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º £ ;b& ê�Ë~ V&Wf ¢>'b� CO2 º'&Ê¢ �Ï� &öê¢ G;�b�B �Ò>Ú z
æò ê�Ë Ú¦ö �sj Ú¢~º 6f ÒÏ*�¾ ÒÏ 7� ê�Ëö &� &öê G;ö 'Ï~º�
^B6b� æ'>Ú z
. �ö ê�Ë~ ;çj æz�Êæ p�, ê�Ë~ &öê¢ *7G;�b�B Ò
Ï*�¾ jºö V¢Bº *�7� ê�Ëö &� &öê¢ G;� > ®º &nj B�~�¶ ~&
. &
öê *7G;»f ê�Ë Ú¦~ NÛêæzf Ûê�.B(Art-sorb)~ 7ïæz¢ Û� ê�Ë~ V&ê¢
*7'b� rj�º O»�
. 
þf ÿ¢Ë²ö ��B 3B~ ã¦;ê�Ëj &çb� ê�ËÚ �«j
Bæ p� Art-sorbf NÛê >÷V¢ I� 12¢* ê¯~&
. ' ê�ËÚ Nêf Ûê æÿªj "ææÿ
ªb� ¾F æÿN� ¾æîb�, � Ö" Nê æÿNöBº ã¦ËA(0.67)& ã¦ËB(0.69)¾ ã¦ËC(0.79)
�
 æÿN� 'îb� Ûê æÿNöBê ã¦ËA(0.12)& ã¦ËB(0.19)¾ ã¦ËC(0.72)�
 æÿN� '
Ú V&ê& &Ë ·^�j r > ®î
. 6� CO2º'&Ê¢ �Ï� ç7 &öê G;öB~ �Vv~Nö
&~� *7 &öê G;öB~ ÛêæÿNj &«� �~
. 

Abstract The airtightness of museum cases in museums was measured by using CO2 tracing gas, but it has been
pointed that it has a problem with measuring the airtightness of a museum case which has a hole inside before
it is used or while is being used. So studies tried to come up with alternatives which make it possible to measure
the airtightness of a museum case before it is used or while it is being used if necessary by indirectly measuring
the airtightness of the museum case without changing its form. Indirect measuring is done by measuring the change
of Art-sorb weight and the change of temperature and humidity inside the museum case. Experiments were made
for 12 days with three builtin wall case installed at the same place without turning on the lights but with Art-
sorb and the data logger of temperature and humidity put into museum case. The change rate was produced with
the change of temperature and humidity inside the museum case divided by that of those around museum case.
As a result,  the temperature change rate of museum case A(0.67) was lower than that of museum case B(0.69)
or museum case C(0.79). The humidity change rate of museum case A(0.12) was lower than that of museum case
B(0.19) or museum case C(0.72) showing that its airtightness was the best. Also in the direct airtightness measurement
by CO2 tracing gas, the air exchange rate was compared with the humidity change rate by Art-sorb in the indirect
measurement.
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ê�Ëj B·� r Zí�
ê ÖF>Ú¢ �
. ��
� �¦ �z�¶ö &� jÏ 5 N�j *�Bº ê

�Ë~ V&W(&öê)j ¸�¢ ~º�, � Onb�

ê�Ë FÒ*~ 7�¦, .³æ" FÒ*~ 7�¦, B
ö¦ö ÒÏ>º &ÊÝ �ö &� BF �j 
 > ®

. V&W� BF>� ê�Ëf ^zÒ~ *� 5 n
*� ���*b�B~ ��j � > ®b�, ��¦~

æÿö &�Bê Ö>� jÏ��� &Ë~² B
. �
�æ� &¦ª~ ;b&öBº Fb ��&Ò~ G�"

ãB'� G�j �J~� z×z V&Wj ¸� &ö
; ê�Ëj j�~� ®º º^�
. 

