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Abstract: The purpose of this study was to investigate the distribution and variation of the anion and cation number in
the aerosols at 16 sites in the Jeju area. The average value of anion counts was raged from 449.35 ions/cm? at Jeju city
to 3471.25 ions/cm® in the Chunjiyeon falls. In order, the lowest Jeju-si < hamdeok < 1100 m < farm < gyorae A < sary-
oni < jeolmul < gyorae B < geomunoreum < halla forest < hallasan garden < seongpanak < dongbaeksan < jeongbang <
wonyang, respectively. There was statistically significant difference between the anion counts of the measured values in
the order of elevation. The mean value of cation measurements was from 90 ions/cm® for Cheonjiyeon, to 729.8 ions/
cm® for Halla forest garden, which showed the highest value. In order, the lowest 729.8 ions/cm> of Cheonjiyeon < 1100
m < dongbaeksan < Jeju-si < saryoni < wonyang < seongpanak < hamdeok < jeongbang < gyorae B < jeolmul < Farm <
gyorae A < halla forest < geomun and < halla garden, respectively. The geographically low area and the high area were
measured low and difference in the two ions. The differences between the content of the anion, cation and/or altitude
were significant each other in the variance analysis. The correlation between the anion and cation content and/or altitude
was statistically significant (r=.396, p<.001). In conclusion, the result of showing the temporal distribution and variation
of the anion and cation content in the aerosols in Jeju island forests provides important information for healthcare.
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AFEE 7] efdoln] ghbE FEO 2 oF 83 km Heof
A Fof| SRR et T 715 A olduid e R W
3|7} 3} Song(2016) AlFE AEE AMsulc}, FE5- F
2A el odeks whow, AlFE Fodoll= s 1950 m
o] ghefake] Sl L, 3 sligk> AW o] won, BE3)
SR ghlet AHAlm ez Eo] Qluial Floint. 7152 Hd A
FEE MRS AR FAEERCE A vrelRIeh &
22 ALA o= Th o] A, A& FAI7) skl w7t
A3, FEL vz} o] 23 7] vjwA 2 Heloh

Song(2016) A|F-5e AR | o] Fo]A] = o] et
Ab MEI} FZe] HApH S| Ao hilsle] Rlde] B
7} Ho] o= Aol 3givh. FA el 2R AT} °
I 505 FAESIA Fo] dlol= o= A g
o o3& FaL it vt

AFol= At A= oY, 3 gh, 245 7332
ARt A2 783513 ¢lok(Song, 2000; Song, 2016). A
Goll = A4S FHIGT Sol AL 2ol
I EX =5 WRAkslAL 9lv}. 31X = (phytoncidey= A1E<] ©f
7] Foll WEshe Wol 8- sfetEAloln, Mol gt a3
299% o] &3 5 oeket A4S s Fg EAleld
(Muller-Dietz, 1956). I =X == ARG HlEs]= T4
o FlsA =4, HEalR, Eefiico| s, A= 55 F
AHoz | EX= g} g} (Kang, 2003).

Aol AEFoFlels o8 718 A =7} 9ler, a5
oA Ahr Al SA I EX =] dd Hd AYAEF
< 1,087 pptvel$laL, 3546l dd FH9 1,500 pptv7| &
EHAI, A7 Fo ARE EE vl A5 S
o2 A WEEHAY. 37 Felle oA 12~144]d0] #7
)=k 7 Fo] FxE IEX 0] AR e
Tl webr Aozt 9lem, AL e A2 d-
limonene, A 771 Q1= A|H-2 sabinene, 35 A9 o-
pinene Al&-o] 2 Eu|=EcH(Kim ef al., 2013).

AR EA Al A EFFE Aol FdS, AT
S0l wo| MAsp, g A A I EX = FuEke]
304~324 pptv, HL- A7 A= 983 pptv7t EH|E
o} AlA wEbA 2le] 7t QIS ol el HuuT- $ollA
= 1,441 pptv7h EHIFSI, A= 1,073 ppty, A ell=
897 pptv, Sl 520 pptv7F AN AEH FEA=
AE-2 Hu b Ao A= 30|24l sabinene(25%), d-
limonene(20%) 5-°] W= UK Kim er al., 2013).

Ao oozl AT 7| = i7|skste] T
At Aol AEH oz §A] oA wo] ZejEeiqli,
3 BEE A7 Ao, T4 xgo] of7] el #
=7t = Fr71EE Adeloh AlFEe] W7o Sol
23} ool So| EAfs= 2l eR ¥ arwglvl(Carmichael e
al., 1996, 1997). AF=oA 1992~1993A% =3t o) 7| =

A o] R ol 2 11

Z2] Azt St B o] 25t P> ammonium> 1.4
pg/m’®; calcium2- 0.5 pg/m3, chlorine2 1.9 pg/m3, natrium
2 1.66 pg/m?, nitratex 1.2 pg/m?®, magnesium- 0.3 pg/
m?, potassium 0.4 pg/m’, sulfate= 7.0 ug/m’ S22 &
o] &3} cfel o] AAF AL Harslect. AERE kol
el WelAde] wokekar feslgdvk(Carmichael ef al,
1996). Carmichael et al.(1997) AF=o|A 1992~19951 =
742 37ke] Bt A4 ammonium(NH, > 1.27 pg/
m?, calcium(Ca*")-2 0.47 pg/m?, chlorine(Cl)-2 1.88 ug/m’,
natrium(Na")2 1.66 pg/m>, nitrate(NO5)E 1.2 pug/m?, po-
tassium(KH)-2 0.39 pg/m?, magnesium(Mg®>" )2 0.26 pg/m?,
sulfate(SO,2 Y= 7.2 pg/m® 522 go]23} ofolgo] 7=
At ZALA H71- e o] 2-o] Fie) T TR
Aol whebr] Wel Aol w9k, A ez w 7)Ao
A H= AE Hol o] #7 vebdsith. =3 Chen er al.
(199732 19921995 Ate] 3W7hs wid ZA43k AlFA]Y
9714 Fell= NH %= 1.3 pg/m’, Ca*'= 0.5 pg/m?, CIe
1.9 pg/m?, Mg>E= 03 pg/m’, Na"= 1.7 pg/m’, NOy+=
12 pgm®, K= 0.4 pg/m3, SO = 6.8 pgm’® 522 &
o] 23} oFol2o] AE3IATE. 74 At A= £33t

