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Abstract. Devices of various design and measuring methods are applied for determining particle matter (PM) concen-
tration. Therefore, it is important to know measuring precision of different measuring devices. Measurements were
carried out by a recognized and widely used mass as well as the optical method. Materials commonly occurring in
technological processes were used for investigation: particles of wood, cement, quartz sand and metal from polishing
processes, clay and charcoal particles. Besides, the concentration of PM at one of the most bustling crossroads of
Vilnius city was measured to estimate and compare the results of the mentioned methods and evaluate their suitability
for measuring very low concentrations of PM. Measuring results of PM concentration are compared and estimated in
this work, and coefficients, showing measuring differences among different devices and methods, are given and measur-

ing errors are rated.
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1. Introduction

There are three separate parts for assessing air qual-
ity in Lithuania — Vilnius, Kaunas and a territory with-
out Vilnius and Kaunas cities. Automatic stations work
in Lithuania’s territory which give information about
pollution with the main pollutants, including particle
matter PM,, (small particles the diameter of witch is
not bigger than 10 um). Particles of this size stay longer
in the air and are more harmful to human health be-
cause they can get into lungs and accumulate in air-
cells.

It is very difficult to measure the concentration of
these particles because of their small size [1, 2]. The
PM,, concentration in ambient air is influenced by sta-
tionary pollution sources of industry and energetic ob-
jects, all kinds of transport, as well as natural processes
in the environment (particles raised by wind, volcanic
outbreaks, etc) [2—5]. It is essential that measuring re-
sults correspond to the basic method prescribed in the
EU directive 1999/30/EB.

In Vilnius Gediminas Technical University com-
parative investigation of PM concentration was per-
formed with a new optical meter Microdust pro (Casella),
and the measuring results obtained by optical and mass
methods were compared.

The aim of the work was to measure PM concen-
trations with different devices in natural conditions, to
compare and analyze the measuring results, to rate coef-
ficients showing measuring differences among different
devices and methods, to rate measuring errors.

2. Methodology

To estimate measuring the results and rate coeffi-
cients subject to different materials (hard particles) and
air flow, particles of different materials were chosen for
the investigation. Materials commonly occurring in tech-
nological processes were used for the investigation: par-
ticles of wood, cement, quartz sand and metal from pol-
ishing processes, clay and charcoal particles.

Charcoal was prepared heating wood at 200 °C for
4 hours, and later it was pulverized. Before measure-
ments these materials must be prepared respectively: not
wet and clean. All the particles were dried at 80 °C tem-
perature, and then left for 24 hours at 24-26 °C tem-
perature. PM humidity did not exceed 65 %.

During measurements attempts were made to main-
tain the primary particle (substance) and ambient condi-
tions [3]. During the experiment the ambient tempera-
ture varied from 24,4 °C to 25,9 °C, while the relative
humidity was 58 %.
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Concentration of different PM-type telltale samples
was determined in the air sampled for 2 min for wood
PM emissions, for 3 min — for emissions of quartz sand,
cement, clay and charcoal, and for 5 min — for metal
PM emissions.

Concentration of particles was measured by two
methods: optical and mass (gravimetrical) methods. To
compare the measuring results of devices and rate coef-
ficients showing measuring differences among different
devices, these devices were connected in series to an
aspiration system (Fig 1).

Microdust pro has the highest level to measure the
size of breathed particles. Microdust pro has 4 measur-
ing levels:

> from 0,001 to 2,5 mg/m’;

> from 0,01 to 25,0 mg/m?;

> from 0,1 to 250,0 mg/m’;

> from 1,0 to 2500 mg/m>.

Light is collected when sampled air flow is clean.
When PM gets into a measuring cell, light is scattered
(at 12-20° angle) to a collector.

Course of work. Particles are poured into a device
of air and dust mixture, it is heat-sealed and a fan is
launched inside the device (Fig 2). After launching the
fan, air flow forms which raises the particles inside and
scatters them throughout the device. When dustiness is
steady, an aspirator is switched on which pumps air flow
through the measuring cell of the optical meter Microdust
pro and filter used for measuring particle concentration
by the mass method.

