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Abstract: Objective To evaluate the safety of new Angelica sinensis species with ionizing radiation. Methods GC was adopted to
determine the organochlorine pesticide residues; ICP-MS was used to identify the contents of lead (Pb), cadmium (Cd), and copper
(Cu); Mercury vapourmeter was used to determine the content of mercury (Hg); Atomic fluorescence spectrometry was used to identify
the content of asenic (As). Adopting gray correlation as experiment method and taking the total ash, acid-insoluble ash, heavy metals,
and harmful elements content as evaluation indexes, combined with acute toxicity test on mice, the study is to evaluate the safety of the
new A. sinensis varieties cultivated with ionizing radiation. Results The results show that the organochlorine pesticide residues, heavy
metals, and harmful elements contents in Mingui No.3 and Mingui No.4 comply with regulations in “Green Industry Standards for
the Import and Export of Medicinal Plants and Preparations of the People's Republic of China”. Comprehensive evaluation of the safety

of the samples with gray correlation degree showed that the safety of Mingui No.3 and Mingui No.4 was superior to other samples.
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The enrichment degrees of different parts of A. sinensis on heavy metals and harmful elements were different: The head of 4. sinensis

presented higher enrichment degree on the heavy metals lead (Pb), cadmium (Cd), and copper (Cu), the tail shows higher enrichment

degree on such heavy metals as arsenic (As) and mercury (Hg), and the body presented lower enrichment degree on heavy metals. In the

acute toxicity experiment of mice, LDs, was not measured in the mice and the maximum tolerance of mice was 120 g/kg, equivalent to

480 times the clinically maximum amount of adults (60 kg). Conclusion There is no obvious toxicity in new 4. sinensis species with

ionizing radiation, and the clinical usual dosage is safe and feasible.

Key words: irradiation breeding; Angelica sinensis (Oliv.) Diels; new species; safety evaluation; grey correlation analysis
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Table 1 Information of samples of organochlorine pesticide

residues, heavy metals and harmful elements

G BEA GRERD) ARG

AR IA] e

1 IRALS 2 HREE 2014-10 REE
2 IRA2 S 2 HREE 2014-10 REE
3 IRA3Y 2 HREE 2014-10 REE
4 IRA45 2 HREE 2014-10 REE
5 WRASE 2 HREE 2014-10 REE
6 90-03 A HREE 2014-10 REE
7 2000-01 2 HREE 2014-10 REE
8 AT AR HREE 2014-10 R
9 YA & mEHE 2014-10 R
10 #4415 2 HRIRE  2014-10 REE
1 A5 2 HRE 2014-10 REE
12 #HA 2 HRIRE  2014-10 REE
13 3HA 2 HRIRE  2014-10 R
14 47 A HREE 2014-10 R
15 47 2 HREE 2014-10 REE
16 4A 2 HRBEFE  2014-10 R
17 %A 2R HRIEE 2014-10 REE
18 HA 27 HRMEC 2014-10 REE
19 47 & HRES 2014-10 REE
20 A & HEET 2014-10 RIE

R2 SMBSUETIEMRER
Table 2 Information of samples for acute toxicity test on mice
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Table 3 Results of organochlorine pesticide residues (x +s ,n = 3)

SRS 5 (ug g )

i=R=
M5 TBHC  pBHC v-BHC

5-BHC OP-DDT

PP-DDD PP-DDE PP-DDT PCNB

12— — — — —
13— — — — —
21— — — — —
22— — — — —
23— — — — —
I — — — —
I J— — — — —
Ik — — — —
41 — — — — —

42— — — — —
43— — — — —
51— — — — —
52— — — — —
53  — — — — —
0.0923+00006 — —
0.0396+00039 — —
01545400020 — —
0.0841+00014 — —
0.0862+0.0029 — —
01020400026 — —
81— — — — —
82 — — — — —
83 — — — — —
o1 — — — — —

61 — —
62 — —
63 — —
71— —
72— —
< J— —

0.0750+0.003 0 — — —
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s JREYHU(ngg ™)

