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Abstract The size and distribution of particles along a main road in Ulaanbaatar city are studied by Photon Cross
Correlation Spectroscopy (PCCS) NANOPHOX (Sympatec GmbH, Germany). The mean diameter, the size distribution
range, the specific surface area of the aerosol particles are found to be equal to 1.1-2.5 pm, 74 nm-4.0 um and 2.38-5.43
m?/cm’, respectively. On the other hand, the particles distribution is Gaussian with density of 0.02-8.15 (qslg) in the range of
790 nm-3.8 um. However, nanoparticles with diameters less than 74 nm was not observed. The results reveal that samples
contain 0.02% in volume ultrafine particles or nanoparticles in the range of 74-100 nm, 83.73% fine particles (PM2.5) in the
range of 100 nm-2.4 um and 16.25% coarse particles (PM10) in the range of 2.4-4.0 um. It can be concluded that a high
percentage of PM2.5 particles is present in an aerosol sample along a main road of Ulaanbaatar city.
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1. Introduction

Aerosols are important in atmospheric science and air
pollution. Dust, smoke, fume, haze, and mist are common
terms for aerosols. Nanoparticle aerosols play an important
role in the environment, in global climate, in human health,
in material processing and in nanotechnology. However, the
knowledge of their physical and chemical properties of fume
aerosol is critical [1].

The science of atmospheric nanoparticle aerosols is
relatively new and their poisonous physical and chemical
properties have not fully been understood [1].

Particle size is one of the most important properties of
indoor and outdoor particulate matter (PM). Information on
particle size is also of importance in selecting a proper air
pollution control technology [2].

Particle sizes cover a range from a few nanometers up to
more than 100 pum, according to their size, several classes of
particles are distinguished in literature. The most important
fractions are commonly referred to as ultrafine (particle
diameter smaller than 100 nm), fine (smaller than 2.5 pm)
and coarse particle (between 2.5 and 10 um). Some time,
ultrafine particles are called nanoparticles [3].

The main sources of air pollution in Ulaanbaatar are
household heating systems, power plants, car emissions, as
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well as dust emissions. Therefore, the study of nanoparticle
aerosols has become an important aspect for human health
and environment [4].

According to a study of the Ministry of Environment,
sulphur content in the air is higher in the winter and sulphur
dioxide gets higher than normal standards in summer and
spring. Also, particulate matter (PM) is the main reason for
air pollution of the city. On the basis of PM Ulaanbaatar
seems to be the highest polluted city in the world [4].

In order to study air pollution, aerosol particle size, its size
distribution, density, morphology as well as composition
must be determined systematically. Also it is very important
to prioritize various programs which aim to reduce air
pollution, and to evaluate them.

This article is focused on the investigation of particle sizes
and their distribution along a main road in the Ulaanbaatar
city.

2. Experimental

2.1. Sample Preparation

Samples were selected from 12 points; also, all samples
were prepared on 25™ January 2011, because air pollution
reached high level and had side effects on human health.
When snow melted, it (snow) had become black suspension
and made our research easy. Therefore, it was not necessary
to inlet particles by special apparatus. Particles of suspension
were filtered by a 39 um filter to remove large particles.
Then 20 ml of suspension was added to 80 ml of distilled
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water.

For the preparation of a homogeneous suspension an
Ultrasonic Cell Disruptor KS-900F (voltage 230W/50Hz,
impulse 30%, amplitude 50%) was used. Samples were
sonicated for 15 min.

2.2. Particle Size Distribution Analysis

Particle size and size distribution analysis of suspensions
was done on Photon Cross Correlation Spectroscopy (PCCS)
(Sympatec GmbH, Germany). Samples (2 ml) were put into
uvette (Eppendorf Uvette®, Sympatec Item No. NZ0020).

Then the uvette was placed in temperature-controlled bath,
filled by clean water filtered by a 0.22 um filter. It has to
be orthogonal to the incoming laser beam of 632.8 nm
wavelength. The water level should be 3/4 of the bath height.
The data was calculated by WINDOX 5 [5].

