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SUMMARY

Therapeutic benefits of forest for mentally il may provide an
opportunity for re-motivating chronic patients. Past research has
revealed that there is a great diversity in the nature of forest for

mentally and emotionally disturbed individuals.

The overall purpose of study is to investigate therapeutic mechanism of
forest for mental patients. Specifically this study was conducted to (1)
identify aromatic properties of forest (Cryptomeria japonica, Pinus
koraiensis, and Chgamaecyparis obtusa); (2) investigate physiological
and psychological effects of aroma; and (3) investigate clinical effect of

forest on mental patients.

Project 1. Comparison of Emission Characteristics of Odorous
Terpenes from Cryptomeria japonica, Pinus koraiensis, and

Chgamaecyparis obtusa

Trees are considered as the major emission source of natural volatile
organic compounds. It is assumed that a lot of natural VOCs are
emitted into the atmosphere due to high forest rate. In particular,
conifers, which are known as the principal emission source of
atmospheric monoterpene, are composed of approximately 45% of total
tree species. In this study, Cryptomeria japonica in pochun, Kyung-gi,
Pinus koraiensis and Chamaecyparis obtusa in Jangsung, Chonnam

were selected as sample tree species. Especially, the characteristics of

10



terpene emissions from the these three species were investigated with
some variables of age. It was observed that Cryptomeria japonica
among the trees produced the most abundant amount of terpene to the
atmosphere and the other two trees emitted a similar amount of terpene
each other. Hence, a-pinene, camphene, B-phellandrene, cis—ocimnen,
v-terpinene, terpinolene, myrcene and a-phellandrene, A3-carene, a
-terpinene, d-limonene, p-cymene, PB-phellandrene, cis-ocimnene, V
—terpinene, terpinolene, myrcene, a-phellandrene were emitten from the
trees concerned. It was found that the fractional distribution of terpene
componenets from the trees was quite different according to species
variations. Based on the age differences, the amount of terpenes from
Pinus koraiensis and Chamaecyparis obtusa(20-25 years old) was
considerably higher as the trees were older(50-60 years old): however,
it was vice versa in case of Chamaecyparis obtusa. The result of this
study indicated that the effect of "forest bathing” should be quite

different according to the ages of trees and tree species.

Project 2. Applying Clinical Therapy and Evaluation

Previous studies on therapeutic benefits of forests indicated that there
were significant positive changes in mental, physical status due to
using forest as therapeutic purpose. In this study, we reviewed previous
studies and categorized the types of clinical benefits of forest use.

Then this study also investigate psychometric properties of scale such
as Beck Depression Scale, MMPI, SCR-90-L, POI, Short Index of

Self-Actualization for employment in this study. At first stage, we

11



investigate physical and psychological effects of aromatic properties in
the laboratory.

Using pretest-post test design, the effect of forest with mental patients
were investigated. The results of this investigation were revealed that
anxiety and depression were significantly improved after using forests.
Patients’ self-esteem and happiness were also improved. These results
indicated that forests have a great potentials for alternative clinical

therapy.

Project 3. Effects of Odorous Terpenes from Cryptomeria
Jjaponica, Pinus koraiensis, and Chgamaecyparis obtusa on

physiology

To compare to subjects’ physical condition between forest and urban
environments, we investigate subjects’ brain wave, blood pressure, and
pulse. In forest environment, we found more alpha wave, low pulse
rates and blood pressure. Subjects expressed more comfort in forest
environment than urban environment.

This study also investigate subjects perceptions of forest image
between coniferous and broadleved forests. To collect data, a set of
questionnaires and Profile of Mood Status (POMS) were administered to
20 subjects. The results of this study indicated that broadleaved forest
was preferred to coniferous forest by the subjects. Comfortableness,

orderliness, and spaciousness were extracted as factors for preference.
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& AQ ARG, B9 HFEe 37 FA ARAE ARE Fstol
o} g9 AR AANA AR A

829 AAEX Ay HEANOSZE  g-Pinene, Sabinene, p-Pinene,

2
ot
N
2,
S~

p-Cymene $So] #elydu(zd 5), HYUYFE Ao M= a-Pinene,
Sabinene, pB-Pinene, d-Limonene, p-Cymene %°] & om(1g
6), A71= EH AYF AtdAe HEZ3: EHFE a-Pinene
dol FAHATHZH 7). o]HF HEAN =4 o= of
MAE, Ldsl= 52 7IEF VOC EdE0] I FrjzFoz w-AElT)

1=}
FEw g Qe A7 BEEE He2d 248 Qojur] g 7
2
1

1

-Pinene &2

A

pud

oA AN AJANEE TY o2 v B4 AUF

Abundance

TIC: 05-07-E.D
240000
36.77
220000
200000
180000 -
160000 ;
140000 -

120000

100000

80000 -

60000

40000 -

20000 -

T T T T T T T T T
34.00 35.00 36.00 37.00 38.00 39.00 40.00 41.00 42.00
Time-->

¥ 5. Ambient patterns for Cryptomeria Japonica (Spring, 2001)
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Abundance

TIC: 05-14-A.D

2200000 +

2000000 -

38.51

1800000 -

1600000 -

1400000 -

1200000 -

1000000 -

36.76

800000 -

600000 -

400000 +

200000 +

o

T T T T T T T T T
34.00 35.00 36.00 37.00 38.00 39.00 40.00 41.00 42.00
Time-->

19 6. Ambient Patterns for Chamaecyparis Obtusa (Spring, 2001)

