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IHTErPANbHI NOKASHUKM K INCTPYMEHTH OUIHKH 9KOCTI
ATMOCMEPHOTO NOBITPH

Typoc O.l., Mapemyxa T.I., MetpocaH A.A., MuxiHa J1.1., MoprynboBa B.B.

INTEGRAL INDICATORS AS TOOLS FOR AIR QUALITY ASSESSMENT

ver 50 years, air pollution and its impact
on human health are a concern for the
World Health Organization (WHQO). A large
number of studies have demonstrated
relations between air pollution and a ver-
ity of health effects. The results of these
studies have confirmed that air pollution
is a serious threat to public health. By
reducing air pollution levels, countries
can reduce the burden of disease from
stroke, heart disease, lung cancer, and
both chronic and acute respiratory dis-

MARE-II\;Il{JFI‘(CI’-Ii?':, eases, including asthma. .

PETROSIAN A ’ As a consequence, it is vital to notify the
"2 public about the levels of air pollution and
MYKHINAL., | oated health risks so that people can

MORHULQVA_ V. take measures to keep their health [1].
State Institution Many countries are working to make
«0.M. Marzeiev  information about outdoor air quality as
Institute for  available to the public as information about
Public Health,  the weather. A key tool in this effort is the
NAMSU», Kyiv  Air Quality Index or AQI. It informs the pub-
lic of the local level of ambient air pollution,

Keywords: and the potential health risk it would [2].
air, integral The AQI made its debut in 1968, when
indicator, the National Air Pollution Control
AQIl, Administration undertook an initiative to
PM,,, develop an air quality index and to apply
PM, . the methodology to Metropolitan

Statistical Areas. The impetus was to
draw public attention to the issue of air
pollution and indirectly push responsible
local public officials to take action to con-
trol sources of pollution and enhance air
quality within their jurisdictions. The initial
iteration of the air quality index used
standardized ambient pollutant concen-
trations to vyield individual pollutant
indices. These indices were then weight-

ed and summed to form a single total air
quality index. The overall methodology
could use concentrations that are taken
from ambient monitoring data or are pre-
dicted by means of a diffusion model.
The concentrations were then converted
into a standard statistical distribution
with a preset mean and standard devia-
tion [3].

The first air quality index was introduced
The United States Environmental
Protection Agency (EPA) started to use an
AQIl in 1976 (the original name was
Pollutant Standard Index — PSI) for use by
States and local agencies on a voluntary
basis. The aim was to create certain homo-
geneity among the 14 different indices
used by more than 50 urban areas in USA
and Canada at that time [2]. The Clean Air
Act (the law that defines EPA’'s responsibil-
ities for protecting and improving the
nation’s air quality), which was last amend-
ed in 1990, requires EPA to set National
Ambient Air Quality Standards (NAAQS) for
widespread pollutants from numerous and
diverse sources considered harmful to
public health and environment. The Clean
Air Act established two types of national air
quality standards. Primary standards set
limits to protect public health, including the
health of «sensitive» populations such as
asthmatics, children and elderly.
Secondary standards set limits to protect
public welfare, including protection against
visibility impairment, damage to animals,
crops, vegetation and buildings. The Clean
Air Act requires periodic reviews of the sci-
ence upon which the standards are based
and the standards themselves. EPA AQl is
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LY «IHCTUTYT rpOMaacbKoro 340p0B’s

iMm. O.M. Map3eesa HAMH Ykpainuv», m. Knis

MeTta pob6oTu — npoaHasni3yBatu iHTerpasibHi
rOKa3HWKY OLIHKM SIKOCTI aTMOCEPHOro roBiTps
Ta niaxoamv Ao BU3HAYEHHS IHAEKCY SIKOCTI
roBiTps Ha npuknani PM;, ta PM, s.

