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ABSTRACT OBIJECTIVE: To analgze_th d@ f inorgafiic elements in different parts of Saururus chinensis. METHODS :
The samples were treated with mi ve &s n. The contents of 25 inorganic elements were determined by inductively coupled
plasma mass spectro P-

thod: RF power of 1 200 W, cooling gas flow of 14 L/min, auxiliary gas flow of 1.0 L/

.
L/min, He as collision gas with flow rate of 4.8 mL/min, sampling cone aperture of 1.1 mm, skim-

.9 mm, super skimmer cone aperture of 1.0 mm, integral time of 1 s, delay time of 40 s, single hop as scan-
, repeated for 3 times. The data of principal component analysis and partial least squares discriminant analysis were ana-
lyzed with the SIMCA-P 13.0 statistical software. RESULTS: The linear ranges of lithium (Li), beryllium (Be), boron (B), mag-
nesium (Mg), aluminum (Al), titanium (Ti), vanadium (V), chromium (Cr), manganese (Mn), iron (Fe), cobalt (Co), nick-
el (Ni), copper (Cu), zinc (Zn), gallium (Ga), arsenic (As), cobalt (Sr), cadmium (Cd), tin (Sn), antimony (Sb), barium
(Ba), mercury (Hg), thallium (Ti), lead (Pb) and bismuth (Bi) were 0.05-5.0 pg/L(=0.999 9), 0.05-5.0 ug/L(»=0.999 8),
0.1-10.0 ug/L(#=0.999 5), 1.0-100.0 ug/L(»=0.999 5),1.00-100.0 pg/L(»=0.999 3), 0.10-10.0 pg/L(#=0.999 9), 0.05-5.0 pg/L
(r=0.999 7),0.05-5.0 pg/L(r=0.999 5), 0.10-10.0 pg/L(r=0.999 8), 1.00-100.0 pg/L(r=0.999 4),0.05-5.0 pg/L(r=0.999 9),
0.05-5.0 pg/L(r=0.999 7),0.05-5.0 ng/L(r=0.999 5),0.05-5.0 pg/L(r=0.999 8),0.05-5.0 ng/L(r=0.999 6), 0.05-5.0 pg/L(r=
0.999 8),0.05-5.0 pg/L(r=0.999 9),0.05-5.0 pg/L(»=0.999 3),0.05-5.0 pg/L(+=0.999 4),0.05-5.0 pg/L(=0.999 8),0.1-10.0
wg/L(7=0.999 6),0.05-5.0 pg/L (r=0.999 6),0.05-5.0 pg/L
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(r=0.999 6),0.05-5.0 pg/L(»=0.999 7), 0.05-5.0 pg/L(r=
0.999 4), respectively. The detection limits were no higher
than 13.2 ng/L. RSDs of precision, stability and reproducibili-
ty tests were all lower than 5.12% .The recoveries ranged
90.18%-123.01% (RSD were 2.05%-5.79% ,n=6). The con-
tents of Sb, Sn, Mn, Cd, Ti, Ba, Co, As, Be,Ga,Ni were
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higher in aerial part than in rhizome part, while the content of Cr was higher in rhizome part than in aerial part. CONCLU-

SIONS: Mg, Fe and Al are abundant in aerial part and rhizome part of S. chinensis. The contents of inorganic elements are signifi-

cantly different in different parts of S. chinensis.

