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THE ANALYSIS OF THE ATMOSPHERIC AIR MONITORING
SYSTEM ACTIVE IN THE CITY OF PAVLODAR

A.M. Issayeva, I.Yu. Chidunchi, Sh.Zh. Arynova
Toraigyrov University, Kazakhstan, Pavlodar

Summary

The article is dedicated to the analysis
of the atmospheric air monitoring system
active in the city of Paviodar. The problem
of the atmospheric air pollution from motor
transport, one of the sources of contamination,
was considered. The data of the information
bulletins of republican state enterprise
«Kazgidromet» within the city of Pavlodar
was studied and analyzed, which allowed to
reveal the series of patterns: it was found that
carbon monoxide, sulfur dioxide, nitrogen
dioxide, nitrogen monoxide and particulate
matter PM-10, PM-2.5 have been to a greater
extent the atmospheric air contaminants. The
analysis of the influence of motor transport
on the environment was conducted, the size
composition of exhaust gases of engines of
various types of motor transport was described
in details by the authors. Moreover, the street
traffic congestion was determined, proposals
and required recommendations on optimization
of the given situation were made.

Key words: Monitoring system, atmospheric
air, sources of pollution, hazardous substances,
motor  transport, stationary  monitoring
network.

Problems of environment protection
have been discussed urgently and have
been remaining relevant for several years.
With the growth in scientific and technical
progress and production the need for the
active study of the given theme as well as
the creation of activities for environment
protection has been rising. The current
ecological situation requires a complex
approach in the examination of the current
situation with the atmospheric air quality

[1].

One quarter of all the emissions
from industrial enterprises and CHPs in
Kazakhstan accounts for Pavlodar region.
Over the years Pavlodar region has been
one of the best in the development of
ferrous and non-ferrous metals industry,
production of alumina and oil. However, the
development of these branches increases
the pressure on environment pollution in
Irtysh region; therefore problems of the
examination of atmospheric air quality
have been remaining rather relevant.

The statistics shows that annually 4.5
million tons of harmful substances are
emitted into the atmosphere of Kazakhstan
annually. One quarter of this volume
accounts for Pavlodar region. 98 per cent
is formed in the territory of three cities —
Pavlodar, Ekibastuz and Aksu. The problem
of the pollution of the air basin of regional
human settlements has been remaining
relevant.

For the hygienic assessment of tendencies
in changing the state of atmospheric air
it is necessary to know, apart from the
composition of the harmful substances
conditional on the specificity of their
influence on the human organism, the
concentration determining the intensity of
an effect of one or another ingredient. The
concentration of atmospheric contaminations
depends on a number of factors, such as
size and emission height of the source of
release and pollution, temperature inversion,
meteorological conditions (wind direction
and speed, atmospheric pressure, solar
radiation, cloudiness, precipitation), terrain,
the availability of green vegetation and etc.
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The larger is the emission per unit of
time, the more substances emitted are
supplied into the air flow, in which therefore
the higher concentration of contaminants
is created. To a great extent the emission
depends on the intensity of an enterprise,
its operating mode, the availability of
treatment facilities, their performance,
meteorological factors, from which wind
direction and speed, atmospheric thermal
stratification and air humidity deserve a
special consideration. Cloudiness, fogs,
radiation situation and precipitation have
an impact on the degree of pollution [2].

Environmental monitoring is an
important step in the scientific research
allowing conducting the analysis and
forming the fair assessment of the
ecological situation to date. The monitoring
should be adapted to various situations:
the identification of contaminants for a
particular period of time or the collection
of samples in several places of the
miscellaneous remoteness from the source
of pollution for the more accurate result.
For this purpose two kinds of posts are
available: stationary and mobile [2].

The stationary post is designed to
provide the continuous registration of
the contaminants content or the regular
air sampling for the subsequent analysis.
The support stationary posts, which are
aimed at the identification of the long-term
changes in the basic and most prevalent
specific contaminants content, stand out
from among stationary posts.

The mobile post is intended for the
regular air sampling, when it is not possible
(appropriate) to establish the stationary post
or it is necessary to study the condition of
air pollution in certain areas, for instance,
in new residential areas. The mobile
(under-torch) post is aimed at the sampling
under the smoke (gas) torch with a view to
the identification of the influence zone of a
given source of industrial emissions.

