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Abstract. Relevance. Russian coal exports have been steadily increasing in recent years, and Far Eastern ports, originally not
adapted to dusty cargoes, have switched to coal operations. Unoptimized coal handling leads to increased content of coal-
containing particles in the air and to various environmental problems. Aim. To analyze the concentration of particulate mat-
ter in the air and the chemical composition of particles on the surface of conifer needles in the Posyet settlement (Primorsky
Krai, Russia), where a large coal terminal operates. Materials and methods. The chemical composition was studied on the
surface of conifer needles by X-ray fluorescence and in washout of conifer needle samples using Raman spectroscopy and
energy dispersive analysis. Concentrations of particles with the diameter of 2.5 and 10 pm (PMzs and PMio, respectively)
were measured using automatic monitoring stations. Results and conclusions. Chemical composition was dominated by
mineral particles (calcite, silicates, etc.). However, the presence of coal particles (up to 8.3%) and metal particles was also
observed. Mean concentrations of PM2s and PM1o were within the Russian and international health standards, but close to
their upper limits. Concentrations of both measured particle fractions were highest during the winter months (as well as in
March, which is traditionally a cold month in the Far East), followed by a gradual decrease. The study obtained new data on
the annual variations of concentrations of PMzs and PM1o, as well as on the basic composition of particles from the surface of
woody vegetation (needles) as an indicator of the state of air pollution in this settlement.
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KoMIiuiekcHast oneHKa coepKaHHus TBePAbIX YACTHI, B aTMOCPEPHOM
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AHHoTanusa. AKmya/ibHocme. B nocie/jHue rofibl 3KCNOPT POCCUMCKOro yrIJisi HEIPEPbIBHO PacTeT, NPUYEM Ha paboTy C
yTJIEM NepeLId 1a/IbHEBOCTOYHbIE NOPThI, U3HAYa/IbHO HE MPUCIIOCOBJIEHHBIE ISl OTTPY3KH NbLIALIMX IPy30B. [lepeBasika
YIJIS OTKPBITBIM CIIOCO60M MPHUBOJUT K YBEJUYEHUIO COAEPKAHUS TBEPABIX YACTHL, B BO3/yXe U Pa3/IMYHBbIM 3KOJIOTHYe-
CKUM npo6JieMaM. IJes1b: u3yyeHre U aHAJIU3 COJlEPKaHUsl MUKPOPa3MepHBIX YacCTUL, B aTMOCPEPHOM BO3/yXe U B CMBIBE C
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xBou B noceJsike [loceet ([I[puMopckuii Kpai), rae paboTaeT KPYMHBIA yroabHbIA TepMUHaL. Memodsl. XUMU4eCKHUH COCTaB
aTMochepHBIX B3Becel 6bLI H3yYeH HENOCPEACTBEHHO HAa MOBEPXHOCTH XBOU METO/IOM PEHTIeHO(JIyOpeCLleHTHOTO aHaI1-
3a U B CMbIBe C P06 XBOU C MOMOIIbI0 PAMaHOBCKOH CIIEKTPOCKONNHU U 3HEPTOAUCIEPCUOHHOT0 aHaar3a. KoHneHTpanuu
PMz5 1 PM10 U3MepsI/IH C TOMOIIbI0 aBTOMAaTHYECKUX MeTeOoCTaHIMH. Pe3y1bmamel U 8b1800bL VicciienoBaHUe MOKa3aJlo,
YTO B XUMHYECKOM COCTaBe MPeos/1a/Jal0T YacTUIbI MUHEPAJIOB (KaJIbLIUT, CUJIMKATHI U JIP.), HO TAKXKE OTMeYaeTCsl HaJInuue
yrjecoaepxamux Jactur, (Ao 8,3 %) M yacTul METAJIJIOB. YCpeJHEHHbIE JJaHHbIEe N0 KOHUEeHTpauuu yactul, PM2s u PMio
HaXOJSTCs B peJiesiaXx POCCUMCKUX U 3apyOeKHbIX CAHUTAPHBIX HOPM U NPaBUJI, HO NOAGUPAIOTCS K UX BEPXHUM IPaHHUIAM.
KoHueHTpanuu o6erx u3MepeHHbIX GppaKiui B3BEIIeHHbIX YacTHUL ObLIM HanboJiee BbICOKM B 3MMHHE Mecsilbl (2 TaKXXe B
MapTe, KOTopbli Ha JlasibHeM BocToke TpaZuLIUOHHO SIBJISIETCS XOJOAHBIM), 3aTeM HAOJ/I0JA/N0Ch UX [TOCTENIEHHOE CHUXKe-
HUe. B uccnenoBaHuM NMoy4eHbl HOBbIE JJAaHHbBIE O [OJOBOM XOJle KOHLEHTpPalUi B3BEIIEHHbIX B BO3AyXe yacTul PM2s u
PMio, a Takxe 06 OCHOBHOM COCTaBe YaCTHUI| B3BeCH C IIOBEPXHOCTH JpeBeCHON pacTUTEJbHOCTH (XBOM) KaK MHJAMKATOpe
COCTOSIHUSA 3arpsI3HEHUs aTMOChephl B JAHHOM HaceJIeHHOM MyHKTE.

