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The Development of a Gamma
Irradiation Platform for Decomposing
Organochlorine Pesticide Residuesin
Traditional Chinese Medicines (2-2)

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

ABSTRACT

In the 2 nd-year study, the OCP contaminated gomsamd senna have been
collected and used to study the effects of irramiiaconditions on the decomposition
rates of OCPs. For comparison, the OCPs (PGNBHC, -BHC, y-BHC, 5-BHC,
p,p’-DDE, p,p’-DDD, p,p’-DDT, and o,p’-DDT) were déd to the non-contaminated
ginseng and senna samples. Gamma irradiation vezessed in the Nuclear Science
and Technology Development Center at National Télng University. Ginseng and
senna were irradiated with the 0, 10, 20, 30, &h&@y gamma doses under the dose
rate of 1.5 kGy/h. The OCPs was extracted, therdposition of OCPs was estimated
by GC and the major components of ginseng and seenameasured by HPLC. The
MTT assay with L929 cells was used to evaluatectietoxicity of OCPs in ginseng
and senna before and after gamma irradiation. Iditiad, a 3-month storage
examination was included.

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 entration and become lower
than the detection limit after irradiation. Origirntaminated senna leaves contain a
lower concentration of OCPs and the residual natiower than that of ginseng under
the same dosage of irradiation. For the OCPs spsla@aples, the results reveal that
among the 9 OCPs, PCNB has the best degradati@ct edfter irradiation and
2,4-DDT is the second. Based on the results ofmtheker components in senna and
ginseng analyzed before and after irradiation,gimsenoside and sennoside marker
components had slight change (<10%) after 20 k@&gdiated, had more significant
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change after irradiated with the dosage above 30 kGr those contaminated samples
before and aftey-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 tesitracts, the optimal degradation
dosage should be 20 kGy. Larger efficiency to PGiMng the nine kinds of tested
OCPs was observed.Results from samples irradiaitaddifferent 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, organoohk pesticides, decompose,
gamma irradiation
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EEoa A iaqdi—?-g" BE P
N ! i#zi2 1hr~ ¥~ 1hr £ 16 hr
7P JE B (mg/kg) & 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
0-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
A=~ AR L4254 REZEST (H = ppb)

r?fﬁi Al A2 A3 A4 A5 A6 A7 A8
a-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 -
v-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 4.0 134 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 8.2 16.6 44.1 3.7 12 4.7 1.2 2.2
PCNB 2756.1 - 0.5 - 1 0.1 - -
MRS E B E B 11 GC-ECDA 47 - 4248 AT IUE AR o
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e s ARPEDEEHEL I RFLESE AN (H = ppb)
& A Al A2 A3 Ad A5 A6 A7 A8
a-BHC 17 0.6 0.4 11 0.8 0.3 0.5 11
B-BHC 38 - - 1.6 - 1.5 - 2.1
v-BHC 6.1 1.8 0.7 2.7 14 2.1 4.2 -
3-BHC - - - - - - - -
Total BHC(ppm) 61.1 2.4 11 5.4 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 - 1.5 - - 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
LR NEBGEE B 11 GC-ECD A 47
%3 4232“»‘%%%“ WERLESTRAENTABRKED - 2857
A 5 (%)
BT 1% PR 543 £
FERE R
(") 0 kGy 10 kGy 20 kGy 30 kGy 40 kGy
0 100.00 99.704+0.3198.71+0.25 96.63+0.47 94.31+0.45
a-BHC 3 99.83+0.56 98.71+0.24 98.15+0.16 95.89+0.23 92.89+0.24
6 99.18+0.85 98.44+0.36 97.46+0.42 95.16+0.21 93.11+0.32
0 100.00 99.63+0.2798.14+0.35 97.32+0.41 94.89+0.62
B-BHC 3 99.98+0.47 99.23+0.16 98.25+0.42 96.63+0.33 93.76+0.44
6 99.65+0.63 99.41+0.25 98.31+0.35 96.44+0.36 94.15+0.59
0 100.00 98.41+0.2196.37+£0.19 93.68+0.26 91.87+0.61
y-BHC 3 98.76+0.19 96.89+0.22 95.68+0.44 92.46+0.31 89.98+0.54
6 97.29+0.28 96.43+0.36 94.63+0.61 91.55+0.68 90.42+0.49
0 100.00 99.034+0.2299.03+£0.16 97.731£0.21 96.34+0.46
6-BHC 3 100.67+0.2898.78+0.51 99.10+0.41 97.66+0.34 96.57+0.33
6 99.56+0.46 99.63+0.27 99.57+0.27 98.99+0.28 97.15+0.51
0 100.00 99.50+0.1897.89+0.24 95.00+0.37 91.00+0.42
4,4-DDE 3 99.5040.23 98.50+0.20 98.00+0.41 96.50+0.28 92.00+0.35
6 99.25+0.26 98.25+0.41 97.50+0.33 95.75+0.21 91.25+0.24
0 100.00 98.82+0.2496.45+0.18 93.85+0.24 93.14+0.29
4,4-DDD 3 99.5340.21 97.69+0.19 95.98+0.25 94.56+0.27 92.67+0.31
6 99.05+0.23 98.35+0.27 96.93+0.34 94.56+0.16 92.91+0.24
0 100.00 63.35+0.51 36.10+0.46 6.79+0.44 -*
PCNB 3  100.44+0.3264.80+0.43 36.94+0.37 5.91+0.26 -
6 98.43+0.43 62.84+0.64 32.55+0.31 5.41+0.38 -

