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MONITORING OF STATIONARY SOURCES OF POLLUTANT EMISSIONS IN
ALMATY

Abstract. The article introduces a system concept for analyzing the Almaty's air basin.
Air pollution monitoring plays a key role in environmental issues. However, in order to
develop an environmental information system, it is necessary to conduct a careful analysis of
natural events in order to determine their direct impact on the state of the environment, in this case
the atmosphere. To assess the degree of pollution, emissions must be measured at specific
intervals in specific locations across the settlement, depending on the study approach used. To
numerically implement the data obtained, a model for determining the amount of pollutant
concentration should be used, which will lead to a numerical expression representing the
atmospheric conditions in a certain industrial region. The purpose of the project is to
programmatically implement the above operations, namely to develop software based on a
specific appropriate mathematical model that allows for the calculation of pollutant
concentrations and, on that basis, the complex index of atmospheric pollution. To analyze and
make specific decisions related to reduction of pollution levels, it is necessary to track the
dynamics of changes in the atmospheric pollution index over long periods of time, which
necessitates the creation of a database to record measurements as well as the ability to view them
visually at any time, for example, on a map.

Keywords: monitoring, contaminated substances, atmosphere, emission, air area,
industry, gray dioxide, nitrogen oxide, ecology

Introduction

The indicators of particular pollution and discharges of pollutants per unit of gross domestic
product, which reflect the environmental efficiency of the national economy, have significantly
deteriorated in the Republic of Kazakhstan over the last decade. As a result, the industrial sector of
Almaty in 2010-2020 has undergone significant changes. Anti-dumping and import
substitution policies were implemented, as well as measures to reorganize inefficient and
idle production facilities, consequently providing support for small enterprises. The number of
industrial enterprises increased 3.5 times during this period, including small ones - 4.6 times.
The specificity of the environmental situation in Kazakhstan is that there is a high proportion of
physically worn out and obsolete production facilities and technologies; only according to official
data, the deterioration of production capacities of most industrial enterprises exceeds 70%. There
is a portion of the Almaty region's industrial companies in Almaty, some of which have been
redesigned for warehousing and passive manufacturing. There are factories for metalworking
and mechanical engineering, fruit canning, meat canning, dairy, textile, fur, and other factories
in the city. In addition, there are sewing, shoe, knitwear factories, and a cotton-spinning
mill, household chemicals, building materials, industrial and household boiler facilities. The
priority sectors are the construction industry, the electric power industry, the processing
industry, and mechanical engineering. The main sources of pollution are CHPP-1 and CHPP-2
near Almaty's northwestern border, an asphalt and bitumen plant, AZTM, AHBK, a fruit canning
plant in the city's central and western districts near Ryskulov Street and west of Seifullin. In
addition, there is such a "pollutant™ as a machine-tool company and an elevator located in the
city's northern section. Almaty is home to more than 350 businesses, all of which have an
impact on the city's air area. Furthermore, a huge number of diverse small enterprises have
recently developed not only in the industrial zone but also across the
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city, with a total impact of emissions comparable to that of industrial giants, thereby determining
the current level of air pollution.

Requirements for developing the system. Input and output data.

Environmental requirements: The Atmosphere Monitoring system must run on personal PCs
that are running Windows 7, Windows 8, or Windows 10. A database management system (DBMS)
must be deployed on a server that is accessible to all users' PCs via common network protocols.

Requirements for software development and life cycle:
-conducting the trial operation of the system;

- elimination of possible problems in the system;

- further modification and improvement of the software product.

System requirements:

-getting weather data by location;

-storing the input data;

-viewing the stored data for a certain period of time;

- inputting the incoming data;

-calculation of the pollutants’ concentration;

-calculation of the index of atmospheric pollution for one pollutant;
-calculation of a complex index of atmospheric pollution for five main pollutants;
- displaying a graph for calculating the air pollution index;
-printing a graph for calculating the air pollution index.
-visualizing it all on the map.