Particles of each material were sampled at a differ-
ent air-flow velocity: 1 1/min, 2 1/min, 3 1/min, 5 1/min

T

Fig 1. Scheme of measuring stand: 1 — device of air and
dust mixture, 2 — probe of optical meter Microdust pro,
3 — optical meter Microdust pro, 4 — filter holder,
5 — aspirator

Fig 2. Device of air and dust mixture: 1 — fan, 2 — illumi-
nation, 3 — body

and 10 I/min. Because of gravitation particles set down
little, their concentration, even marginally, declines [6,
7]. To avoid measuring inaccuracy we wait for particles
set down after each measuring, then all the particles are
gathered in one place in front of the fan, and it is
switched on again. Three measurements are made with
the particles of the same material at the same dusty air-
flow velocity. Average values of the measurements are
written down on the table of measurement results [8, 9].

After sampling one material, the device must be
cleaned thoroughly, and only then the particles of an-
other material are poured.

After each measuring of particle concentration, be-
fore measuring the particle concentration of another
material, hoses are scavenged by a strong air flow. An
optical measurement meter must be calibrated newly,
conditional zero must be set.

Measuring methodology at roadsides. Air pollution
at any time is not steady. Its fluctuations depend on
exhausted pollutant amount from a pollution source, at-
mospheric conditions and other factors. The number of
cars and the wind also have a great influence.

Before starting air pollution measurements, the fol-
lowing conditions are required:

* air temperature must be 5 °C and higher;

» relative air humidity must be less than 80 %.

When measuring the level of air pollution, it is es-
sential to know that samples are taken at a distance of
1,5-3 m from the ground surface — a zone where human
beings spend most of their time. Samples must be taken
not closer than 1,0 m from a pollution source, and 0,5 m
from a person making measurements.

Air flow passing into the hole of a sampling adapter
has no obstructions having an effect around a sampling
adapter (usually a few meters from buildings, balconies,
trees and other obstructions. Besides, although 0,5 m
from the closest building when the place of sampling
characters air quality).

The hole of a sampling adapter should not be close
to a pollution source because of entirely pollutants get
into the hole without mixing with ambient air.

The hole in a sampling adapter should be set up so
that exhausted air could not get back into the sampling
hole.

Measurements are made in strings, not less than
three strings at each point. The meter must be calibrated
before and after each measuring string.

Concentration of PM at one of the most bustling
crossroads (Ozas and Gelvonai str) of Vilnius city was
measured to estimate and compare the results of the
mentioned methods and evaluate suitability for measur-
ing very low PM concentrations. Measurements were
made in November.

Air was sampled for 20 min at a different air-flow
velocity (1 I/min, 2 I/min, 3 I/min, 5 I/min and 10 1/
min) for each sampling. Setting of measuring points was
chosen as shown in Fig 3, because the place at the cross-
road and around it is open, and the road is straight.
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Fig 3. Setting of measuring points for straight road

Measurements were made in the middle of the cross-
road (traffic island) and at 5 m, 20 m and 50 m from
the roadside leeward (Fig 3).

3. Results

The concentration measurement results for each
substance at a different airflow velocity are illustrated
in graphs. Concentration of wood PM at a different air-
flow velocity measured with the help of the mass and
optical methods is given in Fig 4.

As it is seen from the graph, concentration of wood
PM changes with fluctuations of the airflow. PM con-
centrations slightly change with increase in the airflow.
The change of the concentration found with the help of
the mass method is higher, while that found with the
help of the optical method is more consistent. When the
dusty airflow is 1 1/min, wood PM concentration mea-
sured with the help of the mass and optical methods
differs to the greatest extent — on the average by
2,9 mg/m3 (it gives 4,6 % difference). The nearest re-
sults are reached when the dusty airflow velocity is 5 I/
min, then the difference is 0,2 mg/m? (only 0,3 % dif-
ference). Concentrations measured with the help of the
optical method are higher.