Marepianu ta meTogun. BusHa4eHo pIBHI
IHOekcy siKOCTi MoBIiTPSI HA OCHOBI 24-roAMHHUX
KoHueHTpauivi PM,, Ta PM, 5 3 3aCTOCYBaHHSIM
MEeTOoANK, PEKOMEHAOBAHVX YrpaBiHHIM 3
oxopoHu aoBkisa CLLIA Ta €BponericbKkoro
AreHuiero [oskinns €C.

s aocnigxeHHs BAKOPUCTOBYBAJINCS] KOHLIEHT -
pauii PM,y Ta PM, 5, 110 Oy/in OTpUMaHi npoTsi-
rom 10.2017-11.2018 poky Ha cTaLjioHapHOMY

MYHKTI MOHITOPUHTY, SIKWUV PO3MILLEHUI 3a
aapecoto: M. Kuis, Byn. lNonyapeHka, 50.
Pe3ynbraTtun. BussieHo, Lo He ICHYE yHigikoBa-
HOro iHTerpasbHOro NOKa3HWKa AJ1s1 OLiIHKU KO-
CTi NOBITPSI, ane y BiNbLLIOCTI KpaiH CBITy rpiopu-
TETHUM € BUKOPUCTAHHS IHAEKCY SIKOCTi rMOBITPS
(AQI). byno noka3aHo, 1o AQI € IHCTpYMEHTOM
[151 IHpOPMYBaHHS rPOMaELACbKOCTI LLOA0 SKOCTI
arMocgepHOro rnoBIiTPS Ta rMnoB’s93aHoro 3 LM
PU3NKOM [J151 340P0B’S] HACEJIEHHS.
BctaHoBiieHo, 1o piBHi AQI 3a okpemum
rnokasHukom, y tomy yucii PM,, 1a PM5 5,
MOXYTb CYTTEBO BiPI3HSTUCS 3aJIEXHO Bij
BUKOPUCTAHOIO Migxoay BU3HA4YEHHs iHAeKCY y
3B’13Ky 3 BapiabesibHICTIO Aiarna3oHiB
KOHLIeHTpaLivi 3a6pyaHIOI0YMX PEHOBUH, LLIO
BiAnNoBiaaloTk NEBHIV KATEropii iHaeKcy.

Knio4yoBi cnoBa: atmocgepHe nosiTps,
iHTerpanbHuii nokasxuk, AQl, PM,o, PM, 5.
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INTEGRAL INDICATORS AS TOOLS FOR AIR
QUALITY ASSESSMENT

Turos O., Maremukha T., Petrosian A.,
Mykhina L., Morhulova V.

State Institution «O.M. Marzieiev Institute
for Public Health, NAMSU», Kyiv

The objective of this work was to analyze the
integral indicators of the air quality assessment
and approaches to the definition of the AQI for
example PM o, PM 5.

Materials and methods. The levels of the Air
Quality Index are determined based on 24-hour
concentrations of PM,, and PM, 5, using meth-
ods recommended by the United States
Environmental Protection Agency and the
European Environment Agency of the European
Union. The study used concentrations PM;, and
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PM,, 5, which were received during 10.2017-
11.2018 at the fixed monitoring station, located
at the address: 50, Popudrenko str., Kyiv.
Results. There is no unified integrated
indicator for air quality assessment, but in most
countries the use of the Air Quality Index is a pri-
ority. AQl is a tool for informing the

public about the quality of atmospheric air and
the associated risks to the health of the
population. The AQI levels for a specific
pollutant, including PM,, and PM, 5, may vary
significantly depending on the indexing
approach used.

This is due to the variability in the pollutants’
concentration ranges that correspond to a
respective category of the index.

Keywords: air, integral indicator, AQI, PM,,, PM, 5.

an index for reporting daily air quali-
ty. It tells how clean or polluted air is,
and what associated health effects
might be a concern for you. The AQI
focuses on health effects you may
experience within a few hours or
days after breathing polluted air.
EPA has set NAAQS for five main
common pollutants: carbon mo-
noxide (CO), nitrogen dioxide
(NO,), ozone (Os), particulate mat-
ter (PM;o and PM, 5) and sulphur
dioxide (SO,). Six categories corre-
sponding to different level of health
concerns (and symbolized by differ-
ent colors) are considered [4, 7].
Canadian government, through
the Meteorological Service of
Environment Canada, provides an
AQI computed in the same way as
EPA’s one, but considering 4 cate-
gories only. Recently, a new Air
Quality Health Index (AQHI) has
been added to AQI. When devel-
oping the AQHI, Health Canada’s
original analysis of health effects
included five major air pollutants:
PM;o and PM, 5, O, and NO,, as
well SO, and CO. The latter two

