.5, PM0.5–1.0, PM0.25–0.50 were followed the 
trends as Cr > Ni > Pb at both sampling site urban and sub 
urban. From Table 6 it can also be seen that the values of 
ECR were found to be higher for outdoor in comparison 
to indoor at both the location, Further the similar trends 
of the ECR values were also observed in some other latest 
study carried out in India and also in the largest city in 
Korea [12, 16, 35]. Moreover calculated values were within 
the receivable range but it can be threat to human health.

3.4 � Literature comparison

Knowing the fact that the concentration of particulate 
matter varies significantly, it is because of the sampling 
artefact, emission sources as well as the degree of impact 
of these sources at the studying area. Nevertheless the 
comparison is of great use for knowing the levels of pol-
lution in different parts of world and to also compiling the 

data set obtained in the different parts of the world. Thus 
to compare the data collected in this part of India, studies 
conducted for PM1.0 and PM0.25 particulate matter in India 
and other parts of the world were taken into account. Fig-
ure 5 showed the comparison in PM0.25–0.5 whereas Fig. 6 
captured the concentration of heavy metals analysed in 
PM1.0–0.25 sample. As it has been mentioned in the begin-
ning that this is the first time in India when the sampling 
of sub-micron particles has been conducted in indoor and 
outdoor air, therefore this data has been compared with 
available study for PM0.25 and PM1.0 whereas PM0.5 studies 
are not much conducted and are not in the knowledge 
of the authors. One of the studies in PM0.25 which has 
been used to compare the heavy metals concentration 
in indoors and outdoors air with our study also reports 
the data from the School of Barcelona. On comparing our 
PM0.25–0.5 results with study conducted in Indoor and out-
door air in Barcelona School and with the outdoor study 
conducted by Saffari et al. [36] at Long Beach, Los Angeles, 
Riverside and Lancaster. The metal concentration levels of 
Al and Fe at urban site were found to be six times higher 
from the concentration levels found in Barcelona and they 
were two times from the study conducted in Los Ange-
les in outdoors by Saffari et al. [36]. There are total eight 
studies used to compare the results of PM1.0–2.5 metals 
concentration including India (Fig. 5). The concentration 
of Fe, Zn, Pb, Cu, Cr, and Ni were all found to be higher in 
comparison to other studies conducted in Kanpur India, 
Barcelona Spain, Tito Italy, Turkey Istanbul, Whyalla & New 
South wales Australia and Ulsan South Korea. Further the 
results of the present study were also compared with the 
permissible limit of each compound proposed by USEPA, 
NIOSH and OSHA. The concentration of Al, Fe, Zn, Mn in 
PM0.25–0.5, and PM1.0–2.5 in indoor and outdoor were not 
exceeded more than the permissible limit levels. Ni and 
Cr are the two elements comes under the carcinogenic 
category and in the present study the outdoor concen-
tration of Cr at both the locations were very close to the 

Fig. 5   Comparison analysis 
of average mass concentra-
tion of trace metals obtained 
in PM0.25–0.5. Long Beach; Los 
Angeles and Riverside [36]; 
Barcelona [41]; measurements 
have been taken inside and 
outside of the school
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permissible limit whereas in indoor it was found to be 
exceeded ten times more than the prescribed permissi-
ble levels of Cr. The Ni concentration was also more than 
ten times higher in indoor and outdoor air of the homes 
than the prescribed permissible levels of Ni for ambient 
air concentration.

The overall comparison of our metals concentration 
and the comparison of the permissible limit indicate that 
concentration of heavy metals found to be associated 
with sub-micron particles in indoor and outdoor air of 
the homes at two locations in Mumbai, India is poor while 
compared to the studies reported from different parts of 
the world. This also gives an indication of the large emis-
sion sources from uncontrolled industrialization, increased 
vehicular population as well as from the other anthropo-
genic activities.

4 � Conclusion

In the present study, the influence of metals were more 
favourable at sub urban site as compared to urban site. 
The reason for the same is due to rise in many small 
industries at sub-urban sites. Al, Fe, Zn and Pb were the 
dominant elements in both indoor and outdoor air. ECR 
showed high levels of Pb for PM1.0–2.5 in both indoor and 
outdoor atmosphere at urban site which can cause lead 
poisoning or Pb causing diseases. It stated that Pb was 
more common and it occurred mostly in PM1.0–2.5. From 
the literature comparison, it can be seen that Ni and Cr 
meeting the permissible limit which are carcinogenic or 
toxic to human health. Study of different particulate sizes 
gave a clear picture of sub-micron particles get entry into 
respiratory tract and its ill-effects on health. This study is 

not enough to detect the presence of toxic metals, their 
size (as smaller the size more is the impact) and sources 
but it requires more detailed sources which contributes to 
ambient air and thereafter affecting the environment and 
human health. Furthermore, study of more fine particulate 
matter in indoor and outdoor environments are expected 
which will enhance the researchers to look after the ill-
effects of these particulate matter in near future.
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