PM concentrations must be the same when recalcu-
lated by a formula, though the airflow velocity is big-
ger, but because of a bigger airflow velocity more par-
ticles with bigger diameter are sampled.

The total change in the concentration of wood PM
is higher when measured with the help of the mass
method than that when measured with the help of the
optical method. Measuring with the help of the mass
method, the concentration difference is 4,1 mg/m? when
sucking air flow at a velocity from 1 I/min to 10 1/min,
while measuring with the help of the optical method the
difference is 1,9 mg/m>®. An average coefficient of dis-
crepancy of wood PM concentration when measuring
with the help of the mass and optical methods is 0,979.
The error mean-square 6, when measuring with the help
of the mass method is 0,712, and it is 0,384 when mea-
suring with the help of the optical method.

Concentration of cement PM at a different airflow
velocity measured with the help of the mass and optical
methods is given in Fig 5.

As it is seen from the graph, concentration of ce-
ment PM increases with increase in the airflow. When
the dusty airflow is 1 1/min, the cement PM concentra-
tion measured with the help of the mass and optical
methods differs to the greatest extent — on the average
by 1,4 mg/m? (about 2,6 %). The nearest results are
reached when the dusty airflow velocity is 5 I/min, then
the difference is 0,2 mg/m3 (only 0,35 %). Concentra-
tions measured with the help of the optical method are
higher.

Measuring the concentration of PM with the help
of the mass method, the concentration difference is
2,4 mg/m? when sucking air flow at a velocity from
1 /min to 10 I/min, while measuring with the help of
the optical method the difference is 2,2 mg/m?. An av-
erage discrepancy of cement PM concentration, when
measuring with the help of the mass and optical meth-
ods, is 0,983. The error mean-square G,, when measur-
ing with the help of the mass method, is 0,489, and it is
0,402, when measuring with the help of the optical
method.

Concentration of quartz sand PM at different air-
flow velocity measured with the help of the mass and
optical methods is given in Fig 6.

As it seen from the graph, concentration of quartz
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Fig 4. Concentration of wood PM at different airflow
velocity measured by mass and optical methods

Fig 5. Concentration of cement PM at different airflow
velocity measured by mass and optical methods
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sand PM increases with increase in the airflow. Increase
in the airflow velocity results in greater intake of bigger
particles, thus the concentration of dust slightly increases.
When the dusty airflow is 2 1/min, the quartz sand PM
concentration measured with the help of the mass and
optical method differs to the greatest extent — on the
average by 0,8 mg/m? (about 1,56 %). The nearest re-
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Fig 6. Concentration of quartz sand PM at different air-
flow velocity measured by mass and optical methods
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Fig 7. Concentration of metal PM at different airflow
velocity measured by mass and optical methods
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Fig 8. Concentration of clay PM at different airflow ve-
locity measured by mass and optical methods

sults are reached when the dusty airflow velocity is
5 1/min, then the difference is only 0,2 mg/m? (only
0,39 %).

The total change in the concentration of quartz sand
PM is higher when measured with the help of the mass
method than that when measured with the help of the
optical method.

When measuring the concentration of PM with the
help of the mass method, the concentration difference is
1,5 mg/m> when sucking airflow at a velocity from
1 /min to 10 1/min, while measuring with the help of
the optical method the difference is 0,5 mg/m>. There
the values of measured concentration are steadier because
the dispersive content of quartz sand is steadier than
wood or cement particles [10]. An average coefficient
of discrepancy of quartz sand PM concentration, when
measuring with the help of the mass and optical meth-
ods, is 0,995. The error mean-square G, when measur-
ing with the help of the mass method, is 0,294, and it is
0,086 when measuring with the help of the optical
method.

Concentration of metal PM at a different airflow
velocity measured with the help of the mass and optical
methods is given in Fig 7.

