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Analysis of trace elements and heavy metals in Jiuwei Xifeng Granules by ICP-MS
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Abstract: Objective To establish a method for the simultaneous analysis of 25 trace elements and heavy metals in Jiuwei Xifeng
Granules, including Li, Mg, Cd, Sn, Al, Mn, Fe, Ti, V, Co, Zn, Ga, Cr, Ni, Tl, Pb, Cu, As, Be, B, Sb, Ba, Sr, Hg, and Bi. Methods
The samples, digested via microwave, calibrated by internal standard elements, such as Ge and In, with bush branches and leaves as the
controlled reference standard, were inlet into ICP-MS to analyze the contents of the 25 trace elements and heavy metals. Results The
detection limits of the 25 elements were in the range of 0.009—16.051 pg/L. The 25 trace elements and heavy metals showed the good
linearity in the selected concentration ranges (R* > 0.999 2), with the average recovery from 70.75% to 107.66%, while their RSD was
below < 6.44%. Cr, Sn, Hg, and Pb were not detected in the six batches of samples, and the contents of T1, Cd, As, and Cu were lower
or not detected. Cd < 0.011 pg/g, Cu < 0.373 pg/g, T1 <0.021 pg/g, As < 0.571 pg/g. Conclusion The method is simple, rapid, and
accurate, and can be used for the quality control of trace elements and heavy metals in Jiuwei-xifeng Granules.

Key words: Jiuwei Xifeng Granules; heavy metals; trace elements; ICP-MS; microwave digestion; Li; Be; B; Mg; Al; Ti; V; Cr; Mn;
Fe; Co; Ni; Cu; Zn; Ga; As; Sr; Cd; Sn; Sb; Ba; Hg; Tl; Pb; Bi; Ge; In
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Milli-Q Academic 47K A% (3% [E %5 BLIH 22 ) ) s
NexION 300 HUEHFE A 45 B 144 T A (6 [E 3%
IRERIBAR AT B 7))

FEABITFRUEY) R (GBWO7063, il 41k
W5, fit'S 06074); In HooEARMERR (1
mg/mL, #it'5 129100). Hg G E AR (1
mg/mL, #t5 12664). Ge H.yoHEbr#EBEW (1
mg/mL, #t5 12910). Au PoC bR (1
mg/mL, #t5 12616-1) MRS FRIE AR (5 2B,
2%pp, 2T1, **Ba, '*'Sb. *’Sn. "*Cd. ®¥sr. PAs.
¥Ga. %zn. ®cu. “Ni. ¥Co. Fe. *Mn. *Cr.
', YTy YAl Mg, "B. °Be. 'Li, #24 100.0
ng/mL, 5 13926) ¥ 7 H KA 48 K v 144
BRI IR, hgal, matieiEkins
B w] s KA AlK .
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2.1 ICP-MS T1E&#H

LB TN 17 Liming BUS0HA 1.03 L/min;
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A Ao K B RS AR YE S A 25V, T 10% A Ry
WKIRFRRE, WO R bR 0 3 T ik 5 40 3l hy
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Table 1 Linearity, LODs, precision, and repeatability for test of elements