3. Results and Discussion

The particle size and cumulative distribution of samples
are shown in Table 1.

Table 1. The particle size and cumulative distribution of samples

sample— 1# 2# 3# 4# S# 6 T# 8# Ot 10# 11# 12#
Xo,HM Qs/% Q3/% Qs/% Qs/% Q3/% Qs/% Qs/% Q3/% Qs/% Qs/% Q3/% Qs/%
74.82 0.01
80.45 0.01 0.01
86.50 0.01 0.01 0.01
93.00 0.01 0.01 0.02
100.00 0.01 0.01 0.02 0.01
107.52 0.01 0.01 0.01 0.02 0.02 0.03 0.01 0.01
115.61 0.01 0.01 0.01 0.01 0.02 0.01 0.02 0.04 0.01 0.01 0.01
124.30 0.02 0.01 0.01 0.01 0.01 0.03 0.01 0.03 0.05 0.01 0.02 0.02
133.65 0.02 0.02 0.02 0.01 0.02 0.03 0.01 0.04 0.06 0.02 0.03 0.02
143.71 0.02 0.02 0.02 0.01 0.02 0.04 0.02 0.04 0.08 0.02 0.04 0.03
154.52 0.03 0.03 0.03 0.02 0.03 0.04 0.02 0.05 0.09 0.03 0.04 0.03
166.14 0.04 0.04 0.03 0.02 0.03 0.05 0.03 0.06 0.10 0.03 0.05 0.04
178.64 0.04 0.04 0.04 0.03 0.04 0.06 0.03 0.07 0.11 0.04 0.06 0.05
192.07 0.05 0.05 0.05 0.03 0.05 0.06 0.04 0.08 0.13 0.04 0.07 0.05
206.52 0.05 0.05 0.05 0.03 0.05 0.07 0.04 0.09 0.14 0.05 0.08 0.06
222.05 0.06 0.06 0.06 0.04 0.06 0.07 0.05 0.10 0.15 0.06 0.09 0.07
238.76 0.06 0.07 0.07 0.04 0.07 0.08 0.05 0.11 0.17 0.07 0.10 0.07
256.71 0.06 0.07 0.07 0.04 0.07 0.08 0.05 0.12 0.18 0.07 0.11 0.08
276.02 0.06 0.07 0.07 0.04 0.07 0.08 0.05 0.12 0.18 0.07 0.11 0.08
296.78 0.06 0.07 0.07 0.05 0.07 0.08 0.05 0.12 0.18 0.07 0.11 0.08
319.11 0.06 0.07 0.07 0.05 0.07 0.08 0.06 0.12 0.18 0.07 0.11 0.08
343.11 0.06 0.07 0.07 0.05 0.07 0.08 0.06 0.12 0.18 0.07 0.11 0.08
368.92 0.06 0.07 0.07 0.05 0.07 0.08 0.06 0.12 0.18 0.07 0.11 0.08
396.67 0.06 0.07 0.07 0.05 0.07 0.08 0.06 0.12 0.18 0.07 0.11 0.08
426.50 0.06 0.07 0.07 0.05 0.07 0.08 0.06 0.12 0.18 0.07 0.11 0.08
458.58 0.06 0.07 0.07 0.05 0.07 0.08 0.06 0.12 0.18 0.07 0.11 0.08
493.08 0.06 0.07 0.07 0.05 0.07 0.08 0.06 0.12 0.18 0.07 0.11 0.08
530.16 0.06 0.07 0.07 0.05 0.07 0.08 0.06 0.12 0.18 0.07 0.11 0.08
570.04 0.06 0.07 0.07 0.05 0.07 0.08 0.06 0.12 0.18 0.07 0.11 0.08
612.92 0.06 0.07 0.07 0.05 0.07 0.08 0.06 0.12 0.18 0.07 0.11 0.08
659.02 0.06 0.07 0.07 0.05 0.07 0.08 0.06 0.12 0.18 0.07 0.11 0.08
708.59 0.06 0.07 0.07 0.05 0.07 0.08 0.06 0.12 0.18 0.07 0.11 0.08
761.89 0.06 0.07 0.07 0.05 0.07 0.08 0.06 0.12 0.18 0.07 0.11 0.08
819.19 0.06 0.07 0.07 0.05 0.07 0.17 0.06 0.12 0.18 0.07 0.11 0.08
880.81 0.06 0.07 0.07 0.05 0.07 1.35 0.06 0.16 0.34 0.07 0.11 0.08
947.06 0.17 0.07 0.07 0.05 0.07 6.56 0.06 0.88 1.79 0.07 0.11 0.08
1018.30 1.25 0.07 0.07 0.05 0.07 20.07 0.06 4.41 7.48 0.07 0.11 0.08
1094.89 5.73 0.07 0.08 0.05 0.07 42.83 0.06 14.56 21.35 0.07 0.11 0.08
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sample— 1# 2# 3# 4# S# 6# T# 8# o# 10# 11# 12#
Xo,HM ¥ Qs/% Q3/% Qs/% Qs/% Q3/% Qs/% Qs/% Q3/% Qs/% Qs/% Qi/% Q:/%
1177.24 17.31 0.07 0.45 0.05 0.07 68.29 0.06 33.75 43.84 0.07 0.11 0.19
1265.79 37.52 0.07 2.54 0.05 0.07 87.28 0.06 58.43 68.56 0.07 0.11 1.42
1361.00 61.89 0.12 9.27 0.05 0.07 96.62 0.06 80.19 87.05 0.07 0.11 6.60
1463.37 82.31 1.10 23.80 0.05 0.07 99.53 0.06 93.27 96.38 0.07 0.31 19.82
1573.44 94.12 5.74 45.69 0.05 0.07 100.00  0.11 98.54  99.43 0.07 1.52 42.03
1691.79 98.75 18.34  68.99 0.05 0.07 1.07 99.86  99.99 0.08 5.76 67.14
1819.04 99.88 40.42 86.53 0.28 0.14 5.54 100.00  100.00 0.33 15.97 86.33
195586 100.00  66.09  95.82 1.94 1.16 17.72 1.64 33.59  96.15
2102.98 85.96 99.17 8.00 5.85 39.29 6.02 55.80 99.39
2261.16 96.12  99.93 22.09 18.40 64.78 16.21 76.33 99.99
2431.23 99.42  100.00  44.33 40.27 84.99 33.53 90.23  100.00
2614.10 100.00 68.54  65.71 95.66 5527  97.05
2810.73 86.74 85.58 99.29 75.53 99.42
3022.14 96.12 95.91 99.98 89.54 99.95
3249.46 99.32  99.35 100.00 96.67  100.00
3493.87 99.97  99.99 99.27
3756.67 100.00  100.00 99.92
4039.24 100.00
Xo.particle diameter, Qs/%-volume percent