The tendency is that the atmospheric air
pollution monitoring is currently applied
to by government structures and industrial
corporations. According to the Ecological
Code of the Republic of Kazakhstan every
enterprise of category from 1 to 4 should
implement  industrial  environmental
monitoring and control in the territory of
their sanitary protection zones [3].

The systematic observation and
assessment of the state of the environment
in the territory of the Republic of
Kazakhstan is conducted by the republican
state  enterprise «Kazgidromet». The
state ecological monitoring (monitoring
of environment and natural resources) is
a complex system of the observation of
environment and natural resources, inter
alia with the use of the data of the remote
sensing of the Earth from space with the
purpose of the assessment, forecast and
control of the changes of their state under
the action of natural and anthropogenic
factors.

For the assessment of atmospheric air
quality the republican state enterprise
«Kazgidromet» uses the following air
quality indicators:

— the standard index (SI) — the highest
measured in the city maximal non-recurrent
concentration of any contaminant divided
by MAC;

—the highest recurrence (HR) of
exceeding MAC (%) — the highest
recurrence of exceeding MAC by any
contaminant in the city air;

—the index of atmospheric pollution
(IAP) — an indicator of atmospheric
pollution. For its calculation the average
values of the concentration of various
contaminants divided by MAC and adduce
to the hazardousness of sulfur dioxide
are used. On the basis of the data of the
stationary observation network the general
assessment of the city atmospheric air on
several substances (suspended particles,

339
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sulfur dioxide, carbon monoxide, nitrogen
dioxide and others) was undertaken.

To date the observation of the state of the
atmospheric air in the residential zone of

the city of Pavlodar is implemented by the
republican state enterprise «Kazgidromet»
at 7 stationary posts (picture 1, table 1) [4].

Table 1. The location of the observation posts and the impurities identified.

Sampling
time-
frame

Conduction of
observation

Post
number

Post address

Impurities identified

1 manual
3 times methods
per day (discrete

intersection of
Kamzin Str. and
Chkalov Str.

suspended particles (dust),
sulfur dioxide, sulphates,
carbon monoxide, nitrogen
dioxide, hydrogen sulphide,

methods)

Aimanov Str, 26

phenol, chlorine, hydrogen
chloride

Lomov Str.

suspended particles PM

10, sulfur dioxide, carbon
monoxide, nitrogen dioxide
and monoxide, ozone (ground-
level), hydrogen sulphide

4 Kaz Pravda Str.

suspended particles, sulfur
dioxide, carbon monoxide,
nitrogen dioxide and
monoxide, hydrogen sulphide

ona
continuous
basis

every 20
5 minutes

Estay Str., 54

suspended particles PM 2.5,
suspended particles PM

10, nitrogen dioxide and
monoxide, ozone (ground-
level), ammonia

6 Zaton Str., 39

suspended particles PM 2.5,
suspended particles PM 10,
sulfur dioxide, ozon (ground-
level), hydrogen sulphide

Toraigyrov Str. —
Dyussenov Str.

suspended particles PM 2.5,
suspended particles PM

10, nitrogen dioxide and
monoxide, ammonia

According to the data of the stationary
observation network of the republican state
enterprise «Kazgidromet» (picture 1) the
level of atmospheric air pollution was rated
as heightened in 2020, it was determined
by the values SI = 4 (the heightened level)
and HR = 3% (the heightened level) for
suspended particles (dust) in the area of
post #2 (Aimanov Str., 26) (picture 1).

According to the data of the stationary
observationnetwork thelevel ofatmospheric

air pollution was rated as heightened, it was
determined by the values of the highest
recurrence of exceeding MAC (HR) —
2.4%, the highest measured in the city
maximal non-recurrent concentration in
shares of MAC (standard index) — 6.1. The
air is mostly polluted by carbon monoxide.