Kiiwo4eBble c/10Ba: TBep/ble YacTUIlbl B aTMocdepe, 3arpsisHeHue aTtMochepsbl, PMz2s, PM1o, yrojibHas Mblib, TSXKEJble Me-
TaJLJIbI

Jna nutupoBaHus: KoMniekcHasi onjeHKa COZlep>KaHUs TBePAbIX 4acTUI, B aTMocpepHOM BO3/yXe MOCeJIKa, B IOPTY KOTO-
poro Bezetcs nepepajika yris / A.C. Xosozos, K.10. Kupuuenko, U.A. Baxuiok, I1. [lyauns, K.C. T'ostoxBact // U3Bectus Tom-
CKOTO TOJIMTEXHUYECKOro yHUBepcHuTeTa. MHXUHUPUHT reopecypcoB. - 2024. - T. 335. - Ne 10. - C. 19-31. DOI:
10.18799/24131830/2024/10/4491

Introduction This paper continues a series of works aimed at
Russian coal exports to the Asia-Pacific region have  studying PM in the air and in other media (snow,
grown steadily in recent years. Far Eastern ports, which  surface of conifer needles) in cities and settlements of
were not originally equipped to handle dusty cargoes, the Far Eastern region of Russia with the aim to single
have switched to coal. Coal handling operations cause  out the influence of various production processes on
air, water and soil pollution in areas adjacent to coal the environment and to work out a complex approach
terminals. Large coal handling sites have a significant  to the assessment of the content and concentration of
impact on the environment of urban areas as a whole, PM, including further toxicological assessment on test
mainly on the composition of ambient particulate  objects and modeling the distribution of particles.
matter (PM) [1, 2]. The site under study in this paper is the settlement
Coal dust is one of the most potent air pollutants [3, 4].  of Posyet (Primorsky Krai), which has a large seaborne
Coal can contain more than 20 toxic and potentially coal terminal. The settlement is located in a natural
toxic elements (Hg, As, Sh, Cd, Pb, etc.) [5, 6]. Coal pristine environment, and the port infrastructure is not
dust can cause a number of chronic respiratory diseases,  fully suitable for handling dusty bulk cargo, which

including pneumoconiosis, bronchitis, etc. [7, 8]. contributes to the airborne migration of anthropogenic
In general, the contribution of air pollution to the PM.
frequency and severity of the most common diseases of Using a combination of methods, we aimed to