pollutants provided little informa-
tion in predicting health effects
and were removed from the AQHI
formulation. The AQHI is based on
the relative risks of a combination
of common air pollutants and is
measured on a scale ranging from
1 to 10. The AQHI values are also
grouped into 4 health risk cate-
gories helping to easily and quick-
ly identify the actual level of risk as
Low Health Risk (1-3), Moderate
Health Risk (4-6), High Health
Risk (7-10), or Very High Health
Risk (10+) [5].

In a review of the UK Air Quality
Index, Committee on the Medical
Effects of Air Pollutants (COMEAP)
developed and recommended a
Daily Air Quality Index (DAQI) for
the purpose of providing short-

term health advise to the public
regarding the air quality around
them and possible recommenda-
tions such people can take.
Following the recommendations
from COMEAP, the Department for
Environment, Food and Rural
Affairs (Defra) together with
responsible administrations imple-
mented this index from January
2012. This Index was later updated
with  minor changes through
Defra’s update on the implemen-
tation of DAQI in April 2013 to con-
form with the EU limit values of pol-
lutant concentrations. The update
also emphasised that data round-
ing off should always be per-
formed at the end of calculations
before communicating results to
avoid errors [2]. DAQI is defined on
a scale of 1 to 10 with colour cod-
ing and categorised into four
bands of Low (1-3), Moderate (4-
6), High (7-9) and Very High (10).
COMEAP report recommended
the removal of CO from the AQI
and the inclusion of PMjs.

Currently the DAQI uses the pollu-
tants of O3, NO,, SO,, PM, 5 and

PM;q in calculation of the index.

The Automatic Urban and Rural
Network (AURN) measures these
pollutant concentrations in near
real-time and their values used in
calculation of the index. The over-
all index is given by the highest
pollutant concentration of the con-
sidered pollutants. To allow pre-
diction of elevated air pollution
episodes in real-time, DAQI uses
trigger values to predict concen-
trations of pollutants [6].

The ATMO Index is the air quali-
ty index used in major cities in
France that have a population of
more than 100,000 inhabitants.
The index is represented by a
giraffe and is based on a scale of 1
to 10 ranging from very good to

very bad and with three coloured
bands of Green (1-4), Orange (5-
7) and Red (8-10). ATMO Index
considers the pollutants of SO,,
NOQ, 03, PM2_5 and PM10. Sub-
indices are calculated for the four
pollutant concentrations and the
final aggregated index is the high-
est sub index calculated from the
pollutant concentrations. Each
pollutant has defined limit values
for the scale ranges upon which
pollutant concentrations are com-
pared to determine the pollutant
sub index [7].

At European level, the last air
quality directives came into force
in June 2008 and will be trans-
posed into national legislation by
June 2010 (Directive 2008/50/EC
of the European Parliament and of
the Council of 21 May 2008 on
ambient air quality and cleaner air
for Europe). This directive lays
down measures aiming at, among
others, «assessing the ambient air
quality in Member States on the
basis of common methods and
criteria». Actually this directive has
not been applied yet, and each
country follows (when it is done)
its own method. The European
Environment Agency (EEA) is the
agency of the European Union
(EU), that came into force in late
1993, whose task is to provide
sound, independent information
on the environment; it represents
a major information source for
who is involved in developing,
adopting, implementing and eval-
uating environmental policies, and
also for the general public [8].

The Common Air Quality Index
(CAQI) is an air quality index used
in Europe. It was developed in the
course of the CITEAIR project [9]
and has been around since 2006.
The index was made for the pur-
pose of easily comparing the air
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quality in European cities in real-
time. At the same time the CAQI
received an update. Since the
CAQI was launched the air quality
directives have been revised and a
limit value for PM, 5 was added in

the new, so called, Directive
2008/50/EC [8]. PM, 5 is a health

relevant and regulated parameter
so it had to be included in the
CAQI calculation [9].