— o T 5 R TR
VIV [l R ro PR/ (e L) RHBR/(ng L) R RSD/% —— -
e i/ (ngg) RSD/%
Wi  Y=2484X107*X—0.012 0.9997 0.5~ 25.0 0.046 3.81 1.724 2.14
Be Y=1.662X10"X40.001 0.999 7 05~ 175 0.016 4.17 AA —
"B y=1375X107° X+0.006 1.0000 2.0~150.0 1.555 1.98 16.279 2.26
XMg  Y=3.114X10"* X4+0.267 0.9993 7.5~250.0 5.842 1.94 6013.016 1.02
YAl Y=1.592X10"X40.051 0.9992 5.0~250.0 2.987 2.73 20.703 1.66
T Y=2406X107° X—0.003 0.999 8 1.0~100.0 0.578 2.22 1.416 451
Sl Y=4.944X10*X—0.018 0.999 9 0.5~ 10.0 0.016 2.56 0.137 3.04
2Cr Y=7.07 1X10*X4+0.017 0.999 9 5.0~ 25.0 2.545 4.75 AR H —
SMn  Y=4.020X107 X+0.028 0.9999 50.0~200.0 0.247 2.76 20.261 2.16
Fe  Y=2.498X107 X+0.033 0.999 4 25.0~250.0 16.051 1.69 19.011 3.88
PCo  Y=1.539X107X+0.042 0.999 8 0.5~ 10.0 0.018 2.90 0.201 3.47
ONi  Y=4.070X107* X40.065 0.999 8 2.0~ 25.0 1.178 3.39 0.471 6.67
SCu  Y=1.386X10"4X+0.128 1.0000 2.0~200.0 1.375 2.95 0.373 6.39
%7Zn  ¥Y=7.976X%X107 X+0.106 0.999 8 2.0~250.0 1.879 1.15 5.705 3.83
®Ga  Y=9.954X107° X+0.006 1.0000 0.5~175.0 0.078 2.33 0.379 2.95
BAs  Y=1.169X104X—0.004 0.999 8 0.5~ 10.0 0.049 3.65 0.444 227
8sr  ¥=3.572X1074X40.029 0.9999 0.5~125.0 0.078 2.71 6.313 1.93
Heg y=2.380X107° X—0.001 0.999 8 0.5~ 10.0 0.014 2.57 AA —
g ¥=3.169X107° X—0.005 0.999 9 0.5~ 10.0 0.084 2.30 ARAH —
2Igh  ¥=4.517X107° X—0.002 0.999 8 0.5~ 10.0 0.016 2.38 0.047 7.15
3¥Ba ¥=9.597X107° X4+0.071 0.999 8 0.5~250.0 0.167 1.53 1.868 2.60
0571 y=2322X10"X+0.080 0.9999 0.5~ 10.0 0.013 221 0.017 8.37
208pp y=8.723X107° X+0.078 0.999 9 0.5~200.0 0.009 1.48 ARAH —
9B Y=1.245X10*X—0.059 1.0000 2.5~ 25.0 2.306 1.00 ARAH —
MHg  y=3.182X107° X—0.001 0.999 8 02~ 5.0 0.012 2.80 ARkt —
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I “2.27 T RECHITR AP, Hg $IC
FPRUME I DA S N ARV TR, S SERE 6 IR, Il E,
B K5HEE RSD 1 1.00%~4.75%. 4% WE 1.
29 EEEMIRE

HUUAR XUBRE ('S 141203) 25 0.5 g, 20 H7

FTOPREEFRE, WA “2.47 TN U8R SR 5T
% CPATHE 6 AR AT, e, TR,
SR WK 1.
2.10 FEEMRIE

HUUAR XUBRE (LS 141203) 25 0.5 g, K%
R, 1ZH “2.47 IU R A HI SRR, 0
T 0. 1. 2. 4. 6. 10, 12 hillE, 45, &%
JC% RSD fHZ R WK 2,
211  hnfEEEERIRLE

BULRAE RUBR. (L5 141203) 25025 g, %
BFRE, IINAERR 10 mL, IS RE & e T
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Table 2 Results of stability and recovery tests