Abundance

TIC: 05-08-B.D
85000 1

80000 1
75000 4
70000 1
65000 1
60000
36.78
55000 4
50000 1
450004
40000 A
35000 1
30000 4
25000 1

20000 4

150004

10000

5000

o T T T T T T T T T
33.00 34.00 35.00 36.00 37.00 38.00 39.00 40.00 41.00 42.00

19 7. Ambient Patterns for Pinus Koraiensis (Spring, 2001)

A AR AGARY HEED AR 49 BEHE B2
224 a-Pinene, Camphene, Sabinene, B-Pinene, Myrcene, «
—Phellandrene, ABfCarene, a-Terpinene, d-Limonene, p-Cymene, J

=y

~Phellandrene, cis—Ocimnen, v-Terpinene, Terpinolene % 147} &2 o]

slEATHHE 8, 9).
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Abundance

2
7000000 - o os-28-8.D
6500000 4
6000000 -
5500000 A 1
5000000 - 35.19
4500000 A
4000000 1
3500000 4
3000000 4
2500000 4 4
2000000 4 3 7 11
1500000 4 e 3910
1000000 - ”37'64 358 7:4 g 104068
73 g
500000 - L 37.51 38%6“ 3970 12
o “\"“\‘“‘\“H\J‘Wk‘\“/\/‘k\“jw\ T T T T T
34.00 35.00 36.00 37.00 38.00 39.00 40.00 41.00 42.00
Time-->
1. a-Pinene 7. a-Terpinene
2. Sabinene 8. d-Limonene
3. B-Pinene 9. p—Cymene
4. Myrcene 10. p-Phellandrene
5. a-Phellandrene 11. vy—Terpinene
6. A3-Carene 12. Terpinolene

19 8. Emission patterns for Cryptomeria Japonica (Winter, 2000)

400000 4 TiIC: 05-16-G.D
380000 7
360000 3
340000 1
320000 3
300000 7 35 .12
280000
260000 7
240000

22000 33 .08

200000
180000 J 3
160000 J 13
=7 24
140000 3 7
120000 j 7. s7 aoc.61
100000 J
38,66
80000 so. 0 10
60000 4 6 14
39.4
<0000 4 34 64 2 39,
20000 ] 3353 35.26 se.75 39 a1 _so0
J YA R J\__s74as ss49 V49 00 L azsz
o T T T T T T T T T 1
33.00 34.00 35.00 36.00 37.00 38.00 39.00 40.00 41.00 42.00




NP O AW

. a-Pinene

. Camphene
Sabinene
B-Pinene
Myrcene

. a—Phellandrene
. A3-Carene

8. a-Terpinene

9. d-Limonene

10. p~Cymene

11. p-Phellandrene
12. cis—Ocimnen
13. v-Terpinene
14. Terpinolene

19 9. Emission patterns for Cryptomeria Japonica (Spring, 2001)

SR

Myrcene,

el A=

a-Phellandrene,

a-Pinene,

a-Terpinene,

Camphene,

Sabinene,

B-Pinene,

d-Limonene, p-Cymene,

-Phellandrene, v-Terpinene, Terpinolene %9 127}# &4 o]

Aoz AFAeH (24 10, 1D).

1% 10. Emission Patterns for Chamaecyparis Obtusa (Winter, 2000)

38

Abundance

8500000 +
8000000 4
7500000 A
7000000 A
6500000 4
6000000 A
5500000 A
5000000 A
4500000 A
4000000 4
3500000 A
3000000 4
2500000 A
2000000 4
1500000 4
1000000 4

500000 A

o

Time-->

3

TIC: MO3-27-G.D

37.28

4
7
1 5 6 '8y 10
345529 2 37.64 39 PSS, aoc.es
34.41 £‘7 A50 A‘ 39.83 J\
~ e JUR

ks

=
=

5

T T T T T T T T T
34.00 35.00 36.00 37.00 38.00 39.00 40.00 41.00 42.00

1. a-Pinene

2. Camphene

3. Sabinene
4. B-Pinene
5. Myrcene

6. a-Terpinene
7. d-Limonene

8. p~Cymene

9. B-Phellandrene
10. vy-Terpinene
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TIC: OS-16-E.D

seoco0 ] 4
aoooo] 7
240000 ] 10
rooooo] 3 8
Tooooo] | 6
00000 so.0a . 1
40000 ] :“:Zjl,,,, 2 se 7o , 5 A1 |
accoo bW, | | i | |
1. a-Pinene 7. d-Limonene
2. Camphene 8. p—Cymene
3. Sabinene 9. Bp-Phellandrene
4. Myrcene 10. v-Terpinene
5. a-Phellandrene 11. Terpinolene
6. a—Terpinene

19 11. Emission Patterns for Chamaecyparis Obtusa (Spring, 2001)
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471 %=

o A

Camphene,

o7HEH ¥MEHE= HE

. . 3 .
-Pinene, B-Pinene, Myrcene, A’-Carene, d-Limonene,

b, @
2k VOC

p-Cymene, Terpinolene 52 & o] &= AcHIH 12, 13).
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TIC: MO3-16-F.D

2e00000 ] 3520 7
. 2 4 s
o o S 6 |9 10
T P ST
a-Pinene 6. a—Phellandrene
Camphene 7. A3-Carene
Sabinene 8. d-Limonene
B-Pinene 9. p~Cymene
Myrcene 10. Terpinolene

S S

19 12. Emission Patterns for Pinus Koraiensis (Winter, 2000)

