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Abstract

The purpose of this sudy was to evauate the feashility of rediation Serilization
using the isotope ®Co gamma ray on Chinese medicine. Through this research, we
can underdand if the property of Chinese medicine is affected by the radiation.
Further more, we can use this method to provide a Smple and economic way for
conservation and sterilization of herbal medicine.

Thirsty herbd medicines were sudied in this study. We bought these herba
medicines from the same locad store to assure thelr properties are about the same. We
then divided these medicines into two groups, i.e, the Serilization group and the
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controls. After 3 months of storage, these medicines were andyzed using the UV-VIS,
HPLC, and FTIR.

As a reault, we found that nearly dl the medicines were derilized after the
irradiation trestment of 3 kGy. Compounds and functiond groups in these Chinese
medicines were not changed by the irradiation trestment. However, minor changes
were found in the molecular Structures of some of the medicines before and after the
irradiation.

Keywords Gamma-ray; Sterilization; Chinese medicine

[1-3]

[4-9]

[2,456,7]
Gray)

- 392 -



(2
[10-11]

[12-16]
[17-19]
25kGy
20kGy
20kGy
2.0kGy
[20,21]
FAOIAEA/WHO
10kGy
3 6 %Gy
FTIR (HPLC)
[22]

- 393 -



HRRE

r-Ray B4~ frfir =@ A

VRN EBERFER Y

B 4t AT B AR R AT AT

FTIR

HPLC

UV-VIS

A8 AR

- 304 -




UV-VIS HPLC FTIR
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C: Control; 3:3kGy; 6:6kGy; 9:9kGy
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HPLC

BECKMAN system gold 126 solvent module

(Instrument)
(Detector) Detector 166
Inertsil ODS-2  4.6x 250 mm
Ultrasphere ODS5u  4.6mmx25cm
(Columntype)  \y/aters spherisorb 10u ODS-1  4.6x250mm
CH:CN .
(Mobilephase)  |0.1%HPO.10 o (Flow rate) 1.0.ml/min
(Injection val.) 20pl (Internal standard)
. - MilliQ (Detector 254 nm
(Dissolving solvent) wavelength)
(Retention time) S0min (Flow rate) 0.2ml/min
(Purity)
HPLC
1 24
B )
3. 1/100 HALC
scade 10%
4. tR 2"‘3
5. 99.0%
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HPLC
BECKMAN system gold 126 solvent module
(Instrument)
Detector 166
(Detector)
Inertsil ODS-2  4.6x 250 mm
Ultrasphere ODS5u  4.6mmx25cm
(Colrmype) Waters spherisorb 10u ODS-1  4.6x250mm
Slica and Ambient
(Column packing) slica-Based (Column temp)
CH:CN .
0.8.ml/min
(Mobile phese) 0.1%H3POs-10 o (Flow rate)
(Injection val.) 20 H | (Internd standard)
(Disolving olvert) MilliQ (Detector wavelength) 254 nm
(Retenion ime) 30min (Flow rat9 0.2ml/min
(Purity)
HPLC
1 24
2. 1™ 20nh
Bm )
3. 1/100 HRL.C
scae 10%
4. tR 2"‘3
5. 99.0%
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HPLC

BECKMAN system gold 126 solvent module

(Instrument)
(Detector) Detector 166
Inertsil ODS-2  4.6x 250 mm
Ultrasphere ODS5u  4.6mmx25cm
(Columntype)  |\y/zters spherisorb 10u ODS-1 _ 4.6x250mm
: CH:CN 0.8.ml/mn
(Mobile phase) 0.1%HPOs10 o (Flow rate)
(Injection val.) 20 | (Internal standard)

: : Milli D 2
(Dissolving solvent) ihQ wav(eIg%ttI?)r 54 nm
(Retention time) 30min (Flow rate) 0.2mi/min
(Purity)

