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The Development of a Gamma
Irradiation Platform for Decomposing
Organochlorine Pesticide Residuesin

Traditional Chinese Medicines

(Final Report)

Fong-In, Chou
Nuclear Science and Technology Development Center,
National Tsing Hua University

ABSTRACT

The residues of organochlorine pesticides (OCPs)Tiaditional Chinese
Medicines (TCMs) is an urgent safety issue needetlet solved. OCPs have long
decomposition time and easily accumulate in livorganisms to induce cancers or
malformation. Therefore, the current regulationsGPs from the Department of
Health or FDA are that the amount of OCPs residinesild be undetectable or less
than the legal limit. In this project, gamma iri@thn was applied to decompose the
residues of OCPs in TCMs. Ginseng and senna tanhamally used as a single
receipt in the TCMs prescription, but they are fretly contaminated by OCPs.
Therefore, they were used as the targets in thidystn our first year’s research, the
OCPs mixture was used for investigation of the ropti condition for radiation
decomposition. In the 2 nd-year’s study, the OC&#taminated ginseng and senna
samples will be used for study the effects of iilatidn conditions on decomposition
of OCPs.OCPs including PCNB, Aldrin;BHC, 3-BHC, y-BHC, 5-BHC, p,p’-DDE,
p,p’-DDD, p,p’-DDT, and o,p’-DDT were used in thstudies. Gamma irradiation was
processed in the Nuclear Science and TechnologyelDpment Center at National
Tsing Hua University; and the gas-chromatographys wesed for analysis the
concentration of OCPs. In our first year's reseanasults showed that gamma
irradiation was able to decompose OCPs. The decsitiqo efficiency increased
following the increase of irradiation dosages aras wWependent on the types of OCPs.
Among the gamma irradiated OCPs (2 ppm) samplefNBP®Gad the highest
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decomposition efficiency. Only 1% of PCNB was renea after 15 kGy of irradiation.
Among the group of DDT, o,p’-DDT had the best deposition efficiency. After 30
kGy of irradiation, 4% of o0,p’-DDT, 55% of Aldrinnal 73% ofy-BHC were remained.
Three kinds of dose rates (0.5, 1.5, and 5 kGy/wewsed for irradiation of OCPs.
The results showed that low dose rate irradiatiath better decomposition efficiency
than that in middle and high dose rate treated.ofles decomposition efficiency in
samples of that irradiated with 0.5 kGy/h dose veds significantly higher then that in
5 kGy/h. Moreover, radiation decomposition effiagrof OCPs was increased under
moist environment.

The results reveal that after the Chinese herb emedhaving been treated with
the same dosage of irradiation. The degradatioecesffincreased with the raise of
irradiation dosage. But the degrees of degradatiepend on the kind of OCP
compounds. Some of the OCPs have lower initial eotration and become lower
than the detection limit after irradiation. Origirntaminated senna leaves contain a
lower concentration of OCPs and the residual riatiower than that of ginseng under
the same dosage of irradiation. For the OCPs spslagaples, the results reveal that
among the 9 OCPs, PCNB has the best degradati@tt edifter irradiation and
2,4-DDT is the second. Based on the results ofntheker components in senna and
ginseng analyzed before and after irradiation,dimsenoside and sennoside marker
components had slight change (<10%) after 20 k@gdiated, had a significant
change after irradiated with the dosage above 30 kGr those contaminated samples
before and after-irradiation, the cytotoxicity test revealed thatadiation has no
significant effect on the cytotoxicity of the extta of ginseng and senna. Considering
the marker components and the cytotoxicity in tkeitracts, the optimal degradation
dosage should be 20 kGy. Larger efficiency to PGiiBong the nine kinds of tested
OCPs was observed.Results from samples irradiaitiddifferent water contents also
proved that the presence of moisture will affeet degradation efficiency of OCPs in
herb medicines. If the irradiated sample contaighhamount of moisture, the
degradation rate of the OCPs was enhanced.

