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Abstract: Objective To study on the scavenging rules and optimum processing condition of heavy metals Pb, Cd, Hg, and Cu
removal in Acanthopanax senticosus extract (ASE) with alkyl thiourea functionalized silica (ATFS). Methods ASE was simulated as
study object of excessive harmful elements Pb, Cd, Hg, and Cu.The scavenging mass, scavenging time, shaking speed and scavenging
temperature were investigated by static scavenging way and the diameter ratio, sample solution, washing speed and washing
temperature were investigated by dynamic scavenging way influence to metal removal rate. The best process of static and dynamic was
chosen by orthogonal experiment; Eleutheroside B and eleutheroside E were as the effective constituents in ASE, solid contents and
HPLC fingerprint similarity were as investigated index, the change of chemical composition in ASE to heavy metals removal from

aqueous solution before and after treatment was evaluated. Results Compared with unmodified silica gel (SG), static absorption and
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dynamic absorption had a high removal rate of heavy metals, the scavenging speed was relative fast, the best static scavenging

process of harmful elements in ASE were: The ratio of TCME mass and adsorbent was 80 : 1, shaking speed was 260 times/min,

scavenging time was 600 min, scavenging temperature was 45 °C; The best dynamic scavenging process: Diameter ratio was 1 © 20,

sample volume was 100 mL, washing speed was 3 BV/h, washing temperature was 15 “C; The change rate of eleutheroside B and

eleutheroside E before and after heavy metal elements in ASE dislodged were less than 2.00%, loss ratio of solid contents was

0.18%, fingerprint similarity was more than 99.9%. Conclusion The method can be used to satisfy the high efficiency of selective

removal of harmful elements in ASE and the effective composition of almost no effect, the method is simple and easy, so it can be

recommended for pretreatment of harmful elements in traditional Chinese medicine extracts and this way provides a new thought and

research technique to decrease the contents of harmful elements.

Key words: alkyl thiourea functionalized silica; Acanthopanax senticosus extract; heavy metal element; removal; Pb; Cd; Hg; Cu;

eleutheroside B; eleutheroside E; adsorption law; static adsorption; dynamic adsorption; orthogonal test; HPLC; fingerprint; similarity
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Pb. Cr. Hg. As SF@EANKRAL KR35, £
B rbm e SR R S IR e B i e, s
KSR P AR E £ T K&
ME 4SBT E", B, PEbRIUE EARRE M
JERIIN T, A A R AR P M AR, R RS [F]
BERESE IG5, SE . =Y. Pk
2. VESFSE 2GR OR B IS ORI 2 A R
B BN T EPRE 2T U, A E s
FERMETR, Sk 7 BUN KRR L
E R E AT, A, VIR EIFR PUE ., fEE,
EE T E B 241 B h EE B 7%

P CikIiE, ZHRER] (F S AN Z&E )
EABMRIIRERR AR, TEIRKRIA 17%)5 2K 2 LIt
PERCN S TSR R 37 1 e DA A2 Utk
gk WO, HL SR ¥ 5 AT (IR T 1 A I Bf 2
EIEICER, XA RS AR R AR 2, E
&)@ FLAE BRI R RE AN SRS A DA ek
IR ThEEALEERR (alkyl thiourea functionalised silica,
ATFS) AE 7= 36 W B A4 ok, BUSI 7o hn 42 B4
(Acanthopanax senticosus extract, ASE) 1ENHH 70X}
%, #%%¢HE 48 Pb. Cd. Hg. Cu iR, RN
I 4 8 F AR AT FRSU R . FRbR R AN
i & AL, DMEXT ATFS W bR RHE N AT
FIT, BT IZSE R BRL PTAT VPN S it 2% .
1 UESHR

ICAP-Q B! HLBAE A S5 B TR g, SEHE A
HLAH]; ETHOS A BB R4, K F] Milestone
N AFZ-2002-U RGEBAKACEE RS0, SRR,
H PRI AL K e IR~ 7] s THZ-92B Ui E IR Ak
e, LHRBARYBEDCEES) T BSA-CW LT 70

PrkF, J|EZRWR2EGEE (ks AIRAA; &
PR (BEH 10104 1015, 1:20); &80k
4%, LC-20AT %2, SPD-20A #5l|%%, SIL-20A H
Bk FEES, CTO-10 AS FEiRAH, HABEAA;
HS-260 W/10 L HAEL, REEEBHARA A
GZX-9246 BB ENTHRAE, iSO AR
A FEST AR

Au JCEARUERE S, GSB 04-17330-2005 (a),

1.0 mg/mL; Cd bR, GSB 04-1726-2004 (a),
1.0 mg/mL; Cu bR, GSB 04-1725-2004 (a),
1.0 mg/mL; Pb ArEIAW, GSB 04-1742-2004 (a),
1.0 mg/mL; Hg #rifE¥#, GSB 04-1729-2004, 1.0

mg/mL; Ge.In 1 Bi NFRPRAEMS &, 1.0 mg/mL;
DA b & bRt s e B 1 XA (4 8 K AR
Hriit Ry, ICP-MS AR, & Ba. Bi. Ce.

