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Abstract

Shin Bang-Sick

The purpose of this study was to investigate the changes of salivary
cortisol content, heart rate variability, autonomous nerves control, and effects
on stresses after the visit of the subjects in Gotjawal forest, and to measure
anions and cations at 15 sites in Jeju.

The mean value of cortisol in the control group was not significantly
different(p<.05) before(0.19 pg/dl) and after(0.34 pg/dl). The mean value
of the experimental group was 0.16 pg/dl before the treatment and 0.13
ng/dl after the treatment, but the difference was not statistically signifi
cant(p<.05). There was no significant difference in cortisol content bet
ween the control and experimental groups before the visit, but the value
of experimental group got lower than the control group by 0.21 pg/dl
after it, showing a significant difference(p<.001). The mean value of
cortisol in male subjects was lower than that of control group by 0.56
ng/dl. In the case of women, the value of experimental group was lower
than that of control group by 0.11 pg/dl. Thus, men showed more than
twice as great a change as women. 0.1 times more than that in the control
group.

The post-visit cortisol content of the experimental group was lower
than that of the control group, showing a significant difference of F =
12.70 and p = .001. In the post-visit analyses according to gender and
group of control and experimental, there were significant difference bet
ween genders(p<.05), groups(p<.001), and the combined effect of gender

and group(p<.003). In other words, there were differences in cortisol levels
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according to gender and group.

The changes in mean differences of the vascular age types and index,
heart beating, vessel elasticity, diastolic reserves contents were investigated
by the fingertip plethysmogram after the subjects(49 people) visit the
Gotjawal forest for two hours. While there is no significant change in
the mean differences of vascular age types and index, heart beating,
diastolic reserves contents in the control group before and after the forest
visit, the mean differences in the test groups gets higher than the control
group and shows a significant difference(p<.01).

Moreover, the variance analyses of the mean values of the contents
shows a significant change after the forest visit. There is no significant
change in the mean values of vessel elasticity changes between the groups
before and after the forest visit, but the change of mean values after the
visit is significant in the within group, and it is not significant between
group by variance analysis. The mean differences of the heart beating
was insignificant in the within group, but significant between group after
the visit.

Changes in the stress index, sympathetic activity(LF) and parasympathetic
activity(HF) of the experimental group after the forest bath were changed but
not significant. The difference in LF / HF ratio was significant(p<.019). Job stress
was significantly(p<.001) lower in the post—forest group than in the pretreatment
group from 2.41 to 2.17 points, and the socio—psychological stress change was
from 2.32 and to 2.15 points, respectively(p<.001), and state anxiety stress was
0.166 lower (p<.001).

The distribution and variation of the anion and cation number in the
aerosols at 15 sites in the Jeju area was investigated. The average value

of anion counts was raged from 4449.35 ions/cm’ at Jeju city to 3471.25
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jons/cm” in the Chunjiyeon falls. In order, the lowest Jeju city <hamdeok
<Mr. Halla 1100m <farm <gyorae A <saryoni gil <jeolmul <gyorae B
<geomunoreum <Jeju city <halla forest <hallasan garden <seongpanak
<dongbaeksan <jeongbang falls <the highest wonyang falls, 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 falls, to 72
9.8 ions/cm’ for Halla forest garden, which showed the highest value. In
order, the lowest 729.8 ions/cm® of Cheonjiyeo" fall <Mt. Halla 1100 m
<dongbaeksan <Jeju <saryoni <wonyang <seongpanak <hamdeok
<jeongbang <gyorae B <jeolmul <farm <gyorae A <halla forest
<geomunoreum <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, it is concluded that the visit of Jeju area, which has high
phytoncide and anion content, provided basic information that stress
reduction, improvement of vascular health condition, and favorable conditions

for health care were provided.

Key words : anion and cation, cortisol, Gotjawal forest, stresses, treatment
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wol22 ARZEY BHE T7HAA AREY FFHo oe &5 A mo
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=olA= 983 pptv7h ST stV AWMU gl A= 1,441 ppty
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24 AL e FAl A wHEo] X

thet A Sof "4 E7FA3S Ar]o]th(Clock, 2007). 53] hydrocortisone®]
%23 glucocortico-steroids®| ™, &9

B 7leEs TAst=d 2442 98-S stk v =TI T2

2ol= ol npR AR, HEELS H AT o]l (fesciculate) A o] FA

o] F35te] vl Aat Agtele] FE2HE2 90%% corticosteroid binding
globulino] 31 WA= &dF-nlo] ZAgts o] ot @A A& 4] Ay &0t
3

G 3 "o ol A AA2HA o] Fake] A

W mAYFSE AEHClock, 2007). F-41 34 A= s =2o] AYa)

1o B9 mEE FAH BulE AT B

r>~
[UO
of
ok

2E Fa Bulsd
=

FEEF dF vt TP WIE RAFt(Aron & Tyrell, 1994).
F2 o]l2 oA Hu ¥»E(700 nmol/L ¥ 254 ug/dL)d =gstA =
L, Aol 2 pEe) vk Al ¢F Hu wRE fgadith g A

4
g BAsEd QodE AY Bele £3 ANL EsE Ao T8
A



7]

olf

Foie sl AFSEER AEEe AMFESE Axdshed AHSET
(Hasinki & Rosalki, 1998).

Miyachi(2000)= &¥WWe] FEE &Rl AHE B4 34 d+=
S mEX 7] wigel] 24x17F W AW St e ZHES 5785
Cushing’s S5 Meet=d AbRH = WHolrt ofelgh WL 11743
A}er¥} Cushing’s syndromes $Fal e xS 8T 4= Q) Ex19
o] dojux] ga wiEEHE 3 FEES 2 IEEY 9 U A
trlow dAstd FEER AulHdth(Aron & T F
of w=w el Blels Fa ZHlE= ZEEY AL awdAEEe] =
AET Cushing’® T35S Adst=d o] 3 A34E B Fvt
(Van et al, 2003; Raff & Findling, 2003; Raff et al, 2003; Groschl et al,
2003). W AZEdhel S = B e ZEES AAAEA, oy 2ET
29 gdse] FANAS A= A 2EHROE RS SUHVIER
ol#ld W ES 8 Aol §olstth(Chiu et al, 2003).

o] 43%7F 2E# S wZol A4ke] ywxa glow WS e

QIZto]l e HlEet 2EYAE WS wo] Aot Aol thgFE Aol A4

.
rO

TEe W WA WA AT Ak 78S FA g A%s B
Z31 9t Hughes, 1984). nletEd) 3o 25 ZAeE AFSS gl

2 2AE @ A A9 RE A5l vielEd dFsuA Rl F

’
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A, e BHL AT glofof s,

GA, RS e AGEY B0 Aselol = Fa =

<

ot

fr

ool
oF @b Ssith WebA Kaplang: oleld @7e] 447k Arge]

oA Aolzlm itk oleld 7] 29 AZAe el AL 4l
FARE ol g5 FaoE WakE zdsn Arh714, 2002).
A, S QAL B 2
sH 7] Fols Foledt goleol BF Wryn Qrka sgthAlY
¥ 5, 2009, gole A/AOE vhelus()E W Axh Axbde)
W, golee A7140R Fela(nE Wi ARt golee Bol %
& FlA qasEe] FH S ¥

S2HA A7E B Exprl 24E o
I FY9 FUE A7) Fo] A

of golgo] WAL Eede] B
3

(o] &, 2002).
Abglell = 1,000~2,20078 /em® o]0 A E o] AAX] - a Wl
= 2]

x5 = AL

= AW7E 30~7070 /em® A el= 80~15070 /em?®, ne)+= 200~30070 /cm?®

e

o}
=

)
X

2 & Wbl - 7F A3 e =34
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o] Folo] 9o AAVF &FEE 70070 /em®olE E{le] FF3drha
ATk, 2006).

AFms d7ld 2 di7isiste] Aol wlg Agge Adojvh Ay e
2 FAA "elA9lar, stor AR Aolw, FgA el ofyr] W&
of Aol E=A HIMHEE Aotk AFme trjddE Foley &
o] Fo] TAst= Aoz HIHA T (Carmichael et al, 1996, 1997).
Carmichael et al,(1996)2 1992-1993d % AFZolA HT 729
Azt Fit A A= sulfate(SOs ) 7.0 ug/m’, nitrate(NO3 ) 1.2 ng/m’,

e

ammonium(NH;) 14 pg/m’, natrium(Na') 1.66 pg/m’, potassium(K") 0.4
pg/m’, calcium(Ca'™) 05 pg/m’, magnesium(Mg'") 0.3 pg/m’, chlorine(Cl)
19 ng/m’ o= golew golo] HEHUTL Bt AdER
sheko] thefFstAl WolAdo] =kttar AestSlth. Carmichael et al,(1997)
2 AFEA A 1992-1995d =702 3d ] SA- oA+ sulfate(SOs ) 7.2
pg/m’, nitrate(NO; ) 1.2 pg/mt’, ammonium(NH,) 1.27 pg/m’ |, natrium(Na') 1.66
ng/m?’, potassium(K) 039 pg/m’, calcium(Ca™) 047 pg/mi’, magnesium(Mg ) 026
pg/mt, chlorine(Cl) 1.83 pg/m’ S0 go|23} okolo] A&Hrial B sty

71 d e Fes BRI il ks WHoldo] mka, AldH o
2% Wolo] =A YeEAttal &3tk Chen e al,(1997) 1992-1995
d Aol 3Wzke WY A AFAY 7)Aol sulfate(SOs”) 6.8 ng/
m®, nitrate(NO3 ) 1.2 png/m’, ammonium(NH,") 1.3 pg/m’, natrium(Na')
1.7 ng/m’, potassium(K') 0.4 pg/m’, calcium(Ca’™") 05 pg/m’, magnesium
(Mg 0.3 pg/m’, chlorine(Cl) 1.9 pg/m’® o2 &ol2¥} o]o] 1

=HAT L By 74 A2 AdAor sdes X don, sulfate,

A= A3L, chlorine §%& 10%4 % @A FAEATL skt di7] o]
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B oFw RN fYE Aoz FA
Lim et al,(2012)% AF 1A el 2007-2008 0] ZAAA AL
do Fo v AEA FFES PMIO 13.7 pg/m’, PM25 17.2 pg/m’, PM
10 284 pg/m’e2 ZAA7 Yo AW s g frex
A Fol Yol Edol AEH AT

o] el AFolA B di7]|del&= JolZ3 Folo] A o] EAG
th ool =o] WA wj= FA7F o] 3 EHA Fo] & Fo]Lo] T A
TolME BH AFEe thrjddx Fol

ox
i
e
Y
o
o
oz
N
Iy
2

ol AZEW #HE S7HA AREY FFd 93 &35 A=
of &35 Yell(Anthony et al, 2002), 1 oA &F3E &<t

Auks A2s FostA o F2(nbar e al, 1982), +& % A=

3 HaEA Y (Reilly & Stevenson, 1993). &2 AFS-4
oA Fol&e AEld syt FX A= Hil(Watanabe et al, 1997)
oF B4l AAR #EE AgEe] v RuHdn 53] ALEH 250l

3t E37F =dthE Hal(Terman & Terman, 1995, Terman et al, 1998,
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AA dA T FeE vERdTh AgEbs 7] Alol o] ®istE FA4 ke Ao
tHlee et al, 1977).

Sayers(1973)= Hit AgubsHols dAHSA = LA uhEAlole] 114
& dASA FAEH, FE 01 Hz=2 PAleHA Fgekar stk Wolf et al,
(1978)2 A A (sinus arrhythmia)S 7F FAA 4 A 3tz AL E

o]

o>,

daksol7h haw o]l AbdEe] Ykl shqivh Akselrod et al,(1981)
2 HRVE Aol F3k4 4 (power spectral analysis) 7S =934

ke A dlel os) A Al du5s w8kl A 247

A& e {FFdtel= AEE dtol HRV A+ Fefo] A& &
T3 EE RE dgow SikuEo] Aysts A7 HAh

Mukai & Hayano(1995)& WiElE £9] 28+ &9 A3Hs3 "t
Holol] )3k A tolA] HRVE LF(power in low frequency rage)$! low-level
tilt(10-30) el A w7174 o] &S W skA 9, high-level tilt(30-90) ol A=

AR RS gtk sielvh Lee et al,(1997)2 HRVAIZ

a
of YA ERAN dtHom Aty kgl theto] ofgfel o] 4

in high frequency rage) A%, d¢x4d 7|53 #do] = Mayer
wave'gtall A F3 0.1 HzS TACRE 3= LF A&, A2x4d, o
B, g A, s 2 ALex2dn dRgo] dE Fag
0.04 Hz ©]3}+= VLF(power in very low frequency rage)’d o]z} &}
2Ath. Malliani et al,(1991, 1994)& LF= w7Fal o] sk A E =2 AL8-3)
AL, HFg&e Fuzhal Aol gk Ax= Abgstlon, aA-&4l74de] o
& YEhd= Axe LF/HFHE ARtk Al dshs]of H5nxd7)
A2 3hs](1996) 9] 7F=giRloll A= S, Ak ¥ Fak o

3 AAlste] ThFst A aRAA Y Gt Ee} 2E41T
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(Reitman & Pokorny, 1974), A 9] o] &3 T2 Ao /a7t
Ao (Russell & Mehrabian, 1976), 2t &2 A~EHAE ¢3tA] 71 tHBaum,
Singer & Baum, 1982; Ulrich & Simon, 1986).
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1) e W =EE AN BER

AR-ALF RS B
H SARY ARE @
oA tziel 59 (A 1
A 143, ol 169ellth A ARe AT B45 fES delw
A7 AAE ol stm, 2xE %

Aoz Atz Aesitk(Table 1).

<Table 1> Subjects for researches

Contol(N) Test(N)
Method
Male Female Total Male Female Total Total
Cortisol 1 4 5 14 16 30 35
uBioMacpa 11 3 14 28 21 49 63
Questionnaire 43 42 85 85
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oy TEEHATE Y HE7HA el Fed o2 217 ol e,
T G 49 o] AHTable 1). A& 9 X+ Iz 24~7041¢]
EE2E Bl 3G 24~69419 £xE5 BT

3) AEA 24 A

AEA A ddAE F oI, FY v &S

k.

247} 439, o Z}7F
427 o] Atk (Table 1, 6).
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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)

<Fig. 1> Gotjawal regions and sites measured ion in the Jeju Island.