For the whole city the average monthly
concentration of ozone reached 1.1 MAC,
the concentration of other contaminants
didn’t exceed MAC.
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Picture 1. The scheme of the location of the stationary network
of the observation of the atmospheric air of the city of Paviodar

Exceeding more than 1 MAC for Having analyzed the dynamics from
suspended particles PM 2.5 - 9, suspended 2018 to 2020 it should be noted that in
particlesPM 10-29, forhydrogen sulphide— general the level of pollution remains high,
31, for carbon monoxide — 6 was identified, the level of the various substances content

4 cases of exceeding more than 5 MAC for changes every year (picture 2).
carbon monoxide were observed [4].
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Picture 2. The graph of the dynamics of the pollution
of the city of Pavlodar from 2018 to 2020
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In the given work we would like to
examine one of the sources of atmospheric
air pollution — the motor transport. As
all are aware transport is one of the
most important components of social
and economic development consuming
the significant amount of resources and
affecting the environment seriously [5].

The relative amount of the emissions
into the atmosphere per resident exceeds
the republican average indicator almost 4
times. In the regional center the level of
environment pollution by benzopyrene
(substance of first hazard class), zinc,
chromium, lead, rubidium, nickel, copper,
manganese, iron, chlorine, mercury and
the substances which accumulate in the
organism and in high concentration can
cause a number of the diseases of the upper
respiratory tract, erode the immunity and
contribute to the exacerbations of diseases.
In some cases they lead to death.

The increase of emissions occur through
the low technical state of automobiles, the
use of defective motor fuel (leaded petrol),
the lack of the equipment for cleaning
waste gases (the catalytic converters) and
the inadequate system of emission control.

The emissions from the motor transport
rose by 2.6 thousand tons and accounted

Benzol Formaldehvde

Buses with a gross mass

more than 3.5 tons n

B Light velucles

PM

Heavy veluches and
buses to 3.5 fons

for 35.8 thousand tons. The ingredients
of the emissions are characterized in the
following way: the maximal non-recurrent
concentration amounted to 3.6 MAC,
hydrogen chloride — to 2.9 MAC, carbon
monoxide —to 1.6 MAC, nitrogen dioxide —
to 1.4 MAC (IAP accounted for 2.6) [4].

The major sources of the air basin
pollution in the exploitation of the motor
transport are the internal combustion
engines, which emit waste gases, fuel
evaporations and contaminants into the
atmosphere.

Near 280 components, which by
chemical properties and the impact on the
biosphere are separated into non-toxic
(N2, 02, CO2, H2) and toxic (NOx, CxHy,
SO2, H2S, aldehydes, char and others), are
contained in the waste gases of the motor
engines in total.

The waste gases of the internal
combustion engines include more than
200 items of hazardous substances and
compounds, among which there are carbon
monoxide (CO), nitrogen dioxide (NO2),
hydrocarbons (CH), formaldehydes, dust,
char, benzopyrene - 3,4, etc. On picture
3 the data on the size composition of the
contaminants with the ranking on motor
transport engines are reflected.

NO,

Benzopyrene

Heavy velncles with a gross
miaes more than 3.5 tons

Picture 3. The size composition of the waste gases of the engines
of the various types of transport
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Petrol engines in comparison to diesel
ones exhibit a higher toxicity. The most
toxic components of the waste gases are:
carbon monoxide (CO), nitrogen oxides
(NOx), hydrocarbons (CnHm), in the case
of the use of leaded petrol — lead, 50% of
which is deposited in the form of residue
on the engine details and in the exhaust
pipe; the remainder is supplied into the
atmosphere.

Lead is present in the waste gases in the
form of the smallest particles of size from 1
to 5 mkm, which remains in the atmosphere
for a long time. The concentration of lead in
the atmosphere of the roadside is 20 times
higher than in other places [6].

Let us undertake the calculation: if we
accept that the average mileage of every
automobile is 15 thousand kilometers, than

the atmosphere is impoverished for 4350
kg of oxygen and is saturated for 3250
kg of carbon dioxide, 530 kg of carbon
monoxide, 93 kg of carbohnydrates, 7 kg
of nitrogen oxides.

In the streets with the highest traffic
density in the city of Pavlodar the analysis
of the traffic density for 5 and 30 minutes
was implemented by us.