Co. In. Li. U, 1.0 pg/L, 13223770 Tune B Icap Q,
Thermo; ICP-MS H it EAHEA W, 25 Motss, 3~
35 pg/L, 1232760 Setup Sol. Icap Q, Thermo:; Mz,
hggal, 7 mami = A RA R JEAE, %
af, BER)INTAZEEGR) s 2587 7K, 20 pS/em;

g, talal, LERBAF, #'5 1508365 LM,
ik, REMBAF, #5 150849; ATFS [F{4k
Wi PEP-10g, b5 12-S225-10525, 200~500
um, PhosphonicS Ltd.; Z5 I, fitS5 89101, 40~
63 um, IR AR AR ASE, &HlT
W BTN E 1.5%, Bedi RHJEAEDREE
FRAFE, k% 150311; XHSEIFINE B (ks
150901) AU FhpE E (b5 150803), &4
$1298%, i Mt KR A R A A

2 FEEHR

21 UEIESHM

2.1.1 ICP-MS TAEZSH WHLhE 1.2 kW, i)
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SULE 0.9 L/min, ##HSE 1.4 L/min, #S00E
0.80 L/min, KAEIAE 5.0 mm, 55 FKI)Z 1.55
kW, BRI A] 20 ms, FEEFTEEALE 1.8 mm,
HEEKPALE 0.6 mm, ZFALEE 0.98 L/min, 5
{5 % 77 285 kPa (2.85 bar).
2.1.2 WEHEMBTIESE PR 1 3 min WFHEZR
100 °C, 7EThZEN 500 W A T4 5 min;
B 2: 5 min WTHREZE 120 C, 7ETZN 800 W 1)
M ARAEF 10 min; 2638 3: 5 min WFHEE 150 C,
TETNE 1000 W [ 5644 F IR EF 5 min.
22 EiEEH
22,1 RFIITE B MBTUNE E & RO
Waters-C g BLiti A (250 mmX4.6 mm, 5 um); i
AR CE-K s BEEDEFET: 0~30 min, 10%~
20% M AR E 1.0 mL/min; A% K 220 nm;
FEIR 25 °C, dEFEE 10 pL.
222 FROUEE A AT Waters-Cog 38 4
(250 mmX4.6 mm, 5 um); AN ZHE-K, B
FEVEBUFE R : 0~20 min, 3%~5%Z.J1§; 20~30 min,
5%~10%ZMfE: 30~90 min, 10%~25%ZE; 1k
HLE 1.0 mL/min; £ 203 nm; A 40 °C;
HEFEE 20 pL.
2.3 {&#EF4$1L ASE (Pb. Cd. Cu. Hg #BFFR)
Kim GRSl &

R B ARELC A Pby Cd. Cu. Hg AJRAE (4351
A Pb 0.352 mg/kg. Cd 0.028 mg/kg. Cu 2.78 mg/kg-
Hg 0.08 mg/kg) ] ASE 50 g T 200 mL &I, N
K23 130 mL, MO EHKREELEAH 100 pg/mL ) Pb.
Cd. Hg 1 Cu br#EAE S 2 mL, =EiR#E A 15 min,
EETKERBZIE, F T EWREN 0.25 g/mL ASE
25 HF& Pb. Cd. Hg Al Cu i &3 5 25 1.088.
1.007. 1.020. 1.695 pg/mL.
24 Pb. Cd. Cu. Hg FUEENZE

A 2% 1 B B AT JS ) ASE JKVER 2.0 mL (4
G T BRI 0.5 @), SRk = ik
TH AR BT AL BERE o TRV 4 U 2 R S IR
B A MK F ICP-MS [AlRS % PA_E 4 Fh i 4@
TLRIATERE ST, HITEBGRE (RED.

RE=(Cy—C,)/C,
Co JTLIIHT 4 B I BB (pg/mL), C, ARG 4
JBVEWL) IR (ug/mL)
2.5 EESWMTERE ML

i AR AT R (e S B IR ) R AL R i T [ IS 4%

s A “2.37 RS Pb. Cd. Cu. Hg 1
ASE /KIEWOE & TR HEERG S, —E iR
Vi T FE AR I8 1) 2 A T %) B 4 22 PR R
HATH G . ARSI 1 e X IR B SRR 1 BRGAR
PR35 W FE ARG I (A S AT BRI R 5%, e & A
RIREERN TR E IR E 4 IR 3 KT
MIERZREE, DAEEE PR RE NS AE I EN
TZVH Fabs, MITHEE ASE KIEWR+ 2B Pb.
Cd. Hg Al Cu S AEFFASR I A4

2.5.1 WP AR M E SR EZ L
RN 3001, 5001, 801 1. 1201 1. 150 : 1,
TR R I 24 S0 “2.37 TR 77, WO
%At (25 °C. 260 Y/min. 600 min). S “2.1.1”7
T T (1) ICP-MS A TAE 2 0 5 A [7] W B 7510 F &6t
LRI B S ASE 7K A B 4 =, AT B 7
EXTBER R MR . EEEBR T2, TR
HESIGREAEENCR, B, EaEad s
BRI R, BERT DA 28025 o 3 4 )i SnT DL 29 W it
R & . SLiR s R BoR 20 2 5 R )& HeE A
30 : 148K% 80 : 1 If, Pb. Cd. Hg Al Cu MR
R ERFIGES, M2M &5 EU RS R
20120 0 1B, B4 B BRI SRR, aRmE 4
JaR Tt 5 28 S5 BRI BV R, BRI 20 & 5t
FIEHAE N 80 1 1. S5 WE 1.