2) W} FAA

W AT Gt AFE RARAG AAFFAAFA 238 HEE
S

2013)ell A A A A TH(Fig. 1). 9747172 20179 69 28U 58 7€ 284
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<Table 2> Schedule for Gotjawal forest program

Time

Programs

Starting day

10:00-11:00 Arrival and Orientation

Pre-measurement: saliva  collection, pulse wave
11:00-12;00 L . .

examination, questionnaire
12:30-13:00 Lunch

Gotjawal walk on the promenade, move to the
13:00-15:00 ) .

measurement site until 15 o’clock

Post measurement: saliva collection, pulse wave
15:00-17:30

examination, questionnaire

* At 15 o’clock, the above three types of post-test were performed.

4, d7A4=8 H =+

DIETEEIE ER- T

i=] [e]
Efol FA1S

3l 282+ Salimetrics(PA, USA) 3JAbol A FF 38t =}

5.o]t}. Cortisol standards(NIST standard: 3.0, 1.0, 0.333, 0.111, 0.037,

0.012 ng/dl), Microtitre plate(Coated with monoclonal anti-cortisol

antibodies), tris—wash buffer(10X), Cortisol enzyme conjugate concentrate

(cortisol conju-gated to HRP), MB substrate solution, 3 M Stop solution

(sulfuric acid gt

o
T

). control £2] non-specific binding(NSB) wells(anti-
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cortisol antibody”} $l+ plate well). Precision micropipette(152} 25 nl),
Vortex mixer, Plate rotator, Log-linear graph paper % computer software
for data reduction, deionized water, pipette tips % serological pipette.
E}N A} BA I EE Salivary Cortisol Enzyme Immunoassay Kit(Cat
No.1-3002, Salimetrics, PA 16803, USA)E o] &3l 1, ZdoE H57]

+ Spectramax 190 Microplate reader( 450 nm filter, Molecular Devices,

China) & AF&3I

2) 93 4=

A =EE uBioMacpa A 7I[(F) wlo] Al A EHE, A& A
5

39-11, 718t &3 SolArh. AN EAE sta A
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7+ AERA FEs x27)dd @ 4 9ltd HRV(heart rate variability)

o] AR/ ERY dew 7] Aol AR WaE W, A%
Hom 7% ste] tehitt.
N e e $PEd, A7 AT B4R nh Awgel Wyl

At wagagel dFe vA AP e A& 45 A&
welo] gl olel FEAEe AW APBFWs utet AAAZE W

2 Qs AguEFe Wat 4o Ak A% Aol A3l
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3) di71& &A7]7]
go1del eoled serst) 98] th7le) s S AP 100~400,

2 Z2Ast9th U712 A ES EF3 Aoz fr)d F9
L9 B NGE 2~39d A ZA AE 7=

B71719] s 71 200 ar/s(AEE 40/%), Sl &FHEE 65%

10~2,000,000 o]</crt, S8H=AIZE oF 10x, 1 9 V &ZejdA 174,
<% °F 500 g, 74 160 x 90

s Ae Abgstglon, 24 e Ak AP A

4) HEA
AEAE WY Fud FATE stk Huel skt

5. Bt A H WU

A 35 | AGAAFEE & AP A Fol 7 134 5
A& AFHsk SAe . AF Fol =
stk 2 Feol IR AR 168 Js B2 FyAh AAAE
W& AT F A, A9, AA, VI 42 AR, AR
Eefe] EHE ASshs FHE TS @

tube 10 ml Abo]=)oll 4ke] Hopxl Efels & Wolx f{He| Hr5 o
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ol

tol b W o Wkt S e AR ol FHA e Aho]

2
S Aash HES ATk AAE 29 S 29 @e Fehad

[o

W= 7] (deep freezer)oll FZA3F thLo] AAlo| ALE3FSItH Table 3).

<Table 3> Steps of saliva collection and analysis

step: 1 2 3 4 5

) prior saliva walking forest post saliva .
subjects Analysis

collection for two hours collection

A

T

6. ZE 9 %

N
o

AR wEEe FFS ZA) sl EF FALS YA £
=

%+ FE]Z(Cortisol standards)®] &%=+ 0, 1.0, 0.333, 0.111, 0.037, 0.012

pg/dlZ A S 893, YEFS mean value® EA 89 tHFig. 2).

A W A - Fof] Ak} 35 o2 RE AH 3 Bl e ~EYA 2R
ol FHE 7S B3] st AL2]3edd -2 (Seoul Medical Science
Institute: SCL, A71%= 7]&F T9Y12 13)oA] AA|8deh AR =4

Salivary Cortisol Enzyme Immunoassay kit(Cat No.1-3002, Salimetrics,

USA)= 333t} Elecsys AEHE 42 G284 FAE AHEH 4

_43_



0.012 0.037 0.111 0.333 1.000 3.000
Concentration in pg/dlL

<Fig. 2> Cortisol standard curve

W2 Salimetrics3]AFe] MR A B = ool o] kit

AAe Bt MES 77 25 S g ”ste Fd o] E(plate)e] 7+7t

A g S(welDell Far 418 3|A kT M 25 ul F3te] zeroS2 NSB
A Fo Fh 18 1116002 A $ A conjugate (15 ul + 24 ml
assay diluent)?} =33k o vlE 200 ul& FHoto] Z7te] FHE &
of WolEZth pH M7Z HAMAE M7Zo] Wsl= A& St AHE
o] sxo] wepA Mz Wyl gtk BE &7 ZHoEE bH#1 5
rpmel A B H EFS A7l A2elA 55 BAE T FHolE
A2 9FA(1X wash buffer) &2 43]= A H3 3 Fo] BlotZ &t
o 7)ell z}zhe] Fell 200 ple] TMB €5 94S 7t ol @k 7k &4 o

EE 57F 500 rpmoll Al 33t Th thgoll thAl oF Ao A] 2583 W
A&t ool ZF Eoll 50 ul®l stop solutionS Eil 3%+ 500 rpmoll A

SIAIZIREE FEolE S Z3to] Aol Wl 10 o|uld] =S Microplate
Reader(Spectramax 190, China)® 450 nmol A A3ttt OD#<S o] &
slo] FEE dHEHS TFEFH(Fig. 2)S o] &3to] A3t}
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Light Sewrea (LED)

: A

1
Y
!

\

A B

i Transmission of
Inserted finger LED light

<Fig. 3> Insertion status of second finger tip on the clip.

a wave: initial positive wave(basic value); b wave: early negative wave; ¢ wave: re-increasing
wave, d wave: re-decreasing wave, e wave: diastolic wave. The ratios of the height of each
wave were measured(b/a, c/a, d/a, and e/a).(uBioMacpa, 2017; Takazawa et al., 1998). a: W3}
VRS 98 7183k b AuEe] AV 5, o 99 g8y 99, & #E Y 38 e

<Fig. 4> Systolic waves of acceleration plethysmogram of heart

rate variability
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9. 4735 Hol

e
ol

(1) A¥rA7] vle A

At E ] vl & (b/a ratio)ol™, A& WEFHD)ES 7IETF@E Y
= Aot} A4 7] (measurement of heart beating)® ¥ A&, 4Hk

=9 M7|ggo] ofg&2 wWol] WolHd 45 Foh(Fig. 4).
(2) A9 A A X (vessel elasticity level) v & &3
Aol dErbA (vessel elasticity level) 9] H]&(c/a ratio)S & #EHA

Z(E 7EF@Z YT Ao, B EZ FAIS Hola 7

Zo] gk &£ F F2 A4S yehdth(Fig. 4).

_—

Z
Sl

RS
f

(3) A#o dAY Y F(diastolic reserve) Hl & =74

>
o)
Lo
i)
r o)
=
o,
2
]
ol

(diastolic reserve) H]$(d/a ratio) ZHd = (c)
S VEF(a)R Y Aol IEEFo R FAISH Flola olglz ol
=

=2 AHE YERdY 38 & (diastolic reserve) “gF

Ir
=
©

N
o
&

(4) &34 Hl& g 54

A W& W3ke/a ratio)= F(e)s 7IET(@E Y FA Ot

_47_



A AL EFY (vascular age types)= f-H| Wyl o] & w W= RS
Hlo] Fgake] WslsE yglow xds slojt 3ra=nle] S3dake] Wl

= g o SREERl Ao Wl S degke] Wigd uie} wWstsi,

AR BFsla YrkFig. 3). B AE 2009 “7 7 (health state)”3F 3
] BE XS (normal state)¢l Fef(AH 30~50t) &), B
C 83 ei(d3e w37t 8y = 50 o)/de] g3 AH) “F9"(caution

state) @4, B DE “LF 9 (caution alert)” @A, B¢ Ex “Xdawt
(diagnostic state)” AH|, B} F= “Zv-2S=(diagnosis necessary)” T4, Ef

A4 G U (very bad state)(Z 3ol &y w37t Ak AE))S ®AIS
(Fig. 5).

Ao B rvee vee D ryee
El.p- F Troe G"-n-

OO0

Type A(health state) is for age 10~20, type B (normal state) for ages 30~50 in health.
C(caution state), D(caution with alert), E (diagnostic state), F(diagnostic necessary) to G(very
bad state) types for over ages 50.

<Fig. 5> Illustration of vascular age types
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g 2~A 4 2508t AEH AT A
g2~ AH, 35~450]8t= %x7] 2E# A AH, 45~50% AE# A A o]

okl A= A7), 600] e WY AEw AEE o s

(3) »Z&A(LF, power in low frequency range); 71173, &4
oAl =A Yehdth 2Ed 27 FAEE dEE 25U 54
Hoju #2072 Hak Holx A At T+ HGE~7.8) Wold A o

BusE Frh 58~65% 54, 66~72% 43, 73~78& 38, EEWS
Yol A Zh7h-E 27, dE] "Wojx o 1HdoR &
(4) 2 u7+ &A(HF, power in high frequency range); &3 &2
oju} o]k AHlolA =A YEIUATE B 24 FE A E 54
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¥ 91(35~67) el A
57~6.7°]" 53, 47~56°1"H 4%, 37~46°]H 34, EF
Wl el A f)Eelw 27, ol Felw 1go R Sk

(5) A&A7A FIH[LF/HF: ratio LF(ms?)/HF (ms?); mz7adAy X
wgge] MNEHES B A0R WYe] ARs} o), I g

A= 084 260H. 49 175 7oz ko] FH5-9 14~202 53,
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(7) BEHZ(RMSSD, Root Meas Square of Standard Deviation);
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=4, A, d=5d, I5E Ho Aolg AW EY] 9ot Ht Ao
HSQ ol W FH A (Two way Anova)S A A5

3) Tl Fol& FAHX AsHLH

EAA g SPSS/WIN EAZg 19 2205 &gatgon

M
4
i
=
L

2 Hytatol AF9 One way ANOVAE Abgatlom, W47k A=
<= A 74 (Pearson’s Correlation Analysis) 22 #4819 T},
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1 AFFA] B
D Bt AHH A=

EoAgs WAE@EE)0] AFEAd AES WEey] dat - 59
el cortisol e W& FAste= Zlo] HA o]l

AFEel AFstes A= 35|tk ool izl SH (A}
A9, FAH ) oA, A 309 o]l o
ol d#E = 04 60t o]2% TS olh tiEate 20UV 119,
40t 7F 17, 607} 3ottt A F a2 407k 19, 5017} 159, 60t) 7}
149 o] At} (Table 4).

FN

<Table 4> General characteristics of subjects for cortisol

Group Age 20 30 40 50 60<

Control No. 1 - 1 3
Test No. - - 1 15 14
Total. No. 1 - 2 15 17
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ZAF ARl AddbA AberS AR, RS 149 ol e, Eak 11
B(785%), o1/4de] 39 (215%)% HEtuth A3 499l o, T2t
289 (57.1%), o1/do] 211 (42.9%)=2 YEISTh AR F X+ dxae 24
A7y 49, 37A17F 19, 54417F 29, 55417 19, 57417 69 ol At A3
S 2097F 29, 30W7F 29, 40WH7F 29, 50t 7F 259 (51%), 60t 7F 13
(26.5%)°] 25 H G HTable 5).

<Table 5> Basic data of the objects for heart beat test

Control Test Total
Items
N(%) N(%) N(%)
sex M 11 (78.6) 28 (57.1) 39 (61.9)
F 3 (21.8) 21 (42.9) 24 (38.1)

age  20-40 5) (35.7) 6 (12.5) 11 (17.5)
50-60 9 (64.3) 43 (87.5) 52 (82.5)

Total 14 (100) 49 (100) 63 (100)

3) HEA 44 BgR

MERGAE F Yol om, 15 4

WA 5738 (Table 6)3 #th

aE, A%

oy
=
r |
o
e

b ’
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<Table 6> General informations of the volunteer subjects

Items sub-items Number Ratio( %)
Sex male 43 (50.6)
female 42 (49.4)
Ages <50 30 (35.3)
hl1< 55 (64.7)
normal 28 (32.9)
<normal 17 (20.0)
Health fair 31 (36.5)
<fair 8 (9.4)
severe 1 (1.2)
Condition in Good 22 (25.9)
morning fair 63 (74.1)
A 22 (26.2)
B 31 (36.9)
Blood types 0 19 (22.6)
AB 12 (14.3)
married 78 (91.8)
. devorce 2 (2.4)
Marriage status re-married 2 (2.4)
bereaved 3 (35)
Primary 7 (8.2)
Middle 9 (10.6)
Education level Highschool 44 (51.8)
College 24 (28.2)
Graduate 1 (1.2)
Public officer 3 (35)
professional 7 (8.2)
Manage 4 4.7
teacher 4 4.7
company 6 (7.1)
Profession self-shopper 11 (12.9)
laborer 3 (35)
service 10 (11.8)
home worker 22 (25.9)
agriculturer 11 (12.9)
etc 4 (4.7)
christian 7 (8.2)
catholic 28 (32.9)
Religion budist 26 (31.6
none 24 (28.2)
Total 85 (100.0)
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=
BN
=
10,
A
1

Abgk A3 AR (Bef)oll = 0.05~0.42 pg/dl

axr

Wzl el A3 ko] 7
o] Mel® ZRE9a, AEAMO] S 0.14~068 pg/dle] M= Zrhae
e Ui Table 7). 2w el AFA-AE mE]E Abold] djat
AS AASE A3 AFZ 019 pg/dl, A 0.34 pg/dlE YERLE AFS-7F AFA
W AR gEon], fol4E p<05 EolA folF AolE molA
= 9r9ktH(Table 8). wWehA Eele] 4% gzl SlojA Fold 2
w9,

[e)
oA Rgrons, Yere FA4L

ot

o7

fx

<Table 7> Basic data of cortisol measurements from subjects

before and after forest walking

Subjects Values(ug/dl) D subjects Values(ug/dl)

Grou D
P /sex/age  Bef Aft /sex/age  Bef Aft
Control 1F62 0.1 027 017 4AM63 0.42 0.68 0.26
“ 2F46 0.05 0.14 0.09 5F63 0.2 0.25 0.05

“ 3F60 0.19 037 0.18

mean of before values 0.19, mean of after values 0.34

Test 1M63 0.41 007 -034| 16M62 0.06 0.04 -0.02
“ 2F56 0.09 01 -001| 17F57 0.17 012 -0.05
“ 3M59 0.07 0.09 -0.02| 18Mb58 0.45 01 -035
“ 4M61 0.2 019 -0.01| 19M55 0.1 02 010

“ oM56 0.24 022 -0.02 | 20F45 0.1 015 0.05
‘ 6F60 0.1 011 0.01 21FH4 0.1 0.11 0.01
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“ TF69 0.18 0.21  0.03 22F62 0.2 024 004

“ 8F62 0.17 023 006 | 23M62 0.24 011 -0.13
‘ 9M63 0.28 018 -.010| 24F63 0.13 0.08 -0.05
“ 10F62 0.15 0.06 -0.09 | 25F59 0.09 056 047

‘ 11M60 0.08 0.06 -0.02| 26F56 0.13 0.05 -0.08
‘ 12M58 0.16 0.08 -0.08 | 27M58 0.18 0.06 -0.12
“ 13F64 0.12 019  0.07 28F62 0.17 0.03 -0.14
“ 14M59 0.34 01 -024| 29F52 0.15 0.09 -0.06
“ 156M58 0.09 0.09 0 30F59 0.05 0.01 -0.04

mean of before values 0.16, mean of after values 0.13

Abbreviations: F: female. M: Male. D: deviation(= After-before values), Bef: before treatment,
Aft: after treatment.