1 =

= % 3].2m, sulfate, nitrate, ammonium, potassium, cal-
cium 52| Tt 53] 5460 7 vehdom, whe| chlo-
rine FEE 10% A% W HrEE AL it oA A
HAlol] m]XE= ogke] Aol Lee & Lee(2012, 2013)=
AE Foll= "ok, Wit gl FE|E 32 E B2
oMl AstE = Ae Barsigd.

Lim ef al.(2012)= 2007~200816]] A|FEEe] TAER| el 4]
ZAE dd St wAwA] ZARES PM o2 13.7 pug/m’,
PM,s= 17.2 pg/m?, PM S 28.4 pg/m’e= vjgkon ulA
HAlell = ke frleta AT Sol & ofol& =40
ZAEIA. o)A AF ATFolME TRzt AR = o
A 7] o] -] Bxol fA] 3ol thst AL wln|siiT).

2 AT AFAS AAdFFE FALA TS FAE
1671 A& AA A Lzt Hof| w2 7 |A 9] Jol23}
oFol g SAste] 1 e} Wolol gt AFE = A
o] FAo]qlct.
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i ohat X[, 7[2t ¥ =X 3l
ATHAA G AFE WY T8 A 16 A9 A
L2 FARE E3th(Fig. 1).
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Fig. 1. Gotjawal regions and sites measured ion in the Jeju Island. Greenish gotjawal areas: a: Hankyung, b: aewol c: Jochun-hamdeok, d:
Seongsan-soosan. Star No. sites: 1: gyorae forest, 2: seongpanak, 3: halla eco-forest, 4: dongbaeksan forest, 5: saryoni gil, 6: halla forest
garden, 7: nature & human farm, 8: hamdeok seaside, 9: geomun oreum, 10: jeolmul forest, 11: Mr. Hall 1100 height, 12: wonyang fall, 13:
jeongbang fall, 14: cheonjiyeon fall, 15: Jeju city. (Outed from The Gotjawal Trust of Jeju)

Table 1. Sites and Times of measurement of anions and cations in
the Jeju Island

Total times

No. Regions Sites measured measured
1 gyorae forest 9 (A &B) 180
2 seongpanak 2 8
3 halla eco-forest 2 8
4 dongbaeksan 2 8
5 saryoni gil 2 8
6 halla forest garden 2 8
7 nature-human farm 4 38
8 hamdeok seaside 2 8
9 geomunoreum 1 4
10 jeolmul forest 2 8
11 Mt. Halla 1100 2 4
12 wonyang fall 1 4
13 jeonbang fall 1 4
14 Cheonjiyeon fall 1 4
15 Jeju city 5 20

100~400, Teledyne; BAM 1020, Met one, USA)S o] &3}
Aot AlFE Ax e ff FAoZ A oA
AR A0 E d7)A Fo] Sl ofol2fE
2~39el AA A A 715314 3471719 e ¥
Z15F 200 cm’/s(HEE 40/%2), o] & EE 65% (100%
2 3Rl o] E FA), dHAE 50 GQ ¢17HY), 34
W] 10~2,000,000 °]-&/cm?, ZAAEAI < 10%, AY
9 v &Z=]AA] 1N, T3 2F 500g, T4 160x90x58 mm
olt}. SANEL IRPIA FF3= As AMEEeH, &
A uE 3] AAH R AAEsH

4m o g
X s™Ae| 24

A FFE 292 §HZE}

Rl e AR Tl A2} BRG] 4l A
oA ZA3 A= Table 200 AA3IA. A=A ] 570 =]
Aol 201741 64 28UFE 79 13U Ale] 6dzkell A3
AA B Fol &4 734.5 ions/em’, SFol & 4633
jons/cm’e]g)om | ¥)7] LEL 25.5°C, HEE 81.6%, &
< 0.28 m/sec, S A Y9 s A== 455.7 me|ioh

A FF BRI 20179 7959 5E 13Y Alel9
139 A2 EAs 4l A AA B Fol 25+ 780
ions/cm?, %Fo]-& kS 37955 jons/em®e]glom, oj7] &=
+ 27.6°C, 5% 80%, 35> 0.1 m/sec, S A 2] 3
W = 477 melleh. A M= AJzke] widle] wet
A AR Srol23} ofol 0] gafo] Wzl S B 4 3l
Aotk ol oFel29] T 14:20 Abel7} vlad =9k

Carmichael er al. (1996)% 1992~19931% A|F-Eol|A] |
Fg di71Ae] Az it SAHAE sulfate(SOS Y= 7.0 g/
m?, nitrate(NO5 ) 1.2 pg/m’, ammonium(NH; ) 1.4 pg/
m?®, natrium(Na")-& 1.66 pg/m?, potassium(K)- 0.4 pg/
m?, calcium(Ca’")2 0.5 pg/m’, magnesium(Mg®" )2 0.3
pg/m?, chlorine(ClIy2 1.9 pg/m® 502 L2-o0]e3} gfo]Lo]
A= Aok Baslsich. AE R gefo] vkl HolA
o] Tk gdslsdet. A8 A 52013y AFAY HEF
FA oA bl 7]A FAbe| A sulfate 1 ppb/em?®, NOE= 1
ppb/em?, @ COE 0.1 ppm/em’® 52 EAsl= A U
shodet. =3k A3 52013y MAEAS FUHAME
AR B4 EAIE Flsidt). ol EAL T IR S
AL 3l vuT = PR A7) S ol23 FA o]
2o] EAfSH= A2 2 AT} Ak
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Table 2. Estimates of anion & cations measured at Gyorae forest

Gyorae Time Freq. Mean (ion no./ Cm3) Mean Temp. Mean Hum  Mean WV Alt Date

anion cation DV (°C) (%) (m/sec) (m) tested

A 09:02-11:41 4 734.5 463.3 279.73 25.5 81.6 0.28 455.7 7.13.

