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SUMMARY

I. TITLE

Development of Plasma Discharge System for Disinfection of Fresh Cuts and

Agricultural Products

O. OBJECTIVES AND NECESSITIES

Recently, distribution and consumption of easy foods have been increased according
to the higher needs for fresh agricultural products and increased consumption of salads.
It leads to the interests in the clean and sanitary management of easy foods with new
methods of washing and disinfection avoiding agricultural chemicals.

Chlorination has been the most prevalent for washing of agricultural products so far.
However, it causes discoloration, which shortens storage period and it also causes
toxicity when remains on the surfaces of the fruits or vegetables. Nowadays, ozone
treatment has been suggested and begun to be applied as the best alternative for
washing and disinfection of fresh cuts and agricultural products.

Many ozonated water production technologies have been under development. Among
them, water discharge is regarded as an efficient and economic technology with simpler
system.

Discharged water shows high efficiency of disinfection, color removal and odor
removal with ozone, H:O» and radicals(OH", H). And a plasma discharge system is
known as more efficient and economic than ozone a generator.

Therefore, it is expected that we could secure more economic and cleaner technology
for treatment of fruits, vegetables and their fresh cuts, when appropriate discharged

water system was established. Furthermore, the discharged water has the possibility as



an alternative of agricultural chemicals for farm products with simultaneous cultivation
and harvest, and has the opportunity of controlling the growth of young plants with

disinfection.

Il CONTENTS AND SCOPE

1. Development of high efficiency plasma discharge system
A plasma discharge system was manufactured with electrodes and power supply
system, which were developed for this study. Generated water was tested to evaluated

its potentials for disinfection, wastewater treatment and drinking water

2. Development of high efficiency, low cost plasma discharge system and the
establishment of its specification

The effects of voltage, frequency and inlet gases to KI concentration were examined
for the optimum operating condition of the discharge system. The half life of KI
concentration was also investigated. Power supply system was developed and upgraded
with analysing the relationships between voltage, supplied power, circulated flowrate,
insulation materials and secondary peak voltage.

Based on those research, a larger discharge system was manufactured and the
specification of plasma discharge system was established. The discharge system was

practical, more convenient to operate with PLC control and safer.

3. Evaluation of the applicability of discharged water to agricultural products

Status of circulation structure of fresh cuts was investigated. And the effects of the
application of the discharged water to disinfection, respiration, ethylene emission and
vitamin C contents of herbs -including cocklebur, lotus root, bracken—- were
investigated. The effects of discharged water treatment to sprouting, initial growth and
infection of several plants were also examined, to evaluate the opportunity as an

alternative to agricultural chemicals.



IV. RESULTS AND DISCUSSION

1. Development of high efficiency plasma discharge system

The developed discharge system of 18 kV, 1 kHz produced discharged water with
pH of less then 3~4 and KI concentration of higher than 30~40 mg/L, with its
discharge period of 15 min. Benzene concentration was decreased in 30 min from 44
mg/L to 3.9 mg/L with treatment with diluted discharged water

The discharged water showed higher efficiency of disinfection than sulphuric acid
solution and it maintains the efficiency for several days of storage. However, it showed
lower efficiency in leachate treatment than ozonated water. It is assumed that the
oxidation potential of the discharged water was lower than ozonated water but lasts
longer. the pH value of the discharged water did not change significantly during 5
days of storage, also.

Based on the analysis on the characteristics of the discharged water and its nitrogen
compounds, it is clear that the oxidation potential and disinfection ability of the
discharged water was caused not only by ozone and OH", but also by NO;, NO; and

other unidentified compounds which were formed from the components of inlet gas.

2. Development of high efficiency, low cost plasma discharge system and the

establishment of its specification

The highest KI concentration was achieved with the developed discharge system of
18 kV, 1 kHz and alumina electrodes with 15 min of discharge. The discharged water
was very useful as an disinfectin agent for agricultural use because the half life of the
KI was around 10 hr. There was no apparent relationship between nitrogen content of
the inlet gas and KI concentration.

