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Set up an irradiation-operation system
to degrade organochlorine pesticides
In ginseng Chinese medicine
with safety evaluation

F. I. Chou
Nuclear Science and Technology Development Center,

National Tsing Hua University

ABSTRACT

Ginseng has antioxidant and anticancer capacity, and is able to
improve human immune system and blood circulation so it has been used
as herbal medicine or functional food in Asia and westernized countries.
However, due to the global soil contamination of organochlorine
pesticides (OCPs) and their hydrophobic properties, OCPs accumulate
inside organisms through the food chain and then cause cancer
development. The current FDA standard of PCNB, a common fungicide

used in the cultivation of ginsengs, is less than 0.01 ppm or undetectable.

The objective of this project is to investigate the feasibility of
utilizing gamma irradiation to eliminate OCPs from ginseng. Twelve
OCPs, including Endrin, Lindane, Endosulfan-1, Endosulfan-2,
Heptachlor, Heptachlor epoxide, Aldrin, Dieldrin, p,p’-DDE, p,p’-DDD,
o,p’-DDD, and p,p’-DDT were treated with different doses of gamma
irradiation (0, 5, 10, 15, 20, and 25, and 30 kGy). After irradiation, OCPs
were extracted and measured by GC/MS. Results showed that the
degradation efficiency was related to the dosage of gamma irradiation.
The amount of 100 ppm PCNB after the exposure to 5, 10, and 15 kGy
were 23.1, 2.4, and 1.23 ppm, separately. After 20 kGy treatment, PCNB
residue was undetectable.
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Ginseng samples spiked with pentachloronitrobenzene (PCNB) were
treated with different doses of gamma irradiation (0, 5, 10, 15, 20, and 25
kGy). After irradiation, PCNB were extracted and measured by GC/MS,
and the changes of ginseng compositions were determined by measuring
the amount of ginsenosides (Rbl, Rc, Re, Rd, and Rgl) with the use of
HPLC. Moreover, MTT assay were used to compare the cytotoxicity of
ginseng samples spiked with PCNB on L929 cells before and after gamma
irradiation. In order to evaluate the microbial inhibition ability of PCBN,
PCNB was added into PDA growth medium for Sclerotium rolfsii to
calculate effective dose ED50 of PCNB. By comparing the ED50 of
PCNB before and after gamma irradiation (0, 10, and 20 kGy), the
efficiency of gamma irradiation on reducing the toxicity of PCNB was
evaluated. Moreover, the EDS50 value of gamma-treated PCNB to
Sclerotium rolfsii was significantly lower than the untreated PCNB. In the
MTT assay, the cytotoxicity of the gamma irradiation -treated PCNB to
L.929 cells was lower that that of untreated PCNB. In addition, 15 kGy of
gamma irradiation did not reduce the amount of ginsenosides and 20 kGy
of gamma irradiation only caused a reduction about 3~7%.

In this study, we developed the most efficient method to eliminate
PCNB from ginseng with the reserve of active compositions and
therapeutic efficacy of ginsengs. This developed method can improve the
economic value and safety of ginseng.

Keywords : Ginseng, Chinese medicinal herbs, organochlorine pesticides,
gamma-irradiation, Ginsenoside
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PERAAS Y FEAEL S RN AL I RS PR B R
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% (Colosio et al., 1999 ; Contreras Lopez, 2003) - £ ¢ 7 %% R # § 5
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it ¢ JP %*v?‘%f_ﬁ_igei%ﬁ%{’ ﬁ % Ez_«%"“f"&rgﬁﬂqﬂﬁ‘ﬂ%ﬁ\q £ Hp
## F(Przyrembel et al., 2000) > F]& & R *6% ~ 13 3] & 3 {4 (Snedeker,
2001 ; Starek, 2003 ; Tanabe, 2002) > |_F & *7 f# ;LR 58 o
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B2z PR E2 hfEd EHY g PRI RERT LT & o e 5 RE
Pebdm 2 T JETEL A P2 Xeray 4p 02 0 I 4efe X-ray RS F]A B
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ginsenoside #4305 % B & B E M4 2 “'3 Ao B KT 30 A7 R
NE G 247 b %P a5 (Anojaetal., 1999 Lee
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FEEE o A LB G dg it SRR > T2 k3 _u_‘fﬁ; ﬁ;f]”\}%
2% (Changetal., 1999 ; Xie et al., 2005 ) » ér_%flf"_ T AR AR
9% 7 (Anoja et al, 1999)0 AT ORE X E B PR Téiz}#“’lﬂit‘
micronucleus (-] +2) 2. 2 4 (Leeetal.,,2004%)> & & X %2 % & » &
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A4 %2 Fv 2§ i*(FuandJi, 2003 )-# 3 F#F + %7 13 & SOD
A T2 4B (Kim et al, 1996) * 2% %% £ # SK-N-MC w% 7]
PCB-52 (polychlorinated biphenyl) #735!4=chim?e /%= ( Apoptosis) 7