<Table 8> Analysis of salivary cortisol excreta of control
group after forest walking

Mean «
Con N (ng/el) SD PD t D
Bef 5 0.19 143
-.151 -3.234 .063
Aft 5 0.34 204

“p<.05, Con: condition, N: number of subjects, Bef: before treatment, Aft: after treatment.
SD: standard deviation, PD: paired differences. The abbreviations are the same in the
following tables.
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AT A= 30 BAS A A3 APd(Behol= 0.0570.45 pg/dl
017056 pg/dle] W= YERy:

(Table 9). °]E9] HdAEF A A= AFHLS 016 pg/dl, AFF-ol+=
0.13 pg/dlZ YeEUA AFS] st AEFS EAtHTable 8). A3+
o] "HelHE TAFoR AR AP APA-AFF] FEEF Ao
o 3k A AAs Ay AbA 016 pg/dl, AFS 013 pg/dlE UERY
AFEZE ARG GAlE YER o p<05 oA F2l3 xpo]E Ko
A= FUHTable 9). o]¢F #FAEE A== olH T & o $H(2014)°]

a7

1o,
o
do
ll
B\
ol
i,
32
]
>
o
>
:p
S
)

_

T g gt mEibeAAFEHAA AAg Aol w9

Agol A Aol 026 pg/dl, A= 0218 pg/dlE VEson, A4 o

2 Aol Aden ool ALl AR 0155 pg/dl, AFFE 0.146

pg/dlZ vebgton, AR E FoIHde Aoy Aeol= ASdTE A

AAoRE AFALS 0202 pg/dl, AFFE 0178 pg/dlE WEREoH | 73
}

e Aol Aol gadhe

Age glon BAMoRE FoaAE ke Aol mela gtk 1
P} AAA R AP Folt sEds FEEQ ZEE gastdt
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<Table 9> Analysis of salivary cortisol excreta of test group
after forest walking

Mean *
Con N (ug/dl) SD PD t D
Bef 30 0.16 .097
.033 1.279 211
Aft 30 0.13 103
*p<.05.

& Apolol| i A HA 2

i
=2
o)
rr
>
=
lo
o
o
=
=
BN
M
X
1t
o
S

of Fo3t zFo]E HolA] 9o

of Aol dHEaEY SA JEsen, o3 AolE HATH(p<.001)
(Table 10, Fig. 6). AR A= olH - & o] FgH2014)oM = HET
o glo] AHdS dxwem ARt & ATolME Abgols AT

o AFHE FAROR fol4o] Y FFolE molYuh
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<Table 10> Comparison of salivary cortisol excreta between
control and test groups after forest walking

Con Group N Mean SD PD t D
control 5 0.19 143
Bef 027 548 b87
test 30 0.16 .097
control 5 0.34 204
Aft 211 3.654 .001
test 30 0.13 103

‘p<.05, " p<.01, Tp<.001

0.4 -

0.35 1 034
03 -

0.25 -

0.2 - 0.19

0.15 - .K*.
0.13

0.1 -
0.05 +

Before After

The symbols: (M) is test group and (@) is control group.

<Fig. 6> Changes of cortisol amounts before and after forest
walking between the control and test groups.
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= ZAHAAE Asta, AFEe] Z=AH |

gk T EA(ANCOVA)C A= F=12.70, p=.001= fre]g ztol& H
Stk Z, AT A% grEnn dgiel dAon wEFol v

GEES S o & dth(Table 1), ABAOR AF 712 BAdAE A
3ol WA =EE FE0l WA e fegel Uitk

) =
= agas] Zah edrin B,

<Table 11> Variance of cortisol measurements between the
control and test groups after forest walking

s

Sources SS df MS F D
between
175 1 175 12.705 .001
groups
error 442 32 .014
Sum 1.577 35

"p<.05, p<.0l, p<.001. Abbreviations: SS: sum of squares. dfidegree of freedom. MS: mean
squares. Between groups mean comparison of cortisol amounts of the control group with

those of the test groups. are the same in the following tables.

10,
Ry
o
AN
o,
=N
)
M
X

5 4d ¢ dxad A8+

gaH)e] FEE H
AT 012 pg/diE el doider A
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2 W3slE Rolx &dtH(Table 12, Fig. 7). A&# o2 Aol oA
A=k

vl A & AP Fol AEA e o e wheS Hlvhal o
ol FARGE AT EE olH T & o]F&(2014)= HA Bl £ A
el Agel= Ad F= 0146 pg/dl

<Table 12> Average of cortisol values according to sex and

groups

Sex Group %\fge/ig SD N

Control 0.68 . 1
Male Test 0.12 .058 16
Sum 0.15 146 17

Control 0.26 .096 4
Female Test 0.15 139 14
Sum 0.17 137 18

Control 0.34 204 5
Sum Test 0.13 103 30
Sum 0.16 .140 35
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0.26
s=fll (.15

By

Male Female
The symbols: () is test group and (#) is control group.

<Fig. 7> Changes of cortisol amounts of male and female after
forest walking between the control and test groups.

6) 4E Jde WE AF SAHX Y BAEA

A B dxzad AEa AR ZEE SAAE AR AFSol g
THE AAS A A Al F=6.08(p<.05), "t F=24.13(p<.001), 4=
I k] AFa ) F=104.13(p<.003) = YEY FolstAl YRR THp<.01).

= gus ge] W =EE 549 Aolsl Aee o 4 ArHTable 13).
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<Table 13> Variance of cortisol values among sex, the
control and test groups after forest walking

Source SS df MS F D*
Corrected
.338(a) 4 084 7.751 .000
model
fragment 279 1 279 25.618 .000
before .002 1 .002 217 .645
sex .066 1 .066 6.082 .020
group .263 1 .263 24.134 .001
sex-group 113 1 113 10.404 .003
error 327 30 011
total 1.577 35
corrected
665 34
total

"p<.05,"p<.01, " p<.001. Variance: univariate analysis of variance.
3. BHAH (D) BHY W

857 A AVS ] AaA# (A7) % EFYY (vascular age types)
o] W3}l W&S UeERA Zo] Table 14, Fig. 8 #AlA&kc) thzate &
DAL E BFY 2 Abdol = Aol 29 (14%), BeF CEFY 2 ZF 67 (43%)
ojR ot 4kl & glo] AHA A 24 ko] A Foll = BEFY S ®gto] ¢l
RNot Aetio]l 4o 2o Frtslsl=dl o5 CEFYol 27 (14%)
< AERY o2 19(7%) DEFY S &2 Wslstdth xS SAASE

AT HYE AlE AR 19200120} 29 0= 190] F7be
itk Bele Aol 129(25%)01 Aot ATl 229 (45%) 0.2 1073
(21%)°] Z4sHaEu, o Folt GEYeIA 19, Cergel Bl A
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Aol 2178 (43%) 01N ot Aol = 23%(47%) .2 F7tskith. DEFYY S
ARl 109 (21%) 01 A ou AbSoll= 19 (2%) o2 UESH EBFd 2 A
HAell= 2 d%)elA o Atel= M or 25 DEfYjo= ®stglth F
FHALS 1o ® W gllth GEF 2 ARl = 278 (4%) 013

%
o T
S

Ae oz SAHEAT el Aol el wWutd w3} A
Fy)E w3k x)dd wet F718H a(r=0.80, p<0.001, y=0.02B3x—1.515),
w3t Ao 9y, 189, n8HAg a3y 8y A 23 59 o

Hol = 126% 9 A —0.06:0.36)= Leigh Aol gl thdak0.22
+041) BEv =3t s oh(p<0l). 3t £& AHHSA > A=
= g 24 el 2ot dva = 5 AT 2 Adsde] o

g ol 2 @7 wETI BoEs gt

¢

ol

<Table 14> Ratios of change of vascular age types before &
after forest bathing

Source Number and Percentage of vascular age types
Group X2
Time No. (%) No.(%)
Bef 2(14) 6(43) 6(43) 14(100) 5928
Control
Aft  4(29) 6 321 1) 14(100) p<.250)
Bef 1(2) 12(25) 21(43) 10(21) 2 1 2 49(100) 14.832
Exp.
Aft  2(4) 22(45)  23(47) 1 1 49(100) p<.025

#p<0b. Bef: before forest bathing, Aft: after forest bathing, Exp: experimental group.
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Symbols: control-Bef: red yellow & Aft: gray, experiment-before: yellow & Aft: blue.

<Fig. 8> Changes of vascular vessel age types of each groups
before and after forest bathing.
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<Table 15> Difference of vascular age index before and after
forest bathing

Group Time Mean SD t D¥
Bef -167 10.857

Control Aft -1.72 14656 -1.383 176
Total -469 13.064
Bef 708 18451

Exp Aft -2.00 17120 2576 011
Total 24 18287

“p<.05,”p<.01, "*p<.001. Abbreviations: Bef: before treatment, Aft: after treatment, and Exp:
experimental group. The abbreviations are the same in the following tables.

7.08

172 E

767
Control Exp

Symbols: (H): before bathing, (H):after bathing.

<Fig. 9> Vascular age types of control and experimental groups
before and after forest bathing.
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ol & &
ZtolE H A tHp<.05)(Table 16). =, AF-2]

A

1

0]
yul

1

0]
yul

A ZgelA= F=4.998, p=.027= 9]
F=5.389, p=.022% ]

-
a

v
7

il
B

ox

e

B

p-‘k
027+
629
022+

4561
4998

235
0.389

MS
1,270.669
123598
1,392.322
60.337
1501.308
218592

3

1

1

1
134
138
137

— 72 —

5SS

3812.007

123.598
1,392.322

60.337
1,501.308
31,331.297
41,202,000
41,143.304

" p<.001.

group and time

Source
Intercept
group
time
Error
Total
Corrected Total
“p<0,

<Table 16> Variance analysis of vascular age index between
group * time

Corrected Model

"p< .05,

gol A HekAd At



5. 24P & A - F Ada 7] (b/a ratio) 8] &3}

>
X
119
=
ol

(cardia output) Bl &W3H(b/a ratio)= A9 ¥WE(h)S 7]

rf
&
jab)

)2 Use Aoy, “AHkA] 7] (measurement of heart beating)” &

¥ A gt (uBioMacpa, 2017).

1) AFA AFF] 7ol

A8 A5 o 2AHYPAAE hETt 1493 AT 49H o7 Fu)wat
7|2 &3 b/ael FHIE ZAFSE v& @ (cardiac output) W3] AE

el Aolth(Table 17, Fig. 10). &2 AFA AFFo] Hit x| Aol
frelAdol gl Aoz yeiyt Adate] AlAI Aol A A Lt o

Apol= eldel A HERTHE<.0D).
1
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<Table 17> Significance of mean b/a ratio values of each

groups after forest bathing

Group Time Mean SD t D*
Bef -#411 15154

Control Aft -7639 19234 -1.249 220
AR -6049 20225

Exp ApS -7518 17081 2613 010

“p<.05, T p<.01, T p<.001.

02
=
L s
it
=)
o 08
c -0.6549
[ -
I 07685 07518
£ 08411
.1_
Control Exp
Groups

bathing. Symbols: (l): before forest bathingm( ):after bathing.

<Fig. 10> Mean values of b/a ratio of control and experimental

groups before and after forest
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v Ao AFFS] Hat A BAHEA A= IFldAE
F=8.142, p<0050.% F2J3t AolE H P, I1F37tol %= F=5.63, p<019
2 o3 AolE HATHP<05)(Table 18). 5, A9 Ao djzwHrt A9
ol Ao ® b/a HlE AErE Eol A AGHAY. AEAH R
A EA oA = ARdto] tixtol HlEjA AFESE Foll b/a BIE 17
= ol =4 UetuA ool AL A S s Edvhar &
Takazawa et al,(1998)2 # 3} 513 o] A& 7AAIH A A 6009
fdow SAE A3 b/adl&S volo wekA FrFHHa skl
S AbE 8-o] W] tiste] Wutye] Wt A4 WA= ZArt

£

rUZ
oot

W L
o,

<Table 18> Variance analysis of b/a ratio values between &

within groups after forest bathing

Source SS df MS F p*
Corrected Model 561 3 187 0.538 001
Intercept 60.537 1 60.537 1,792.065 000
group 20 1 205 8142 .006%
time 004 1 004 120 730
group * time 190 1 190 5630 019+
Error 4.527 134 034
Total 78599 138
Corrected Total 5088 137

p<.05, T p<.0, " p<.001.
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I

3 IFE H AE mE EAEA

4, Hebd b/a ¥ &l diete] AR FAF G A -g-o M=-80
A, AT M=708 o2 ey ddddo] FuiFow =4 dewe

2 e foFE p<05 FEAA feld Aol: wolth AFEs
250l F=LOT2 98 Aol% molx] $alth(Table 19). ol @ A=
Woluh 189 Aolk EAMCZ on] gl Aolrt n

<Table 19> Variance analysis of b/a ratio values by groups
and sex after forest bathing

Source SS df MS F D

Corrected Model 524) 3 175 5127 .002

Intercept 35.091 1 35.091 1,030.297 .000

group .045 1 .045 1.309 255

sex 221 1 221 6.500" 012

group * sex .037 1 .037 1.073 302

Error 4.564 134 034

Total 78.599 138
Corrected Total 5.088 137

"p<.05, “p<.01, “p<.001.
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of ARG L v&3td I FIF

A #Fe] dPEbAd T (vessel elasticity level)©] H]&W3Hc/a ratio)s= AEHA
E(F 7 (@R i TA o, B EZ FAISE Aot (uBioMacpa, 2017).