Keywords: Traditional Chinese Medicines, organochi® pesticides, gamma
irradiation
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L fRiES 0 S PRet 10~ 20~ 3040 kGyis 0 =T 7 2 P 36 B 2 18
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PERS2phr s 78 RRHAJIES g4 L 287 E 2 it o
22 Kown(2000)& % 4p i » H &% k10 25 R IZs2Z A B AP 5§
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- ~10f8F B2 EPEEE L2 RERFF -~ APH B REHPHET

OCPs w2 R F (ppb) #pkE il (r) &REFHRNHET (IDL) (ppb)
p'p-DDD 14~2800 0.9997 5.0
p'p'-DDE 10~2000 0.9997 3.5
p'p'-DDT 10~2100 0.9989 2.8
o'p'-DDT 12~2400 0.9999 4.0
a-BHC 12~2400 0.9997 3.5
B-BHC 13~2600 0.9996 4.5
y-BHC (LINDAN) 11~2200 0.9997 3.5
0-BHC 12~2500 0.9996 3.6
ALDRIN 10~2000 0.9997 3.5
PCNB 12~2400 0.9999 4.1
P WAL ESIRABE S MEHE 2 5 R
Dose
(kGy) 0 5 10 15 20 25 30
OCPs
p'p'-DDD 2483.23* 228450 2223.03 2131.87 2050.48 1989.64 1865.18
p'p'-DDE  2655.19 2401.05 2331.74 2216.68 2072.31 1992.27 1860.12
p'p'-DDT  2631.73 2360.84 2237.29 2087.51 1909.69 1749.97 1617.19
o'p'-DDT  2466.94 1973.55 1123.94 624.88 327.61 166.77 97.69
a-BHC 2828.97 2630.57 2594.87 2488.54 2349.96 2263.52 2211.01
-BHC 2714.25 2475.86 2431.07 2317.97 219451 2090.57 2014.38
vy-BHC
(LINDAN) 2266.77 2131.01 2066.12 1968.95 1860.23 1768.81 1662.02
o6-BHC 2903.03 2758.23 2691.50 2614.62 2553.77 2494.82 2427.62
ALDRIN  2321.32 1987.13 1878.23 1732.65 1555.79 1449.49 1281.85
PCNB 2912.40 2009 56 145.97 32.09 0.00 0.00 0.00
*% OCPsz. z £(ppb): % 2 =2 €4~ 172 8@ - 2% K/ L (S.D.) %] 1%
2 REFERHEIERA S5 E XY A5 OCPsZ 5
s AIRE &2 154 48 ~
FPeo A
REFEP 304 RFEP3 44
7P JE B (mg/kg) JE B (mg/kg)
a-BHC 0.5192+0.0211 0.6046+0.0094
B-BHC 0.8905% 0.0362 1.3560£0.0425
v-BHC 0.4876x0.0164 0.6199+0.0158
6-BHC 0.8040+0.0310 1.2611+0.0389
PCNB 0.4335+0.0137 0.4381+0.0057
4,4-DDD&2,4-DDT 1.4669+0.0572 2.3859+0.0277
4,4-DDE 0.7102+0.0221 1.0906+0.0311
4,4-DDT 0.8926+0.0158 1.4615+0.0284
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%w\%%ﬁﬁﬁéﬁﬁﬁ&%%%%%ﬂ%%om%i%g

o . 713;;1 e j‘:B" R i\‘ 3 5B
FPo A
=7¢ 1hr~ % 2 1hr 3516 hr

7P JE B (mg/kg) JE B (mg/kg)
o-BHC 1.456+0.028 3.138+0.101
B-BHC 2.665+0.042 4.059+0.095
v-BHC 0.423+0.007 1.061+0.056
o-BHC 1.77520.016 3.020+0.049
PCNB 2.432+0.024 7.062+0.038
4,4-DDD&2,4-DDT 0.020+0.004 0.078+0.008
4,4-DDE 0.004+0.001 0.005+0.001
4.4-DDT 0.028+0.003 0.098+0.002
21 ~ At BL 2 s REZE AT (H i ppb)

ey B Al A2 A3 A4 Ab Ab6 A7 A8
o-BHC 1582.1 150.7 52.7 223.1 77.5 133.5 10.7 32.7
B-BHC 2375.3 535.0 142.9 44.2 - 18.2 21.8 -
vy-BHC 4425 1648.5 203.7 43.7 33 55.9 49.1 -
0-BHC 1545.2 897.6 208.9 37.1 - 255.1 - -
Total BHC 5945.1 3231.8 608.2 348.1 1105 462.7 81.6 32.7
p,p,-DDE 4.0 13.4 44.1 3.7 11.2 3.7 1.2 2.2
0,p,-DDT - - - - - - - -
p,p,-DDD 4.2 3.2 - - 0.8 1 - -
p,p,-DDT - - - - - - - -
Total DDT 82 166 441 3.7 12 4.7 1.2 2.2
PCNB 2756.1 - 0.5 - 1 0.1 - -