Table 2. Particle density of all samples
sample— 1# 21 3# 4# 5t 6# TH# 8 9# 10# 11# 12#
Xm:im & aslg qlg qlg alg aslg aslg aslg qlg aslg @lg glg glg
790.02 0.03
849.44 0.37 0.01 0.05
913.33 0.04 1.65 0.23 0.46
982.03 0.34 4.29 1.12 1.81
1055.90 1.42 7.23 322 4.40
1135.32 3.68 0.12 8.08 6.09 7.14 0.04
1220.71 6.42 0.66 6.03 7.84 7.85 0.39
1312.53 7.74 0.02 2.14 297 6.91 5.87 1.65
1411.26 6.48 0.31 4.61 0.92 4.16 2.96 0.06 4.20
1517.41 3.75 1.47 6.95 0.15 0.02 1.67 0.97 0.38 7.05
1631.54 1.47 4.00 7.40 0.30 0.42 0.18 1.35 7.97
1754.26 0.36 7.01 5.57 0.07 0.02 1.42 0.05 0.08 3.24 6.09
1886.21 0.04 8.15 2.95 0.53 0.33 3.87 0.42 5.59 3.12
2028.09 6.31 1.07 1.92 1.49 6.85 1.39 7.05 1.03
2180.63 3.23 0.24 447 3.99 8.09 3.24 6.52 0.19
2344.65 1.05 0.02 7.06 6.94 6.42 5.50 4.41
2521.01 0.18 7.68 8.08 3.39 6.90 2.17
2710.63 5.78 6.31 1.15 6.43 0.75
2914.52 2.98 3.28 0.22 4.45 0.17
3133.74 1.02 1.09 0.01 2.26 0.02
3369.45 0.20 0.20 0.83
3622.89 0.01 0.20
3895.39 0.03

