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PM1 AS TOXIC AIR POLLUTANT: A REVIEW
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Abstract: Particulate matter (PM) is one of the most common air pollution entities and is known to have significant
impacts on environment and human health. PM exposure is commonly monitored as mass concentration of PM 10 or
PM2.5, although increasing toxicity with decreasing aerodynamic diameter has been reported. Particulate matter whose
aerodynamic diameter is less than1µm is called PM1 (submicron particulate matter). Up till now, there is huge number
of investigations performed to evaluate mass concentrations and chemical profiles of ambient PM2.5/PM10 particles.
There are only few reports on source apportionment studies of PM 1. Data on levels and speciation of PM1 all over the
world is very scarce. Ambient air monitoring needs to be supplemented by studies to quantify the contribution made
by different sources and to assess the impacts on damage cost (including public health consequences) in order to
prioritize the cost-effective interventions. Present review highlights mass concentration of PM 1 with their possible
sources, signifying the need for establishing standards for PM 1.

Index terms: Aerosol, PM1, PAH, Source apportionment, Water soluble inorganic ions.

I. INTRODUCTION
Ambient aerosol is a suspension of a complex mixture of liquid and solid particles in air that vary greatly in size,
composition and concentration, depending on the diverse sources generating the particles, atmospheric processes and
factors such as geographic location, season, day and time of day (Tippayawong et al., 2006). The effects of aerosols
on the atmosphere, climate, and public health are among the central topics in current environmental research.
Moreover, airborne particles play an important role in the spreading of biological organisms, reproductive materials,
and pathogens like pollen, bacteria, spores, viruses, etc., and can cause or enhance respiratory, cardiovascular,
infectious, and allergic diseases ( Finlayson and Pitts, 2000., Bernstein et al., 2009., Hinds, 1999 ). Many researchers
have demonstrated the usefulness of separating the particles in at least three or four categories on the basis of their
mean size: coarse (PM10), fine (PM2.5), submicron (PM1.0) and ultrafine (PM0.1) (Casale et al., 2009). PM can be
classified as PM10, PM2.5 and PM1 by size with mass median aerodynamic diameter less than 10 μm, 2.5 μm and 1 μm
respectively. Size of particles is directly linked to their potential for causing health problems, research evidences that
particle size is an important factor which influences how particles deposits in the respiratory tract and affect human
health (Anderson et al.,2005., Davidson et al., 2005.,Donaldson et al.,2005a.,Englert.,2004.,Graff et al.,2009).
“Inhalable coarse particles” larger than 2.5 micrometers and smaller than 10 micrometers in diameter (PM 10), such as
those found near roadways and dusty industries are deposited almost exclusively in the nose and throat. Coarse
fraction usually remains in upper airways but finer fraction like PM 1 is able to penetrate deep into the human
respiratory system. It is reported that fine particles (PM2.5 and PM1) do more harm to human health than the coarse
PM. The reason being, fine particles are toxic in nature and they carry reactants and harmful substances
(Srimuruganandam and Nagendra, 2010). PM1 induces cytokine production and lipid peroxidation of human bronchial
epithelial cells (Huang et al., 2003). Chemically PM is a complex mixture of organic and inorganic, volatile and
involatile, water soluble and insoluble matter possessing a range of morphological, chemical, physical and
thermodynamic properties (Bulpitt and Price, 2006). PM1 particles may be primary (such as diesel soot), or secondary
formed from gaseous precursors by nucleation or by condensation on existing particles (Perez et al., 2008). Most
anthropogenic pollution sources are combustion-related and generate particles with diameters < 1 μm (Jamriska and
Morawska, 2000). Coal and oil combustion facilities produce fine particles in the submicron size range enriched by
heavy metals (Jang et al., 2007). PM1 represent most particle matter that is dispersed in urban environments in terms
of particle number concentrations (Nazaroff et al., 1990). The lifetime of coarse particles is short and it decreases with
the increasing size of particles (Morwaska et al., 1998).
II. OVERLOOKED PM1
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Several studies (Vallius et al. 2000; Cabada et al. 2004) have indicated that major components of PM 1 and PM2.5
originate from the same sources, and those investigations of PM 1 yield little new information when compared with
what is obtained from studies of PM2.5. On the other hand one could argue that PM1 may be a better indicator of
anthropogenic sources than PM2.5, because natural sources have less of an impact on the smaller sized particles than
pollution emissions (Lundgren et al., 1996; Lee et al., 2006). Recent studies carried out at different urban areas like at
Kaohsiung city led to the conclusion that combustion emissions and the formation of secondary aerosols were the most
important sources for ambient PM1(Lin 2002; Lin and Lee ,2004). Study carried out at Kanpur concluded that
Secondary sources and vehicular emissions were the two main sources contributing to PM 1 mass with minor
contributions from paved road dust and coal combustion sources. In Phoenix, Arizona, USA, emphasized that PM1.0
was a better indicator for a roadside microenvironment than PM 2.5, because, compared with PM2.5 and PM10, it
minimized interference from natural sources. (Lundgren et al, 1996) Another study conducted at Hong Kong also
supports the above (Lee et al, 2004).
For the purposes of monitoring and regulating, there are two commonly used particle metrics — PM10 and PM2.5. Mass
measurement of ambient PM10 and PM2.5 size fractions is a rather well established technique. Unavailability of
instrument for collecting PM1 could be the reason for insufficient data leading to pending standard regulation. Earlier
study trends of particles were more concentrated on coarse and fine size ranges although now days submicron particle
size is the centre of study as smaller the particle, more harm it may cause as it easily penetrates deep into lungs.
Therefore, there is growing interest in measuring PM1.
Table 1, PM1 Mass Concentration Measured at Different Locations
Sr.No