The input data for this program will be the following:

- from the very beginning, it is necessary to determine the number of stationary sources of
pollution of the investigated industrial facility, since, depending on the area of the settlement, the
number of sources of pollution may vary;

number of pollution sources

1: 2mfs

1
2 Itants:

3 CH20 (mgfm3)
4

story
; stoy

ruswoncar vweather

23455

Figure 1 - Input of the number of pollution sources

-the initial wind speed is obtained from OpenApi services;

number of pollution sources ~

Initial wind speed: 2km/h

Figure 2 - Initial wind speed
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-data on measurements of the main pollutants, which are obtained by measuring special
devices (gas analyzers, aspirators);

Number of pollutants:
CO (mg/m3) 502 (mgim3) NO2 (mg/m3) CH20 {mgfm3) CBH50H (mg/m3)

Figure 3-Input of pollutant measurements

- The date and history of the weather are obtained using OpenApi services;

Historical Weather

Ilﬂ 3 4|5 EI

Date Sumemary Temp Tamp Bunrizn Bunaat Humidity “WVielbiity Wind Speed Wind Gust kon
High Low
21 [ 1 ads
1 ?1.]', o Clear throughoul the day. Ta66 5018 o #0130 o 1] 531 TR -0
i Al PN i
202005 [ bra- R 21200
2 Pastly cloudy theoughout the day. 6723 4737 e . 049 10 4,65 B2 {ﬁ
3 ?‘;‘21.05. Mosiy cloudy throughoud The day. | 6143 4348 i&dm 100 PM 05 el 4.48 &l G
i R L 1 1
4 005 i iy b SREMOCN BN 603 4375 CEI0 201000 082 oeE 530 11.86 {3
1 vering AN P .
202005 Q3200 200a00
5 i3 Chpar throughoul tha day, L0 =014 A P D44 i 457 B3 ﬂ.

Figure 4-History of weather by dates

- coordinates of the source of pollution:

O Almaty Kazakhstan

lat: 43.2220146, long: 76.8512485
Today: ...
Temp High: ..., Low: ..., Current: ...

Figure 5 - Obtaining the coordinates of the pollution source
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[M MKPOPaitoH - 1 Anmars] l

MuKpOPanoH- 4 1 Anuatw, Kasaxcran
MUKPOPaROH-1 Anuars, Kasaxcra

ATbipay MUKPOPaNoH 1 Anmar

MHKPOPANOH 1 Anmare: aynans:, Hyp-Cynras, Kasaxcras

5 MUKPOPAHOH T Anmate, Kasaxctar

owered by Google

Kapra  CnyThHuk MUKPOPAWOH

Figure 6 - Finding a location

The output information includes calculated values for atmospheric pollution indices for a
specific substance, as well as a complex atmospheric pollution index for five major air pollutants,
which can be used to draw conclusions about the state of the surface layers of a specific object
under study and, as a result, take appropriate measures to reduce the pollution levels.

Almaty Kazakhstan ok
ME S32200046, ooy T8 BA12484 :
' Tt Zoow:
Kepra Y T .a Todsy Survine
O Temp S6ch . Low ., Curent
; o
o b eind soeed. nh
o A c
o2 amber of polutants
0
u Historical Weather

1 B ] 3| a l 5 l 6|

| )
Cwte Smsmary Yoy Vo Sursiea Bunset Mamadly VDbty Wl Sgeed Wirnd Outl on

n Low
o vy gt ~ &
S o B e ‘ &
% : ~ S P mluss . Q
0 4+ .34

o ‘ -~ ~ - Q
- " : &

Figure 6 - Program interface
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Description of the designed system algorithm

One of the most crucial stages in the establishment of an information system is the
development of the proposed system's algorithm. It is the foundation of a detailed plan for resolving
the issue. The stage of building an algorithm is sometimes considered as a supplementary action
performed just prior to programming. In reality, because the logic of the future program is specified
at this point, the successful development of an algorithm saves numerous blunders.

In our case, the Atmosphere Monitoring information system operates according to the
following algorithm:

1) Launching the program;

2) Input of initial data: concentration of substances according to measurements, number of
pollution sources and their coordinates;

3) After entering all the required data, the program calculates the concentration of substances
Q for each pollutant;

4) Based on the obtained Q value, the atmospheric pollution index is calculated for each of the
impurities;

5) Output of the value;

6) Saving the calculated values to the database;

7) Displaying the polygon on the map at the user's request;

8) Derivation of a comprehensive air pollution index for the last 6 months and for the last 12
months.

This algorithm is also described in a block diagram in Figure 7 for easier understanding:

output value
air pollution index

calculation of

Text>4, ibstance concentration| Apprpve?