252 IRGHICRRIR  FE 256 S R R E
EEh 80 1 1, HITOI/KIEH M HI &SI “2.3” BUR
B 7732, 3 ol TR (80 YK /min)  H1IE (160 K /min )+
i (260 /min) A EDE (360 K/min) S,
5 C oA ORI T 25 B e SR 3EAT I 600
min, S “2.1.1” Wi N1 ICP-MS X TAE S0l &
ANRIFR G ATE R B R B f R T2 rh B e R
BTG SN BRI s2 0 . 7RSSR IR 4
RGPS B E SRR, —E
#=1 MHFIAENECERMRENZNE (x+s5,n=3)
Table 1 Effect of scavenging mass on removal rate of heavy

metals (x +s,n=3)

RS L BR2/%
&z Pb cd Hg Cu
30:1 91.1941.36 97.0842.10 97.08+1.13 86.16+1.67

1
5001 91.02%1.59 96.99+£1.99 96.99+1.79 86.11+2.03
80:1 89.97%2.17 95.53£1.78 93.34£1.58 83.97£1.99
12001 82.02%£2.05 78.73+£2.01 78.73+£1.94 74.28+1.85
15001  80.1941.68 53.061+1.01 53.06+1.55 51.831+1.65
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(AR5 A e T e N, B 2 SR % 2 IE LG R,
ZEREN], IRGIRIE 260 /min I, BEERRAH
SEWIN. 458 0E 2.

253 WRHHEE R RV E SRR E
EeoR 80 1 1, RIF KB IHI &SI “2.37 TR
(595, 43 B FIRE 15, 25, 35, 45 °C, 260 {X/min
PRGIANEE T, R F0 2459 4 JE AT 600
min. S “2.1.17 W N ICP-MS A TAES 5 2
A Ti) PR 5 %o I 1 W R i i) T 24 9 4
B, AT 20 AT R B B X I B 2 1 s i o 25 SRR B,
TREERH B BR 2R s AN B R . S5 5R WK 3.

®2 EHEENESBRBREOTN (xts,n=3)
Table 2 Effect of shaking speed on removal rate of heavy
metals (x+s,n=3)
RGN/ B ER2/%
(Yemin™) Pb cd Hg Cu
80  75.36%1.64 67.19+1.67 61.76+2.11 66.31+1.55
160  80.17+1.77 75.071+1.85 65.79+1.68 76.28+2.15
260  91.19+1.50 88.344-1.93 81.40+1.66 85.11+1.98
360 91.024+1.78 89.25+2.10 81.5642.37 86.87+1.16

®3 WHIEENEERBRIRENEME (x+5,n=3)
Table 3 Effect of temperature on removal rate of heavy
metals (x+s,n=3)
M B I JBE R /%
E/C Pb cd Hg Cu
15 89.37%£1.23 88.37%£1.99 80.92+2.37 83.25+1.55
25  90.33%£1.03 88.93+1.35 81.18+2.21 84.08+1.89
35 89.99+2.05 89.24+1.29 81.55+1.78 83.91x1.37
45 90.16%£2.04 89.16+2.00 81.56+2.08 83.87x1.06

2.5.4 WP TR B s da 2t S W R R
FeoM 80 1 1, HIF /KR AIHI&SH “2.37 iR
(K515, 25 °C, 260 K/min 24T, S FonK
Wb 4 4 I 104 304 60 120+ 200 400
600~ 800 min. Z& “2.1.1” Wi [ ICP-MS 1 L.
VEZ 00 7 A R B A T) 0T 2 P8 B ) n 2453
HE R, NI 2B IR PR R T) 06 B B 2 A 52

R 5 7 B TE U, W e 1) 4 i o R
HAWERRm, Fik, ARS8 7 A E R b
[AXF ASE /KR H 4B e = Wi bR R L, —
SE PRIV BT RSFTRT P, PR BB 1) 5 B B %6 2 IE LR R,

Pb. Cd. Hg iR AEMPFHEFA] 120 min J5 G
B, T Cu 76 75 2 600 min J& i BR R A FHHK,

Pb. Cd. Hg Lt Cu [P 2B 2R, RINR P& e A
AR, S5 R 4.

£4 BHHESESBRBENER (vis,n=3)
Table 4 Effect of scavenging time on removal rate of heavy

metals (x+s,n=3)

R B s i BR 2%
Ii]/min Pb cd Hg Cu
0 637+1.02 397+193 5.19+2.18 2.99+1.08

10 36.76+2.19 43.16%£2.19 36.261+1.94 36.78+2.06
30 68.361+1.63 65.23+2.36 45.71+1.90 43.15+2.59
60 85.62+1.99 83.41%2.02 56.99+1.93 52.66+2.61
120 88.49+1.87 89.79%2.39 78.16%£2.05 58.11+1.85
200 89.17+1.65 89.97+1.60 79.02+1.86 62.381+2.05
400 90.11%=1.60 90.15%3.01 82.38%+2.97 73.79+1.88
600 90.56+1.88 90.23+2.19 83.124+2.00 85.15+1.83
800 90.88%£1.93 90.56+2.06 83.56+1.83 85.26x1.74