B 14:09-16:11 4 780 379.55 400.45 27.6 80 0.1 477 7.13.
Mean 757.12 421.43 335.69 26.55 80.80 0.19 466.4

Abbreviations: Freq: frequency, DV: deviation = anion numbers — cation numbers, Temp: temperature, Hum: humidity, WV: wind velocity,
ALT: altitude. The abbreviations are followed as the same in the next tables.

At FALY Fkoleae A

gkt FA A0 271l Al A2AFGA 7Y 178 &
Fof| Zbz} 431 EA8E HTFAE Table 5ol A|AISIAL, 7]
Eole] = ABIITE AX9e] 7l Al A2 ] A
A - Fol 2 937.5 ions/em?, SFel 4= 300.75 ions/
cm’o|glom bl7] 5= 29.01°C, FEE 64.13%, T4
0.41 m/sec, S RG] L == 702 mo| ).

AlZF A2R|A 2] So] 240 =X %)2] H3I= 14:02~14:27
B x}olel] 807.500141 1067.5 ions/cm®E 2F 260 ions/cm’Z
7kl k. A1 AR 9 ofeol o] A X W=
14:02~14:27% Atolol] 53.750|4] 547.75 ions/em’Z < 494
ions/cm’Z F7}3}5] e}

T AA-ANME AlZHe] Wislel] webr] PAR Fo| 23 oF
o] 29 glefo] Wislel= AS £ 4 AU Sole &
o] & 14:20 Abel7} vl ket

e €9 SFelee] FAA

shepE] o] 2714l A1ZF AR A Aol 247 4
3¥ ZA3 S Table 590 AASHAT

AA G e] 27 A1} A2 A A Q] AHA HH Fol&F
860.75 ions/cm®, °Fo] &= 482.63 ions/cm’e]gl o™, o
L X 29.16°C, F£EE 59.63%, 452 0.86 m/sec, =
A|99] st == 535 molich.

AT A2AAE] Fol242] SAI]9] W3= 10:38~11:20
B x}olol] 805.259014 916.25 ions/em’Z ¢F 111 ions/cm>E
7kl k. A1 A2A A9 ofeol o] A X W=
10:38~11:20% A}o)o]l 5757590 A4 389.5 ions/cm’® <F
186.25 ions/cm*E 7FA3}ict.

A3 M E A7Ee] WSl mEbA] AR Fol2) F
o] 242 ghafe] Wzl S B 4 UdH ol
11:220 7 o] Bl 9o} ITE= 535 mo|¢lL, 452
0.86 m/sec ¥lgte] gliviar shdsic),

Ir

7

o, N T

SHFA oMY Fogol2ae A

TUEAE 2 221" Al AR 7Y 199 o F
of Zz} 4314 543 o] 24> FAAE Table 5ol A5k
o AR 9] 27 Al A2 XA AA FF Sol e
1,073.15 ions/em’, %Fol- &5 154.88 ions/em’|%l.2,
7] &&= 31.65°C, 55X 61.75%, F42 0.0 /sec, =4

A]99] & A== 167 melsivh. =7} A =3t

Al A2AAE] Feol 2] FA=)2] W3 15:49~16:08
B x}olol] 1091.8904] 1054.5 ions/cm®E ¢k 37.7 ions/cm’
2 Zhasig. AlZF A2RA 9] afol o] S]] W3t
15:49~16:08 5 Alo]eol| 163.75¢ A 146 ions/cm®Z <F
17.75 ions/cm’E Z}Aslodt.

A3 ZrM % A7Ee] WSl mEbA] AR ol oF
o] 2] gafo] Wislel= As & 4 UM S0l o=
16X 7o Bl =9kt e 167 mo|YL, 452 0 m/
sec Bige] glgivhar Fhdslel, A A7} IA | el o]
o] $7} =7 Y= 7ol it

rlr

A€M S o] & 9] A

AlRUEZe] 2713l A1zt ARl 79 179 5]
27}y 4314 ZA7) FFAE Table 500 AAs1sich. AR 9)
20 A1 A2 AL AHA| o 20|24 745 ions/em’,
oFol- &= 277.75 ions/em’o| %l 2w, H)7] &%= 28.58°C,
HFEE 73.75%, F452 0.0 /sec, A X9 it 1= =
484 melict. 2x=7F vl E9hv

AlF}F A2AAE] Fol & S]] WSl 14:49~15:13% At
ole]l 6740~ 816 ions/em’ZE 2F 142 ions/cm’E Z7}8}131ct.
AlZ} A2AA9] cfol& SA%|9] Wsh= 14:49~15:13% Alolel]
257.75914] 298.25 ions/cm>Z ¢F 41 ions/cm’E =753},

AR ZHME AJZEe] Wslel] miEba FAR Srol 23 o
o] 2] gefo] Wlel= As & 4 UM Sol9] o
164 730l B4 =i}t == 484 mo|$ T, T4 0 m/
sec Hlgte| gisivhar wedsict. A7} AA| Heh= o]
g7} = ko= 7dke] Ui

FepERMS Sol & ol A

gelrEge] 271-el Al A2AAA 7Y 18Y 2. 5o
77} 4314 ZA3E SFA1E Table 5ol #A31odE}. Az 9]
20 A1 A2 AR C] AHA| 3t 2ol §HEF2 843 ions/
cm’, oFol& RS 746.5 ions/cm’o|glom, 7] &x= 27
°C, HEE 85.88%, T2 0.54 /sec, ZA A|99] &Py I
= 488.5 me|glt}.