As it is seen from the graph, concentration of metal
PM changes with the fluctuations of the airflow, ie it
slightly increases with increase in the airflow. The change
of metal PM concentration found with the help of the
mass method is higher, while that found with the help
of the optical method is more consistent. When the dusty
airflow is 2 I/min, the metal PM concentration measured
with the help of the mass and optical methods differs to
the greatest extent — on the average by 3,7 mg/m? (about
7,37 %). The nearest results are reached when the dusty
airflow velocity is 10 1/min, then the difference is
0,6 mg/m? (only 1,18 %). The concentration values mea-
sured with the help of the optical method are higher.

As in other cases, the total change in the concen-
tration of metal PM is higher, when measured with the
help of the mass method, than that, when measured with
the help of the optical method. It is particularly seen in
this case because the relative mass and sedimentation of
metal particles is the biggest.

When measuring the concentration of PM with the
help of the mass method, the concentration difference is
3,6 mg/m® when sucking airflow at a velocity from
1 /min to 10 1/min, while measuring with the help of
the optical method the difference is 1,4 mg/m3. An av-
erage discrepancy of wood PM concentration, when mea-
suring with the help of the mass and optical methods, is
0,952. The error mean-square G,, when measuring with
the help of the mass method, is 0,769, and it is 0,259,
when measuring with the help of the optical method.

Concentration of clay PM at a different airflow ve-
locity measured with the help of and optical methods is
given in Fig 8.

The change of the particle concentration found with
the help of the mass method is higher, while that found
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with the help of the optical method is more consistent.
When the dusty airflow is 1 I/min, the clay PM concen-
tration measured with the help of the mass and optical
methods differs to the greatest extent — on the average
by 2,9 mg/m? (about 5,23 %). The nearest results are
reached, when the dusty airflow velocity is 5 1/min, then
the difference is 0,2 mg/m? (only 0,36 %).

When measuring the concentration of PM with the
help of the mass method, the concentration difference is
3,4 mg/m3, when sucking airflow at a velocity from
1 /min to 10 I/min, while measuring with the help of
the optical method the difference is 0,7 mg/m?. An av-
erage discrepancy of clay PM concentration, when mea-
suring with the help of the mass and optical methods, is
0,971. The error mean-square G,, when measuring with
the help of the mass method, is 0,522, and it is 0,129,
when measuring with the help of the optical method.

Concentration of charcoal PM at a different airflow
velocity measured with the help of the mass and optical
methods is given in Fig 9.

The change of measured charcoal PM concentra-
tion value has similar tendencies as cement PM concen-
tration. The smaller is dusty airflow velocity the less is
measured concentration of charcoal found with the help
of the mass method is higher than concentration found
with the help of the optical method. When the dusty
airflow is 1 1/min and 10 I/min, the charcoal PM con-
centration measured with the help of the mass and opti-
cal methods differs to the greatest extent — on the aver-
age by 1,25 mg/m> (about 2,0 %). The nearest results
are reached when the dusty airflow velocity is 5 1/min,
then the difference is 0,1 mg/m? (only 0,16 %).

When measuring the concentration of PM with the
help of the mass method, the concentration difference is
3,2 mg/m3 when sucking airflow at a velocity from
1 /min to 10 I/min, while measuring with the help of the
optical method the difference is 0,7 mg/m3. An average
discrepancy of charcoal PM concentration when measur-
ing with the help of the mass and optical methods is 0,997.
The error mean-square 6_, when measuring with the help
of the mass method is 0,540, and it is 0,137 when mea-
suring with the help of the optical method.

Concentration of hard PM at a different airflow
velocity measured with the help of the mass and optical
methods at the middle of the crossroad is given in Fig 10.

The change of the concentration found with the help
of the mass method is higher, while that found with the
help of the optical method is more consistent. When the
dusty airflow is 2 I/min and 10 1/min the hard PM con-
centration measured with the help of the mass and opti-
cal methods differs to the greatest extent — on the aver-
age by 0,14 mg/m? (about 36,8 %). The nearest results
are reached when the dusty airflow velocity is 5 1/min,
then the difference is 0,16 mg/m? (only 33,3 %).