Abundance

450000 4

400000 -

350000

300000

250000

200000

150000

100000 4

50000 -

35.14

35.31

2

36.1

TIC: O5-16-C.D

5 6

5868 39.49

37{\,25 7

36.77 37.59

£739.139.5 40 62

8

41.80

Time-->

40

> W N

a-Pinene
Camphene
B-Pinene
Myrcene

19 13. Emission Patterns for Pinus Koraiensis (Spring, 2001)

T T T T i T T T T
34.00 35.00 36.00 37.00 38.00 39.00 40.00 41.00 42.00

5. A3-Carene
6. d-Limonene
7. p—Cymene
8. Terpinolene



(2) 34 W7 wE B4 SHAEZFEY)

FEW URAAD oY AP PEHNE d2a9 NEFe AN
sk El9 o oE 30w AUR AdA F g2

o} O
5

18,13Ing/(gaw - hr)® 7} Fol W=HAoW, AWML AL
M= 247 1,321 1,941ng/(gaw - hr) &2 WE5 o] vl 52gk oz wad
S ¢ e "HEY BAEe BEEHE G ARy Aol
10,172ng/(gaw - hr) 2.2 7} @& Y

T2 mEE AT
567ng/(gaw * hr) &2 7} @ ofo]

a-pinene®]
sabinene, v-terpinene % ©|
sabinene©]
~terpinene, myrcene, d-limonene, A*-carene 5¢] F= w]ZH <t ALY
1,153ng/(gaw - hr) &=

B-pinene?} d-limonene®]

o A= a-pinene®]
p-cymene 5 AZH A ¢

Ao g AUFoA tE FFo v 108 E T o H
o] HEHNUL, WEHE B &2 FFd uwg xolrt AAT FE a

=
-pinene°] 7Hg #ol WE ATt

T
)

1 FFo we "= vEd

. TIE Epp e
Terpenoids ng/(gaw * hr) ng/(gaw * hr) ng/(gaw * hr)
a-pinene 10,172 117 1,153
camphene 147 32 188
sabinene 2,549 567 0
p-pinene 249 17 257
myrcene 1,113 112 35
d-limonene 554 143 294
p-cymene 509 121 0
A’-carene 1,186 73 14
y-terpinene 1,653 139 0
total 18,132 1,321 1,941
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Abundance

4000000

3500000 -+

3000000 -

2500000

2000000 -

1500000 +

1000000 4

500000 4

3
o

TIC: M0O3-29-D.D

38.57

36.82

Time-->

T T T T T T T T
33.00 34.00 35.00 36.00 37.00 38.00 39.00 40.00 41.00 42.00

a9 15, 7k AdE A di7] & =] TIC

Abundance

1300000

1200000 -

1100000 -

1000000 -

900000 -

800000 -

700000 -

600000 4

500000 -

400000 A

300000 -

200000 -

100000 -

o

TIC: 12-22-F.D

3681

T T T T T T T T
34.00 35.00 36.00 37.00 38.00 39.00 40.00 41.00 42.00

a9 16, A AUE A g7l F ElEsle] TIC
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Abundance

TIC: 05-07-E.D

240000 A

36.77

220000 4

200000 4

180000

160000 4

140000 4

120000 4

100000

80000 4

60000 A

40000 A

20000 4

T T T T T T T T T
34.00 35.00 36.00 37.00 38.00 39.00 40.00 41.00 42.00

Time-->

a9 17 =2 Ay AR 7] F oEEEe] TIC

A el AwuE Al F71e] A EAAY bEEHe FE o«
-Pinene°o] &< %32 w2 Camphene, a-Terpinene, d-Limonene,

p-Cymene, B-Phellandrene, y-terpinene &%= 1wt 12 A
=29 AF =7 92 AR HaEA A AHoR 1A IR
t} ®He] H9 F= a-Pinene?} B-Pinenes W7 FollA s £ gl
(e

N3l v #e] p-cymener A o= F1E 4 ATH(2H 18. 19. 20).

Abundance

TiIC: O5-08-B.D

85000

80000 J

75000 4

70000 j

65000

60000 J

55000 ]

50000 ]

45000

ao0000 4

35000 ]

30000 4

25000 J

20000

15000

10000

5000

o T T T T T T T T T
33.00 34.00 35.00 36.00 37.00 38.00 39.00 40.00 41.00 42.00

a9 18 7k E #wuy Abe 7] $ HlEde] TIC

44



Abundance

TIC: M03-29-C.D
1100000

1000000 4

38.57

900000 +

800000 +

700000 +

600000 -

500000 +

400000 4

300000 +

200000 + 41.94 42 .9¢

L e e e T B e e e L B e B e e L e e e e B ML
34.00 35.00 36.00 37.00 38.00 39.00 40.00 41.00 42.00

Time-->

a9 19, ALFE AU A gi7] F 239 TIC

Abundance

TIC: 12-12-E.D
1800000 -

1600000
38.57
1400000 -

1200000

1000000 -

36.82 39.38

800000 1

600000 4

400000

200000 4

O+ T

—— —— —
34.00 35.00 36.00 37.00 38.00 39.00 40.00 41.00

Time-->

¥ 20, Bd ANYFE g gy S "z TIC
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Abundance