The CAQI is defined in both
hourly and daily versions, and
separately near roads (a «road-
side» or «traffic» index) or away
from roads (a «background»
index). As of 2012, the CAQI had
two mandatory components for
the roadside index, NO, and
PM,q, and three mandatory com-

ponents for the background
index, NO,, PMy, and Os. It also
included optional pollutants
PM, 5, CO and SO,. A «sub-index»
is calculated for each of the
mandatory (and optional if avail-
able) components. The CAQI is
defined as the sub-index that rep-
resents the worst quality among
those components [2, 9]. The
CAQI has a scale from 1 to 100
with lower rankings representing
better air quality. Some of the
higher class borders are linked to
concentrations mentioned in the
EU air quality directives (Directive
2008/50/EC) [8]. The large range
of the scale assures changes,
even at the lower end of the scale.
Three different indices have been
developed to enable the compari-
son of three different time scale:
an hourly index; a daily index; an
annual index.

In 2016, Ricardo Energy and the
Environment prepared a final
report for the Directorate-General
The European Commission and
presented the developed proto-
type AQI (EU-AQI). It harmonises
existing Air Quality Indices for key
air pollutants. Twenty air quality
indices were identified, reviewed
and assessed, plus the existing
CAQI for Europe during the devel-
opment of the AQI prototype. The
review included 14 indices used in
EU Member States, and seven
from non-EU countries. The
indices selected covered a mixture
of region types: some were specif-
ic to a Member State or other
country while others were specific
to a region, state or city [10].

The main target group for an AQI
is identified as ordinary citizens
who are concerned about air pol-
lution and its possible effects on
their health. An EU AQI must be
easy to use, clear, and based on
well-informed health advice,
based in turn on robust data. The
four major pollutants to be includ-

ed are: NO,, ozone Og, particulate
matter as PM;, and as PM, 5, SO,
is to be included as an optional
pollutant where it is monitored and
relevant. The AQI prototype data-
base is populated using automat-
ed data flows for UTD measure-
ment data and MACC AQ forecast
data. In the prototype system
every monitoring location has to
present values for each of the four
critical pollutants. Where values
are missing because the pollutant
is not measured or the equipment
is off-line then the missing data
are populated from the modelled

FIrlEHA ATMOC®EPHOIO NOBITPH E

enables the most complete and
up-to-date geographical picture
of European AQI to be presented
to the public end users of the sys-
tem. In November 2017, the
European Environment Agency
announced the EU-AQI and start-
ed encouraging its use on web-
sites and for other ways of inform-
ing the public about air quality.
EU-AQI meant to complement
existing national air quality
indices, not replace them.

The air pollution index (API) is
used to assess and analyze the
atmospheric air pollution in

(forecast) MACC data. This Ukraine. APlis used for compara-
Table 1
Pollutants and category grid for US EPA AQI
Particulate Matter ms3
Vaiues | AQICategories PM, (24-hour) PM(: f {24-)hour)
Up to 50 Good 0-54 0-12.0
51-100 Moderate 55-154 12.1-35.4
101-150 | gnnsri‘teivagg\rggg . 155-254 35.5-55.4
151-200 Unhealthy 255-354 55.5-150.4
201-300 Very unhealthy 355-424 150.5-250.4
301-500 Hazardous 425-604 250.5-500.4
Table 2
Pollutants and category grid for EU AQI
. Particulate Matter m3
AQI Categories PM,g (24-hour) gﬁi_s ()24—hour)
Very Good 0-20 0-10
Good 21-35 11-20
Moderate 36-50 21-25
Bad 51-100 25-50
Very Bad >100 >50
Figure 1

US EPA AQI categories for concentration PM,, (a)
and PM, 5 (b) during the study period

