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ABSTRACT

Heat impact on human health is a global concern due to climate change which has been accelerating, Recently, previous studies have
contended that it is necessary to consider different vulnerabilities to heat by temperature metrics and urbanicity when setting the heat alarming
system; however, the current heat alarm system in Korea is based on the maximum temperature solely. Therefore, this study aimed to examine
whether the heat-related mortality risks differ by the urban and rural areas with sub-population groups, using two temperature metrics, the
daily minimum temperature and the maximum temperature.

We collected 229 nationwide district-level (sigungu) daily time-series data including the minimum temperature, the maximum temperature,
and the all-cause mortality during the summer season (June ~ Sep) of the study period (2011 ~2017). Using the two-stage time series analysis
with a distributed lag non-linear model (DLNM), we estimated heat-mortality risk estimates based on the minimum and maximum
temperatures, individually. The risk estimates were pooled with meta-regression by urban and rural area.

The maximum temperature is associated with mortality risk in both urban and rural areas. However, the minimum temperature has a
significant impact on mortality only in the urban area. In addition, heat-related mortality risks differed by the sup-population (sex and age
group), regions, and temperature metrics.

In conclusion, heat-mortality risk between urban and rural areas differs by temperature metrics and characteristics of sub-populations. The

results suggest that more elaborated heat definitions and heat alarming systems should be established to increase the efficiency of the alarming
system and address unequal vulnerability to heat.
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FHUEt 714HNA= 71EH R RH9 Vel E
A FH3 7| 2B3C[FYE)B5C[AE] oA 2 o]AF ]
4% 1311 59 48 dTsia0is 20 o
Q17 eRg Badel lEow o A A A
| e ee AE S48 M9 FoE AT
ZHAAL ek AE S0 TAl AFoA YEs ZAE
8 7} (urban heat island)= W] ©f =33t Aoz 4y
A JLH(Peterson, 2003), °]2|7t A4S A Aol A
= FE W AR FHa ga #¥o] A2 i 7
(maximum temperature) 2 Ch= ©of7t9] 7|2o]iu} Fujjok
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Foll B FHFS ¢ Uth= s AR o]#Et o]
F&E 9] 7144 sigste 718 vl=9] g7
HolA= ZF oA = I BRI A 21 723
AoE Hd € A <4(maximum heat index)2} A 7|21}
A5 ofzb 7]-2(night time temperature)S 5A]0] 1LE
g A& IS JATHNOAA, 2022).

HH A9 mE9] A EAoly ¥, 4 wido
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Aste] 2| 7+ a7t A& AJolstA yErg o e
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2.1. g8 XY

B 3L 201 1R 20179714 39 2297 Al
TE R st AFE A, Hurled & Apgd
9] AWML AWHEQtt oy 2297) AP 23 FAG
AAFD(2nd level-district)S 7]&#C &2 sl X9 7+ FA
SD9E FoIGTh A& S0l ALEEAY 23 FAE
AAGL HLEEA(1RH-HEZLQIHE 2 L5 Sy
o] Ao 51, YAl AP AL A7 E(1Rp-5
°J/\](27‘<}) AATF(3Rpo| BR #%J_A]—EL shte] 7 e oY