255 IERAKEIT AEHRSHENEESE TR
B0 B 26 1 A ELRE IR, A B DR 3K SR (R A b, ARk
5 AR MR & (LA 2 SR E 2 L RoR,
A BRI E (B). PR HiZ (C) FAML PR (D)
4AHE, Wi LG3Y MIERRE, 1EZ KT
WA 5. B “2.3”7 TUFHE Pby Cd. Cu. Hg Y
ASE 7K 180 mL, “F-34) 53 1% 9 4, &4 & 20 mL,
I3 NG I R b, B o, BTN
WHRSRG A, 2 BE SR S kAT
Wi BRikas, & o e B atEnt, WEESER, &
fE “2.1.17 TN K ICP-MS 1 TAEZH0 5E %k 5
1 Pb. Cd. Cu. Hg &,

FH ARG 45 R (3£ 5) 4Hrl &, 4 NREXT
H 4B R R B2 Py B>C>A>D,
DARR ZE 55 /N) D BRI ORR ZE AT 7 2290 7 22
TR (R 6) RW, & B AAWEENER
(P<0.0D) K& A, C EAFEEMER (P<0.05),
ot B 8% o 77 B BF TE) 6 Py Cds Hg Cu FJBE R %%
REGIRKIMIRZ, R0 S ARG AR B
K gemm . 4 A b s SRR B, ASE 7K Pb.
Cd. Hg 1 Cu ERRmETHEWM TZ%M4ERN
AB;C3Ds.
25.6 AETZFMFMEIERE S8 “2.5” R
RPN T, SR SRR T 254 it E
SRR )y 80 1 1, HREGHZE 260 YX/min,
W B Bsf 18] 600 min, WY BHERSE 45 °C, HEHAT 6 ICPAT
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R, WuFt L2540, AR E MRERZ% H RSD
/T 2.00%, S5 IR 7. HILKUE J I TZ

FAREEE, ZTZEHEE.

2.6

ENASURB 75 S SR P AL

FEERRE 2B SR Y 80 11, W)
*5 EXRERITSHER

Table 5 Design and results of orthogonal test

M54 PEP-10g, RABIESEAE, 258 F /KT P
1, K& Pb. Cd. Cu. Hg # ASE /KiEWUEEFE
T, R AT BIAAE TSR, Wi it i
PR BRARE S PO RE S VT S HR“2. 1.1 7300 F (1 ICP-MS
TAESHON E WS ASE /KW S Pb. Cd. Cu.

o) A B/min  C/(X'min')  D/C g, IR /%
Pb cd Hg Cu
1 80 :1(1) 30 (1) 80 (1) 15(1) 6566 5869 4397 4597 53.57
2 80:1(1)  200(2) 160 (2) 25(2) 8563 8993 8179  61.69 79.76
3 80:1(1)  600(3) 260 (3) 45(3) 8737  91.12 8227  84.97 86.43
4 100 : 1(2) 30 (1) 160 (2) 45(3)  66.12  63.00 4976  43.03 55.48
5 100:1(2)  200(2) 260 (3) 15(1) 8219 8727 7625 6537 77.76
6 100:1(Q2)  600(3) 80 (1) 25(2) 7234 6534 5933 63.14 65.04
7 120: 1 (3) 30 (1) 260 (3) 25(2) 6631  63.00 4628 4126 5421
8 120:1(3)  200(2) 80 (1) 45(3) 6937 6508 6200  58.08 63.63
9 120:1(3)  600(3) 160 (2) 15(1)  80.06  73.17  63.07  74.25 72.64
K, 219.76 163.26 182.24 203.97
K, 198.28 221.15 207.88 199.01
K; 190.48 224.11 218.40 205.54
R 29.28 60.85 36.16 6.53
R6 HENLE Hg W5 AR E S AEsh SR T2, RN T
Table 6 Results of variance analysis N ﬁ?ﬁ% [ /JHEEEJEE\ {ﬂ%gﬂzuiicf% 4 /I\%XHL
FHERE WEFHFM HBE F18 BE M WRERZF R, Wit T 4 IER 3 K IERS 5,
A 153.283 2 2 19.790 6  P<<0.05 DU 4 @ P I I o 2 B 25 6 VR /B 8 T 29 F M 4
B 784.748 5 2 1013197 P<0.01 bR, MIHAERFE ASE /KEHH Pb. Cd. Hg #
C 230.625 1 2 29.776 3 P<0.05 Cu S EEB AW b 464
D(#%) 77453 2 2.6.1 RO MR 3 FOR IR TR I AL

x7 REIZFHIEREER

Table 7 Test results of optimum process conditions

- Bt B /%
Pb Cd Hg Cu

1 84.36 89.36 83.02 85.00
2 82.39 91.77 83.00 83.12
3 85.17 90.32 80.18 82.06
4 85.35 90.99 81.99 84.63
5 83.12 89.15 82.71 82.34
6 83.68 91.08 80.66 83.69
FE1E 82.22 89.95 81.26 82.97
RSD/% 1.01 1.20 1.61 1.54