RSN FEPOEEP o 1 GC-ECDA 37 o At F K F A LR RE

FA AP ET L EHEL JRFLET RS (- ppb)

o A Al A2 A3 A4 A5 A6 A7 A8
a-BHC 17 0.6 0.4 1.1 0.8 0.3 0.5 11
B-BHC 38 - - 1.6 - 15 - 2.1
v-BHC 6.1 1.8 0.7 2.7 1.4 2.1 4.2 -
6-BHC - - - - - - -
Total BHC(ppm) 61.1 2.4 1.1 54 2.2 3.9 4.7 3.2
p,p,-DDE 8.1 2.5 0.9 8.5 2.3 - 1.2 2.4
0,p,-DDT 16.8 16 16.9 - 11 - - 13
p,p,-DDD 4.1 5.2 2 - 15 - - 1.8
p,p,-DDT - - - 0.4 - - - 0.3
Total DDT(ppm) 29.0 23.7 19.8 8.9 14.8 - 1.2 17.5
PCNB 9.7 8.4 1.3 2.5 2.28 - - 5.6

WL EFNEBEE B 11 GC-ECDA 45 -
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96.6340.3¢
96.4440.3¢

94.89410.62
93.7640.44
94.1540.5¢

y-BHC

100.0(
98.7640.1¢
97.2940.2¢

98.4140.21
96.8910.22
96.43410.3¢

96.3740.1¢
95.68410.44
94.6340.61

93.6840.2¢
92.4640.31
91.5540.6€

91.8740.61
89.9840.54
90.4240.4¢

0-BHC

100.0(
100.67:0.2¢
99.5640.4¢

99.0340.22
98.7840.51
99.6340.27

99.0340.1¢
99.1040.41
99.5740.27

97.7340.21
97.6640.34
98.9940.2¢

96.3440.4¢
96.5740.3¢
97.1540.51

4,4-DDE

100.0(
99.5040.2¢
99.2540.2¢

99.5040.1¢
98.5040.2(C
98.2540.41

97.8940.24
98.0040.41
97.5040.3¢

95.0040.37
96.5040.2¢
95.7540.21

91.0040.42
92.0040.3¢
91.2540.24

4,4-DDD

100.0(
99.5340.21
99.0540.2¢

98.8240.24
97.6940.1¢
98.3540.27

96.4:+0.1¢
95.9840.2¢
96.9340.34

93.8540.24
94.5640.27
94.5640.1¢

93.1440.2¢
92.6740.31
92.9140.24

PCNB

DODWOOOWOOWOIOOWOOOWOOOWOoO|IohwOo|:

100.0(
100.440.32
98.4:+0.4<

63.35+0.51
64.8(x0.4:
62.84+0.64

36.1(+0.4¢
36.94+0.37
32.55+0.31

6.7¢+0.44
5.91+0.2¢
5.41+0.3¢

*
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0 kGy

10 kGy

20 kGy

30 kGy

40 kGy

o-BHC

100.0(
98.24+0.3¢
98.240.41

100.0(+0.21
98.82+0.2¢
97.60.2¢

98.24+0.4<
96.471+0.37
97.06+0.2¢

95.2¢+0.37
95.8&+0.4<
95.8&+0.3¢

92.94+0.2¢
93.5&0.2(C
92.940.27

B-BHC

100.0(
99.4¢+0.34
98.92+0.1¢

99.4¢+0.22
98.92+0.2¢
98.65+0.34

98.92+0.27
98.65+0.3¢
98.3&0.27

97.0:+0.2¢
97.5+0.31
97.3(x0.2¢

97.0+0.3¢
96.4¢+0.3¢
97.0+0.4<

vy-BHC

100.0(
98.3:0.3(
98.3%0.27

96.671+0.4<
98.3+0.37
96.6+0.31

95.0(x0.2¢
96.671+0.32
95.5(x0.22

90.0(+0.3¢
91.671+0.3(C
91.6:+0.2¢

85.0(x0.31
86.61+0.47
86.0(x0.41

4,4-DDE

100.0(
99.2¢+0.1¢
98.71+0.2¢

98.7+0.2¢
97.5+0.37
97.41+0.31

96.3(+0.2¢
96.3(+0.31
95.5¢+0.27

93.8+0.27
92.5¢+0.21
93.0¢+0.34

90.12+0.21
88.8¢+0.2¢
88.64+0.3¢

2,4-DDT

100.0(
98.81+0.27
99.4(+0.21

91.0+0.2¢
91.61+0.4<
90.71+0.34

86.310.3¢
85.71+0.24
84.52+0.31

83.3:0.22
83.9:+0.2¢
82.14+0.37

81.5%0.37
80.3¢+0.4¢
80.95+52

PCNB

O WO WOOOWOIOOWOIOOWOIo)wO

100.0(
98.971+0.24
98.91+0.31

56.7(+0.5¢
58.7¢+0.4<
55.61+0.57

*oG MO PR o
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24 S RYEHEITRFHEHIBH DL L T E
P P i ) £

SRS A
(")
Ginsenoside Rgl 0  2.07+0.04" 2.11+0.05 1.89+0.1% 1.98+0.07° 1.63+0.04
(mg/g) 3  2.10+0.06° 2.17+0.02 2.19+0.04 2.07+0.13® 2.00+0.16
Ginsenoside Re 0 5.4+0.06 5.50+0.07 5.62+0.09® 5.82+0.28 6.07+0.13
(mg/g) 3  7.06+0.17 7.04+0.17 6.80+0.09 6.35+0.1% 6.64+0.06
Ginsenoside Rb1 0  12.81+0.1% 12.74+0.0712.48+0.27%12.54+0.18512.41+0.2F
(mglg) 3 14.17+0.42° 14.4+0.31 14.00+0.34® 13.77+0.18 13.81+0.28

0

3

0

3

0 kGy 10kGy  20kGy 30kGy  40kGy

Ginsenoside Rc 9.8+0.2 10.17+0.2°10.39+0.28° 10.76+0.72 10.84+0.3%
(mg/g) 12.70+0.39 12.93+0.25 13.06+0.48 12.67+0.17 12.40+0.38
Ginsenoside Rd 6.81+0.39 6.78+0.57 6.13%0.4® 6.36+0.26 5.97+0.08
(mglg) 6.69+0.25% 7.04+0.14 6.91+0.06 6.60+0.2% 6.61+0.13
ey s TRELERERL (n=3) > KA RF A EoKEFERFLE P<0.05-

2 HEE BEHETRBE SRR A E
P e 54 %] £

F& LA PR

(")

Sennoside A 0 24.17+0.68 22.94+0.38 22.60+0.48 22.46+0.48 23.44+0.44

(mg/g) 3 22.77+0.40 20.48+0.4Y 20.58+0.28 18.35+0.77 17.36+0.35

Sennoside B 0  6.98+0.02 6.81+0.07 6.83+0.12° 6.69+0.08 6.86+0.08

(mg/g) 3 6.74+0.05 6.29+0.12 6.12+0.08 5.47+0.04 5.09+0.26

iy s TEEHERRI(N=8) B AR 3 A o R EEF L EF LR P<0.05

0 kGy 10 kGy 20 kGy 30 kGy 40 kGy

21— 32 WH2AEHEY S RHE LS BT 52 PCNBA T £
) % i OCPs# % & Pe. 5] £ (KGY)
T OCPsik & 0 10 20 30 40

EREE S % 100.00 63.35 36.10 6.79 -*
ppm 2756 1.746 0.995 0.187 -

OCPsij: ¢ %% % 100.00 67.80 41.00 11.21 3.20
ppm 3250 2204 1.333 0.364 0.104

R£E LG BE % 100.00 56.70 - - -
ppm 0.0097 0.0055 - - -

OCPsi *c § iHE % 100.00 71.00 45.00 13.00 5.60
ppm 1.6125 1.1449 0.7256 0.2096 0.0903