Notify
i

Figure 6 - Block diagram

Software implementation of the project. Devices and software utilized in the project's
software implementation

The Atmosphere Monitoring program has partially implemented the algorithm mentioned
above. This software was created using JavaScript, the Visual Studio Code 2020 environment, and
the SQL Server 2020 database. The project was built via the npm package manager. The package
manager that comes with Node.js is called Npm. Node has long been a popular tool among
JavaScript developers for exchanging tools, installing modules, and managing dependencies. | used
third-party software such as bootstrap, redux, google-maps, and react-router using npm. Requests
for HTTPS are made locally. I utilized the React js package to make dealing with JavaScript easier
and more flexible. React is a JavaScript library for creating user interfaces that is a free source.
Facebook, Instagram, and a community of individual developers and organizations work together to
build and maintain React. Single-page and mobile apps may both be built with React. Its main
advantages are great speed, simplicity, and scalability. React is frequently combined with other
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libraries for designing user interfaces, such as MobX, Redux, and GraphQL. | used Redux in my
situation. For JavaScript applications, Redux is a state management library.

Conclusion

Air pollution monitoring is a large enterprise with a significant impact on environmental
issues. However, in order to develop an environmental information system, it is necessary to
conduct a careful analysis of natural events in order to determine their direct impact on the state of
the environment, in this case the atmosphere. In our situation, we look at the primary stationary
pollutants, which include factories, various types of factories, heat and power plants, and other
industrial facilities that emit dangerous pollutants into the atmosphere on a regular and continuous
basis. To analyze, identify the characteristics of concentrations for a specific time of year, make
forecasts, and make certain decisions to reduce the pollution levels, it is necessary to track the
dynamics of changes in the atmospheric pollution index over long periods of time, which
necessitates the creation of a database to record measurements and the ability to view them at any
time.

REFERENCES

1. NIS Environment Strategy: Founding Document (Prevention and Control of Environmental
Pollution) - World Health Organization Regional Office for Europe. - 2019-Ne 4. - P. 92-128

2. V.l.Naats, l.LE.Natz - Mathematical models and numerical methods in the problems of
environmental monitoring of the atmosphere -Moscow Fizmatlit 2017-- V. 4. - P. 101-117.

3. Berlyand M.E., Zashikhin M.N. Towards the theory of anthropogenic impact on local
meteorological processes in the city - Meteorology and hydrology. 2019 - No. 2 - From 5-16.

4. Monitoring of the state of air pollution in cities. -Almaty: Gidrometeoizdat, 2019, 200p.

Meiipambaiiyasl H., [1y36aes H.T.
AJMaThI Kajachl 00HBIHINIA JIACTAY B 32TTAP WLIFAPBIHABLIAPbIHBIH
CTALMOHAPJIBIK AepeKKoe3/1epiHe MOHMTOPUHT KYPri3y

Anparna. Makanajga HIBIFapbIHABUIAD CTATHUCTUKACHI JKOHE AJIMAThl KaJlaChIHBIH KYPFaK
OacceiHIHIH >Kalmbl JKaFdailblHa Tangay OepinreH. Aya OacceWHIHIH Karnaibl OOMBIHINA,
Kazakcran PecnyOnukacel CraTUCTHKa areHTTITIHIH JkoHe Ausnmarbl Kaiacel CraTucThka
JenapTaMeHTIHIH ecen 0epy MaliMeTiHe CYHeHe OTBIPHIIN, OapiibIK CTAllMOHAPIBIK AEPEeKKo3aepAeH
aTMoc(epallblK ayara JacTayllbl 3aTTap LIBIFAPBIHBIIAPBIHBIH JKANIbl KbUIABIK Kesiemi 2020
#b1Ibl 47,016 TonHa. JKDO 3aybITTapbIHBIH HETI3T1 JacTaylibulapbl KYKIPT TUOKCUIL, a30T OKCHI1
OHE KaTThl 3aTTap Oouibln TaObUIaabl. OHBIH YCTiHE Ma3yT, OMTYMHHO3/bI KOHE KOHBIp KeMip/i
XKary KesiHjae arMocdepara KYKipT AUOKCHAI KOI MeJmepae OoesiHe I, al OMTyMUHO3bI KOMIPIl
KOJIJaHFaH/a a30T OKCUIIHIH LIBIFapbhUIYbl J1a KypT aptaibl. COHABIKTAH TaOWFM ra3 €H TUIMI
Oaslama OoubITl caHanaabl. Herisri cTarmuoHapibIK JacTaylibl 3aTTapblH TaJaybl XKYPri3uIei:
3aybITTap, OPTYPJIi TUNITET] (habpuKanap, KbUTy JIEKTpP CTAaHIMIAPHI )KOHE TYPAKTHI XKOHE Y3/IKCI3
aTMocepara 3USHABI JacTaylllbl 3aTTapbl LIBIFAPAThIH YKcac OHIIpICTIK Hblcanmap. Jlacrany
JICHIeiH aHBIKTAy YIIIH HIBIFApBIHABUIAD TaHJAIFaH 3€pTTEy oJiCHaMachlHa OalIaHbBICTBI el
MEKEHHIH Oenrini Oip kepiepinae 6enriii 6ip yakbIT apajbIFbIH/Ia ©JIIICHE/ 1.