1) AE &

g8 ol Ued c/a M9 Wk A
WA dET 1497 A 4980] 48] A - ¥ cal WEE
Uz =

(Table 20, Fig. 11).
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gze A Ao BEA Aot 3AE Zraey feldel ¢

E Ao® dehdn, 49§ AT AT F4X B Fole 3
Aw gastgon feldel ¢l Uehith olH@ Aui AYS Fo

i)

89 b/ec v AHd e 2 o] vt #GE = g

<Table 20> Mean values of c/a ratio before and after forest

bathing
Group Time Mean SD t D
Bef -26 228
Control Aft -23 1% -4% 652
Bef =32 172
Exp Aft -3 127 918 361

p<.05, T p<0, " p<.001
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Symbols: (H): before bathing, ([)after bathing.

<Fig. 11> Histogram of examined mean c/a values of control

and experimental groups before and after forest bathing.
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<Table 21> Variance analysis of c/a ratio values between &
within groups after forest bathing

Source SS df MS F D
Corrected Model 249 3 083 2922 036
Intercept 9020 1 9.020 316936 000
group 221 1 221 77761 006%
time 000 1 000 005 W2
group * time 024 1 024 832 363
Error 3814 134 028
Total 17574 138
Corrected Total 4063 137

p<.05, " p<.0, 7 p<.001.

3) ZFE # A W dFEY 249

Bd, e ca WEel gt Amnm, el F9el M=—25%,
Agwe M=—-gen Uent Adiel gvden v dehtor 4

M
Me Ageel Aol oAz dAun w4 dehgeh gust %o A%

c/a M]&9] Aol Ay dFo] Adgste] g adE Hides &

T Utk 5, A O] mE /anl&e Aolrt EAIHem onvt S
[e3]
AN
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<Table 22> Variance analysis of c/a ratio values by groups
and sex after forest bathing

Source SS df MS F D*.
Corrected Model 492 3 164 6.154 .001
Intercept 6.232 1 6.232 233.852 .000
group .044 1 .044 1.641 202
sex .000 1 .000 017 .898
group * sex 161 1 161 6.036" 015
Error 3.571 134 027
Total 17.574 138
Corrected Total 4.063 137
p<.05, “p<.01, T p<001.
7. 498 F9 A3 AP wg A3

Aol I e zE 2 (diastolic reserve) W 3H(d/a ratio)E= 8 #=(d)
=2 7|EF(a)E Yae FHolH, Idgo g FAISE Aot} 7+ @(diastolic
3}

reserve)< “2%7] W2 o] th(uBioMacpa, 2017).
1) A8 3o I vl &9 WHld

A e 1483 A 499e] S A5 AHe da vlE
& AHE fFrHarl2 54¢ 38 F(resting blood volume)®] A&
LEbd o] th(Table 23, Fig. 12). tl&o] AR ARS-9] 3t 3] Aol &
ool gle Aoz detwth Afare] ARdH AbSe] FA A o

g

Aol ol ol A YEREH(p<O0D). o#d A= Abd S Fof

o] 7
L
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JFdFo wsk(d/a)dEel 2 &l FAva AT = vk

e

<Table 23> Significance of mean d/a ratio values of each

groups after forest bathing

Group Time Mean SD t D*
Bef -22 126

Control Aft -26 162 34 468
Bef -40 156

Exp Aft -32 164 -2.7106 008

p<.05, ' p<.0, " p<.001.

.

h

&

- 0.2

[ir

b} -0.22

5_0_3 -0.26

C -0.32

q

¢ 0.4

5 -0.4
0.5 - Control Exp

bathing. Symbols: (H): before bathing, ([ ):after bathing.
<Fig. 12> Histogram of mean d/a values of control and

experimental groups before and after forest bathing.
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2) ZdF e W ALY 23

M
M

xza Ao AL A wige] Hy X9 EAHEA oA
aF Wl e F=15.385, p<000o 2 3+ xpo]S HGar, L&kl A
F=4.0, p<048% 93 ztol= W I tH(p<.05)(Table 24). 3, AF5<]
of ETET Agare] AHHOR da ¥&e FE7F mof Hra

aly

H

7

2o} Takazawa et al,(1998)& &7t E-93n g FPo =z A7|= F+
A FrEE gy gk o AL&S Hrhstr]l A 398 (54+1141) 9
A Al angiotensin ¢FE Foldtm AstiEw otHS Hrbe E-
wWolbHo g2 =43k d/a H]E(d wave/a wave =olo| Tt H]E)S angiotensin
el o= —0.40£0.13914-0.62+0.192 oA AA A8 L (p<.001),
nitroglycerine # 2] %ol -0.25+0.12% Z7FsFAtH(p<.001). o]} o]
Gytol] A=l Hhgo] Hlgo] dyole FAH FE&etthe A s
A
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<Table 24> Variance analysis of d/a values between & within
groups after forest bathing

Source SS df MS F D¥
Corrected Model 5B 3 192 7836 000
Intercept 9722 1 9722 397679 000
group 376 1 376 15.385 000
time 017 1 017 634 410
group * time 098 1 098 4000+ 48+
Error 3.276 134 024
Total 18938 138
Corrected Total 3300 137

p<.05, T p<.0, T p<.001.

3) 15 R AW we WE

A, A d/a HlEol skl AdEd, gz Gl M=17%,

YT M=169 02 veht Ageel dumor v veson, 4
e Agwel Aol o7t dAnch R vehsch el F3el F-6.

36E 73 Hols HATH(p<.05). AFE e 79l F=1.38% 93t
2polZ Holx &skrh o]# 3 A= dar] &Y AfdE Al wE

Apol7h FAA oz ou7t &S & 4 AthH(Table 25).
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<Table 25> Variance analysis of d/a ratio values by groups
and sex after forest bathing

Source SS df MS F D*.

Corrected Model .046 3 .015 2.337 077

Intercept 1.561 1 1.561 240.135 .000

group .004 1 .004 677 412

sex 041 1 041 6.365" 013

group * sex .009 1 .009 1.381 .242

Error 871 134 .007

Total 4.644 138
Corrected Total 917 137

o) wure] £%718 AU olgrle] golE AneAAe] H&w
Bh(c/a ratio)= FgA este] ¥olE VBT ave] EolE i Ao,

Sl E EAIT Aot

1) Atd & & e/a H|& W3l A

A 2t 143 A 4978 0] A S 5o AU e/a HE
W3l A S ) o]t Table 26, Fig. 13).
2] AP AFSo] A Apol= ool §le AoE UEY
Aol AP AFFe] FAH X o] zpole {oldol dA dEu

(p<.028). olel@ Avp= AAE Fol Ao wste] Aol B o

fr
A
ol
o
i)
i)
|
i
_rg
>>L

_84_



63[:

o
et

Folcha gea & glvh

e

<Table 26> Significance of mean e/a ratio values of each
groups after forest bathing

Group Time Mean SD t D¥
Bef 18 075
Control Aft 16 069 577 568
Bef 14 081
Exp Aft 18 087 -2.234 028+

p<05, ' p<.0, " p<.001.

02 018 0.18
0.16

s 04

valuelHz}

01 1 A

2

005

Mean

control experimenta

Groups
Symbols: (H): before bathing, ([):after bathing.

<Fig. 13> Histogram of mean e/a ratio values of control and
experimental groups before and after forest bathing.

_85_



el

2)

B
~l
=

M
N

2.63, p<107=

F

s
a

Fol7b gl ar, 155 3toll 4]

A

1

0]
yul

_o/]

o

T

0.172, p<67=

F

N

Mo

M

B

I AFH S Foll e/av]

o14del 9l

o

UERA Zlo|tH(Table 27, Fig. 14). thxw2 A4

o

‘IT

o} A]

o] thxtol H]

+
ok
=

1) BFuee] AR-AF 3ol

A et

2 e/a Y

o A} AFF

=
A=

g A
AA HEFSETH(p<.009).

ol

o

Aol % ol gel

3t o]

0

¢

ol

er
|

R

q_mo

_86_



<Table 27> Significance of mean pulse values of each groups

after forest bathing

Group Time Mean SD t D
Bef TAT2 13.019

Control Aft 71.89 12.290 671 506
Bef .27 10.463

Exp Aft 7804 14929 -2.600 009

p<.05, T p<.0, " p<.001.

80
78
76 74.72
74
72
70
68
66

value (Hz)

Mean

Control Experiment
Symbols: (H): before bathing, ( [ =Fter bathing.

<Fig. 14> Histogram of mean pulse values of control and
experimental groups before and after forest bathing.
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<Table 28> Variance analysis of mean pulse values between
& within groups after forest bathing

Source SS df MS F D¥
Corrected Model 1287750 3 429250 2607 04
Intercept 58,2540.907 1 582,540.907 3537.35 000
group 48588 1 48583 2% 58
time 102.814 1 102.814 624 431
group * time 612.814 1 612.814 3721 050x
Error 22067467 134 164.683
Total 785,272.000 138
Corrected Total 2336217 137

p<.05, " p<.0, 7 p<.001.

4
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<Table 29> Variance analysis of mean pulse values by groups
and sex after forest bathing

Source SS df MS F D*
Corrected 1,173.554 3 391.185 2.363 074
Model
Intercept 375,162.467 1 375162467  2,266.366 .000
group 29.985 1 29.985 181 671
sex 5.285 1 5.285 032 .858
group * sex 698.463 1 698.463 4.219" .042
Error 22,181.664 134 165.535
Total 785,272.000 138
Corrected 23,355.217 137
Total

10. A4S 5 2EHEA T HE
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<Table 30> Differences of stress index after forest bathing

Group Time Mean SD t D*
Bef 50.07 15546
Control Aft 50.58 14.401 -0% 9%
Bef 5161 13732
E Aft 4960 12.008 778 438
XP

p<.05, “p<.0, " p<.001.

value (H

LY
] 19 i

i

Mean

control experimenta

Groups
Symbols: (H): before bathing, (@):after bathing.

<Fig. 15> Histogram of examined mean values of control and
experimental groups before and after forest bathing.

2) 2EHAAS A72 WFEA

BT 4ETe AR % AT YT sEdS FA] BAREA

A= aFHAAE F=01, p<9192 93k Zlo]7F QU a, ZF A=



F=0.209, p<7879.% {re]gt ztol= glAth(Table 31). =, At
HETuo Agite] AhHor ~EYA AFE Aol
Homz fro)Adel gl Adse aart 24 skt 2k

LSS

<Table 31> Variance analysis of stress index

within groups after forest bathing

between &

Source SS df MS F D
Corrected Model 104786 3 34929 1A 900
Intercept 24086392 1 240863926 1,339.598 000
group 1.849 1 1.849 010 919
time 13.243 1 13.243 074 87
group * time 37517 1 37517 209 649
Error 22,834.99%5 127 179.803
Total 35,7497.400 131

Corrected Total 22939781 130
p<.05, " p<.0, " p<.001.

gom, gue Agyue] ol oxpt dan s vherdth 4w
3 age] matel Aol foAF Ao F ol vk AGAIY B

ok F=728 #9& Zo]& Hol# gFskth(Table 32).

S A
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<Table 32> Variance analysis of mean stress values by groups
and sex after forest bathing

Source SS df MS F D*.

Corrected Model 287.962 3 95.987 538 657

Intercept 147,952.371 1 147,952.37 829.512 .000

group 10.988 1 10.988 062 804

sex 716 1 716 .004 950

group * sex 128.427 1 128.427 720 398

Error 22,601.819 127 178.361

Total 357,497.400 131
Corrected Total 22,939.781 130
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<Table 33> Significance of mean cumulative stress values of
each groups after forest bathing

Group Time Mean SD t D*
Bef 20 207
Control Aft 53 186 -433 663
Bef 46 219
E Aft 202 106 432
XP

p<.05, " p<.0, " p<.001.

04

=

gl

i

valus(Hz)

Mean

ool xperimenti

Groups
Symbols: (H): before bathing, ([X):after bathing.

<Fig. 16> Histogram of mean cumulative stress values of control

and experimental groups before and after forest bathing.
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Hzwa AdEe] Ad 2 AREe] &

EA A= ZF WA= F=264, p<l07= {9 & ztol7b gllal, 153t

F=05, p<481% H2l8 o] A THTable 34). =, A}&9] 7

ol T RY Aol diHoR AEHUS A= Aol UNA
5

AM oz ool glojx Agdae 37l A= oty

o
o
¥

A ~Ef 2 FA9 A

l-'EI

<Table 34> Variance analysis of mean cumulative stress
values between & within groups after forest bathing

Source SS df MS F D¥
Corrected Model 142 3 047 1.09% 353
Intercept 21.348 1 21.348 506.062 000
group 114 1 114 2.640 107
time 444006 1 4.440E-06 000 992
group * time 022 1 022 01 481
Error 5483 127 043
Total 33612 131
Corrected Total 5625 130

"p<.05, Tp<0, T p<001.

3 4% % Avd v 2EdE A5 2

Hm

SEE

2 2EY2aA g dgote] durd dixzae] 79l
M=45% 02 ety dFdto] dojFow vhA vE
wtom, AEE Ao Afol AR FAEG @A vesn AE
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Tl Zdel Aol frelgt AtelE Holx Gtk Ada el Aol
%= F=004% 93 ztolE& Hol#] kktH(Table 35).