Having analyzed the determination of
the traffic density of the major transport
links of the city of Pavlodar it was revealed
that the environmental pressure on
Academician Satpayev Street, Toraigyrov
Street and Lermontov Street is rather high
and amounts for 20000 units of motor
transport per day, on N. Nazarbayev
Avenue — for approximately 3000 units of
motor transport per day.

Table 2. The determination of the traffic density of the major transport links of the city

of Pavlodar, units

for 5 minutes for 30 minutes
Street lich :
ght heavy light heavy
vehicles | vehicles buses vehicles | vehicles buses
IN. Nazarbayev Avenue 119 50 15 953 52 78
Toraigyrov Street 127 15 19 702 75 95
Lermontov Street 83 1 14 450 6 70
Academian Satpayev 50 1 16 61 7 103
Street

In this regard it is necessary to optimize
the transport links, to expand the use of
the bypass roads of the regional center and
to introduce the independent monitoring
system.

The sources of the atmospheric air
pollution in cities are also numerous
automobile service facilities: parking lots,
petrol stations, service stations and multiple
other factors [7].

Having examined only one source
of atmospheric air pollution we arrived
at the conclusion that the situation with

the research of atmospheric air quality
should be studied in details with the use of
knowledge-based technologies.

The current system of environment
pollution monitoring is based generally on
the use of the chemical methods of analysis,
which does not allow the assessment of the
true danger of various contaminants for the
habitat, the projection of the consequences
for the living organisms. This approach
should be safe and innovative, allowing
monitoring on a new level [8]. Some of the
alternative methods globally recognized
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are the methods of biological indication
based on the use of biological objects and
allowing the reception of the integrated
assessment of the ecological situation.
Furthermore, itisnecessary to implement
the systematic analysis of the data received
and to propose the most appropriate
recommendations on the reduction of
atmospheric air pollution; it is viable to
increase the number of the posts of the
republican state enterprise «Kazgidromet»
and to conduct the monitoring of the
residential area of the city of Pavlodar.
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Ilaenooap Kanacel aymazotnoazol
ammocgepanviK aya MOHUMOPUHZIHIH
KOJ10aHblCmagzol Jcyiiecin manoay

AHoamna

Maxkana Ilasnooap . aymazeinoazvl am-
Mocgepanvl aya MOHUMOpPUHSIHIY KOAOQ-
HbICMAZbl  JICYliecin  mandayea  apHanam.
Ammocgepanviy ayamvl nacmay Ke30epiHiy
OIpi-aemomoodUIL KoicIMeH 1acmay maceneci
Kapanowi.

IHasnooap xanacer 6otivinuwa «Kazeuopo-
memy PMITY axnapammulx Oioniemenoepinin
Oepexmepi  3epmmendi  JCoHe  MALOAHObL,
onap Oipkamap 3aHObLILIKMAPObl AHLIKINAY2A
MYMKIHOIK Oepli: ammocghepanvlk ayanvl 1a-
cmaywbliap Ken 0apesicede komipmezi OKCuoi,
KYKipm Ouokcuoi, azom ouoxcuoi, azom okcuoi
aicone PM-10, PM-2,5 xankvima Oemuexmepi
001bIn MAOBLIAMBIHBL AHBIKIMALObL.

Aemopnap couviMen Kamap aemomoouns
KoJli2iHIY KOpUagan opmasa acepin manoan,
apmypai KoMK KO32ANMKbIUMAPLIMGIY NAli-
0anamvliean 2a30apelHbly CAHObIK KYPAMbIH
ezoiceti-mezoicetini cunammaovi. CoOHbIMEH Ka-
map, KouleHi aemomMoOunbOepMer MOoImvlpy
mypanvl KOpbIMbIHObL AHCACANIObL HCIHE OCbl
Jrcazoaunapovl  OHMAUAAHOLIPY — OOULIHULA
yewiuvicmap 6epinoi.

Tyiinoi cozdep: Monumopune oicyiieci,
ammocghepanviy aya, 1acmamny Ke3oepi, 3usit-
Obl 3amMmap, CMayuoHapivlK OAKbLIAY JHCelicl.

