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ASSESSMENT OF ENVIRONMENTAL RISKS FROM THE AIR POLLUTION
OF CHINA CITIES

The problem of air pollution in the cities of China is known far beyond its borders. It even jeopardized the
holding of the XXIX Olympic Games in 2008. Purpose. 0 determine environmental risks for the population
based on the assessment of air pollution in the cities of Beijing, Chengdu and Sanya (PRC). The work was car-
ried out on the basis of data from the Chinese online platform «PM2.5 lishishuju» on the condition of air pollu-
tion in China’s cities. A comparative assessment of pollutants content in the air has been carried out and the
environmental risk for the population of these cities has been calculated. This calculation has been made in ac-
cordance with the methodology used in assessing the risk to public health exposed to chemicals that pollute the
environment by inhaling substances into the human body. The risk is calculated by comparing the actual expo-
sure level with the safe exposure level and determining the hazard coefficient of exposure to the substance. Ac-
cording to the calculations results, the ranking of substances polluting the air by the magnitude of the hazard
coefficient was carried out to determine the highest priority pollutants. The results of the study have showed that
the overall risk level for Beijing is 11.6; for the city of Chengdu — 26.4; for the city of Sanya — 4.5. In all studied
cities, the overall level of non-carcinogenic risk exceeds the permissible limit value. The greatest contribution to
the overall risk of non-carcinogenicity is made by the following elements: in Beijing — suspended solids (PM
2.5) — 40%, in Chengdu — suspended solids (PM 2.5) — 73%, in Sanya — ozone (O3) - 52%. These substances
determine the likelihood of negative effects in various organs and systems of the human body. Therefore, in
addition to the overall level of risk, the effects on critical organs and systems must also be considered. The re-
sults of the study have showed that the respiratory organs are most vulnerable to air pollution in the cities under
study. The most dangerous excess is observed in Chengdu — 26.11. A negative effect on the cardiovascular sys-
tem occurs in two cities: Chengdu — 2.35, and Beijing — 2.30; impact on human development is from 2.30 to
2.35 (respectively, in Beijing and Chengdu). In Sanya, risk indicators do not exceed the permissible level.

Keywords: air, pollution, online monitoring, suspended substances, ozone, environmental risk, Beijing,
Chengdu, Sanya, China
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Xapxiecokuil Hayionanvruil yHieepcumem imeni B. H. Kapasina