A plasma discharge system with alumina electrodes, double interface and water
circulation was developed by upgrading lab. scale equipment. Its voltage, frequency,
power, capacity, discharge period, circulation flow were 20 kV, 1 kHz, 400 W, 1 L, 30
min and 0.3 LPM, respectively. Power supply system of 220 V and 3 kW was also

developed by improving former equipment.



A high capacity pilot plant with 5 discharge reactors was also developed, designed
and manufactured. Its power, frequency and circulation flow were 5 kW, 1 kHz, and 7
LPM, respectively. Convenience and safety were improved by PLC control and
separating components in the housing. Test showed that KI conecentration incresed
with increasing voltage and 20 mg/L of KI concentration with 2 kW of permitted
voltage and 20 min of discharge period.

The specification of high capacity plasma discharge system was suggested for faster

commercialization.

3. Application of discharged water to agricultural products

The discharged water showed good efficiency in disinfection of sweet potato sprout
and bracken and showed decreased infection of cultivating strawberry, to confirm the
potential of its disinfection agent and an alternative of agricultural chemicals.

It also increased regularity and sprouting of the seeds of green perilla, hollyhock and
crown daisy and controling growths of cultivating Chinese cabbage and tomato to
extend shipping period. Visual quality, air composition of packages and vitamin C

contents of fresh cut vegetables were also improved with discharged water treatment.

_10_
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o] AojxW HaitstEe] AHFE T th(Pinart 5, 1996). @A Z=2u W A5
5 sugar beet Akl A elatA S wf FApe] wol o] FAFE o], wolgo] e Fapo] W

obg ol o] & 4 9= The = AAE v ArH(Szendro S, 2002).
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M2 & el opsfur 3Hg
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oft
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32
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4
e}
2
<
N
fols

el 3 $g71%e] A gl
BAFE Bel FEIHnA st ATE Ay AgHol, ok wEd 4ol

e i3
TR oEFE doitEe] Ao} Awsr FEaaA, N2H A A

Toh 0EF AYA 5 A% b5 B ATE ¥ o] FoiAm grh,

TE U AFNE g e AT €3
S dudAe FHoR A% eFd |- wei gde B w44 A
Aol £ 9E, F5, Oy v%9 EAA oF &3HF A0
#AHEotha Ra(EF=, 1994) Suarasan %, 2002)
- A4St wWE oE WAEAS - 2709 H3 &Fvy ATFE o] &
Ao &% W4yl Quy BRa el Ao A A9 WA (Dielectric
(A4, 1996) Barrier Discharge, DBD) A}-&(U.
e | Hrm3 2 FEZg2uts o] &3 Kogelschata %, 1997)
EAE obaz TEC A9 78 FREA |- BB Aol 8L AN AF v
BAT 1 1999) of RO B AAF WHol
AENE L e sepnte ogw B | wdse 23EAM AREHM
\=4 Z} =
= ;L] ol AT FY(F-EAF 1997) Jones 5, 1995)
e olesgy) AAES o8 nERS
g A=A NEHD.Q. Hung 5, 2002)
- AHENAE o] 8351, LEAAAYI
9} HE8715 LA 7] o2&
AAGA 28 AFCAILEAN )
- 71% dAuAe] WH V| xEAL 2 &
Ao AAEA ATFH(RbiANE 5)
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2004)

AEHIHAE H7HE A
Adast drHsd 5,
AR e e defitstae

of e AE W AR 5

5, 2000)

Y,
2
T
=
>,
2

%

PASRE o] &3 WA Hits A

(AM. Anpilove %5, 2002)
23715 o] &% Wde] e W
ofell mjx= G AL
Mortensen 5, 1996)

o] sugar beet FAF2|Wo}o
2= G AP, Szendro 5,
2002)

b2 o A ogk 24H
LA e A &3 AF(L. Palou
S, 2003)