KEYWORDS  Saururus chinensis; ICP-MS; Trace elements; Principal component analysis; PLS-DA

=R R S A ERME Y = B Saururus chinensis
(Lour.) Baill. i Jgtth_F #5853 , EATFI IR I M 3 # 0 5
DA, I PR 322 FH IR T IR BRI VB ROK I | 1t
w2 SRERERIEM PR, Tk = AR
FBALTE AL , 2000 45 R AHTC H [ 25 3 ) i 8 4 B sl
2%, 2005 4F g A5 CHp [ 24 M) e 2O # B4y T AE
(P2 KRB SO (A AR ) 45 2 25 ol = 1 o R ph 47)
S—RH 2, [ B [ A G [ 45 )t 2 AR ZE , HAAR 25
H o AR B ZRR IR R ISR, A BRS040 i,
BRFE 036 4 3% PR 7 NF-x B 16 PR RO 7R Y, 2 1697 ik
BEREFIBTIN R4

Tl G 2 T AN A 5 W R EE A B ) RE 1Y)
—RIU R AR HAE RS R N VER , BT o 7
LR AT IR A FILR . DT IC R A
SR A B SRR B S 2R i kA 5 R %
YA AR L EH G B ICR , IR BUL k.
MRS MR SFE L2 A S8UEE, P E 4
JE AR R B bR G E M N 1 RS SR
TR S (ICP-MS) £ AR ] SZ 88 22 Fh ot 28 (14 [a] B 22
Lz H T gy o R e,

AHIFFE R R0 T - ICP-MS 75 £ 7 I 5 — 11 &
25 PR TG R O I AT i R LR IR A =
2R b A FAR ZEAE S i A T A, I o FE o ot

(PCA) Filfhi 2 /N —F #1543 7 (PLS-DA) , & th 22 = i
F R IR S H AR, S HL BT i ] M ek v
Mg LR .
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1.1 {%s8

ICAP Q 7 ICP-MS {% ( 3 [#] Thermo Fisher 23 A ) ;
Ethos T % 1 I 14 % & & (= K F| Milestone 23 7 ) 5
Sartorius BT125D BYHE, 17347 K F- (15 [ Satorius 242 7] ) 5
Merck Milli-Q Direct 8 %Y 4fi /K 2 4t (52 [&] Millipore 2%
w]) o
1.2 X7

B (Li, #it 5 : 13051) . 8 (Be, #it 5 : 157028) | £
(Mg, #1t2:080126) 4% (ALHLE:16041) 5 (Cr, L5
16042) if (Mn, #5-:16071) .4k (Fe, #t 5 : 16032) |
(Ni, fIt5 : 16041) .4 (Cu, b5 : 16061) \fHf (As, It 5 -
16041) & (Cd, #t5:16041382) .k (Hg, #5:16032) .
Hi(Pb, it 5:15102) (44 (Bi, H5: 15061) 4 (Au, 5
1409 1) bR B W v R A ST e, o e
5991000 pg/mL; 8 (B, #L5-: 17032488) Bk (Ti, #it 5
17032488) . HL (V, it 5 . 17032488) . 4k (Co, #t 5 -
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17032488) . B¢ (Zn, it 5 . 17032488) | 4% (Ti, it 5 .
17032488) . 4% (Ga, #tt 5 : 17032488) | 4k (Sr, #t 5 .
17032488) . 45 (Sn, #t 5 . 17032488) . 4% (Sb, #t 5 .
17032488) 41 (Ba, #t5 : 17032488 b i 175 W 24110 | =]
FAA M Oy, B R YO 1600 pg/mL; iR 4 1L
4, K haifbK .
1.3 Z4tt

SR A S M T (LR D), S
= 2 R MR s S e M L

x1 =HEHHKR

Tab 1 Source of S. chinensis

£ e ) ARG | RE RS i
sl W (1do7n) WEHA || 14 TR (140820) &3
) WL T (140810) WS | S15 w2101 i3
s3 HIL A (140707) WEWS || S16 ITAHEE(081010) &
s4 R(081201) WERA | oS17 o HEE(080426) &3
) TR (081129) WEHS || si8 HHE(os0712) &3
S6 GE(081127) WEES || 19 (080911 &3
§7 L s1127) kg | 20 #E0%0701) jiig3
S8 it 061213) WERS || s o8] 210 R
) 1t (080822) WEHS || s %09 R
S10 it (081130) WERS || oS3 WY m 100506) i3
sl TH@E12114) RS | S E080801) &
sI2 TL7(080610) WERS | S5 HRIL(090701) R4
s13 HRIL(080821) s