o h T RE -
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22 4BEPAY FBILELARBELIABRM T B2 ARG A
5 (%)
BT % PR 51 ) £
TRELEE BT
(") 0 kGy 10 kGy 20 kGy 30 kGy 40 kGy
0 100.00  100.00+0.21 98.24+0.43 95.29+0.37 92.94+0.28
a-BHC 3 08.24+0.33 98.82+0.26 96.47+0.37 95.88+0.43 93.53+0.20
6 98.24+0.41 97.65+0.28 97.06+0.28 95.88+0.33 92.94+0.27
0 100.00  99.46+0.22 98.92+0.27 97.03+0.29 97.03+0.35
B-BHC 3 99.46+0.34 98.92+0.29 98.65+0.35 97.57+0.31 96.49+0.33
6 98.92+0.19 98.65+0.34 98.38+0.27 97.30+0.25 97.03+0.43
0 100.00  96.67+0.43 95.00+0.25 90.00+0.38 85.00+0.31
y-BHC 3 98.33+0.30 98.33+0.37 96.67+0.32 91.67+0.30 86.67+0.47
6 98.33+0.27 96.67+0.31 95.50+0.22 91.67+0.28 86.00+0.41
0 100.00  98.77+0.26 96.30+0.25 93.83+0.27 90.12+0.21
4,4-DDE 3 99.26+0.18 97.53+0.37 96.30+0.31 92.59+0.21 88.89+0.28
6 98.77+0.23 97.41+0.31 95.56+0.27 93.09+0.34 88.64+0.36
0 100.00  91.07+0.28 86.31+0.38 83.33+0.22 81.55+0.37
2,4-DDT 3 98.81+0.27 91.67+0.43 85.71+0.24 83.93+0.25 80.36+0.48
6 99.40+0.21 90.71+0.34 84.52+0.31 82.74+0.37 80.95+52
0 100.00 56.70+0.58  -* - -
PCNB 3 98.97+0.24 58.76+0.43 - - -
6 98.97+0.31 55.67+0.57 - - -

* o4 1 R HE R

=~ %5gv zmﬁz 3 R

BRI, T8

BT 1% Pe. 5t £
AL 7 7f E&ﬁlp

() 0 kGy 10 kGy 20 kGy 30 kGy 40 kGy
Ginsenoside 0  2.07+0.04" 2.11+0.05 1.89+0.1% 1.98+0.07® 1.63+0.04
Rgl(mg/g) 3  2.10+0.06° 2.17+0.02 2.19+0.04 2.07+0.13° 2.00+0.18
Ginsenoside R 0 5.4+0.06 5.50+0.07 5.62+0.09® 5.82+0.28 6.07+0.13
(mg/g) 3  7.06x0.17 7.04+0.17 6.80+0.09 6.35+0.1% 6.64+0.08
Ginsenoside 0  12.81+0.1% 12.74+0.07 12.48+0.27°12.54+0.18° 12.41+0.2F
Rbl (mg/g) 3 14.17+0.42° 14.4+0.31 14.00+0.34° 13.77+0.18 13.81+0.28
Ginsenoside R 0 9.840.%2 10.17+0.2° 10.39+0.28° 10.76+0.72 10.84+0.3%
(mg/g) 3 12.70+0.39 12.93+0.25 13.06+0.49 12.67+0.17 12.40+0.38
GinsenosideR 0  6.81+0.39 6.78+0.57 6.13+0.4® 6.36+0.26 5.97+0.08
(mg/g) 3 6.69+0.25° 7.04+0.14 6.91+0.06 6.60+0.2% 6.61+0.18

ey s TeEsERE R L (n=3)

i
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PACFBEPERHEIRAE LSRRV gL T R

e PR i &
s e
o F(’%F; 0 kGy 10 KGy 20 kGy 30kGy 40 kGy
Sennoside. 0 24.17+0.67 22.94+0.3° 22.60+0.4° 22.46+0.4° 23.44+0.4°
(mg/g) 3 22.7710.4C 20.48+0.4° 20.58+0.2° 18.35+0.7° 17.36+0.3°
Sennoside B 0  6.98+0.07 6.81+0.07° 6.83+0.1* 6.69+0.0¢ 6.86+0.0°
(mg/g) 3  6.74+0.0¢ 6.29+0.1° 6.12+0.C9° 5.47+0.0¢ 5.09+0.2(