HPLC

1 24
Bem )
3. 1/100 HALC
scae 10%
4. tR 2"'3
5. 99.0%
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HPLC
BECKMAN system gold 126 solvent module
(Instrument)
Detector 166
(Detector)
Inertsil ODS-2  4.6x 250 mm
Ultrasphere ODS5u  4.6mmx25cm
(Calumntype) Waters spherisorb 100 ODS-1  4.6x250mm
Slica and Ambient
(Column packing) slica-Based (Column temp)
CH:CN .
0.8.ml/min
(Mobile phese) 0.1%H3POs-10 o (Flow rate)
(Injection val.) 20 H | (Internd standard)
(Dissolving olvert) MilliQ (Detector wavelength) 280 nm
(Retenion ime) 50min (Flow rat9 0.2ml/min
(Purity)
HPLC
1 24
2. 1™ 20nh
Hm )
3. 1/100 HRL.C
scae 10%
4. tR 2"‘3
5. 99.0%
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HPLC
BECKMAN system gold 126 solvent module
(Instrument)
Detector 166
(Detector)
Inertsil ODS-2  4.6x 250 mm
Ultrasphere ODS5u  4.6mmx25cm
(Calumntype) Waters spherisorb 10U ODS-1  4.6x250mm
Slica and Ambient
(Column packing) slica-Based (Column temp)
CH:CN .
0.8.ml/min
(Mobile phese) 0.1%H3PO4-15 g5 (Flow rate)
(Injection val.) 20 H | (Internd standard)
(Disolving olvert) MilliQ (Detector wavelength) 235nm
(Retenion ime) 30min (Flow rat9 0.2ml/min
(Purity)
HPLC
1. 24
2. 1™ 20nh
o)
3. 1/100 HRL.C
scae 10%
4. tR 2"‘3
5. 99.0%
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HPLC
BECKMAN system gold 126 solvent module
(Instrument)
Detector 166
(Detector)
Inertsil ODS-2  4.6x 250 mm
Ultrasphere ODS5u  4.6mmx25cm
(Calumntype) Waters spherisorb 10u ODS-1  4.6x250mm
Slica and Ambient
(Column packing) slica-Based (Column temp)
CH:CN .
0.8 ml/min
(Mobile phese) 0.1%H3POs-0 o (Flow rate)
(Injection val.) 20 H | (Internd standard)
(Disolving olvert) MilliQ (Detector wavelength) 280 nm
(Retenion ime) 30min (Flow rat9 0.2ml/min
(Purity)
HPLC
1. 24
2. 1™ 20nh
o)
3. 1/100 HRL.C
scae 10%
4. tR 2"‘3
5. 99.0%

- 432 -




HPLC

BECKMAN system gold 126 solvent module

(Insrument)
(Detecton) Detector 166
Inertsil ODS-2  4.6x 250 mm
Ultrasphere ODS5u  4.6mmx25cm
(Cotumntype) Waters spherisorb 10U ODS-1  4.6x250mm
Slica and Ambient
(Caumn packing) slica-Based (Column temp)
CHs:CN :
. 0.8.ml/min
(Mobile phass) 0.1%H3PO4-190 o (Flow rate)
(Injectionval.) 20 H | (Intemd standard)
(Disolving solvent) MIIIIQ (Detector wavdength) 210 nm
(Retertion timd) 30min (Flow 1) 0.2ml/min
(Purity)
HPLC
1 24
o)
3. 1/100 HALC
scade 10%
4. tR 2"‘3
5. 99.0%
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HPLC

BECKMAN system gold 126 solvent module

(Instrument)
(Detector) Detector 166
Inertsil ODS-2  4.6x 250 mm
Ultrasphere ODS5u  4.6mmx25cm
(Columntype) |\ aters spherisorb 10u ODS-1 4.6x250mm
(Column packing) Silicaand silica-Basd (Column temp) Ambient
CH:CN .
(Mobile phase) 0.1%H3POs-10 o (Flow rate) 08 mi/min
(Injection val.) 20l (Internal standard)
. . MilliQ (Detector 254 nm
(Dissolving solvent) wavelength)
(Retention time) 30min (Flow rate) 0-2mi/min
(Purity)
HPLC
1 24
e, )
3. 1/100 HALC
scae 10%
4. tR 2"'3
5. 99.0%
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HPLC

BECKMAN system gold 126 solvent module

(Instrument)
(Detector) Detector 166
Inertsil ODS-2  4.6x 250 mm
Ultrasphere ODS5u  4.6mmx25cm
(Columntype) |\ aters spherisorb 10u ODS-1 4.6x250mm
(Columin packing) Silicaand silica-Basd (Column temp) Ambient
CH:CN .
(Mobile phase) 0.1%H3POs15 &5 (Flow rate) 08 ml/min
(Injection val.) 20l (Internal standard)
, : MilliQ (Detector 254 nm
(Dissolving solvent) wavdlength)
(Retention time) 30min (Flow rate) 0-2mi/min
(Purity)
HPLC
1. 24
Biem )
3. 1/100 HALC
scae 10%
4, tr  2-3
5. 99.0%
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HPLC