2 HEEHER

2.1 REEH

SRy 1 200 W3 R HIS & : 14 L/min; Fi B
it 2 1.0 L/ming 25463 & £ 0.9 L/min Al 48 UM : 5405
Rl R S < 4.8 mL/min; RAFHEFLAR : 1.1 mm; #IHCHESL
42 :0.9 mm; B AEIBGETFLAS : 1.0 mm; BB E] ;1 s 4E
IREF] 40 s 3 FH 7 2 - BT B0G e H A Uk 8K 3.
22 BERHHE
2.2.1 TRAXIESIATR ORGSR T R AR A 50
ul, BT 50 mL i, I 2% il ER A W e 25 , il 45t
RFER YN 1 pg/mL (R A0 B Sh VAT
2.2.2 HHASER BZGAFES T 60 CT 2 h, By iR
FRHLRY B 0.5 g, KB AR, BT DU L0 1 e b L o
fiSR 5 mL, VRS, 12 I 0, 25 AT BBt % A (O A 41
WF2), HEERE, HRRAREZE60 CULT  BURTH
PG , OV 2 AR T AR R A 50 mL &I, FHK VG
G RE 3 WK, VRS I TR, n 0.2 mL Au ot %
FRUEF (1 pg/mL) MUK EZS $85], RIFG .
223 SSHEW BRZGM,FRC2.2.27 W R il & A A
AR
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Tab 2 Microwave digestion conditions

07 FHRE, min R, C [RAFHFE  min W
1 2 120 3 1600
2 5 160 3 1600
3 5 180 20 1600

R IR 2.2.17 35T R 0 BRI VRO i, I 2%
T R VA YRt 8028 755 U T 2R B ik ¥R B 44 2 100,550,105
1,0.5.0.1.,0.05 ng/mL i R FIRA X IR SR . K2 it
U E AR RGNS X B S VA0S i, 42 2.1 0T 16 25
HEREIAE 10 SR B TR S AR SR . DAl T R T it
W EE G, pg/L) R AR R B 155 AR 3R B2 () g\ Ak
PRt AT 2tk lmlH o [R5 5 Loty R W 3.

#3 EIFFE LEEESKRNR

Tab 3 Regression equations, linear ranges and detec-

tion limits

Fril% (ClEyi: r GBI pg/L R ng/ L
Li y=52930r+274 0.9999 0.05~5.0 02
Be y=21 341x+104.5 0.999 8 0.05~5.0 0.1
B y=12793v+595.0 0.999 5 0.10~10.0 132
Mg y=104 081x+240.0 0.998 5 1.00~100.0 17
Al y=23 104x46.7 0.9993 1.00~100.0 04
Ti y=583 428x+16.7 0.9999 0.10~10.0 03
v y=21262523x+10.0 09997 0.05~5.0 0.1
Cr y=3408 309x+2 183.5 0.999 5 0.05~5.0 0.1
Mn y=1363 694x+178.3 0.999 8 0.10~10.0 02
Fe y=069305x+1133 09994 1.00~100.0 41
Co y=5972377x+266.7 0.9999 0.05~5.0 0.1
Ni y=1373 378x+1 336.7 0.9997 0.05~5.0 03
Cu y=10325x+263.4 0.999'5 0.05~5.0 12
In y=375 693x+2 4169 0.999 8 0.05~5.0 23
Ga y=T44237x+1284 0.999 6 0.05~5.0 02
As y=211 594x+374.1 0.999 8 0.05~5.0 03
St y=1577255x+833 0.9999 0.05~5.0 02
Cd y=962203x+6.7 0.9993 0.05~5.0 02
Sn y=2248 912x+100.0 0.9994 0.05~5.0 0.5
Sb y=1713628x+2 188.5 0.999 8 0.05~5.0 0.1
Ba y=1027877x+701.6 0.999 6 0.10~10.0 0.1
Hg y=3 852185 0.999 6 0.05~5.0 1.6
Ti y=9576 132x+333 0.999 6 0.05~5.0 0.1
Pb y=1876 191x+960.0 09997 0.05~5.0 0.1
Bi y=13586 660x+160.1 0.9994 0.05~5.0 0.1