«-BHC B-BHC y-BHC 5-BHC OP’-DDT PP-DDD PP’-DDE PP*-DDT PCNB
92  _ — _ — — — 00560400055  — —
93  — — — — — — — — —
101 — — — — — — — — —
102 — — — — — — — — —
103 — — — — — — — — —
11— — — — — — — — —
12— — — — — — — — —
13— — — — — — — — —
121 — —  0.0650+00063 — — — — — —
122 — — — — — — — — —
123 — — 00694+00060 — — — — — —
131 — — — — — — — — —
132 — — — — — — — — —
133 — — — — — — — — —
41— — — — — — — — —
42 — — — — — — — — —
143 — —  0.0394+00039 — — — — — —
151  — — — — — — — — —
152 — — — — — — — — —
153  — — 01038400019 — — — — — —
161 — — — — — — — — —
162 — — — — — — — — —
163  — — — — — — — — —
171 — — — — — — — — —
172 — — — — — — — — —
173 — — — — — — — — —
181 — — — — — — — — —
182 — — — — — — — — —
183 — — 00819400039 — — — — — —
191 — — — — — — — — —
192 — — — — — — — — —
193 — —  00192+00080 — — — — — —
201 — — — — — — — — —
202 — — — — — — 00020400076  — —
203 — — — — — — — — —

“—7 R

“—" not detected
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Table 4 Results of heavy metals and harmful elements content

JRESHU(X10 pg-g ™)