(& HE 10100 1015, 1:20), FREER
100 mL, BEMiiEEEFE=R 25 °C, L5 BV/A (1
AN BV AT 1A BRI AR BB FR AR
SOOI T T BhAS B RRARES, 43 AU SR I AN [
TS [ A I B A J IR VT, SR “2.1.17 TR
ICP-MS LYEZ%llEe ASE /KiaW ik ELE
Pb. Cd. Cu. Hg &, Z)H74% s s I B 2 iy s i

SR TEH, FattSEERBGRRE —
KR, Bk, EFEENAEL, kR R
ERESRE, SREWAEREIA 1120 B, Pb. Cd.
Hg 1 Cu MR K. Fmtt (R ER S
KM B, s, E&EMREEE,
BRI BRI R, AR EEE. Fit, £
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LU P BEAR IR A A RE i OB AR B2, A R B AR
B L, JREAT e A 28 1A% i bR AR B AE
SR K 8.

2.6.2 VEBUEEERIRCN  EERARELE A 1020 B9
BAE, EFEEN 100 mL, BEliiR B ks = 25 C,
PLEEI AR &4 58 3. 5. 8. 10 BV/h, Xl
IRV B S R T BEML, 2 SCERAN IR e M A
R F 16 I [ PR B A J A VAT, SR “2.1.17
Tii T 1) ICP-MS X TAE S0 & ASE 7K 5% B
HEJE Pb. Cd. Cu. Hg MIE, Tk finE
XTLER R . SIS T2, el
SRREEEN KR, YR, 2Rk
Sk ZE , FEVE AR R Bk 5 BV/h I, AT DA 2
SRR ES RN H . SRR 9.

*8 ESLUMNEESEBRBRENTNE (x+s,n=3)
Table 8 Effect of ratio of diameter to height on removal rate
of heavy metals (x +s,n=3)

LR /%
Pb Cd Hg Cu
1:10 71.03+1.49 80.1712.10 68.19+2.18 70.01+1.64
1:15 88.2841.95 92.96+1.99 80.98+2.06 83.63+2.04
1:20 91.561+2.18 95.071+1.83 83.66+2.41 85.371+2.89

e

b

®9 FBRERHREMNEESERBRENZEW (x£5,n=3)
Table 9 Effect of washing speed on removal rate of heavy

metals (x+s,n=3)

Vbt e/ B BR2/%

F10 EHENESEBRBRENZM (xts,n=3)
Table 10 Effect of sample volume on removal rate of heavy

metals (x+s,n=3)

Jhi B3 /%

mL Pb Cd Hg Cu

100 92.01%1.62 95.28+1.54 83.23+1.84 84.04£2.10
200 91.14%1.47 94.49+1.53 82.31+2.04 83.78+1.98
300 80.37x1.56 75.96%+1.99 63.92+1.79 69.16+1.78
500 55.07x1.32 55.78+1.69 45.90+1.33 50.15+2.09

TR 15, 250 35, 45 C4&AMFF, R
B A T s FN 2453 e IR AT R, A R
JEE 2% A T JE I A R AT S RE R, SR
“2.1.17 WK ICP-MS X TAES %0 %E ASE /Ki%
WP E4JE Pb. Cd. Cu. Hg &, HriEE
X BB R R AR 5T E B L F IR 10 CIEH
NIRESESERERER R, SGHREH, FhRE
BBl A0 B 2 BRI AN R R, 5 IR LR 11
11 HEREENESERBRENEE (xts5,n=3)

Table 11 Effect of washing temperature on removal rate of

heavy metals (x +s,n=3)
Ve Ui i B /%
T Pb cd Hg Cu
15 91.92+1.83 94.31+1.73 83.29+1.90 85.55+2.10
25 90.01%£1.06 95.55+1.05 83.11+2.06 84.68+1.69
35 89.32%1.73 93.99+1.96 81.04+2.02 82.19+1.87
45  90.00%+1.92 94.22+2.06 82.37+1.85 83.17%£1.97

(BV-h™ Pb cd Hg Cu
3 91.98+1.37 93.6612.13 82.67+2.05 83.9142.04
5 90.36+2.13 92.6141.59 81.01+2.71 83.2841.39
8 72294211 75.07+1.83 68.19+2.61 70.1941.47
10 65.03+£251 70.45+1.65 56.82+1.58 61.17+2.51

2,63 LFEEMFW EEAEEN 120 B
FE, VeBUIRE R EIR 25 C, WhEBREN 5
BV/h, EFEESFHE 1000 200, 300, 500 mL, 43
SMCERAN ] b 3 o T Ak R A S PRI R T VTR

ZIE “2.1.17 WF ) ICP-MS X TAES KN 5E ASE
KB H R E E4SJE Pb. Cd. Cu. Hg &, 20
FREEN IR R . EARE S ESBNGEE
HIZMR R, SREH EFEEHN 200 mL B, #ESE
B DR ROR, SR MK 10,