Tyiiinai ce3nep: Gakpuiay, nacTaHraH 3aTrTap, aTMocdepa, IbIFapbIHIbIIAp, aya OacceiiHi,
OHJIIpIC, CYp TUOKCU]I, 30T OKCHJI1, SKOJIOTHSI.

Meiipamoaiiyasnt H., /ly30aes H.T.
MOHUTOPHUHT CTAIMOHAPHBIX HCTOYHUKOB BHIOPOCOB 3arpsI3HAOIINX BeLECTB I.AJIMATBI

AHHoTanusi. B craThe mnpenocTaBieHa CTaTUCTHKA BBIOPOCOB M CHAENaH aHaiu3 OOILero
COCTOSIHUSL BO3AyIIHOro OacceiiHa ropoma Anmartbl. [lo oruerHeiM maHHbIM AreHtctBa PK mo
CTAaTUCTUKE M JemapTamMeHTa CcTaTUCTHKU T.AnMartbl, B 2020 Toay cyMMapHBIA TOJIOBOH 0O0BEM
OMHCCUH 3arps3HSIOIMX BEIIECTB B aTMOC(HEpHBI BO3AYX OT BCEX CTAllMOHAPHBIX HMCTOYHHKOB
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coctaBui 47016 ToHH. ['maBHBIMU 3arps3HAOMKUMU BemiecTBaMu oT TOL sSBASIOTCS AMOKCHUI CEphl,
OKCHJ a30Ta W TBepAble BemiecTBa. [Ipuyem mpu COKUTaHUM Ma3yTa, KAMEHHOTO M Oyporo yris B
aTMocdepy BeIOpachiBaeTCsl OOJIBIIOE KOJIMYECTBO TMOKCHA CEPHI, a MPU UCIIOJIb30BAHUN KAMEHHOTO
YIJIA pe3KO BO3PACTAIOT €IIe W BBIOPOCH OKcHa a3oTa. [lodTomy sydmieil anbTepHATHBOM SBIISETCS
npupoaHbIi ra3. [IpoBeneH aHanM3 OCHOBHBIX CTAI[MOHAPHBIX 3arps3HUTENICH: 3aBOMBI, (haOpUKH
Pa3IMYHOTO POJIA, TEIUIOPHEPTOLUECHTPATH M TOMY IOAOOHBIE MPOMBIIUICHHBIE OOBEKTHI, KOTOPHIC
COBEPIIAOT BHIOPOCHI BPEIHBIX 3arPs3HSIIONIMX BEUIECTB B aTMOC(EPY C MOCTOSHHON U HEMPEPHIBHON
JUTMTEIIBHOCTRIO. {711 ompeneneHus ypoBHsI 3arpsi3HCHUS] B 3aBUCUMOCTH OT BBIOPAHHOW METOIUKH
WCCJICIOBAHMS TPOU3ZBOMATCS 3aMEPhl BBHIOPOCOB B OINpPEACICHHBIC TPOMEKYTKH BpPEMEHU B
OTpe/IeJICHHBIX MECTaxX HACEJIICHHOTO ITyHKTA.
KiroueBble cjIoBa: MOHHMTOPHHI, 3arps3HSIOIIME BEHIECTBa, arMocdepa, BhIOpoC,

BO3YILIHBINH OacceiiH, MPOMBINIIEHHOCTh, TMOKCUJI CEPbl, OKCH]T a30Ta, SKOJIOTHS.
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