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STUDY OF QUALITATIVE COMPOSITION
OF THE ATMOSPHERIC AIR MICROPARTICLES
AND THE LEVEL OF ALMATY POPULATION MORBIDITY
BY PULMONARY DISEASES

Abstract. A qualitative assessment of atmospheric microparticles in winter in the city of Almaty was carried
out and the prevalence of the incidence of the population with respiratory diseases was studied. Physico-chemical
methods for studying ultra-small solid particles and analysis of official information on the incidence of the
population were used. It was found that microparticles are a heterogeneous structure and consist of combustion
products of carbonaceous materials, biogenic compounds and metals. Biological reactions of the body with the
arrival of solid particles can be associated not only with their size, but also physico-chemical characteristics, such as
inorganic and organic composition, which depends on the source of pollution. About half of cases in the structure of
the incidence of the population of the Republic of Kazakhstan belongs to diseases of the respiratory system. Almaty
city among other subjects of administrative units of the Republic of Kazakhstan takes the leading position on the
incidence of the population with respiratory diseases.

Key words: microparticles, ultra-small solid particles, air pollution, transport, morbidity, respiratory diseases.

Introduction. In recent years, the problem of air pollution in the cities began to be considered in the
context of a global strategy for sustainable development [1-4].

In the center of the Eurasian continent at the foot of the mountains of Zailiysky Alatau, there is the
city of Almaty - the largest city in Kazakhstan and Central Asia with a population of about 2 million
people. The city is characterized by a small number of industrial enterprises and heavy traffic, where
vehicles are the main source of air pollution — 80 % harmful emissions [5].

The increase in morbidity and, as a result, mortality of urban population is associated with the impact
of pollutants from road transport, burning of gasoline and diesel fuel, wear of brakes, tires, pavement and
road dust [6].

Vehicle emissions are a significant source of ultrafine particles (ultrafine particles - UFP), defined as
particles with an aerodynamic diameter of less than 100 pm [7-9]. There are the following types of ultra-
small solid particles depending on their diameter: fine particles — particles with an aerodynamic diameter
equal to or less than 2.5 um (PM2.5) and coarse particles — with a diameter of 2.5 to 10 um (PM2.5-10)
[10-11]. Biological reactions of the body to the arrival of solid particles depend not only on their size, but
also on the physico-chemical characteristics, such as inorganic and organic composition, dependent on the
source of pollution. Currently, over 20 real-time sensors have been installed in the city of Almata, which
determine the concentration of PM2.5 [12].
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The purpose of the study was to make a qualitative assessment of atmospheric microparticles from
various traffic points in the winter in Almaty city and the level of spread of pulmonary diseases.

Methods. The qualitative content of ultra-small particles was determined in the winter of 2018 by
collecting dust and snow along the main transport highways in various administrative district of Almaty,
where there are no industrial facilities. Samples were collected for 10 days at the intersection of the streets
in clear, windless weather. Paper filters installed in a horizontal position in an amount of at least 3 pieces
per study point at a distance of 3-5 m from the edge of the road and 2 m from the ground. After the
expiration of the exposure, the filters were cut into small pieces of about 5-6 cm2, then placed in a sterile
bottle with 1 liter of sterilized distilled water, sonicated for 1 minute. The resulting aqueous solutions in a
volume of 100 ml were passed through a system of polycarbonate IsoporeTM polypropylene (Millipore,
USA) filters of different diameters to produce ultrafine particles (UFP) with a diameter of less than 100
um and separating them in size: 0-5 pm, 5-10 um, 10-30 pum. Further, in the obtained filtered solutions,
the combustion products of the fuel and the heavy metals were determined.

The top layer of snow from a depth of up to 10 cm and an area of 1 m” was collected in 1 liter sterile
containers, which were pre-washed twice with distilled water to prevent secondary contamination by
anthropogenic aerosols. Samples were turned off at a centrifuge at 1500 rpm for 15 minutes. The
supernatant was stored at minus 20 °C until use. Microscopy was performed using a Leica light
microscope. Two sampling points were identified in the studies:

— "Upper part of the city" (Abai-Nazarbayev, Dzhambul-Pushkin);

— "Lower part of the city" (Pushkin - Raiymbek).

