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Abstract

The air quality index (AQI) is an index for reporting daily or hourly air quality to the general public. The AQl

focuses on health effects that can happen within a few hours or days after breathing polluted air. Many countries

have their own AQI reporting systems, and the HAEI (hourly air environment index) method is now being used in

Korea. In this study, in order to compare the AQI results from different methods, we applied three methods, i.e. US
AQI, Canadian AQI, and Korean HAEI, to the same air quality data-base. The data-base was constructed from 10

monitoring sites in Gyeong-buk province for the last four years since 2000. Based on the results, a critical

evaluation of the Korean HAEI method was made, and a number of suggestions and recommendations were

presented to improve the AQI reporting system in Korea.
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Table 1. Summary of the Korean HAEI method.

HAEI lessthan 20~ 50~ 80~ 90~ 97~
value 20 50 80 90 97 100

Cate-  Very Poor Slightly Mode- Good Very
gory poor poor rate good

HAETI calculation equation

SO, HAEI(S0,)=100-50/0.15 X | hour average SO, (ppm)
NO, HAEI(NO,)=100~50/0.15 X | hour average NO, (ppm)
O;  HAEI(03)=100—-50/0.10 X 1 hour average O (ppm)

CO  HAEI(CO)=100—50/25 x | hour average CO (ppm)
PM,, HAEI(PM,,)=100—50/200 x 1 hour average PM,, (ug/m")
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Table 2. The USA AQI classification and breakpoints for the AQI.

Breakpoints
0, 0, PMZ_S3 PM,O3 co SO, NO, AQl  Category
(ppb) (ppb) (ng/m’) (pg/m?) (ppm) (ppb) (ppm)
8-hour 1-hour” 24-hour 24-hour 8-hour 24-hour 1-hour
0~64 b 0~15 0~54 0~44 0~34 2 0~50 Good.
65~84 b 15~40 55~154 45~94 35~ 144 2 50~100 Moderate.
85~104  125~164  40~65  155~254  05~124  145~224 2 101~ 150 Unhealthy for
sensitive groups
105~124  165~204 65~150  255~354 125~154 225~304 » 151~200 Unhealthy.
125~374  205~404  150~250  355~424 155~304 305~604 0.65~1.24 201~300 Very unhealthy.
» 405~504  250~350  425~504 305~404 605~804 1.25~1.64 301~400
» 505~604  350~500 505~604 40.5~504 805~1004 1.65~2.04 401~500 Hazardous,

" Areas are generally required to report the AQI based on 8-hour ozone values. However, there are a small number of areas where an AQI based on
I-hour ozone values would be more precationaty. In these case, in addition to calculating the 8-hour ozone index value, the 1-hour ozone index

value may be calculated, and the maximum of the two values reported.

¥ NO, has no short-term NAAQS and can generate an AQI only above an AQI value of 200.
% 8-hour ozone value do not define higher AQI values (>301). AQI values of 301 or higher are calculated with 1-hour ozone concentrations.
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Table 3. The Canadian AQI classification and calculation method in Alberta.

Index 0~25 26~50 51~100 100 or higher
Category Good Fair Poor Very poor
AQI calculation equations
Parameter name Concentration Units Formula
. If<13 ppm AQI=1.92 x Concentration
Carbon monoxide If>13 ppm AQI=(1.47 x Concentration)+5.88
If<.05 ppm AQI=500 x Concentration
Ozone If>.05& <.08 ppm AQI=(833 x Concentration) —16.67
If>.08 ppm AQI=(714 x Concentration)—7.14
Sulphur dioxide All ppm AQI=147.06 X Concentration
. - 1f<0.21 ppm AQI=238.09 x Concentration
Nitrogen dioxide 1f>021 ppm AQI=(156.24 x Concentration)+17.19
Particulate matter 1f<30 ug/m? AQI=0.8333 x Concentration
(PM,5) If>30 ug/m? AQI=(0.5 X Concentration)+ 10
Jelliglen, & 239} 3o= v=3 svie dwjE} Table 4. An example of air quality data-base examina-

29} AQIAHE WM& 247 Uehisle.
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tions-in the case of Jangheong-dong in Pohang.