A, ofe] SgRokol A FA2FsH (Advanced Oxidation Process, AOP)ell 3k #4lo

wobd @e Aslwe] AAHa glvh AOPE ¥9, ©F, OH 59 488e ol g3}

—_

(<3 31>) &t 2 edE2de Aste &&st= WHor, A S40d Asr|doly

Ayt ol AREE 7] AlAbska lo

<3} 31> A7 3}8r4 43k (Electrochemical Oxidation Potential, EOP)

Oxidizing agent EOP (V) Oxidizing agent EOP (V)
Fs 3.06 HOCI 1.49
OH" 2.80 Clz 1.36
O (atomic) 2.42 ClO: 1.27
O3 2.08 O2 (molecular) 1.23
H>0- 1.78 - -

<, & Al T AAE 54

m 2
o
+
=
ox
i
Mo
—
<}
®
(@]
<
N
@)
o

Bruno Langlais %, 1991), Cryptosporidium &2 X
g mAEe] el ZHH< Z2Z(Robert M. Clark 5, 2002) &&# St &3,
Multielectrode slipping surface discharge(SSD) # @] A]Z®lo] 23] A% && o =3
free radicale] 59 AT Ao &Aool (AM. Anpiov, 2002) R uF glth

LE Vtar Zetagorw ¥AE YA Yol JFEste], ojn] o] drE QA=

2
o
=2
&2
rlo
o
ol
o
N
L
N,
kd
%2,
o
A

Penicillium digitatum¥ Penicillium italicum® ¥ &35 Hol=(Lluis Palou &, 2004)

Aoz deA o
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@D Test tubedl

%]—

Z10mLE ¥ & &

=
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Tf:—l‘,/%J

o

@ DPD No4 tablets FH.o|

Ao 4S 520 nmol] 9t}
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o

A

t}. Indigo colorimetric W
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X
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KI # 4% o] DPD W4 ol Indigo blue el H
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m\#

3}

1:110

(1)

J[N'

A = W9l 0.01~0.1 mgOy/L
@D 10.0 mL indigo reagentI & 100 mL Zz}2==o] z}7} Y=t}
@ e EelaAblank)ols EH4S AY 100 mLE 53 G2 o= AR
E A9 100 mLE ek
@ 7hs3k g Wy £10 nmol Al FE&

@ A=} blanke] FFE] Aoz eEo] FEE AT

=1,
B HH |
s, .
\rf“\ + an “ill;.
s s 20,
Irdigo trisufnte

[2¥ 3.2] Indigo colorimetric method

(2) =4 % W9 005~05 mgOy/L
D 10.0 mL indigo regent & AF-&3to] 9o 22> dAx= SAgTt (4~5 cm cell
S AbgstE Aol E1})
(3) =4 % H2 03 mgOyL o4
@D Indigo reagent I WWS AFESHE, Az %S ZF9 ALg3th Dilute

resulting mixture’} 100 mL7} ¥ %2 3t}
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Aol 1 AJ3F

i

170 Col A 50 7k 4%
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=
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bencholl A wWHE A 2F3ko)
® A&t FA ol
® 10 M= A" Ay ds

of Yol Aoz 100 w7l 34 H =% Fr

@ 9] e

(3

Ll

sted 10, 10% 10° 10°e] w2 34%

|
2 kg oA 1 mLe AEdste] 9 mL A Aol FAdH
arksto] thAl 1 mLS F& 9 mLel A2 2

ol 2~
_l_.

H]

rok

7.

