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Summary

The objectives of this study were to understand the correlation between
ambient ozone concentration and health of street trees in Seoul, and to examine
the possibility of using Zelkova serrata trees as a potential bioindicator for ozone
pollution in large cities. Five Zelkova serrata street trees each growing within
300m radius from each ozone monitoring station were selected. The chlorophyll
and carotenoid contents in the leaves and cambial electrical resistance of the
selected trees were measured in mid August at the 20 stations in Seoul, and
above date were analyzed for correlction with ambient ozone concentration from
June through August. The ozone data at the 20 stations were obtained from
Department of Environment.

The daily average concentration of ozone from June through August was
0.02ppm, while ozone warning (issued whenever hourly ozone concentration was
above 0.12ppm) was announced 10 times in Seoul during the three months. The
highest number of incidences of the hourly ozone concentration above 0.08ppm

was 107 times in Sangmoon-dong which was surrounded by mountains in three
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sides and located northeastern part of Seoul. Eastern part of Seoul showed higher
concentration of ozone than western parts, suggesting the possibilities of
movement of ozone by prevailing westerly wind. Among the tested ozone data,
such as overall or monthly daily ozone concentration, hourly maximum
concentration, and the number of incidences of hourly concentration of above
0.08ppm, chlorophyll a content in the leaves was negatively correlated (correlation
coefficient: -0.42) with daily ozone concentration in June. However, it was
significant only at 10% statistical level. It was concluded that Zelkova serrata
street trees might be used as a potential bioindicator for ozone pollution in large

cities.
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o) hel EQsleE &L HAEWY 220 URAY &0 FEHY (Fabian,
1989), A& de &L HYo2HE BAHE AYAL AdEstd Ao AYEH
2 i dge g3dtar . Hhﬂoﬂ WHEAd EAste 2

EFL ORE QA FFe e wnEA=dH, AR AP FLE ULAE
A F9 syoltd (Krupa, 1996). tiHFAY &L F2 AFate yarigoA LA
e AA2AEEY 852t 4 A8 BA AA 2 A EA FtelM WS
& doA Addnn ¢4#x At (Horvath et al, 1985).

QFL HEBALE M WHE 7t U] Fol LF9 FrUL YA &2
g dod, 7|1FE Tt AE9 Ao YT FEo] 2V U EHY 7}
B e BAES WEAY FA ¢ AdHAE 82 & dYsn, FRHE 7
A, Z714GdE 2dsta, e @3E oS Waste Ry dEg A

4
s Aoz de#lA 2o (Kozlowski and Constantinidou, 1986).

MES &3 ALY HEANZAN B Fo] gt Ut B 452 6¥5H
89 Atolo] AMEolAe FHI 2F ANE HAIFY LE FYHI F LHHT
At LEFARE 7l Fo £ =7 120 ppbE 228 w LAPY., 98 E
H 1996 3 3“ ¢ AMEA 113, 97de 163, 98del 173], 2832 999 133
o AAM & FoR7 LHHUoD, AT dEAYG FiLEAZ F4HT Y
(373 %, 1999). olZ 3t ZAY ZtEF7E FFE Wi glen, of T (1995)9)
Az AAE =EHUFE dYdo2 “EHUF9 AAEE FAHT FHddME dir)e
Foll deted g g BolL gol HAY vt U 53| o] HumAdy
T T A% FAd teAdE dAEtn o, “EURE o]&sld girje o F&
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29 AHgE pHHoR FAHsE WHHL AANIACH

2 g7e Agd zaz A48 YR 2ZES d7] F 2E FESY
JBpuAE 2Astd, “HURsE 0&9 od FHE dshlt YEH ARAEE
g 2 5 JeAE B3] A5t AAHAT

As 2 By

1. EAKI T SELS MH

MeEEAIe $ARE 19999 @A AW 25 di71eg s FHLE A
&t £Q8ta glon, 2AHFRL COy CO, NOy SOz O3 uiA WA Fojt (¥
748 1999).