BECKMAN system gold 126 solvent module

(Instrument)
(Detector) Detector 166
Inertsil ODS-2  4.6x 250 mm
Ultrasphere ODS5u  4.6mmx25cm
(Columntype) |y aters spherisorb 10U ODS-1  4.6x250mm
(Column packing) Silicaand silica-Basd (Column temp) Ambient
CH:CN .
(Mobile phase) 0.1%H3POs15 g5 (Flow rate) 08 ml/min
(Injection val.) 20l (Internal standard)
. . MilliQ (Detector 254 nm
(Dissolving solvert) wavdlength)
(Retention time) 30min (Flow rate) 0-2mi/min
(Purity)
HPLC
1 24
Bem )
3. 1/100 HALC
scae 10%
4. tR 2"'3
5. 99.0%
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HPLC

BECKMAN system gold 126 solvent module

(Instrument)
(Detector) Detector 166
Inertsil ODS-2  4.6x 250 mm
Ultrasphere ODS5u  4.6mmx25cm
(Columntype) |\ aters spherisorb 10u ODS-1 4.6x250mm
(Column packing) Silicaand silica-Basd (Column temp) Ambient
CH:CN .
(Mobile phase) 0.1%H3POs-10 o (Flow rate) 08 ml/min
(Injection val.) 20l (Internal standard)
. . MilliQ (Detector 254 nm
(Dissolving solvent) wavelength)
(Retention time) 30min (Flow rate) 0-2mi/min
(Purity)
HPLC
1 24
B )
3. 1/100 HALC
scae 10%
4. tR 2"'3
5. 99.0%
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HPLC

BECKMAN system gold 126 solvent module

(Instrument)
(Detector) Detector 166
Inertsil ODS-2  4.6x 250 mm
Ultrasphere ODS5u  4.6mmx25cm
(Columntype) |\ aters spherisorb 10u ODS-1 4.6x250mm
(Column packing) Silicaand silica-Based (Column temp) Ambient
CHLCN 0.8 ml/min
(Mobile phase) 0.1%H3POs15 g5 (Flow rate) '
(Injection val.) 20l (Internal standard)
. . MilliQ (Detector 254 nm
(Dissolving solvent) wavelength)
(Retention time) 30min (Flow rate) 0-2mi/min
(Purity)
HPLC
1 24
3 Bem )
3. 1/100 HALC
scae 10%
4. tR 2"'3
5. 99.0%
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HPLC

BECKMAN system gold 126 solvent module

(Instrument)
(Detector) Detector 166
Inertsil ODS-2  4.6x 250 mm
Ultrasphere ODS5u  4.6mmx25cm
(Columntype) |\ aters spherisorb 10u ODS-1 4.6x250mm
(Column packing) Silicaand silica-Basd (Column temp) Ambient
CHLCN 1.0.ml/min
(Mobile phase) 0.1%H3POs=25 75 (Flow rate) e
(Injection val.) 20l (Internal standard)
. . MilliQ (Detector 230 nm
(Dissolving solvent) wavelength)
(Retention time) S0min (Flow rate) 0-2mi/min
(Purity)
HPLC
1 24
Bm )
3. 1/100 HALC
scae 10%
4. tR 2"'3
5. 99.0%
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HPLC