ShlTt 3 AFEEAAAIY 9 201280 SWet

1 wre} 201295 EAo ZFE| 9Tt

2.2, g4t

2 AfoA= AR} 7RES T 22971 A
T FEA 2011EEE 2017W7HA] =22 (6Y ~9Y)
B9 A AAE Aw FHE 3 D 7St A
FAEE FAF volZE U o] EFAIHIA(MDIS)OA
ABote AFFAJNEA YAARE ol&sto] FAMT 4
AECEA, o), AR (654 HITE, 654] ol/hHE U At
TAF A AGA R FHE 7ok 7187 EY] B 7]
B 71 RNGEL(KMA)NA A= T o2
B9 R 745 km PAAE ARbof g A 714
BE Algots sHE 237148 A8E ARSI
o] ZAgolA Hi 7|23} HA 7|22 Ztzh A 2447k
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£ AdFoA s =A% &S A5 AR 7IEe
2 AFYE AEE ARESIAT. FATA =AISE e
= Uil diot AR o2 2@ A+ =, A+
=, IR A v, AdeH4 2= 5)°] Al
A= QAR oF2] EASHE S45t= H o] BECE
AEEE ARE lor, =2 BASE aF B A
ot &S T2 Az HE ARE AEsta Sl
(UN, 2018). 32 OECD =7} & o7 W%} 714
2 Uk § 5o ™(0ECD, 2020), A2 °F 45%7}
AA) A9 5%0] B 7o) YA A2 Y= 5
< 7FA 2 QH(Kim et al., 2018). ESE, 39 73
o Rz EASE AR B A gt 5
AhelA 71 e QFUES Heln g PHAR
AL AT FRE 71202 YEAIFAF 50t o]4
Al Ay, FAEAYQT 505 o5k AlM ey, AT
EAYAAT), ERF(EERWA), BEIE A
¥y 5o FESII QoW (Park and Jun, 2020), o]
g2y HE 2GS 2297 AT 71E 9F 36%0] G
st 827K X|ojo] mtE ). SHAT LS ALY A
%o] oF 80%0°] 2T ALZE TA|A Y AZ0lF19 H]|
Zo] % Fob 3ol Aol EA] onﬂo} £74
S YL 9o](KOSIS, 2017) AAZL PH9Q
NEnt o 3L Age] TA g 4 9
A olggt E4L Teste] B3o] TA|g}o| o}
A ATHS ATE APATANAE ZAG
JAFEEE 7|22 A9 75%F T4, o1 25%
%203 AoJst vF 9th(Lee et al., 2022). WEHA]
TolAE AFAEE Sede Ao TAs 5£F
A & Uehe AER Bdsty APATY 59
1E02 2207 ARTFE oR dtol TUE 4
75%S ZA(1727] Al2T), 3FY 25%S S=(57/0 A
4?)"% golsto] E42 AdPsiitt. 12lal o]t
R71ES B A7 EAEE BRe LA

A7 08 AEOZ T BYES A% 25 Askel
WoIGe o, 5 Ao BET 9] dA ) oF
95%= i ARSI

r_H

rlruL
1o o

(‘I‘E ﬂllﬂl N‘ JH:I —E—L El]]: 1
o go ¢ o mlo !

R )

2.4. S BAwy

B ATNE EAEE J1e3 A P A4S
BE £AE Aujo] fiat BT 19 (pooled risk) AHE3}

QAT ZIX} 731

= 9 294 AJAIE  EA4(two-stage time series
analysis) S o|-&st3it 204 AlAE 2AHES =
gt 7123 AP 7F A3 ArolA] IS €81
Ql= "lHo|tH(Gasparrini et al., 2015a; Gasparrini et al.,
2015b; Guo et al., 2016).

HA A HA DA (the first stage)ol| A= quasi-poisson
25 7P AR EEF S o]&sto] By o
29 A AA T (lag effect)?} H]AE AT (non-linear effect)
£ 25 18T 4 Ql+= DLNM (distributed lag non-linear
model) ®W}'H(Gasparrini et al., 2010) 0]-835}% 01, 0]
£ 59l 53 A 7121} L 7|2 Ztzbof| disto] AL
gl AB|AE 2297) =AER A5

Y, ~ quasi—Poisson()\ )

log(\,) ~ By +s(x; 1, B) +rhum + factor(DOW,) (1)
+ns(DOY, df =4/years)

7IH v ¢ AEOIA BEE A % AL ¢ A
of 7|} ARR %, 5,2 A4Releh. 5()ae Al o
sto] o FE 98 HA(FL) 7129 aIKp)t Ad At
(1; lag effect)E BA|° ILHBF= cross-basis T<=0|H, 7|
2 AT A AL IBH A D) 712 BR]
502949 9080 wE(knot)ys & quadratic
Bespline 945, A@-A TAo] chalAE 1009 Al
7170l tisto] log scaleo| Al 5LEE 7HH 02 2719 E
£ & natural cubic B-spline &5 A&} rhum-<
sk, Dow= t AR sgshe ad= MFE |
2 2FoA BAEHOH, ns(DOY,)E AALD FA
2 BH] Aot Fom ARE 49 5Y B4 kER
ol gsieict. ZEo
cross-basis $F5=9] matu|g A 9 A|AG A4 EAHS
et b A T2 SA-AMT dTAES ATE Agd
9] A7 859 tHGasparrini et al., 2016; Lee et
al.,, 2018; Lee et al., 2021).