E 1L AgA 7212 A% F44 AA A #E71F (19%6d AA)

s 39 e P 2 A A o #
11 52449 G3HE FTAF (H¥Y2 4&) gA3R
13 '3 PG BERF (B3 1% AHFD) "
14 E(EEE) WEF JdEF (T FFg) "

1 Clacs | g E (37 @ Add) A& Al
7 s AUETF 7135 (3718 15 AR D) "
15 5524 HE FHT HE 2F (5% 2580) IR
16 2 SHET LT (59 9A F8w) "
12 e AETF AL 3% (g 3% AFD) "

6 A& EET AES (S5 AARIAYE) Ae4
3 T2 FJAT FolE (9 F=H¢A) "
10 A4 AT ATE (AF 35 AHED) "
17 EA4Ad = FFET T 2% (F 2% ALFD) #AR
19 BN AEE) FF AHEEFE (AU "

2 3 BT 335 (FF 35 AHFEL) A& Al
9 T2 TEF T2F (T2 Td £2E) v

4 F TETF TE (AEHA AFFH) "
18 EEAY o) x| T dAF (WA 15 AHFEL) a3y
20 3 a7 ZE BEF (BEF AR D) "

5 d MET BEF (B 2F ALEL) A& Al
8 wo) a7 dolF (£9Y FY) "

E 1o) 19969 94 AgAl B7129 A% 242 207Mae] 2HAW, 247, @
lBge BASGoE, 29 1% 2ol 200 A4e WA BUUnE FHoz
FAZ UFL, #7428 FHOZ ¥302 Urel 4} FHoz FEadT. 4 23
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20 771 BEF FEVI8Y 44 AdAHA dden, 43 FiE 2% AEFH
4% AENRA gIgsdct. giRrEe FHLE T4 ¢ Bdd A U,
“ehol 27 28 FYF L =AY, 28z “APE"S Bt JiFd 4
A g Fo AXsz AU

Ao 20/ AHE WEse] FSAHE B 300m oWl JdoE AAfE =
EU% (Zelkova Serrata Makino)& A gtk “EHUFE difd 712542 43
HAAY, SAdo 5&5+2 A5 Aded, Y7o A3 AQLuHE B2
o, AAFA 33 o) Hol Aol FEIA o)FoR RANE LR s 57)
He AA}A.

2. LElH R HAx £H

19963 89 159 % E 17Y Alolo]l 9] 2070 ZAF A FE WFso w7 300m ©
el AR e 2 /MAZRY 3WEoR A tF 5L FHA
o MAEH AdE Yol e JdE o8 kX A8 34, F g3ldd, gy e
BEe M oury 9 fHe MR 58 AEIAE. ALEAMEH AS A (B
) 7HA el THARE 108A Alold e Aade AU R #THA
M2 Z24 L Hiscox and Israelstam (1979) el ¢}3le 10ml Dimethyl Sulfoxide (DMSO)ell
AE 01ge ¥ 65ToHA 422 T i g, §49 FFEE 470, 644, 662nm<]
Aol A UV-visible spectrometer& Al43td &A3tH ot Lichtenthaler (1987)4 &
FAo o&td GE L a b, HFRERC)= FFE AN AL

"

Z4 a(Cy, mg/t)
&4 b (Cob mg/ L)
FHEL (Caws, mg/{)

11.24 Asz - 2.04 Asu
20.13 Asu - 419 A
705 Assz - 18.09 Asu

1000 A470 - 1.90 Ca - 6314 C[,
214

%‘7]'§Eﬂl‘:°]£ (Cx*c, mg/ﬂ)