the respiratory system, digestive system, skin, allergic  estimate PM concentration in the ambient air of the
reactions, etc. is up to 30% of the total sum of factors settlement and PM composition on the surface of
affecting health [9, 10]. According to the World Health  conifer needles and in the dried washout from these
Organization (WHO), in 2016, 24% of all stroke needles. Conifer needle samples were chosen as the
deaths, 25% of coronary heart disease cases and deaths, objects of study because they are available for
28% of lung cancer cases and deaths, and 43% of sampling in any season and they accumulate a
chronic obstructive pulmonary disease cases and deaths  considerable amount of dust on their surface, which
were related to air pollution [11, 12]. serves as a reliable medium for assessing air pollution
In addition, there is a statistically recognized [18-20]. The chemical composition was studied using
relationship between airborne PM and morbidity and  Raman spectroscopy, X-ray fluorescence, and energy
mortality [13]. PM (including coal particles) can be dispersion analysis. Concentrations of PM,s and
transported by wind far beyond the sanitary zones of PMy, were measured using automatic monitoring
industrial and storage areas [14]. Particles with stations.
diameters of 2.5 and 10 pum (PMys and PMyy,
respectively) are often reported to pose a health risk  Materials and Methods
[15-17]. Study area
These factors emphasize the important social and The urban-type settlement Posyet is located in the
environmental role of continuous monitoring of air Khasansky District of Primorsky Krai on the
pollution for timely action to reduce the negative Novgorodsky Peninsula in the Posyet Gulf. Posyet has
impact of coal dust on the environment. a monsoon climate with moderately cold winters and
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humid summers. The bays Novgorodskaya, Ekspeditsii
and Raid Pallada in the Posyet Gulf have a special
nature protection status and scientific value. At the
same time, the port of Posyet is the site of a large
enterprise with an impact on the environment (a coal
terminal). In 2016, the port capacity allowed for the
handling of up to 12 million tonnes of coal per year
[21], and the turnover is growing every year.

The port of Posyet was not originally designed to
handle bulk cargo (including coal), and residential
houses were built directly in front of the port (Fig. 1).
Despite ongoing modernization of the port facilities,
there are frequent reports in the public media of coal
spillage and coal dust entering the bay. Due to the
monsoon climate, humidity is very low in winter,

Yandex

Wind rose - Year N

around 20-30%. The coal piles dry out and the wind
spreads the dust, especially in winter, which we have
previously observed during snow sampling and
analysis in the settlement in 2018 [22].

The population of the settlement was about 1,650
people in 2021. AO Trade Port Posyet is the main
employer in the area. According to the official data,
350 residents of the settlement work for the company.

Conifer needle samples

To study the ambient air pollution regardless of the
season, we analyzed the washout from conifer tree
needles. Due to their structure, conifer needles capture
particulate matter on their surface and can be used as
an indicator of ambient air quality [23, 24].

v

Coal Lo*acfiﬁg Terminal

Yandex

Fig. 1.

—E—

Sampling area in Posyet settlement. Numbers 1-3 - conifer needle sampling sites: 1 - near the coal terminal (distance

from the port 100 m); 2 - in the yard of a private house (distance from the port 400 m); 3 - along the road to the set-
tlement, not far from the railway. Numbers 1 M and 2 M are the locations of automatic monitoring stations: 1 M - pri-
vate house on a hill (42°39'31.5"N 130°48'25.8"E, distance from the port 680 m); 2 M - on top of a one-storey building
at an intersection (42°39'24.6"N 130°48'31.2"E, distance from the port 500 m). Map data (c) Yandex

Puc. 1.

Pation om6opa npo6 6 n. Iloceem. Homepa 1-3 - mouku om6opa npo6 xeou: 1 - 803/1€ y20/1bH020 MepMuHald

(paccmosinue do nopma 100 m); 2 - 80 dsope uacmHozo cun020 doma (paccmosiHue do nopma 400 m); 3 - 8doab
asmodopozu K nocesaky, Hedaseko om scesne3Holl dopoau. Homepa 1 M u 2 M - mecma pasmewjeHusi agmomamuyeckux
MmemeocmaHyuti: 1 M - wacmuwlil sHcuaoti dom Ha eo3zevluwieHHocmu (42°39'31.5"N 130°48°25.8"E, paccmosivue do
nopma 680 m); 2 M - kpblwa 00HOIMAaxcH020 cmpoeHust Ha nepekpecmke (42°39'24.6"N 130°48°31.2"E, paccmosiHue
do nopma 500 m). Kapmozepaguueckue damHble (c) Andekc
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Needles were collected from trees at a height of
1-1.5 m, placed in PET containers prewashed with
distilled water, and transported to the laboratory.
Samples 1 and 2 are from Manchurian fir (Abies
holophylla) and Sample 3 is from Scots pine (Pinus
silvestris). Conifer needle sampling points were chosen
near the coal terminal (south), in the center of the
settlement and near the railroad (north) to reflect all
types of air pollution common for the settlement
(Fig. 1).