. SO, O; NO, CcOo PM,o

Year SROSLCS  (pb) (ppb) (ppb) (ppm) (ug/m’)
Data 7.856 8,502 8227 8,289 629
Effect. (%) 89.4 96.8 937 94.4 7.2

2000 Average 92 232 276 0.9 69.8
Maximum  77.0 109.0 133.0 37 2870
Minimum 1.0 2.0 3.0 0.1 11.0

Data 8,613 8,440 8,544 8,632 7,743

Effect. (%) 983 96.3 97.5 98.5 88.4

2001 Average 8.4 23.1 23.8 0.9 61.7
Maximum 68.0 98.0 111.0 40 4950
Minimum 1.0 1.0 4.0 0.1 8.0

Data 8325 8564 8,520 8,372 8,326
Effect. (%) 95.0 978 973 95.6 95.0

2002 Average 9.2 233 27.5 0.7 68.1
Maximum 87.0 97.0 100.0 44 1079.0
Minimum 1.0 1.0 5.0 0.1 3.0

Data 8,279 8,526 8,532 8,336 7,797
Effect. (%) 94.5 973 974 95.2 89.0

2003 Average 11.1 29.5 25.8 1.1 72.0
Maximum 87.0 1160 1480 7.1  631.0
Minimum 1.0 8.0 3.0 0.1 6.0

Data 8,333 8,513 8,513 8,323 8,119
Effect.(%) 94.9 96.9 96.9 94.8 92.4

2004 Average 13.1 295 328 1.0 74.6
Maximum 110.0 119.0 100.0 4.6 6420
Minimum 1.0 8.0 3.0 0.1 4.0

=, AF247)718) RAAHNN Tppbeis WA}
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Table 5. Comparison of AQI classification for each pollutant by Korean HAEI, US AQI, and Canadian AQI methods-an
example of applications to the air quality data in Pohang.