ê�Ë~ V&Wf îj Û� ��Úæº �V~ �
ÿ" &ê>�, ê�Ë~ ÚÁ�¦Ò�öB ¢Ú¾º
�V 5 >ª~ �ÿf &Ê³ê, >ªï~ Nö ~�

{Ö*ç" {Kæzö ~� �V(�Á)*çb� J«
� > ®
. z® *�ê�Ë ÚÁ�¦*~ Ûêæzº

>ª� ôf �öB 'f �b�~ �ÿ*çb� " >
®b�, ÚÁ�¦*~ NêN& �~ ìº ãÖº ª{
Nö ~� >ª�ÿ� ¢Ú¾�, ÚÁ�¦*~ NêN
& � ãÖº �z >ÃV{ N�ö ~� >ª�ÿ�

¢ÚÂ
. ��� ê�Ë ÚÁ�¦* �V 5 >ª~
�ÿ;ê¢ �Vv~N�¢� �*~�, � �*¢ ~

�ÿn ê�ËÚ Ú'� î�Ú �V� jòæº v~
Å>[1/day]� ¾æÞ
.

ê�Ë~ &öê¾ �ÛFæö &� ­ &æ ��¢
ÚÚ�� ��.cVú î� ô� �jB >&j �V
v~N 1/day� �� �ÛBf �þ ÒÏ� ËV* Û
ê æÿ jÏ� &Ë�j B�~&b¾, V&W ï&O

»" ê�Ë B·VFB�� �"öº �Vv~N 0.1/
day ;ê¢ &öW� Ö>� >&b� ��, z× BF

~� 0.05/day, 0.03/dayræ ��� ®
. 6� �Vv

~N� 0.03/day� ê�Ë~ ãÖ �ÛBì� ê.æ

ÿöê ç�� ÛêæÿÛB& &Ë� ©b� rJ^

®
.3

;b& ê�Ë~ V&Wf ¢>'b� CO2 º'&Ê
¢ �Ï� &öê¢ G;�b�B �Ò>Ú zæò ê

�Ë Ú¦ö �sj Úº � ÒÏ*�¾ ÒÏ 7� ê

�Ëö &� &öê G;ö 'Ï~º�º ^B6b�
æ'>Ú z
. �ö ê�Ë~ ;çj æz�Êæ p�,
ê�Ë~ &öê¢ *7G;�b�B ÒÏ*�¾ jº
ö V¢Bº *�7� ê�Ëö &� &öê¢ G;�

> ®º &n� îN>Ú¢� jºW� &v>î
. 
� ��º ÿ¢Ë²ö ��B 3B~ ã¦; ê�Ëö
&� &öê¢ G;� ÚÏb�B *7'� &öê G
;»(Art-Sorb¢ R«� ã¦; ê�Ë~ NÛêæÿN)
" �¦ö ~Ö~� áf CO2 º'&Ê¢ �Ï� &ö

ê ç7G;öB áf N4ÛêæÿN, �Vv~N �
j jv�b�� �Vv~N 0.1/day, 1/day, 30/dayöB
~ ''~ ÛêæÿãË" Art-Sorb 1380g/m3 'Ï®j
r~ ÛêæÿãËj rj��¶ ~&
. 6� *7&

öê G;»~ ÎNWö &�Bê ï&� ��¶ ~&
.

II. 
  þ

1. 
þË~
� ��~ &öê *7G;(Art-Sorb R«ê N4Ûê
æÿ G;)j *� 
þË~º Photo 1" ?� &öê
ç7G;(CO2 º'&ÊÒÏ) 5 N4Ûê æÿG; 


þË~º Photo 2f ?
. 6� ÒÏ� VV 5 Òòº
Table 1ö ¾æÚî
.

1)
� 
þf 15~17oC Nê�� ~öB ê¯~&bæ�, Ö"~ 'Ïê � Nêº*ö �~� �ÖW� �;B
. 

Photo 1. Measuring of changing temperature and humidity
after inputting Art-Sorb (Size of wall case: 300 cmÜ290 cm
Ü90 cm).

Photo 2. Measuring changing temperature and humidity
during air-tightness test by CO2 tracing gas (measured by an
outsourcer)(Size of wall case: 300 cmÜ290 cmÜ90 cm).
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2. 
þO»
2.1. �ÛB(Art-Sorb) R�ö ~� &öê *7G;1)

ÿ¢� Ë²ö J~>Ú ®º ã¦; ê�Ë 3B(A,

B, C)~ &öê G;j *~� Art-Sorb(60%RH-1080
g)¢ R�~&�, � �ÛB~ 7ïæzf N4Ûêæÿ
ßWj Û� ê�Ë~ &öê¢ *7'b� G;~&b

�, 
þ";f j¾f ?
.