To prepare the washout, we treated the needles with
ultrasound using a method that has been previously
tested in ambient PM analysis [24, 25]. The containers
with sample needles were filled with double-distilled
water and cleaned with ultrasound using a Sonopulse
3100 HD ultrasonic homogenizer (Bandelin electronic
GmbH & Co. KG, Berlin, Germany) at 22 kHz,
100 watts, and a 5-min exposure time to remove the
dust particles from the needles. The resulting liquid
was filtered through a 0.22 um Millipore filter, and
then the filter was dried in an oven to obtain dry PM
suitable for analysis.

Raman spectroscopy

The chemical composition of the dried sample
material was determined by Raman spectroscopy using
the  Morphologi G3-ID instrument (Malvern
Instruments Ltd.,, UK) at the Nanotechnology
Laboratory of the Far Eastern Federal University
(FEFU), Vladivostok. In this method, a beam of a
specific wavelength passes through a sample of the
studied material and scatters on contact with the
sample. The resulting beams are focused into a single
beam by a lens and then passed through a filter, which
separates the weak Raman beams from the more
intense ones. The 'pure’ beams are amplified and sent
to a detector which records their frequency.

The advantages of this method include the ability
to determine the size and basic chemical composition
of each individual particle in the sample by
comparing its spectra with reference spectra from
databases [26, 27]. For example, Raman spectroscopy
can be used to identify different mineral phases in
ordinary Portland cement without special sample
preparation [28]. The content of reference substances
in the collected PM samples was determined using
chemical correlation analysis software (supplied with
the instrument).

A total of 100,000 particles were scanned in each
sample. Spectra of 200 particles of 5-10 pm diameter
were then analyzed in manual mode and 400 particles
of 20-25 pum diameter were analyzed in automatic
mode. Statistical processing of the results was
performed automatically in the software supplied with
the instrument.

22

X-ray fluorescence analysis of the surface
of conifer needles

The analysis of needle samples required a non-
destructive method, so a portable X-ray fluorescence
spectrometer Innov-X SyStemS (USA) was used. The
XRF method collects and analyzes the spectrum produced
when the material is irradiated with X-rays. The analysis
was conducted at the Interdepartmental center for analytical
control of the environment, FEFU, Vladivostok.

Imaging and microanalysis of particles

The elemental composition of the particles was also
studied using an electron probe microanalyzer JXA 8100
(JEOL, Japan) equipped with three wave spectrometers
and energy dispersive spectrometer INKA-sight (Oxford
Instruments, UK). The studies were carried out in the
secondary electrode (SE) mode to image the morphology
of the particles in the samples and their surface
topography, and in the reflected electron mode (BE
COMPO), which has a different contrast depending on
the average atomic number of the element. The study was
carried out by Point and ID method. Metal-containing and
coal particles were analyzed first of all, as the main task
of this study was to detect coal. The choice of substances
for the study was based on the results of X-ray
fluorescence analysis of the samples. Quantitative and
semi-quantitative analysis was carried out using the
PhyRoZ method. The analytical studies were carried out
in the Laboratory of Micro- and Nanoresearch, Far East
Geological Institute, Far East Branch of the Russian
Academy of Sciences (Vladivostok).

Measurement of PMz.s and PM1o concentrations
with automatic monitoring stations

Measurements were made using two automatic
monitoring stations deployed in Posyet settlement, one in
the yard of a private house surrounded by trees, and the
other one at a road intersection, in a location presumably
subject to higher air pollution levels (Fig. 1, 2). The
locations were chosen to reflect both supposedly polluted
and background areas. The monitoring stations measure air
temperature, relative humidity, wind speed and direction,
and concentrations of ambient PM,5 and PMo. Data from
the automatic monitoring stations (averaged over 10 min)
are  transmitted via  GSM/GPRS/EDGE/2G/3G
communication channels to a remote FTP/HTML server
with a frequency of 1-2 times per day. The stations of this
design were previously used in a similar study in a larger
port city that also handles coal [29].