Country

1

Kanpur,India

2
3

Durg, India
Milan, Italy

4
5

Genova, Itly
Taipei

6
7
8

Hong Kong
Kaohsiung, Taiwan
Tehran, Iran

9
10

Helsinki, Finland
Italian towns (Milan, Genoa, and
Florence

11
12
13
14
15
16

Xi china
Melpitz, Europe
Austria
Xi’an, Northwest China
Tito Scalo — Southern Italy
Greece

17
18
19

Hong Kong
Barcelona (Spain)
Nagpur (India)
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PM1 Concentration (µg/m3)
Mean
Monsoon
30.1
Post Monsoon
63.8
Winter
199.0
Pre Summer
77.1
Summer
142.3
64.7
Summer
16.4
Winter
41.0
22
14
37.6
35.9
52
Winter
53.7
Summer
15.70
4.1
Winter – Milan
48.8
Winter – Florence 25.3
Winter – Genoa
11.5
Summer- Milan
19.4
Summer- Florence 11.8
Summer- Genoa
17.4
127.3
12.5
16
149.7
8
Urban
20.1
Suburban
18.5
Natural background 10.3
44.5
19
Industrial site
53.3
General site
Traffic site
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An ambient air quality standard for PM2.5 has been implemented recently in some countries. In 2006, the United States
Environment Protection Agency (U.S. EPA) executed the 24-hour PM2.5 standard 35 ug/m3. Mass concentration of
PM1 measured at China, India, Iran, Taiwan, Hong Kong and Italian towns were higher. If comparing PM2.5 standard
with PM1, it surpass the limitation. Within the Asia-Pacific region, Hong Kong’s PM2.5 standard, as outlined by the
new Air Quality Objectives, is the most lax, more lax than even India’s own PM 2.5 standard.
Table 2. PM2.5 Standard
Country/City
Bangladesh
Hong kong
India
Mongolia
Pakistan
Singapore
Sri Lanka