CHE S T EERE B L(N=3) B A k3 M A EF L MF L8 P<0.05

24~ %2 5BEY £ RAE SR 52 PCNBA T #
o OCPsA & R 5171 £ (KGy)

"R OCPSiL & 0 10 20 30 40

TETERE" % 10000 6335 3610 679 -~
opm 2756 1746 0995 0187 -

OCPs/; 4 5% % 100.00 67.80 41.00 1121 3.20
opIT 3250 2204 1.333 0.364 0104

EEER T L % 100.00 5670 -+ i i
opm 0.0097 0.0055 - i i

OCPsj #t % ME % 100.00 71.00 4500 13.00 5.60
opm 16125 1.1449 0.7256 0.2096 0.0903

:x 1 PCNBz '3 % 1ppnfte

2L 2 EHEY 53 FAIE A4S B 52 DTT 4 7] OCPsA ¥ &

7

o . 03 ¥ e 513 & (KGY)
P ,

# 1AL OCPs  "'s 0 10 20 30 40
FELERY 44DDE %  100.0( 9950 97.80 95.00 91.00

ppr  0.004C 0.0040 0.0039 0.0038 0.0036

OCFs 7 e %% 4,4-DDE % 100.0C 99.57 97.62 96.56  96.12

ppr  1.850 1.842 1.806 1.786 1.778

REB A% 4,4-DDD % 100.00 98.82 9645 93.85 93.14

ppr  0.0042 0.0042 0.0041 0.0039 0.0039

OCFs 7 e %% 4,4-DDD % 100.00 98.25 97.65 96.78 96.12

ppr  1.884 1.851 1.840 1.823 1.811

OCFs 7 e 5 4,4-DDT % 100.00 99.20 96.12 94.68 92.53

ppnr 2300 2282 2211 2.1/8 2.128

OCFs 7 e 5B 2,4-DDT % 100.00 9437 90.01 82.14 69.49

ppnr 1941 1.832 1.747 1595 1.349
REALHBE 4,4-DDE % 100.00 98.77 96.30 93.83 90.12

ppr  0.0081 0.0080 0.0078 0.0076 0.0073

OCFs 7 v i8E  4,4DDE % 100.00 98.20 94.77 91.7¢ 85.26
ppnr 1756 1.724 1.664 1.611 1.497

OCFS;‘,’JHn%i%ﬁ 4,4-DDD % 100.00 98.23 93.36 88.99 83.67

ppr  1.821 1.789 1.700 1.621 1524

OCFS'}fJHcé;'%ﬁ 4,4-DDT % 100.00 99.79 97.21 95.67 89.63

ppnr 1874 1.8/0 1.822 1.793 1.680

REALHBE 2,4-DDT % 100.00 91.07 86.31 83.33 81.55

ppr  0.0168 0.0153 0.0145 0.0140 0.0137

OCFs 7 S iBE 24-DDT % 100.00 92.03 86.12 8235 78.12

ppn 2204 2.028 1.898 1815 1.722

:DDT &8 2 '3 5 1ppnfte
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o4 p

Lo v RFE HIHEY S AR BT 52 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 9663 9431
opm 15820 1.5773 1.5569 1.5044 1.4188
OCFs7 4 £%  oBHC _ % _ 1000 99.81 98.1: 96.9¢  93.8¢
opm 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 9814  97.63
opm  1.3770 1.3643 1.3624 1.3514 1.3444
mimsAh%%  7BHC _ % 10000 9841 9637 93.68 9187
opm 04430 04360 04201 03936 0.3616
OCFs7 4 £%  yBHC _ % _ 10000 99.7:  99.2€ 9407  93.4(
opr 3.285( 3.2757 3.2607 3.088¢ 3.068:
%%k %8E oBHC _ % 10000 10000 9824 9529 9294
ppm 00170 0.0170 00167 00159 0.0148
OCFsif+ %B% oBHC _ %  100.0( 99.4f  99.0(  98.4( _ 92.4¢
opr 1.834¢ 1.824¢ 1.816f 1.8(54 1.696¢
m%s %% mE PBHC % 10000 9946 9892 97.03  97.03
opm  0.0370 0.0368 0.0364 0.0353 0.0343
OCPsif+t %5¥ B-BHC _ % 10000 99.01 9855  97.82 9554
opm  1.0105 1.8916 1.8828 1.8689 1.8253
m%ms %% mE 7BHC % 1000 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  94.13
opm  1.8171 1.8061 1.7844 1.7297 1.7104

% 0.9 ppnfte
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