In this work, the data received on the server from
automatic monitoring stations from 20 January 2021 to
31 July 2021 were analyzed. The daily volume of data
from each station was 144 records. Statistical analyses
were performed using the STATISTICA 10 software
package (StatSoft, Inc., USA). Mean and standard
deviation were calculated for each set of values.
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Results
Raman spectroscopy of particles
in the dried washout from conifer needle samples

To compare the chemical composition of the
samples, we took Raman spectra of the most common
group of particles in the samples. The spectra were
then compared to a library of common minerals and
coals consisting of 347 spectra. The library included
spectra of coal, calcite, silicates, apatite, alumina
(corundum), fayalite, chrysoberyl, hydroxyapatite,
zircon, enstatite, fluorite, lazurite, quartz, zeolite,
azurite, carnelian, hedenbergite, galena, andradite etc.

Table 1. Chemical analysis of particles by Raman

spectroscopy

Ta6auya 1. Xumuueckutl aHa.au3 yacmuy no 0aHHbIM pama-
HOBCKOU cnekmpockonuu

Material content in samples, %
Material Co/iep>kaHHe BelllecTBa B ITpob6ax, %
BemecTBo Sample/Ilpo6a
1 2 3
Calcite/Kanbuut 87 82.1 89.1
Coal/YroJsb 8.3 4.3 6
Silicate particles 36 93 41
CUMKaTHbIE YaCTHU L bI
Galena/T'anenur (PbS) 0.8 2.7 0.7
Sphalerite N/D 0.9 N/D
Coanepur (ZnS) He 06HapyX. ) He 00HapyX.
Table 2.

Chemical analysis of a selection of 200 particles for
each sample showed the following correlation of the
main minerals and coal particles (Table 1). The highest
proportion of coal-containing particles (8.3%) was
observed in the sample collected close to the port
infrastructure.

X-ray fluorescence analysis of the surface
of conifer needles

Samples from sampling points 2 and 3 were
analyzed on an Innov-X SyStemS X-ray fluorescence
spectrometer. Unfortunately, the sample from point 1
could not be analyzed by this method due to the fact
that it was collected from a small stunted tree in the
port area and there was only enough material for
Raman analysis. The results are summarized in
Table 2. The highest concentrations were found for Fe,
Zn and Pb.
Studies on the Electron Probe Microanalyzer

Based on the results of the X-ray fluorescence
analysis, it was decided to further analyze the 2™ and
3 samples on an electron probe microanalyser, in
search of particles of metal compounds and coal. The
composition of both samples was visually similar
under the microscope. Fig. 3 shows a typical section of
the suspension from sample 2, including the energy
dispersive composition of several metal-containing and
coal particles. The chemical composition s
summarized in Table 3.

Composition of metals on the surface of needle samples from X-ray fluorescence analysis

Ta6auya 2. Cocmag memas108 HA NOBEPXHOCMU NPO6 X80U N0 OAHHBIM PeHM2eHOP1YOpecyeHMHO20 aHAAU3A

Sample Element, mg/kg/3n1eMeHT, Mr/Kr

[IpoGa Ti Cr Mn Fe Zn As Pb Sr Cd Sb Ba Co Ni Cu Mo Sn
2 2426 | 58,5 | 1882 | 32393 | 15110 | 1058 | 6974.6 | 413.6 | 25.6 | 77 | 4345 | 1054 | 131 | 1177 | 4.01 | 27.3
3 5866 | 153.8 | 1214 | 63550 | 1317.7 | 244.3 | 284.7 | 454.7 | 109 | 68.6 | 322.3 | 126.6 | 420.1 | 2715 | 8.03 | 30.8
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Fig. 3.