i rc %k (Leeetal, 2004%) - 48 7h 2 BN F 5 ¢ F 4 £ 2 4§ Loz
o FHEEZFER S Azt v pd AY DNA 2 T 2
2% v (Kimetal.,2002) ¥ ¥ 2 & 4% i # (Wangetal, 2004) >

C H +,j>,¢;;9;1;g_-)]%1;;];3 Az igyf;;:]ﬁlg,\;]% B MR mie 2 ipd
(Lee et al., 2005) o At 4 %2 % £ 4 ~ B @8 > g% RT3
BE RERT CHIF AL X AP KA ERA LF
B 7 %i%%‘i—i%‘% 7o

FRAEREDCFGEE A PREI AR o T PR
B R AR DL o Dlde AT B L B AR P b AR LR
e s R RE (MEE-2005) FF 7 PEFLA BT 54 4
Pk Hg tevf A4 4 1 A (Aguilar etal., 2002)° 7 8 & B %40 HCB -
a-BHC~ 8-BHC~ y -BHC~ 6 -BHC~PCNB~p,p’ -DDE-o0,p’ -DDT -
p,p. -DDD ~ p,p’ -DDT Eﬁ“f y-BHC #t % % % 335k > 7 B4 $ 4%
R kR A RO R v s HES ST - E ESTI 2 21
MR B2 Fap e RIE G 4 R & (Przyrembel et al., 2000) °
EFR -BEIRARSURZEPRBEFIERSY 7 Br RERT

B2 7970 bldep A% ¢ 7% DDT (o, 0-DDT, o, 0'-DDT,
0,0'-DDD, o, 0'-DDE) “Qfé_ % 02ppm -~ % BHC (a-,8-,7v-,0-)
"LE 5 0.2ppm; # K FDA w4 % 38 8 ¢ 2. DDT/DDE/DDD z_*2 &
HawAR T o Aot 1 (52 75 DDT *UE 5 1.25ppm ~ 23528 2 0.5
ppm~ 2 #*TE % 0.2 ppm (ATSDR > 2002) - DDT ¢ 8258 4 484 5 ¢
1% % 7582 # iy (Jaga and Dharmani, 2003 ) » © 4 >3k e + 4 B K 7o

ABF g * o 3N R R & L,p'_ﬁ? 7,}@ 3 g% s 4ot X R 63 £ 7
"1 pAc#E* g (DDT)~ AW 64 # 10 * 1 pA=#* jusw
(BHC)~x® 74 #2 " 1 Ei&*f*’* # 2 (r-BHC ° Lindane ) ~ 2 &
79 & 7% 1 pA#r 7 58% (PCNB)-

AT HFE RS R AT BE REA R G ok
ﬁ’ﬁk%i%’ﬁ*%iﬁg’ﬁu4$ﬂﬁ#ﬂ‘ WA R
#°7 & AAF(PCONB ) 7 4020 4 507 47 3d 40 & SR 544 £ ¥ PCNB
45§ A A2 A 2 s » BB #f 15 PCNB A ﬁzuw PR s e 4
Mo~ E AT F be B OpR SR E ¥ A 2}#%%%%4“& . zég f3i-¢ é%h‘ ¥z
BERT LY EX = F R FEARB R AL -
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A = Pt
N

AF Y ATiR F 20 4 S5 F 4 (Panax quinquefolium) 2. 52 %%
FAIMo p v WY RBEfEL 2205425 7d ¢ R
?5 HEREAPRREFRRFLLEEGTFTY o