ALY IR A PRAES, IO Hg 8 0.4 pg/mL Frifk
i fifi 25U 100 pl, 4% “2.47 TR J7 v £ AR

g RoEtE _ FCE% . RoEtE _ le/% W, AT 6 i BRI Au T

RSD/% “FHfii RSD RSD/% “FHfil RSD REAER AL, [FRESIEEGR S e e IF
i 233 10146 5.54|%zn 297 93.88 6.44 R TR, R, R 2,
U e R R
Mg 1:65 100:46 0:97 883Gy 1:50 91:71 2:21 \ ‘{)l?\ﬂ‘f@@?l‘iﬁiﬂfi‘/ﬂﬁ%ﬁ, %‘{M%ﬁfﬁéﬁ%ﬂf
Al 201 107.66 5.89|''Cd 199  76.08 2.06 ﬁ‘ﬁ[‘ﬁ‘/ﬁﬂﬁ/ﬁf\fﬁif}%i%% (%% 3;2%%%{@&%
YTi 148 10579 4.63|"%Sn 177  83.81 2.55 mﬁ?ﬁ[‘fﬂjﬂ, VLA HE T4
Sty 2,09 7567 3.02('*'Sb  2.00 79.66 191 213 #ENE
20 122 8428 395 Ba 181 9344 2.99 X 6 ik (#£5 130101130103 130702, 130703
SMn 174 9127 5.86|™Hg 255 8667 5.05 140503 141203) JUIRIEXUBIRE, 4% “2.47 IUH it
Fe  1.88  89.00 4.83|°TI 254 7783 1.82 TR R 2% T A AR, 1% 9257 T
®Co 217 79.01 3.94|™Pb 135 7075 0.82 e T3 e e S i 25 Bloc s, 45 R WK 4.
ONi 212 8297 4.84|*™Bi 246 72.15 0.73 3 e
SCu 196 101.38 1.70 K ICP-MS #E4T Hg Je & M5E N 28 5 71

#x3 HRESEMRNESER (X £s,n=3)
Table 3 Measurement results of certificate reference substances (X *s, n=23)

TE tnfiuge ) WEM/(ugeg ) | TE An(uge ) WEME/ (ugg ) | TR bR/ (ugg ) MEME/(ugg )
Li 2.6+0.4 2240.096 | Fe  1070%57 102242042 | '"®sn 0.27 0.26+0.01
Be  0.051%+0.004  0.048+0.001 | *Co 0.41+0.05 0.41+0.01 | 'Sb  0.095+0.014  0.084%0.005
B 38+6 39.87+0.67 | “Ni 1.740.3 1.57+0.06 | "**Ba 1842 16.31+0.950
*Mg  0.48+0.04 0.46+0.04 | ®Cu 6.6+0.8 591+032 | *“Hg — ARE
ZTAl 0.20+0.03 0.16+0.03 | %Zn 55+4 58+1.5 20571 — A
41Ti 95420 80+2.10 | “Ga — A 2%8py, 4743 45.49+7.42
Sty 24404 221+0.09 | "As 1.25+0.15 1.15+0.10 | *”Bi  0.023+0.005  0.022+0.001
S2Cr 2.6+0.2 246+0.13 | %sr 246+16 239420
3Mn 61£5 64.25+1.00 | '"'cd 0.38 0.41+0.06

AN B RS, 3 3000 5 45 SR AN HERf, R
FHINN A B 76 28 KA Hg I i B 2503 F i
1N, AT 5 45 5 S e o

FEREAT ICP-MS s Hrid#erh, FrlllocRfE S
E I R R AR B LA N VSR 11%8 S
BN R, N S Y AR TSR AT E . S
RO T AMREFN N BRI 2 Bl e Tk, S5 R
PRI T BB a5 SR (R R FAE R

ELL BT oTERTh Mg A& N AR 75 1 18T
%. Fe. Zn. Cu. Mn. Cr. Co. Ni. Ga. V fl Sn
X 10 FhidEE T AR LA, B
SRIX 10 P TR I E D, RSN Cu EL 2
AR T RIS . 5 SocE W B, Al Z29F%
AR T 3R Li 2 Al BE il AR T 3R 1 Cd.s

Ti. Be. Pb. Sb. Hg. TI W 4 FHEICE.