5 ¥ @A (the second stage)ol| A= A WA Ao
A dojzl 229709 A F+Z(lag-cumulative) 54 |
AED) e A8 QA FHAE Besto] ot
E-X(meta-analysis)= Bll(Gasparrini et al., 2012) LA
AG1727H 3 5& AA(577H) dste] 242 S(pooled)
H AA 74 45 HAED) 72A Y dEA
FHAE AFEoIH niAY e g B9 & A7 4=

75} natural cubic B-spline S-S
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9 B ABA FAHAE ol8sto] o5H HAA(F )

& BEAA Q] 75915 tiE] 99Ef 2= Hiek AF
AL (RR; relative risk) S EA] NG} 5& A Fo
sto] AT, ol ofd) 243} o] LxAT
HEE RASIAT

)

oN £ of

Percentile increase in RR (%) =(RR—1) x 100 (2)

9 BE BAREE T AT A Skl FE EACE
AE(d, o), AFILEF65A BT, 6541 o%)E ARgol
tisto] ¥HESIIH HE SAEAS R $AEA AZE
fol(HA 4.1.005 ARESHAH

=

3. g7z

2011ERE 2017d7FA| 9] A7 B AP A= &
5932280 & 1 = LA X9 AFYA= 532,171,
5= A9 AFFAE 61,0571 4t} Fig. 12 AFHA
A9l gkt 2297] Alttoll Tigh FA 7|23k Ha 72
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Minimum Temperature (°C):

rlio

A BEE HojEn FHA 722 ed Ay
, F(ADZES sfictel] AFSHA RSt A oA
et Ws SAFY BE&)E AFoAs @A
e TH(Fig. 1A). 3L 7129 3¢ 5t BAAI9 35
YA FZo] ule Eil F2 YF AR A FSA
=doH, Fd APolMe dAZ i 257 A o
ERs 5748 Hotk(Fig 18)

Table 12 A771%E 5 EAIZ 52 A9l 4 2
AR o} A, AEEE AU+ L 2A, AT
2ol it BEYT WAL HolEth YT AYR
= T AR Y(3.62; range 0.17-12.80)0] H&X]F(1.25;
range 0.44-2.97)Hth £ Gebgtow, G443 654 o]
K e AR S mAISH 5E A BN Zkz
o3t 654 BT AR ZRTE BA Uit @
TA] 99 Hi FAL%(20.23; range 15.37-22.24)=
& A99 gt FALE(18.48; range 16.03-20.79) 1
o 1.7°C 7FF A YER oy Bt HAI2E F¢
T A] A F(27.92; range 23.76-29.56)T} H& A F(27.36;
range 24.57-28.69)°] -FASHA YEITE 2%=9] Hel=

125°E 126° 127°E 128°E 120°E 130°E

25 26 27 28 29

Maximum Temperature (°C):

Fig. 1. Geographical distributions of the minimum temperature (A) and the maximum temperature
(B) for 299 districts in South Korea during the summer season of 2011 ~2017
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Table 1. Descriptive statistics of the daily mortality and mean temperature in the urban, and rural areas during
the summer season of 2011 ~2017. Data are daily averages of mean (range) across the urban and

rural areas
Urban area (n=172)" Rural area (n=57)"
Daily mortality
Total 3.62 (0.17, 12.80) 1.25 (0.44, 2.97)
Sex
Male 2.01 (0.11, 7.05) 0.70 (0.25, 1.63)
Female 1.61 (0.07, 5.75) 0.56 (0.19, 1.34)
Age group
Aged 0-64 y 1.04 (0.05, 4.02) 0.23 (0.09, 0.50)
Aged 65 y+ 2.58 (0.13, 8.77) 1.02 (0.33, 2.47)
Temperature (°C)
Min temperature 20.23 (15.37, 22.24) 18.48 (16.03, 20.79)
Max temperature 27.92 (23.76, 29.56) 27.36 (24.57, 28.69)

a. Urban area includes districts with 0" to below 75" percentile of the population density (dense population), and rural area includes districts

with 75" to 100" of the population density (sparse population)

<7 e Urban districts <7 e Urban districts

® Rural districts ® Rural districts
hd hd
- N ;

T T T T T T 1 T T T T T t i
o ) 10 50 75 90 99 0 1 10 50 75 90 99

Summer Minimum Temperature (%) Summer Maximum Temperature (%)
Fig. 2. Effect of the minimum and maximum temperature on the all-cause mortality (RR) by urban and rural

areas during the summer season of 2011 ~2017; dashed vertical lines are the 75th percentile and
99th percentile of summer temperature distribution of each minimum and maximum temperature
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U (Fig. 3A, 3B, 30), 94 dFollAMe && A9 il
2= 7] mE AF ™ol BA A9 AT AES
FYste 235 H3Urhk(Fig. 3D).