Al A2A1 9] ol SAA]9] Wk 10:41~11:07%
Abolol] 843¢)4] 899.8 ions/em’E °F 56.4 ions/em’ZE Z7}
st Al A2 ofol &g SAX|9] W= 10:41~



14 Distribution of Anions and Cations in the Aerosols of Jeju Island

11:07% Atolel] 746.5¢0A41 713 ions/em>Z <F 33.5 ions/cm?
2315
A ZrME A|7Ee] Wl uebr FAR Fol23} oF
o] 22| FFe] Wzl S & o Fol29
2 104 o] v]wA lﬂ%b:} TEE 488.5 molAL,
2 0.54 m/secE vlgo] gloivhar Hdsio)

S
T
3L 2
&=

BRI 44145 opolesel 39

AAATAE ko] 4x1Ael Al A2, A3, A4AS] 3
of] XA —9-—r°ﬂ Z¥zt 4314 EAJ8t ]S Table 50l Al
Al&F3iTt.

AR 2] ) AL, A2, A3, A4 A A2 AA| FHF So|&
T 721.5 jons/em?’, %Fo] &4 401.2 ions/cm’]g).em, ©f
7] LEE 26.5°C, FEE T0%, T4 5.6 /sec, A A9
o] &P A== 365 mol Tt

AIRRS] 487k S0l SAR|e] Wk 14:14~16:44
2 tolell 366004 1211.8 ions/cm®Z 2F 84.58 ions/cm’Z
7RI A1AA 9] 2 Azl oFel24r SAdA1e] W
3}= 247339 A 890.75 ions/lem’®E ¢F 643.42 jons/cm’E
=73l

AR 9] 33U ol AR W3 14:27~16:50
B x}oleo]] 522.7¢14] 1025.5 ions/em’ZE 2F 502.88 ions/cm®
2 Z7RIATE. A2AIA S e Ao ofol2a SAA] ¢
W 3= 242 30 A] 814.5 ions/cm®E ¢F 5722 ions/cm’E =
7}t

A3A A L] Aol = 1470 Sol &4 SAAE 14:58~
15:228 Afolol] 522.7 ions/em®0]%oH, A3%]He] 72+ ]
ZF e ofol e EA%]2] W3}= 2923 jons/cm®0]]

R)AH 2] 7ol Fol29 A A= 721.5 ions/cm ]J\
31, Skl ﬂ =4 2= 401.2 ions/em® ]3I}, $19] F 73
Foll= =4

vt
AdIAbE A AA 2P ME AZEe] WSl webA
TR Fol 23t kel 2] Fo] Miskele A& £ 4%
Aok Folg] = F 142087 o] Wl E9ket A
A IEE 365 mo|HAL, FEE 0.56 m/secE HFEo| $1%d
ohal gttt

8584 A GelM] o2  §AHA

Fejaigake] 271-del Al A2AIAeIA 20174 79 19
A Aol 74zt 4314 ZA43 HdA|E Table 50 A|AI3HA
o AR 9] 27l A1 A2 A Ao AA| HH ol
409.13 ions/cm?’, %Fo]2-2] 4= 143.75 ions/cm®e]g].om], o
7] %= 29.12°C, 5= 84.13%, F£2 131 /sec, =4
A1) i = 38 mel et

AlZk A2AIA S Fol2 A A] 9 H3ke 24 1041~
11:04% x}olol] 384.75901 4] 433.5 ions/cm>E. ¢F 48.75 ions/
em’E F7FIeh. A13h A2AR 9] ofeleg FAX]9] WS}
= 10:41~11:04% Atolel] 158.25¢014 129.25 jons/em’Z ¢

29 ions/cm’Z 7;Asledt).

A4 ZrAM = A7Ee] Wislel] wEbA] FA|R ol oF
o] 29| FFo] WIBI = S = 7 UNH. vl o=
2 11A] o] vlaH l"‘?\b;]'- IEE 38 molSlaL, TE5
1.31 m/sec® ¥lgto] 27t 9)9)om, nigkrfed A Fol2) o

o £0] 447} ek e},

AELE AGQeilMe] S%ol 249 A

EE AHe] 3RA Al A2, A3 AR 747} 434
S8 5ofol 2 WTAE Table 501 AABIIH. AR 49]
370 Al, A2, A3 A A A &=A3 AA HF Lo|2FE=
1012.42 ions/cm’®, Fo]- 24~ 529.7 ions/cm’0]$] 2w, 77|
2T 284°C, FEE 73%, 52 0.1 m/sec, A A2
3 %= 398.7 melglHt.

AIAAS] 83]9] Fol2 St A=) WH3l= 9:12~9:21
T} 14:30~16:40% Alo]el] 1228.75¢014] 1044.25 ions/cm>E
¢k 184.5 ions/cm>E 7¥43)eith AR AL ofoloS =X
=)o) W3R= 1085941 271.5 ions/em*Z F 859.75 ions/ecm®
hE ZRAssidvh. AR AA| FHAE wol2e] SAA
= 1,136.50 ions/cm’®, Fo]- -2 678.25 ions/cm’e] %]}

A2 9] 83]9] Folg A A9 W= 9:31~9:40
14:47~14:56% AFolell 1180.75901 4] 912.25 ions/cm®Z <F
268.5 ions/em’ZE ZHA3Th. A2 L] 7 A7k o] <ol
2 ZA=)9] W3k= 94575014 151.5 ions/em®Z F 794.25
ions/em’® B 7HAsldel. A2AH ] AA HEAE Sl
9] ZAA= 1,046.50 ions/cm?, 9Fo]- -2 548.63 ions/cm’
ol