%2 = Shigometerg ©l83td ¥H4F9 A7 AEZKQ)E A5 A
2 YEhAT  Shigo(1991)ol] o384, A&7I% 5% 59 AREE 459
A 53 FFBAV 2o g F AR UF d5-F Y43 4R BER
23 & T 799 o]Fo] g3y, £ Yo &HHA v FEolH L A
A2 st HA7NE o @Wol FHAIFZ] HEolth. Shigometerd =L H7] H
ExE 9oz AVl AFEE BASY, g g o2 ANTD 33 9B
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4% ¥ gE8EE FAH3AH.
1 - 10: A73 4420 2o
11 - 30 ¢tz ZEE F e BFE Ued7] ojAdd AA=rF okt ywz
)
31 - 50: ¥F0] S¢toz AdslE= Ay
51 -100: £E0o] 35 E7tsd 9HF Fo7txn A= H
1000)7%: 5o} k3] JARE AE)
3. = Xg BAM

SA4FA TEHY =HUFTY AL d7lF 2E&9 $E7 008ppme X sd,
A A FsE F7] AAE, 012ppme A5 7HAIY HHE £ 4 JdHKim
and Lee, 1995). #7379 2& FoB X 012ppm °|dd A$ LHFEE o},

Mzl 2078 A9 T LEFEE FHAFERE ddY. QEXBE AT,
d¥ =& ppm W E FEASHI dedl, 19963 649 14FEH 969 88 159 7A)
ol AaE ol &3tch
FoAEE A 2EFET 012ppme 2748 of B =, 2198, 99

2 3, AP 008ppme) e 4ok e Al $3 0.08ppm
S-S AAtet . EI ¥ dF Fdn €8 9F Hu FF F

CEURY A%se] wd8 AR FAN 922 ash bel 7zt #F E A=x
$, H2Emols P, AVALEY 57 FEL Yoz 0F B 43 FoA
0.08ppm% Z7Heh A1F £, 008ppm o4 2 ANEE WU 4F AF, ¥
% 3 WFA o] 42 BAE SASS) PROC CORR 4a+& ol g3te] BT,

1. JINE majof H=a st

N tzsu 252 AARN HURe 9e el 7k adld o5t o

AE Y3 Yotn FuIAL. EdA BAYE AL FHPPIYE, 2Rz B
of AAR URelA Bol wAHUG. AW webA ga@aol B, FAH
e&ds F4e oz B FL M BHSOY. o48H G Tl ool A
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LEUR 7tE2S ARz dr] & e #A
= 9o 2R zZui oz AL & Hus 44 FHEdd oy &
Ae AF #RHA, BRstdA AFssted ofzge] gloiA, B AFdAE
L&ge] FHBAE FIEuM AYAA

E 2 MgA 2070 AFAM AL =ElUFe] F3AE Yo qFFI G453 W)

Aggx
e 27 4] EXha 984 b FHEELX JIEHROE HY] AYE
(mg/g) (mg/g) (mg/g) (mg/g) (kR)

59 #F g F 10.38 2.13 12.5 3.20 7.65

' 3T 11.65 2.43 14.1 9.12 4.30

o} X 11.01 2.22 13.3 9.01 5.30

g 767 1.50 9.87 6.38 4.46

S35 15.05 3.31 18.4 12.2 4.45

E5AY W &5 F 12.18 2.53 14.8 9.46 6.30

A A F 10.49 2.23 12.8 8.80 517

g ¥F 14.07 3.39 175 11.6 8.30

A 5% 15.42 1.50 179 10.1 3.88

T o] ¥ 8.32 1.64 9.99 6.50 471

q4FE 13.13 2.72 15.9 10.8 6.95

dAzd F g F 5.87 1.20 7.10 482 4.83

A Y F 3.33 0.73 4.07 2.86 5.44

8 F ¥ 11.49 2.25 13.8 9.01 8.80

T 2 F 7.17 1.44 8.64 5.84 456

L HE 6.62 1.31 7.96 5.33 451

95AY o A F 8.58 1.76 10.4 6.60 5,49

A F 7.49 1.40 8.93 584 5.19

CL 6.38 0.83 7.23 5.06 4.40

ool & 4.64 0.99 5.65 3.89 4.95
R 20 MEA 2020l ST =ElFo FFAANL g thgometeri =
A8 FA4FY A7 AFERDE YEHdY HE549 Jl2exole Fge 2HAT
ol B2 Aoj7} e, AFEY “EUFY d24 FHE 407 mg/gOEH =
Be 97t F 9 184mg/ge 1/4 E £33t 24 ST &3y