BECKMAN system gold 126 solvent module

(Instrument)
(Detector) Detector 166
Inertsil ODS-2  4.6x 250 mm
Ultrasphere ODS5u  4.6mmx25cm
(Columntype) |\ aters spherisorb 10u ODS-1 4.6x250mm
(Column packing) Silicaand silica-Basd (Column temp) Ambient
CH:CN .
(Mobile phase) 0.1%H3POs-35 65 (Flow rate) 08 ml/min
(Injection val.) 20l (Internal standard)
. . MilliQ (Detector 254 nm
(Dissolving solvent) wavelength)
(Retention time) 30min (Flow rate) 0-2mi/min
(Purity)
HPLC
1 24
Bem )
3. 1/100 HALC
scae 10%
4. tR 2"'3
5. 99.0%
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HPLC
BECKMAN system gold 126 solvent module
(Instrument)
Detector 166
(Detector)
Inertsil ODS-2  4.6x 250 mm
Ultrasphere ODS5u  4.6mmx25cm
(Calumntype) Waters spherisorb 10U ODS-1  4.6x250mm
Slica and Ambient
(Column packing) slica-Based (Column temp)
CH:CN .
0.8.ml/min
(Mobile phese) 0.1%H3POs-5 75 (Flow rate)
(Injection val.) 20 H | (Internd standard)
(Disolving olvert) MilliQ (Detector wavelength) 254 nm
(Retenion ime) 30min (Flow rat9 0.2ml/min
(Purity)
HPLC
1. 24
2. 1™ 20nh
o)
3. 1/100 HRL.C
scae 10%
4. tR 2"‘3
5. 99.0%
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HPLC

BECKMAN system gold 126 solvent module

(Instrument)
(Detector) Detector 166
Inertsil ODS-2  4.6x 250 mm
Ultrasphere ODS5u  4.6mmx25cm
(Columntype) |\ aters spherisorb 10u ODS-1 4.6x250mm
(Column packing) Silicaand silica-Basd (Column temp) Ambient
CHLCN 1.0.ml/min
(Mobile phase) 0.1%H3POs=25 75 (Flow rate) e
(Injection val.) 20l (Internal standard)
. . MilliQ (Detector 210 nm
(Dissolving solvent) wavelength)
(Retention time) 30min (Flow rate) 0-2mi/min
(Purity)
HPLC
1 24
Hiem )
3. 1/100 HALC
scae 10%
4. tR 2"'3
5. 99.0%
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HPLC

BECKMAN system gold 126 solvent module

(Instrument)
(Detector) Detector 166
Inertsil ODS-2  4.6x 250 mm
Ultrasphere ODS5u  4.6mmx25cm
(Columntype) |\ aters spherisorb 10u ODS-1 4.6x250mm
(Column packing) Silicaand silica-Basd (Column tenp) Ambient
(Mobilephase)  |CHCN MQ=70 30 (Flow rate) 0.8 mi/min
(Injection val.) 20l (Internal standard)
, : MilliQ (Detector 254 nm
(Dissolving solvent) wavdlength)
(Retention time) 30min (Flow rate) 0-2mi/min
(Purity)
HPLC
1 24
Bem )
3. 1/100 HALC
scae 10%
4. tR 2"‘3
5. 99.0%




HPLC

BECKMAN system gold 126 solvent module

(Instrument)
(Detector) Detector 166
Inertsil ODS-2  4.6x 250 mm
Ultrasphere ODS5u  4.6mmx25cm
(Columntype) |\ aters spherisorb 10u ODS-1 4.6x250mm
(Column packing) Silicaand silica-Basd (Column temp) Ambient
CH:CN .
(Mobile phase) 0.1%H3POs15 g5 (Flow rate) 08 ml/min
(Injection val.) 20l (Internal standard)
. . MilliQ (Detector 254 nm
(Dissolving solvent) wavelength)
(Retention time) 30min (Flow rate) 0-2mi/min
(Purity)
HPLC
1 24
Bem )
3. 1/100 HALC
scae 10%
4. tR 2"'3
5. 99.0%




HPLC

BECKMAN system gold 126 solvent module

(Instrument)
(Detector) Detector 166
Inertsil ODS-2  4.6x 250 mm
Ultrasphere ODS5u  4.6mmx25cm
(Columntype) |\ aters spherisorb 10u ODS-1 4.6x250mm
(Column packing) Silicaand silica-Based (Column temp) Ambient
CHLCN 1.0 ml/min
(Mobile phase) 0.1%H3POs2 & (Flow rate) '
(Injection val.) 20l (Internal standard)
. . MilliQ (Detector 320 nm
(Dissolving solvent) wavelength)
(Retention time) 30min (Flow rate) 0-2mi/min
(Purity)
HPLC
1 24
Biem )
3. 1/100 HALC
scae 10%
4. tR 2"'3
5. 99.0%
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HPLC