2.6.4 VEBLEBERIS EBARE N 1120 I
BRAE, PeBAR R RN 5 BV/h, EREE%SE 100 mL,

2.6.5 ARG B ERS RN HE R
R FRE, 7E R K SR A b, AR SEES A
7mEtk (BE). FFE (). AR E (G) M
B (K 4 MK, #it LY ERmE, -
ZARIE VLT LK 12, BEL “2.3” T FF Pby Cd.
Cu. Hg f] ASE 53 900 mL, “F-¥153 1% 9 13, 6>
100 mL 257, 7 54 R IE AR IS Wi T ikt AT 4
JEEBRIRGG, SIS 2T [ AR B A T,
J5 e e ARuERL, WESIER, SR “2.1.17 T
T ) ICP-MS X TAE S0 E &-FF 5+ Pb.Cd. Cu.
Hg M=,

HIEASRIG S R (R 12) a5, 4 AREE
X} 4 JE MR R IS T 8 F>G>E>K, L
W22 B /N K BRI 3R ZE U AT 07 220 W, 7 2257
PR (R 13) RPRKRFAEFREENEER (P<
0.05), 3 B _EAE B A AR R XY Pby Cd.
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Hg 1 Cu LR BA BRI 8500 Eabr
25K W], ASE KW+ Pby Cd. Hg F1 Cu ZFx
BAESNSW I T 24444 EsF.GiK .

2.6.6 fETZH&MMEIERE S “2.6” TR
(MBS T8, RS 2% mtt

1:20, bAER 200 mL, PEBARURE SBV/A, ¥
IEREE 15 °C, #47 6 PAT RS, IRk 2%
4, 15 245 = 4@ MR 2 H RSD AE /T 2.00%.
ZER R 14, HILIOUE T T2 A3, 1%
TEEHSE,

x12 EXRWRITSER
Table 12 Design and results of orthogonal test

EXoas] E FmL  G/(BVh') KT MR, PRI RR =%
Pb cd Hg Cu
1 1:10(1)  100(1) 3(1) 15(1) 8207 8513 8231 8595 83.89
2 1:10(1) 2002 5(2) 25(2)  80.16 7955  78.00  79.71 79.36
3 1:10(1)  300(3) 8(3) 45(3) 6007  63.08 6733  64.93 63.85
4 1:15@2)  100(1) 5(2) 45(3) 8513  89.61 7214  73.05 80.11
5 1:15@2)  200(2) 8(3) 15(1) 7939  82.18  68.66 7237 75.65
6 1:15@2)  300(3) 3(1) 25(2)  79.60 7333 6176 67.34 70.51
7 1:20(3) 100 (1) 8(3) 25(2) 7988 8506  75.64  77.08 79.42
8 1:203)  200(2) 3(1) 45(3) 9267 9505 8217  84.96 88.72
9 1:203)  300(3) 5(2) 15(1) 7869 8438  69.12  71.65 75.96
K, 227.10 243.42 243.12 235.50
K, 226.27 243.73 235.43 229.29
K 244.10 210.32 218.92 232.68
R 17.83 33.41 24.20 6.21
K13 HFEDER 2.7 ASE BiRrESERIEREITMN
Table 13 Results of variance analysis BN B R TNt B M Fohn s bRk
TERE  WEFIHM AmE FE BEN g5, 9IS TSN HPLC F8 80K AR AU & VA 2
E 67.5109 2 104743 ERBR AT S R B B S, R
F 245.770 5 2 381311  P<0.05 W R R TO P AR bR B 24900 T A (R
G 1019285 2 158141 I HPLC $6 S0 B MR (E A5 8245 H5, WFI ASE
K (1% 7) 6.445 4 2 T It o3 2 46 Je i i A0 2 1 R AR A L
2.7.1  ASE /KR FaHR B B TOIE B A To0
T4 BEIZEHENRIEIRER 1 E €8l
Table 14 Results of optimum process conditions (1) Mm% (“2.3”7 TN ASE 1%
. P RR /% BO: FEEENESENERETER ASE WK (FiE
FEdh S . )
Pb cd Hg Cu W 0.25 g/mL) % 1 mL T 20 mL &N, 80%H
1 91.03 93.67 80.16 85.22 BERTUE R EZIE, A 25 min, B3 EIKEL
2 90.37 95.12 82.23 81.37 12.5 mg/mL LS, 0.22 pm L UEEE
3 93.19 92.66 83.77 84.06 i, WEESIEAE T
4 91.35 92.34 80.34 83.74 (2) B B A TN E TR -A 0T BRI iR
5 92.04 91.37 82.99 80.99 (25 0 R Rk X SR FON T B 0.53 mg
6 91.88 93.05 81.14 83.25 I HE AR LI E 0.60 mg, 80% HH B ¥ Wi I\ i
FEIME 91.64 93.04 81.77 83.11 &, 7 5 min, 80%FEARERZE S mL, HlT
RSD/% 1.06 1.37 1.79 1.96 ME B MRIEINTE E FERES 58 106+ 120
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pg/mL.

(3) VRAXF I A TR 25 3 RS B PR
SEXHIR SR FINTE B 5.43 mg AU INE E 5.13
mg, 80% M ELFMIMNIEE, #7A 5 min, 80% HEE
WREARZ 25 mL, FFMF B AR F0INTH E Bi&E
WEESY 38 217, 205 pg/mL.