OLIHKA EKOJIOI'TYHUX PU3UKIB BI/] 3ABPYIHEHHS ITOBITPSI MICT KUTAIO

[IpobGrema 3a0pyqHEHHST aTMOC(EPHOro MOBITPs MicT KuTaro BioMa manieko 3a ioro Mexamu. BoHa, HaBiTb,
MOCTaBIJIA T[T 3arpo3y mpoBeaeHHs XXIX OmimMmidicekux irop y 2008 porii. MeTta poOOTH: Ha OCHOBI OIIHKH 3a0py-
JHeHHst arMocdepHoro nosiTps Mict [lexin, Yenny i Canbs (KHP) Bu3HauMTH €KOJIOTIYHI PU3UKK VISl HACEIICHHS.
PoGoTta BHKOHYBaJaCh Ha OCHOBI JIAHMX KUTAWChKOI OH-TMaiiH miardopmu «PM2.5 lishishujuy» momo crany 3abpyn-
HeHHs1 atMoc(epHoro ToBiTpst MicT Kurtaro. [IpoBefieHO NOPIBHSUIBHY OLIHKY BMICTY 3a0pY/IHIOIOUHX PEUOBHH Y
TIOBITPi Ta PO3pax0oBaHO SKOJIOTTYHHI PU3HK JUIS HACEIICHHS IIMX MICT. PO3paxyHOK €KOJIOTTIHOTO PU3HKY 3pO0JIeHO Yy
BIZIMTOBITHOCTI JI0 METOIMKH, SIKa BAKOPUCTOBYETHCS JUTS OLIHKH PU3UKY IS 37I0pOB’Sl HACETICHHSI, 110 3a3HA€E BIUIUBY
XIMIYHUX PEYOBHH, 3a0pyAHIOIOYMX JOBKULIS NMPH IHTAIAIIHHOMY HaJXOJUKCHHI PEYOBHH [0 OPTaHi3My JIFOIMHHL.
O0paxoBaHO PU3HK IIIIXOM MOPIBHSIHHA (PaKTUYHOTO PiBHS €KCIIO3MILi] 3 Oe3MeYHNM piBHEM BIUIMBY Ta BH3HAYCHHS
KoedillieHTy HeOe3MeKH BIUIMBY PEYOBMHH. 3a pe3ysbTaTaMH PO3PaxyHKIiB 3/iHCHEHO PaH)KyBaHHS PEYOBHHH, IIO
3a0pyIHIOIOTh TIOBITPS 3a BEIMYMHOIO KoeillieHTy HeOe3lMeKn Ui BHU3HAYEHHS HAWOUIBII IPIOPUTETHUX
3a0pyaHIOBadiB. Pe3yipTaTit JOCTIIPKEHH MOKA3aJIH, [0 PIBEHB 3aralbHOTO PU3UKY Ut M. [lekiH ckianae 11,6; mis
M. Yenny — 26,4; s m. Canbst — 4,5. B ycix IOCIIKYBaHHX MICTax 3arajlbHUH PiBEHb HEKAHIEPOT€HHOTO PU3UKY
MIEPEBHUILYE TPaHUYHY NPUHHATHY BelMMuuHy — 1. HallOurbmmii BHECOK y CyMapHHI HEKaHIIEPOI€HHHH PU3HMK BHO-
CATh Taki exeMeHTH: y M. [lekin — 3aBucii pedoBunn (PM 2,5) — 40%, y m. Uenny — 3aBucii pedoBunun (PM 2,5) —
73%, y M. Catbst - 030H (O3) — 52%. 3a3Ha4yeHi pe4OBHHH 00YMOBIIOIOTH IMOBIPHICTb PO3BUTKY HETaTUBHHX €(EKTiB
y Pi3HHX OpraHax i CHCTeMax OpraHi3My JoAuHH. ToMy HEOOXiTHO PO3IIIAATH OKPIM 3arajbHOTO PiBHS PH3HKY, IIIe
¥ BIUTMB Ha KPUTHYHI OpraHu 1 cucTeMu. Pe3ynbTaTy 10CIiDKeHHS TOKa3aly, 10 HalOUTbII ypa3IMBUMH B yMOBax
3a0pyIHEHHST aTMOC(EPHOTO TOBITPSI JOCHIIPKYBaHMX MICT € opraHu auxaHHs. HaiiHeOe3meuHimne nepeBHUITICHHS
criocrepiraetsest B M. Yenny — 26,11. HeraTuBHMIA BIUTMB Ha CEpLEBO-CYAMHHY CHCTEMY BiJOYBAa€ThCS B JIBOX MicTax:
UYenmy — 2,35 Tta Ilekini — 2,30; Ha pO3BUTOK JIIOJMHU JTialla30H 3HAYECHHS PU3HKY PO3BHUTKY HEKaHIIEPOTEHHUX ede-
KTiB cknanae Big 2,30 no 2,35 y m. [lekin ta M. Yennay, B M.CaHbs 3HaYEHHS PHU3UKY HE IIEPEBUIYIOTh JOIYCTH-
MUH piBEHb.

© Maksymenko N. V., Ponomarenko, P. R., 2018 DOI: https://doi.org/10.26565/1992-4224-2018-30-03

28


mailto:nadezdav08@gmail.com
http://orcid.org/0000-0002-7921-9990
https://doi.org/10.26565/1992-4224-2018-30-03

Jlroouna ma doskinns. Ilpobnemu neoexonozii. Bun.30, 2018
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OIIEHKA 3KOJIOTHYECKHUX PUCKOB OT 3AT'PA3HEHUA BO3JITYXA IT'OPOJOB KUTASA