A3AAE] 79l 83]9 Sol2g it A= 9:48~
9:573}F 15:02~15:11 A ZF AFe] el 911.5 ions/cmel| A 797
jons/cm’2. 114.5 ions/cm’® 9 714319001 A3R|A 9] 7+
2 A 7Hdel ofol- e &A= M= 631 ions/cm>ol|A]
93.5 ions/cm’Z 537.5 ions/cm’ WHF A4Sl A3R]A 2
AA| FEAE Lo]2e] ZAX|= 825.50 jons/em’, o]
362.25 jons/cm’e] e},

AAH oz 24 o] FUAE= AT A dAlo| m=t
Al Wistele oFS UEIiTE Soleg 24 97l
vl =9ke), AA 9t L= 394 mo|9 AL, T2 0.1
m/secE Hlgto] islvtal whedsie)

AEFSANME Fol 2 ol 249 A
AEFoF ] 22A-) Al A2AANA 20174 74 17Y
25 242t 4318 SA T Fokol g FTAE Table 500
Xﬂ*l%}‘ﬁ\:} AXl"dgl 20 A1Eh A2 Xlﬂﬂl Xﬁﬂ i 5ol
2420] RS- 674.5 jons/em’, ool &42] 3RS 293 jong/
cm3°laiJ%, H7] 2EE 29.83°C, FEE 56.25%, 5
0.24 m/sec, 24 9] L 1= 465 meo|gt}.
Al A2AAE] Fo] 24 SAX|9] W3 15:26~15:50 Al
7+ Abolell 696.75¢14 652.25 ions/em’Z <F 44.5 ions/em®



2 ZAaEidet. Al A2RA 9] ofolee] SAA| 0] W3-
ZEe A7k el 530.2590 4] 411.77 ions/cm®>Z 118.5 ions/
em’iH g FHAEsie)

TARIA A= Al7He] Wslel metr] AR Fol23} o
o] 2=2] Fafo] Ml s E 4 UM 5ol &
2% 3AA o] vl Edoh e 465 melRaL, B
2 0.24 m/secE vlgo] glslviar Hsie},

Mt 1100ZA| |42 Lofo)e50) &A=

gk 11002712 271420 A1} A2A1A-elA 20174 72
18U 25l 747} 4314 EA3t 3oFol& A5 Table
sl AlAIsIA.

grehk 110032412] AR g 7 A 48] 343 S
ol &4 361 ions/em’, °Fol 2= 178.25 ions/em’] %S
o, 7] 5= 22.95°C, 5= 85%, T35 1.05 m/sec, =
A AFe] s =& 1050 me]iTh. s =T} FolA
0] 2] $X|= wlg- ko, oFol20] A= vlokor)
o] A M= =kt s Aol wlEhr Fol2f] 4=
A7F G A2 AedEe

o
=g

KN
=

AFA WAL FFol252] FAHA

AFAWE] 52491 Al, A2, A3, A4, ASAAIA 20174
74 694 5ol Zt7}t 4314 FA T FofFolege] AAAE
Table 3¢l AA|EIAS. Ax|e] 7l =He] A HF 5ol
= ke 44935 ions/em?, oFo]- &4 ek 203.25 ions/
em’o]glom, 7] &E= 3]1.88°C, FEE 59.5%, FEH2
0.56 m/sec, =4 X|¥2] it == 144.8 mo|giT}. AlFA]
He & &ol op7] wliel] HEF0EA 7)5S 7IAAL 9l

AlZ AFA] Wed 2ol $1x]8F g7HA =2 10:18~10:28
A7k el 43] 243t 2o e52] HFAE 441.25 jons/em’,
oFol &= 491.5 ions/em’e]| e}, A2AH L] A|FA] W=
o YIXgt HEFAIAE AFH ] Fol& A A9 W3
10:41~10:51 A]ZF Abe]ell 445 ions/em?, oFo]-2-2] ZA4%]
= 384 ions/cm>0] it}

A3ZZ AIFA] Fod=el oJA1gt Wedrb e Ao Fol
4 ZA2)9] M3 11:44~11:54 A7 Alolol] 447 ions/cm?,
ool &-2] ZA42]= 12.25 ions/em’] ATk, A4 AFA] F

Al

u

WA o] 33k o] 15

ol

2ol fAIgE Bk A Fol SAA|] W3-
12:07~12:17 A|ZF Abolell 457 ions/em®, oFo]-2-2] =344
E 118.5 jons/em®o|git}. ASRIA L] AFA] Fok2el 9%]3k
WA AR Sol SR WS 12:34~12:44 4]
ZF Atolol| 456.5 ions/em?, oFo]£-9] 242 10 ions/cm’
ol

AFANE] ol SAX|9] W= 10:00~13:00 A| 7l
A48 A7kl webA ¥ME) 441.25~456.5 ions/cm’E 7}
sir] FA| xpe]7h vieRste. L ool 0] xlo] &= 491.5~
10 ions/cm®Z W3} Zo| u]$ E9it} So]Lo] AU =7
vepd A9 FEAA RN, Al e R HES Sl
Rom, ofolo] AU A viehd A SUNAAE ¢l
3, Al 9 el X2 A RS

AFAIN] 7N A HAAM = AAme} A|7Fe] W Slol] wlEbA]
AR ol ofol-29] ghafo] Wslsl= S & 4 U
o} AlFAe] A== 144.8 me|gal, 42 0.56 m/secE ¥}
o] gldletal Fdsiet. AlFAl s EAAI o2t Fo] 22
Tt i e At AR o} AHA BoAEee v
ot kel ERIUA =T Bk ool ek el
v vl SollA AT Sol2t ofele] nigel 9JsiA

Saeele A £ dEo

FXAY 339 Fold Fole4e] §AA

AT o] FEAH] JfFFAM= 20174 72 28Y
250l 43] A3 S0l HAFES 3118.75 ions/em’
o|g)al, oFol o] H3FeRS 2755.5 ions/em0|$JTH(Table
4 & 5, Fig. 2 & 3).