A

53 Exvironsevr & leawrn No 1 2019

a b
q

84% - Good

16% - Moderate

3%

16% - Good

il
9%\ 116%
‘ M,,v""’ 73% - Moderate

9% - Unhealthy for
Sensitive Groups

\\13%// 3% - Unhealthy



D1-19 b:D2-16 b.gxd 27.02.2019 12:33 Page 54

tive evaluation pollution of certain
areas, cities with the establish-
ment of their priority on the level of
pollution and trends of pollution.
This indicator is relative and its
value depends on the concentra-
tion of the substance in the ana-
lyzed point, the maximum permis-
sible concentration (MPC) and the
amount of substances that pollute
the atmosphere. API calculation is
based on the principle that the
MPC at all harmful substances are
characterized by the same effect
on humans, and with further
increase of concentration the
degree of their harmfulness
increases with different speed,
depending on the hazard class of
the substance. Considered that
when API <1 air quality by sepa-
rate pollutant meets sanitary and
hygienic requirements [11].

Air Quality Index is not used as
an official indicator of air quality in
Ukraine. The most significant
issues preventing scientists from
development of the AQI in our
country are: lack of continuous
monitoring data on atmospheric
air pollution with 1-hour or daily
averaging periods; uneven distri-
bution of monitoring sites; no
monitoring for PM,gand PM, g, as
well as, absence of the official
national guidelines for assessing
safety of these pollutants; poor
access to the most recent moni-
toring data.

The exposure to PM can have a
detrimental health effect. Particle
pollution is linked to a number of
health problems, including
coughing, wheezing, reduced
lung function, asthma attacks,
heart attacks and strokes. The
exposure to PM is suspected of
harming pregnant women and
unborn children. PM can cause

—®-

oxidative stress, leading to inflam-
mation. Other effects on pregnan-
cy include endocrine disruption
and impaired oxygen transport to
the placenta, leading to a lower
birth weight, congenital disabili-
ties (birth defects), premature
delivery, or even premature death.
There is a close, quantitative rela-
tionship between exposure to high
concentrations of PM;4 and PM, g
and increased mortality or mor-
bidity, both daily and over time.
Conversely, when concentrations
of small and fine particulates are
reduced, related mortality will also
go down [1]. According to the
WHO ambient air pollution in both
cities and rural areas was estimat-
ed to cause 4.2 million premature
deaths worldwide per year in
2016. This mortality is due to
exposure to PM, 5, which cause
cardiovascular and respiratory
disease, and cancers.

The objective of this work was
analyze the integral indicators of
the air quality assessment and
approaches to the definition of the
AQlI for example PMg, PM5 5.

Materials and methods. To
calculate the AQI index we used
the concentration data from the
stationary monitoring station of
PM,, and PM, 5 (based at the SI
«0.M. Marzeiev Institute for pub-
lic health» NAMSU) located in
Kyiv, Popudrenko 50 str. Sampling
location meets the requirement of
representativeness of the meas-
urement point(s): monitoring sta-
tion is located far from the local
sources of pollution (including the
close proximity to carriageway)
and in the place without aerody-
namic perturbation, which may be
present in the near-wall region,
etc. Instrumental measurements

Figure 2

EU-AQI categories for concentration PM,, (c) and PM, 5 (d)
during the study period

1,5% c
20% 1 22% 22% - Very Good
39% - Good
:-7_‘:/"'-' 17% - Moderate
9% 20% - Bad

1,5% - Very Bad

d 3%
11,5%
o 11,5% - Very Good
26% 46% - Good
13,5% - Moderate

* 3% - Very Bad

Ny =

Table 3
Comparison of PM, 4 and PM, 5 limits set by WHO,
EEA, EPA
Pollutant | Averaging period | WHO limits | EEA(EU) limits | EPA(US) limits
M 24-hour 50 pug/m3 50 pug/m3 150 pug/m3
10 annual 20 ug/m3 40 pg/ms3 -
24-hour 25 pug/m3 - 35 ug/m3
PM2 5
annual 10 pg/m3 25 ug/m3 15 pg/m3