Puc. 3.
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. '
Electronic micrograph and energy dispersive composition of particles from a section of sample No. 2. Marked: coal par-
ticles (spectra 12 and 13); irregular, torn particles containing Fe, PbS, Cu, Zn and other elements (spectra 14 and 15);
PbS particles (spectra 16 and 17); particles containing Fe, Zn and S (spectrum 19)
InekmpoHHast Mukpoghomoepagdusi u 3Hep200UCNEPCUOHHDLL cocmas Yacmuy yuacmka 83gecu u3 npobvt N2 2. Ommeve-
Hbl: yacmuywl yeas (cnekmpul 12 ul3); wvacmuysl HenpasuasHotl, peaHoll hopmul, codeprcawue Fe, PbS, Cu, Zn u dpyaue
anemernmol (cnekmpul 14 u 15); wacmuyst PbS (cnekmput 16 u 17); vacmuya, codepxcawas Fe, Zn, S (cnekmp 19)

24



HN3BecTns ToMCKOro MoJIMTEXHUYECKOT0 YHUBepcuTeTa. UHXKHHUPHHT reopecypcoB. 2024. T. 335. Ne 10. C. 19-31
XosozoB A.C. u sp. KoMnsieKcHas oLieHKa COZiepKaHus TBEPABIX YAaCTHUI] B aTMOCHEPHOM BO3JyXe M0CEJIKa, B MTOPTY ...

Table 3. Chemical composition of the particles marked in

Fig. 3, according to energy dispersive analysis, wt %
Ta6auya 3. Xumuveckull cocmas yacmuy, omme4eHHbIX HA

puc. 3, no daHHbIM 3HEP200UChePCUOHHO20 aHA-
au3a, sec. %

Element Spectra/CnekTp

JnemeHT | 12 13 14 15 16 17 19
0 3.6 |[17.07 | 1481 | 19.51 | 1.89 4.15 | 15.56
Na - 0.94 - - - - -
Mg - 0.31 - - - - -
Al 0.18 | 3.54 0.6 0.55 0.26 0.3 0.79
Si 0.31 9.3 3.87 3.99 0.65 0.5 1.07
P - - 0.41 0.31 - - -
S 0.27 | 091 0.36 0.41 3.83 | 13.02 | 29.66
Cl - 0.54 - - - - -
K - 1.73 - - - - 0.24
Ca - 1.33 1.46 1.45 0.3 0.36 0.37
Ti - - - - - - -
Mn - - - - - - -
Fe - 0.79 334 | 35.34 - 0.55 9.73
Cu - - 3.15 3 0.9 - -
Zn - - 2.66 2.67 - - 37.2
As - - 0.61 0.93 - - -
Pb - - 7.57 9.69 | 24.62 | 83.71 -
Bi - - - - 5.29 - -

Concentrations of PMz.s and PM1o

Data on PM,s and PM;, concentrations were
averaged over months. According to the observations,
the concentrations of both particulate matter fractions
measured were highest in the winter months (as well as
in March, which is traditionally cold in the Russian Far
East), and then a gradual decrease was observed (Fig. 4).

Concentrations of PM,s were within the range of
17.5 ug/m® at both sites, with a mean of 12.1 pg/m® at
site 1 and 10.7 pg/m® at site 2 for the whole period.
The mean monthly values at the first site were slightly
higher than those at the second site.

Monitoring station 1
100~

80+

60+

pg/m®
pg/m®

40+

20+

0=
s@o& & é“'

+ QQ(. ‘s‘ 0@5\’*‘5‘}‘\‘69‘
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m PM,; mm PMy

Fig. 4.
Puc. 4.
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100+
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20+

I I - Range of concentrations

Mean concentrations of PMz.s and PM1o in Posyet from January to July 2021 measured by the monitoring stations
Cpednue konyenmpayuu yacmuy PMzs u PM1o é n. [lockem 3a nepuod c saHeaps no urwas 2021 2. no 0aHHbIM uamepe-
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The mean concentration of PM;o was 36.8 pg/m° at
site 1 and 32 pg/m® at site 2. The peak of PMy, was
observed in March 2021, when the concentrations
increased to 53.6 pg/m® (site 1) and 44.9 pg/m®
(site 2).

Discussion

According to the results of the correlation analysis
of Raman spectra (Table 1), most of the studied
particles in the samples of dried washout from the
surface of conifer needles in Posyet settlement (more
than 80% in all samples) were calcite. Some amount of
coal particles was present in all samples (from 4.3 to
8.3%). The remaining particles were silicates, particles
containing Pb and Zn (probably as part of galena and
sphalerite) and other impurities in small amounts.