PM2.5 Standard
(24 hourly)
65
75
60
50
35
35
50

III. Chemical composition of Submicron particulate matter (PM 1)
Knowledge of the chemical composition of atmospheric aerosol is important to assess its impact on the environment
and health. PM1 has been characterized for metals, ions, organic carbon (OC) and elemental carbon (EC). It was
reported that PM2.5 usually contains a substantial amount of particles usually less than 1 µm in diameter e.g., soot and
sulfur particles (Liu et al., 2004). It has been known that OC and EC particles exist mainly in aerodynamic particle
diameters of 0.1 to 1 µm (Kleeman et al., 2000; Funasaka et al., 2000). Organic material, habitually referred to as
organic aerosol (OA), often represents more than half of the mass for submicron particles (Jimenez et al., 2009). A
substantial fraction of that is secondary OA (SOA) which is formed from chemical reactions of gaseous compounds
Zhang et al., 2007a, Zhang et al., 2007, Kanakidou et al., 2005, Jimenez et al., 2009). Tobacco smoke and
atmospheric transformation products of SO2, NO2, and organics (including biogenic organics) are also mostly in the
0.1-1.0 µm aerodynamic diameter range. The chemical composition tends to be sulfates, acids, metal salts, and carbon.
Results from recent studies have shown that water soluble inorganic ions and carbonaceous aerosol were the major
component of PM1. In submicron fraction, water soluble anions contribute a significant portion to the overall PM 1
mass (Pérez et al., 2008). Ionic species and carbonaceous aerosol were dominant of PM 1, which attributed 46.0% and
27.5% to the total particle mass (Lee and Hopke, 2006, Shen et al.,2010 ). PM 1 and PM2.5 measurements at roadside in
Hongkong showed that carbonaceous aerosols were major components in fine particles, constituting 45.7% of PM 1 and
44.4% of PM2.5 (Lee et al., 2006). Water soluble inorganic anions contributed to almost 35–40% of overall PM1 mass
and among those anions nitrate and sulfate were the two most predominant species (Chakraborty and Gupta, 2010). In
Leipzing PM1 contributes 55% of water soluble ions. Most of the PM 2.5 mass is PM1 (Spindler et al., 2012). Study
carried out in Durg, India also pointed out that out of the total aerosol mass, water soluble constituents contributed an
average of 16.98% (11.14% anions, 5.85% cations) in PM 1 Dhananjay et al.,2011). Also study carried out in Nagpur,
India water-soluble inorganic ions were dominant chemical species and occupied to 32.5% of PM 1 mass. NH4+, SO42and NO3- were the major species of ionic compounds, which accounted for 88.6％ of total ions concentration. Metals
occupied 7.8 % of PM1 mass (Talwar and Bharati). Regarding carbon profiles it was observed that mass fractions of
total carbon inPM1 were 58%, in general station and 74%, in the traffic station, respectively (Li and Lin, 2002). The
PM1 fraction mainly comprises OM+EC (45%) with an important fraction of secondary inorganic aerosols (mostly
ammonium nitrate and sulphate which were 31% (Pe´ rez et al., 2008,). EC, OM (organic matter), and SO42- were the
dominant components, accounting for 36%, 26%, and 24% of PM 1 respectively (Cheng et al., 2011). PAH with the
highest molecular weights are associated with the finest particles, so PM 2.5 and (mainly) PM1 inlets should be used
more frequently (Daban et al., 2005) Crustal elements like Fe, Ca, and Mg also found to be present in higher
concentration even in the submicron fraction. (Wang et al., 2006; Srivastava et al., 2008; Balakrishna and Pervez,
2009).
IV. SOURCES OF PM1
If the sources are known and detailed information on source profiles is available, Chemical Mass Balance (CMB)
models can be applied, whereas in case the sources are unknown and there is limited information on source profiles,
Principal Component Analysis (PCA) and Positive Matrix Factorization (PMF), UNMIX model methods are preferred
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Table 3.SOURCE APPORTIONMENT STUDIES ON PM1
Source Apportionment Studies
Kanpur, India

Durg, India
Tito Scalo—Southern Italy
Hong Kong
Xi’an China
Itly

Identified Sources
Road dust,
Vehicular emission, Coal
Combustion, and Secondary
sources.
Anthropogenic
Origins and Natural origins.
Industrial emissions, Traffic and
Re-suspension of soil dust.
Vehicle exhaust, Secondary
aerosols, and Waste
incinerator/biomass burning
Secondary
aerosol and Combustion emissions
Mineral dust, Oil
combustion/secondary
sulphate and Mixed combustion

Receptor Model
EPA UNMIX
PCA
PCA
PMF

PMF
PMF

Above apportionment results will be useful to the local authorities to regulate ambient air particulate matter for
governing PM1 standards, aiming to
 Indicate the levels of air quality necessary with an adequate margin of safety to protect the public health and
vegetation.
 Assist in establishing priorities for abatement and control of pollutant level.
 Provide uniform yardstick for assessing air quality at national level and
 To indicate the need and extent of monitoring programme.