� ã¦; ê�Ë A, B, Cö '' .V7ïj G;�

10B~ Art-Sorb(60%RH-1080g)¢ ê�Ëö ¹j v
� N4Ûê ��æ>÷V(TH-3)¢ :�� 7�"
ã¦; ê�Ë �¦ö '' 1�O J~~&
. 

� N4Ûê>÷V(TH-3)º 30ª �*� N4Ûê¢ >
÷~ê� ~&
.

� ã¦; ê�Ë ^j �f ê �«j n j 12¢*
ê¯~&
.

� 12¢ ã"ê ^j BO� ê Art-Sorb 7ïj G;

~� N4Ûê>÷V¢ ²>~&
.

2.2. CO2º'&Ê¢ ÒÏ� &öê ç7G;
¢>'b� 
�~º ê�Ë~ &öê G;»b�B

CO2º'&Ê¢ ÒÏ~� ' ã¦; ê�Ë~ �Vv
~Nj BN'b� G;~&b�, 
þ";f j¾f

?
.

� ã¦; ê�Ë G�ö �sj Ú� Ú4�¦ö N4
ÛêbBf CO2bB¢ J~~&
.

� ã¦; ê�Ë Ú¦� CO2&Ê ^Ê¢ J~~&
.

� v>Rj ã¦; ê�Ëö J~~&
.

� �, �, �~ �Ö�sj 
Ò~b� î6~&
.

� ã¦; ê�Ë ÚÁ�¦ö êê� 13~ N4Ûê
>÷V TH-3¢ J~~� ê�Ë ^j �~
.

� ã¦; ê�ËÚ CO2&Ê ³ê& 2000ppm� F r
ræ "«~&
.

� v>Rj 10ª* ·ÿ~&
.

� 5ªî
 ã¦; ê�Ë ÚÁ�¦~ N4Ûê 5 CO2

³ê& PCö «K>ê�~&
(3¢* ê¯).

� 3¢ ã"ê NÁÛê>÷V TH-3¢ ²>~&
.

III. Ö  "

1. �ÛB(Art-Sorb) R�ö ~� &öê *7G;
1.1. Art-sorb 7ïæz
� ã¦; ê�Ë A 

' BÚî
 
þ*êö V� Z² 6²ï� 
�²
¾æÒb�, Art-sorb 10B~ ï� 6²ïf 9.75g�

î
.

Table 1. Instruments and materials


þ�ª 
þVV 5 Òò  �Ï 5 Ò·

Art-Sorb R«ê
N ·ÛêæÿG;

-N ·Ûê>÷V
  (Data logger)
-Ûê�.B
  (Art-Sorb, 
   60%RH)

-:æî&Þ

TH-3, ¢�SI*¶

(Full-cassette type),  FUJI 
SILYSIA CHEMICAL 
LTD.(¢�) 
11Ü33Ü4 cm, 1080g
CAS*¶&Þ, 
Model : SW-1

CO2 º'&ÊÒÏ 
&öêG;(G;~
Ö) +N ·Ûêæ
ÿG;

-N ·Ûê>÷V     
  (Data logger)

 TH-3, ¢�SI*¶

 
Table 2. Change of Art-sorb weight in wall case A

Serial No.*
Weight(g) 

1 2 3 4 5 6 7 8 9 10

Before 1077.5 1077.5 1077.5 1078.0 1078.0 1078.5 1078.0 1079.0 1077.0 1079.0

After 1067.0 1068.0 1066.5 1067.5 1067.5 1069.5 1068.5 1069.0 1068.0 1071.0

Weight of loss 10.5 9.5 11.0 10.5 10.5 9.0 9.5 10.0 9.0 8.0

*Serial number of inputted Art-sorb

Table 3. Change of Art-sorb weight in wall case B

Serial No.*

Weight(g) 1 2 3 4 5 6 7 8 9 10

Before 1079.0 1077.0 1078.0 1077.5 1078.5 1077.0 1077.5 1077.5 1078.0 1077.5

After 1068.5 1065.0 1066.0 1065.0 1065.0 1065.0 1065.0 1065.5 1066.5 1065.0

Weight of loss 10.5 12 12 12.5 13.5 12 12.5 12 11.5 12.5

*Serial number of inputted Art-sorb
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� ã¦; ê�Ë B 

�ö j~� 
þ*ê~ Art-sorbZ² æzï� z×
�² ¾æÒb�, Art-sorb 10B~ ï� 6²ïf 12.1g

�î
.

