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Background: Injury is one of the major health problems in South Korea. Few studies have evaluated both Accepted June 15,2023

intentional and unintentional injury when investigating the association between exposure to air pollutants
and injury.

Objectives: We aimed to explore the association between short-term exposure to ambient air pollution and Highlight
ighlights:

years of life lost (YLLs) due to injury. .
- We explore the effect of air pollutants

Methods: Data on daily YLLs for 2002~2019 were obtained from the the Death Statistics Database of the

on YLLs due to injury in Seoul, South
Korean National Statistical Office. This study estimated short-term exposure to particulate matter with

Korea.
an aerodynamic diameter of <10 pm (PM,), particulate matter with an aerodynamic diameter of <2.5 pm

(PM,;), sulfur dioxide (SO,), nitrogen dioxide (NO,), carbon monoxide (CO), and ozone (O,). This time
series study was conducted using a generalized additive model (GAM) assuming a Gaussian distribution. We

- YLLs due to self-harm and assault
showed positive associations with air

pollutants.

also evaluated a delayed effect of ambient air pollution by constructing a lag structure up to seven days. The - YLLs due to fall, electric current,

best-fitting lag was selected based on smallest generalized cross validation (GCV) value. To explore effect : N o
fire, and poisoning showed positive

modification by intentionality of injury (i.e., intentional injury [self-harm, assault] and unintentional injury), srsaeeom i bl
- YLLs due to traffic accident, mechanical

force and drowning showed negative

we conducted stratified subgroup analyses. Additionally, we stratified unintentional injury by mechanism
(traffic accident, fall, etc.).

Results: During the study period, the average daily YLLs due to injury was 307.5 years. In the intentional associations with air pollutants.
injury, YLLs due to self-harm and assault showed positive association with air pollutants. In the unintentional

injury, YLLs due to fall, electric current, fire and poisoning showed positive association with air pollutants, *Corresponding author:

whereas YLLs due to traffic accident, mechanical force and drowning/submersion showed negative Department of Health Administration

associations with air pollutants. and Management, Soonchunhyang

Conclusions: Injury is recognized as preventable, and effective strategies to create a safe society are important. University, 22 Soonchunhyang-ro, Asan
Therefore, we need to establish strategies to prevent injury and consider air pollutants in this regard. 31538, Republic of Korea
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79 7leggae Ao et TREE 27 % 94 9
et 1A AFee] kel &3HERl HlAH A (particulate mat-
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£ A= AFRRIGAE 7|Hte 2 sh= SAH (https://ko-
sis.kr/)2] AFGYRISA HlolEE AFESITEY AFTIQ1EA
L ARARS AEste] SHEREEYHARRIE R 72HKCD-7)
of wret EFsta, AMAEAZ|F(World Health Organization,
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O 2441t Z3E0] U WS AHSHELL, CO%t O,
9ol 8A1Zt ol 5 H T HAFS ARSI ESF A
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2. SHEM

2 AT S0 E AT A S dotE iR} &4
A 7|& BARAS Pchth rleded 1 ¢
8%l 7ke] S ERlsty] flste] Axjofnt AR
(Spearman’s correlation analysis)< =%t Z2|1l tf7]
FEE A=t &0 QIS AFR9] YLLs AAm7t BF A
RIZ F5E AALG ARYS AEcto] AALE EAE AT
S}t 718]1L UNIVARIATE Z2AJAE &5l YLLsO] A+f
EE 2 Hole A gRlskoit webA & Ato A=
71294 W] &I} &40 2 QIS AFYS] YLLs 7He] A
& 7o) Aol A2 E 7HE GRSt 7HH 23 (gen-
eralized additive model, GAM)& AF&513tt tj7| Q&= 7}
S4o 2 Qs AFEe] YLLs Afole] S THa17] Sistol
AT wBol A ofafet gek