Ananus3 oelicmeylouieii cucmemol
MOHUMOPUHZA AMMOCPHEPHO20 6030yXa
Ha meppumopuu 2opooda Ilasnooapa

AnHomauus

Cmambvs nocseswena ananusy Oeucmeyio-
wetl cucmemvbl MOHUMOPUHESA AMMOCHEPHO20
6030yxa Ha meppumopuu 2. Ilasnodapa. Pac-
CMOMpEH  B0NPOC  3acpsi3HeHUsi ammocgep-
HO20 6030yXA OOHUM U3 UCTHOYHUKOB 3a2psi3He-
HUSL — A8MOMOOUTLHLIM MPAHCIOPIIOM.

H3yuenvl u npoananu3upoganvl OanHble
ungopmayuonnvix Oronremenei PITI «Kasz-
eudopomemy no 2. I[lasnooapy, komopule no36o-
JUTU BbIABUMb PO 3AKOHOMEPHOCE: ycma-
HOBNIEHO, UYMO 3A2PA3HUMENsIMU ammocgep-
HO20 6030yX 8 Oonbulell cmeneHu AGIAIOmMCs
OKCUO Yenepood, OUOKCUO cepbl, OUOKCUO A30-
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ma, OKCUO a30ma U 36eUieHHbIe YACHUYAMU
PM-10, PM-2,5.

Aemopamu maxaice ObLT NPOGEOEH AHANU3
GIUSHUSL  AGTNOMOOUTLHO20 MPAHCNOPMA HA
OKpYIHCAIOWYIO Cpedy, NOOPOOHO ONUCAH KOAU-
YeCMBEHHBIL COCMA8 OMPADOMAHHBIX 24308
dsucamenell pasmuyHuLIX U008 MPAHCHOPMA.
Kpome smoeo, coenan 6v18600 0 3azpyscenno-

cmu ynuy agmomMoOunAMu u Obliu OaHbl NPeo-
JIOJICEHUST U HeoOXooumble PEeKOMEHOAyuu no
ONMUMUAYUU OAHHOU CUMYAYUU.

Knroueevie cnosa: cucmema MOHUMOPUH-
2a, ammocepHulil 6030YX, UCIMOYHUKU 342PS3-
HEHUsl, 8PEOHbIE Beuecmed, A6MOMOOUIbHBII
MPAancnopm, CMAayUuoOHApHAas cemb HAOM0O0e-
HUIL.
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MPHTMU: 34.35.51

CPABHUTEJIBHAA OHEHKA HAKOIIVIEHUA XUMHNYECKUX
IJIEMEHTOB B CKOPJIYIIE AU ITUL ITO TUITY IMTAHUSA

M.T. Ka66acoBa'?, M.1IO. Knumenko?, I.E. Acbli6exoBa’, H.E. TapacoBckasn?,
I.T. Kapr6aesa', H.B. bapanosckas’®
'Kapaeanounckuti ynusepcumem, e. Kapaeanoa, Kazaxcman
’[lasnooapckuii nedazozuueckutl ynusepcumem, 2. Ilasnooap, Kazaxcman
STomckuit nonumexnuyeckuil ynusepcumem, 2. Tomck, Poccus

AnHomauus

B uccredosanuu 6 kauecmee 6UOUHOUKAMO-
pa bvira ucnonvzosana ckopiyna siuy 10 6uoos
nmuy. Cxopryna saiiya — 9mo 060104Ka, KOMO-
Past BbINOIHsIeM PO HCUSHEHHO BANCHBIX (DYHK-
yuti 6 passumuu 3apooviuia nmuy. K oonomy
U3 6eCOMBIX (haKmMopos, Om KOMOPbIX 3A6UCUM
npoyecc opmMuposanus CKOpaynwl, npuraoie-
aHrcum cooeporcaniie 8 Hell MUKPOILeMeHmos. B
cmambe npedcmagiena CPAGHUMENbHASL OYeH-
Ka Haxonnenus 10 xumuueckux snemenmos (Ca,
Na, K, Fe, P. msowcenvix memannos - Zn, Ti, Cu,
V, Sc) 6 auunoti obonouxe copoxu (Pica pica
bactriana), kypuyst (Gallus gallus domesticus),
cuzoeo eonyos (Columba livia Gm.), kpsxevl
(Anas platyrhynchos), wupoxonocku (Anas
clypeata), cepoco eyca (Anser anser), uubu-
ca (Vanellus vanellus), obvbixHO8eHHOU UBOA2U
(Oriolus oriolus), noicyxu (Fulica atra), negue-
20 dposoa (Turdus philomelos), no ux muny nu-
MAaHUs pacnpocmpaHennvle Ha meppumopuu
Tasnooapcrozo pecuona. Cocmagnen cnekmp
XUMUYECKUX DINIeMEHMO8 NO KOAU4ecmsy Ha-
Konienus: 8 auunou ckopayne. Cnekmpanohsiil
AHATU3 NO360IUN BLIABUMb DUOLEOXUMUYECKYVIO
3AKOHOMEPHOCHb, CBA3AHHYIO C MUnamu nu-
manus eHe30awuxcs nmuy 2opooa llasnooapa
u eco okpecmuocmeil. Jlana cpasHumenvHasl
OYEHKA Cheyu@uKky munog Numauus nmuy,
GIUAIOWASL HA HAKOWIEHUEe XUMUYECKUX diie-
MeHmos.