2] %‘#* to b R&E A fRITF P

< B2 3 # % B % % Endrin ~ Lindane ~ Endosulfan-1 -
Endosulfan-2 » Heptachlor Heptachlor epoxide ~ Aldrin ~ Dieldrin »
p.,p’-DDE ~ p,p’-DDD ~ 0,p>-DDD ~ p,p’-DDT 128 > #-73 8% L %
ﬁf*ﬁl"‘n-hexane/p e o AR i /3\_. it 127fé i ’bﬁ‘% % —»—//%Ei v &
0.5ppm o B~pt B BRI 20 T IR SHL Y 0 FHELE I mL o 3t
FEAERPY A T REHBTEERN KK RE2Z AT
AL R VIR S R A TR R BT b > BRETZE U E L 4a S5
i R R R SFDEI O sERE F(RE F 55 kGy/h)
PRotE R 5 3R (2543°C ) th &5 7 Fr PR P A B4k 0 10 (B 3]0 »
5+10~15~20% 25 kGy2- $5 &R &H & o 1§ & 7 & (GC)
A7 nNECDW RIS oA & Rofis P iR s R #JRELY 2 2
BE2AGE -

PCNB7 # % B Z4 % & (%4 %1122 100ppm:t (7 F i 2 4
BB o kAt EEKR (GC/MS) A 478 % 4 B RS
AR E A JRA o

3. A ¥ &2 PCNB 7 # % 451);—‘]’7\" 7 RAck A EMBHZ R ER 3L
il

Mgt 25 8 F EZELZPCNB; & @ PCNB* A %11 ¢ 323

AT B4 SR A B RS T b A CRUR X 5 850um ) o B

3gh fek iz s kR &4 » F 3EPCNB (in 90% MeOH ) 8 & 35
3 > L EL ZPCNBZ A Sk & A4g3r 2 12g2 X S k¥ o i@
*EF IOpmeCNB WEFLE2 A SRS £15g0 AR S
ENZEFYE Bvr A#HE&E (16 FF ) BHEr » 4ot 3>
ER AR ﬁ@f# Pt E 20510~ 1520 kGy » & £
By 2224 °

A %P PCNBZ 5B~ (hB 0 P RdB (8 2 A S A& & 15
o AR ZEE(EF-BRELESR) Jw70%ﬁ m KB B

el TR /F@/&..qﬁi Pk e > BpLE %= & = 100 mL °
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@PCNBA fie X § i8> e » PP L4E 4 ¢ F W10 B RBIREN T
fg o ke F AS5mL o 3 {8 B mL”'*GC" #PCNBZ £
M)ER A 10ppm2 FiEPCNBG #82 R £ 5 2 8 A2 RS K
B bt FRd A %7 ZPPCNBZ 225 o #ZMLr«PJ ¥ 2 PCNBk &
"/f MEBF > BEZ A R »PCNB ¥z g&/k}i
4, A Zd\:.% RRETH ~ 82 dpth= & 447
b #,’“‘4\:%%#&_% zZ_A xﬁr««zw_p;jio\5\1o‘15‘
20 kGy*r B S RS {S & (TR 4 4 17 o WAL SR &4
>T70%7 FES0mL > e #ir G154 48 0 g ) A RER 4 70% 7 F%50
mL > 4R ISA 4B iR & BB SRR e r T BB E T 100
mL > /&2 3 {6525 mL470%" AEAE 10 mL > £ 5022 umijg "
WiRfs 0 & T P~10pl L~ B 2R AP K 47 R(HPLC) P & (7 &= 4
2R Qﬁ?ﬁpyé?iﬁﬁmﬁﬁ’%@’“4%ﬂnmm3
nme H#AP 5 F T REEMRIA R K045umip i s 0 iR
1.0 mL/ rnin*v:‘?,OoC"r #7447 o 2 A 48 4 Ginsenoside Rbl »
Rgl ~Re ~Re ~ Rf7 4 %2 gt A > #2 e kR % 500 pg/mL
LRES PR RS LHES SR
5. /3\4 %i%gk $4c § RED ~ {82 L929 mre F MR
a. A ’/:er‘/xi’ A‘E\l'%
;,]“ 4t PCNB 2. 4 4o % 0 3t A R/t w0 2 B 5 10kGy
FedR iy o w355 2B 10g 0 4v 2 2 &R 100mL > FRok4r# R
AP ] ] PE 0 12 6000 rpm BLes 5 A 4B S 0 B KR 1 5L
Ja & (Whatman) 8 » ¥Rk %3 100mL T & 5L ° 2 4 » =
ok E I 100 mL 683 > AT g? o B3-20C4 %
Fr (FRERL S100mg B A 24 2/mL 5% )o & F 3@
* AT 0.22 pm g e S A A 3R 0 £ R FZ PBS fag §
R EF i A LR R e & (R
b.% R4k a2 wmr (1929 mouse fibroblasts cell) z_ 3 %