FdETGol A& 4 79 FoAM A ¥ £AE UeEdlh

FHZF9 A7) AYEE HEFo) 38 KQEZ 7F w1, dFFo] 880k 71#
ERoH, ZE A Fo] 100 Bt} Ropx AR Heen & ¢ Ut waky o)y
AR %9 A7 AT FAE 7252 AAZN “EuFe ARAHE B4
Fed =g HA gedn & + U (o) 5, 1997).
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2. 47158 RE s

¥ 3. 199649 67889 A& 200 L& FHAS 2T 29 F

6-89 2t %,%1*—911 689 7+ 6887 68Y 7

6“8'?"5_] Zl' 5 23 Q) 4= Z 3=
2 CE Y AHAmez | ¥UIBIEFT | 9zgux APd 008pmold
TR SAs BRI aa 37 0pm AT
(ppm) 64 79 89 (ppm) 2334"  (ppm)

3 3 ¥ 0.0126 0.102 1 1 0.0388 13 1.16

e 235 0.0236 0121 1 1 00527 49 459
f]&, o 2 0.0145 0128 1 1 00373 18 1.71
TR g E 00204 0119 1 1 00523 22 2.08
9713 E 0.0173 0087 1 1 0.0349 2 0.17

W e E 0.0214 0111 2 1 2 00491 21 1.85
AAE 0.0151 0128 2 1 2 0.0404 17 1.73

2 4 $ % 0.0186 0113 2 1 2 00469 24 2.28
e g2 0.0275 0162 2 1 2 00631 107 10.43
F 9% 0.0264 0127 2 1 2 00589 81 754
AEE 0.0199 0130 2 1 2 00546 76 7.08

By E 0.0167 0.099 1 0038 4 0.38

A A Y F 0.0271 0.121 1 00516 33 2.97
qa _FEF 00173 0.125 1 00425 21 1.95
T2 0.0155 0.109 1 00418 25 2.19

S HE 0.0161 0.101 1 00419 13 1.14
LIRS 0.0187 0.143 1 1 00450 49 4.83

g F A F 0.0198 0.123 1 1 0.0540 51 476
AY ¥ ¥y E 0.0178 0.116 1 1 00492 31 2.85
u o] & 0.0246 0.120 1 1 00620 83 7.66

By 0.0209 0119 3™ 2™ 5™ 00477 37 3.47

*16-89 T 4T HoA HTFH =EUFo H2FFLE 7% FFEAM FAA
& AT T de 48 BAT dS
*+ 1 0.08 ppm °]Fe] 2ELE EUFAA Ay g F7] A
sk W TR WP ASo] § :
wrkk L AIZDE @ EFE FolA 0.08ppmE 2 HAF AU LEFEE HASR &
A4

£ 3] 19969 69V E 8U7HA HEAe 0ALAA ZRE U7l 3 2E9 BE
g EASAT. AN A A9 YL Y FFAL 002pmOZH WA ek
dA ezol o¥ ¥l g AXNY Rt aHY 2L Ut 39 Hu oF B