of the concentration levels of
PM, 5 i PMyq in ambient air were
done using the APDA-371 (HORI-
BA) analyzer which automatically
measures airborne particulate
concentration levels (in mil-
ligrams or micrograms per cubic
meter), using the industry-proven
principle of beta ray attenuation.
Each hour, a small carbon-14 ele-
ment emits a constant source of
high-energy electrons (known as
beta rays) through a spot of clean
filter tape. These beta rays are
detected and counted by a sensi-
tive scintillation detector to deter-
mine a zero reading. Then APDA-
371 automatically advances this
spot of tape to the sample nozzle,
where a vacuum pump then pulls
a measured and controlled
amount of dust-loaded air (stan-
dard - 16,7 I/min) through the fil-
ter tape. Hourly this dirty spot is
placed back between the beta
source and the detector thereby
causing an attenuation of the beta
ray signal which is used to deter-
mine the mass of the particulate
matter on the filter tape. Standard
measurement range of APDA-371
is 0-1.000 mg/m3 (0-1000
ug/ms3). Measurement was con-
ducted at the height of 2 m from
the horizontal roof surface of the
monitoring station using the verti-
cal sampler with the protection
from atmospheric precipitations.
Stationary monitoring station pro-
vide the automatic continuous
measurement of PM,y and PM, 5
c02ncentration during 24-hour
[12].

Duration of the measurements is
one year from November 1, 2017
till October 31, 2018. The statisti-
cal processing of the results was
analyzed using STATISTICS soft-
ware. We computed AQI based on
daily levels of PM,, and PM, 5 and
we used the AQI tool provided by
the Environmental Protection
Agency and the European
Environment Agency of the
European Union [4, 9].

Results. The health risk associ-
ated with various levels of ambient
PM,o and PM, 5 was categorized
as per the specifications of US
EPA and Europe (tables 1, 2).

A total of 335 daily PMyy and
332 daily PM, 5 were collected
over a period of November 1-st
2017 through October 31-st 2018.

Based on figure 1 (a), in terms of
PM,o, US EPA AQI was less than
standard limit (AQI<100) in 100%
of cases of which 16% and 84%
were in good and moderate quali-
ty. The US EPA AQI for PM, 5 there
were 16% days of good air quality,
73% days of moderate air quality,
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9% days of unhealthy air quality
for sensitive groups, 3% days of
unhealthy air quality during the
entire study period (figure 1b).

EU-AQI was less than standard
limit (AQI<50) in 78,5% of cases in
terms of PM;, of which 22% and
39% were in very good and good
quality, 17,5% was in moderate
quality. In addition, in 21,5% of
cases, the concentration of PM;,
was higher than standard limit EU-
AQI, of which 20% and 1,5% of
cases were in bad and very bad
quality (figure 2c). Meanwhile,
based on figure 2 d, in terms of
PM, s EU-AQI was less than stan-
dard limitin 71%, of cases of which
11,5% and 46% were in very good
and good quality, 13,5% was in
moderate quality. In 26% and 3%
of cases EU-AQI for PM, 5 were in
bad and very bad quality.

The findings of the study reveal
a significant difference between
the AQIs that were calculated
using two different approaches
proposed by the US EPA and EEA
EU. This is explained by the fact
that the AQI categories are devel-
oped taking into account existing
air quality standards and levels of
their accidences. In most of the
cases, the integral indicator is
determined based on the level of
air pollution formed by the sub-
stance that is responsible for the
highest accidences of the air
quality standards.

Air quality in the United States of
America must comply with the
National Ambient Air Quality
Standards (NAAQS) established by
the EPA [13]. European Union
countries are guided by the limit
values of pollutants as set out in
Directive 2008/50/EC «On ambient
air quality and cleaner air for
Europe» [8]. It should be noted,
that when setting the limits of the
AQI category for PMyy and PM, 5

European Union also consider con-
centrations limit recommended by
WHO. As shown in table 3 EEA and
WHO sets tougher standards for
PM,q,and PM, s than EPA[1, 8, 13].

Conclusions. There is no unified
integrated indicator for air quality
assessment, but in most countries
the use of the Air Quality Index is a
priority. AQl is a tool for informing
the public about the quality of
atmospheric air and the associated
risks to the health of the popula-
tion. The AQI levels for a specific
pollutant, including PM,q and
PM, s, may vary significantly de-
pending on the indexing approach
used. This is due to the variability in
the pollutants’ concentration ran-
ges that correspond to a respective
category of the index.

—®-
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