<Table 35> Variance analysis of mean cumulative stress
values by groups and sex after forest bathing

Source SS df MS F D*.
Corrected Model 170 3 057 1.323 270
Intercept 12.771 1 12.771 297.367 .000
group .050 1 .050 1.156 284
sex 026 1 026 602 439
group * sex .000 1 .000 .004 951
Error 5.454 127 .043
Total 33.612 131
Corrected Total 5.625 130

12. A& & (a7 #FEe WA

1) 27273 &A(LF: low frequency)® ®H 3+

Al oz 1483 AP 49 0] S dSo] wihal

32

e

gel W
518 Fulmsts) 2 549 A9 e Solth(Table 36, Fig. 17). %
2ol A ARFS WA Aol foldel gl UEwT. Ad Uk
) AT AT FHH Bie] dolw felgel QA teku. ole

@ AT AAS Fol A BAAE Gl fokm BRT + AT
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<Table 36> Significance of mean LF values of each groups

after forest bathing

Group Time Mean SD t D
Bef 6.52 1.392

Control Aft 6.31 1214 437 666
Bef 593 1.134

Exp Aft 6.24 85 -14% 138

p<.05, T p<.0, 7 p<.001.

6.6 6.52

6.4

6.2

value(Hz=)

5.8

Mean

5.6
contrc

Groups

<Fig. 17> Histogram of examined mean LF values before and

after forest bathing.
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Grea AFT AL R AT F3F WAAABYE FHe 2

NEA A= IFdeAE F=216, p<lddZ g zbol7t glla, 1
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2 fo4el glold A

<Table 37> Variance of mean LF values of each groups after
forest bathing

Source SS df MS F D*
Corrected Model 5267 3 1756 1476 224
Intercept 3,69.788 1 3,69.788 3,107.726 000
group 2576 1 2576 2.166 144
Time 057 1 057 048 8%
group * Time 1534 1 1534 1.290 258
Error 151.032 127 1189
Total 5,135.060 131
Corrected Total 156.298 130

p<.05, " p<.0, " p<.001.

2) Ea7+A7 &A= (HF: high frequency) 3t

B R 149 AP 4990] e Ao yugadaye v
88 fulmsh ]2 4% 29 vehdl So|th(Table 38, Fig. 18). B2
o Abdl ARES] WA Aol Felgol gl vhebdth A¥E R 1F

of Apd 3 Ao SAA o] Aol folAdel §lAl vERE T ol A
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<Table 38> Significance of mean HF values of each groups
after forest bathing

Group Time Mean SD t D*
Bef 567 1.101
Aft 583 1.355 -372 712
Control
Bef 564 393
Exp Aft 0.5 873 521 604

p<.05, 7 p<.0, T p<.001.

56
I

wvalug(H=)
=

==
—ok

Mean

cortrol experimentd

Groups

<Fig. 18> Histogram of examined mean HF values before and
after forest bathing.
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F=5.85, p<446=

IEUel A=
DENAE F=411, p<523= 59
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<Table 39> Variance of mean HF values of each groups after

forest bathing

D*

MS

SS

Source

79

337

319

BT

Corrected Model

000

3,215.268

3045.535

3045.535

Intercept

group

033

031

031

time

523

411

group * time

127 A7

120.2%

Error

131

4278840

Total

130

121.252

Corrected Total

“*p<.001.

p<.05, "p<0,
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13. LF/HF H]

ot
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el Zlojti(Table 40, Fig. 19). &9 AR AL <]

ojidel gl vErst

SIRE R
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ool QA LhERtHp<.05). o]
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;OO

<Table 40> Significance of mean LF/HF ratio values of each

groups after forest bathing

p*

Time Mean SD

Group

109

114

Bef

Aft 1.09 122 1212

Control

168

1.06

Bef

Aft 113 132 -2.387 019

Exp

7 p<.001.

<,

p<.05,
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<Table 41> Variance of mean LH/HF values of each groups
after forest bathing

Source SS df MS F D*
Corrected Model 162 3 04 2623 053
Intercept 115961 1 115961 5626.374 000
group 012 1 012 583 447
time 003 1 003 134 715
group * time 089 1 089 4298 040
Error 2618 127 021
Total 161.730 131
Corrected Total 2.180 130

*p< 05, p<.0, * p<.001.

48, Ged LF/HF #lgol tjske] Awinw, o 1
ARE M-LI0GOR theht wsahA dehdom, gue Adie] 3ol
ofxfeh WA vl LhEbeth A 5ol make] A9l feld ol
2 wolgith. AFET Agolw F-13392 o3 AolE molx| ekglr}

(Table 42)
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<Table 42> Variance analysis of mean LF/HF values by
groups and sex after forest bathing

Source SS df MS F D*

Corrected Model 042 3 014 654 D82

Intercept 71.781 1 71.781 3,330.267 .000

group 034 1 034 1.600 .208

sex 011 1 011 500 481

group * sex .029 1 029 1.339 .249

Error 2.737 127 022

Total 161.730 131
Corrected Total 2.780 130

14. ¥ 79 8H(BPM: mean beat per minute)2] W3}

Yz 1493 AT 4990] AYs A - ol 3

ot

Fuluke] MEE fu)
Wyl 4§ A%E el ol th(Table 43, Fig. 20). tlze] A}
A ALse) Wira) Aol folgol gl el ARiEel A AL

o 247 R AolE felgel YA EETHp<05). ole e At

R

.

RS ol Azke] itwjure] wael o] 99l o & 9
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<Table 43> Significance of mean BPM values of each groups
after forest bathing

Group Time Mean SD t D¥
Bef 745 11.3%9

Control Aft 7377 12.333 182 857
Bef 72.28 11.109

Exp Aft 78.00 14.069 -2.260 026

p<.05, “p<.0, 7 p<.001.

80

78

value(Hz=)

76 74.55
74

Mean

72
70
68

contro

Groups

<Fig. 20> Histogram of examined mean BPM values before

and after forest bathing.
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<Table 44> Variance of mean BPM values of each groups
after forest bathing

Source SS df MS F D*
Corrected Model $6.375 3 282.125 1.809 149
Intercept 527070480 1 527,070.480 3319416 000
group 22.586 1 22.586 145 704
time 144.803 1 144.803 928 337
group * time 249.959 1 249.959 1.603 208
Error 19,807.550 127 155966
Total T30, 774.970 131
Corrected Total 20653925 130

p<.05, T p<.0, " p<.001.

15. 94 ¥ = HXH(SDNN) ¢ ¥ 3}

=t 1483 AP 498 9 A& Ao ek F3 A (SDNN:
standard deviation of N-N interval)®] ®3}& Fu|9 7|2 F4¢ Az}
£ Yeld Aolth(Table 45, Fig. 21). thZ&at9] AL AL$e] Hatx] Ao
= ool gl dEtwrh A AR bS] S A Wt zo]

%3‘_
= frolgel gUl ekt olel@ Avks Y Fol e WuEz
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Hape] Wste] go] gtk ddd = Stk

<Table 45> Significance of mean SDNN values
of each groups after forest bathing

Group Time Mean SD t D*
Bef 4324 21132

Control Aft 398 22,002 3381 106
Bef 3357 14.063

Exp Aft 3141 15906 721 473

"p<.05, p<.0, *p<.001.

50 43.24

40

value(Hz)

30

20

Mean

10

contro

Groups
<Fig. 21> Histogram of examined mean SDNN values before
and after forest bathing.
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WrEa 4YT AL R AR ST AABEAL FH ) B4R

Aol = 2FHAE F=6.175, p<0l14% 93k 2ozt dar, ZEZ

<Table 46> Variance of mean SDNN values of each groups
after forest bathing

Source SS df MS F D*
Corrected Model 2171213 3 723733 234 080
Intercept 129598.012 1 129598.012 412567 000
group 1,939.697 1 1,939.697 6.175 014
time 182.812 1 182.812 582 447
group & time 8933 1 8933 029 366
Error 39,834.030 127 314.126
Total 199,294.820 131
Corrected Total 42,065.243 130

“p<.05, p<0, T p<.001.

16. Alutd o] HF HA(RMSSD)9| H3}

izt 14789 At 499o] A4S H5o] Alvbde] it HAHRMSSD:
Root meass square of standard deviation)®] W& fo[Ha7|= =54
st AxE UeRH Zlo|th(Table 47, Fig. 22). &9 AR AFS-9] 4t
A zpol= ool A e Aol AL ALY SAHXA]
o Aol= ool glAl WEFHRTHPp<177). ol¥ gt A= Aty S $of
dyto] Aol Gt A|AAFe] Wsto] FaFo] fIATL FHET
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<Table 47> Significance of mean RMSSD values of each
groups after forest bathing

Group Time Mean SD t D*
Bef 3292 27.563
Control Aft 33.60 19.315 -079 937
Bef 3259 16.031
Exp Aft 28.12 16.803 1.360 77
36
';'_ 34 32.92
5 32
- 30
a
g 28
26
24
contro
Groups

<Fig. 22> Histogram of examined mean RMSSD values before
and after forest bathing.
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2] BARREA o =B Yo e F=588, p<4dbE 93k o]z Yl
IFFFANAME F=462, p<498%2 93t ztol= gt (Table 48>). =,
Fo] Af-o xRt Agdto] oz wWurgEHAe] 2ol

ool glolA g ge] w7l B ot

<Table 48> Variance of mean RMSSD values of each groups
after forest bathing

Source SS df MS F D
Corrected Model 700.057 3 233.352 688 561
Intercept 9%,693632 1 9693632 282.323 000
group 199.183 1 199.183 58 445
time 3676 1 84676 250 618
group * time 156616 1 156616 462 498
Error 43046.821 127 33891
Total 169,972.900 131
Corrected Total 43,146.877 130

*p<.05, T p<.0, *"p<.001.

17. 498 & AF2Eds yste) HE

22 Lo AR’ 5 ~EYA A Gy giste] ~AFS HAAE
A= (Table 49)d A A&+ %]
218" o2 YE, AFSe 0.3
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AFAgge] Agoll AP 253, AR 218 o & e ARSol 0.322
Aad Ans 4 = ATH(p<00l). BALTY FFol AbA 2498, A
2157 2 YEY, ARl 0338 A A3E o 5 Aoh(p<00l). A9
ot gl AMA 2574, AFFE 206" 22 YERY, AR 0507 A4S
ANE & F A (p<00l). =AAA BT Aol Abd 2574, A
T 234" o® yey, AL 0231 #A% A3E &4 £ o (p<00l).
BHAARAAe] Aol A 2533, AR 21838 0= yEry, AFS-ell 0.336
s A%E d 7 A(p<001). AFEske] A gol Abd 2384, AMS-
203%F o2 YER), AFFo] 0350 #A% AHE 4 4 dTH(p<.001).

AAA o AR rEH 2 Ao AR 2413, AFS 2178 o2 e

U, ARl 0237 #ad d3E 4 JAtH(p<001). o2’ A= At
o

S

=
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<Table 49> Significance of variation of official stresses after
forest bathing

Before After Mean
Items Differe t D*
M S.D M SD nce
Physical
) 2.15 0.818 2.12 0.676 -0.029 -.506 613
environment
Job
) 2.25 0.63 2.28 0.595 0.028 D91 554
requirements
Job autonomy 2.5 0.883 2.18 0.752 -0.322 -5.089 .000
Relationship
2.49 0.798 2.15 0.669 -0.338 -5914 .000
conflict
Job anxiety 2.57 1.000 2.06 0.797 -0.507 -7.18 .000
Organizational
system 2.57 0.788 2.34 0.679 -0.231 -4.035 .000
unfairness
Improper
2.53 0.775 2.19 0.67 -0.336  -5.970 .000
reward
Work culture 2.38 0.684 2.03 0.656 -0.350 -6.725 .000
Job stress
total 241 0.579 2.17 0.422 -0.237 -6.051 .000
ota

‘p<.05, " p<.0, 7 p<.001
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Bim Bus

MMean values(point)

Items of before and after forest bathing

<Fig. 23> Comparison of variation of mean values of official
stresses.

2 2.1
Ueses & El'?‘r(p<.001) olgl gt Ayte A £
ARE] AleE] AEAS o] Bah S-S BolEtH(Table 50, Fig. 24).
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<Table 50> Significance of variation of social-psychological
stresses after forest bathing

Time M SD MD t p*
before 2.32 430

-0.175 -5.418 .000
after 2.15 416

#p< 05, *#p<.01, **#p<.0071.

225 -
22 -
215 -

213

Mean values(point)

25—

N3 I

Before & after forest bathing

<Fig. 24> Comparison of changes of socio—physhological
stresses before and after forest bathing
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A7 BRI S =kt WstE AEd AdE du e, AR 233,

AE 2162 UEhL ARl AEj S e 2EH 2T} 0166 WA UEhtS
2 o F ATp<O0). oleld Avs EAL £ WAL F FHEA

<Table 51> Significance of uneasiness levels after forest bating

Time M SD MD t *D
before 2.33 402

-.166 -5.380 .000
after 2.16 407

*p<.05, **p<.01, **#p<.001.

235 ~ 23
23 -
225

2E 216

Mean values(point)

215

205 ——

—
€=
r=t
e
=
ot

Values of before and after forest bathing

<Fig. 25> The measured mean values of uneasiness levels
after forest bathing.
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<Table 52> 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
3 hamdeok seaside 2 3
9 geomunoreum 1 4
10 jeolmul forest 2 8
11 Mt. Halla 1,100 2 4
12 wonyang fall 1 4
13 jeonbang fall 1 4
14 Cheonjiyeon fall 1 4
15 Jeju city 5 20
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Greenish gotjawal areas: a: Hankyung, b: aewol ¢! 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)

<Fig. 26> Gotjawal regions and sites measured ion in the Jeju
Island.
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2) LYPAAFSE A9 S=H A

wAAFFH Hel A 5/ A BAH] 478 A3 (Fig. 27)°l A
A%k A= (Table 48)7 (Table 49) 2 (Fig. 28)3 (Fig. 30)°l #lA]st

LErrHE|

| s g

A course: 5 sites(A1 = field lecture room-1, A2 = rm-2, A3 = rm-3, A4 = rm-4, A5 = rm-5)
are on the ecological observation road about 1.5 km for ions measuring. B course: 4
sites(B1 = field lecture room-1, B2 = rm-2, B3 = rm-3, B4 = rm-4) are on the oreum
observation road about 2 km for ions measuring.