Fig. 4= 654 m|eta} 654 o4 A% Z1Fol Hste] 2
ZF ZAeE B A FoA 9 o5d FHA 7] il 7]
29| 2= 2o B AT 9 FAE RAET =A
Aol A3z 6541 vlRte] ALy QAT A= 2
A 712 S mE AR A1) Hlwst HA V2 5
7ol w2 A ol B FEHFATH(Fig. 4A, 4B). 65
Al ol aF Il disidE il 712 Sl o

B Tmax - Males

- 7 ® Urban districts
* Rural districts

x
4 RS
I T T T T 1
0 1 10 50 75 90 99 100
Summer Maximum Temperature (%)
D Tmax - Females
<1 # Urban districts
* Rural districts
x
o

f T T T T —
0 1 10 50 7 w0 9 100

Summer Maximum Temperature (%)

Fig. 3. Effect of the minimum and maximum temperature on the all-cause mortality (RR) by regions (urban

and rural areas) and sex (males and females) during the summer season of 2011 ~2017; dashed

vertical lines are the 75th percentile and 99th percentile of summer temperature distribution of each

minimum (Tmin) and maximum temperature (Tmax)
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£ AT 91do] A9 mE A9 HFoA HESGS
™, F3L 7129 A 9ol HA 7|20 wE A H9
Hot 25 © A YebdTh(Fig. 4C, 4D).

Table 2= =A9F 0] tisto] Foia o532 A/
1 L AP ZHRR 1FZ)O)A 2011 ~2017dE 5
<t EH HA 2ot I 2= A70 2 BE A
7529 259 9 ] 9ET 229 A AE
Z7F&(percentile increase; P2 & AP AW, 5 1

FEE A6 AA °FL§EP Ao A, HiL &

of f& A Y18 =A% & A BN

A Tmin - Aged 0-64 Y

- 7] ® Urban districts
¢ Rural districts

RR

r T T T T =
0 1 10 50 75 20 99 100

Summer Minimum Temperature (%)

C Tmin - Aged 65 Y+

~ 7| * Urban districts
® Rural districts

RR
0

r T T T T =
0 1 10 50 75 20 99 100

Summer Minimum Temperature (%)

sE0| Y AT 2Rt 735

LHEA] PI 9.8, 95% CI [6.2, 13.5]; 5 PI 8.3, 95% CI
[27, 13.5]), HA LEo] Al P HEo|HE I
A gkgrom EAlIAEE folshA BEEACHPI 98,
95% CI [5.4, 14.4]). St 0%/\3 0]—_,L7§E‘r0ﬂ A FE 94
HoH O SR 9HE HYON, BE Ao A
37 7lgo] we A ige Seda] gstert Am
oo gojA oy AFYeo] WAt Anke ®erh
(PI 9.8, 95% CI [-5.8, 27.9]). 3tH 654 u|ute] w7
ATHRL TE L& A EolE W getort, Y
A £A A9 65A] w5 ATIGS HA 7L ot

B Tmax - Aged 0-64 Y

- 7 ® Urban districts
* Rural districts

x
4
- I T T T T ; 1
0 1 10 50 75 90 99 100
Summer Maximum Temperature (%)
D Tmax - Aged 65 Y+
<1 # Urban districts
* Rural districts
x
o

r T T T T 1
0 1 10 50 5 90 99 100

Summer Maximum Temperature (%)