AEF 2 ke & WP TR Y LR A CNS14393-5 2 32
#i7d a1 £y 27 E CCL1I (NCTC clone 929) ¥ tk
BEFES G MR TR Y g £ L % Minimum essential
medium (MEM, Gibco) » 4 » 324 % (100 U/ml penicillin ~ 100
ug/ml streptomycin ~ 0.25 upg/ml amphotericin B) ~ 2 mM
L-glutamine ~ 0.1mM non-essential amino acids ~ 0.1mM sodium
pyruvate 2 0.15 % w/v Bifc d 4 > R £323 T A FRsk R I pH
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725 4ex0 57 CHe# 30 2482 fE 2 512 .“E:]Egﬂ-/)a (10%
horse serum) » 12.0.2 um 3¢ 4 2 g MeiB U f 7’ i CMEM =
PRAR-BEIZ weh r CMEME R A 83 5 5%CO,
% 95 %#Bﬂ‘/,‘@‘)ﬁ’\ 37 °C '} EE &MY ES o EIED X & UET
W CMEM 2 28 % A 4~5 3 w2+ 90%% B2 ¥
R lmie o mie 2 M1 32 & % F-d ¥ (trypsin/EDTA-4Na) e
o Fare RF S Tk R ARG ﬁ"ﬁ f¢ » AT
24well 2 % 4% ¢ (5 - well § 4x10* B ¥ ) g (7w 4 14
Fot o wmipraF o GRIEE 10 % DMSO 2 % 28 & &
IR 1 BN G =
TR RJE(E 2 e A R
Bl g AR ALY AR R 2 e > 95 24 h #
fmPe pEX 14 ’B’*},]“ 4t PCNB ¥ &7 e §§ &5 & }3@&/1'\ 5%
"2 PBS A 7 ik B 15 ASL i 0 0t~ A 2 PBS %3
e > W A8h B E W HZ S ERETREZL 2 B -
L
MTT 2Bl b a2 ¢ x4 PCNB X &7 A& e &1
LRERL w2 A1 (Flscher 2003) - MTT i &_- ﬁ # 5
2o d 2w MTT g 4 A & moe s H)]‘l\a?ﬁm,r. Mo
VO e 3 s ¥ \#ﬁ o B-¥t#cd £ (exponential growth) 2
L929 ‘m¥e » | % % 3w fEZ 2T K353 473 24 well B &
ﬁ“‘:‘:‘ 4 | PEEZE NI RERZ &9"'\_,-[,:1,,] se 3t 1929
e oo A8 AR 0 11 PBS ik 2 0 & - well ¢
bex 900 pl 2 %% 2 100 pl Ar@Efe B+ 2 0.22um i 5B ik 2
MTT % % (3-(4,5-dimethylthiazol-2-yl) -2,5-diphenyl- tetrazolium
bromide, Smg/ml, Sigma) - ¥ **35 & 57 4 [ Fis o33 i
4¢ » DMSO (Iml/well, Merck) » % =¥ B+ 3= » 3 3p 0% (3 5
it > % ELISA reader # B & % 570 nm T2 k®E (OD)>
OD iz & 4~5well 2. LT 5FE o

6. {5 SHRESHTE2 A B4 A2 Y AR AL E
Beibeh WF PEZ A SR ANPERS Ko Uk R F2
PR bt A £ e o 5'!1%*‘%&TFI SRR o HH AN E R TR (7 RT
FoBRZRH B s i F3B Y T F BB Sk R 2
AR
7. 40 B BB SH PCNB $r E4 2 $r Foc % (EDso) 403
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PCNB# * % Sclerotium rolfsii & Fj2 # 7] > = S. rolfsii 7
FRIE 7 4 B SR 5T FHPCNBZ #r F 25 % RI5E o S, rolfsii Fk &
M potato dextrose agar (PDA, Difco.)3: % » PDA % A2 fe @l & 4=
P~ 39g PDA¥s 3= &35g¢ » AU KRR ERFRE £ 4o 2k R

BRI 1o 0 1121°CH 154 487 ) 0 B2 Er T H50°CHR & K
I9cm 28 EFx ¢ o B H15mL FAAFEMELRE T o