5500000

5000000

4500000

4000000

3500000

3000000

2500000

2000000

1500000

1000000

500000

o

Time-->

ol 7}F& Ao a-PineneWto] HA A o
] 3

2Z-o] g-Pinene%to] A A

TIC: MO3-29-B.D

] 36.81

1 37.49

T T T T T T T T T
34.00 35.00 36.00 37.00 38.00 39.00 40.00 41.00 42.00

ad 21 7 AU A di7] & "HE39] TIC

Abundance

240000

220000

200000

180000

160000

140000

120000

100000

80000 -

60000

40000

20000

Time-->

TIC: 12-22-B.D

36.81

37.49

i 38.63 42.9.
i . ‘ 41.4542.24

34.00 3500 36.00 3700 3800 39.00 4000 4100 42.00

a9 22 ALE AYE A di71S "HEZ99 TIC

HbHo] EHo AL FE a-Pinened} B-Pinene

=

o

o]



Abundance

TIC: 05-14-A.D
2200000 -

2000000 -

38.51

1800000 -

1600000 -

1400000 -

1200000 -

1000000 -

36.76

800000 +

600000 -

400000

200000 +

o2
34.00 35.00 36.00 37.00 38.00 39.00 40.00 41.00 42.00
Time-->

oy 23 B4 AYS A di7] S 239 TIC

AEHoR 2&7F =S HHo] S H Y AL Hs] HEZ3 ol
6L o] ti7] Fol EA%t s AL & 4 A%, B-Pinene2 A9 &
Ao AMZoAut Felo] 7ldle] 2x7F e BHo AUt stS AL
Ho} @e oo R dS WES o4 5 At

= X2, ¥3, ¥49 Ztv}. a-Pinene¥ B-Pinene°] 8 A¥ E4= YE
o AuE A~ el ZH 9ol a-Pinene©]  148ppt(71~238ppt) W 2

T2 Yetyt o Total Monoterpene &%+ 294ppt= WERRTE A wl}
T %9 49oli= B-Pineneo]l 214ppt(148~21lppt)= EA15tH o™  Total
Monoterpene®| 402pptZ AUHF EoA o ¢ =& =2 HA. A
Ui %9 A% B-Pineneo] 102ppt(51~190ppt)E YEFS oW Total

Monoterpene®] 161pptZ 74 @2 7% £X & HAF)

47



E2, AR A4 H2ae] g

1}

a-pinene p-pinene d-limonene total

& % (ppt) 5 5= (ppt) 5 5= (ppt) & 5= (ppt)
Site 1 238 186 7.4 431
Site 2 134 86 2.4 223
Site 3 71 153 4.6 229
1t 148 142 4.8 294
STD 84.2 50.6 25 119
RSD(%) 56.9 35.7 52.1 40.3

F3. JU Aol El2e] A FE A E

a-pinene p-pinene d-limonene total

& % (ppt) 5 5= (ppt) 5 5= (ppt) & 5= (ppt)
Site 1 139 211 28 379
Site 2 149 282 9.7 441
Site 3 221 148 16 385
Ht 170 214 18 402
STD 44.4 66.9 9.4 34.1
RSD(%) 26.2 31.3 51.9 85

EE I R R EE D R ECE

a-pinene B-pinene d-limonene total

&= (ppt) & %= (ppt) 5 %= (ppt) & 5= (ppt)
Site 1 30 51 19 33
Site 2 75 190 14 280
Site 3 52 66 4.7 122
o1t 52 102 7.0 161
STD 22.3 76.6 6.6 104
RSD(%) 42.8 75.0 93.7 64.5

48



5) 4¥d W7 BE B4 S8 (FA

)

i

ON

R Ao A A e AGemFE A wEsHE 20 G
, SN, Wl EFe obd H5 H6, 7, E8% Tk AuR
45 60 WelA F 13,097ng/(gaw - hr) o2 v EE o] 20848 -9
9,013ng/(gaw + hr)®th =7 Uetyteh shie] A= oleh fALg
2 yol7h e yrolA e wiEge] ofd iRy ¥ Be o
gE ¢ 5 stk a2y, dJuugRe] Afeds 2088 uETt
1,803ng/(gaw - hr) 2.2 60349 1,32Ing/(gaw - hD BT =7 Yepyot
(Table 5, 6, 7, 8). VOC Ed¥= Avrw el 4% 20843 60

A 5 a-pinene°] M W FoR WEHflow, duiuRe] 4§

£ 2

()

)

A
e

T
o

= sabinene©] 7}4 @ <kow wrEE ol AUF Y A 9% a-pinene

ol 7Hd B2 deom wMEdHS & 7 A4, 25, 26, 27, 28).

#5. AR IEYH UEHE "Ha2dde] Uy A" e

, 2094 AT 60 A AT

Terpenoids ng/(gaw * hr) ng/(gaw * hr)
a-pinene 6,663 10,172
camphene 648 147
sabinene 1,380 2,549
B-pinene 172 249
myrcene 935 1,113
d-limonene 1,155 554
p—Cymene 267 509
A3—-carene 623 1,186
vy-terpinene 855 1,653
total 12,700 18,131
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6. WUMURRRE BEEE g2 b ey i
. 2098 AT 603 ATy
Terpenoids ng/(gaw * hr) ng/(gaw * hr)
a-pinene 213 117
camphene 12 32
sabinene 552 567
p-pinene 81 17
myrcene 253 112
d-limonene 324 143
p—-Cymene 0 121
A3-carene 114 73
Y-terpinene 254 139
total 1,823 1,381
X7 AUFEZEEH WEE = g2 Ui Ay BE
; 2538 T 5007 ST
Terpenoids ng/(gaw * hr) ng/(gav - hr)
a-pinene 497 1153
camphene 83 188
sabinene 0 0
p-pinene 155 257
myrcene 3.0 35
d-limonene 264 294
p—Cymene 0 0
A3-carene 7.2 14
total 1,009 1,940
EQ Yol mE g2 i AR HjE
Young (20-2534) 01d(50-603 AY)
Total Monoterpene Total Monoterpene
ng/(gaw * hr) ng/(gaw - hr)
A 12,700 18,131
7 L 1,803 1,321
A 1,009 1,940