The pH of the solutions was determined on pH-meter PH3210 Set Tw; using the conductor TetraCon
325/Cond 3110 SET2 — electrical conductivity. Acid oxides, phosphates, lead and cadmium were
determined according to conventional techniques on a SpectroquantSpectroPharo 100 spectrophotometer.

Results and Discussion. Figure 1 shows the stages of particle collection, sample preparation and
particle microscopy results.

Microscopic study of aqueous solutions of dust and snow passed through filters of different diameters
showed inclusions of black color of various forms, classified by us as ultra-small solid particles (figure 1).

The study of acidity indices revealed that water extracts of dust (before separation into fractions) and
snow have acidic indices — 4.73-5.57. The lowest pH values were characteristic for snow samples (tab-
les 1 and 2). The electrical conductivity of the snow was almost twice as large as the water solutions of
dust, which is probably due to the cumulative capacity of snow. The obtained values of electrical
conductivity indices for snow samples were practically identical to each other from different surveyed
collection points, which was also characteristic for samples of aqueous dust solutions. When comparing
the test samples with each other, there were no significant differences in the concentrations of sulfates,
nitrates and nitrites. It should be noted that sufficiently large values of nitrite indices were noted for snow
samples, but they were less than the maximum permissible concentration (MPC). On the contrary, for all
samples, the MPC levels of nitrates were observed to be 4.0-5.8 times higher. Indicators of phosphorus
oxide for aqueous solutions of dust were in the ranges 5.3-5.9 mg/dm’ and were 1.5 and 1.7 MPC. For
snow samples, the phosphorus oxide values were greater, and were 7.73-7.90 mg/dm’® and 2.21 and 2.26
times the MPC, respectively. Concentrations of lead and cadmium in all the investigated samples of dust
and snow significantly exceeded the normalized values. In aqueous solutions of dust, lead concentration
was 116.7 MPC, cadmium 142.3 MPC, and in snow samples lead concentrations were 186.7 MPC,
cadmium 184.3 MPC (tables 1, 2).

Depending on the size of the particles, different levels of heavy metals in aqueous solutions of dust
and snow from different parts of the city are observed (table 3). Thus, it was revealed that in practically all
samples tested the highest level of lead and cadmium is observed in aqueous solutions of solid particles
with a size of 0-5 um in comparison with particles of a larger size. This is due to the fact that smaller
particles have a larger contact area. At the same time, the dependence of the metal content in the samples
from the city area is traced: in the "lower" part of the city the content of metals is higher in comparison
with the "upper" part of the city.
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Filter diameter 30 um

Filter diameter 10 um

Increase x 400
Figure 1 — Stages of particle collection, sample preparation and results of microscopic examination of ultra-small solid particles

Filter diameter 5 pm

Table 1 — Concentration of acid oxides and heavy metals in aqueous solutions of dust from different districts of Almaty, M + m

Indicators of the concentration of acid oxides and heavy metals
oo in aqueous solutions of dust from different districts of Almaty The values of MPC
Measured indicators - - for the measured
"Upper part of the city" "The lower part of the city" indicators, mg/dm?
(Dzhambul-Pushkin) (Pushkin - Raiymbek) ’
pH 5,56 +£0,21 4,96 + 0,23 -
Electrical conductivity, uS/cm 75,83 +£2,99 68,53 £0,57 -
S042 , mg/dm® 65,60 + 1,94 69,66 + 1,23 500,0
NO2 , mg/dm’® 15,06 + 1,89 12,66 £ 0,31 3,0
NOs , mg/dm? 26,63 + 0,30 27,46 + 0,59 45,0
PO, , mg/dm’ 5,30£0,30 5,90 + 0,55 3.5
Pb?, mg/dm? 3,50+0,16 4,26 +0,34 0,03
Cd?, mg/dm? 4,30+0,16 5,86 +0,21 0,001