Fig. 4. Effect of the minimum and maximum temperature on the all-cause mortality (RR) by regions (urban and
rural areas) and age group (aged 0-64 y and aged 65 y+) during the summer season of 2011 ~2017;
dashed vertical lines are the 75th percentile and 99th percentile of summer temperature distribution of

each minimum (Tmin) and maximum temperature (Tmax)
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Table 2. Percentile increase in pooled heat-related mortality risk (RR) at 99th percentile versus 75th percentile

of summer temperature distribution of minimum and maximum temperatures by urban and rural

areas, with subgroup results by sex and age group

Percentile increase in heat-related mortality risk (%)
Minimum temperature Maximum temperature
Urban areas Rural areas Urban areas Rural areas
Total 9.8 (54, 144) -6.6 (-19.6, 8.5) 9.8 (6.2, 13.5) 8.3 (-2.7, 20.5)
Sex
Male 7.3 (1.4, 13.5) -13.5 (-30.4, 7.6) 6.5 (1.9, 11.4) 3.6 (-11.2, 20.8)
Female 9.1 (2.6, 16.0) -13.1 (-31.3, 9.9) 10.6 (4.8, 16.8) 9.8 (-5.8, 27.9)
Age group
Aged 0-64 y 6.6 (-1.3, 15.2) -38.4 (-59.4, -6.4) 0.6 (-5.5, 7.2) -13.9 (-32.7, 10.2)
Aged 65 y+ 9.4 (4.2, 14.8) -4.8 (-19.4, 12.5) 11.6 (7.2, 16.2) 9.8 (-2.8, 24.1)

< A fdo] FEFoR ERIFHATKPL 6.6, 95% CI
[-1.3, 15.2]). 654] o] ¥ A2 XA 7]22 At
T FEFS EA Ao Mt EEIL, H3 7]2of tisf
A ZALE sE0] BARl AL 712 ST wE A
g o] mF wEHA

4. 2% W BE

2 AF= U RE AR, & A5E A 712 F
I 7129] STl wE ARG QPO A9 B A HoA
A2 g2 Yeh=A] gelsta, gl A sh1E
of disiMe 7 & A 7Y, TA/sEE 22-AMY AT
A& AFAC R AuEgith 74 A1 5 A9y 2
TAl AYoM= o5E A 7]129] S7tol sf A H
o] Fou|stA F7lske 2a7F wEEgeH, o3
F3L 7] &2 TA9} HE HRoA ARG 91319 SRt A
o] SRl 2ko TE AFY YE2 F& oJ4olA =
Al et oH, 52 AdoAe o4 A+l A 7]
25t 21 7]2o] EA ¢ WHsHA ¥-gskeith gk
65A] o] At Tro] 654 mRke] Wy QY THE T
2L-ARG 913o] MRtH o g HA UEHIL, 53] TA|
A Qof| A= 654 mIREY] B QYA HAL 7]
of mg AFF 192 TEEA] §F2 W XA 7|2 o
2 A 82 FEAA YUEd AolE EHh

A7HA] E2Q-A17 7 AT/AZE AR 7|8 ATE
FE A I 224 4 Fd 259 o 21 wF
o] £k°™(Gao et al., 2015; Metzger et al., 2010; Tobias
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et al, 2014), A AIoM A% FF2 ¢ F1 2%
A FH 2% AtololA & Zpol7} gle ALE Wit
THGao et al., 2015). SFA|TF 2 ALoAE EA], 52
A9zt B0 wEt HA 7l Hu 7| T2 2
A 3ol w2 AP o] gt S e HolFuth

1 2x9] JFFoE AP fFo] FTHITH=E AR
olu] da] &EA AHGao et al., 2015; Metzger et al.,
2010; Tobias et al., 2014). SFA|TF ZA] X GojA o]EH
A 7120 Hslrh= A= ok 7HA] dy] LAl vt
7} glom, TA| X go]| HA 7|20 §hEot=s A2 LA
" & H(urban heat island)Z 13} of7te] 7] Lo0] AF53H
I} ©|&E-of(Peterson, 2003), H&T} H|Wslo] TA] A=
FHETE AYAZE 9 opgte] AMSlEsolu BAEE 5
o7 F5TFo] Wol(Mellander et al., 2015) oF7F A|ZHc)
9] 7] &3} Aol Sl A 712049 Eo] T FE
HAA Yetr] gEoz AEgh ¥ 5& A9
1 7129 o st ¥-&HET, I olgE 5= <
T AE &5otes Aol 59 5 AMEA B4 59 o]
2 F2 1 7123 FASG= 7 AIddel JFE7]