V. CONCLUSION
A significant number of health problems related to atmospheric aerosols is due to particles having diameters less than
1.0 μm, because these particles can penetrate deep into the respiratory system. If comparing PM2.5 standard with PM1,
it surpass the limitation. Previous researchers found that PM2.5 data were hard to interpret, because they include
particles from both mechanical processes and from combustion. PM1 measurements, however, could be used to
distinguish between particles from combustion processes distinct from mechanically generated particles.
In order to design effective programmes and strategies for reduction of PM 1 concentration in the ambient air, it is
necessary to have information about the sources and their respective contributions. Monitoring technologies are now
available that can measure PM1. . Results from recent studies supported the findings that combustion sources and
secondary aerosols played major roles in the formation of ambient submicron (PM 1) aerosol particles in the urban
areas. Further research on the PAH, Water soluble organic component and metals in urban area needs to be carried out.

REFERENCES
[1]

Anderson, H.R., Atkinson, R.W., Peacock, J.L., Sweeting, M. J. and Marston, L. (2005).
Ambient Particulate Matter and Health Effects: Publication Bias in Studies of Short-Term
Associations. Epidemiology 16: 155-163.
[2] Bernstein, J. A., Alexis, N., Barnes, C., Bernstein, I. L., Nel, A.,. Peden, D., Diaz-Sanchez, D
S., Tarlo, M., Williams, P. B., Allergy Clin, J.( 2004) Immunol. 114, 1116.
[3] Bulpitt, S. and
Price M. (2006). The Composition of PM10 as collected by a Conventional
TEOM, a Modified TEOM and a Partisol Gravimetric Monitor at a Kerbside Site in the North
East of England. , Environmental Monitoring and Assessment Volume 121: 1(3) 477-487.
[4] Srimuruganandam, B and Shiva Nagendra, S.M.( 2010).
Influence of Heterogeneous Traffic
on
the
Roadside
Fine
(PM2.5
and
PM1)
and
Coarse
(PM10)
Particulate
Matter
Concentrations
in
Chennai
City,
India.
World
Academy
of
Science,
Engineering
and
Technology 66
[5] Casale, F., Burdino, E.
G.,
Davide A. Vignati, L.,
Ferretti, C.and
Ugazio, G. (2009).
Monitoring of Submicron Particulate Matter Concentrations in the Air of Turin City, Italy.
Influence of Traffic-limitations. Water, air, and soil pollution, 141-148.

JETIR18IC134

Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org

760

© 2018 JETIR May 2018, Volume 5, Issue 5

www.jetir.org (ISSN-2349-5162)

[6]