� ã¦; ê�Ë C
ê�Ë Cö &� 
þ*ê Art-sorb æzïf Table 4

f ?b�, ï�6²ïf 7.40g�î
.

*f ?� ê�Ë Ú¦ö R«� Art-sorb~ 7ï6²
º B > A > CË BB� ¾æÒb�, ' ê�Ëê 7ï
6² �¾*¢ Fig. 1ö ¾æÚî
. 

1.2. ã¦Ë A, B, C ÚÁ�¦ NÛêæz
ã¦; ê�Ë A, B, C ÚÁ�¦ NÛê æz8~ �

²(Min), �&8(Max) 5 �¦ NÛê æÿö &� ê

�Ë Ú¦~ N4Ûê æÿ(N4Ûê~ �&f �²8
~ N�)Nj êÖ~� Table 5~7ö ¾æÚî
. 

� ã¦Ë ÚÁ�¦ Nêæz
*~ Table 5~7ö ¾æÞ ã¦Ë ÚÁ�¦ Nê æz
Nj Fig. 2ö ¾æÚî
.
ê�Ë ÚÁ�¦~ ï�Nêº 12oC�� Ú¦ö j

~� �¦~ NêÞN& ��, �¦~ NêÞNº
A > C > B BB� ¾æÒº�, �º ê�Ë B& Af C

Ë Ò�ö ¹�² >Ú �¦~ 'Ëj '² Af ©
b� º;B
. 6� ê�Ë Ú¦~ NêÞNº
C > A > B~ BB¢ �&º�, BË� �¦~ 'Ëj &

Ë '² Af ©j �'� �� Af BËöB Ò�~

 
Table 4. Change of Art-sorb weight in wall case C

Serial No.*
Weight(g) 1 2 3 4 5 6 7 8 9 10

Before 1077.5 1077.5 1077.5 1078.5 1077.0 1078.5 1077.5 1078.5 1078.0 1078.0

After 1071.5 1071.0 1070.0 1070.0 1070.0 1069.5 1069.5 1070.5 1071.0 1071.5

Weight of loss 6 6.5 7.5 8.5 7 9 8 8 7 6.5

*Serial number of inputted Art-sorb

Table 5. Change of temperatures and humidity inside and outside wall case A

Min Max Mean Changing rate of temperature Changing rate of humidity

Wall case
A 

In
Temperature(oC) 10.5 15.5 11.9

ËÚæÿÝ"ææÿ
5Ý7.5=0.67

0.67

ËÚæÿÝ"ææÿ
6Ý52=0.12

0.12

Humidity(%) 47 53 52

Out
Temperature(oC) 9.5 17.0 11.9

Humidity(%) 24 76 54

Fig. 1. weight of loss of Art-sorb.
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N�º Z�� > ®j ;ê¢� �'>� CË Ú¦~
NêÞN& &Ë � ©b� �j ê�Ë~ &öê& &

Ë Ôf ©b� 6�B
.

� ã¦Ë ÚÁ�¦ Ûêæz
*~ Table 5~7ö ¾æÞ ã¦Ë ÚÁ�¦ Ûêæz
Nj Fig. 3, 4ö ¾æÚî
.

Fig. 3öB r > ®�� ê�Ë �¦º A, B, C Î
vöB Ûê æz �(�²8" �&8~ N)� 
Ö �
² ¾æÒb�, ê�Ë Ú¦~ ãÖ C > B > A~ BB
� Ûê æz;ê& 6²~&
. ß® CË~ ãÖº �

¦~ Ûê æzf FÒ� ;ê� æz�� 
B ê�Ë
~ &öê& *&® ÎÚöj r > ®
. 