(4) LYK RFELL: Sl EE “2.7.1 (3)7
T BT A XS I S i 2 I 1.54 2.5 4.05 5.0. 7.5,
10.0 mL F 10 mL 2N, 80% M E/KIFHER =
ZIfE. AE “22.17 TUEIEFAF R 10 pL, B
o B TR IR B R AL RR (X0, IR R ME N
PARR (YD, FETARAEMIZE, U AR o R A
BATERYERNE, RV ES BRI N B Y=
41 617 X—15 546, r=0.999 5; R FIIF E Y=
19 687 X—41 732, r=0.999 8; &5 F& 0 H F N
B 7£ 32.58~162.90 pg/mL, #FhIF E 7E 30.78~
153.90 pg/mL Z& 1 5¢ R R 1T .

(5) Jjiksegt: W “27.1 (207 WUNKIRE
X R SRR, IESIERE 6 IR, BRRGEFERE 10 pL,
ARG L; PATHIS 6 LA IEm, 1%
“2.2.1 7T 2 A [RIINEXT BA b 2 Fof 3 ko0 o) T
H B MU TN E #4758 AT, BEOTIEE B
A — MRS, 00T 04 24 40 64 8, 12,
24 h XFRA b 2 Mo AT e BT, B EITIERRE
Py REEFOE AR &2 (0.55% I fuin e B
H10.96% I FLNHE E) BIFES 6 3, B 0.25 g,
BAAEZIN “2.7.1 (37 TR HIR A5 IR il &%
ORI TN B (217 pg/mL) 6 mL A#IFL N E
(205 pg/mL) 10 mL XA 2 T4 5 AR E 1)
100%), 80%HEEKIFWER R 25 mL, FEITE
SRR

SR TE 4T ASE 253 AR R )
FhAF B A F N E RN E T EE R, U E
WEE., NEEENE, e A RIS
MEER, FHRIE 15,

(6) & & IiFHr 5 i Hon i B AR F0mi E
E ST S5 8T B B R S ) N 24
T B AR S R FOINTE B AR LN E E madT
SRR HESENRE FEf-1~6) FBhRr R K
AR, SPARNENT 2.00%. ERIE 16
A 1.

272 EEBBRHTE ASE 25W& E & f b
PUB B3 2 42 )8 10T J5 1 ASE ZKVERAE NIRRT B, 43

Fz15 REMEBMRIEME EEENEREZFER
Table 15
eleutheroside B and eleutheroside E

RSD/% “F5A]

FEEmE EEN Rt ElcE IWE%

FFEMEB  1.36 2.00 1.52 1.96  98.65
FIAEFE 197 1.34 1.66 1.82 9931

Result of determination methodology on

TRbRAY

16 ASE EEHMRBIGERIIIMNE B MR HINE E NE
R (n=06)
Table 16 Determination results of eleutheroside B and

eleutheroside E with or without metal removal (n = 6)

FE b FIFINE B/% I FL N E/%
i B Al 0.559 0.967
Ff -1 0.563 0.962
FEMm-2 0.565 0.988
FEm-3 0.561 0.973
FEi-4 0.550 0.982
FEm-5 0.568 0.973
FE -6 0.570 0.981
A% 1.220 1.150

A ﬁ\ﬁéﬂﬁbuﬁt B ﬂéuaﬂfﬁt E

m LN B ML E
(S T
0 5 10 15 20 25 30

t/min

1 RAWHEM (A) A ASE i@ (B) # HPLC EiE
Fig. 1 HPLC of hybrid control (A) and test sample (B)

BB 25 mL T2 TREEE R BN LI, 7F
BB FZET, 105 CHIERTEFH, THREeE
SEJRR, 4> BT R T 4 JE A e 125 [ AN
PR 2 . I Bk 4 JE AT S I 20 I & A R
22738, 225.62 mg/mL, #KRFEN 0.18%, BiHITE
A5 P 8 [ PR A A A o e 6 i i 4 [ = JE B
Bk,
2.7.3 HPLC a8l AL A

(D) BRI H] & K2 = BRI 1
ASE 7K 2 mL REWKRE 0.25 mg/mL) T 10 mL
BN, EETKEREZE, 85 25 min, 535
21 50 mg/mL AL SIS, 0.22 pm BITALIERE 8
i, RS T

(2) Jpiksegt: | 273 (17 TURFIMHR
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VAW, SR B 2227 TMEELA:, AR
6 K, eI, TR AR B B )R AR X
TR R AR, 45 3R RSD SKEoR, HEREEE;
[ “2.7.3 (17 TR BHEHS AR 6 1, id
S TERE, TE S AT OR B B RN LA X Ve T AR
Leffi, 45 RSD kFow, HEEEM; FHEH
“2.7.3 (17 BUNMEERER, 2007F 00 2. 64
8. 10+ 12, 24 h AT HT, il &, THE %A
AR B B [ R LA X g TR AR P AR, 45 SR FH RSD 2k
Fon, BEITFFREN.