. Missin, Very good Good Fair Slightly Poor Ver Number
Site  Pollutant data(%% r(y%g) (%) (%) poo%'(‘?g) (%) poor()‘l%:) of data
o0 SO, 432 52.18 39.79 3.63 0.08 0.00 0.00
5 03 291 3.66 29.53 48.60 15.27 0.03 0.00
£ NO» 272 1.27 59.23 35.88 0.90 0.00 0.00 35064
5 co 4.00 85.03 10.95 0.02 0.00 0.00 0.00
PMio 8.78 2.72 20.67 40.55 25.60 1.20 0.48
Korean SO, 1.62 68.85 28.80 0.64 0.09 0.00 0.00
HAEl | g 05 0.96 6.96 32.61 47.58 11.86 0.03 0.00
method | = NO; 4.73 4.41 51.75 33.97 5.13 0.01 0.00 35064
= Cco 1.01 96.61 2.36 0.02 0.00 0.00 0.00
PM,o 8.24 4.78 39.48 30.83 15.49 0.87 0.30
SO, 5.69 72.93 20.62 0.74 0.02 0.00 0.00
8 0s 2.86 2.69 25.62 44.14 24.63 0.06 0.00
g NO» 347 1.95 57.32 3325 401 0.00 0.00 35064
A co 4.26 90.97 4.77 0.00 0.00 0.00 0.00
PMio 6.01 0.90 20.32 50.15 21.97 0.38 0.26
Above Unheal-
.. Less than
Si Pollu- Missing break- than Good Moderate thy'fgr Un- Very Hazar- Number
ite tant data point bregk— (%) (%) sensitive healthy unhealthy dous of data
(%) (%) point groups (%o) (%) (%)
(%) (%)
w SOz 1.44 0.00 0.00 9802 055 0.0 0.00 0.00 0.00
S 0 1.30 0.00 0.00 9774 089 007 0.00 0.00 0.00
£  NO 075 9925 0.0 000 000 0.0 0.00 0.00 0.00 1461
g co 151 0.00 0.00 9849 000 000  0.00 0.00 0.00
USA PMis 418 000 000 3641 5763 144 007 007 021
AQI SO, 0.14 0.00 000  99.79 007 000 0.00 0.00 0.00
method | o 027 000 000 9890 075 007 000 000 000
£ No 329 9671 000 000 000  0.00 0.00 000 0.0 1461
=  Co 0.27 0.00 000 9973 000 0.0 0.00 000  0.00
PMiec 561 0.00 000 6229 3005 171 0.21 000  0.14
SO, 2.53 0.00 000 9747 000  0.00 0.00 000 000
s O 0.75 0.00 000 9582 308 034 000 000 000
B NO» 096 9904 000 000 000  0.00 0.00 0.00 0.00 1461
2 co 144 000 000 9856 000 000  0.00 000 000
PMyp 205 0.00 0.14 3922 5763 .0.75 0.07 0.00 0.14
Site  Pollutant M‘SS(‘%g)da‘a Good (%) Fair (%) Poor (%) VC‘EX%I;"O‘ I:’)‘f“g;ea‘
v S0, 4.32 95.68 0.00 0.00 0.00
5 0, 2.91 92.86 4.04 0.19 0.00
£ NO, 272 97.27 0.01 0.00 0.00 35064
5 o 400 96.00 0.00 0.00 0.00
) PMs s 8.78 49.81 38.30 2.77 0.33
Canadian SO, 161 98.39 0.00 0.00 0.00
AQl o 0, 0.96 95.89 3.05 0.09 0.00
method | S NO: 473 95.05 0.21 0.00 0.00 35064
= co 101 98.99 0.00 0.00 0.00
PM>s 8.24 66.58 22.74 2.23 0.21
SO, 5.69 9431 0.00 0.00 0.00
o 0; 2.86 88.19 845 0.50 . 0.00
g NO; 3.47 96.51 0.02 0.00 0.00 35064
Q co 4.26 95.74 0.00 0.00 0.00
PM:s 6.01 53.83 38.89 1.06 0.21
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Table 6. Selection frequencies of individual pollutants to decide a final AQI value for a certain day.

. Missing SO, O, NO, CO PM,,

Method Site data(%) (%) (%) (%) %) (%)
Jangheung-dong 1.98 0.37 37.64 10.21 0.01 50.62

Pohang Jukdo-dong 0.45 0.18 44.14 2278 0.00 3333

Daedo-dong 2.34 0.12 46.60 12.07 <0.01 39.65

Gongdan-dong 093 0.02 29.08 16.46 0.00 54.20

Korean Gumi Wonpyeong-dong 227 0.29 40.12 31.99 0.05 26.01
HAEI Hyeunggok-dong 1.72 0.08 42.96 13.99 0.00 41.85
Gimcheon  Pyunghwa-dong 0.58 0.03 39.81 13.79 0.05 46.53

Gyeongju  Seungkeun-dong 2.56 0.13 42.38 18.17 0.00 37.52

Andong Nammun-dong 1.68 0.08 42.98 11.49 0.01 44.54

Yeongju Hyucheon-dong 8.26 0.05 38.20 4.37 0.04 49.58

Average 227 0.13 40.39 15.53 0.02 42.38

Jangheung-dong 0.55 0.55 5.75 0.00 0.00 93.16

Pohang Jukdo-dong 0.00 0.48 2272 0.00 0.00 76.93

Daedo-dong 0.41 0.14 11.64 0.00 0.00 87.82

Gongdan-dong 0.14 0.68 6.64 0.00 0.21 92.33

USA Gumi Wonpyeong-dong 0.75 1.23 30.60 0.00 1.37 66.12
AQI Hyeunggok-dong 0.55 0.07 11.09 0.00 0.21 88.09
Gimcheon  Pyunghwa-dong 0.00 0.21 8.90 0.00 1.85 89.05