� ê�Ëê NÛê æÿN

ê�Ë Ú¦ N4Ûê æÿ8ö &� �¦ N4Ûê

æÿ8j æÿN�¢� *B~� êÖ��� Nê æÿ
Nf C(0.79) > B(0.69) > A(0.67) BB� AË� &Ë '
f ©b� ¾æÒb�, Ûê æÿNê C(0.72) > B(0.19)
> A(0.12)BB� Nê æÿNöBf ?� AË� &Ë

æÿ� 'f ©b� ¾æÒ
(Fig. 4 ̂ �). æÿN� '

º ©j &öWö &� *7æ�� �
� &öêº
AË > BË > CË~ BB� Ö>�j r > ®
.

2. CO2º'&Ê¢ ÒÏ� &öê ç7G;
CO2º'&Ê¢ ÒÏ~� ã¦; ê�Ë~ �Vv~

Table 6. Change of temperature and humidity inside and outside  wall case B 

Min Max Mean Changing rate of temperature Changing rate of humidity

Wall case
B

In
Temperature(oC) 10.5 15.0 12.0

ËÚæÿÝ"ææÿ
4.5Ý6.5=0.69

0.69

ËÚæÿÝ"ææÿ
8Ý42=0.19

0.19

Humidity(%) 45 53 49

Out
Temperature(oC) 10.0 16.5 12.2

Humidity(%) 26 68 52

Table 7. Change of temperature and humidity inside and outside  wall case C 

Min Max Mean Changing rate of temperature Changing rate of humidity

Wall case
C

In
Temperature(oC) 10.0 15.5 12.0

ËÚæÿÝ"ææÿ
5.5Ý7=0.79

0.79

ËÚæÿÝ"ææÿ
34Ý47=0.72

0.72

Humidity(%) 36 70 56

Out
Temperature(oC) 10.0 17.0 12.5

Humidity(%) 26 73 56

Fig. 2. Temperature change inside and outside a builtin wall case.
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Nj G;� � Ö" Aº �Vv~N� 0.09/day��,
B~ ãÖº 0.99/day, Cº 29.45/day� ¾æÒ
. �Vv

~N� ·j>� &öêº 
æ² >æ� ã¦; ê�

Ë~ &öêº A > B > C~ BB¢ ¾æêj r > ®
b�, � Ö"º Art-sorb¢ �Ï� *7 &öê G;Ö
"fê ¢~~� ®
. 

3. Art-sorb¢ �Ï� *7 &öê G;»" CO2 º
'&Ê¢ ÒÏ� ç7 &öê G;»~ ç&&ê
*7 &öê G;Ö"f ç7 &öê G;Ö"f~
ç&Wj rjÚV *~� �Vv~Nö V� N4Ûê

æÿNj ÚÚ�~
. CO2 º'&Ê ÒÏ»ö ~� �

Vv~N� 0.099/day� ãÖ(ê�Ë A)º Ûê æÿN

� 0.26(Table 8), 0.99/day� ãÖ(ê�Ë B)º Ûê æ

ÿN� 0.51(Table 9)�îb�, 29.45/day� ãÖ(ê�Ë
C)º Ûê æÿN� 0.76(Table 10)j ¾æî
. *~ 8

j Art-Sorb¢ R�®jr~ ã¦; ê�Ë~ Ûê æ

ÿN" jv� Ö"¢ Fig. 5ö ¾æÚî
. ¯, �Vv

~N 0.099/dayöB �ÛB¢ Iæ pf ãÖ(ç7 &ö
ê G;)~ ÛêæÿNf 0.26�î�, �ÛB¢ Iîj

ãÖ (*7 &öê G;)º 0.12��, �Vv~N 0.99/
dayöB �ÛB¢ Iæ pf ãÖº Ûê æÿN� 0.51

��, �ÛB¢ If ãÖº 0.19�îb�, �Vv~N
29.45/dayöBº �ÛB¢ Iæ pf ãÖ~ Ûê æÿ

Nf 0.76j, �ÛB¢ If ãÖº 0.72¢ ¾æÚî
.
�ÛB¢ Iæpf ê�ËöB~ NÁÛê æÿNf ÿ

Fig. 3. Humidity change inside and outside a builtin wall case.