Z: 2.2 27U A TS &A% ASE 245347 HPLC
BALENE L E 5, IR S LA I AR B
P (R AAF X 0 AR ) RSD L, 5 8N SR kE g . 7
REEMAREM, RSD EE/NT 2.00%, A
EER, SERIE 17,

(3) L BB HT 5 ASE $8 0K AR B, S EMY
25 5L w0 T bR #E 4 SR AT S 1 ASE 2457 HPLC 15
SRS AT 7007, S5 R E &R MR AT /S ASE 24
W B R o R R AR B R A, R I R 2

#1717 EEREHFRAIG ASE s EERIUETN T EFER
Table 17 Results of methodology of similarity on finger

print with or without metal removal

o RSD/%

R W R et
EXF O B ) (8] 1.39 1.99 1.07
AEXT U THI AR 1.63 1.63 1.98

WA« 25 SR E AR L PRI RS0t 7R
(2.0 BO” Xt bR E 48 J5 1 ASE #4704, DA
B AT EIREAE Sy 2 AT o R PR S B (BBR AT 5 %
MR S B 2 A — ), 7R Al AT AR AR DL
WA, AT 6 CFATIRES (FEfh-1~6), Z53ERM,
H 4B HTE ASE HPLC Bl AN i kH F L
Ao, ABALREVPAN &5 SRR T 99.9%, 2553 L3R 18 Al
K 2,
3 Wig

AT R 24 75 SI2 bR Tl A A 77 H 20 R 4 AR RN
ARG TZ, RIUA LR & 52 T AR P (4

* 18 E=£BHFREIG ASE 58 B E TN

Table 18 Evaluate results of similarity on fingerprint with or without metal removal

FEih s FRABRET  FEEA-1 FE -2 FEin-3 FE -4 FE -5 FE fh-6 TR IR SRR
Jit B AT 1.000 0.999 0.999 0.999 0.999 0.999 0.999 0.999
FE -1 0.999 1.000 1.000 1.000 1.000 0.999 1.000 1.000
FEdh-2 0.999 1.000 1.000 0.999 1.000 0.999 1.000 1.000
FEdh-3 0.999 1.000 0.999 1.000 1.000 0.999 1.000 1.000
FFE -4 0.999 1.000 1.000 1.000 1.000 0.999 1.000 1.000
FE -5 0.999 0.999 0.999 0.999 0.999 1.000 0.999 0.999
FFE -6 0.999 1.000 1.000 1.000 1.000 0.999 1.000 1.000
Xof FR o Bk 0.999 1.000 1.000 1.000 1.000 0.999 1.000 1.000
" ﬁﬁﬁ%éﬁ(@iﬂ&
-6
L’wﬁ FEdL-5
L FEdh-4
Lot B3
N R -2
o B -1
i 54 iy
0 10 20 30 40 50 © 70 8 9 100

t/min

2 E£ERREIG ASE 58 EE

Fig.2 Evaluate results of similarity on fingerprint with or without metal removal
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PR D MBI GEAERED 77 U5k ASE H
") Pb. Cd. Hg M1 Cu, LA ASE fa 4 EIE AR |
TR B 5378 A 2R R0 25 (] = IR WA A Dy EE 4 S It
B 5 o A I FE AR .

S 43 )R FH S TR PR FD Zh A W B 2 Rt 7
JTEVEAN B 77 PEP-10g Wt ASE /KW H B 4 8
ROV B AR TR, 3 A O V2 0 2 7T 7 PR B
T Bh ARSI A E TS AR

BT 5T R FH (100 28 (] A W B B 5 I R 8 Ay
REME, FIFHEERR & KR IE 17%0 A Lt g
REIE, RTFR 22 OKREEER) JCREE, AP
W FRIFE SR A e R M ER, Ao i 24
A AT o

T I RS TR B RIS ASR B 2 Fh o7 52 T A
W Bt A4 KL PEP-10g X} ASE /KB (PR 7 2544) HhE
4 J& Pb. Cd. Hg. Cu W FHERME, Lt T E&JE
TEI BRI FR AR bR B BRI O, BRI B I 72
rRO B 70 B B ) PR3 AR A PR
HEBRBRER KRR, ShERMEREFEEL. B
JRLH RS AR AN S E AR R R KR,
BT TEAZ RIS 73 T T T A W B AN B 25 R B 7
MR E BN T 2%, xR4T ZHHT 17l
IE, SRERW T ZAEE. R HnirtEm.

A B 4 S M ok RS ) T (R 48 A R 43 R
FA B AR N E B 5E & 20 AT HPLC Rk &
40 59 2 A8 SCHR 75 R L A e A B 5 R
(17, TR T 588, R i e 2K .

T I ) £ AL R AR R AR A R 2R )
Fedh, FFS BRI T 20h i K B £ A e
VERTCI B PR BRI Zh A A, A Hw T ER S
FRAM S IHBEAB R =SB T 205, [
B 25 5% T B 2R 5 I O B 2R TR A AR B RA  AE 1
T2, B2 T ERNEA R ACR, ZhE SR
Al LA R T 80% 0 4 @ BLER %

I EE G T ASE KT CRRIT 254 WiBRE
& JE B 5 FE bR B FE RN B [ R R4 R & HPLC fi
LRI, U AR 57 PEP-10g it bR 2 428 Pb.
CdHg 1 Cu J& 251 H 4k 25 i o oK R A B iR 84,
P T AELRYT ASE 2930 (BT 2581 A RO A T
T IERERAM R E SRR EN, AR
AR 1) Tl AL B AN
SEH
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