Fo=g Holth

AP F2 FAAET ofgollA B E=A YEE:
ow, o]g3t A= APAT9 Aret YA FHrH(Tong
et al., 2014; van Steen et al., 2019). I3 & HIoA =
& 4 QoA Ha 7|0 w2 FHoRgol A U
= A g)lsklet, 1 olfe 5 A99 1¥
o1 H|-&o] 2021 7]& 46.8%0] o]2 AL g WL =
I(KOSIS, 2021) 1808 Z4E oj4 H|go] &t}

e
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(KOSIS, 2020) F1} 3 5= AF9] sHold &5 &
oF FHI 7|20 gt EFo] B £ W] gEC
FEspl=y

654 o] AFHTL H a1 7] 2049 FHeF o] 27
o 3A Uehrls oy A 7123 i 7]=0] A
2 H|RE 29 AFE A19E e o] 654 ol
JAFHTHE FE o] ofjo|A &5st= BF-97F B,
7124 g E &5=0] R §F Ato]o] Apo]7t A4
2oK(Karimi et al., 2012) 7F3} of7to] F{oF4do] H|<:
SHA UEhg 4= Q7] flEC R Holth 3HH A9
65A] gk v g AFAHEL2 A 7|20 F2 F st
o, HA 7123 Ha 7|2 TE AP EY Aol
(difference) EZF ¢ FE2iFth ol 2 A+HTY
BE AAEsE L6 ot JAFHAHo|BE FE 37T
o= AN ZHY FFE Y & = oo 5=
ARESHH Fekgo] B2 Ay o] MEET E o]F
A9l &5 StHA FE offhe] 7|20 & E = Al7to]
o] 7] wf&of(Karimi et al., 2012) of7t AJ7ttie} oI
H A 7]20f9] FHopo] Erd Zog Helrh

HH g 713 HEA] £ FoEeE £
AR 7|&E d i 7| 2AWNS EEs5to] 4 FHo
712-0] 33T o]/ Rl A7t 2 ol A&E AR A4
g o, 281 4 F31 7]20] 35T o]l AEi7t 24 o]
4 A&E Ao did d&E 7247 HYSYTHKMA,
2022). T 0] 202049 5¢Y 15YFHE A= 7|5
EZAER AAHEZ AH2Y o] utat £ EH9| WY
71eS d H 712 g4l € HI AREE &8st
AATHKMA, 2022), o]2fgt & 1 A% T3 2=
Hy =7 EE I 7]
AR vl= g7 oAM= 1L
Aol A e & A7t 4 29 B S 100° (A2 7
HA] 34 105°) o]/golHA XA] ofzt 7]20] 3K 75°
2 JqiddE ff A9 ERE It s Husty ok
(NOAA, 2022). webA] & 9] Zatg n|Fo] & uf &
ANA G A= HIL 25 7|[E0E 43 Y EE A
28T HE0] HA 2% T3t £ EH AAHY A
Elo] &84 FQa7t gloH, olF B Y =& A<
EEE A540= gt Aol 7HesiA Axd
o7 Eo] wE AMYE 7] gHE £ AS Aot

ofr
o |

N -
(o]
o by

e}
o r
o
Jo
ol
ol

o2 AEsHE A (ecological study)] A|st
o, Webd QY ATmES HolFL et @

o} 83 AETE Al G2 S5 we A 7h
HZo] Aolgt B4 5 =& g tigt Aghdo] &4
gt E3E AFAMEOA 8T = e FEY At
2 QI tget ARAAE B0 e 2Z=-AFT FHek
& AT EA] Zohioh

J™o|= Etolal 2 A= T A A 9S ofEE
Al 29 37t AT AAE AEE 7IHe s A
AARCRE 7P HFQ 2Z-AFY 9 =4 79
(Gasparrini et al., 2010y &-83lo] 1.2 T F S
Bristelet. 18]l o] Bl A= 2297 Al A Yol
tisto] 2= AEFA 7], HI 72 AT Y
E4 Aolg AuE Lyt Hxo] dto|rh

AEHOZ, A AFoA= o5F H1 7|23 HE
o] &4 FA 7|29 A5 E3 AMY B 23 4
F2 UAER ZH HY 9 A HA 72 BT 225
E 297 itk E3F oy Y 5 AR B4
HE AR OE FE9 2L-AMY o] HEEHER FF
T A4 EAE A4 ZE A iR FHolU TA
A99] 2 Qo] titt E8 BHE 5 AEIE F
HQhf AlAR 5 ES Es] & Eavt IS Zolth
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2 Y= 9459 Aldew °
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