[Tpobnema 3arpsi3HeHHsT aTMOC(EpPHOTO Bo3ayXa roposoB Kuras n3BectHa nasneko 3a ero npezpenamu. OHa
Jiaxke TocTaBuiia oA yrpo3dy nposenenune XXX Omummuiickux urp B 2008 roxay. Llens paOoThl: Ha OCHOBE OLICHKU
3arpsi3HeHust atMmocdepHoro Bozayxa roponos Ilexun, Usuny u Canbs (KHP) onpenenuts sxonormyeckue pucku
JUIs HacesleHHs. PaboTa BBEIMONMHATIACH HA OCHOBE JAHHBIX KHUTaiickoil ommaitH matgopmel «PM2.5 lishishuju» o
COCTOSIHHM 3arpsisHeHHs1 aTMoc(epHoro Bo3xyxa roponoB Kuras. [IpoBesnena cpaBHUTENBHAS OLICHKA COICPIKaHUS
3arpsI3HAIONINX BEIIECTB B BO3JYXE M PACCUMTAH IKOJIOTHIECKHUI PUCK JUIS HACEIEHHs 3TUX roponoB. Pacder sko-
JIOTUYECKOTO PUCKA CIIENIAHO B COOTBETCTBUH C METOAMKOMN, KOTOPAsk UCIIONB3YyeTCsl B OLIEHKE PUCKA AT 30POBbS
HACEJICHUs, TOJBEPraloIIerocsi BO3ACHCTBHIO XUMUYECKAX BEIIECTB, 3arpsA3HSIOMINX OKPYKAIOUIYI0 Cpexy MpH
MHTTAIOHHOM ITOCTYIUICHUH BEIIECTB B OPTaHU3M YeJIOBEKa. PacCuuTaH PHUCK IyTeM CpaBHEHUS (paKTHIECKOTO
YPOBHS 3KCIO3MLUM C O€30MacHBIM YPOBHEM BO3ZCHCTBHS M ONpeseieHus: Kod((HUIMEeHTa ONacHOCTUH BO3JEH-
CTBHSA BemecTBa. [Io pe3ynbraTaM pacyeToB OCYIIECTBICHO PAHXHPOBAaHME BEIECTB, 3arPA3HSAIONINE BO3AYX IO
BENTMYMHE KOA(DHIMEHTa OMACHOCTH IS OIpe/IeNieHUs] HauboJiee MPHOPUTETHBIX 3arpsisHHUTeNeH. PesynbraThl
HCCIIeIOBAHMs TIOKA3aJId, YTO YPOBEHb 001ero pucka i I. [lekun cocrasnser 11,6; s r.. Usuay — 26,4; s ..
Canbs — 4,5. Bo Bcex uccneiyeMbIx ropojiax o0 ypoBeHb He KaHIIEPOI€HHOTO PUCKa MPEBBIILIACT MPEIeIIbHYIO
npueMieMyo BeanuuHy. Haubonsmmii BKJ1ax B CyMMapHBIH HE KaHIIEPOTE€HHBIX PUCK BHOCAT TaKHE JIEMEHTHI: B
r.. [lexun - B3Bemenusie Betnectsa (PM 2,5) — 40%, B r. UsHay — B3BeuieHubie Bemectsa (PM 2,5) — 73%, B 1.
Canb1 - 030H (O3) - 52%. Yka3aHHbIC BelecTBa 00YCIOBIMBAIOT BEPOSITHOCTE PA3BUTUS HETATHBHBIX 3(Q(EKTOB B
Pa3IMYHBIX OpraHax M CHCTeMax opraHu3Ma denoBeka. [loaTroMy HeoOXoauMO paccMaTpuBaTh KpoMe OOIIEro
YPOBHS PHCKa, €€ U BIWSHHE Ha KPUTHYECCKHE OPTaHbl W CHCTEMbI. Pe3ysbTaThl MCCIENOBAHUS MOKA3aIH, YTO
Han0oJee ysI3BUMBIMH B YCIIOBHSAX 3arpA3HEHUSI aTMOC(EPHOTO BO3LyXa HCCIEIYEMBIX TOPOIOB SIBIISIOTCS OPTaHbI
neixanusa. CaMoe omacHoe TpeBbillieHHe HaOmogaercs B . UsHay — 26,11. HeratuBHoe BIMSHUE Ha CEplIEYHO-
COCY/IUCTYIO CUCTEMY MPOUCXOAUT B ABYX ropoaax Usuay — 2,35 u Ilexune — 2,30; BiusiHUE HAa pa3BUTHE YEIIOBE-
Ka coctasigeT oT 2,30 10 2,35 (COOTBETCTBEHHO, B T. IlekuH u . UsHny. B r. CaHps 1mokaszaTenn piucKa He MPEBbI-
IIAIOT JOMYCTUMBIN YPOBEHb.

Kniouegvte cnosa: atmochepHbIil BO3AyX, 3arps3HEHHE, OH-TalfH MOHMTOPHHI, B3BEIICHHBIC BEIIECTBA,
030H, 9Koslorndyeckuii puck, [lekun, Ysnay, Canbs, Kutaii

Introduction

The problem of air pollution is one of the standard for each published station is based on
global problems of mankind. Growing emis- the US EPA Instant-Cast standard.
sions of pollutants into the atmosphere are the From the outset, the World Air Quality
focus of attention not only of residents of large Index project team (WAQI) has always strived
cities, but also of the scientific community and for transparency in delivering Air Quality In-
the government. In this regard, a large number formation to citizens of the world. In order to
of regional and international summits were held make common information about air quality
to address this problem. International agree- more relevant, the World Air Quality Index
ments were signed and governmental (at the team has organized studies with the most well-
level of individual countries) programs to limit known international institutions on the possibil-
and reduce emissions to the atmosphere [19-20] ity of creating an open database. The project
were adopted, giving positive results. involved:

International attention to the problem of - UNEP (United Nation Environmental Pro-
air pollution has led scientists to develop a sys- gram);
tem for monitoring the ecological state of the - WMO (World Meteorological Organiza-
atmosphere in all regions of the world. There tion);
are now more than 20,000 known air quality - WHO (World Health Organization);
monitoring stations in the world, monitoring - GEO (Group on Earth Observations);
data of more than 10,000 of which is published - CCA (Climate & Clean Air Coalition);
in the World Air Quality Index (AQI) project. - UNIDO (United Nation Industrial Devel-
The map below (Fig. 1) shows the location of opment Organization);
known monitoring stations (Fig. 1). The AQI - WRI (World Resource Institute) [7].
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Fig. 1 — Network of stations for automatic monitoring of air quality [6]

In September 2018, thanks to the great ef-
forts of the world the EPA (Environmental Pro-
tection Agency), information on air quality is
now available in real time for more than 10 000
stations in 1000 large cities from 80 countries [6].