The total change in the concentration of hard PM
is higher, when measured with the help of the mass
method, than that, when measured with the help of the
optical method. Measuring the concentration of hard PM

with the help of the mass method, the concentration dif-
ference is 0,14 mg/m> when sucking at a velocity from
1 /min to 10 I/min, while measuring with the help of
the optical method the difference is 0,12 mg/m3?. An
average discrepancy of hard PM concentration, when
measuring with the help of the mass and optical meth-
ods is 0,730. The error mean-square G,, when measur-
ing with the help of the mass method is 0,171, and it is
0,051, when measuring with the help of the optical
method.

Concentration of hard PM at a different airflow
velocity, measured with the help of the mass and opti-
cal methods at 5 m from the roadside, is given in Fig 11.

When the dusty airflow is 2 I/min and 10 I/min the
hard PM concentration measured with the help of the
mass and optical methods differs to the greatest extent —
on the average by 0,12 mg/m? and 0,15 mg/m?® (about
31,6 % and 33,3 %). The nearest results are reached
when the dusty airflow velocity is 5 1/min, then the dif-
ference is 0,06 mg/m3 (only 12,8 %).

The total change measuring the concentration of
hard PM with the help of the mass method, the concen-
tration difference is 0,15 mg/m> when sucking airflow
at a velocity from 1 I/min to 10 1/min, while measuring
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Fig 9. Concentration of charcoal PM at different airflow
velocity measured by mass and optical methods
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velocity measured by mass and optical methods at 50 m
from roadside

with the help of the optical method the difference is 0,09
mg/m>. An average discrepancy of hard particulate con-
centration, when measuring with the help of the mass
and optical methods is 0,751. The error mean-square G,
when measuring with the help of the mass method, is
0,026, and it is 0,017, when measuring with the help of
the optical method.

Concentration of hard PM at different airflow ve-
locity measured with the help of the mass and optical
methods at 20 m from the roadside is given in Fig 12.

Just like in the above-mentioned cases, increase in
the airflow velocity results in greater intake of bigger
hard PM, thus the hard PM concentration slightly in-
creases. When the dusty airflow is 2 1/min, the hard PM
concentration measured with the help of the mass and
optical methods differs to the greatest extent — on the
average by 0,12 mg/m? (about 57,1 %). The nearest
results are reached when the dusty airflow velocity is
3 I/min and 5 1/min, then the difference is 0,06 mg/m?
(only 24,0 % and 27,3 %).

The total change measuring the concentration of
hard PM with the help of the mass method, the concen-
tration difference is 0,10 mg/m3 when sucking airflow
at a velocity from 1 I/min to 10 I/min, while measuring
with the help of the optical method the difference is
0,06 mg/m3. An average discrepancy of hard PM con-
centration, when measuring with the help of the mass
and optical methods is 0,626. The error mean-square G,
when measuring with the help of the mass method, is
0,017, and it is 0,011, when measuring with the help of
the optical method.

Concentration of hard PM at different airflow ve-
locity measured with the help of the mass and optical
methods at 50 meters from the roadside is given in
Fig 13.

When the dusty airflow is 10 I/min the PM concen-
tration measured with the help of the mass and optical
methods differs to the greatest extent — on the average
by 0,09 mg/m? (about 50,0 %). The nearest results are
reached when the dusty airflow velocity is 5 I/min, then
the difference is 0,04 mg/m? ( 21,1 %).

The total change measuring the concentration of
hard PM with the help of the mass method, the concen-
tration difference is 0,06 mg/m3 when sucking airflow
at a velocity from 1 I/min to 10 1/min, while measuring
with the help of the optical method the difference is
0,02 mg/m3. An average discrepancy of hard PM con-
centration, when measuring with the help of the mass
and optical methods is 0,698. The error mean-square G,
when measuring with the help of the mass method is
0,011, and it is 0003, when measuring with the help of
the optical method.