50



20000

15000 |

10000 |

5000 r

Total Terpene ER (ng/gv-hr)

[ 20years W 60years

a9 24 AT EYEH BEEE v299 U AR wE

2500

2000 r

1500 -

1000

500 r

Total Terpene ER (ngdw-hr)

O 20years W 60years

a9 25 Ay eRY YRy s Hade] U dgd BE

2000 r

1000

Total Terpene ER (ng/gvhr

b 25years W 50years

a9 260 AYFEYH BEHE H299 U AR wE

51
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Monoterpene ER (ng/gdw-hr)

Monoterpene ER (ng/gw-hr)

8000

6000

4000

2000

12000

10000

8000

6000

4000

2000

O a—pinene
Od-limonene
- M sabinene

W A3—-carene
W p-cymene

g 27. 2048 F9

T o

T4

W B—pinene

O camphene
E myrcene

O y—terpinene

O a-pinene
L Od-limonene
MW sabinene
W A3-carene
[ HMp-Cymene
ALt B
a9 28 609A Yo ¢ H

W B-pinene
Ocamphene
Emyrcene

O y-terpinene



6) 4289 d7] W& E2 SHHZFLA)

¥10, 113 2929, 1930, 131, 1¥32, 1¥33, 1¥34, 19359 %
th abuel A EdEE 2Y a-pinene 2048 AbEUlelAl oFE O
=& BXE EowW, B-pinened A 608 AFHWOlA 7 =2
IS Ho AAHoRE vxg 2X 5 YERSYh Auvy el Ay
Fol e Uit Aol wE Hol= yEubA gtk E=d 4 gir)s
glEao] Fxel Abg A ge] glEde] FxE vu A A3 An
& Apol= yERUEA Gt olH gk o]fr= w7l Ejtel o) wl=o]
TdsHA XA W Aew dodAr. 19 29, 30, 3lole A

2044 AT 60K A AR
Site |a—pinene P-pinene d-limonene total | a—pinene P-pinene d-limonene total
= = P IR & e T FE
(ppt)  (ppt) (ppt)  (ppt) | (ppt)  (ppt) (ppt)  (ppt)
Site 1| 174 75.5 8.0 257 238 186 7.4 431
Site 2| 206 94.9 4.1 305 134 86 2.4 223
Site 3| 202 82.4 3.0 287 71 153 4.6 229
Hat | 194 84.3 5.0 283 148 142 4.8 294
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F10. AU Ak gy T HEHN] U d"E E

=
2094 LY 604 A WL
a-pinene B-pinene d-limonene total |a—pinene B—pinene d-limonene total
bO: = %: = l-O: = l-O: = =N =N =N SR

O 41— O 41— O 41— O 4=

(ppt)  (ppt) (ppt)  (ppt)| (ppt)  (ppt) (ppt)  (ppt)

Site

Site 1| 355 82.6 179 456 139 211 28.2 379
Site 2| 257 114 25.4 396 149 282 9.7 441
Site 3| 190 159 20.3 370 221 148 16.2 385

Hat | 268 118 21.2 407 170 214 18.0 402

25K Zhuh 504 Ahu-
Si apnere Bpnere dHlinonere total | apinere Bpinere dHinornere  total
te = - A A - = = A et

o = o o 4= o 4= o o = o 1= O 4=

(ppt)  (ppt) (ppt)  (ppt) | (ppt)  (ppt) (ppt)  (ppt)

Site 1 | 104 147 175 269 | 30.0 50.7 19 82.6
Site 2 | 177 51.0 6.8 5.5 | 147 190 144 279
Site 3 | 425 98.3 77 148 | 51.8 65.5 4.7 122

3t 54.7 98.9 10.6 164 | 52.2 102 7.0 161

|
8

@ -+ apree N e
E + priere Eapl e
ES]D* —dinree q_'aI) ——diinorere
: g
£ I/l\l -gECO
g a
£ g
w4 S0+
= s

0 4= - : 4 0 —y —
o0 B0 B400 2 17C

a9 29, 208483 609 A At ] = HlEA T

i
e
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400 e 400 1 8 otgnere
= —— Bdnere = —— Bprere
2300 ¢ —— cHinonene Saot —+ cHimonere
[0} (0]
C c
oy & 2om |
£200 £200
5 [
s / g
5100 r $100
= =
*— 4+ — — L
0 0 ‘ ‘
Site 1 Ste2 Ste 3 Site 1 Ste2 Ste3
(5/6/01) et 24°C (5/5/01) & 22°C
29 30 20343 604 AU A 7] B oHEd v BE
400 : 400
—-oorere = —i— opinere
2 —4— Borere a —— Bpnere
o307 —— cHimorere 2300 ¢ —— cHironere
2 2
[} (0]
<200t £200 ¢
o o
k5 2
o [e]
y
= =
0 L + 04¢£¢§
Site 1 Site 2 Site 3 Ste1 Ste 2 Ste 3
(5/10/01) & 19°C (5/11/01) & 19°C
7% 31 2048 % 60dA A AR 7] S HE29 = E X
G 0
S S
[0} [0
C C
gu g
© [
e °
S 4l S au
= =
= ©
5 10 5 103
o s
R 3HRD AHRES) mLRES  SHRED
gy 32, 208487 604 FER A O7] F & HEN v R 22X
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o L