E(YLL,) = a+ 3, X airpollutants,
+ s (temperature,, af=3)
+ s (humidity, af=3)
+ s (pressure,, af=3)
+ s (rainfall, 45— 3
+ s (sunshine,, af=3)
+ factor(DOW)
+ factor(holiday)
+ s (time, 18 X7)

o] TR E (YLL)= A2oA t22] oA} YLLsL o]u]s}

Table 1. Descriptive statistics for death counts due to injury

I, o= 329 yEH, 2 712 &7t & deE S
7ve o) &40 & QIS AFYE] YLLs 3 HAI S-S YERA. air-
pollutants= t4°] 7} 7] 2HE=4 s=E UEHL, s()+=
7] A} YLLs 7Hofl A3 A #AE EY 4 = W
& BAloP] 913t LTSS onlohH, df (degrees of free-
dom)= A-GEE oJu]dtth. DOW (day of week)@} holiday=
27t 99 malel FUE Sfvleti, WA W el HAe
THSolth o] F E5to] A9 t7]1 e F7F AHE S
H(interquartile range, IQR)FHE Z718 wf £AFO 2 QIgH A}
9] YLLs 5712} 95% A1 77 H(confidence interval, CI)& 5
5kt

change in YLLs= f; - IQR
95% CI= (8,21.96-SE) - IQR

b U109 S HFASE SJuigt B AT A
e GRE 7Y A7 9] &Y AlRHsingle lag)et FA AR}
(cumulative lag) 7-25 75}l generalized cross validation
(GCV) gtol A 22 71 At ByS A7gsto] 2t 7|
0] EAHSE YLLO] TR FFE WS E
WU B0 2 two pollutant model& 4351 st1 o of
712@EE 710 =T} ot A Y] HFo] AT 4= QL
o] single pollutants model &9+ AA|S}RATE BE FAEA
2 SAS version 9.4 (SAS institute Inc., Cary, NC)2} R version
4.2.1 (version 4.2.1, R development Core Team)< AH-&5}0]

BASAT 5% KA EANN BAH AL SHHA
nz

Table 12 2002~20199¥ &<t A2 &402 QIgt AFG
ZF Zof| tist £4101E 7|& SAEFolt). )7t Bo &

N (%)

Variable Intentional injury Unintentional injury

Total 65,572 39,348 (95.3) 1,946 (4.7) 12,142 (50.0) 8,233(339) 859(3.5) 1,452(6.0) 219(0.9) 809 (3.3) 564 (2.3)
Sex

Male 44,924 26,259 (96.1) 1,076(3.9) 8,745 (49.7) 5780 (32.9) 788(4.5) 1201(6.8) 165(0.9) 539(3.1) 371 (2.1)
Female 20,604 13,089 (93.8) 870(6.2) 3,397 (5L1) 2,453(36.9)  71(L1) 251 (3.8) 10(0.2) 270 (4.1) 193 (2.9)
Age

<15 years 1073 132(427) 177(57.3)  411(53.8) 129(169) 24 (3.1) 123 (16.1) 3(04) 65 (8.5 9(1.2)
15~64 years 46,370 29,872(95.2) 1,500 (4.8) 8,378 (55.9) 3,750 (25.0) 714(4.8) 1,025(6.8) 163 (1.1) 543(3.6) 425(2.8)
>65years 18,085 9,344 (97.2)  269(2.8) 3,353 (39.6) 4,354 (51.4) 121(14)  304(3.6) 9(0.1) 201(24) 130(L5)
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S 2T, W QL Z1AE 1, 3, 55 2 2 ol 2l |5l 2|5 5% 333

o, obdo] A9 olwd el YiLse) YEde A4 % 71 2 £/ 3 |g 28 -~g=
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AL AL FE, 714 A F 2 ol &4 WA E A g Srf F% §:z&