Data published in AQI in real time cannot
be corrected at the time of publication, which
ensures the objectivity of the information. How-
ever, to provide a high level of accuracy for each
digit of the AQI, several levels of computer pro-
cessing are used. For example, the consistency of
the data is checked in real time with neighboring
stations, which allows you to automatically iden-
tify the faulty monitoring stations and delete
them, if necessary, from the map.

As the World Environment Agency is
constantly evolving and increasing the list of air
guality monitoring stations, this page is regularly
updated on the Internet.

Formulation of the problem

The system of atmospheric air condition
observation in China now covers almost the en-
tire country. At present, 24 organizations conduct
real-time observations in all major cities of Chi-
na. In March 2015, a meeting was held in Beijing
with many environmental specialists from the US
State Department, as well as with the China Mis-
sion (a well-known organization working in
PM2.5 monitoring time at the embassy in Bei-
jing). Among all the questions that were consid-
ered, it is worth mentioning the «nowy system.
This system is used by the US EPA to convert
raw pollutant, expressed in pug / m3 or ppb, to
AQI (scale from 0 to 500) [6]. It is used for all
AQI values reported at airnow.gov.

The problem is to compensate for the «24-
hour averaging» that should be used when con-
verting the concentration to AQI. The reason for
this averaging is that the AQI scale indicates that
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each of the levels of health problems (i.e, Good,
Moderate ... Unhealthy ...) is valid for 24 hours
of exposure [1]. For example, when you see 188
AQI (unhealthy), you should read it as «if | stay
in place for 24 hours, and AQI - 188 during these
24 hours, then the effect on health is negative.
This is very different from the fact that «if AQI
reported that now it is 188, then the effect on
health is negative».

The problem is that 24-hour averaging is a
very bad idea and should be reversed [3] for at
least two reasons:

Firstly, the dynamics of air pollution is
such that the wind is able to completely clean the
air in less than 30 minutes! This phenomenon is
often observed in Beijing with strong northern
winds that can reduce PM2.5 AQI from more
than 300 to less than 50 in less than an hour [2].
When this happens, no one wants to wait 24
hours before knowing that the air quality is good
(and go for a walk to enjoy the fresh air!);

The second reason is that the air quality
suddenly deteriorates. One of the known cases is
the Indonesian forest fire, which caused the Sin-
gapore smog. When the winds move north, in
these circumstances, the AQI can grow from 50
to 150 in just one hour. Indeed, there were a lot
of requests from asthmatics / sensitive people,
when the average for the previous 24 hours was
still applied in Singapore.

For these reasons, the US EPA introduced
the NowCast system: it is an alternative conver-
sion formula that is used to counteract the bal-
ance of averaging needs as air quality conditions
change.

To emphasize the importance of substanc-
es selected for monitoring, we will explain where
these pollutants originate from and how they
affect our health and the environment.
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NO2 is a reddish-brown gas that is re-
leased from all internal combustion engines.
There are two main nitrogen-based compounds
that are produced from internal combustion en-
gines: NO2 and nitrogen oxide (NO). At the
point of emission (i.e. exhaust pipe), the propor-
tion of NOx is about 90% NO and 10% NO2 [1].

After a few hours in the atmosphere and in
the presence of volatile organic compounds
(VOC), NO is converted to NO2. This reaction
can take from a couple of seconds to several
hours [2]. NO2 then reacts with other substances
in the air to form nitric acid, particulate matter,
and substances called PANs (peroxyacyl ni-
trates).

Also, with the help of sunlight, NO2 can
turn back to NO and produce ozone (O3) as a
strange pollutant. Through the potential of NO2
for the production of these «secondary» pollu-
tants, it is important to control and regulate NO2.

Short-term and long-term exposure to
NO?2 is associated with an increased risk of de-
veloping respiratory disfunctions. People with
asthma, young children and adults have an in-
creased sensitivity to its effects [1].

Secondary pollutants caused by the pres-
ence of NO2 in the atmosphere also have their
adverse effects. PAN is an irritant, nitric acid
causes acid rain and particles, and O3 causes
breathing problems.

Suspended particles (PM - particulate mat-
ter) are a widespread air pollutant, including a
mixture of solid and liquid particles in the air in
suspension.

