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Abstract. The paper deals with the study of atmospheric particulate matter in medium and
small settlements of Primorsky Region: Lesozavodsk town (Lesozavodsky urban district);
settlements Gornye Kluchi and Ussurka (Kirovsky district); LDK settlement (Dalnerechensky
urban district); villages Novopokrovka and Izmaylikha (Krasnoarmeysky district) by means of
particle size analysis. It is shown that the atmosphere of each settlement contains
microparticles sized under 10 um (PM10) in significant proportions (over 20%). A conclusion

is made that there is a need for continuous environmental and hygienic monitoring not only in
big cities and heavily contaminated areas, but also areas that are considered environmentally
safe.

1. Introduction

The contemporary scientific level of air pollution research allows the researchers to single out a new
class of toxicants - nano- and micro-sized particles of atmospheric particulate matter. Atmospheric
particulate matter in the air of settlements is polluted with ultrafine nano- and microparticles of both
man-made and natural origin: components of vehicle exhaust, various smoke emissions, products of
dusting from various industries, wind-blown volcanic ash, etc. [1-4]. The impact of such particles on
humans and animals is associated with the development of so-called ecology-dependent pathology,
increased risk of pathological changes in the respiratory system, cardiovascular diseases, etc. among
the inhabitants of large cities and settlements with adverse environmental conditions [3, 5].

In Russia continuous environmental and hygienic monitoring of the composition of atmospheric
particulate matter is carried out in major cities, industrial polluted areas, and in the reserves [6-8].
However, of certain interest are medium and small (in terms of population) settlements, as well as
territories with a small number of people. Studies have shown that even the atmosphere of small towns
and villages may contain dangerous to human health and biota microparticles (less than 10 um) and
potentially dangerous (10-50 pum) in significant parts, the causes of which are cars and boiler-houses
fired with coal [9]. It should be noted that often in small towns there are township-forming enterprises
which have significant impact on the environment, equating such settlements to mega-cities in terms
of the ecological status, especially in cases of enterprises of mining and metals industries. In some
cases, boilers and vehicles can have greater impact on the environment than the enterprises (on the
basis of particle size analysis of particulate matter PM10 in the air).

One of the features of Primorsky Region is long distances between towns (about 100-150 km on
average), small number of large industrial enterprises and low population density. Environmental
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conditions in small settlements can differ dranalycdepending on many factors, so it is important
carry out environmental and hygienic monitoringred composition of atmospheric particulate matter.
Previously the uathors examined microscale atmagppellution in towns Bolshoi Kamen, Spassk-
Dalniy, Pogranichniy settlement.

This paper deals with the study of atmospherici@ddte matter in 6 medium and small
settlements of Primorsky Region by laser granuloynaethods with the aim to identify the content of
nano- and microparticles in the atmospheric pdeteumatter, which have an impact on air quality,
climate, people and animals.

2. Materials and methods

For this study the authors collected snow sample® inedium and small settlements located in two
districts and two urban districts of Primorsky Regil) Lesozavodsk town (Lesozavodsky urban
district, the total population of the district is3,469 people); 2) settlements Gornye Kluchi
(“Shmakovka” resort) and Ussurka (Kirovsky distrithie total population of the district — 19,268
people); 3) LDK settlement (Dalnerechensky urbastridit, the total population of the district — 2851
people). 4) villages Novopokrovka and Izmaylikhagghoarmeysky district, the total population of
the district — 17,075 people). The general mapettfiesnents where the authors collected the snow
samples for this research is presented in Figure 1.

Tzmaylikha

Dalnerechensk (WWP)

Novopokrovka

Lesozavodsk

Gornye Kluchi
Ussurka

Primorsky Territory

Figure 1. General map of settlements where snow samples eadlected. © OpenStreetMap
contributors

Sampling stations were selected near highways, beidgr houses (if available), in residential
neighborhoods. Samples were taken in winter 201%-20 the course of three snowfalls. In order to
avoid secondary pollution, only the top layer adstn snow (5-10 cm) was collected. The snow was
placed in sterile 3.2-3.5 liter containers. Afteelting, the fluid in the containers was stirrecert60
ml of liquid were taken from each sample, and thaidl was analyzed on a laser particle analyzer
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Fritsch Analysette 22 NanoTech (Germany), whicbvedl us to determine the particle size distribution
and the shape of particles in a single set of nmeasents.