BECKMAN system gold 126 solvent module

(Instrument)
(Detector) Detector 166
Inertsil ODS-2  4.6x 250 mm
Ultrasphere ODS5u  4.6mmx25cm
(Columntype) |\ aters spherisorb 10u ODS-1 4.6x250mm
(Column packing) Silicaand silica-Basd (Column temp) Ambient
CH:CN .
(Mobile phase) 0.1%H3POs-10 o (Flow rate) 08 ml/min
(Injection val.) 20l (Internal standard)
. . MilliQ (Detector 250 nm
(Dissolving solvent) wavelength)
(Retention time) 30min (Flow rate) 0-2mi/min
(Purity)
HPLC
1 24
%
Bien )
3. 1/100 HALC
scae 10%
4. tR 2"'3
5. 99.0%

- 446 -




HPLC

BECKMAN system gold 126 solvent module

(Instrument)
(Detector) Detector 166
Inertsil ODS-2  4.6x 250 mm
Ultrasphere ODS5u  4.6mmx25cm
(Columntype) |\ aters spherisorb 10u ODS-1 4.6x250mm
(Column packing) Silicaand silica-Based (Column temp) Ambient
CHLCN 1.0.ml/min
(Mobile phase) 0.1%H3PO4-3 70 (Flow rate) e
(Injection val.) 20l (Internal standard)
. . MilliQ (Detector 254 nm
(Dissolving solvent) wavelength)
(Retention time) 30min (Flow rate) 0-2mi/min
(Purity)
HPLC
1 24
%
B )
3. 1/100 HALC
scae 10%
4. tR 2"'3
5. 99.0%
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HPLC

BECKMAN system gold 126 solvent module

(Instrument)
(Detector) Detector 166
Inertsil ODS-2  4.6x 250 mm
Ultrasphere ODS5u  4.6mmx25cm
(Columntype) |\ aters spherisorb 10u ODS-1 4.6x250mm
(Column packing) Silicaand silica-Based (Column temp) Ambient
CHLCN 1.0 ml/min
(Mobile phase) 0.1%H3POs=25 75 (Flow rate) '
(Injection val.) 20l (Internal standard)
. . MilliQ (Detector 254 nm
(Dissolving solvent) wavelength)
(Retention time) 30min (Flow rate) 0-2mi/min
(Purity)
HPLC
1 24
Eem )
3. 1/100 HALC
scae 10%
4. tR 2"'3
5. 99.0%
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HPLC

BECKMAN system gold 126 solvent module

(Instrument)
(Detector) Detector 166
Inertsil ODS-2  4.6x 250 mm
Ultrasphere ODS5u  4.6mmx25cm
(Columntype) |y sters spherisorb 10u ODS-1 4.6x250mm
(Column packing) Silicaand silica-Basd (Column temp) Ambient
CH:CN .
(Mobile phase) 0.1%H3POs-10 o (Flow rate) 08 ml/min
(Injection val.) 20l (Internal standard)
. . MilliQ (Detector 254 nm
(Dissolving solvent) wavelength)
(Retention time) 30min (Flow rate) 0-2mi/min
(Purity)
HPLC
1 24
Bem )
3. 1/100 HALC
scae 10%
4. tR 2"'3
5. 99.0%
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HPLC

BECKMAN system gold 126 solvent module

(Instrument)
(Detector) Detector 166
Inertsil ODS-2 4.6x 250 mm
Ultrasphere ODS5u  4.6mmx25cm
(Columntype) |\ aters spherisorb 10u ODS-1  4.6x250mm
(Column packing) Silicaand silica-Basd (Column temp) Ambient
CHLCN 0.8.ml/min
(Mobile phase) 0.1%H3POs2 & (Flow rate) o
(Injection val.) 20l (Internal standard)
. . MilliQ (Detector 280 nm
(Dissolving solvent) wavelength)
(Retention time) 30min (Flow rate) 0-2mi/min
(Purity)
HPLC
1 24
Eem )
3. 1/100 HALC
scae 10%
4. tR 2"'3
5. 99.0%
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HPLC

BECKMAN system gold 126 solvent module

(Instrument)
(Detector) Detector 166
Inertsil ODS-2  4.6x 250 mm
Ultrasphere ODS5u  4.6mmx25cm
(Columntype) |\ aters spherisorb 10u ODS-1 4.6x250mm
(Column packing) Silicaand silica-Basd (Column temp) Ambient
CH:CN .
(Mobile phase) 0.1%H3POs-10 o (Flow rate) 08 ml/min
(Injection val.) 20l (Internal standard)
. . MilliQ (Detector 254 nm
(Dissolving solvent) wavelength)
(Retention time) 30min (Flow rate) 0-2mi/min
(Purity)
HPLC
1 24
Bem )
3. 1/100 HALC
scae 10%
4. tR 2"'3
5. 99.0%
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HPLC