2.4 HNREZE

ARG % R 1.2V BT AR G AR G =, A
FEAR R, 4 2. 17 0 F 130 A AR R I 2 , A5 1 kL o
3t LH, FRAMIBR , 3 L3R 3
25 RBEEXR

Be2.27 I R A S TR (G S9)ad i, 452,170
AR I S S ERE I A2 6 YK, i] S TR S AT R
JE o SR R OT R B 5 5 A X SR B 1 RSD B <
4.719% (n="6) , R PG % RIT .
2.6 EEEMHAE

FE AR R —HERE S (455 - S9) Il &, #2.2.27 3
oA B AR, 3 6 0y, PR 2.1 R G 4%
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PEIEREIE IG5 AR, 25, &1
R T SNSRI RSD 1 <5.12% (n=6) , KA
Ik E R
2.7 fnREEI R

BE & R (s S9) &, Fh 6 4y, A
— 3 ST I RFIN T 3R T, $02.2.27 00 N Dy il A 1L
AR, PR 2.7 30 N i S AR A il SR
i S RO B IR IR MR, 45 IR AR 4,

F4 MERKRAGER(n=6, %)
Tab 4 Results of recovery tests(n=6, %)

FRibR lizgalies FEREER RSD
Li 93.45~108.62 102,11 289
Be 90.65~113.06 108.62 3.96
B 96.42~115.57 109.48 317
Mg 91.65~103.44 97.20 265
Al 94.28~102.56 9821 218
Ti 95.63~107.04 101.62 359
v 92.19~105.49 99.54 362
Cr 93.41~102.94 98.02 287
Mn 95.01~107.63 102.58 370
Fe 96.52~103.96 101.14 205
Co 94.23~107.81 10391 424
Ni 95.69~103.43 99.76 279
Cu 98.84~112.41 108.92 475
Zn 102.57~123.01 113.25 4.63
Ga 97.65~105.28 102.54 258
As 94.47~105.81 100.93 217
St 93.95~108.74 103.09 362
Cd 90.18~99.82 95.62 259
Sn 95.62~104.34 101.25 282
Sb 91.24~11476 103.58 579
Ba 94.27~107.66 101.48 312
Hg 93.64~102.29 98.712 281
Ti 93.47~102.52 98.59 324
Pb 96.57~103.83 99.54 236
Bi 95.74~105.82 102.05 318

2.8 HHMHERPHETESENTE

I 25 HL2Y MR 538 o, 43 FE “2.2.27 T | J kil
F AR A, B 2.7 0 N ARG S R BERE N 2 L 0 SR
BT S AR PR o e S5 R L 5 R 6 (Rp
“=T AR, S1~S13 L Y, S14~S25 ARZE) .
29 ARHGAISMIHMETEZERST

FIIH SIMCA-P 13.0 e itk X} 4 5 B4l i 47 PCA
FIPLS-DA. 254 FE A0 PCA & VLI 15 2544 4% 5 rh i
10 K 1Y PLS-DA Z far 5 1 UL 1] 25 4% 50 AR 1% 47
A DTERAE DL IR 3, S5 ER KM, S A b B4
(S1~S13) FIHIZE(S14~S25) st T 2474 i 25k 2%
LR R = ok v T B B4 I < A e = R ]
e 1 T e - N 2 1 7 G e
BAMLE R, W RE S RO SR E A 5. FIA
PLS-DA, Jf 454 e K5 (P<<0.05 2= A Giit2Em L)
HE—20 X = R 2R A R ZE AR S R R T R
PSR T A, 4 AR Xy L STHRE (VIP) K ik
FrHEY), HtP Sb.Sn . Mn.Cd.Ti.Ba.Co.As.Be.Cr.Ga,
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x> HMHERPHEBLTRSENELR (n=3,ng/ke)
Tab5 Content determination of inorganic elements in samples(n=3, pg/kg)