PCNB %3t " g ¥ > Fi@ Ffs 2 PDA B A& H™ 1 50°C p*
e r PR (BAAY ZEBTRERL 0.05% (viv)) &%
295cmzEgEr? > Er 1SmL i AP 2 PCNB/);%E.—»
10~8~6~5~4~3-~2~1 pg/ml> &4 ¥rF IL?w%'* - PCNB z.
¥ AR (EDSO) F#>r PDA 8 % A ¢ pLg 4 £ 2 S, rolfsii 7.5
BB~ 0.5 cm’# ~ %4 kR PCNB 2 PDA R $x ¢ » 3
BAx i3 2°C TEE T2 gﬁx;;], AR RELEELE
mm oz Hizo B R4 R B2 HREIR O FSFFELS0%E
gl B R R '”iré EDsy (pg/ml) & o 4 % MR BT~ {82
PCNB # 14 » %t B4 E F AR S. rolfsii 2 Fiz 2 & Frilp A0t
( percent inhibition of mycehal growthonagar) v & » 5 &5V 5 ¢

100% (colony dlamet.er on amended medlum)xloo%
(colony diameter on control )
PANFE

I 5 18% RE2 4 5 REA [ZRIEA T
< B2 3 # % B % % Endrin ~ Lindane ~ Endosulfan-1 -
Endosulfan-2 ~ Heptachlor ~ Heptachlor epoxide ~ Aldrin ~ Dieldrin »
p.,p’-DDE ~ p,p’-DDD ~ 0,p>-DDD ~ p,p’-DDT 1248 » #-73 8% L %
fe @ **n-hexaned /g ® » B3RP 7 125 2 BEER LS
0.5ppm ° & 5051015~ 205 25 kGyRe &ts > 10 F 4B K 47
&K (GC) ~¥r 572 BRI ERMIE FHERL B2 LR 3E o
S5 AR - o s P12 BF R E -4.0 5~10~15~20
25kGy*r B SRR EHIE 2 GCRIH » £ 7 12 PEER G 5 AR
FRETE R T AL RE f?‘tﬁ' “ﬁ/v\’ **”v%ﬁ@ﬁﬂ‘
'Jf‘é_’#ﬁf’ﬁé'ﬁ’?]“ ’ﬁﬁg‘% 2
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iEa5 A - o> ed Blo ¢ ¥ RE10kGy PR 5 {8 3 Endrinz & 3
Fim A 509 0 Hepd ~ﬁ€ﬂ=¢ X R G BE % LAY I
] 3550% 0 @ 525kGy PR &t (¢ Lindane ~ p,p’-DDT ~ Endosulfan-2 2
7 0% fp“' wMAt20% 0 R - Ao A PR G E R #F)190.5ppm
ERED AR E S S MBI LA TERE S 15KkGy B & 1S
0,p’-DDD~p,p’-DDT # Endosulfan-22_ k& & ¢ 13%0.2ppm; ‘<§‘_20kGy
PRETiS W 3R &2 kR % >0 2ppm 5 525kGyRRETIS & 3 182
BE2 A kR ¥ H302ppm ©
R ) ?FJ‘\E?]";*‘?'JPCNBii% B PR fRPIRERE > F]A 4
BH? 22 REHNE10 % 58 e~ 4 S5 400 #HoPCNB
( Supelco, Bellefonte, PA, USA ) fie ®*t90 %methanolf}i BRE o
#-4 %) 322 100 ppm PCNB2-90% methanoli i » % 3 #38 # &
FEP o Bl mIPTRE B ZTEFTRS 0 ST FREPFR B0 Y
FE0~5~10~15~20~25kGy2 {5 &R ETH| & o £ TGCAH 7.5
S ArBZ 41T 07 LGRETISPCNBT 9% R E2Z EREFHE L
@ T 52 ppmZ PCNB 15 kGyP 5 1S PCNB#& A4 £ 52.79 %
(ER 50.056 ppm) » 520 kGyMR¥+1s PCNB2 ik & © 5% if i)
@ o BT 4 B zﬁ}ﬂ@kﬁ}ﬂf; Wz RES Lok ik o
72100 ppm2 PCNBIES ~ 10 ~ 15 kGy2 4c 5 4Uf8 b 15 #718 2 ik