2 AW ESS ), o%F &4F YLLs AFFS RE A 2 «;» g S I g B

koA A4 % 7ha] 40197, WOl H 4F YLLsO] A% z S KA =

F& 154 lgt ek 15~644] Weke] A9 LAk, B, z _ |8 Sz gEz

oL, B4, 7141 7, FE @ 2 wolglem], 654 o4 £ 2|3 23 #3Ylg

o] A9 YT A 291t FEkH I FHol &9 o 2 S& TER|E

2 o7 Yeiv 2oick = L
Table 3& 771t 59 7l ed e 9 714a%0] H Al 2 . §2gl8

WP 71& BAFOIL 67) t71 P8 74 JFF L EE P g = F2E_ oiolé

HAH= PM, 0] 52.9438.2 pg/m’, PM, 7} 275+17.3 pg/m’, NO, < cEE=EPVAEN =
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Table 3. Daily descriptive statistics of air pollutants and meteorological factors

Variables Mean+SD Min Median Max IQR
Air pollutants
PM,, (p,g/ms) 52.9+38.2 4.6 45.8 1,016.4 334
PM, ; (ug/m’) 27.5+17.3 29 23.8 374.5 18.1
NO, (ppb) 35.2+12.3 8.7 33.6 92.2 17.9
SO, (ppb) 5.242.0 2.0 4.7 21.7 2.1
O, (ppb) 29.6+16.5 19 270 106.3 221
CO (0.1 ppm) 0.67+0.28 0.23 0.60 2.70 0.32
Meteorological variables
Temperature (°C) 12.9£10.5 -14.7 14.4 33.7 18.4
Humidity (%) 60.3+£14.9 18.3 60.4 99.4 21.8
Pressure (hPa) 1,016.2+8.2 989.9 1,016.3 1,038.1 13.0
Sunshine (hr) 5.9+4.0 0.0 6.7 13.5 7.1
Rainfall (mm) 9.9+83.8 0.0 0.0 3,153.0 0.5

SD: Standard deviation, IQR: Interquartile range, PM,: Particulate matter with an aerodynamic diameter <10 um, PM, .: Particulate matter
with an aerodynamic diameter <2.5 pm, NO,: Nitrogen dioxide, SO,: Sulfur dioxide, O,: Ozone, CO: Carbon monoxide. The 24-hour means for

PM,,, PM, 5, NO,, and SO,, and the maximum 8-hour means for O, and CO.

Table 4. Spearman correlation coefficients between air pollutants and meteorological factors

Air pollutants Meteorological factors
PM,, PM,, NO, SO, 0, CO Temperature Humidity Pressure Sunshine Rainfall
PM,, (pg/m3) 1 0.92* 0.65* 0.65*  -0.01 0.69* -0.24* -0.12* 0.19* 0.00 -0.26™
PM, , (ug/m’) 1 068 062* -001 072 ~0.15* 0.03 0.14* ~0.08* ~0.20*
NO, (ppb) 1 0.68*  -0.25* 0.83* -0.29* -0.15* 0.37* -0.04 -0.24*
SO, (ppb) 1 -016* 0.69* ~0.47* ~0.30* 0.45* 0.13* ~0.34"
O; (ppb) 1 -039* 0.54* -0.11* -0.51* 0.45* -0.16*
CO (0.1 ppm) 1 -0.46™ -0.08* 0.47* -0.12* -0.17*
Temperature (°C) 1 0.41* -0.79* -0.04 0.16*
Humidity (%) 1 ~0.49* ~0.62* 0.59*
Pressure (hPa) 1 0.17* -0.36™
Sunshine (mm) 1 -0.55*

*p<0.05.

7} 35.2412.3 ppb, SO,7} 5.2+2.0 ppb, 07} 29.6+16.5
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5.9 hr 1211 7F4¥0] 9.9 mmo|3ith
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Fig. 1. Daily average concentration of air pollutants using time trends in Seoul, 2002~2019. The blue lines indicate the daily average criteria of air
pollutants. The red lines indicate the time trends of air pollutants. CO and O, used the results for the average of 8 hours.
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Fig. 2. Daily average of the sum of YLLs using time trends in Seoul, 2002~2019. The red lines indicate the time trends of YLLs due to injury.
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Fig. 3. YLLs and 95% confidence interval for death due to injury associated with an interquartile range increase in air pollutants level at best
fitting lag structures.
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