<Fig. 27> Map of the walking roads and the sites
of ion measurement in the Gyorae forest.
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(1) ARG AHE Fo|l2 F9 FF

AA o] Fgole 9 F4X 9 T& E= Table 530 #AA st Al
AA ] ol o e FAHA o] W= 69 289 11:30 AlAel= 519
jons/cm’e1 913, 7€ 59 09:28 A4 A A= 6655 ions/cm’®E Z7HEFY
3, 79 3ol 909.75 ions/em’Z 390.75 ions/cm’®2 F7helATh SAE
Azt mEkA AR WstEE S o g e, xAbg e

Aol o BolAe 79 old FFe ol b ARGy wud

at

A1 9] 62 243) =4 =9 HirS 689.88 ions/cm’o] R T},

A2AHe] 62 243) H# = 800.22 ions/cm’,

A3A 9] 62 243] ZA A HiFS 71862 ions/cm’,

A4 9] 52 203 AR T 743.35 jons/cm’,

A5 ] 42 163] = Ae] FFAE 7204 ions/em’ell o]lem. M
H A= 7345 jons/em’ol Rtk BE A oAl 24U W AJ7ke] Wsle] uw}
ZA] AR Lol9] o] WslelE AL B 4 dStH(Table 53, Fig. 28).

AFA Ao Fol2d Fol&9 TS 1991-1993del AAHA A
Carmichael ef al,(1996)2 1992-1993d %= AF=oA] A3 th7] 49

A7 i AR = sulfate(SO, )E 7.0 pg/m’, nitrate(NOs) 1.2 pg/m’,

[e3

ammonium(NH,) 1.4 pg/m®, natrium(Na') 1.66 ug/m°, potassium(K")
0.4 pg/m°, calcium(Ca’) 0.5 pg/m’, magnesium(Mg'") 0.3 pg/m°, chlorine
(Cl) 19 pg/m® o2 Lol o]0l AEHATT Busyrh HE
of Al E FFo] theFstAl Woldo] E=thal ekl
Carmichael et al,(1997)2 #5204 1992-1995d =714 31d 72
NME ARG 9 WollA  SeFolzol EAEH, Fol=9 FHEFol
=9 F7F Anal stk = 433 5(2013a,b)8 HEAA
AAFFE Ao th71d Al A= 33 ug/m’, SO, 1 ppb,

dr
fo ox

hed
rlo

o]
-

=
o2
juic
=)
o
)
}-H
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NO; 1 ppb, CO 0.1 ppme] AEH AL, T o olkego hrd =
Aboll A= PMI102 46~69 pg/m’, SO» 2 ppb, NO»- 16~18 ppb, CO™ 0.3

0.4 ppme| AZ== ATt

<Table 53> Anion & cation mean values of Gyorae forest—- A

point
. 1\'1‘:‘%1;1‘ 3
pow T T L S A
! anion cation dg\(’)ls 2

WAL 1130-1150 4 519 326 193 22,0 8 0 452 6. 28
WAL 09080928 4 6655 341 3245 2665 715 0 424 7.5
WAL 09:20-09:40 4 562 407 155 256 81 0 415 7.6
WAL 09:31-09:39 4 845 80075 5375 2613 7475 0575 444 7.7
WAL 10:32-1041 4 6285 53075 9775 58 8875 04 477 7. 10
WAL e 4 90975 82825 815 %55 76 0 427 7.13
Mean 680.88 53896 150.92 2528 8050  0.16  439.83

WA2  1159-1210 4 614 389 295 21.9 90 0 464 6. 28
WA2  09:36-0943 4 55025 228 32225 2625 8025 0 435 7.5
WA2  09:43-0951 4 12078 1202 10877 2505 6875 0 448 7.6
WA2  09:47-0956 4 1031 89825 13275 2645 70 0625 446 7.7
WA2  1050-1059 4 74875 58375 165 25.4 94.25 0 476 7. 10
WA2  09:43-0951 4 6495 6105 39 25275 83 0 455 7. 13
Mean 80022 471.62 3286 2505 8104  0.10  454.00
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ILA3 12:28-12:53 4 714 479.33 234.67 21.1 93.667 0 464 6.28
ILA3 09:50-10:10 4 498 162.75 335.25 26.1 84 0 444 7.5
A3 10:58-11.10 4 801 150 651 292 68 0 447 7.6
A3 10:16-10:25 4 1029.2 730.25 298.95 26.6 745 0 457 7.7
A3 11:13-11:21 4 652.25 444 208.25 25.5 95 0.475 456 7. 10
A3 9:57-10:06 4 617.25 454.75 162.25 25.8 83.25 0 458 7.13
Mean 718.62  403.61  242.32 25.72 83.07 0.08 454.33
A4 13:15-13:37 4 802 489 313 22.5 85.333 0 452 6. 28
A4 10:38-10:48 4 465.75 204.5 261.25 26.15 81 0 456 7.5
A4 11:38-11:48 4 980.75 672 308.75 26.85 76.5 0.225 470 7.6
aLA4 11:35-11:44 4 715.75 476 239.75 25.025 96.75 0.15 477 7.7
A4 11:35-11:45 4 752.5 540 212.5 26.725 735 0.45 470 7. 10
Mean 74335 476.30  267.05 25.45 82.62 0.17 465.00
1LAD ND ND ND ND ND ND ND ND ND 6. 28
A5 11:27-11:37 4 476.75 105.7 371.05 26.47 81 0 453 7.5
aLAS 12:18-12:28 4 1020.5 677.75 342.75 26.9 72.25 0.475 469 7.6
A5 12:06-12:15 4 617.75 407 210.75 2452 97 0.075 469 7.7
A5 12:13-12:25 4 766.75 513.5 263.25 26.67 72.75 0.1 470 7. 10
Mean 720.4 425.9 294.5 26.14 80.75 0.16 465.25

Total mean 108 7345 463.3 271.12 25.5 81.6 0.28 455.7

- 122 -



sgolee] A2 4L ol FFF £4H Ao wae @ Fi
glovt T AFE dFo] bk gFolee] 419 EAE FHold

& AAR o] & A7k Aolol AAl o, FFolo] Eakit

BAbe A7 gad mebd o §9e dehlE e Rysda

(2) AX9 9 XAE ‘%¥o]&(cation)? ¥

Fol2ol AS wHAAFEH ] ANG 571 A HelA 20173 69 28
AFE 7Y 139 Abo] 6dztel ST ol H A= (Table 53)°l
AA AT AlA 2 S0l 69 289 11:30 A Aol 326 ions/cm’©] )
o1} 79 55U 09:28 Al AolE 341 jons/em’® 7HAdHE AdFo] e
Goh 79 7delE 407 ions/em® 2 ZF7letdth. A AT A7l wat
M FEA R o]9] Fakol Wil AL & 7t th(Fig. 28, 29).

A1A 9] 63} 243] 9] Fol ZA A W& 53896 ions/cm’o] AT},
A2A 9] 62 243] kol WA= 471.62 ions/cm’,

A3A R 9] 62 243] == ¢] HirL 40351 ions/cm’,

A4A A ] 52 208 ZA 9] HT-S 476.3 jons/cm’,

A5A A 9] 42 163] =4 HTFA = 29761 ions/cm’ololgom. A

N

%

it

AGAAE ARe AT FASA FHAE
FAbSA Wabshe e BEY & Atk aleA s Jud o

A Walrh Brha g, Fdel A9 uldel gl glehd Aol



27 ke 7b dee] Btk AN AAHOR FolLe] 7 ol
2o Fnth =7 e
1300 -
1100 4
000
£
ol
= 700
=
=]
500 4
2 A1 —B-AD A3 —e— A4 — AL
300 T 3 . T :
1st 2nd 3rd ath 5th 6th
Times of measuring anions at A sites
<Fig. 28> Timely variations of anion numbers by A sites.
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o900 |
—m— A2
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ik —e— A3
m = _._.-'-'\4
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<Fig. 29> Timely variations of cation numbers by A sites.

aAE we A Sgolee] HolE APHE F3F BAEE &
o

o] 3=Fe] ztolE yERW Zlo] Table 48, Fig. 31l #|A&t

(3) BN Y9 &o]&(anion) 9 TF
WHAAFLEH BAA FFol o FHA 9 HFF 892 (Table
54)o A A TE 20173 7TE5UFEH 13U Afele] 1~3Y 3
g 47 A AA Fit ol 9 L 780 ions/em’, Fol FF
37955 ions/cm’ol oM, 7] L5 276T, ¥5= 80%, £4S 0.1 m/
sec, =74 A A9 st 1%+= 477 mo| ATt
B1A e ol HAA Wl 79 59 1553 A4 = 732.25 ions
/em® 79 69 16:05 Aol 8175 ions/em’Z ¢k 8525 ions/em’E 7}
s, 798 7Y 13118 Al A= 1,451.25 jons/cm ® 719 ions/cm’® Z7}
gt BIAE e 53 gol& AR 9 WS 890.35 ions/em’ ©] T},
e B2 A 99 43 2HA 9 HFS 760.31 ions/cm’, B3 A9 ¢] 53] =
Aol H-e 74965 ions/em’, BAX ] 43] 2R A HFLS 702.94
ions/cm’% UEFSETH(Table 66, Fig. 33, 34). & A oA A|zbe] w3}
of webA FAIR Fol e FeFol Wkt AE = o AAT BAY
AA 42 He] A ] Hte Zol&o] o] 780 ions/cm’ o] T},

QAo it 2EF 276T, 5+ 80%, 5 0.1 m/sec, iLxE+= 477

I
A\

=

o] AtH(Table 49, Fig. 31).

(4) BRI g9 o] (cation)e] 3
B1A A o] ool =A 9 WMalE 79 59 1553 A A= 4885 ions/c
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= 1505 ions/cm®Z 9F 338 ions/cm’Z 74 E)

8
w
A
e
D
e
—
<
o
Q1
>,
)
=2

A3, 79 79 13118 A Al 4415 ions/cm’® F7Fekglth. B1A A 9
53] ko] & =AA9 WS 48695 ions/cm’o) ATt THE B2 A <] 4
5] A9 HFL 32625 ions/cm’, B3A| 9] 53] =49 HiS 321.
15 ions/cm’, B4x A o] 48 Z4 o] He 38369 ions/cm’Z LpEFEETH
(Table 54, Fig. 32, 33).

BA Y AA 444 24 Fite Fo]o] Feko] 37955 ions/cm’
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<Fig. 30> Comparison of daily estimates of anions and cations at

the sites Al to Ab5.
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<Table 54> Anion & cation values of Gyorae forest- B points

Mean 3 Wi
(ion no./cm nd
Fre Humi  vel  Altit
Places Time que Deviati '(I:gr)np dity ocit  ude t]e)satte%
Ncy  anion  cation eviatl (%) v( (m)
-on S
ec)
Bl 14:09-14:18 4 732.25 488.5 243.75 272 78.75 0 441 7.5
1Bl 15:58-16:05 4 8175 150.5 667 28.425 77.25 0 445 7.6

Bl 13:18-13:28 4 1451.25 4415 1009.75 29.725 67.75 0 450 7.7

Bl 14:30-14:39 4 632.25 332.75 299.5 26.225 85.75 0 487 7. 10

uB1 13:43-13:52 4 8185 161.75 656.6 29.7 73.255 0 454 7, 13.
Mean 890.35  486.95 403.34 28.26 76.55 0 455.4

B2 14:43-14:53 4 737 400.25 336.75 27.075 81 0 459 7.5
B2 16:18-16:27 4 706.5 246.5 460 26.15 95 0 453 7.6
B2 13:47-13:56 4 824 1355 688.5 28.95 68 0.22 464 7.7
B2 14:57-15:06 4 773.75 522.75 251 25.75 89 0 498 7. 10
Mean 760.31 326.25 434.06 26.98 83.25 0.06 4685

B2 15:53-16:01 4 755.5 198 557.5 29.15 7725 0 469 7.5
B3 16:42-16:51 4 636.75 361.25 275.5 25.525 99 0 468 7.6
B3 14:16-14:26 4 856 356 500 216 78 0 471 7.7
B3 15:24-15:33 4 768.75 503.5 265.25 25.625 83.5 0 517 7. 10
B3 14:32-14:41 4 731.25 187 544.25 285 81.5 0 486 7.13
Mean 749.65 321.15 428.5 27.28 83.85 0 483.4

B4 16:11-16:22 4 638.5 233.75 404.75 31.075 65.5 0.9 493 7.5
B4 17:33-17:42 4 916.75 756.75 160 25.95 80.25 0.3 535 7.6
B4 15:01-15:10 4 650.75 143 507.75 29.125 76 0.28 499 7.7

B4 16:02-16:11 4 605.75 401.25 204.45 25425 80.25 0 477 7. 10

Mean 702.94  383.69 319.25 27.89 7550 037 501

Total mean 72 780 379.55 400.45 27.6 80 0.1 471
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<Fig. 31> Timely variations of anion numbers by B sites.
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<Fig. 32> Timely variations of cation numbers by B places
measured.
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<Fig. 33> Comparison of daily estimates of anions and
cations at the sites Bl to BA4.
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<Fig. 34> Comparison of mean cations measured at B sites.
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3) AVt FA2Y Lol Fo BA

Aol FAze] 244 AlT A2A el A 79 17U 5ol 27} 43

AN =3 Pt xS (Table 55)° A A3k} T}
AX el 27) AlT A2 A A9 AA HiF Lol FHL 9375 ions/cm’,
ofol & e 300.75 ions/cm’olPom, W] 2EE 2901TC, HEE

64.13%, F%2 041 m/sec, 574 A9 % 1EE 702 mo] AT
Al7 A2A] A 9] Fol FAH A9 Wl 14:02~14:27% Abole 807.59
Al 10675 ions/em’® °F 260 ions/cm’® Z7FSFATh AlT A2XH o] o
o] & A=A 9] WslE 14:02~14:27% Aboldl] 53.7501 4 547.75 ions/cm’ &
k494 ions/cm’Z F7}8kgl Tl
FARA A A M 2 AlZke] Wste] wEta] FAIR Fo]23 o] 9

ol Wgtsl= AS & 5 AU Fol23 Fol22] F= 14:20 ARel7t H]

et

K

<Table 55> Anion & cation values of Sungpanak rest resort

) Mean . ) ]

LG U R
Places Time -uen Temp Humidity .

v o itym e tested

cy . . C (%) Jsec)  (m)

anion  cation sec m
ATAL 14:02-1411 4 8075 5375 30075 60 035 700 7. 17.
AIA2 14:18-14:27 4 1067.5 547.75 27.95 68.25 0.475 704 7. 17.