BECKMAN system gold 126 solvent module

(Instrument)
(Detector) Detector 166
Inertsil ODS-2  4.6x 250 mm
Ultrasphere ODS5u  4.6mmx25cm
(Columntype) |\ aters spherisorb 10u ODS-1 4.6x250mm
(Column packing) Silicaand silica-Basd (Column temp) Ambient
CH:CN .
(Mobile phase) 0.1%H3POs15 g5 (Flow rate) 08 ml/min
(Injection vol.) 20l (Internal standard)
. . MilliQ (Detector 254 nm
(Dissolving solvent) wavelength)
(Retention time) 30min (Flow rate) 0-2mi/min
(Purity)
HPLC
1 24
Bem )
3. 1/100 HALC
scae 10%
4. tR 2"'3
5. 99.0%
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HPLC

BECKMAN system gold 126 solvent module

(Instrument)
(Detector) Detector 166
Inertsil ODS-2  4.6x 250 mm
Ultrasphere ODS5u  4.6mmx25cm
(Columntype) |\ aters spherisorb 10u ODS-1 4.6x250mm
(Column packing) Silicaand silica-Basd (Column temp) Ambient
CHLCN 1.0 ml/min
(Mobile phase) 0.1%H3PO4-3 70 (Flow rate) '
(Injection val.) 20l (Internal standard)
. . MilliQ (Detector 254 nm
(Dissolving solvent) wavelength)
(Retention time) 30min (Flow rate) 0-2mi/min
(Purity)
HPLC
1 24
Bem )
3. 1/100 HALC
scae 10%
4. tR 2"'3
5. 99.0%
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HPLC

BECKMAN system gold 126 solvent module

(Instrument)
(Detector) Detector 166
Inertsil ODS-2  4.6x 250 mm
Ultrasphere ODS5u  4.6mmx25cm
(Columntype) |\ aters spherisorb 10u ODS-1 4.6x250mm
(Column packing) Silicaand silica-Basd (Column temp) Ambient
CH:CN .
(Mobile phase) 0.1%H3POs-10 o (Flow rate) 08 ml/min
(Injection val.) 20l (Internal standard)
. . MilliQ (Detector 254 nm
(Dissolving solvent) wavelength)
(Retention time) 30min (Flow rate) 0-2mi/min
(Purity)
HPLC
1 24
B )
3. 1/100 HALC
scae 10%
4. tR 2"'3
5. 99.0%
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HPLC

BECKMAN system gold 126 solvent module

(Instrument)
(Detector) Detector 166
Inertsil ODS-2  4.6x 250 mm
Ultrasphere ODS5u  4.6mmx25cm
(Columntype) |\ aters spherisorb 10u ODS-1 4.6x250mm
(Column packing) Silicaand silica-Basd (Column temp) Ambient
CH:CN .
(Mobile phase) 0.1%H3PO4-3 70 (Flow rate) 08 mi/min
(Injection val.) 20l (Internal standard)
. . MilliQ (Detector 254 nm
(Dissolving solvent) wavelength)
(Retention time) 30min (Flow rate) 0-2mi/min
(Purity)
HPLC
1 24
Biem )
3. 1/100 HALC
scae 10%
4. tR 2"'3
5. 99.0%
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HPLC

BECKMAN system gold 126 solvent module

(Instrument)
(Detector) Detector 166
Inertsil ODS-2  4.6x 250 mm
Ultrasphere ODS5u  4.6mmx25cm
(Column tyPe) |\y)cters spherisorb 10u ODS-1  4.6x250mm
(Column Silicaand silica-Based (Column temp) Ambient
packing)
(Mobile phase) CH:CN H,0=65 35 (Flow rate) 1.0 ml/min
(Injection val.) 20l (Interna standard)
(Dissolving MilliQ (Detector 210 nm
solvent) wavelength)

(Retention time) S0min (Flow rate) 0.2mi/min
(Purity)

HPLC

1 24

Ben )
3. 1/100 HALC
scae 10%
4. tR 2"'3
5. 99.0%
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