Indicators that are commonly used to
characterize PM and are important for health
include mass concentration of particles with a
diameter of less than 10 microns (PM10) and
particles with a diameter of less than 2.5 microns
(PM2.5). PM2.5, which is often referred to as

fine suspended particles, also contains ultra-fine-
dispersed particles with a diameter of less than
0.1 microns. In most of Europe, PM2.5 is 50-
70% PM10 [9]. RM with a diameter of 0.1 pm to
1 um can be in the air for many days and weeks
and, accordingly, undergo transboundary air
transport over long distances. 2PM is a mixture
with physical and chemical characteristics, vary-
ing with location. The most common chemical
components of the PM include sulfates, nitrates,
ammonia, other inorganic ions, such as sodium,
potassium, calcium, magnesium and chloride
ions, organic and elemental carbon, minerals of
the earth’s crust, water bound particles, metals
(including vanadium, cadmium, copper, nickel
and zinc) and polycyclic aromatic hydrocarbons
(PAHS). In the composition of the RM biological
components, such as allergens and microorgan-
isms, [9] are also found.

Currently, there are new studies, showing
that PM2.5 is more harmful than PM10. Physi-
cally, it makes sense - less than a fraction, a
greater likelihood that it will be absorbed deeper
into the lungs and harm us. This is also one of the
important reasons for WHO to push all countries
to have standards for PM2.5.

Ozone O3. It is worth considering ozone
pollution as a global problem. In general, ozone
is distributed from the surface to an altitude of 20
km and thus contains both “good ozone”, the
ozone layer in the upper stratosphere, and “bad”
ozone in the troposphere. Ozone pollution is
tropospheric ozone, and in particular, surface
concentration, which is important for quantifying
health effects. In addition, tropospheric ozone
has a daily cycle, with pollution exceeding dur-
ing the day when the temperature reaches its
maximum, and almost no pollution during the
night. In China, ozone actually becomes a major
pollutant, exceeding PM2.5 pollution.

Research methods

The purpose of the study is to assess the
degree of air pollution in the cities of Beijing,
Chengdu and Sanya (PRC) and to determine the
environmental health risk.

The work was carried out on the basis of
the collected statistical reporting on the condi-
tion of air pollution in the cities of China - Bei-
jing, Chengdu and Sanya. A comparative as-
sessment of pollutants content in the air of cities
was carried out and the environmental risk from
this pollution was calculated.

Modern monitoring in the world is car-
ried out with the help of GAIA Air Quality
Monitoring Stations. It is a specially optimized,
highly accurate and easy-to-use monitoring
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station, developed by Earth Sensing laborato-
ries. Gaia Al3: Gasification [8]. The Chinese
online air monitoring and analysis platform is a
software platform and contains information on
the air composition of 367 cities.

The platform records such indicators as
AQI, PM2.5, PM10, SO2, NO2, 03, CO, tem-
perature, humidity, wind speed, wind direction,
satellite images of clouds and other monitoring
elements. All data is automatically updated
every hour. The platform provides a historical
analysis of data requests from December 2013,
including real-time monitoring, statistical data,
urban analysis, satellite imagery of clouds and
equipped with other functions.
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The results of on-line monitoring are
posted on the Internet and on demonstration
screens in certain places of cities. The color
coding of the level of pollution of the atmos-
phere is used; it makes it possible, without read-
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ing the numbers, to understand the degree of
threat to health (Fig. 2).

The color coding of the air pollution level
is used; it allows one to understand the degree
of threat to health without reading the numbers
(Table 1).
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Fig. 2 — An example of a comprehensive description of the environmental condition of atmospheric air
in Beijing [2]

Table 1

Scale of pollution level relative to calculated AQI index and health risk

Index
Value

10-50
|

Category
Green
Good pollution poses little or no risk.

Yellow

Level of Health Concern
Good. Air quality is considered satisfactory and air | The air quality is good. No

Moderate. Air quality is acceptable; however, for
some pollutants there may be a moderate health
concern for a very small number of individuals.

How Does This Affect Me?

precautions necessary. Breathe

| deeply and enjoy!
Sensitive people* should plan
strenuous outside activities when air
quality is better.

For example, people who are unusually sensitive
to ozone may experience respiratory symptoms if
ozone levels fall into this range.

101-150 |

151-200

201-300

Maroon 301-500

be affected.

The calculation of the environmental risk
in the work is done in accordance with the
methodology described in [10], which is used to
assess the risk to public health exposed to chem-
ical substances that pollute the environment.

Characterization of the risk of non-
carcinogenic effects is carried out either by

Unhealthy for Sensitive Groups. Members of
\ sensitive groups may experience health effects.

Unhealthy. Everyone may begin to experience
health effects. Members of sensitive groups may
experience more serious health effects.

Very Unhealthy. This will trigger a health alert,
meaning everyone may experience serious health
effects.

Hazardous. This triggers health warnings of emer-
gency conditions. The entire population is likely to
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Sensitive people* should cut back
or reschedule strenuous outside
activities. Everyone else should
consider limiting strenuous outdoor
activities.

Sensitive people* should avoid
strenuous outside activities.
Everyone else should cut back

or reschedule strenuous outside
activities.

Sensitive people* should avoid all
outside physical activities. Everyone
else should significantly cut back on
outside physical activities.