Mean  14:02-14:27 8 937.50 300.75  29.01 64.13 0.41 702 7. 17.
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4) A H w9 FFol29 FHA &4

e 2o ) AR Alsk A2 HA ool 747 484 =7
2] & (Table 56)°l #lA]&}t}.
AAele) 27 Al A2 AH el A BE Sole FE 86075 ons/em

o
o,
&

ol L 48263 ions/em’ol e, W7l LEE 2916C, FEE 59.63%,
TEE 086 m/sec, A A9 T aLk+= 535 mo] Ut

Al A2A R 9 ol S22 Wste 10:38~11:20% Akolell 805.25
oA 91625 ions/cm’® °F 111 ions/ecm’® F7batglch. Ald A24 3 €]
o] & ZA2 9] Wl 10:38~11:20% Atolel 57575914 3895 ions/cm’ &

o
O

°oF 186.25 ions/cm’® 7FA 39l Th.

FAPA A AJgEe] ®Wstel] webA AR ol 23t ol
ol Wgtet= e = g AT Fol2d = 11120 Fo] Hlud Ut
(Table 56). I %=+ 535 meo|il, T4 0.86 m/sec vFEo]l ATt 3
@ s,

<Table 56> Anion & cation values of Halla eco forest
Mean
Places  Tme [, — T Tem>mge G S Date

anion cation

HAallla 10:38-10:47 4 80525 57575 2965 5775 0475 535 7. 17.

Hglgla 11:11-11:20 4 91625 3895 28675 61.5 1.25 534 7. 17.

Mean 10:38-11:20 8 860.75 482.63 29.16 59.63 086 53 7.17
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5) S5 £ANY oL Fole £54 54 BA

sUEA o 27 AHQ Al A2x|Hell A 7€ 199 ¥ Z+7t 4
3|1W A% Jd A& (Table 57)o A|AI8FATE

Al A2 AR e dA Hit gol2 o =2 1,073.15 ions

Jem®, ¢Fol& 4 FFL 15483 jons/cm’oloH, U7 LEE 3165C

Tt 61.75%, 552 0.0 /sec, 54 A9 s k= 167 melATh

AlT A27] 9] Fol& 449 Wshe 15149~16:03%F Akelel 1,091.8
~1,0545 ions/em’® °F 37.7 ions/cm’® 72t AlT A2AH o] %
o] & ZA A9 WMt 15:49~16:08% Atolo] 163.75 oA 146 ions/cm’=
¢k 17.75 ions/cm’® 48K

FAFA A AN AIZES] Wighe] wrEkA] FAR Fol ¥ ol T

o] Wglsl= Ae & F UM Fol&9] = 164 4ol H]

<Table 57> Anion & cation values of Dongbacksan forest

Mean
(ion no./cm® . .
. , Freq- Temp Humidiy ~ Wind - AlC - p
Places Time tency . } C) Rt ‘(S}}’:ég <1£11§1)e teieg
anion cation
Dong
back 15:49-15:57 4 1091.8 163.75 31.9 60.25 0 167 719
Al
Dong
back 15:59-16:08 4 1054.5 146 314 63.25 0 167 7. 19
A2
Mean  15:49-16:08 8 1,073.15 154.88 31.65 61.75 0 167 719
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6) AHEUE AN Fol T Fol el A X A

o] 271 A Al¥} A2A HollA 7Y 178 5o 717}t 43
A =38 P2 S (Table 58)°) A A3} T},
o] A1} A2 A A9 AA H &

o

e ]2 3T 745 jons/cm’, %o
& TS 27775 jons/em’el o, 7] &% 2858°C, FEE 73.75%,
a5

= 484 molAtt. %7 v A

Al3F A2A 9] Fol2 FAX ] WSk 14:49~15:138 Alelol 6749l
A 816 ions/cm’® ¢F 142 jons/cm’® F7Fetgith AlF A2A] ] ool
& Z2H A WEE 14:49-15:13% Apolell 25775014 29825 ions/cm’®
°k 41 jons/cm’% F 7}k Tl

FAA R AN = AR W stol] wheha] AR golRah oo kol
Wstsle 2e B AATh ol e 164 Aol B3 E=SktH(Table
58). IEF 484 molR i, FT5L 0 m/sec HFHEo] §ldva dAw+ Sk}

AA7F A HE G o] o7 A U= Aol AT

<Table 58> Anion & cation values of Saryeoni forest path

Mean
(ion no./em” . Wind Altit .
Places Time ngf; ’(I“(er)np Hug’}i?lw ‘(’f;'};%?) ?rf)e Ejgg
anion cation
Sar}{‘f(’“i 14:49-14:58 4 674 25725 29175 71.25 0 486 7. 17
Saﬂ{g‘“ﬁ 15:05-15:13 4 816 20825  27.975 76.25 0 482 717

Mean 14:49-15:13 8 745 27775 2858 73.75 0 484 7.17
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) BHFEAY Lol FolL FH £ B

FeE o 27) }He A1y A2 HANA 79 18U 5o 747} 43
A =A% H# S (Table 59)00 #4813t}

AA ] 270 Al3F A2 Ao HA B 2ol S 843 jons/em’
ol e 7465 ions/em’ol oM, W7] £EE 27T, FEE 85.88%,
TE2 054 /sec, A A9 T k== 4835 mol AT

Al A2A] 9 fol FAX9 Wk 10:41~11:07F Apelel] 8430
Al 899.8 ions/cm’Z <k 56.4 ions/cm’Z Z7}EFAth AlT A2 "o %
o] =AA 9] M3t 10:41~11:07% Alele] 7465914 713 ions/cm’=
ok 335 ions/cm’® 7484t

FTAPA A A A AR Wstel] mpeba] FAR FolF ol I

(o3

of Wslsl= AS & F AUgvh ol F= 2 104 Aol HuH
%

itk wehar)

<Table 59> Anion & cation values of Halla forest garden

Mean

(ion no./em® . Wind Altit-
Paces  Time 3, TRy e
anion cation
Halla
forest  10:41-10:49 4 343 746.5 25.95 92 0.53 181 7. 18
Al
Halla
forest  10:58-11:07 4 899.8 713 28.1 79.75 0.55 796 7. 18
A2

Mean  10:41-11:07 8 871.40 72975 27.03 85.88 0.54 488.5 7. 18
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8) BAANY o] & &9 24 FX BA

AR SE FF 47 AH Al A2, A3, AdA ] 3Ue] AAA 2
ol Z+7t 434 =43 H# S (Table 60, Fig. 35, 36)0 A A8t o},

AR 9] Al, A2, A3, A4 A e AA A4t Fole TS 7215 ions/
cm’, %ol TS 4012 ions/cm’olQem, 7] LEE 265C, FEE
70%, &5 5.6 /sec, 58 A9 Y L= 365 molATH

AlA 9] 4U7re] Fol& X9 W 14:14~16:44% Abolol| 366
oA 12118 ions/cm’® ¢F 8458 ions/cm’® F71atith Al1AH ]
& AZre] SFol& Ao WMsli= 247.33004 890.75 ions/em’E o 643.42
ions/cm’Z Z 71383t}

A27 - o] 3YUTFY] ol FAHAC] Wsh= 14:27~1650+ Alolol 522.7
oA 1,0255 ions/ecm’® °F 502.88 ions/cm’® F7}etglth A2 Mo 2
& A ZFo] kol ZA X WElE 2423 o4 8145 ions/cm’® oF
572,2 ions/cm’Z Z7138+S

A3A A A5 143 ol FAA = 14:5658~15:22% Abolol] 5227
ions/cm’ ©]9lom, A3A|H O] e Azbrfol ol ZHA A o] wWEl= 2023

ions/cm’o] Tl A4x|H 9] AH9o= Soleo =4

2
o]glal, Yol2e] =4 £ 401.2 ions/cm’ol ATk el F ASlE 1

At ANFE BF RAAGAMNE Azke] Wkl metr] FAR ol
23 ol o el Mass AL B 5 YUk foled Ft oF
14:20 7o) vl A =tk AA Hi I%+ 360 mola, 452 056
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<Table 60> Anion & cation values of nature and human farm

’ Mea/n )
Paces  Tme M Tew MO M AQ Dae
anion cation
N?Xlllre 14:25~14:46 4 455 24733  26.333 64 1.3 365 628
Fj‘\rlm 13:58-14:08 4 366 2955 26225 7075 1325 369 7.5
ngm 14:14-14:23 4 1211.8 890.75 26.375 72 1375 372 7.5
Fgflm 16:35-16:44 4 676 20375 29675 69.75 0375 338 7.17
Mean 677.20  431.83  27.15 69.13 1.09 366
Fj‘\gn 14:58~15:22 4 522.7 292.3 26.27 63 137 365 628
Fjgn 14:27-14:30 4 10255 8145 27.35 69 0.75 377 7.5
Fgfzm 16:49-16:58 4 808 242.3 28.88 72.3 0.75 356  7.17
Mean 785.40  449.70 2750 68.10 0.96 366
%;55} 15:20~15:50 4 739 445 25.8 69 253 364 628
Fj‘\ilm 16:12~16:33 4 690 385 2593 74 11 364 628
Total  y358-1658 36 7215 401.2 265 70 568 365
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<Fig. 35> Timely variations of anion numbers in the nature and

human farm.
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<Fig. 36> Timely variations of cation numbers in the

nature and human farm.
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gl Sde] 270 AxQ AlR A2 Hol A 2017 79 199 A

742y 431 Z43 A S (Table 61)°l A A8 At

ARGl AlY A2 XA AA Hi Lol TS 409.13 ions/cm’

ofo] & dFEFS 14375 jons/cm’ol P oH, 7] 2% 2912T, R 84,

K

13%, F42 131 /sec, 54 A99 d 1%+ 38 meldth

AlT A2A -9 Lol ZAHA 9 WMaE A 10:41~11:04% Alo] o]
3847501 A 4335 ions/cm’® ¢F 4875 jons/cm’® F7Fstgith Al A2
A o] kol ZA o] WMt 10141 ~11:04% Abolo] 15825004 129.25
jons/cm’Z ¢F 29 jons/cm’® 7FA 3ol Th

FAFA A A = AIZEe] ®igte] mhepa] FAR Fo] &3 YFolo B
of Wgtel= A& & F UM Fol9 F= A 114 Aol Bl
=94 tH(Table 61). 1%+ 38 mo| A

al
9lov], uhrhrkel ) gol e o] &o] X7} vtk B,

oftd
b
rlo
—_
w
—
=3
2}
@
(@}
it
T
-
L
o
2
o~

<Table 61> Anion & cation values of Hamdeog seaside

Mean A
F (i /em? e Wind tit
Places Time ’grgg on nosem ;I:éegnp Hugidity V?{é%)tv *(trlr(li)e gftgg
anion cation
Hafg‘%e()g 10:41-1050 4 38475 15825 289 8525 163 41 7.19
Haff;;eog 1055-11:04 4 4335 12925  29.33 83 098 35 7.19

Mean 10:41-11:04 8 409.13 14375 2912 84.13 1.31 38 7.19
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10) ARLE A9 Lolev Fol&d 24 2 BA

U

ARQE A 374 A Al A2, A3 A H 9 7+7} 4
X & (Table 62)° | A3} t}

l

X
[
o,
ro
o

AA e Al A2, A3 AHe] 283 =AF AA B Lol FFE
1,012.42 ions/cm’®, oFol& T 5297 jons/cm’olYg o, 7] Lri=
24T, == 73%, T2 01 m/sec, =4 A9 2 7%= 3987 m

o] Att.

AlA R o] 83]9] gol& Fit Ao WM 9:12-9:219F 14:30716:40
B abolo] 122875914 1,044.25 ions/em’Z oF 1,845 ions/cm’® 3438}
Atk AlAR 9] Fol A9 Wk 1085014 2715 ions/em’=® < 8
59.75 ions/cm® T ZFAEGTE AlX A AA HIEXE Lol =3

2= 1,13650 ions/cm’, %Fo]&S 678.25 ions/cm o] 2 T},

A27]¢] 83]9] Fol FAX W= 9:31~9:1409F 14:47~14:56%F
Abolol 1,180.75¢11 4 912.25 ions/cm’® ¢F 2685 ions/ecm’® 74 38klTh
A2A) 0] 2 Aol ol ZA R o] WEl= 945759141 1515 jons/em’
2 9F 79425 ions/em’ WHEF Fasklth A2AH 9 A HHEAE Lol

3

o] 242 1,046.50 ions/cm’, 9Fo]- &S 54863 ions/cm o] $1T}.
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<Table 62> Anion & cation values of Geomunoreum area

Mean
(ion no./em® .
. Freq- Temp Humidity x\tllgg Allit= by te
Places Time uency () (%) ty(k Fde tested
m) m)
anion cation
(XT 9:12-9:21 4 1228.75 1085 24.725 82.25 0 353 7. 17
Ge- _
Al 14:30-14:40 4 1044.25 2715 31.475 68 0.25 412 7.5
Mean 8 1,136.50 678.25 28.10 75.13 0.13 3825
Ge-
A2 9:31-9:40 4 1180.75 945.75 26.35 79 0 372 7. 17
Ge-
A2 14:47-14:56 4 912.25 151.5 30.2 67 0.13 431 7.5
Mean 8 1,046.50 548.63 28.28 73.00 0.07 4015
Ge-
A3 9:48-9:57 4 9115 631 27.15 74.75 0 382 7. 17
Ge-
A3 15:02-15:11 4 797 935 30.175 66.75 0.23 442 7.5
Mean 8 854.25 362.25 28.66 70.75 0.12 412
Total mean 24 1012.42 529.7 28.4 73 0.1 398.7
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A3 o] A9 839 Sol H ZAAE 948-9:5737 15:02-15:11 Al
7+ Abolel 9115 ions/cm’olA] 797 ions/cm’Z 1145 ions/cm® W& 7
g om A3A e e Azte] ol =4x¢ W= 631 ions/cm’
oA 935 ions/cm’® 537.5 ions/cm’ BHEF AT A3 e AA o
FA = Sol2e 24 A= 82550 ions/em’, %Fol2-2 362.25 ions/cm’o] ATk

AAH oz FAHUo] FdatAl= AR F4 Aol wepa W sshe=
Pe UERAT Sol=9 FA= o 9r[Ael vlaA =t Table 74).