W Pb Cd As Hg Cu
1-1 0.396 44-0.002 5 0.06584-0.001 5 0.517 14-0.003 9 0.001 94-0.000 2 16.908 3+0.005 9
1-2 0.274 8+0.007 3 0.036 64-0.004 7 0.342 040.005 9 0.002 34-0.000 3 9.527 0+0.002 3
1-3 0.241240.004 2 0.018 04-0.003 5 0.561 3+-0.003 6 0.002 54-0.000 4 6.450 8+0.003 7
2-1 0.310 44-0.006 4 0.066 54-0.001 5 0.461 6+-0.002 2 0.002 44-0.000 2 13.326 0+0.002 0
2-2 0.307 74-0.006 5 0.02344-0.004 3 0.421540.004 1 0.003 24-0.000 3 6.000 1+-0.001 5
2-3 0.303 74-0.003 3 0.022 04-0.004 5 0.574 31+0.004 6 0.004 04-0.000 3 4.883240.009 4
3-1 0.240 940.007 2 0.060 14+-0.001 7 0.289 44-0.006 0 0.001 74-0.000 7 5.892 040.003 5
3-2 0.219 0+0.007 9 0.024 34+0.004 1 0.2004+-0.010 0 0.001 34+0.000 5 3.516 04-0.005 9
33 0.200 0+0.001 0 0.022 2+0.004 5 0.453 7+0.002 2 0.002 1+0.000 3 3.267 0+0.005 6
4-1 0.237 6+0.004 2 0.021 6+0.004 6 0.2421+0.008 3 0.000 740.000 1 6.1120£0.001 2
4-2 0.227 3+0.007 6 0.020 2+0.008 6 0.202 6+0.008 6 0.000 3+0.000 2 5.744 0+0.003 2
4-3 0.184 44-0.010 8 0.010 54-0.000 9 0.356 94-0.002 8 0.001 44-0.000 4 3.586 04-0.005 3
5-1 0.255 84-0.003 9 0.046 54-0.002 2 0.406 8+0.004 3 0.002 64-0.000 2 9.163 0+0.002 3
5-2 0.248 44-0.004 0 0.02144-0.008 1 0.330240.003 0 0.001 84-0.000 3 7.531040.002 3
5-3 0.2315+0.004 3 0.023240.007 5 0.536 1+0.003 7 0.003 1+0.000 2 7.016 0+0.001 1
6-1 0.476 3+0.002 1 0.062 6+0.001 6 0.413 4+0.004 2 0.003 540.000 2 19.472 4+0.005 9
6-2 0.454 5+0.003 8 0.024 0+0.004 2 0.2317+0.004 3 0.002 940.000 2 18.638 9+0.008 2
6-3 0.4312+0.004 6 0.0210+0.004 8 0.646 5+0.004 1 0.003 740.000 7 14123 6+0.001 1
7-1 0.709 8+0.001 4 0.062 6+0.001 6 0.6322+0.001 6 0.003 24+0.000 9 20.334 6+0.008 5
7-2 0.455 6+0.003 8 0.024 0+0.004 2 0.5750+0.001 7 0.002 8+0.000 2 10.863 0+0.001 6
7-3 0.2839+0.007 0 0.021 3+0.004 7 0.9182+0.001 1 0.004 4+0.000 1 4.5712+0.003 4
8-1 0.337 6+0.003 0 0.021 710.004 6 0.4193+0.004 1 0.002 4+0.000 3 8.152 1+0.002 6
8-2 0.260 94-0.007 7 0.019 640.005 1 0.214 240.008 1 0.002 24-0.000 3 5.103 24-0.004 0
8-3 0.137040.001 9 0.021 14-0.008 2 0.431540.002 3 0.003 44-0.000 2 3.861440.0030
9-1 0.450 74-0.003 8 0.04394-0.002 3 0.579440.001 7 0.005 6+40.001 1 1.653 3+0.008 7
9-2 0.437 3+0.006 1 0.041 8+0.002 4 0.463 8+0.002 2 0.003 8+0.000 6 1.298 7+£0.001 3
9-3 0.3912+0.005 1 0.037 6+0.002 7 0.8714+0.003 0 0.007 6+0.000 8 0.9125+0.001 8
10-1 0.265 6+0.007 5 0.010 740.000 9 0.217 7+0.001 2 0.002 3+0.000 3 4.626 51+0.002 5
10-2 0.239 3+0.008 4 0.009 44-0.000 3 0.134240.001 5 0.001 84-0.000 3 4.331240.003 8
10-3 0.112 8+0.008 9 0.009 84+0.003 3 0.2356+-0.004 2 0.002 74-0.000 2 3.908 24-0.002 4
11-1 0.251 8+0.006 9 0.02534-0.004 0 0.119 5+0.008 4 0.001 44-0.000 4 3.128 74+0.004 0
11-2 0.2358+0.004 2 0.019840.005 1 0.0712+0.002 4 0.000 940.000 3 2.4592+0.009 0
11-3 0.193 3+0.009 0 0.0245+0.004 1 0.1319+0.007 6 0.001 6+0.000 4 2.423 7+0.004 6
12-1 0.326 3+0.003 1 0.034 7+0.005 0 0.3823+0.002 6 0.004 940.001 2 13.192 0£0.001 5
12-2 0.307 54-0.003 3 0.03294-0.005 3 0.17144-0.005 8 0.00394-0.001 6 12.590 0+0.007 9
12-3 0.258 2+-0.001 0 0.030 64-0.005 7 0.607 0+-0.001 7 0.006 24-0.000 1 8.042 04-0.008 2
13-1 0.201 24-0.008 6 0.047 84+0.003 6 0.229 6+0.001 2 0.003 84-0.000 2 7.2346+0.002 3
13-2 0.180 7+0.005 5 0.0425+0.004 1 0.174 4+0.009 9 0.002 2+0.000 3 7.1170£0.002 3
13-3 0.1351+0.007 4 0.042 3+0.002 4 0.2317+0.004 3 0.004 0+0.000 5 6.194 5+0.002 4
14-1 0.987 0+0.001 8 0.051940.001 9 0.9850+0.001 0 0.002 8+0.000 2 11.759 0+0.001 7
14-2 0.797 54+0.001 3 0.040 94-0.002 4 0.523 74-0.001 9 0.004 24-0.000 5 7.636 0+-0.001 6