Everyone should avoid all outside
physical activities.

comparing the actual level of exposure with a
safe level of exposure (index / hazard ratio), or
based on the concentration-response parameters
obtained in epidemiological studies [10].

Since our study determined the concen-
tration of pollutants in the ambient air, from a
large set of methods for calculating environ-
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mental risk contained in [10], we use the one
that is used during inhalation of substances in
the human body. Environmental risk is calcu-
lated by the formula:

HQ; = Ci/ RfC, Q)

where: HQ — the hazard coefficient of
exposure to a substance and; RfC — the safe
level of the substance exposure, mg / m* (Table
2); C;i — level of exposure, mg / m”.

Table 2

Reference concentrations for chronic inhalation exposure [10]

CAS Substance RFCé Critical organs/ systems
MI/M
PM2,5 Suspendednp])sqrtlcles <25 0,015 Respiratory system, mortality
PM10 | Suspended particles <10 mm 0,05 R.esplratory system, mortality,
cardiovascular system, development
7446-09-5 SO2 Sulfur dioxide 0,05 Respiratory system, mortality
630-08-0 co Carbon monoxide 3 Blood, cardiovascular system,
development, CNS
A . L Respiratory system, blood,
10102-44-0 NO, Nitrogen dioxide 0,04 formation of MetHb
10028-15-6 O3 Ozone 0,03 Respiratory system

If the calculated hazard coefficient (HQ)
of a substance does not exceed one, then the
probability of the development of harmful
effects in a person with the daily intake of a
substance during life is insignificant. Such an
impact is characterized as acceptable.

If the hazard coefficient exceeds one,
then the probability of occurrence of harmful

effects in a person increases in proportion to
the increase in HQ, but it is impossible to accu-
rately name the multiplicity.

According to the results of calculations,
it is advisable to rank the substances polluting
the air by the magnitude of the hazard ratio to
determine the highest priority for pollutants.

Research results

The ecological condition of atmospheric
air in China is controlled by automated sys-
tems. Monitoring results are constantly updat-
ed on the website, where information is col-
lected on all cities of the country, forecasts are
analyzed and compiled [8].

Many indicators are used to assess the
ecological state, including:

—  Air temperature;
—  Atmospheric pressure;
—  Air humidity;
- Wind;
—  Content in the air:
- suspended particles up to 2.5 mm and
up to 10 mm in size (PM2.5 and
PM10)
- carbon monoxide (CO)
- nitrogen dioxide (NO2)
- ozone (03)
- sulfur dioxide (SO2).
The network of tracking stations in
China covers almost the entire country (Fig. 3).
Therefore, the accuracy of the information
provided on the monitoring site is quite high. It
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is ensured not only by the accuracy of the
equipment and the quality of the software, but
also by constant adjustments of the indicators
by comparison with neighboring stations of
observation.

The density of stations is especially high
in the eastern part of the country, where the
largest cities are located and the main sources
of air pollution are concentrated. As can be
seen from Fig. 3, the overwhelming majority
of cities have threatening AQI indicators, the
cause of which is the intense anthropogenic
load on the atmospheric air in China.

To assess the diversity of the ecological
status of cities in China, a study was conducted
on the example of three fundamentally differ-
ent settlements. For the study Beijing, Cheng-
du and Sanya were selected.

Beijing is the capital of the People’s Re-
public of China, a national political, cultural,
scientific and technological innovation center.
It should be noted that after the XXX Olympic
Games (2008), it is in Beijing where they are
supported now, which is reflected in many low
average atmospheric pollution indices (Fig. 4).
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Fig. 4 — Air Pollution in Beijing (AQI) [14]

The city has a large number of observa-
tion posts that allow you to make appropriate
calculations and plot the resulting value on the
map, updated every hour.

Pollution distribution in the air is signifi-
cantly influenced by the weather and, in general,
the climate. Beijing is located in a monsoon-
prone humid continental climate or a monsoon
subtropical climate, characterized by hot, wet
summers due to the influence of the eastern mon-
soons and cold, windy, dry winters, which are
formed under the influence of Siberian anticy-
clones. The average annual temperature in a flat
areais 11 ~ 13 ° C, 800 meters below the sea is 9
~ 11 ° C, in a mountainous area is 3 ~ 5 ° C. The
average annual maximum temperature ranges
between 35 ~ 40 ° C. Extreme minimum temper-
atures, like typically between -14 ~ -20 ° C [12].

Spatial distribution of annual precipitation
is uneven. In the northeast and southwest, the
windward slope of the mountain front resists pre-
cipitation, so the amount of precipitation is be-
tween 600 ~ 700 mm. In the north and northwest,
rainfall is less than 500 mm. Summer precipitation
is about 3/4 of annual precipitation [12].

For a more detailed description of the air
pollution in each area of the city, there are
screens showing online change of the situation,
which are duplicated on the Internet and sent to
SMS on phones.