45 Li Be B Mg Al Ti A\ Cr Mn Fe Co Ni Cu
Sl 37 26 834 69474 20448 1228 8.8 28 041.0 19748 5.1 112 82
§2 30 21 634 §355.3 928.8 1753 49 115 955.1 15212 49 123 5.6
$3 - 12 492 9397.6 24163 1392 57 79 793.7 31874 21 6.2 41
S4 22 L7 574 7948.5 19784 154.2 9.1 114 809.6 2016.5 6.0 104 38
§5 - - 510 8 742.1 15437 204.8 94 8.6 957.5 18622 46 9.6 6.5
S6 30 22 69.6 7089.4 17493 1574 76 12.1 814.8 22535 36 83 6.1
S7 25 19 613 81458 12493 130.6 84 9.5 042.5 1680.0 50 9.0 46
8 35 24 795 12185 2075.0 1744 93 16.9 786.1 19563 5.6 16 15
NY 27 - 595 7856.9 12715 167.9 74 135 750.5 2048.6 52 9.6 8.0
S10 32 28 714 60489 19473 119.5 6.0 175 7322 25269 6.2 11.0 19
St 29 25 62.0 74294 1643.6 181.0 36 9.2 602.5 23759 53 9.8 6.8
S12 22 20 554 77489 2005.2 196.4 6.0 104 790.5 2648.6 49 604 49
S13 20 21 538 §074.2 19879 170.6 9.8 15.1 700.3 1976.4 22 74 8.7
A 24 18 628 7769.5 1757.0 161.1 74 12.8 767.4 2156.0 47 9.1 6.4
S14 26 - 35 46674 35087 69.1 120 20.0 2045 46119 34 13.8 34
SIS 19 - 550 9421.0 1581.6 913 30 36.5 1132 1566.8 0.9 43 29
S16 21 - 464 6428.5 21554 15 53 20.5 154.6 32516 21 94 5.1
SI7 16 - 385 T4183 2648.5 46.4 36 194 160.9 2019.5 - 33 -
SI8 20 - 450 80489 29420 60.5 15 255 2105 25416 - 46 -
S19 - - 509 67262 22069 80.7 8.7 226 196.5 22495 14 26 42
§20 23 - 563 7048.5 2691.6 672 9.0 282 246.8 3462.2 20 30 26
§21 - - 411 5063.7 1968.5 393 64 211 230.6 3208.5 - 36 -
§22 18 - 489 55410 23529 84.6 8.9 30.5 2084 39462 21 24 -
23 - - 40.1 60484 26743 743 10.5 21 184.5 20186 - 6.1 6.0
S24 - - 380 49715 24398 69.5 9.5 29.7 2516 24163 - 42 -
§25 - - 521 6794.2 27694 80.5 8.7 204 196.8 22415 17 39 53
Tl 14 - 46.0 65148 24950 65.2 11 253 206.6 27945 11 5.1 25
®6 AMERPHETRIENESER (=3, ng/kg) 5%6

Tab 6 Content determination of inorganic elements in

samples(n=3, ng/kg)