SE 6 FP R Y AR PR AR 2 B A R v R
SRTRIEAT AR, S PR R A2 DR Ay XS 38 I B S N
BB AR S L2 i T .
2 ST S IN, LUK S T AR o6 A R RE E R e,
52T 5, 100 15 mL iR, 45 %WoR 5 mL AR
iR AR5E4s, 10 mL 55 15 mL WS 2 S5 AW &, Brbd
FERHATRE ST R I IE PRSI 0 10 mL. 7EEAT
TAEREAIERERS, R ERARUE T AR S A
BT, AR A A Q) [ R o g,
DA S5 35 6 1) A ol Rl A X

CrfrE 2 ) 2010 AERR— T AR E T A4
H B 20 1 4 8 A G R IR E, B Cd<
3X 107, Hg<<2X 10/, Pb<<5X10°, Cu<2X 107,
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Table 4 Measurement results for different batches of Jiuwei Xifeng Granules (n = 3)
HpE ff’i%ﬁj\%{/(pg-gﬁ)
‘5‘
7L1 9Be llB 241\/[g 27A1 47Ti 51V 52Cr 55Mn 571_-;e 59CO ()ONI 63Cu
130101 0797 0.004 16.080 1715237 37.175 3.578 0390 —  20.649 38489 0292 0873 —
130103 0791 0.004 16723 1106350 37.823 1.724 0359 — 21229 38906 0317 0948 —
130702 0.843  — 16921 1245832 26952 1749 0095 — 14713 20333 0299 0838 —
130703 0.874  —  17.092 1563.780 24.079 1.695 0.096 —  14.890 17407 0302 0926 —
140503 0.866 0.004 17.460 1334556 20954 1720 0.097 — 14461 16596 0301 0972 —
141203 1724  — 16279 6013.016 20703 1416 0.137 — 20261 19.011 0201 0471 0.373
L FE B (ngg ™)
}ttjﬁ 66Zn 69Ga 75AS SXSr lllcd llxsn IZISb 138Ba 205T1 ZOXPb 209Bi ZOZHg
130101  — 25388 0571  15.895 — — 0030 4407 0018 — 0026 —
130103 — 25559 0556 13418  0.004 — 0029 4.096 0017 — 0023 —
130702 — 0979 0392 5.068 — — 0041 4500 0019 — 0029 —
130703 — 0973 0381 5196 0004 — 0039 4543 0021 — = 0028 —
140503  — 0987  0.402 5459 0011 — 0044 4611 0020 — 0026 —
141203 5705 0380  0.444 6313 — — 0047 1868 0017 — - =
“__» **ﬁﬂj
“— undetected
As<2X 107 fH A5 e rp Bk 24 (1) B FE R A H AR PR FOCEMAHESE LR [J). bk s
SR o« ASZHGINSE ) 6 Hik (it 130101, 130103, 3T, 2009, 29(7): 1983-1985.
. S T Rk A : S NCIEE
130702, 130703, 140503, 141203) Jumkgfugig (4 BPRZ, Werk, BRBCE, 55 JH ICP-MS XIA) 50
' Cd=<0.011 pg/e, Cu<<0.373 pelg, As<0.571 pg/g AN AL (REE) HEATIOCE SR [J]. AW e
L i ' ' ’ 7,2008, 28(11): 1804-1809.
3 Mot R EBEAL, Pb. Hg #JARkH, HE o A . . N
ﬂgii?%iéiﬁkﬁﬁ5$ngﬂﬁgéiéﬁ; 5] W BN, B ML S RS BT
> S| 24 THPA 24 S AT " . NS N
i (P EZR 2010 e HE AR AR ). T,
HIATH TG R I IR ZK 2012, 32(10): 2838-2841.
GMBEHAERKIRE K, RRAEI MR, (6] BT, X 6 EH, % ICP-MS HEE 22
SEPAMIT MR LR S BRI EMMIRS A AT 26 BioCE (0], P E 2%, 2010,
Ze e, T Has HH 0 B ) F e S R T 46(11): 866-868.
N v s \ A = s B ;
FIF R RO R, fESehrEre i R A ez ke 7] BRI, W, TR, SR T ICP-MS [E T

PR TC R S ESEIE, A BE L s R )
FihE . ASZEG K ICP-MS 323 52 U AR XUBTRE A
ZMIE, EVEYGE RS AR S, nliE
FH T JUBRAE AR v 5 4 e M ok 7 3% I
5% ik
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