14-3

0.270 8+-0.006 4

0.020 84-0.004 8

1.182 0+0.008 5

0.004 94-0.001 2

5.792040.002 0
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JRESBI(X10 ug-g
Gie
Pb Cd As Hg Cu
15-1 0.8125%0.002 5 0.154 8+0.000 6 0.596 1+0.001 7 0.001 7£0.000 4 12.746 0+0.001 4
15-2 0.803 6+0.001 2 0.1413+0.000 7 0.498 3+0.004 0 0.001 6+0.000 3 9.8312+0.001 3
15-3 0.672840.003 0 0.127 8+0.000 8 0.7722%0.003 4 0.002 740.000 2 8.690 84+0.002 0
16-1 0.356 34+0.005 6 0.032540.003 1 0.420 3+0.004 1 0.008 64-0.000 7 7.118 4£0.002 7
16-2 0.278 24+0.003 6 0.030 1+0.005 8 0.364 5+0.005 5 0.006 74-0.000 9 6.780 940.003 0
16-3 0.221 74+0.007 8 0.0317%0.005 5 0.438 010.006 0 0.009 040.000 7 6.164 01+0.001 7
17-1 1.123 6+0.008 9 0.015 740.006 4 0.428 940.002 3 0.002 44-0.000 3 6.710240.001 3
17-2 1.072 3+£0.001 6 0.013240.007 6 0.3713%0.002 7 0.002 340.000 2 6.456 61+0.004 1
17-3 0.927 64+0.001 1 0.011 4+0.008 8 0.531440.003 8 0.002 740.000 3 5.258 940.002 7
18-1 1.526 4+0.006 6 0.038 1+0.002 6 0.422 3+0.004 1 0.003 34+0.000 9 9.245140.002 6
18-2 1.504 9+0.006 6 0.034 940.002 9 0.361 7+0.007 3 0.002 94-0.000 1 7.876 21+0.001 6
18-3 1.357 8+0.007 4 0.036 5+0.004 7 0.481940.004 2 0.003 540.000 7 7.451140.0015
19-1 2.120 440.004 7 0.089540.001 1 0.748 2+0.001 3 0.002 34+0.000 3 2.796 010.006 6
19-2 1.9720£0.001 3 0.083 740.001 2 0.601 3+0.003 3 0.002 14-0.000 2 2.638 940.008 4
19-3 1.758 3+£0.005 7 0.074 440.002 3 0.751440.001 3 0.002 54-0.000 4 2.342 7%0.008 9
20-1 1.8412+0.001 4 0.052 3+0.003 3 0.409 240.006 5 0.003 64-0.000 7 9.374540.001 1
20-2 1.674 8+0.006 0 0.041 640.004 2 0.312 440.003 2 0.002 54-0.000 2 8.239840.002 5
20-3 1.796 4+0.009 6 0.047 940.004 2 0.511 3+0.005 2 0.004 240.000 5 7.764 24+0.001 3
FR5 LHEAAM LA XEE RHEF R
Table 5 Relative correlation and ranking order of safety of A. sinensis

PT MHXORECE ety | mT MXESCEGE et | WS HXSREE ety
1-1 0.459 6 43 7-3 0.3875 19 14-2 0.480 8 47
1-2 0.406 6 26 8-1 0.3970 22 14-3 0.453 4 41
1-3 0.3920 21 8-2 0.376 5 14 15-1 0.569 6 60
2-1 0.3907 20 8-3 0.3738 12 15-2 0.5579 58
2-2 0.3414 5 9-1 0.4194 32 15-3 0.550 2 57
2-3 0.348 1 7 9-2 0.412 2 29 16-1 04121 28
3-1 0.374 3 13 9-3 0.4214 33 16-2 0.399 3 23
3-2 0.3397 3 10-1 0.362 2 10 16-3 0.409 7 27
3-3 0.347 8 6 10-2 0.3527 8 17-1 0.4425 39
4-1 0.3402 4 10-3 0.3590 17-2 0.436 3 37
4-2 0.3324 2 11-1 0.3807 17 17-3 0.4331 36
4-3 0.3226 1 11-2 0.3701 11 18-1 0.488 3 50
5-1 0.4037 24 11-3 0.3779 16 18-2 0.4796 46
5-2 0.376 6 15 12-1 0.460 1 44 18-3 0.484 5 48
5-3 0.3858 18 12-2 0.4555 42 19-1 0.559 7 59
6-1 0.469 1 45 12-3 0.442 3 38 19-2 0.548 8 56
6-2 0.442 6 40 13-1 0.4250 35 19-3 0.538 2 55
6-3 0.4240 34 13-2 0.4187 30 20-1 0.5360 54
7-1 0.485 4 49 13-3 0.4190 31 20-2 0.520 2 52
7-2 0.4056 25 14-1 0.507 5 51 20-3 0.5353 53
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K 5t 2 25 7 AR R [ 02 2 VA 258 Hh 22 A PEAH G
B IRl H S FhER R, B2
SV, BISPPAN B G 22 A PR 5 A O
PRI . 5 S5 TR W, PP ST A X ORI
JEALE 0.322 6~0.569 6, JHYE. FESR. FHE~ LI
H3k. T R BTG 24 YA PRV Sk A XS I
BIKF 05000, PiliH gz IKIH 4 5. Uk
135, BAMH, RIF2 SHEk. B, HE
(IR SR /N T 0.400 0, FH2e 4t HEA 7R R
20 4, ULBHIRVA 4 5. IR)A 35, BN, RIS
2 SR BIREEE k. B, HE
(ARG SC IR 35 /8T~ 0.400 0, HHE . A REHEATE
BT 20 %4, VASkHER N 22 44, Hoaz A e A I 5
FT A A TP Bk 25 B 7 24 05 U5 Sk A X S B FE A
FIHREAN, FRAE R VA SK AR SCIBE B 3K 1 15 £
AR, BNz LIRS HEZ G-
34 AMsisn