MX

Kol
=

il

20 2
A=

Zhzke] wkgzoA 1 mL A& AFHste] 9o FHAR 10, 10° 107,

10'e] wi= A ® AZS Fu sl
© +=v)E AW=ZS m-Endo A wH o] Az st
W ZAMAE 1 A7F 37 CollA wjget F colonye] & slotdt
Clean bench ]
1 A1,
D=/ IIEHEIE+-.=r=++ﬂ-i‘=~:' (HE D= e+ 2HES)
[X] =1a [p]=]A[=
Lar
[X] AN ELIC
stirrer
H H
[ 3.3] st A5 batch 23

W E [
1 | Aase g s FRE ¢ U
2 | we pHAl @ el A R L E
3 | WA g@ qawe Au FRE - WAT - BT

4. %% AT B}

PAS G FEES WA FAILE 24k EE 3718 Al 18 kvel A
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OH radical A%
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1o

Gunten, 1999).

f[OH- 1dt
1014t

Rct

<
T

171 9184+ OH radical-probe compound ©]-& 3t

3|

el

OH radical

U=t o

el

S Aol Al ¢glu AulAd o= OH radicalZ

ks

Z:_Tq_
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o
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@ Benzene® T%E*¥ Headspace® Carboxen/PDMS® FH¥ solid phase
microextraction(SPME, Supelco, USA)S o] &3lo] FE53 & 714 AZvlE 1
I (GC, HP 6890)= 4] 3}% .

@ GCHEAlS 98 HPI(WMZA : 025 mm, 4°] : 30 m) columne A3
column®] &X& 40 °Coll A 110 °C7FA], 10 °C/mino.2 7143t d o, A 55

ol AZRol exi= o5) °CE AAY

H

’

<& 33> T AF WS (ko) B OH ke Zel o3 4 whS-(kow ol 22k ¥HEH

g4

Compound o ?)AHIZJ Gt o p
Chloroform 0.1 85x10°
1,1-Dichloroethylene 110 6.2x10°
Trichloroethylene (TCE) 17 4.2x10°
Tetrachlororthylene <01 2.6x10°
Benzene 2 7.8x10°
Chlorobenzene 0.75 5.5x10
Pheneol 1300 1.6x10°
Chlorophenol 1100 1.2x10°

6. W31 Absks A7t
=up o] ofgk Aashga A Ree] AAE vk glew (Pinart 5, 199), °l=
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<3 35> pH< ORP

T SELT|N QEF B = A R B i
pH 6.58 2.84
ORP 978 mV 567 mV

[Z" 3713 <& 36> 12wt WA st ik Wwdse] pH W3E Btk
7

o)
)
rlr
ox
~N
2
oo
il
&
[
o
w
o
fo

ol o

by
>
ot

pH

2 r —O— Experiment 1.
—@— Experiment 2.

0 3 6 9 12
Treatment period (min.)

(27 3.7] Az el W& o] pH W3}

i

/N
B

36> Zet=vl WA Y7E A7t =9 pHol A= &

7HA =

A AIZE ()

0 3 6 9 12

A1 6.1 (60~62)7 | 60 (60~61) | 59 (58~61) | 57 (56~58) | 40 (39~42)
AE I 6.2 (61~64) | 59 (68~6.1) | 6.0 59~6.1) | 56 (54~58) | 38 (3.6~4.0)

, 15 YEy.
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AAVS = 7+ A A 7} A= 71+ AL A 7}
oyt A 100CFU/ml®] & 3 w7 0.01mg/10] 3 27z
T 271%/50ml 2h% | 224 0.7mg/101 3 245
e 0.05mg/10] R SRR 0.3mg/10] 3 R
EDS 1.5mg/19] 3 e IERE 0.5mg/101 3k 245
0 2 0.05mg/1°] 8 24% :]l;jfii 0.03mg/1°] 3} 2R
Al 0.01mg/10] 3 272 | Adsigxr | 0002mgaols | EAE
T 0.001mg/1°] &} 2HE A& .00mg/1°] 3} 33mg/1

] AR
Al ot 0.01mg/1°] &} 1= o] 2 10mg/1°] sk 22.4mg/1
67125 0.05me/1°] 21% A 3 2%
P osmenarsr | waz | 0] 4
A0 da 10mg/1°] &} 8.5mg/1 5 1mg/1°] 8k 0.312mg/1
== 0.01mg/1°] 3} 4= s 5% o] s} 1
oL 000Bmg/olar | mas | AETE el e