Fig. 4. Humidity change inside and outside a builtin wall case.
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Table 8. Change of temperature and humidity inside and outside wall case A (Air exchange rate : 0.09/day) 

Min Max Mean Changing rate of temperature Changing rate of humidity

Wall case
A

In
Temperature(oC) 15.0 17.25 15.85

ËÚæÿÝ"ææÿ
2.25Ý2.0=1.13

1.13

ËÚæÿÝ"ææÿ
14Ý53.5=0.26

0.26

Humidity(%) 38 52 49.5

Out
Temperature(oC) 14.75 16.75 15.8

Humidity(%) 25 78.5 49

 
Table 9. Change of temperature and humidity inside and outside wall case B (Air exchange rate: 0.99/day) 

� ª Min Max Mean Changing rate of temperature Changing rate of humidity

Wall case
B

In
Temperature(oC) 15.25 17.0 15.9

ËÚæÿÝ"ææÿ
1.75Ý4.0=0.44

0.44

ËÚæÿÝ"ææÿ
16Ý31.5=0.51

0.51

Humidity(%) 52 68 53.5

Out
Temperature(oC) 14.75 18.75 15.75

Humidity(%) 42.5 74 59

Fig. 5. Humidity change rate-related graph of wall case A, B, C, a builtin wall case,
according to direct or indirect airtightness measurement.

� G;j Û� ê�Ë* ç&'jvº &Ë~¾ .&
'� >~¢ <æ á~æ�, �ÛB¢ If ãÖ~ Û

êæÿNj V&b� �Vv~Nö &«~� ÚÚ�~

. Art-sorb(1380g/m3V&j 'Ï� ãÖ)¢ R�� *

 
Table 10. Change of temperature and humidity inside and outside wall case C(Air exchange rate : 29.45/day)

Min Max Mean Changing rate of temperature Changing rate of humidity

Wall case
C

In
Temperature(oC) 16.25 17.0 16.55

ËÚæÿÝ"ææÿ
0.75Ý1.75=0.4

0.43

ËÚæÿÝ"ææÿ
29Ý38=0.76

0.76

Humidity(%) 40 69 55

Out
Temperature(oC) 16.25 18.0 16.75

Humidity(%) 35 73 58
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7&öê G;»öB Ûê æÿN� 0.12 ;ê 8j �

�º ãÖ, CO2 º'&Ê¢ ÒÏ� ç7&öê G;»

öB~ �Vv~N� 1/day, Ûê æÿN� 0.72 ;ê�

ãÖº �Vv~N� 30/day ;êªj *7'b� rj
â > ®
. 

IV. Ö  �

ÿ¢Ë²ö ��B 3B~ ã¦; ê�Ëö &� &ö
ê¢ *7(Art-Sorb¢ R�� ê ' ê�Ë~ N4Ûê
æÿN êÖ) 5 ç7 G;»(CO2º'&Ê ÒÏ� �V

v~N" N4Ûê æÿN êÖ)j Û~� êG� �~

. 6� v Ö"~ ç&&ê 5 *7&öê G;»~
ÎNWö &�Bê ï&� � Ö" 
r" ?f Ö�j
áj > ®î
.

1. ã¦; ê�Ë~ &öê
�ÛB(Art-sorb)~ 7ïæz 5 ê�Ë ÚÁ� NÛ
ê æz G;j Û�� ã¦Ë &öêº ê�Ë A&
&Ë ¸� B, C~ BB� ¾æÒ
. CO2 º'&Ê¢

ÒÏ� ç7&öê G;»öBê ÿ¢� Ö"¢ ¾æ
Úî
.

2. *7 &öê G;»" ç7 &öê G;»~ ç
&&ê

CO2&Ê ÒÏ &öêG;� ÛêæÿN" Art-SorbÒ

Ï &ö;ê
þ~ ÛêæÿNj jv� Ö" Art-sorb
(1380g/m3V&j 'Ï� ãÖ)¢ R�� *7&öê G
;»öB Ûê æÿN� 0.12 ;ê 8j ��º ãÖº
CO2 º'&Ê¢ ÒÏ� ç7&öê G;»öB~ �V

v~N 0.1/day ;ê¢ ¾æÚ�, Ûê æÿN� 0.2 ;

ê 8j ��º ãÖº CO2 º'&Ê¢ ÒÏ� ç7&

öê G;»öB~ �Vv~N 1/day ;ê¢ ¾æÚ�,

Ûê æÿN� 0.7 ;ê� ãÖº �Vv~N� 30/day

;êªj *7'b� rjâ > ®
. 
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