The particle mean diameter (Xy), the particle size distribution (PSD), the sauter mean diameter (SMD), the volume mean diameter (VMD), the
specific surface area (Sv) and the particle density are s houn in Table 3.
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Table 3. Values of Particle parameters

Sample Xo (m) PSD Sy (m*cm?)
1# 1.3 107nm+1.9pm 4.62
2# 1.8 107nm+2.6pm 3.52
3# 1.5 107nm=+2.4pum 3.81
4# 2.4 124nm+3.7pm 2.46
S# 25 115nm+3.7pm 2.44
6# 1.1 80nm+1.5um 5.43
TH# 2.1 115nm+3.2pm 2.80
8# 1.2 86nm+1.8um 493
o# 1.1 74nm-=1.8um 5.10
10# 2.5 115nm+4.0pm 2.38
11# 2.0 107nm+3.2pum 2.97
12# 1.6 100nm+2.4pm 3.78

Sample | SMD (um) VMD (um) Particle density, q;lg
1# 1.20 1.30 7.74
2# 1.84 1.87 8.15
3# 1.50 1.60 7.40
4# 2.44 2.48 7.68
S# 2.40 2.50 8.08
6# 1.10 1.14 8.08
T# 2.14 2.18 8.09
8# 1.21 1.24 7.84
o# 1.10 1.20 7.85
10# 2.52 2.59 6.90
11# 2.02 2.08 7.05
12# 1.50 1.60 7.97

As shown in Table 3, the x, values are from 1.1 to 2.5 pum,
particle size distribution is in the range of 74 nm-4.0 um, Sv
is 2.38-543 m%cm’, SMD is 1.10-2.52 um, VMD is
1.14-2.59 pm. On the other hand, particles less than 74 nm in
diameter were not found. This result can be explained by the
fact that ultrafine particles less than 100 nm in diameter can
be formed from high and low temperature sources and
directly risen into atmosphere without sedimentation. Also,
it can be noticed that Sv increases and, SMD and VMD
decrease, when the particle mean diameter (x) and the
particle size distribution decrease.

The cumulative distribution of the particle size is shown in
Fig. 1.

As can be seen in Table. 1, samples contain 0.02% (volume
persent) ultrafine particles or nanoparticles in the range of
74-100 nm, 83.73% fine particles (PM2.5) in the range of
100 nm-2.4 pm and 16.25% coarse particles (PM10) in the
range of 2.4-4.0 um. The result reveals, road aerosol samples
contain high amount of PM2.5 and PM10 particles.

The density distribution of particles is depicted in Fig. 2.

As can be seen in Fig. 2 particles distributed with density
0.02-8.15(qslg) having Gaussian symmetry in the range of
790 nm-3.8um.
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Figure 2. Density distribution of particles

4. Conclusions

The aim of this work was to investigate particle sizes and
their distribution of aerosols along a main in Ulaanbaatar city.
As aresult, it can be concluded that

1. Particle mean diameters are from 1.1 to 2.5 pum,
particle size distribution is in the range of 74 nm-4.0
pm, Sv is 2.38-5.43 m%cm’.

2. Particles with diameter less than 74 nm were not
detected.

3. The particle distribution is Gaussian with density
0.02-8.15 (gslg) in the range of 790 nm-3.8 um.

4. Ultrafine particles or nanoparticles (0.02% volume
percent) were found in the range of 74-100 nm,
83.73% fine particles (PM2.5) in the range of 100
nm-2.4 pm and 16.25% coarse particles (PM10) in the
range of 2.4-4.0 um.

5. Aerosols along the main road have high content of PM
2.5 particles.
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