Chengdu is the capital of Sichuan prov-
ince, one of the largest cities in China, is a politi-
cal, economic, cultural and educational center.
The climate is subtropical wet monsoon, four
different seasons are clearly distinguished, sum-
mer without heat, winter without cold. The aver-
age annual temperature is 16.7 © C. The solar
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temperature is 1071 hours, the average annual
precipitation is 945.6 mm. Chengdu is located in
the eastern part of the plain, with an average
elevation of about 500 meters above sea level.

The climate feature of Chengdu is exces-
sive cloudiness and short daylight hours. Also,
the climate of Chengdu is described by air hu-
midity, in summer the temperature is not high
(the maximum temperature as a whole does not
exceed 37 © C), but the high humidity creates a
feeling of dry temperatures. The average temper-
ature in winter does not exceed 5 ° C, but due to
cloudiness, the air seems very cold.

In total, the city has more than 500 differ-
ent enterprises. They are mainly focused on the

production of chemical raw materials and prod-
ucts (without flammable, explosive materials,
easily accessible drugs and hazardous products),
building materials, steel, detergents.

Monitoring of the ecological state of at-
mospheric air is carried out in the on-line system
(Fig. 5).

Sanya is a city of the province and island
of Hainan, located in the southern part of Hai-
nan Island. Sanya is located in low latitudes,
tropical sea monsoon climate zone. The island
has a long summer, there is no winter, in the fall
and spring it is immediately sunny, a large
amount of evaporation. The climate is charac-
terized by frequent typhoons and strong winds.
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The average annual temperature is 26.2 °
C. The average maximum temperature of the
year is 34.4 ° C. The average minimum tempera-
ture is 15 © C. The average annual rainfall is
1347.5 mm. There are 2226.1 hours of sunshine

Absence of industrial pollution sources
does not eliminate the need for air quality con-
trol. Online monitoring records the air pollutant
content, calculates AQI and displays on the cor-
responding map (Fig. 6). Air pollution indices are

throughout the year [16].
On the territory of Hainan tourist and rec-
reational activities are being actively developed,
which is due to the warm mild climate most of
the year.

very low.

Based on the data of the Chinese online
platform “PM2.5 lishishuju”, we calculated the
environmental risk, using formula (1) for the
population of these cities (Tables 3-5).

Table 3

Assessment of non-carcinogenic risk for the population of Beijing (PRC) due to atmospheric pollution

. Ci, RFCi, -
Ne Chemical element ME/e ME/AE HQ Critical organs and systems
1 PM2,5 0,070389 0,015 4,692 Respiratory system, mortality
Respiratory system, mortality, cardiovascular
2 PM10 0,095889 0,05 1,92 system, development
3 Sulfur dioxide 0,010056 0,05 0,2011 Respiratory system, mortality
5 Carbon monoxide 1,157028 3 0,39 Blood, cardiovascular system, development, CNS
5 Nitrogen dioxide 0,047528 0,04 1,188 Respiratory system, blood, formation of MetHb
6 Ozone 0,097778 0,03 3,26 Respiratory system
General HQ 11,644
Respiratory system 11,25893
Cardiovascular system 2,303449
Development 2,303449
Blood 1,573868
Formation of methemoglobin 1,188192
CNS 0,385676
Mortality 6,81

Table 4

Assessment of non-carcinogenic risk for the population of Chengdu (PRC) due to atmospheric pollution

Ne | Chemical element Ci, mr/m° I;E/i'é HQ Critical organs and systems
1 PM2,5 0,291083333 0,015 19,405 Respiratory system, mortality
2 Respiratory system, mortality,
PMI0 0,099943333 0,05 2,00 cardiovascular system, development
3 Sulfur dioxide 0,013806667 0,05 0,276 Respiratory system, mortality
5 Carbon monoxide 1,083333333 3 0,36 Blood, cardlovasculngsgstem, development,
5 . - Respiratory system, blood,
Nitrogen dioxide 0,052053333 0,04 1,301 formation of MetHb
6 Ozone 0,094083333 0,03 3,14 Respiratory system
General HQ 26,479
Respiratory system 26,118
Cardiovascular system 2,360
Development 2,360
Blood 1,662
Formation of methemoglobin 1,301
CNS 0,361
Mortality 21,68
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Table 5
Assessment of non-carcinogenic risk for the population of Sanya (PRC) due to atmospheric pollution
. . 3 RFCi, -
Ne | Chemical element Ci, mr/m M/ HQ Critical organs and systems
1 PM2,5 0,015222 0,015 1,015 Respiratory system, mortality
2 PM10 0,029389 0,05 0,59 Respiratory system, mortality, cardiovascular
system, development
3 Sulfur dioxide 0,002861 0,05 0,0572 Respiratory system, mortality
Carbon monoxide 0,625972 3 0,21 Blood, cardlovasculca:rN s%/stem, development,
Nitrogen dioxide 0,012417 0,04 0,310 Respiratory system, blood, formation of MetHb
6 Ozone 0,070083 0,03 2,34 Respiratory system
General HQ 4,515
Respiratory system 4,31
Cardiovascular system 0,80
Development 0,80
Blood 0,52
Formation of methemoglobin 0,31
CNS 0,21
Mortality 1,66
3y 27 Beijing 506 1% Sanya 1% 1% Chengdu
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Fig. 7 — The contribution of each pollutant to the overall environmental risk of the studied cities