Knwuesvle cnosa: cxopiyna suy, nmuyvl,
Tasnooap, maxonienue XumMudeckux d1emeH-
Moe, mun NUMAaHusL.

Bo Bropom pecsatunetunm XI Beka He-
MaJIOBaXKHBIM SIBJISIETCSI COOpP HOBBIX JaH-
HBIX 0 OMOJIOTUU U SKOJIOTUU MTHULl FrOpoaa

[TaBnomapa. Ha cerogusamnuii 1eHp ume-
I0TCS JIaHHBIE O BHJIOBOM pa3zHOOOpa3uy,
YUCJICHHOCTH | dKoyioruu ntull [laBmogap-
ckoro [IpuHpTHIIBS TaKMX YYEHBIX, KaK
A.O. Conomarus [ 1], XK.K. [laitmapranos
[2], K.V. bazap6ekos [3], O.B. Jlsxos [4],
H.E. TapacoBckas [5] m MHOTHX Apyrux
YYCHBIX PETHOHa U 3apyOe)KHBIX YUEHBIX
OPHHUTOJIOTOB, IPUTPAHUYHBIX TEPPUTOPHIL
C.A. ConosbeB [6,7] (r. OMck), BHECHINX
00JIBILION BKIAL.

[TaBmomapckwuii kpait 6orar nruiamu, B
[Ipuumpreimibe HacuuTeIBaeTCsA 287 BHUIOB
ntull 1o pesynsraram aanHbix A.C. Cono-
MatuHa 3a 1981-2000 rr. B Tpymax o pac-
MPOCTPAHEHHOCTH, (EHOJIOTHMH TTHUI[ Ha-
Iero Kpas U 0COOCHHOCTAX UX OOWTaHUS
[7].

Opranus3msl, JXUBYIIHE B YKOCUCTEMAX,
pas3IuyaloTCs MO YPOBHIO 3arpsi3HEHUS B
3aBUCUMOCTH OT MX palMOHA THUTAHUA,
mojla, BO3pacTa, pasMmepa Wik Tpoduye-
CKOTO YpOBHA. TKaHM W OpraHbl >KHUBBIX
OpPraHU3MOB, KOTOPBIE MOABEPTAIOTCS BO3-
NEHUCTBUIO 3arpsi3HAIONIMX BEIIECTB Kak
B MPOIECCE JBIXaHHS, TaK W B IPOIECCe
TIOTJIOMIEHUS KOXKH M TIUIIH, MOTYT OBITh
MECTOM HAaKOIUICHHUS Pa3IMIHBIX KCEHOOM-
OTHKOB [8].

Pe3ynprarel uccienoanus Poccuiicko-
ro opauTonora P.M. CaBuiikoro mokasanu,
YTO MTHUIIBI COJAEPKAT TOYTH BCE AIEMEHTHI
nepuoandeckoit Tabmuiel .. Mennaenee-
Ba. B mcciienoBaHny NTUIBI pa3IMyaInuch
M0 COJIEP)KAaHUI0 OCHOBHBIX JJIEMEHTOB B
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