In the given graphs we can see that fluctuation of
PM concentrations measured with the help of the mass
and optical methods are similar. Hard PM concentra-
tions measured by the optical method are higher or less
proportional to PM concentrations measured with the
help of the mass method.

Only in the middle of the crossroad (Fig 3) con-
centrations of hard PM measured with the help of the
optical method are less and concentrations measured with
the help of the mass method are higher, when the air-
flow velocity is 3 I/min.

In all the cases, when the airflow velocity is 10 I/
min, the biggest discrepancy of PM concentrations mea-
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sured with the help of the optical and mass methods is
seen.

4. Conclusions

1. Concentrations of PM measured with the help of
the optical method are higher than those measured with
the help of the mass method.

2. The nearest results of PM concentrations, mea-
sured with the help of the optical and mass methods,
were obtained when the airflow velocity was 5 I/min. It
is conditioned by the airflow velocity when more par-
ticles set on the filter what gives better conditions to
decrease the error.

3. In the case of a different flow of dusty air, the
closest measuring results, when measuring with the help
of the optical and mass methods, are obtained when
measuring concentrations of charcoal. An average dif-
ference in the concentrations is 0,70 mg/m3. An average
coefficient of discrepancy of PM concentration is 0,997.
The error mean-square G, when measuring with the help
of the mass method, is 0,540, and it is 0,137, when
measuring with the help of the optical method.

4. In the case of a different flow of dusty air, the
highest discrepancy of measuring results, when measur-
ing with the help of the optical and mass methods, is
obtained, when measuring concentrations of metal PM.
An average difference in the concentrations is 2,4 mg/
m3. An average coefficient of discrepancy of PM con-
centration is 0,952. The error mean-square G, when
measuring with the help of the mass method is 0,769,
and it is 0,259 when measuring with the help of the
optical method.

5.The closest measuring results, when measuring at
a crossroad, are obtained at 5 m from the road with the
help of the optical and mass methods, when measuring
concentrations of hard PM. An average coefficient of
discrepancy of hard PM concentration is 0,751. The er-
ror mean-square ©,, when measuring with the help of
the mass method is 0,026, and it is 0,017 when measur-
ing with the help of the optical method.

6.The most different measuring results, when mea-
suring at a crossroad, are obtained at 20 m from the
road with the help of the optical and mass methods, when
measuring concentrations of hard PM. An average coef-

ficient of discrepancy of hard PM concentration is 0,626.
The error mean-square 6, when measuring with the help
of the mass method is 0,017, and it is 0,011 when mea-
suring with the help of the optical method.
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EKSPERIMENTINIAI DALELIUY KONCENTRACIJU TYRIMAI TAIKANT SVORIN] IR OPTIN] METODUS

P. Baltrénas, M. Kvasauskas

Santrauka

Kietyju daleliy (KD) koncentracijoms matuoti naudojami skirtingos konstrukcijos, skirtingais matavimo metodais pagristi
prietaisai. Todél svarbu zinoti ju tiksluma. Matavimai buvo atlikti pripazintu ir placiai taikomu svoriniu bei kartu optiniu metodu.
Tyrimams naudotos dazniausiai technologiniuose procesuose pasitaikancios medziagos: medienos dalelés, cementas, kvarcinis smélis,
metalo dalelés, atsirandancios Slifavimo procese, molio ir medzio anglies dalelés. Taip pat buvo iSmatuotos KD koncentracijos prie
vienos i$ judriausiy Vilniaus sankryzy. Siekta patikrinti prietaisy ir metody tinkamuma matuoti labai mazas daleliy koncentracijas.
Darbe pateikti matavimo rezultatai ir paklaidos, palyginami koeficientai, rodantys matavimo skirtingais prietaisais ir metodais

skirtumus.

Raktazodziai: svorinis metodas, optinis metodas, kietosios dalelés (KD).
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