Chakraborty, A.and Gupta T .(2010). Chemical Characterization and Source Apportionment
of Submicron (PM1) Aerosol in Kanpur Region, India Aerosol and Air Quality Research, 10:
433–445,
[7] Davidson, C.I., Phalen R.F. and Solomon P.A. (2005). Airborne Particulate Matter and
Human Health: A Review. Aerosol Science and Technology 39, 737-749.
[8] Deshmukh, D.K., Deb, M. K., Tsai, Y. I., and Mkoma, S. L. (2011).Water Soluble Ions in
PM2.5 and PM1 Aerosols in Durg City, Chhattisgarh, India.
Aerosol and Air Quality
Research, 11: 696–708.
[9] Donaldson, K., Mills N., MacNee W., Robinson S., and Newby D. (2005a). Role of
inflammation in cardiopulmonary health effects of PM. Toxicol. Appl. Pharmacol. 207 :( 2),
483-488.
[10]
Daban,
G.A.,Fernandez,
A.J.,
Rodriguez,T.
and
Alvarez,F.(2005).
Particle-size
distribution
of
polycyclic
aromatic
hydrocarbons
in
urban
air
in
southern
Spain.
Analytical
and
Bioanalytical Chemistry. 381, 721-736
[11] Englert, N. (2004).
Fine particles and human health - a review of epidemiological studies,
Toxicol. Lett. 149: 235-242.
[12] Finlayson-Pitts, B. J. and Pitts, J., N. (2000). Chemistry of the Upper and Lower
Atmosphere, Academic Press, San Diego.
[13] Graff, D.W., Cascio, W.E., Rappold A., Zhou H., Huang, C.T. and Devlin R.B.(2009).
Exposure to concentrated coarse air pollution particles causes mild cardiopolmunary effects
in healthy young adults. Environ. Health Persp. 117 :( 7), 1089-1094.
[14] Hinds, W. C. (1999). Aerosol Technology, Wiley, New York,.
[15] Huang, S. L., Miao,-K. H. and Chan, C.C.(2003 ). Effects of Submicrometer Particle
Compositions
on
Cytokine
Production
and
Lipid
Peroxidation
of
Human
Bronchial
Epithelial Cells. Environ Health Perspect. 111(4): 478–482.
[16] Jamriska, M. and Morawska, L. (2000). The effect of surface deposition, coagulation and ventilation on
submicrometer particles indoors. Clean Air and Environment Conference Sydney, Australia, 26-30.
[17] Jang, H.N., Seo, Y.C., Lee, J.H., Hwang, K.W., Yoo, J.I., Sok, C.H. and Kim, S.H. (2007).
Formation
of
Fine
Particles
Enriched
by
V
and
Ni
from
Heavy
Oil
Combustion:
Anthropogenic
Sources
and
Drop-Tube
Furnace
Experiments.
Atmos.
Environ.
41:
1053–
1063
[18] Kanakidou, M., et al. (2005). Organic aerosol and global climate modelling: A review,
Atmos. Chem. Phys. 5: 1053– 1123.
[19] Lin, J. J. (2002). Characterization of the Major Chemical Species in PM2.5 in the
Kaohsiung City, Taiwan. Atmos. Environ. 36:1911–1920.
[20] Talwar and Bharati (2012). Chemical characterization of PM1 around an Industrial area J Environ Occup
Sci. 2012; 1(1): 43-46 doi: 10.5455/jeos.20120615104122
[21] Lin J. J. and Lee L.C. (2004). Characterization of the Concentration and Distribution of
Urban Submicron (PM1) Aerosol Particles. Atmos. Environ.38:469–475.
[22] Li, C.S., and Lin, C.H. (2002). PM 1 /PM 2.5 /PM 10 Characteristics in the Urban
Atmosphere of Taipei. Aerosol Science and Technology 36: 469–473.
[23]
Lee, S.C., Cheng,Y., Ho,K. F., Cao, J. J.,Louie, P.K.K.,Chow, J. C., andWatson, J. (2006).
PM1 and PM2.5 Characteristics in the Roadside Environment of Hong Kong. Aerosol Sci.
Technol. 40:157–165.
[24] Lee, J. H. and Hopke P. K. (2006). Apportioning Sources of PM 2.5 in St. Louis, MO Using
Speciation Trends Network Data. Atmos. Environ. 40: 360–377.
[25]
Morawska,
L.,
Thomas,
S.,
Bofinger,
N.D.,
Wainwright,
D.,
Neale
D.
(1998).
Comprehensive
characterisation
of
aerosols
in
a
subtropical
urban
atmosphere:
particle
size
distribution and correlation with gaseous pollutants. Atmospheric
Environment 32:
2467–2478.
[26] Nazaroff, W., Ligocki, M., Ma, T., Cass, G., (1990). Particle Deposition in Museums,
Comparison of Modelling and Measurement Results. Aerosol Science and Technology. 13:
332-348
[27] Shen, Z Cao, J., Arimoto, R., Han, Y., Zhu, C., Tian,J. and Liu, S. (2010).Chemical
Characteristics
of
Fine
Particles
(PM1)
from
Xi’an,
China.
Aerosol
Science
and
Technology,
44:461–472,
[28]
Pe´ rez, N. J., , Querol X. P., Alastuey, A., Lo´ pez, J.M .and
Viana M. (2008). Partitioning
of major and trace components in PM10–PM2.5–PM1 at an urban site in Southern Europe
Atmospheric Environment 42 : 1677–1691

JETIR18IC134

Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org

761