A 2 A)

o] opA] &= 0.02mg/1°] 8} e Fhrol2ETE 58~85 3.6
2} E] 2 0.06mg/1°] 3} 215 o} 1mg/1°] 8} 0.546mg/1
et E] 2 0.25mg/1°] 8¢ e a0l 250mg/1°] 3} 14mg/1
AYEZE S | 0.04mg/o] 5 27% | ze382 | 500mgdelst | 153meA
Fhu 0.07meg/10] R 2 0.3mg/10] 3 R
LLI-=e] 0.1mg/1°] & 2% w7k 0.3mg/1°] 8+ 0.011mg/1
Zzzdga
j;ﬁii 00img/olsl | 27z | "= | NTUO 8 031
jziii 003mg/lelst | BAE | Farole 200mg/1°] 8 -
ezzde | 0.02mg/lol s 23z SR 0.2mg/10] 3 27z
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HALE & 7+ A A 7} AL & 71+ AL A 7}
A ubA| o 100CFU/ml®] 3} 0 Al 0.01mg/1°] &} e
o -7 %/50ml E4E EZq 0.7mg/1°] &} E4E
w 0.05mg/1°] 3} 54 of & il Al 0.3mg/1°] 3} e
B 1.5mg/1°] 3} E4E ERE 0.5mg/1°] &} E4E

. 1L1-tE=22 i

s =) B )= = B =
H] & 0.05mg/1°] &} 4= o 24 0.03mg/1°] &} =4E
A& 0.01mg/1°] &} E4E AL Sh A 0.002mg/1°] 3} e
T 0.001mg/1°] &} 2HE A& .00mg/1°] 3} 56mg/1

Y = B s

o =] = =
Aot 0.01mg/1°] 3} E4= RN 10mg/1°] 3} 6.8mg/1
6711 = 0.05mg/1°] &} E4E AR T4 A 3
R ol 5

0.5mg/1°] &} 0.10mg/1 ut Tm) 2 st
A
A0 da 10mg/1°] 3k 35.8mg/1 5 1mg/1°] 5k 1.099mg/1
=N 0.01mg/1°] &} B4 A = 50| &} 1
%= 00Bmgnols | waz | A 0.5me/1o] 5 bz

= . meg, = e 7:”‘:5_%]’/‘321) .omg, ==
t}o] o} A] &= 0.02mg/1°] 3} =4E FhO)EFE 58~85 2.7
o 0.06mg/1°] 3} el o} 1mg/1°] 8} 0.760mg/1
T} E 2 0.25mg/1°] 3} =4E Jsol 250mg/1°] 3} 12mg/1
HYEZE-2 | 0.04mg/1°] 3} 1= SUAFE 500mg/1°] 5} 311mg/1
FpulE 0.07mg/1°] 3} =4E A 0.3mg/1°] 3} e
L= Olmg/elst | Az | ww 03mg/els | A=
Zz g ’ '
HEsERE 0.01mg/1°] 8k e B 1 NTU¢| s} 0.31
(e} - (¢}

LR SE =EE K '
EEER -

= 0.03mg/1°] 8} 4= 3Afol & 200mg/1°] 3} Img/1
o &gl
gz 2 e | 0.02mg/l0] 3t =4E & T F 0.2mg/1°] 3} 0.46mg/1
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oI PN gt 5 (78/mL) 2hts (%)