The results of the study have showed that
the following substances make the greatest con-
tribution to the total non-carcinogenic risk: in
Beijing — suspended particles PM 2.5 — 40%, in
Chengdu - suspended particles PM 2.5 — 73%, in
Sanya — O3 ozone — 52% (Fig. 7). These sub-
stances determine the likelihood of the develop-
ment of harmful effects in the respiratory system.

The results of air pollution analysis for
the period from 2015 to 2017 (Fig. 7 on the left)
have showed that a significant excess of PM 2.5
is observed in the city of Beijing, in the city of
Chengdu, this excess is particularly critical,
especially in the village. In Sanya, harmful
polutants exceeding the norm are not observed.
Hazard ratio for PM10 is exceeded in Beijing
and in Chengdu, equal to 1.91 and 1.99, respec-
tively. Excess of NO2 pollutant is observed in
the city of Beijing — 1.18 and in the city of
Chengdu — 1.30. In all three cities, hazard coef-
ficient of O3 is exceeded (city of Beijing — 3.25,
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m. Sanya — 2.33), but in city of Chengdu the
excess is the highest — 3.13. The three-year HQ
averages with SO, and CO substances did not
show excess in any of the cities.

The analysis and comparison of the sea-
sons of the year (Fig. 3.8 right). It is estab-
lished that in winter high rates are observed in
the city of Chengdu; in spring, in summer and
in autumn, the greatest atmospheric pollution
is observed in Beijing, which is caused by the
meteorological conditions of the atmospheric
stratification.

Each pollutant has a special effect on the
human body. This action is manifested in the
occurrence of certain negative effects in vari-
ous organs and systems of the human body. It
is therefore necessary to consider, in addition
to the general level of risk, also the effect on
critical organs and systems in the event of ex-
posure to pollutants.
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Fig. 8 — Comparison of environmental risk due to atmospheric pollution in different seasons
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The results of the study have showed
that the respiratory organs are the most vulner-
able in conditions of air pollution in the studied
cities. The most dangerous excess is observed
in Chengdu, 26.11 (Fig. 9).

Threatening effects on the cardiovascu-
lar system occur in two cities of Chengdu —
2.35 and Beijing — 2.30; on human develop-
ment the risk value of the development of non-
carcinogenic effects ranges from 2.30 to 2.35
in the city of Beijing and the city of Chengdu,
in the city of Sanya the risk value does not
exceed the permissible level. In blood and

methemoglobin formation, the greatest risk is
associated with the formation of methemoglo-
bin — from 0.31 to 1.30. Risk of developing
non-carcinogenic diseases of the CNS is in the
range of 0.20 to 0.38.

Thanks to the work of online monitor-
ing, in any city in China for any period of time
there is a warning of the population against
threats associated with air pollution. By fol-
lowing the recommendations that are provided
there, you can prevent a negative impact on
your health.
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Fig. 9 — Comparison of the ris

of certain types of diseases in the cities of Beijing, Chengdu and Sanya as a

result of atmospheric pollution
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Conclusions

The world air monitoring system covers
almost all continents and has more than 20,000
known air quality monitoring stations, of
which more than 10,000 are published in the
World Air Quality Index (AQI) project. Inter-
val of observations and updates in the system
is different in different countries — from one
day to 1:00. The work substantiates the expe-
diency of an hourly update of information con-
sidering the use of its population as warnings
about the occurrence of negative health effects.

On the selected territory — three cities of
the PRC (Beijing, Chengdu, Sanya), atmos-
pheric air pollution studies are conducted by
the Chinese online monitoring platform and
updated hourly. On the basis of statistics, for
the three-year observation period (2015-2017),
collected by the authors, an environmental risk

AQI, PM2.5, PM10, SO2, NO2, 03, CO. It has
been established that the greatest contribution
to the total non-carcinogenic risk in Beijing
and Chengdu is made by suspended particles
(PM 2), respectively — 40% and 73%, in the
city Sanya — ozone — 52%.

Since the effect of pollutants on the hu-
man body is manifested in the occurrence of
certain diseases, their risk has been assessed.
The results of the study have showed that the
respiratory organs are the most vulnerable in
conditions of air pollution in the studied cities.
The most dangerous excess is observed in the
city of Chengdu - 26.11 (at a rate of HQ = 1).

It is advisable for the population to
avoid the negative impact of pollution by fol-
lowing the recommendations developed in
accordance with the calculated AQI index.

assessment was made for indicators such as
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