Table 2 — Concentration of acid oxides and heavy metals
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in aqueous snow solutions from different districts of Almaty, M = m

Indicators of the concentration of acid oxides and heavy metals
o in aqueous solutions of snow from different districts of Almaty The values of MPC
Measured indicators - - for the measured
"The upper part of the city" "The lower part of the city" 3
. . parameters, mg/dm
Abay - Nazarbayev (Pushkin - Raiymbek)
pH 4,73+£0,14 523+0,18 -
Electrical conductivity, uS/cm 134,56 + 0,98 144,20 + 2,33 -
SO4?% , mg/dm3 65,13 +0,73 67,36 £ 0,90 500,0
NO2 , mg/dm’ 17,40 £ 0,20 12,30+ 0,16 3,0
NOs™, mg/dm’? 33,4+0,85 35,30+ 0,68 45,0
PO42, mg/dm? 7,90 + 0,45 7,73 £0,35 3,5
Pb?, mg/dm? 5,60 + 0,26 5,53 +0,46 0,03
Cd?, mg/dm’ 6,76 + 0,39 6,16+ 0,16 0,001
Table 3 — Metal content in samples of water solutions of dust and snow
in different parts of Almaty depending on the size of solid particles, M + m
o ) o Dimensions of solid particles, um
District of the city Measured pollution indicators
0-5 5-10 10-30
"Upper part of the city" Air Pb?* 3,7+04 2,8+04* 2,4+0,2%
(Dzhambul-Pushkin) cdr 3,9+0,5 3,3+0,6% 3,603
"The lower part of the city" Air Pb>* 4,0 +0,6 3,4+0,1% 3,0+0,1%°
(Pushkin - Raiymbek) Cd> 5,0 £0,6° 3,4 +0,7* 3,5+0,5%
"The upper part of the city" Pb> 5,0+0,4 3,5+0,5* 3,5+0,5*
Snow
(Abay - Nazarbayev) cd* 59+04 3,4+0,6% 3,3+£0,2%
"The lower part of the city" Snow Pb>* 50+04 4,3+0,7 4,3+0,6°
(Pushkin-Raiymbek) Cd> 6,2+04 4,5+0,6%° 3,0 +0,5%

Note: for P <0.05 (the Mann-Whitney U test).
* - in comparison with the particle size; © - compared to the place of sampling.

Table 4 shows the incidence rates of respiratory diseases in the structure of the overall morbidity of
the population of the Republic of Kazakhstan on the basis of statistical data of the single site of the
Committee on Statistics of the Ministry of National Economy of the Republic of Kazakhstan
www.stat.gov.kz. There is a trend of increasing respiratory rate in the past five years by almost 2 % and
they make up on average 40 % of cases. In this case, the incidence of respiratory diseases among children

is more than 60 % with an increase of 2 % over the past 5 years.

Table 4 — Morbidity of the population with respiratory diseases of the Republic of Kazakhstan
in the structure of the overall incidence

Diseases of the respiratory system
in the structure of the general morbidity 2012 year 2013 year 2014 year 2015 year 2016 year
by the main groups of diseases by years, %
Morbidity of the adult population 41,6 41,8 41,5 42,0 43,5
Morbidity of children aged 0-14 years 59,8 60,1 59,7 60,0 61,8

The city of Almaty holds a leading position on the incidence of respiratory diseases among other
administrative units of the Republic of Kazakhstan with an increase of 80 912 cases over the past five

years (figure 2).

— g ——
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Figure 2 — Morbidity of the Almaty city population with respiratory diseases.

The problem of air quality is of vital importance in ensuring the health of the population in the terms
of increasing technogenic and climatic changes. To date, the pathogenetic mechanisms of diseases such as
asthma, cardiovascular, atherosclerosis have been determined. It has been shown that ultrafine solids
(UFP) can not cause death in healthy people, but may increase the mortality rate among vulnerable
groups, such as children, the elderly or people with weakened immune systems [12].