- 60 -



=EUE shes AZES 9] o& FESGY WA

Z2XE AEEY 0162ppme2ZH & FoX FEQ 012ppme A =3} 3
MY FolA & For (A7HE 012ppm °]4)7F EHE 3T 6ol 33, 799 2
3], 8¥oll 532M, F 103]o] 2sAtt. 20/ HAFAA 8¥ F HaE 13 o
& FAEI WAYG L& FoARI /MY Bo] ¥HE R 5EFAFY 674 A
HolRew, 5 53 AHHUT. 3IHET dF HuA HI S RFAHo N =
A vetston, 0.08ppme 2AE AFE T 107324 7 wsid g2 7|3
0.08ppm °]’d A4t F=& BY, ¥EF°] 1043ppm o2 A MEodlA & 714 7
GatA =59 A9ez AFHATY ojFA & AHRY HFAFJAN 2AF Fe
B yelAle AEE 1997d 24 % 1639 FB FAAM 937} 1998 ko= 173]
FolA 13371 HF3AHA L&Fqu7E WA A& FudE & 5 ok (FAH Y,
1999).
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I8 L MEA 71 GATESHA 207049 YA Fd X @3
(4ol 2719 23 £ 3¢ H 39 6-8¥2 0.08ppmEF & A

FE)
H 39M dF A3z HTA, 008ppmETH FF, L& FoAR ¥y A£E ndY
W, && 29 M A® AL Mg HEFAFoIUT. 53 #EFS A4

0.08ppme} =3& H7h 37HE3E 1073 24, 20704 FAAM 7HE Bto™, 0.08ppm
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%23 o] 1043ppm o EXN EF 2074 FoA A EA. FE AAG 9
53 AeE, 22 Polsx EUTh
E 39A 20704 FolA 008ppm ZHFFo] 7M1 B 5/MAE AR YL}
REE, Wols, 7%, AFE, dAF ¢o2 Hed, 29 13 2o] 5749 BE
A Aol A& EzMﬂ AAe gtk o]BA AMEFAGERY FEAGAA o zF
QEFAH WA AFL 19973 EdE 1639 LEF R FoA 113)7}F 13
319983 ol 173) FolA 15317 FEA A LEE A& RHoelx & 5 Y
(745, 1999). o]& A &0 o3 Hu egxgo] Aoz FHo HFH 3l
T AL A4FEH AAFA oA BRG] FAAHY 2E0] FHOE o] F3HA
FReo Atel Ay wjiol] WUtz Eatn HAH Jehvde d@Ael#tin 24
o 53 2% 17 ol BEFH EFETLE Ao EMd v AFezH )
AEHA 2F FE7t Zold AR FHHAT wE BA 1@13} ‘*HZW—]

f&
PN

<

c

e

B8 A

4] 6¥HEH B8YHA oF Fret Yy 3 &
= 6 E 5%, 99 3

ki3
aete) AFd AFE JEbd o8&
I E FE, AHE 0080ppme T
Hol A
[e3]

of Aoz vetuitt FHYFo M7 A3

2
& 7

2 228 Yefolol @t B zAlME &
g 8
-04

g
WA 17 AREE F7e o
gol gl wE el ool 2 olvjg £ Fest Yoty A4t @ A dAo
2o qgAe oF oduHE SEUTe AYon & w4se 4uE

otgl Al wHE 4 7Hgh
FEE AA Fold JEA adh be FHEHE diRR 2EF RO A4S eI
g, A4 10% 2 A Tr-l’“"] AAFE AL 699 4 HT o& T
4 asty Fof d#oldr. % 69F dY HY 2FE TRV 5242, 924 a
ol AT B- caroteneoﬂ’ﬂE 2t &g vEbUA, BAAY 10% #49

FolAdol AAHIFNM, 689 dY HHt 2F ¥L57t L+ E B-carotened
] A3 ol Zo]l 2Fo) ol HE ] 5
o] &gk AdHAAE 013 ppm & =FoA #FAHIYG (H
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=Yg sh2g AREs g7) 2 FEste] WA

4 693E 8972 Mg & o EHUF 24 FHAY M2 A

a A
SE FE | @isz HdEL2 a Y42 b JIEHROE
69 0220  -0419°  -0386  -0.41T
dy g7 oF = 74 0296  -0279  -0.251 ~0.293
8% 0019 0116 0123 0.087
64 0062  -0291  -0.282 ~0.290
499 Hm 9F FE 74 0165  -0304  -0286 -0.318
89 0178 -0285  -0272 ~0.270
6 0133 -0.162  -0.179 ~0.155
gig 008ppm 23 44 0034 0162  -0.152 ~0.159
8% 0046  -0136  -0.150 ~0.146