3. Results and discussion
Lesozavodsky urban district, Lesozavodsk town
Lesozavodsk is the administrative center of Lesodaky urban district of Primorsky Region. Ussuri
River runs through the town, there is a railway andotorway. In the past the town was the center of
wood processing industry, currently there is a wemdting plant, biochemical factory, clothes
factory, and a number of food enterprises. Onehefrhajor employers is Ruzhino railway station,
located in the town. The climate is temperate monsdominated by southern and south-western
winds. As of 2016 the town’s population is 36 0Zbple (Russian Federal State Statistics Service
2016).

In Lesozavodsk snow samples were collected at thaempling stations during three snowfalls in
December 2015 - January 2016. The sizes of partantel percentage ratio of fractions in samples of
particulate matter at all sampling stations arsg@méed in Table 1.

Table 1. Distribution of particle fractions in snow sampled.esozavodsk town

Fraction, um Percentage of particles in sample’l#spzavodsk)

1 2 3
Under 1 4.6 6.7 1.9
1-10 26.2 38.4 25.4
10-50 9 13.6 15.6
50 — 400 22.7 11.4 12.9
400-700 33.9 12.3 34.3
Over 700 3.6 17.6 9.9
Arithmetic mean 278.59 485.99 311.04
Mode 460.85 597.61 524.80

1 - the road at the entrance to the town (Dzerkioigs Str.); 2 near th
boiler house and the railway station (Oktyabrsk&ya); 3 -residentie
district (Lenina Str.).

As shown in the data presented in Table 1, thactestof the first two size classes (10 um) were
found at all sampling points in Lesozavodsk in gigant quantities (from 25.4 to 38.4%). In other
size classes the particles are distributed moralgvAccording to the table the author can conclude
that hazardous and potentially hazardous to théthhearticle of sizes up to 50 um constitute on
average a half of the particle size spectrum dedet the samples in the settlement (from 39.8 to
58.7% on average, see Figure 2).

The data show that the atmosphere of Lesozavodstaios microparticles hazardous (under 10
um) and potentially hazardous to human health @) in significant proportions. Judging from
the geographical location of sampling points aredrtproximity to certain objects it can be concldde
that the sources of PlMimicroparticles are motor vehicles, as well aspitoximity to the boiler house
and railway station. It is worth noting, howevdnat according to authors’ observations, in some
cases, the proximity to a railway station doeslead to the increase in the content of fine pasicl
[10].
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Figure 2. A typical bar graph of particulate matter disttibn in the snow water sample
collected in Lesozavodsk town at sampling point2N@ktyabrskaya Str., close to the boiler
house and the railway station)

Kirovsky district, settlements Gornye Kluchi (“SHmaka” resort) and Ussurka

Kirovsky district is located on the bank of the Ws$sRiver, bordering on the north-east with
Lesozavodsk urban district. One of the most impdriégems in the district's budget is health-
improvement and recreational services, the sowtealcium-magnesium mineral waters are located
here. The climate is temperate monsoon with priemp#outhern winds. Two small settlements were
selected for sampling in the district: Gornye Kluahd Ussurka.

Gornye Kluchi is a resort settlement in which 4 Itreaesorts are located. As of 2016 the
population is 4249 people. Federal highway A-37Gsli” runs through the settlement. Ussurka
settlement is located 10 km to the south of Gotlyeehi. Its population is 630 people. There are no
industrial enterprises; the residents are mostijagad in agriculture.

According to the data collected, particles of sigpgo 10 um hazardous to the health of humans
and animals were found in significant quantitieoaé sampling point in Gornye Kluchi settlement
and at three sampling points in Ussurka settlemfiith the absence of industry in these settlements
one can conclude that the sources of micro-dusgirapably, are boilers fired with coal, as weltlas
products of combustion at house stoves. It is rsargg0 continue research in this area to ideiiigy
sources of micro-sized air pollution.