] TR SR SR SR SR
8] 4 vl = (PH7) | $A0H 3) | MAS@H 3) | 340H 3) | A5 3)
10°wH 22x10° 23x10° 2x10° -45 90.9
10"wH 282x10" 130x10" 25x10°* 539 91.1
10°wH 1700x10° 1300x10° 311x10° 235 81.7

e I Aom gy, o & vt F7=

Me

B BHE Az Aade 378 39 R AR T 375 80 %o AAst 20 %
Az 9 ZbEF M AR ol ROl QUTHLKE 3.12>). adER, W o AyAE dx
AhstEo] AFsE S A E Ao R A ol FUE TF
A (358 mg/L, <F 3.10>)7F vi$ =3 AAZS FFEe] AaE M E 2l
d A7 BAEA Fe H(KE 39>)H, davt add oA AdE S s

AhshEol WA A 2 Kurahashi(1997) ¢ A7-Ax=2 Kol g7]e] FAES 2
=

T3H] (%)
- % (ppm)
A A T
N» 780900 78.048+0.004 75.5
O, 209400 20.946+0.002 23.1
Ar 9300 0.934+0.01 1.3
CO2 315 0.033+0.001 0.05
Ne 18 0.073 0.05
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A2etE ol9ld W x&gHE JheA e EZE HyOp OH radical 5o AlA%
o] o]5& =A37] ¢35t Anpiov 5(2001)3 Kurahashi 5(1997)¢] A A3k ®we] 2ol s}
o ol A& ARG Y F B4 BT AL AEo] HA &Adrh 53] H0:9 75,

AEe HAW ZFRHol e gk

Nitrogen concentration (mg/L)

3 [
5 —O— Nitrite—nitrogen
—@— Nifrate—nitrogen
1 F
0
0 5 10 15 20 25

Ehzvt Bl Age g7l T MAe 2 HAddd A Add@dd Mozt
sh=o] AL o]52 M4 waA NO=z 2
Huner, 2004). o}&2HNO; ) So] ZAAHNO; )= A
7] A= o] RS TAL & de AR dadl(Tate, 199%5) EF T4 ©
MAES G0 AAsdEe Hitd Hofste] EfolA 7]z Ao WEy

FAH AastEs Fior ASAT = TS b a2y 2 dAgedA A
gE R AAYZ Bl ol5S TAY WAEC] ST TheAol AV wEe] o &4

=

My Elofof gt

22
o,
e
=
Z
o
z
o
ol
o
kel
i
=
i)
B
>

rlo

rir
o,
o
it
(7
frl
2
%0,
—
a
S

(o]

o)
5

fo

e
LA 1)

I

oo &
N
2
R
o
O:
I-
fll
F
¢

Anpion &(1998)% Pinart 5(1996)°] A|Agk Reof] ofstd W agel s HAiqtst

2l =
o] £Jofl Qs free radical A7do] 7Fsstal o5 st oz w9 &Ado] gt FAfolm=
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rie

o]5¢] Hde & Ao FAHHAM. B A TR B ATlA,

K

1) AR Ao A NOZH AE ¢
ol glon
3) 2719l NOsol ¥ E=7b wekouh, Alzkel Zubdel weh NOy %7 37hd 4

SolA olgd e SwARE AoE #AT F Ak
boagE gl AE Axsksizol

WA e Aow FAste] Behzuh gA wqol wek Axsawel Sl o]z

=
o F At B3 Febz=nt Bd A 29 olfg Aoje oFE AP Af Eol &
Fo] & HE a3 o 2 H S X YA T Anpion 5 (1998)2 Z#h=vl W] wE
BEEAE] e AFAFA Febzuh WHAl &, Habsta A radicals(OH', HY) &
o] ATt il Kurahashi 5(1997)2 H radical A4S ##HA Z=vhil o
™ Pinart 5(1996)2 &7 $¢ AA7t 4FstE o] NO, NO,, 03, OH" Feo| et &
Ak ATFAE el Az zbolw AW Eeb=ul WHA = M 2 AAd LA

Gas phase :
Ny — 2N
03 — 20
02 + O — O3
N + O — NO
N + O; — NO

Aqueous phase :

NO; + NO + H.O — 2HNO,
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o

, o2 free radical, O3

[N

ofel o

—@— Experiment 1.