%5 Zm G A St Cd St b B Hg T Pb B
sl 893 60 188 1183 66 S0 40 1579 35 2658 2196 3094
52 1566 28 124 149 45 47 41 2868 42 397 1638 1103
$3 86 13 101 1670 46 46 43 291 69 793 170 142
s4 1084 43 94 1015 57 39 48 1807 24 507 1459 565
55 158 40 125 1206 41 53 40 1645 37 1022 127 1256
$6 9.1 46 163 1706 55 41 48 247 51 1543 1654 1954
57 795 25 154 1564 63 56 36 1555 46 815 1066 2147
58 869 22 132 1433 52 48 43 284 00 1922 2025 2866
59 1304 44 175 1596 65 40 51 452 34 643 1595 1765
SI0 1460 49 196 1603 40 35 49 2205 50 445 1330 1065
I 1007 53 189 1505 25 53 46 1586 42 176 173 1642
S 854 19 111 1264 58 49 52 1954 39 2405 2055 2985
SI3 907 22 135 1403 52 45 55 1764 31 1653 1864 1698
THE 1063 36 45 1480 51 46 45 2041 38 135 1581 1714
SI4 1759 14 106 %9 20 04 - TS 12 84 U74 86
SIS 972 06 53 1501 03 07 - 834 94 43 46 105
SI6 1270 17 65 165 L1 07 - 164 156 69 569 569
SIT 146 - 44 B6 - - - 643 85 53 62 1096
SIS 1568 - 33 T4 - - - 769 102 65 4T 843
SI9 1054 09 56 1096 10 09 - 925 139 77 96 22l
S0 853 09 48 168 07 04 - 694 195 71 1164 T44
s21 %6 - 86 43 16 09 - 966 164 83 983 559
2 186 - 74 89 19 - - 367 42 61 845 386
B 187 - 43 W3 - - - 66 96 52 M6 1264
24 154 - 40 864 - - - M2 75 87 %61 1136
5 107 05 85 1433 09 08 - 1050 118 82 1052 646
- 5134 - China Pharmacy 2017 Vol. 28 No. 36

Continued tab 6

% Zn G A St Cd Sn Sh Ba Hg Ti  Pb B
FHE 185 05 61 958 08 04 - 809 115 69 863 638

-15 -10 -5 o 5 10
i

E1 Z#EmEIPCA
Fig 1 PCA score plot of samples
Ni i VIP>1, % W] FIR IR AL B2 B 3t B3

O3 AR ZE v 19 B 2 57 K, Ho b Sn M Cd L\ Ti
Ba.Co.As.Be.Ga Ni 7EH: [ &840 S 25 by, i
CrERZEh & S0 Er .
3 it

T ICFR A ARYE R B HOE 5 A JRE 3o 2 1) 5
FRT RN Z R R IR U , 2 5 A
LA R R, B A% R 55 W B A, B A A (et o 5 DD A
Ko WFRED], =2 EA AR R a2
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031 oo @cr
= 02 2P @cu v Al
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[ @50
cd [}
014 s )
a2
Mn
03 L ! ! -
03 02 01 o1 02

whe[)
B2 ZyMiEmepiE TR PLS-DA Hr# = E
Fig 2 PLS-DA loading scatter plot of trace element in
S. chinensis

&3 %fu?“‘“%i‘fﬁﬂﬁ’]i‘fﬁﬂﬁ

Fig 3 Contribution value of each element to sub-

groups

Pl st it o0 R, i A 7E MR BIr 26 75 19 Fe . Cu. Zn .
Mn Mg .Cr.Co.V.Sn Ni %@L K, (H & = W
R (<10 pg/g) , Hd Mg Fe Al & A X 4 &0,
WFFE R AR M BE S 1T 200 B AR 2R 5 Ak s L
KSR AL 28 R XU, 1A W 3 R DG A s Fe S MK
T it Je R, Je ML 218 R B AR A3, 2 50
PRAE Iz B AN AE , TR 2 5 20 60 3R AR AR Il L S A
Yyt 2o S A S5 2RI B R, T RO BR A R
Pt B v A g it AL R A DL B S A F
AL LA S S U R, X S8 Rl ST R Y AR B
AAAE RS = I B 25 AR & ok M A8 I
WU IMLL R e s Al | B I AR S5 4 AR OC AT i ik —
BT
S22 3Lk
[1] BERHMEG 2 b AR A E 23 —R[S].20154F
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