It is believed that ultrafine particles have the greatest impact on human health [13]. Increasing the
level of their content increases the number of respiratory and cardiovascular disease [14]. Such particles
have a large cumulative ability, the ability to penetrate the epithelium, as well as an increased proportion
of organic material and metals in the composition, which leads to their high oxidative potential [15].

Epidemiological studies have found a positive correlation between the short-term exposure to
elevated levels of airborne particles having an average diameter of less than 2.5 um and the population
mortality. The effect of PM2.5 is statistically significant in cardiovascular and respiratory infections,
reducing life expectancy by about 8.6 months [16].

Conclusions. Solid particles are a heterogeneous structure and consist of combustion products of
carbonaceous materials, biogenic compounds and metals. In all the investigated areas of Almaty, the MPC
is exceeded for nitrites, phosphates, lead and cadmium.

With the decrease in the size of solid particles, the process of settling of heavy metals on their surface
increases, which makes them most hazardous to health.

About half of the cases, according to official statistics, in the structure of morbidity of the population
of the Republic of Kazakhstan belong to the diseases of the respiratory system. Almaty among other
subjects of administrative units has a leading position on the morbidity of respiratory diseases.

M. B. JIio"2, H. A. Uoparumosal, JI. A. AnambeKoB?

L«udeknumsira Kapchl FRUILIMU Tpenapatrap opranbirb AK, Anvars, Kasakcran,
1. K. AxynbOaeBa atbiHarbl KpIprbi3 MeMIICKETTIK MEIUITUHAIIBIK aKaJCMHUSCHI,
Bimkek, Keiproi3 PeciyOnukachr

AJIMATHI KAJIACBI XAJKBIHBIH OKIIE AYPYJIAPBIMEH AYPYIHAH/IBIK JEHTEATH
KIOHE ATMOC®EPAJIBIK AYA MUKPOBOJIIIEKTEPIHIH CAITAJIBIK K¥YPAMBIH 3EPTTEY

AHHoOTanMs1. AIMaThl KaJlachbIHZA KBICKBI Ke3eHIe aTMoc(hepalblK ayaHbIH MUKpPOOONIIEeKTepiHe canaabl Oara
Oepini JKoHEe XalbIKThIH THIHBIC aly ar3ajiapbl aypyJiapbIMeH aypyIIaH/bIFbIHBIH Tapally IeHreni seprrenai. Aca a3
KaTThI OOJIIEKTEPIl 3epTTeyAiH (HHU3UKA-XUMHSUIBIK 9IICTEP] KOHE XAIBIKThIH aypyLIaHAbIFbIHBIH PECMH aKIapaThIH
Tayaay KoJIaHbULAbl. MUKpOOeIIeKTep reTeporeH/i KYpbuIbIMAbBI OUIIipesi KkoHe KOMIPTEKTI MaTepualiaap.ibiH,
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OuoreHzi KOCBUIBICTap MEH MeTAJAapAbIH KaHy eHIMIepiHeH Typanasl. KarTel GemiiexTep TYCKEH Ke3ne ar3aHbIH
OMOJIOTHAJIBIK peaklMsUIaphl ONApAbIH eNIIeMIepiMEeH FaHa eMecC, COHBIMEH KaTap JlacTaHy Ke3iHe OaiiaHBICTBI
OpPraHHKaJbIK €MeC JKOHE OpPTraHMKAIBIK KypaM CHSKTHl (PU3MKAIBIK-XUMHSJIBIK CHIaTTaMaJlapMeH OailyIaHBICTBI
6omybl MyMKiH. KazakcTan PecniyOnukachl XanKbIHbIH aypyIIaH/bIFbl KYPBUIBIMBIHAAFBI XKaFAaiiiapAbIH )KapThIChIHA
KYBIFBI THIHBIC ajly OpraHjaapbl aypyJjapbiHa kaTaipl. AnMarsl Kajdackl Kazakcran PecnyOiauKachIHBIH OKIMILIIIK
OipuikTepiHiH Oacka cyOBEKTLIEpiHIH apachblHOa XaJBIKTBIH THIHBIC ally ar3ajiapbl aypyjapblMeH aypyIIaHIbIFbI
OolibIHIIA KETEKIlli OPBIHFA He.