AU o] 79 i FRFe] ol 24 2842.75 ions/
em?’, oFol-2-2] FHF kS 356.75 ions/em’]$ITHTable 4 & 5).

HAAZE 0] Lol 249 HFFEFS 3471.25 jons/em’,
ofol om0l H FeES 43] SA AT EF 90 jons/cm’
o|$ltk(Table 4 & 5). FE 3745l Ald =7 Sol2e] ¥
5 A9 AR AFE|g e, 9= HAA > A >
AEFE Lo 7 b Yepdd, A E RO X AT
o] go]& HFFFLS 629 ions/em’e] EA| A=} A
T SAAGF AY 2 s 5Ee] 548 ions/em®
o= 7 64zt B SAEAC ol 25 FEAY

Table 3. Estimates of anion & cation numbers measured at Jeju city

Sites Time Freq. Mean No. (ionno./em®) ~ Mean Temp. MeanHum  Mean WV Mean Alt Date

anion cation (°0) (%) (m/sec) (m) tested
Al 10:18-10:28 4 441.25 491.5 28.7 75.75 0 310 7.6
A2 10:41-10:51 4 455 384 31.35 61.5 0.82 185 7.6
A3 11:44-11:54 4 447 12.25 32.27 54.75 0.4 110 7.6
A4 12:07-12:17 4 457 118.5 33.05 54.5 0.55 78 7.6
AS 12:34-12:44 4 456.5 10 34.02 51 1.05 41 7.6
Mean 10:00-13:00 20 449.35 203.2 31.88 59.50 0.56 144.8 7.6

Al: Bonggae Junction(Jct), A2: Myeongdoam, A4: Bobwonm Jct, A4: + Gwangyang Jct, A5: Nammun Jct.
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A =2 olfe wolS A EE7I7F FEAGM=
ez W er] Ak SFol2o] wWol AAHE Ao
2 oFedA gltk(Lee & Bae, 2007).

X Yl Foll A FA Felo] FHH AFL2 A
Folgler, 9= Aok > AW > AAAFE Fo= v
vehdoh, A AZx 0] oFole g2k 90 jons/em B = ok
Zx 0| cfoleo] HFgeES 30.6007} B S =L, A
F= W SARAGF Folo] AY 2 FsTEA e
FHROE ] 8.7 #A AT Skl 0] A
AHTA L Sl Fol2e] T A G ol FEE
=7 ek s3718kek(Table 7, Fig. 3).

¥ 3320] ofole FoFEFE = BT Zhol| Fo| wlg- 7
el b Zu)7) Qlekar Az 1 o] AR AFEE
HEZ SFo| nltto|ofa] ofo| 22| Fhefo] vk 7 a1, Ak
FE = A7) QlolA] ckel29] FaFo] w4 2t F
At gsegato] nilrlel fx|sle] ckel 2] =¥

o] k2 Helrt.

ME 16Klode] HFe o2 4o
AFE] 164 AL SR ST ol 23} ol
o) FTA) LES) 2GS FTLE, BT FE, BT

43 apeol S $2H0% el 2L Table 59 Fig. 2
3 30] AAIBIAT Table SolANE SPiiEe] S0 ol
B W Aol e SR S 2elrlaa) AejEgid.

AR e} A 2] o]-2 e Wk

wol2] SAXE B AlY w2 sthe] 144.8 mgl Al
FA] 2|99 go]-22] HFPE 44935 ions/em’e] YL, s
=AY =& kM 59 1100 m A= 655.75 ions/
cm’o|gde}. 3 SR YREE= 11002ZA]||A = 206.4 ions/
em’E A A= A Bele AW} =90

oo SAAL Yo £EHE 2 oME B Al
2 Al FA <gHE e84 < 100324] <A<z A<A}
2 A<= <ad Bol e s <slEiE 4 <R
A<AFet A e AR A Fok AN T E<AFFEA
ADFE 03 & Ffor A, APz
= A} T2 A9 WA SA e Zel7} glslodt, §
e 507 AR Fo|& 3] o] Aol & YA}
Al 2ol 5 HolX|= ko), FAA 2= o8 o] (p<
0017} 8l A o= vepdohl(Table 6). 3t sz e} &
o] 22] ol A= A o] =0762F frolAdo] gl AL
2 eRdoH(Table 7).

Table 4. Anion & cation numbers measured at three Falls in Jejudo

Fall sites Times tested  Freq. Mean No. (ions/em®) ~ Mean Temp. Mean Hum Mean WV MeanAlt Date
anions cations °0) (%) (m/sec) (m) tested
Wonyang 12:25~12:33 3118.75 2755.5 27.68 85.25 0 947 7.28
Jeongbang 13:14~13:23 2842.25 356.75 31.35 73.25 0.45 707 7.28
Cheonjiyeon  13:53~14:52 4 3471.25 90 31 71.75 0 41 7.28
Table 5. Summary of estimates of ions and altitudes at the sites of Jeju Island
Sites Total Mean values (ion no./ cm3) Mean Temp. Mean Hum Mean WV Mean Alt
Freq. anion cation (°C) (%) (m/sec) (m)
Mt.Halla 1100 4 655.75 110.75 22.95 85 1.05 1050
wonyang fall 4 3118.75 2755.5 27.68 85.25 0 947
Jeongbang fall 4 2842.25 356.75 31.35 73.25 0.45 707
seongpanak 8 937.5 300.8 29.01 64,13 0.41 702
halla forest 8 860.75 482.63 29.16 59.63 0.86 535
halla garden 8 871.4 729.8 27.03 85.88 0.54 488.5
saryoni gil 8 741 247.7 28.58 73.75 0 484
gyorae B 72 780 379 27.6 80 0.1 477
dongbacksan 8 1073.2 154.88 31.65 81.6 0 466.35
jeolmul forest 8 757.5 390.5 27.71 80.8 0.19 466.35
gyorae A 108 735 459.27 27.81 81.6 0.28 455.7
geomun oreum 24 796.45 565.5 27.01 77.59 0.87 427.05
farm 36 721.5 401.2 26.98 69.3 1.2 365.6
Jeju city 20 449.35 203.25 31.88 59.1 0.56 144.8
cheonjiyeon 4 3471.25 90 31 71.75 0 41
hamdeok seaside 8 548 316.63 25.38 83.3 0.67 38
Total mean 320 1,209.98 496.51 28.30 75.75 0.45 487.21
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1
=
E:

Sites of anions and cations meassured

Fig. 2. Variations of numbers of anions & cations measured at the
sites in Jeju Island.