B AW 523.1~24% 1.23 ppm » 5 PR EH| £ £20 kGyFFPCNBZ Jk
Be mizplt® (B= ) Ble “7% 2PCNBEO~5~10~15~20~
25 kGy*c & fR 518 GC/MS A 17 2 Bl » BIA S A SRS 4 78.66
min e 7% % PCNB ( 1 /Bl & % 8648 ) > *79.52 minfkeF * & %
Pentachloroaniline (PCA - B 5 206) > #* PCA¥ it s PCNA%
k& f2z2. A4 > BB % PCNBSS kGyPR 542 Bl > B ® PCNB2 1§
PIE"E 51998 0 5 APRE T 2.23% > @ A f2 A PCAZ & 1 P
R QL%'J %1300 ; BIC 5 PCNB%.10 kGyRg &t 2 Bl## > PCNB
ZARFERE AR 224% 0 0 A fRA T %9.5 min/fe?. PCA
WP S AR 3757 min}%@%‘ % Tetrachloro-5-nitrobenzene
( TCNB ) » *>7.84 min &e2. A 4 5 Tetrachloro- benzenamine
(TCBA) ; BID*77F % PCNB15 kGyPe & 15 2- B3% » »* FFPCNB
2. RE S HIT05 AREIER 2 1.23% » #3779 ~ 8.85 minke
NILTCBAZ B & £ ’f#«f’” » BIE#T7% 5 PCNBJ/520 kGyFRR &+ 1S 2 [l
¥ Bl¢Y © & &7 PCNBZ TCNB2Z % (peak): m § BB &+#| & 125
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kGyB-i" v e BIF 9T 0 ",/f:PCNBZ{ TCNBzZ_ A% 2 &% > 73620 »
7.20 min/z:!! I.Trichlorobenzenamine ( TriCBA ) 2. *#

2. PCNB Ml 403t 4 S4% S50 4 B SR 3115 2. PCNB A& 5 ik
Bk A Sdp itk A AT
% P 2.PCNB % fie €] % 100% Methanol® ° B~PCNB methanol
B MR N IE g A A 2 &P 5 A 2 &SY PCNBZ B &
S10ppm > * - AE ¥ = £48 0 LA, SREE S HEE
jﬂ‘a PCNBzZ. A 7}5‘:;-;«“;_“ 5 fﬁﬁ@&fw » 193 %LB"Q 5 gi'é 7
FFLEZEAITER S 10ppm P #PCNBT #% R 5
AR R RPE i SR A o FPCPONBZ 225 0 #-4TiR
W2 PCNBk & 'F M5 B-5 > B8l 4 47 2 PCNB} 84 R ¥
ER o B% 55101520~ 25kGy R & 18 £ ¢ & F 2. PCNB
ZE 4% 58216.0~50~3.57~039ppm > &1 + %¥ 2 PCNB
AR B REAE S P o A B AR A S0P R F R FE

4)3 LIF L fEa gk o
AR R LA A

Bk e BB STE (5~ 10 ~ 15 ~ 20 KGy“e 5 SR 515 2 4
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2o~ h BB BE EFLAGER (ppm)

V& B (ppm) P& 5+ £ (kGy)
FELE 0 5 10 15 20 25
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Lindan 0.687° 0479 0348 0258  0.184  0.111
Heptachlor 0.532 0421 0319 0254  0.195  0.142
Aldrin 0532 0376 0279 0218  0.168  0.123
e-heptachlor 0.534 0396 0304 0250 0215  0.187
Endosulfan-1 0519 0392 0311 0251  0.192  0.140
4'4-DDE 0.544 0404 0313 0249  0.195  0.145
Dieldrin 0.546 0410 0321 0259 0224  0.179
2'4-DDD 0476 0337 0250  0.196  0.155  0.119
Endrin 0381 0345 0296 0252 0202  0.153
4'4-DDD 0.502 0370 0282 0227  0.179  0.147
Endosulfan-2 0515 0359 0263  0.198  0.144  0.093
44-DDT 0.520  0.344 0242  0.178  0.127  0.082
D oiripldciE 2 EAF2 T
22N ASY EHRHEARH TSRO 2 hEr s 7R
P R s+ 2 (kGy)
(meg/g)
0 10 15 20
Rbl 31.37+0.15° 31.01+0.11 30.59+0.63 29.39+0.36
Rc 16.12+047 1591+0.43 15.08+0.27 14.46+0.28
Rd 9.02+032  877+0.15 844+025 820+0.17
Re 15.98+0.50 15.79+021 15.04+0.33 14.53+0.14
Rgl 1.56+0.09  1.56+0.06  1.47+0.03  1.43+0.02
a) 2 F Rk TIOE R