Gyeongju  Seungkeun-dong 1.37 0.07 18.75 0.00 0.21 79.81

Andong Nammun-dong 0.62 0.27 16.36 0.00 0.27 82.48

Yeungju Hyucheon-dong 7.34 0.00 13.20 0.00 0.39 79.22

Average 1.17 0.37 14.56 0.00 0.45 83.50

Jangheung-dong 1.98 0.01 22.61 1.99 0.01 73.58

Pohang Jukdo-dong 0.45 0.00 32.35 6.98 0.01 60.48

Daedo-dong 2.34 0.03 25.72 1.15 0.03 70.93

Canada Gongdan-dong 093 0.00 17.90 4.14 0.00 77.16
Alberta Gumi Wonpyeong-dong 2.27 0.01 31.16 6.58 0.05 60.17
AQI Hyeunggok-dong 1.72 0.00 27.04 2.28 0.00 69.16
Gimcheon  Pyunghwa-dong 0.58 0.00 23.13 2.08 0.15 74.24

Gyeongju  Seungkeun-dong 2.56 0.09 29.68 4.08 0.00 63.86

Andong Nammun-dong 1.68 <0.01 28.49 1.40 0.00 68.60

Yeungju Hyucheon-dong 8.26 0.01 24.17 0.38 0.02 67.32

Avgrzige 2.27 0.01 26.22 3.11 0.03 68.55
4 68 SS%EH ‘GP—F— 2= AQI ZAdl 717 o8} B4 G AQI Al s} 4d7 e AX 0.5% =
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Fig. 1. Comparisons of selection frequencies of individual pollutants to decide a final AQI value for a certain day.
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Table 7. Comparison of AQI classification systems for Korea, USA and Canada.

USA AQI
Pollutant Category Korea HAEI Alberta AQI
(1-hour) 24-hour 8-hour 1-hour (1-hour)
Very good 9 or less
Good . 9~30 35 or less 177 or less
Fair 30~60 35~144 - - 177~ 340
S0, {(ppb) Slightly poor 60~ 150 145~224 - _
Poor 150 ~240 225~304 - - 340~ 680
Very poor . 305~ 604 - - .
Hazardous 240 or higher 605~ 1004 _ B 680 or higher
Very good 6 or less _
Good 6~20 65 or less 50 or less
Fair 20~40 65~84 - 50~80
O;(ppb) Slightly poor 40~ 100 85~ 104 125~ 164 80~ 150
Poor 100~ 160 105~ 124 165~204
Very poor . 125~374 205~404 .
Hazardous 160 or higher ~ 105604 150 or higher
Very good 9 or less
Good 9~30 110 or less
Fair 30~60 - - 110~210
NO, (ppb) Slightly poor 60~ 150 - _
Poor 150~ 240 _ _ 210~530
Very poor . - 650~ 1240 .
Hazardous 240 or higher _ 1250~2040 30 or higher
Very good 1.5 or less
Sorl - ,
Good 1.5~5 4.5 or less 13.7 or less
Fair : 5~10 45~9.4 - 13.7~30.0
CO (ppm) Slightly poor 10~25 9.5~124 - _
Poor 25~40 12.5~154 _ 30.0~64.1
Very poor . 15.5~304 - .
Hazardous 40 or higher 305504 B 64.1 or higher
Very good 12 or less _ _
Good 12~40 55 or less 30 or less
PM,, or Fair 40~80 55~154 - - 30~80
PM, " Slightly poor 80~200 155~254 - - 20~ 180
(ug/m?) Poor 200~320 255~354 - -
Very poor . 355~424 - - .
h
Hazardous 320 or higher 425~ 604 _ 180 or higher

U for Alberta AQI.
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