Fol &g Al T8 A Aol A= 316.63
jons/cm’e] ]2, &AL 11002A| A= Fo]l &= 110.75
jons/cm’2 | x| ¢] g &)48AF AKX} 205.58 ions/cm’
g W Rl A ] ofel -2 AR R} v &
A= ool SAHAE P oM =& £o7 wid
< B g5 2 kel Ald B2 HA|AFE <
2hAH1100T27] <5 AR FroFe) <Al Al <Abefy] 2 <ok
EA A A< ST E < 2FA FoF R
B<AEAA frofsl <s A< Ak FFs A<siepE €2 <
TeE<slElEY 22 2 SAENG Ao
2 A e} =2 AL o] W SAH o] 2fo|7) NS
u, SPEaE o2 SAA|0] YA 2lelE He|A= gt 3
ou} BAR S 2 fol3t Alo] (p<.001 Y} U= AR e
YtH(Table 6). T3t dPdaLEe} ofole a2 A=l ARt
o] r=374Z 23 A=<l AITA 7 BTk (p<.001)
(Table 7, Fig. 3).
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Fig. 3. Distribution and correlation between estimates of anions and
cations, and altitudes measured in the Jeju Island.

ke SX= AJFAI] 44935 ions/em® ~ A Y 2 A9 A
AAZE 347125 ions/em’®] HWFZ VeRFTh(Table 5, Fig. 3).
oFol 22| S HaeA|7E W& HA|AFEL] 90 ions/
em’® ~ AY A et R 5592 $x]= 729.8 ions/
cm’e]gl e, 1 2ol 639.8 jons/em’E =A] YT}
(Table 5, Fig. 3). A AZE\AE 4a}8|2] A A 27
A st
ol cfole W o] AR A SAA] 71
FEFato| = BT frolAde] alalaL, w3t o] 23} Sfol
o] ghgatelx= folAde] qlglem, 717]el AEe| Aol B
T folAde] gl Ae® Usith(Table 6). A7]2] go]23}
ool gt Q917 AAATA B I = A2l A
7} Fels vERsteHp<001). 5 Sroldt kel 2-2] 75
=396 2] 3k A=<l A4AA7F BSIK(Table 7).
< 7l Carmichael er al.(1997) AT A
1992~19953d=7}4] 3:d7ke] SAlol| M= sulfate(SO,> Y= 7.2

Table 6. Variance analysis of the estimate of ions & altitudes between and within groups

Ions Groups SS dar Mean Square F p*
Between 1.757E7 15 1171257.518
anion Within 2458317.764 68 36151.732 32.398 .000*
Total 2.003E7 83
Between 6761068.254 15 450737.884
cation Within 3748275.205 68 55121.694 8.177 .000*
Total 1.051E7 83
Between 2019363.947 15 134624.263
altitude Within 258983.041 68 3808.574 35.348 .000*
Total 2278346.988 83
p* p** p***. Abbreviations: SS: sum of squares, MS: mean square
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Table 7. Correlation analysis of estimates of anions, cations and
altitudes measured in the Jeju area

Items anion cation  altitude
. Pearson Correlation 1
anion ]
Sig.
. Pearson Correlation  .396%** 1
cation .
Sig. .000
. Pearson Correlation .076 374k 1
altitude .
Sig. 494 .000

pg/m’, nitrateNO37)E= 1.2 pg/m’, ammonium(NH; )2 1.27
pg/m?, natrium(Na")2 1.66 pg/m?, potassium(KH)-2 0.39
pg/m?®, calcium(Ca*)-& 0.47 pg/m’, magnesium(Mg?")-
0.26 pg/m>, chlorine(ClIy> 1.88 pg/m® 502 go]23} oF
o] 20| AEHMHAL Haraelet. ti7)de] s TR
F Aaee]| weba] WolAde] kA, A L2 e WA o]
7 VeRtHaL e ol E Aok dFEke A
spelc},

Chen e al.(1997)2 1992~1995 Ato] 3d7+S- wid =4
3 AFA| Y d)7) = ell= sulfate(SO.> )= 6.8 ug/m?, nitrate
(NO3)E= 1.2 pg/m’, ammonium(NH4H2 1.3 pg/m’, nat-
rium(Na")-& 1.7 pg/m?, potassium(K")2 0.4 pg/m?, cal-
cium(Ca*)2 0.5 pg/m?, magnesium(Mg>")-& 0.3 pg/m?,
chloring(CI}& 1.9 pg/m’ 522 go]e3} ofo|-2o] 71&H
Ukl Baslgieh. 7 AR AdA R 3k Sl
™, sulfate, nitrate, ammonium, potassium, calcium 52|
E 53] F4el =7 S3AEem, whHel] chlorine 5%
10% A= S SAESACAL sdet. di7|de] #7 4=
AEE 9% T S R A= sk

AAA G2 2= Fo]