H4olA 689 4EL att FtREH 0= o] Y HF 2F FE Fo H#
o] v AL ARHoz EUF 9 7R HM 68 TEIZ FHol oA A8
Aol 68l 2EC oste dlstA W& E A& vlstn Y. =FHUFE A
T8 (free growth)E dte FFL2N FotdAM AT &HF 52 AEA
BEE EoAM FAY stF F A 9& AT UG (0], 1997). olFA &
o] & ojstq 6¥ol HNE EAHT, 8¥UAA AF HE L&Y 2 9
8E7Z R dE27F Fadtn WFol vEdtty AGE

2 &

MMM 72z AAY =BT AdEs 9%6d 6¥FE 89 Atole iy
T 2E =9 4@ BAlE =AY 2 TN U e ZES WE F ¢
o.

L 6% F ti7]9) dd HH 2F F5EE 952 a T& 7I2H ol &FY F
AXoz fFod o 4ae e

2. 482 MeAY YrFe & Jtae AT d3td FFOR ojFIE

gol glojA B Foly FMAHRTG RFAFold FFEAHY & FE O

HY o
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”‘J%%J’—P Zo] F@Atel st AdHol Fr1EFol &AL RN

E=AL 7}E u %%J—ri AAE =EHUFE & 7hao dWEA v
“Hv‘f— | 2—71'_‘—01] % di7] 299 A=E ZH;M*EE F3 8 F A ABHER 9

5 Azeu FUsE AP 4Fe Qd4cz dlegd 4@ 4ol
HAR, Aot 2e AEAS A e WASA waHn, oF JEE fooz
B2 ¢ 5 Ye “HUEE JEHoz ARAdd A% Hart vty wwEd,

ko

9_}:

EUF e EEHSG ZE LT LEVM2 dRE ¥EE Bl Aldo]
gl Uk B AT7E Mg JtE2F42Z A" “EHUYRe AR g F e
Fxee] FAB/AE RAEY, “EUYFIE 2E9 2 AHE JehlE AEFH R
EHEE A8 + A=AE HFS7] HAsted AASAT MEAe 2030 AA9
HW71ed AE FFAAA ¥ 300 m ojel AA H e =EYFE gie=
19961 8¥ 15U KB 17U Atolo] 4 7HAA Faf, 4&29 2 HwolE & &
4FY AVAFTEE F4%d EHUF AJEE 733, 19963 6¥ 1YEE 8
Y1597HA] 7l F LEFESY 43 BAE FHIAGYL HEA A A 3 AL
eEFsLe dYHTAE 0020pm SEX 24 UEhGou 3 Y7 1089 AX
A LEFYR (0.12ppm /)7t FHEHJow, 20 A A G 13 o)A ©EF
B7F #E . FE0A Ay HiE FE 008ppme 23 MFE AEEFo
10781274 714 &4th AMg9 FFd 94X Y, & BEF, FI%, A%, ¥
olF, HAF, FEF ¥4F H1XY 0.08ppm °]4 ZM} TRV UE AG9Eg %
o A eEZFETE AXF] sty FFHoZ olFE WA, £33 FH AetA
st F7I7F BAY RelA d & FEE 2o FUom AEHT 49 JHAA
e ETHEAEAM FFs77F AT, FAFY AVIAFAE FERA 2 Fol7}
foiA AMdeATt d FFAH MaAe 2F HFEe A# BACNMNE 24 a9
HEH 68F dY HE LEFTES AL 10% 7 FFAAM R AW (AaAF
-042)€ UEHWA, L& Tt 28T E dE249 FFo] Zase Ao FAEHA
o ZEHOE “HUFE &9 drEA Bgdte dxAledA tzer A Asr)
o A9aA Foy, 23 oy EAHE o/£FTH, 2F U MEH AFYE

2 A4 & Jdoka Fadig,
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