—O— Experiment 2.
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Storage period (day)

(29 3.14]

—@— Nitrite
—O— Nitrate
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211BJ1USDU0D 81BJIU PUB BILIIN

Lapsed time (day)
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02(%)
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SEF AAAHY () Febzut BHS HAA (F
A A 2]
30 60 30 60
drol-g& (%)
E7 85.6£5.8 90.8+3.9 87.2+4.1 90.0+4.7 92.2+3.1
o} 77.8+5.4 76.6+3.9 83.246.1 87.445.3 82.445.6
SRS 33.2+3.3 35.0+7.2 43.4+6.8 38635 47.8+4.6
of 3} 82.8+5.3 87.6+4.6 89.0£2.0 82.6+8.3 88.6+2.9
s ntet7] 79.246.7 84.3+2.1 86.2+4.9 88.3+5.2 89.3+3.4
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NAEZYNE HESATH(ZY 517). AFL @V AFdAe] 2 Ao a¢-2A40 =
o FAYTFe A= Ak 12 A9

= 249 49 AAskd

1891, 249), 39 49, 620 2tz 3tehe] ol W&t A HE W WY HE 58>).

24
el 591 109 09 1891 29] 249l 39 291 39 62l
ol ol ol oy z oy z
](/;* a7t ](/;* upa 7} ](/;* w7t ](/;* a7t ](/;* a7}
F21g 2.8 - 22.2 - 49 - 24.8 - 365 -
4= 2.8 2.1 172 22.5 109 224 29.7 -19.8 19.2 473
Al 55| 2.8 2.1 45 799 2.7 453 79 63.3 53 &4
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g Jbstel AL AAATIE PP T EIE DHSHA @3 wmBe] @ol S wy
of Gtk webA FEakE YAAAE HAT SE wsh FUAT A oA G 27
A% wf s Bol FYstm 9
B bAoA Eehxvh g% Aol oF 44 248 bsge ARt sk

ool W%, ErhEAA Age] A8 AAE e, 12 # P4 AL B 3T
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= R dedont A48 FRo Wl AolE wy

£
=)
AL
>
re
re
-
2
>
rlr
ﬁ
ox
k!
i
=)
it
fo
o
ol
1o
Ho

<R 59> ShzEvp W Aol B 7] A SR el 4F, G R 2l A= &

22y A g A A -2 7 AE A% x7

(mm) (mm) (mm) (mm)
o o] 37 2.52+0.29 63.16+6.34 69.49+7.99 56.34+8.59
(A | TAF 18| 2456028 60.76+592 | 64.10+541 | 56.95+695
o W4 23] 3.19+0.20 69.39+8.47 75.37+8.48 61.93+7.73
OES T3 g 1.46+0.21 19.34+3.20 42.28+8.73 54.66+5.99
(3_7-:4;) W4 193] 1.35£0.14 15.18£1.90 25.87£6.08 34.31+5.04
neee WA 23] 0.58+0.11 13.49+1.43 22.35+£2.07 33.91+4.15
EnlE T3 g 4.30£0.27 61.47+8.03 70.59+9.20 125.0£12.9
(225 = B ) WA 13 3.64+0.45 50.48+9.74 84.32+9.41 140.0+11.9
e Hd 4 23] 3.35+0.32 43.07+4.42 91.42+7.12 155.0+£10.6
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of ogh steta 2EH2R ojdHY AFS viait AT F S Aom AAE A

73 gEol Aed g8 /54 BoFdu(2d 5.18)).