——Tduere —#—apnene —&— Bnere

St Se2 Se3
(511300 @ FC

19 33020483 604 AP

Ste 1

e2 Ste3
40y a7C

A d71E HlEds EFe] e

400
—4—Toluere
300 - —— apnere
= —— Bpirere
o
L
o201
o
>
100 - &4
0
Ste 1 Ste2 Ste 3
(5/6/01) & 24°C

1000
ool ——
zg —4— Toluere
o 60r —B— oginere
O —— Bprere
O 400 r b0
>
e T~
0
Ste 1 Ste2 Ste 3
(5/5/01) @ 22°C

S 34, 209485 6094 AT A O71F H2as BFe) BE v

3000 3000
o500 | Q§‘\‘ o500 | —— Toluere
—- ogrere
2000 [ =2000 t —&— Bpnere
§ | ——Toluere §
O1500 - o-pirere 81500
S 1000 | —ABdree > 000
500 1 500 |
0 . ——k —A 0
Site 1 Site 2 Site 3 Site 1 Site 2 Site 3
(5/10/01) & 19°C (5/11/01) &t 19C

a9 35, 258 50 s
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3L 2~
el

A

MJ

16.73
28.15

m/sec

EN

757.7

0.2

17
26
21.6

294
283
402

0.5 756.2

37
46.2

16.2

756.4
754.5
7151.7

1.0
0.3
0.5

11.45

24 59

19.0
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500

400

300

200

Concentration (ppt

100

500

400

300

200

Concentration (ppt

100

g W

Y =13.038X +10.903 o ¢
i ¥ =0.138
n=19
" b4
*
| ®
*
| *
.
0 5 10 15 20 25 30
Termperature (C)
a9 36, w=9 w9 Ada
Y =3.7375X +100.77 . ¢ .
I F=0.163 :
n=19
of *
| * [
*
*
| .
0 20 40 60 80

Relative Humidity (%

a9 37 sst Aok daa

WEF =49 A998 9%

(1) 3238 728 zolad AAA A

138 2xpdEe] AEE Aopdd HAaA O] &

29194 Astel

ol i gz 579 29l 2EHAY. 29 16 479

glon

Aglolehs oo PR 4 glov 155%9 A



AAgTh 82l 2%
og FEHA
o], 8<%l 49 5%
Aot Ao F4 ALl A o] HALA]
o] F=2lth (Cronbach’s alpha= 0.65; Guttman split-half coefficient=0.76;
Spearman-Brown split-half coefficient=0.68). $91¢] 2% & unigtoz 2ty

10.9%¢] A2

29 32 4

2o 33y 2 AobA PAAE AT ETE FFHA 20l £ 9
o YER ST
#13. Factor Loading Items on Rotated Orthogonal Factors
Factor®
ftem 7 2 3 4 5
1. Y oud v ggole nees =7+ gt -.14 -.08 .37 b7 -.10
2. Y o2 AHEEe] YA ZdEtes & & ok
) 65 -.21 .18 .19 .01
3. Atgol gt He) Msla AHET 4= ok -.09 .38 -.01 47 .27
4. Y= U7t AAEEE Al S AR 35 Wit .19 .15 -.07 .73 -.04
5. O& AlgEoe] U7t gt d& dAste]of it} b9 -.06 .08 .03 .33
6. Uiz vo Fds g4 w=r 69 .19 -.10 .05 -.19
e AEC 9E U glelw 15 Fold 4
o e bR TR 00 12 04 -01 81
8. U A s T4 I .28 .10 59 -.15 .17
D B AR BNy uest sl shA @
e i b g e S E 0 40 -.04 -.31 10
10. U= 41837 29 dAe Y}t o .13 -.06 .14 49 .06
11. U 5¥3 o)Fojof vty =7e A4 =
w7 9. .06 .75 .09 .04 -.23
12. U= 92 g 437t zgddsedl= W #A4S
wae = oo -.11 42 .28 .12 .23
13, U= F72 =90 g A9e =74 gt -.02 .69 .04 .10 .17
14. Y= U7t BEag Tl Agd .19 .09 .69 -.07 .12
15. W7F AFRS sleg Ux AlgS wki=t) 31 -.12 -.45 -.03 .51
Eigenvalue 2.321.63 1.37 1.24 1.03

Percentage Variance

Alpha

15.510.9 9.1 83 6.9
.58 .65 b2 .23 .02
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(2) 8 47 2

r)v
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1o
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2
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ok
1o
+
Ay
olX
)
rlr
fu)

it Apold 7l o
S7F A5 iR 2o ofgh Al (S, AbgelA 9
AE Zrad 5o oF Frbolth

e A o] g ~zmagel o%- & B2 7|¥ e Stal SolA
AFstar Yk v=re] H 9ol Outward Bound, NOLS (National
Outdoor Leadership School), YMCA %S¢ Youth Camp, W< A+ I

T T BS AE 57 9 ZrafEe] Awya e o3 uws

Outward Bound: 1941 <=2 Kurt Hahnol ¢&te] AUt 54
B el w52kQl Hahne A FAxe] gz léte] 255 Wy =
ow oA HAoH e FAEY mYyAo] dr HolA L FAA AT
o] HHHE= A