AF=] 167 g2 AL d7] &= 79 Fol=t
257} vl E=9keh Al v 2x= gERAH 100 mazA|
A 2295°Ce| L, AU T2 25 AFAIE] 31.88°C¢]
Qqom AA 137 XFe] FHF 5= 27.90°Ce|$ TH(Table
5). 252 Zjolof] mhetA] o] 2422] jhgel xfe]7} Sl A
2 Helth oA A 2% ZAA 57} o] 257} oF
7t A EA=E A

AARA G F= Fo|

AF= el 167] A o] FAHAL] 7] FEE AlY 2
Fo] AFAIR 59.1%0150 2, AlY 2 x]FL et 5
o] 85.88%= AvEl= IFeIIA F27t E3det. e 3
T FEE 76.46%01902H, 2] |92 F27F 80 ©f
el A2 gl A @b 75, SRR, 2
WA Fer, AE b 28a Y88 xd o2
80~88.8%%5 YFERT}. o] F A2 o] ol $AZl A He]
2 FEE 0ok FYsEA T8l spielet =tk

Ho}(Table 5).

AAR G FT& Fof

AFE el 167 A9 T2 A Yol vl uigte]
AR Holglvll Fetstc(Table 5). F450] A|lY w2 X
A2 0 misecq] A2 FHAFHAI G Ay Zelsl
o AY Tl A veRd X9 ARdTARE Bl 1.2
m/sec, A €12 11002247} 1.05 m/sec, AE2E-29]
0.87 m/sec®} gt 72 0] 0.86 m/sec, sl 8Ao 2
0.67 m/seco]tt. T X992 0~0.56 s/sec el <3l
Aot A7F =G T 3] WA 22 A9 F5o
B =9k, A v FEe] ml-g- oA SA5)
ol =Fe] Hdoka Eo 52 719 o] Fel AAH
Sglole}, nighe] ARk E H7|= S o] F3kaLl 22l
AT} o] 252 FAlol| Fa3t Q9lo|7] witel T vlE
ojA] Fo| ZA s J g7} 3o

AAA G Ix Fof

AFE W] 1671 A H2] SAAL] sie] ol AlY
< 2 YA Aoz & 38 mo|NAL, e ®
ko 3Lo] AIFAIL 144.7 molL, MY S x| g}
Ak 1100 32%]9) 1050 mo|AL, 7 v w2 32 Aot
AEZ 702 meiet. B A HHFE 400~500 m
o Eo alsict. sidar=e] digk FAREA oA A 7t
A frelAdel dekarl vrebsdek(Table 5).

>

Tol&, ol A I=dje] A FANEA

ARz 1670 AFA G ol ol =&
A3} =] wE A E B3] $l5te] PearsonEAREA
< 3o Table 6ol A3}

ol SRR 2 AR W] FHeME Folt
Al el (p<.001), %ol whE A ] 2 Tl =
23k ko) 7} QATH(F=32.398, p=.000)(Table 6). Fo]L-2]
SR 2 SAAS o] A= felEh el
™ (p<.001), AL%o]] whE ARG ] H 7ol = fr2]gt x}e]
7} Q1ATHF=8.177, p=.000)(Table 6). LT AT =2
A g5l SRS o] BAMME folsA ElGS
(p<.001), 2=l w2 SAAS ) 2 bl = 28k 2o 7k
NTHF=35.348, p=.000)(Table 6).

wol, %ol =] AAAA 7N A}

ALz 167] AFAHe| Sol 23} ol 22| 5
A3}t o] upE A S Pearsond 0 E EM3 HAAE
Table 7, Fig. 3ol AA|5IAT}h. Fo] 23} oFol242] A
HIEEAA] zre] AABA RN =396 f2] 3t A
ol AA 7} Q1ek(p<.001). &ol-2} SPEILE (altitude)o}
o] Ao FASAA 71| AITA T =.07622
frol gt Al S HolA] edste). ofol 23} sftareele]



A9y HFSA=A] 7Fe] ARIA BA M E =374 2
gk A=Al AA 7E AT (p<.001).

& E
= A5 A A 9S FALE 160 AA

S RISE R e MR BEREE R RERS
slof 7 Fx e} wlolol Phat AT sl Alo] %A

Z;

ot ol R

1 AIFAY 16732] Sl 34 Ja A7 Ald
2 AFA = 449.35 jons/em?, A Y e A9 HAAE
¥ 3471.25 ions/cm®®] WHFE JEPIC}.

2. olepe] RS SAME B, AlY e AT <G
H<110022A] <g7<ae AAbeY 2 <dE<a# BT F
<A|FA| St <slERE <Al < iab<Adit
ZI QT EAAAZTE £02 22 FoF S

3. A0 ke 2 Ho] =2 AR} v SA4=9]
oh SALE o2 AR ol 2] k] lelE o
A zlelE oA ko), BAH R E f2J3t A}
o] (p<.0017} A=t

4. fole FA HAPAL 2 HAAFEE 90 ions/
em’, Al A Vel Sepat 510 2= 729.8 ions/
em?e]glem| 1 x}o]= 729.8 ions/em’E %A vkehsich.

5. folee] RS MR B, Al W AAAFE
<GHME 1100327] <s AR Frods <A FAl <Akefy] A<
FEE Aot FA A< <A EE < BAE <5<
A<M AT B S 2= 2 344
et

6. ol &g AHH oz ke Ao} = A9 e
o] WA ZA =] zle]7} sl

7. wrol e} ofol 2 9 aree] FAREAM A AR
7k FHEkAbel = B folAde] Qlalal, ek Sol- 23} ofol
250] APl = foJ o] slgl e, A7l IL=o] x|e]
= BF fofAe] sl Ao el 719 feledt oF
ol g Q97 ARIHA B M= A Q] AbiaA| 7}
frelsHl YeRstTh (=396, p<.001).

AEHoE B QT 7| 5o o] 259 Bx} 4
o gt 71x dFEA ARE-S 53 k] Fes A
BE AlFsia olvkar s

AlvpAl - o33} - o] 2 19
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