it PCNBz '3 % 1ppnfte
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Lo A BEY S FAIE S S R (2 DTT 4 7] OCPsA ¥
T
- . 705 F e 58] & (KGY)
¢ FHRA OCPs 4% 0 10 20 30 40
ECERY 44DDE % 10000 9950 97.89 9500 91.00
opm  0.0040 0.0040 0.0039 0.0038 0.0036
OCPsi+ %%  44DDE _ % _ 100.0( 9957 97.62 9656  96.12
opm  1.850 1.842 1.806 1.786  1.778
EEERY 44DDD %  100.00 98.82 9645 9385 93.14
opm  0.0042 0.0042 0.0041 0.0039 0.0039
OCPsi# %%  44DDD _ % _ 10000 98.25 97.65 96.78  96.12
opm  1.884 1.851 1.840 1.823 1811
OCPsf# %%  44DDT _ % _ 10000 ©99.20 96.12 0468 9253
opm 2.300 2282 2211 2178  2.128
OCPsi+t %%  24DDT % _ 10000 9437 9001 82.14  69.49
opm  1.941 1.832 1.747 1595 1.349
m%%%8E 44DDE % 10000 98.77 9630 93.83 90.12
opm 0.0081 0.0080 0.0078 0.0076 0.0073
OCPsif+t %5% 44DDE_ % _ 10000 9820 9477 9175 8526
opm  1.756 1.724 1.664 1611 1.497
OCPsif+t % /B% 44DDD % _ 10000 9823 9336  88.99 83.67
opm  1.821 1.789 1.700 1.621 1.524
OCPsi+t % /B% 44DDT _ % _ 10000 99.79 97.21 9567  89.63
opn  1.874 1.870 1.822 1.793  1.680
mE7d4BE  24DDT %  100.00 91.07 8631 8333 8155
opm 00168 0.0153 0.0145 0.0140 0.0137
OCPsif # %% 24DDT _ % _ 10000 9203 86.12 8235  78.12
opm 2204 2028 1.898 1.815 1.722
x :DDT %82 ' 5 1ppnft e

325



t‘%%.’,%‘&ﬁ? ¥ 298 % 4

Lz SHE GMEY S R AR S BT (2 BHC 4 7] OCPsA ¥
£
L A G 7 13 £ (KG
| EHRRE OCPs oy & 0 10 ' 20( Y 30 40
ECERY o-BHC % 10000 99.70 9871 96.63 9431
opm 15820 15773 15569 15044 1.4188
OCPs7+ £%  oBHC _ % _ 1000 99.81 98.1: 96.9¢  93.8¢
opn 1.481C 1.479° 1.453; 1.435¢ 1.390:
EEERS BBHC % 10000 99.63 9814 9732  94.89
opm  2.3750  2.3662  2.3222  2.2600  2.1445
OCPsi+ %%  B-BHC __ % 10000 9879  97.23 9692 9589
opm  1.8840 1.8611 1.8318 1.8260  1.8066
mE7A4 %%  oBHC %  100.00 99.03 99.03 97.73 96.34
opm 1.545( 1530 1.515. 1.480¢ 1.426¢
OCPs7+ £%  &-BHC __ % 10000 99.08  98.94  98.14  97.63
opm 13770 1.3643 13624 1.3514 1.3444
mimsAh%%  7BHC % 10000 9841 9637 9368 9187
opm 04430 04360 0.4201 03936 0.3616
OCPs7+ £%  yBHC _ % _ 10000 99.7: 99.2 940%  93.4(
opr 3.285( 3.2757 3.2607 3.088¢ 3.068:
%4 %8E oBHC _ % 10000 10000 9824 9529 9294
opm 00170 00170 0.0167 00159 0.0148
OCPsif+t %B% oBHC _ %  100.0( 99.4f  99.0(  98.4( _ 92.4¢
opm 1.834¢ 1.824¢ 1.816f 1.805. 1.696¢
m%s %% mE PBHC % 10000 9946 9892 97.03  97.03
opm  0.0370 0.0368  0.0364  0.0353  0.0343
OCPsi+t %5¥ B-BHC _ % 10000 99.01 9855  97.82 9554
opm  1.9105 1.8916  1.8828 1.8689  1.8253
m%ms %% mE 7BHC %  100.0( 96.67 950( 90.0C  85.0(
opm  0.006( 0.005¢ 0.005¢ 0.005( 0.004
OCPsi+ %% yBHC _ % 10000 9876 9552  OL51  89.17
opm 15840 1.5643 15131 1.4495 1.4125
OCPsif+ % B% oBHC __ % 10000 9939 9820 9519  04.13
opm  1.8171 1.8061 1.7844 1.7297 1.7104

% 0.9 ppnfte
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