Outward Bound® X&7]#S A3}
A

|
o
ol
Q‘L
2
u
poy
o
s
ol
ol
rr
poy
tlo
N
I
X
o
!
Q‘L
rr

|
Outward Bound+ ZA L& AHg ¢lox mAE F7Hdoz SA A -AHAA &
A} FEA o AAA JAzre] S wooa o A A A
ok 35709 Outward Bound7} A H & o] 495

al
olgd wsZradel dxE Ay ud A=A utA A&

AFE FHste 89S FEANA F= Aok 2 19Ce o] =¢
ey #e AW wszZzadol AleEr] AlFedv. masd
(Cogswell) ol & Apghe]  oJsfe]  1823W  w=mAl =AM 2olA  ghe= F
(Round Hill) 3tal7p s o] S32Q okejus3t F4o 7ldEds 7}

A1 wsst7] Azetdch Z#de A(Frederick Gunn) o] @ AlES
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18613 Az SEAAA 2L A% AZE A= o] A=
o FEHe FPEAI A5t £A9 FAL HAGEE Aol
% Ho]2~7b2-(19109), Azstolo]l ZA(1910d) LEjal A7k (1912

a
d) 5ol FadES AR Y 9 opsjugzeads JiEste] Al st

Outward Bound¢} &7 2bg A wKe] x4 o
8t = National Outdoor Leadership School(NOLS)@& 3to|t}, o] du:=
1965 | ZE (Petzoldt)ell olate] AHHATE o] shue] H2AE& 94 of
9] 7l=o By 840 HAo JFS FAA S o] & F de 7]
=0 M 8l wS B A= el Fal gl o] TulE m=o] o)
Qrgel 5

om AAl °F 20001H o HALE HFdte] 989 MY wKEZEIAPS AT
al

o

mlm

Faloopxeg), WA Sl s Adsta £gsta 3l

o

A
Ahelel o] &3k Aeprid el S kel w3 AFH A= oY E (Ewert,
1983)¢F ®= (Burton, 1981)el ¢jste] & A QY. o 2] E= °F 509

=

=B v R WES o 00 o] wEE wEor RAZAE

l

= R A= Outward Bound, AEFH, oI m A~ S

d ol &3 AP FHAAE dFoem 3 Aot 53] Burtons
Z1o] WpARSEY] m=Eol A 7270 A ATFES ofF FTHA LR A B4
ato] AAStR L, b AEel g WA vjds AAl AT HES x
Abell o]ste] 7279 AFEo] AREE FAHET = 115 AopdS v
3k oF 41709 AlElA olods AuE AES AT He|la vk 1
= AA AR A9 40% BE7F ofF 2 Aol e FUHE KAaLE)d
aL 9k36%7F °Fite] SUE Hastsl e 18%7F W) flas, e
3%7F AobNd o] FAE Raustivta stk webs Aol RE(F 76%)
AT TAHA AokAEY FUHE AH o8& o R FE deveE AR

ZEA 3L Atk o] ZALE vy o ® B ELS Qutward Bound 39 4

2

o

o
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1§ ZEIPEL PR AokAdel gl FAH AnE HAgTw
stk e o] Aelaldel 7k AAl BE W] o= HE I

g MAEA ¢ 5 gna 2ES AU o] e MEFL FHAT

AhE A oM A E FEeE o] WIES BlolA BHoAE A

B>

Q3 AA HF

AN R

Ay

b zEo] Q1AF T oA AAM7ZEA] 379] 1A o=
T ol SlAre] AW 748%%0 o,

25.2 22 ZF (Error
Variance) ¥ &% #(Specific Variance)©]#} st th. T.V(Total Variance)

\
rie

7} 748% wolt AL Datad AAF AAYHA AW QAR A%z
A, oAb mFe] FFN ehbs BE2E A5 Eie AL of

Uy,
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14 3AAdd AE B2

Factor I | FactorI | FactorIll h?
oFA - E ket 0.881 0.157 -0.021 0.801
2} -8} o} - o) = ad Bl o 0.868 0.119 -0.100 0.778
AAAQE-IARUE 0.838 -0.180 0.363 0.866
7 & -1 2 3 0.821 0.043 0.408 0.842
A ket -ga ek 0.704 0.272 0.530 0.851
A 2~ o2 A 2~ 7 2] 9} 0.687 -0.141 0.536 0.779
TR 2 0.653 -0.369 0.375 0.703
A doh-A A glet 0.391 0.833 -0.004 0.847
78t} oF sttt -0.226 0.802 -0.218 0.742
e e e e e -0.095 0.705 -0.077 0.512
A A ol t}-o] A A o]t} 0.314 0.666 0.193 0.579
kol drk-gub ol flrk | —0.405 0.589 -0.395 0.667
e E RS 0.212 0.079 0.844 0.764
Hrh-o] Frh 0.413 -0.535 0.616 0.836
watd-AEe -0.256 -0.481 0.590 0.645
gHolglE=-dgolgle 0.553 -0.328 0.572 0.741
Eigen value 7.068 3.706 1.179 11.953
CV 59.133 31.005 9.864
TV 44.175 23.163 7.369
B i B
Fl g Fl i Fill ii
ke | | ] £ |
24 l : 4 ; ‘I‘
i} q
coil Latif. Canlf, Latil. Conil Lakit

* p<0.10(p=0.096)

*+ p<0.05(p=0.000)