1 m/sec® vpgro] gldvha et

AEZorgol 271 A A Al A2 A Al 20173 7€ 179 9354
4

AX A AlY A2 AAQ AA Hi Lol FTTFE 6745 ions/cm’
ol S 293 ions/cm’olP o, H7] &&= 20.83T, FEE 56.25%,
F4£L 024 m/sec, A A9 i 1EE= 465 mo] At}

Al A2A 3 9] Fol S84 Wsh= 15:26-1550 AlZF Atolol 696.75
oA 65225 jons/cm’® ¢F 445 ions/em’® ZHA2EATE Al A2A] €]
Fole ZA Ao WMt e Azt 530.25 olA 411.77 ions/cm’E

o] Wslsl= AS B F UATh ol = &F 3A140] vl
¢ktH(Table 63). IL%E+E 465 molQaL, FEL 024 m/secE HFEol A

o ek sk}
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12) ¥t 1,10032A] Fol23 ol AR + 4

gHebak 1,100 9] 270 A1 Q1 Al A27] Aol A 2017 7€ 189 2

Soll Zh7t 43]% £4F B A S (Table 64)° A A AT

<Table 63> Anion & cation values of Jeolmul forest

Mean .
(ion no./cm’ Wind Al
~ s 3 n tit
Places Time Féflq ;I:(e;r)np Hug}c)hty velocit —ude t?;ttteed
wency, ——mM8 —— ° y(km) (m)
anion cation
Jeolmul 15061535 4 69675 53025 28875 54 02 463 7. 17
Je‘;{g“ﬂ 15:41-15:50 4 652.25 41175  30.775 585 0.27 467 7. 17
Mean  15:26-15:50 3 67450 471.00  29.83 56.25 0.24 465  7.17

Fehat 1100270 Al AR @ A AR 45 F4F W@ goles
Q.

a2 655.75 ions/cm’, Fol L T 110.25 ions/cm o] P o.H, o7

_

L& 22957C, §5v 8%, ¥52 1.05 m/sec, 54 A9 T i1x+=
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:l. )
AA A
A,

<Table 64> Anion & cation values of Mt. Halla altitude
1,100 m area
] Mean Wind
Places Time ljizg (ion no./cm” '(Izgr)np, %llltr;l vellgr)la Algg tDE‘lLted
cy ] ] (%) r};) (m) este
anion cation
1100 m
area 09:42-09:51 4 655.75 11025 2295 85 105 1050 7. 18,
13) AFAINA A Y Fol 2 o9 FH/XA & £4
AF=AW 578 A" Al, A2, A3, A4, ASX| Al A 20173 7€ 6¥ <
HI X E (Table 65)° #| A8t o
Lol e 44935 ions/cm’, Yol
T= 31.88C, 5+ 595%, &
=3
I3t Fol=9]

o ztzt 4314 F%
AR 57 A A9
& 20325 ions/cm’o] Q1o ] &

=4 299 Ut 1EE= 724 mo] Y

Ale AFA HAAADZ 10:18-10:228 Al 7kdjo] 43 =4
o] £9] 42| 4915 ions/cm’©]

| 54X Wsle= 10:141~10:51
A= 384 ions/cm’o] ATk,

11:44~11:54 A

ATH

o=
42 (0.56 m/sec,
o A FEA
3t A= 441.25 ions/cm’, %
A2A QD AFA] BEY AR Fo
A ZF Abololl 445 jons/cm’, 9Fol &9 ZAH L=
A3 AFA FAAA Y AR ol SA8A ] W=
7 Abololl 447 ions/cm®, kol =H 4= 12.25 ions/em® ©] %
Ad AFA FEARRAY AR Fole S A Wste 12:107~12:17
]3b Abelell 457 jons/cm’, %Fel&9] A= 1185 ions/cm’©] L.
A5 AFA FEAA R A ol S A9 Wk 12:34~12:44 A
7+ Abolol 4565 jons/cm®, 9ol o] =AH S 10 jons/em’ © Tl A F
Jle] ol F4X9 W= 10:00~13:00 Al ZFojell G Al7be] w}
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g ol &9 ol% 491.5~10 jons/cm’®E W3 Eo] mwj¢ =gttt o
A = yEld A9 GEAbAE A3, AY
Sk, Fol2o] Ald =A deEtd AHL BIAMAZ IR, AL WA LE
W A2 FEALAE G
AFAHE 5 Ao M= el AJ7Fe] Wstel wepa FAIR Fol
= ¢Fol 9] o] Wslste s E 7 AU AFAIY aEE 144
[e2]

8 mo| i, F&HL 056 m/secE v} o]

<Table 65> Estimates of anion & cation numbers measured at

Jeju city

?/[ean /NOS') Mean Mean  Mean Mean Dat

Sites Time  Freq 1on noJ/em Temp. Hum WV Alt ate
] ] ( oC ) (%) (km) (m) tested

anion cation

Al 10:12%; 0y am125 4915 287 7575 0 310 7.6

A2 10:4511’10: 4 445 384 3135 615 082 185 76

A3 “:4541; Wy w7 1225 3227 5475 04 110 7. 6.

Ad 12:0177’ 24 457 1185 3305 545 055 78 7. 6.

as P4 use5 100 3402 51 105 41 7.6
mean 20 44935 2032 3188 5950 056 1448 7. 6.

Al: Bonggae Junction(Jct), A2: Myeongdoam, A4: Bobwonm Jct, A4: - Gwangyang Jct, Ab5:
Nammun Jct.
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<Table 66> Anion & cation values of Wonyang fall

Mean

(ions/cm®)
Humi Wind Altit-
. Frequ Temp T e Date
Places Time 7.0 cy ) (dol;t) X ?fr:)t ’ FSS tested
anions cations

Wonyang 12:25~ - P -

ik e 4 311875 27555 2768 8525 0 947 7. 28
<Table 67> Anion & cation values of Jeongbang fall
Jeongbang  13:14~ 090 o= - - = )

o 1593 4 284225 35675 3135 7325 045 707 7. 28
<Table 68> Anion & cation values of Chunjiyeon fall
Chunjiyeon 1353~ 4 3471.25 90 31 7175 0 41 7. 28

fall 14:52
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15) A5 16# 49

X

y=i

ﬁo

AFEo 167] A

ﬁo

’

A
IR

ﬁo

’

UERd A (Table 69)0] A4
ol RE Re EAdA e £ g7 SevbaA deugl,

ﬁo

_Zfl

B
i

o
1=

}3t}. Table 69

[}
e Sk 144.8m<l Al FA] A< 9]

]

=

[e)
449.35 ions/cm 0]

B A

A=
=
L

(1) AA e} aA e o] ke W3

o

Nfo

<

;01_

A

T A

3

by

9
°] 1,100m A

o] &

A, 27 AlY =S
AE B, A

<
e

o

A AANET LA =A e

al

3

BE &

655.75 ions/cm’0] Atk AFA] XA B} 1,100 X

-

T

o] A1 206.4 ions/cm’®E =7

(Table 69).

1=
e

o
ai g

<A YPB<A

A<AHAEFSH

R4

SHEFAH100 A <= FA < P A<AFH Y

<

o

i

0762 =

Aoz eyt

1

AR -

o]
} 21" ®Hr} 205.88 ions/

}ol (p<.001) 7}
Fol M= iAol r
10 2 YEEtH(Table 70, Fig. 39).
316.63 ions/cm’e] 3L, 1,1003L%]

e

1

SEER

110.75 ions/cm°® A At <]

T

il

1

1

(Table 69).
of| A

A

Fole2 AAHEG v F45

A o 2

B
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o

N

Ao 2 et (Table 70). &=

-
s

Fol(p<.001)7F i

—_

0
"

0

X

-

3747 9

jﬂ_/%] O] r

A7 B A HH(p<.001)(Table 71, Fig. 38).

o] £ (anion) 9]

o
A F A9 44935 ions/cm® ~ AU =L Z
3,471.25 ions/cm’®] WF = Ve THTable 69, Fig. 37).

AAH oz AFA e

2]

-
T

o &3

°] 90 ions/cm’

A AE L
729.8 ions/cm’o] o,

]

Z
Tl

17 e
o 53

%k o] 2 (cation) 9]

|

1
1.

)

o

A

L
=

AAAZE

=4 YEbStH(Table 69, Fig. 37).

639.8 ions/cm>o] &

1
-

Aol

Aoz Ygti(Table 65).

anion?} cation® %ol r=.396

A7 BAtH(Table 71, Fig. 38).

A YERSE T (p<.001).

)

SaA +9
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|

°)
A}

=

1,100 marA &2 22.95To]A
o]

A 1371 A]

[e)

o

LHERR T

=

FEE 7646%0191 01, X7 80% ©f

Al 7] Fee Al W2 3ol AIFAIRE 59.1%

et el Aelzt
AFA 3188T o],

2790C & “ERth

2 80~88.8%

o

=572

2

T
=

5}

kel

AY v e
=

’

(3) AAA A9
(4) AA RS9

AFEo 167] A

o,

(5) AAA

2
3 FAFH(Table 69).

A

1

[e]

A
o)/

4=
==

AF=d 167 A9 F

| e Aol Al

0]
=

o] A

3L 2~
i

Al e

9
SEAREISE

=

ol 1.2 m/sec, sHebik +8 11003247} 1.05 m/sec, A& 0.87 m/sec,

o

27 0.67 m/seco] A Th.

-

e A 98 0~56 s/sec HH

0
Aqr
Hjo

E

, AA = A
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u} - vrolA

B\
o
ol
ok
rlr
inj

| =go] Hthal 2 (Table 69).
(6) HAA Y9 1EFo]

AF= 1671 Ade] F4A 9 sdums Ad vk Xo] gg ¢
£ 9o & 38 meli, o R v 2 AFA] 1447 mo]
At AY =& A9 kst 1,100 m 249 1,050 m,, I1HS = X
Aol FALZ 702 mE e
ThE A9 i 400-500 m HHA el o] ATt sdawe g
Aol SHAA bellA Freo] o] Arkal vEREtH(Table 69).

2
flo

flo

A

1t

A
r—{u:

<Table 69> Summary of estimates of ions and altitudes at the
sites of Jeju Island

Mean values

total - 3 Mean Mean Mean Mean

Sites Foreaq (ion no./em Temp. Hum WV Alt
anion cation (°C) (%) (m/sec) (m)

Tﬁ'g'oa'ﬁ 4 65575 11075  22.95 85 105 1050
wonyang fall 4 3118.75 27555  27.68 85.25 0 947

jeondba9 4 284225 35675 3135 7325 045 707

seongpanak

9375 300.8 29.01 64,13 0.41 702

860.75  482.63  29.16 59.63 0.86 535

halla forest

8
8

halla garden 8 8714 729.8 27.03 85.88 0.54 488.5
8 741 247.7 28.58 73.75 0 484

saryoni gil

gyorae B 72 780 379 27.6 80 0.1 477

dongiaeksa 8

1073.2 15488  31.65 81.6 0 466.35

jeolmul

8 757.5 390.5 27.71 80.8 0.19 466.35
forest
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gyorae A 108 735 45927  27.81 816 028 4557
geomun o4 79645 5655 2701 7759 087  427.05
oreum
farm 36 7215 4012 2698 693 12 365.6
Jeju city 20 44935 20325 31.88 59.1 056 1448
cheomii= 4 347125 90 31 7175 0 41
yeon
hamdeok
. 8 548  316.63 2538 833 0.67 38
seaside
Total
320 120998 49651 2830 7575 045 48721
mean
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ELFTEFF 5 _FEA_D

Wanion N cation

2000 -

1500 +

Sites of anions and cations meassured

<Fig. 37> Variations of numbers of anions & cations

measured at the sites in Jeju Island.

- 153 -



16) =l Fol2 A nxe #A ALY 2

Mo

1578 AlF=A e Fol 23 Fol=9 FFSAH n=e wE AAE
#4317] $13Fe] PearsonitAbEA1-S o] (Table 70)0l #| A3} o

ol 2(anion)e] FAAGE 2 FAHAAYG W BEYANAE Folgt 23
7F vEbs e (p<001), =ol mE FAASG W R gtell= FoFk Abol
7} A A THF=32.398, p=.000)(Table 70).

FolZ(cation)e] FAHAAE g FAHAH
Byt ot (p<.001), ol wE FAA ol B 3= o3k 2]zt 9l
ATHF=8.177, p=.000)(Table 70).

LI EAE =R I
Bt o (p<.00l), el wE FA4A ] & IFell= fFolgh Aol7t 9l
A THF=35.348, p=.000)(Table 70).

17) ol e, Fol 23 nxe FuuA 24 23

AAH oz 157] AFA el Fol23 Fol2f] FFSF43 ko u
& AW AAE PearsonH O & A3 A5 Table 71, Fig. 38l A|Ala}
ATH

& O](anion) ¥ ¥ol(cation)e] A HHEFAHA Fro] GyIAE
Ao A r=3962.8 Folgk FAQl AAaAATE AAJATHp<.001).

o] (anion) ¥} Wil (altitude)oFo] A4 HESAX 1Ho] Ay
AFA A= r=076 02 Fo3 tFHAAE HolA Fourh

ol (cation)} &2l (altitude)9F2] A

fez]
ARA M= =374 2 fFoldk A4 ZdaAZE AATH(p<.001)

ry
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<Table 70> Variance analysis of the estimate of ions &

altitudes between and within groups

Ions Groups SS df  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

o, p~, p”". Abbreviations: SS: sum of squares, MS: mean square

<Table 71> Correlation analysis of estimates of anions, cations
and altitudes measured in the Jeju area

Items anion cation Altitude
Pearson 1
; Correlation
anion
Sig.
Pearson
. .396 1
; Correlation
cation
Sig. 000
Pearson
. .076 374 1
Altitude Correlation
Sig. 494 000
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i anion
400000 cation

_i_ anign
Aftit-ucle
cation
Aftit-ucle

- anion

" cation

. anion

Altit-Licle
3000.00
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* k Adtit-uicle
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i
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e
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Anion, cation and altitude(ions/cm?)
<Fig. 38> Distribution and correlation between estimates of

anions and cations, and altitudes measured in the Jeju
Island.
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3) AHE T Aole dxad HATS AbddE fFolg Aol
2 Holx Ygkor} AlFoE giRaHT Addto] 021 ng/dle®
A YA Fog Aol S B ATH(p<.001).

4) FEE Hg> FAY ASol dEaET A3 ato]l 056 ng/dl
7 gretth oape] Aol o ZTRTE Aol 0.1 pg/dle] Srol
A AL o2k 2n) o] F WSS Kot

5) AHF-ol SAA = dExwrd Aol e S 1gHFo] wA uE
A F=12.70, p=.001=2 2]t zlo]l&E H T}

6) AbFol A B dzay Adst @ BN A (p<05), F
@ (p<00D), BE Jo] 2 E A (p<0DE FoskAl vebsk
= A% Jdo g IZEE X9 Aot des & F AUk
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