Dalnerechensky urban district, LDK settlement

LDK is a settlement situated in the immediate \tgiof a woodworking plant, 8 km from the city of
Dalnerechensk. Snow samples were collected at Haepling points in three steps during snowfalls
of winter 2015-2016. As seen in the data collectieel distribution of particulate matter in snow grat
samples is relatively uniform at all sampling psin®nly at one snow sampling point the content of
PM10 fraction exceeded a significant percentage7f@p Most likely, this distribution of particles i
due to the remoteness of the sampling points flmemwoodworking plant, and that should be taken
into account in subsequent monitoring of the atrhesp of the settlement.
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Krasnoarmeysky district, villages Novopokrovka &mdaylikha

Krasnoarmeysky district is one of the largest im tlorth of Primorsky Region; its area is over 20,66

square kilometers, covering a significant parttad taiga on the western slope of the Sikhote-Alin.
The area has distinctly continental climate. In Hmsnoarmeysky district the content of micro

particles in the atmosphere was studied in two lswilges: Novopokrovka and Izmaylikha.

Novopokrovka village is located on the bank of Bashaya Ussurka River. The population in
2010 was 3,646 people. There is no industry invitkege, but there is food production (dairy plant,
bakery). Izmaylikha village is located in the basfrizmaylikha River, tributary of Bolshaya Ussurka
River, and it is equated to the regions of Far hofthe population in 2010 was 287 people. The
landmarks of the place are meteor craters, locatad from the village.

Snow samples in villagddovopokrovka and 1zmaylikha were collected at ttsampling points in
each village in three steps during snowfalls ofteir2015-2016. All samples were collected near the
roads passing through the center of villages (Stagt Str. in Novopokrovka village and Centralnaya
Str. in Izmaylikha village). The sizes of particland percentage ratio of fractions in samples of
particulate matter at all sampling stations arsg@méed in Table 2.

Table 2. Distribution of particle fractions in snow samplesNovopokrovka and Izmaylikha

villages
Fraction, um Percentage of particles in sample, %
Novopokrovka village, Sovetskaya lIzmaylikha village, Centralnaya Str.
Str. (house number in brackets) (house number in brackets)
1(7) 2(74) 3(128) 1(2) 2 (23) 3 (56)
Under 1 1.4 1 3.1 1.6 0 2.2
1-10 6.4 10.3 26.7 19.8 0 22.7
10-50 4.4 7.1 154 15.3 14 1
50 — 400 10.1 8.7 8 0.7 27.8 15.6
400-700 29.9 26.7 13.8 9.5 44 39.9
Over 700 47.8 46.2 33 53.1 26.8 18.6
Arithmetic mean 644.03  610.68 425.61 584.39 557.18 422.99
Mode 800.52  800.52 882.46 882.46 578.51 597.61

Krasnoarmeysky district is considered environméntdfe, and there are no industrial enterprises
in villages selected for sampling. As seen fromdh& in Table 2, the fractions of bigger size€0(40
um and above) constitute a major part in the atmergp of these villages: from 46.8 to 77.7%).
However, particulate matter PM10 was detectedgniicant quantities (from 19.8 to 26.7%) in three
of six sampling points in two villages in Krasnoa&ysky district. Therefore, the results of laser
particle size analysis allow us to make the prelany conclusion that the increased content of the
microparticles of the second size class may betaltlee proximity to the highway which is the source
of dusting, or smoke emissions. Detailed conclusion the sources of micro-sized pollution will be
possible after the analysis of samples using ansegmicroscope.

4. Conclusion

It is shown in the results obtained that the atrhesp of small and medium-sized settlements contains
dangerous (under 10 pm) and potentially dangerousutman health microparticles (10-50 pm) in
significant parts, and it is observed both in seténts under anthropogenic pressure (Lesozavodsk
town) and areas considered environmentally safsufia village). The sources of this particulate
matter may be small boiler houses fired with caaitomobiles and other sources of dusting and
smoke. Obviously, it is necessary to carry outquical environmental and hygienic monitoring not
only in big cities and heavily contaminated arebsf also in the areas that are considered
environmentally safe. Prolonged exposure to miatapges has an impact on human and animal
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health, so periodical monitoring will allow deteminig whether the background of microparticles is
“accidental” or it is caused by a permanent soofausting.
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