138, AR} A7k} ddIke] t-test Ayp e
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5, 1990) AHgata ek 2ed Sl 4R
Sl ek AE 2 HPAQoRTH e
3

et kA oo HrpE ded dAen 2

AT ot 5454 Alge 2000mg/kgs F

Akl deje] o) o] vlehbA oW 1 olde §¥oE APt A

i
QL
2
AN
N
52
N
<

olr
_|_,
E
=]
—
S
e
i
1
H,
£
Lot
=z
L
o,
Jo
2

¥16. G2 vp§-2zof 3 =4 (LDsy)

Group LDso(g/kg body weight)
o=z -
EAS e 3.5
XL 2 12
o BH 8.5
L= - 9.5
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TB BUN CRSC
Group ALT ALP TP Ab  Glo A/G (mg/ (mg/d (mg/d
(U/L)  (U/L)  (g/dl) (g/dl) (g/dl) ratio ) ) )

1 0.9+0. 0.7+0.

ISR 4024108 9261325 6.1+02 28802 3301 | 328435 02401
0.840. 0.7+0.

AUS 6034164 15658216 59401 27+01 32401 | 218544 02401
0.940. 0.7+0.

MU 502£102 9751815 60+02 28802 32401 | 81383 02401
8+0. 0.740.

B o8 488457 87.04341 58404 2601 32403 081 0 071 O 050472 0.120.1
_ . 0.90. 0.6+0.

S U 50476 94217 60403 28803 325004 | 290439 020.04

() 1 : mean*SD x 1 p < 005
Alanine transperase(ALT), Alkaline phosphatase(ALP),
Total protein(TP), Albumin(Alb), a-Globulin(Glo, serum),
Total bilirubin(TB), Blood Urea Nitrogen(BUN), Creatinine(CRSC),
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E7)o A ALkgk cortisoldl] wigh FAE o] &ske] A #g ELISA kit
1~1,000 ng/mle] FE2=4 HHE Ze= AoZ n9$29 dF cortisol &
=5 A3 HEedn. vt e EFo wElA 17a-hydroxylating
enzyme system®] Z}o]Z cortisol¥} corticosteron®] A3 Ao XA
Aol ztol7t A7 A Br(Badr, 1971). ICR wl-$2o 3k cortisol 2
EAAR-= BgetxrF gk 2Ey & ATl Al FFste] ARE g ELISA

kit¥ corticosteron®] 3t WaHELo] 35 %R W 7] wio| AEGF

s

2 A A cortisol®] =2 F7F= ICR w227} corticosteron H.Uh=
cortisole]  F& EAEE A& AA Foh AAE kit wANEE
prednisoloned| A o}F =A YA AW AAdAH oz EAFE= Ao] of
Ut =48 5 cortisol %] Q0= A AV HA Gerh

Cortisol (ng/ml

1 1 1 1 1

cortrol Stress ST-So ST-Ja ST-Py ST-Wh
Treatment

T4 A7 A= A A 87 ICR w220l A €]

&4 cortisols = W3}

= 47+39 ng/mlE A7 A=
o7 2EHAE 7HS A4S vaste] @A e FAE YERAT w1t
2~

F2e 3 2E# A= A2 (Nakamura 5, 1990)3 FEAA o] +9&
F2 AGAAT B AGAAE A4 AH ANAT FAE o] §5
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50 -

Minute

Pe Pe+PD Pe+PK Pe+CO Pe+CP
Treatment

2
o
ol
ol
rir
o2
o

Z1%942. Pentobarbital sodium & ¥ v}9-229] £ A7 A

H =

&9lo] & Pepentobarbital sodium, PD:&WY,  PK:AMWE CO:

CP:3t (n=10)

Minute
®

Ke Ke+PD Ke+PK Ke+CO Ke+CP
Treatment

o
i/

] o &

1943, Ketamine HCl # 2] & mp-¢29 $FHAI7F Ao Jeksls= AH

s} o} =
7} Ke'Ketamine HCl, PD:&UH, PKANVT CO:EH™M CP:8l9 (n=10, * :

p < 0.05)

sk i e A etk 2uFek B2 ketamine HCIS wh3 A

} 4= 9lt}. Pentobarbital sodium-

=

|

O

lo

2

o

=

o
o
)
)
Ir
2
tlo
O

oJetdlx= a7 =4 acetylcholine
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#F A9l Ketamine HCI2] T &3E AES Ay
2E F94 JA AsA7I= 297t JAZHAT. dEs 259 uFHA
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T N Mean Diff. t Prob.
BDI # 19 13.11
— 5.90 5.087 .000
BDI ¢ 19 7.21
30
EBDI before
25 1 _ mBDI after
20
= 15
>
10
5
0
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7HHAMD) %}ol.

Diff. t Prob.

Mean

o

4.84
2.32

19

19

HAMD #

13.47 .000

2.52

HAMD %

O HAM-D before
B HAM-D after
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45
40 W BAl before L

O BAI after

30
25
20
15
10
; 1l

12 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19

Number

Value

1946, BAI 9 #-% d]aL

®21. A9 %o 2 HHAMD) 2o,

T2 N Mean Diff. t Prob.
HAMA A 19 2.16
- 1.90 1.564 .135
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13 I ] B HAM-D after
8
[} 7 |
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> 5 ||
4 |
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C = P+Km/(Fd+Fc)
C : concentration(ppm)
P : Permeation rate(ng/min)
Km : Molecular constant
Fd : Dilution flow rate (ml/min)

Fc : Chamber flow rate (ml/min)
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