S

(28 518] Zel=n} WA=2 s ¢o] Srel Asuw Ay

B AAste A AR FAE vusds wWolx= A3l wep 4
AZF vl A o2 YGEbA] el 7] ARt B Aol o= Ar IAPE A=
o7 FAHATHE 5.10>). Zet=nt W= A g A7l
upet m kel NOs37F A7) wiimol o] wehxl Aol Eos diadow 283 7}
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A% ool }2 Aol A e} BAZ oolelAe AR Aol7t BE T 4T
i oEeh EebEe A BS @A AolE eI wFe Eulre] 4
g

T AAFTS F2AZ REFE olol A&dtel HETS HAaATE

<E 510> Z=ul HAdg At Ao SH FAHA AR E AFFE A Fof| v
= 9
A g A 3
ey Ae)
WAE (@) | AEF (me) | BAF (@) | AE2F (mg)
oo 722 1244025 | 157.42+20.49 | 0.047+0.016 | 20.90+3.72
- WA 1 8 | 121£0.18 | 127.84+22.11 | 0.052+0.018 | 22.26+2.34
(38 v 7))
WAk 2 3 | 179+028 | 149.61+23.06 | 0.113+0.032 | 30.55+3.23
= ) 2 034008 | 60.88+7.14 | 0.011+0.005 | 654+1.82
(;;i) WA 18 | 020£007 | 3167662 | 0.006£0.002 | 4.06+058
ne WA 2 8 | 016:003 | 2842+596 | 0.004:0.002 | 3.64+0.84
732 303034 | 315.72+35.44 | 0.898+0.189 | 120.86+16.91
EvE
e | AT 18] | 217:039 | 2228042120 | 0456+0.109 | 77.32+12.07
TS w08 | 234+034 | 287.14+29.14 | 0556+0.120 | 103.88+19.39

»
%
2
i
rr

A A Tel 18] Aelskar, A2 § 3 Aol AR A skl

gol WS WA el B 2W7)
of 18] Aelstge W FAG Mol 2, 9, @ LT 30 % = Aol AN

el A A4S wolFAATh A 4
F9 A% zEds we AN BBHE N2 Fyo] FaA wol FhonE 1
519], (1% 520 AW 2 Ase ABF

ol AL W ALl A AAT dtinl A
|



<} 511> Fgh=vl wdS Ay AUt AF SE BAHOA 2, 9%, G 1A
d sk
- . el & Z =& Rilcy &
(cm) (%) (cm) (%) (cm) (%)
2 2w 219 | 8.01+0.63 100.0 3.41+0.30 100.0 7.16£0.68 100.0
K W= | 4.81+£0.35 60.1 2.45+0.27 71.8 4.80+0.33 67.1
270} 219 110.60+£1.91 100.0 3.14+£0.21 100.0 6.33£.071 100.0
PZS
wA 4 | 4.2310.37 399 2.34+0.20 745 3.93+0.17 63.1

A7l Astda A 7 dol AR ARJEAdF12 & 3 A

< 512> ZEtEv} #AE AX AHErt AAE 2 X eF Ao njx= gk
e . 245 FA (mg) A5 FA (mg)
o A
o AAZ As= A A Z 2%
aaw | AT | 98430003 | 7aas12 420.0+11.1 248416
WA | 24004112 | 243+ 40 9175:19.3 16.442.2
aaw | A | oesseae | sLision 3875+24.9 943415
© WAz | 36384191 | 4L8+ 82 260.0+15.4 27.9+2.0
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(@) AAvHEF-A Y, A Ag) (b)) A vHEHFAE, s Ae)

(1% 5200 Bebvh $AF Aol v FF AGF D A 4% wa

2
3] Aol A= ARk skt AEFol Aol Hlste] vhA| wgken
WA Aol o A A= dAA ddeln ol AT ddtE At o dFE

WA e Jor ddHd 3 AsdAel wel AeA Zate] ta Aolvt de

<3 513> vl e Aot wiF] AS] vAe dF
_ AEZF(mg)
WA A Z%(em)
] 25 ] S}
A g 8.0+0.5 91.6+5.1 26.2+2.9
13] 8.7+0.4 102.9+£5.5 23.7+3.2
23] 7.2+0.7 92.6%6.7 25.8+3.8
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