Tyiiin ce3mep: MukpoOesIekTep, 6Te a3 KaTThl OemekTep, aTMochepalblK ayaHbIH JacTaHybl, KOJiK, aypy,
TBIHBIC aJTy OPTaHIAaPbIHBIH aypyJIapbl.

M. B. JIro" 2, H. A. Uoparumosa', JI. A. Anaméexon?

'AO «Hay4Hblii IEHTp NPOTHBOMH(EKIMOHHBIX NpenapaTos, Anmartel, Kazaxcran,
2Kpipreizckas ['ocynapcTenHas Meaunuuckas akanemus um. M. K. Axyn6aesa,
bumikek, Koipreisckas PecriyOinka

N3YYEHUE KAYECTBEHHOI'O COCTABA MUKPOYACTHUI ATMOC®EPHOI'O BO3YXA
M YPOBHS 3ABOJIEBAEMOCTHU JIET'OYHBIMU BOJIE3HAMU HACEJIEHUA I'. AJIMATBI

Annortanusi. [IpoBeneHa KauecTBeHHas OLIGHKA MHUKPOYACTHI] aTMOC(EPHOro Bo3JyXa B 3MMHHUIl Iepuoa B
ropoje ANMaThl M M3YYeH YPOBEHb paclpoCTpaHEeHHs 3a00JeBacMOCTH HACENICHHS OOJE3HSIMHU OPraHOB JbIXaHUSL.
Hcnonb30BaHbl (PU3MKO-XUMHYECKHE METOIbl M3YYCHHUS CBEPXMAIBIX TBEPIBIX YAaCTHL M aHAIHM3 O(PUIHMAIBHOU
nHbOpMaLUK 3200JICBAEMOCTH HACEICHHS. Y CTAHOBIICHO, YTO MUKPOYACTHIBI PEICTABISIOT COOO0M reTepOreHHYI0
CTPYKTYpPY M COCTOSIT M3 MPOLYKTOB TOPEHHS YIJIEPOJHCTBIX MaTepHAIOB, OMOTEHHBIX COCIUHEHUH M METaJLIOB.
buonornyeckue peakuu opraHn3Ma IpH IOCTYIUICHHH TBEPIBIX YAaCTHI[ MOTYT OBITH CBSI3aHBI HE TOJNBKO C UX
pasMepamMu, HO U (PU3UKO-XUMHICCKHUMH XapaKTePUCTUKAMH, TAKUMU KaK HEOPTaHUYECKUIH 1 OPraHUYeCKUi COCTaB,
KOTOPBII 3aBHCHUT OT UCTOYHHKA 3arps3HeHust. OKOJIO MOJOBHHBI CIy4acB B CTPYKTYpe 3a00JIeBaMOCTH HACEICHHUS
pecyoimku Kazaxcran nprHaiexHuT 3a00I€BaHUsIM OPTaHOB JbIXaHMS. ['0poa AJIMATHI cpean IPYTUx CyOBEKTOB
aJIMUHHCTPATUBHBIX €AMHHUIL pecnyOnukn KazaxcraH 3aHMMaeT JHIMPYIOLIEe IOJIOKEHUE IO 3a00JIeBaeMOCTH
HaceNeHust OOJIC3HAMH OPTaHOB IBIXaHUS.

KaroueBble c10Ba: MHKpOYACTHIIBI, CBEPXMAJIbIC TBEPIbIC YACTHUIBI, 3arps3HEHHE aTMOC(HEpPHOro BO3IYyXa,
TPaHCIIOPT, 3200JI€BaEMOCTh, OOJIC3HH OPTaHOB IBIXAHUS.
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