NERBTT ig 4424 120 glkg J& , S5 NER HEILR

b, BRSNS, KERFIR R G 3 BRI IR 22,
X H FEME RGN EERIA AR, N
R, AAEWHIR, 5P RAREIR, TE
HEILRIIE 2 h T AIEIER . BRI, R
RFATERIN. 7 d WEN, SRS R
g RRIZS). HEME RS WRRR. BA R
gi. B, TR Y. HEMIER, KWL E
HHERRER, TCAIIAET . SEER AT, NERE RO,
RERIKARZRW, ARENKIER, KMESE
1B, SRR 6. 7 d JEffHI g N OBk A
WU, R WFCMKIR R 0%E; AR BRAE. . 5
KA BUBIET, RIJEAE; BN MARBELTES
PV, WA B, TS H I8
70 M0 S HA IS S A

SR SHE T AR 3 5. IR 4 5258437
NS PERRPESEIR AT T, I DATE ™ X RS 2 AR
R LEA KL, SRS AR ig 45 25/NR LDsps 11/
BT H MTD 4 120 g/kg, AH4 TGRS (60 kg)

PRI, X ALARIR N 3 2R Y B s SR

Table 6 Results of acute toxicity test of extracting solution of A. sinensis in mice ( X %£s)

BN HER 480 £5.

#6 LHARMBZOJIMZMRELER (X L)

Rl P57 n/ A HIGH A5 H g LA g MTD/(g-kg )

it i 10 20.10+1.28 23.35+1.27 120
it 10 20.02+1.20 23.34+1.01
it 20 20.06+1.22 23.35+1.12

W 3 5 24 i3 10 20.09+1.14 24.49+1.09 120
it 10 19.93+1.21 24.25+0.95
it 20 20.01+1.19 24.37+£1.04

W&IT 4 5 ZiHF iia 10 19.73+1.19 23.05+1.15 120
i3 10 19.424+1.33 23.38+1.29
it 20 19.58+1.29 23.22+1.24

i 2 VA 2 iia 10 19.61+1.27 22.99+1.13 120
W 10 20.11+1.08 23.69+1.32
it 20 19.86+1.36 23.34+1.16

4 g
RELBUAPARRAERE R, ELB. A
EILREENIFMIENR, &6 /DR SRR,
%F 55MeV/u 40 Art™ . ArtTE AR L E 2 VAT
m AR 3 5. RIE 4 ST VY, 45
R, mEHEE HIIH R AM R EILEIRY
RHE. ESERAAELESTEHI/SG (PEA
B LA ] 28] FH AR 4 B i) 70k H T SR B AT b b v )

FUAE o« F KA I FE I B e e AT 43
FMAEE, IRE 35, IR 4 58Ag &R T
HAhFES . AN, MIERFEERAL N 4R LA #
LR EEREAR, HLX Pb. Cd. Cu E
SEREESTHGMEE, HEXN As. Hg HIE
EREEETHLMAS, BgWELSREKEE
TR M) S SRR AR A . 2 VA T8 B 7= X H R R
B mEFEAM et T . FRAHE
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PRI SAIRIA 3 5. RIH 4 526 T
N SRRV SEIRE T, RIS ig 45245/ LDsos
/IR H MTD 4 120 g/kg, A7 4TIl AR AN (60 kg)
K FE T 480 5. SEUGUEH] 4RSS E fh A2y
MIEEWI R, WKW HEZET. AL NS
VR SN I8 T T e R B I PR A SR T S
(S

HTRAAEE. EERMAETRNTREE
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