These observations are confirmed by the results of
the electron probe microanalysis study. In addition to
calcite, there were many silicates, pieces of organic
matter and irregularly shaped particles containing
metals. Coal particles were found, but in small
numbers. The small amount of coal in the samples
could be related to the prevailing westerly winds,
which carry coal dust from the terminal into the Posyet
Gulf, polluting the water area. In addition, the dust
suppression equipment used in the port washes some of
the coal dust into the gulf.

This composition of the solid component of the
ambient PM is typical for the cities and towns of the
Primorsky Krai. However, the component of PM of
natural origin varies from area to area, while the
anthropogenic component is common to all areas of
human activity and depends directly on the nature of
this activity. The main stationary sources of ambient
air pollution are heat and power facilities.

Monitoring station 2
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The entire thermal energy production chain, from
extraction to transport, processing of raw materials and
energy production, is a source of polluting emissions
that affect the population of both small settlements and
large cities. Finding a correlation between particle
composition and wind direction helps to link the origin
of particles, their trajectories and their chemical
composition Aerosols that have travelled for a long
time over rural areas are characterized by a high
content of mineral particles. When airflows pass over
densely populated areas, the amount of particles
containing coal and soot and particles associated with
exhaust gases increases [30].

In this case, the content of coal-containing particles
in the samples is relatively low (up to 8.3%), which
indicates that coal dust spreads beyond the sanitary
protection zone but does not have a significant impact
on PM in the ambient air of the settlement, except for
the area adjacent to the port facilities. It is worth noting
that winter snow samples collected near the port
contained visible traces of coal dust contamination
[22]. Other obvious sources of coal particles are boiler
houses and stove heating. Due to the low number of
cars in the settlement, motor traffic does not have a
significant impact on ambient PM, in contrast to cities

Table 4.

and more developed settlements [31]. Calcite particles
are most likely of natural origin (including waste shells
from seashore) [32], while silicate particles include
both natural and anthropogenic sources (round silicate
particles may the result of high temperature burning of
all kinds of fuel) [33]. The mineral particles described
above are most likely of natural origin, while other
metal-containing particles (Cu, Fe, As) may originate
from road traffic and also from fuel combustion.

In addition to the chemical composition of
particulate matter, the second most important
characteristic is its concentration in ambient air. We
compared the mean concentrations of PM,s and PMyq
with the maximum 24-hour and annual concentration
standards specified in the Russian and US (NAAQS)
documents (Table 4) [34, 35].

The mean concentrations for the whole observation
period can be compared with the annual concentration
standards from the relevant documents. The mean
PM,s concentrations from January to July 2021
(12.1 pg/m® at station 1 and 10.7 pg/m® at station 2)
are well within the Russian standards (annual
concentration), but at the upper end of the US NAAQS
range (12 pg/m°).

Comparison of PMz.s and PM1o concentrations in Posyet in January-July 2021 with the US and Russian standards

Ta6auya 4. ConocmasaeHue koHYyeHmpayuii 83eeweHHblXx yacmuy PMz.s u PMio 6 n. [locbem 3a nepuod siHeapb-utoab 2021 2.

C Hopmamueamu CanlluH 1.2.3685-21 u NAAQS (CIIIA)

PM:z;s concentration (pg/m3)
KoHueHTpalys B3BeLIeHHbIX

PM1o concentration (pg/ms3)
KoHueHTpanysa B3BelIeH-

HanMZ:-[tiiaHHe yacTul PMzs (MKr/m3) HanMZ:-xtleE;aHne HbIX Yactul, PM1o (MKr/m3)
Site 1 Site 2 Site 1 Site 2
Toyka Ne 1 Toyka Ne 2 Toyka Ne 1 Toyka Ne 2
January/siHBapb 17.4 14.1 January/siHBapb 46.0 32.5
February/despanb 16.0 13.5 February/despanb 43.0 35.6
March/mapTt 17.2 15.1 March/mapTt 53.6 44.9
April/anpesnb 10.8 10.0 April /anpesnb 37.0 33.7
May/maii 7.3 7.2 May/mait 32.2 33.3
June/u0OHBb 7.0 8.1 June/vIOHb 27.1 28.4
July/urosb 8.9 7.0 July/urosb 18.8 15.2
. . Mean concentration of PM1o
Mean concentration of PMz; in January- .
in January-July 2021
July 2021
12.1 10.7 CpefiHAS KOHLeHTpauus 36.8 32.0
CpeiHss KOHUeHTpauus yactuy PMas
3a nepuo/ iHBapb-HtoJb 2021 r uactui PMio 33 nepuoA siH-
) Bapb-Huioyb 2021 T.
Russian 24-hour concentration standard Russian 24-hour
[21] concentration standard [21]
35 60
CpefiHecyTO4YHast KOHLleHTpauus PMzs CpesHecyTOYHast KOHILeH-
(CanlluH) [ 21] Tpanus PMio (CanlluH) [21]
Russian annual concentration standard Russian annual
[21] concentration standard [21]
25 40
CpepHerosioBas KoHLeHTpauusa PMzs CpefHerosoBasl KOHLEHTpa-
(CanlluH) [21] st PMyo (CanlluH) [21]
US 24-hour concentration
US 24-hour concentration standard [22] standard [22]
CpejHecyTo4YHasA KOHIleHTpauusa PMzs 35 CpejiHeCcyTOYHasA KOHLIEH- 150
no NAAQS (CLLA) [22] Tpauus PMio no NAAQS
(CILIA) [22]
US annual concentration standard [22]
CpefHerosioBasi KOHIeHTpauus PMzs o 12 OTcyrerayer

NAAQS (CIIA) [22]
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The mean PMj, concentrations over the whole
period of observation (36.8 pg/m® at station 1 and
32.0 ug/m® at station 2) were within the Russian
standards (annual mean 40 pg/m®). However, during
the cold months PM;q content exceeded these values
and reached 53 pg/m® probably indicating the
influence of boiler houses and stove heating.

These data correlate with our previous study
(analysis of fresh snow cover), which showed that the
area of Posyet settlement is under the influence of a
major source of air pollution. The proportion of PMyq
measured in thawed fresh snow, according to the
results of this study, ranged from 15.4 to 45.3%
(average 32.5%) [22].

It is known that there is a correlation between time
of day and particle concentrations [36]. In this study,
we did not find this correlation, but there were
individual overshoots of particle concentrations at
different times of day.

These data can also be compared with the results of
a similar study carried out by the authors in the city of
Nakhodka, which also has a coal handling facility in its
port and is much larger than Posyet settlement [29].
There, too, a gradual decrease in PM concentrations
was observed as the temperature outside the window
increased. The maximum mean PM, s concentration for
the whole observation Joeriod (January—May 2021)
there reached 17.2 pg/m°, and PMyy was 41.7 pg/m’,
which correlates with the data obtained in Posyet.

Conclusion

In this work we studied particulate matter in the air
of Posyet settlement using a complex of methods. The
chemical composition of particulate matter was studied
in a washout of conifer needle samples using Raman

Concentrations of PM,s and PMj, were measured
using automatic monitoring stations.

According to the ranges of PM content in the air of
Posyet, averaged over months, the highest PM, and
PM, s concentrations were observed in winter months,
followed by a gradual decrease in concentrations at all
monitoring sites. At the same time, the measured
concentrations were within Russian and US standards.

In terms of chemical composition, particles of
natural origin (calcite, a certain part of silicates)
predominated in the samples, but coal particles (up to
8.3%) and metal-containing particles were also found.
In addition to the coal handling activities of the port,
the industrial component of ambient particulate matter
in the settlement (measured in the washout from
conifer needles) is affected by fuel combustion (boilers
and stove heating).

From a practical point of view, this study has
shown that this small settlement has medium to high
concentrations of PMj,s—PMy, (as shown by
instrumental measurements). In terms of health and
hygiene, particles in this size range are the most
dangerous for human health. However, most of the
unalyzed particles in the dried washout samples
seem to be of natural origin, with the exception of
particles near the port. A system for continuous
monitoring of coal dust air pollution near the coal
terminal in Posyet settlement is needed. It can be a
network of sensors that will allow receiving daily
accurate data on PM content in the air. With the help
of such data, it will be possible to react promptly to
the exceeding of the maximum permissible
concentration of suspended particles in the air and to
take timely decisions to reduce the negative impact
on the environment.

spectroscopy and energy  dispersive  analysis.
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