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(BamENAMERET, 6 533000)

# E: BN 7 HBEGEE S TR E Y (inductively coupled plasma mass spectrometry, ICP-MS)[a]Hl 2
“URFEAS[LADUEOL AT (Murraya tetramera Huang) 4 JEHIFCUHIZS T 21 RIOCR SR B3k MM Eam
ARG, TR, AERRS AL, HABSM R S8 FRA ST 1300 W; S &K 13.4 L/min; RlEfEhE
Ui 1.2 Liming SRAFREE 3.0 om; S90S 25 °C; BRBIAEALHE 0.4 /s, SE5R B #5. BE. B4, Bk, 4.
BfOBRLOBSL B BRL B B BKL BELOBEL AR OBR. M. L SRASINTT R A MEE RIS R 0~500 pe/L, %
FRUERTZRAR K R AL r=0.9992, RN 0.3483~9.9262 pg/L. IEHE . FEM: . FE MR AR
INTFEET 3.45%, TNBERISCR A 96.30%~101.13%, FAXTFRUENZE A 0.67%~2.45% (n=6). FEMAPE. . .
Bi.OW. ESMS R B0 ZERCER, ATRIENIE IR BRSSO 21 FROEHLOCR M S KBRS TR
WOCE G RAE, M TR MR ER.

KB HUBGE G S IR RO AR, CIREERST s UL R

Simultaneous determination of 21 kinds of elements in “Qudu Tea” by
inductively coupled plasma mass spectrometry

ZHU Jun-Yi'

(Baise Institute for Food and Drug Control, Baise 533000, China)

ABSTRACT: Objective To establish a method for the simultaneous determination of 21 kinds of elements in
“Qudu Tea” (a substitute tea with Murraya tetramera Huang as the raw material) by inductively coupled plasma mass
spectrometry method (ICP-MS). Methods The samples were digested by acid firstly and then by microwave
digestion, after the acid was driven out, the samples were loaded on the computer, other conditions were as follows:
Plasma incident forward power was 1300 W; the flow rate of carrier gas argon was 13.4 L/min; the flow rate of
helium in collision pool was 1.2 L/min; sampling depth was 3.0 cm; atomizing chamber temperature was 25 °C; and
the pump speed of peristaltic pump was 0.4 r/s. Results The linear ranges of the detected mass concentrations of
potassium, calcium, magnesium, sodium, iron, strontium, manganese, aluminum, chromium, boron, nickel, barium,
vanadium, titanium, zinc, selenium, cobalt, lead, copper, arsenic and cadmium were all 0-500 pg/L, the correlation
coefficient r of each standard curve was greater than or equal to 0.9992, and the limits of detection were
0.3483-9.9262 pg/L. The relative standard deviations of precision, stability and repeatability experiments were less

than or equal to 3.45%, the recovery rates of spiked samples were 96.30%—-101.13%, and the relative standard
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deviations were 0.67%—2.45% (n=6). The content of iron, magnesium, potassium, manganese, boron and calcium in

the samples was high. Conclusion This method has high efficiency and can be used to simultaneously determine

the content of 21 kinds of inorganic elements in “Qudu Tea”. “Qudu Tea” has a high content of major elements and a

rich variety of trace elements.

KEY WORDS: inductively coupled plasma mass spectrometry; microwave digestion; “Qudu Tea”; Murraya

tetramera Huang; elements
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PUEOLE A (Murraya tetramera Huang)/&2—F[ & M7
AR, EWRARRAT B, - TIRE R E A,
M), ZFMARRELIL ., &7, . P, H
REFRHE AT TT- N LA R, AR
WRYE A . 25 ARSI B A . DR ([ 2 i )
B R PO, (A D glkdkae O TR IR X
A2 EARE) 1 AR A A R R ) T
EEWVER, FEADETE) TI Az w1 X (B vR Y7 i B &
ATE IR T RO R, AT RIS B R
A2, HAee o, B . 7R . 0 IR
R, ATATFIGITIEE IR . BT . RUB S . Sk
PRI MM, SRR L AN KURRRAR . BERE . R
JIEEE . AR . FRREMCA . JERE . B . KIS
DUBCOIL LA 2R SOl . RoE s i, e VP R a5
VORI A ME RS IR S, RS A B %8 | 3R D B4R
Pl 1 £ R B, SR AR 2 IR dE R, bR b IR B
A LA BOL LA Ry JEORMBOR AR 4 o F mink: I & 2R
HA 11 A AR 1 H SOTER (AR R 99.95%) . 70
FhisRE L 2 (5 AR 0.05%), Hdh 20 flhoc Z BoA 5
PRI AR, FEREROECR, LA P &
HomEEMEM. i % 8. SEEMmRITEE S A
REE R R . SR BN Haik A5
W], PR E R SRS HAN AR E YA
MDA B Nk, B bR R e R S i
AT LAHNTE FEAR DG A 20k | 24385 B L R ) 2 4 e 55 )

H SRR A 45 B TR BT 5 (inductively coupled plasma
mass spectrometry, ICP-MS)E Kt JLAE 4R 1 — ik 3o 4o
AT TEHLTC R AR, RILHA LRI TE . K% B AH
X . REREIRININE 2R R AERE A, ORI T
s 2GR pg e BT IR, PBOL R R RS
B — LG, HUBULEE T Z R R &Rl
B 1 AR A MR IT SR . R, ASBRSE R S RE
S A T T [ I DU SO LA P (K) . 45(Ca) L BE
(Mg). #(Na), #k(Fe). £E(Sr). &(Mn). R (Al). B (Cr).
MB). FNi), #(Ba). HLV). £k(Ti). £ (Zn). fi(Se).
£(Co). #5(Pb). 4(Cu). i(As), FH(Cdyx 21 F5 ALk

il

A R ICR LS, R R E 2,
A — 2P TT A AR TG FH 2T B SR A dl
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1.1 # B

“OR 2RI AT 7 DAL A A R A BRI A
A, Zead A VT ROVE 5 2 g B 0T 2% 55 8 O DU RO LA
(Murraya tetramera Huang)Z5FNM-, “UKAEZ R HE B0,
i 200 B, BT
1.2 FE5RF

iCAPQ ICP-MS i3 H B & 55 i IR it (X [ 5%
BOCHRBHL (P EDARA AL AL104 B P (B -
Mettler Toledo 2 Fl); MARS 6 Tt i fi# A (3¢ 1] CEM 2\ H]);
EHD20-iTouch R GEAA 2B FRZAH]); BHT Dirext-Q3
HRAUKALCL B R FHE AT B2 ), CPA225D 430 K- [
ZRIFE AR AL A BRA F.

K. Ca, Mg, Na, Fe. Sr, Mn, Al, Cr, B, Ni, Ba,
V. Ti. Zn. Se. Co. Pb, Cu. As, Cd PREFR (B E
¥4 10 mgL), ¥Sc. “Ge. '“Rh, "PIn, "Rh, **Bi ¥t
EIMER R E 10 mg/L, 35[E Thermo Fisher Scientific 23 ));
65.0%~68.0%HR(EZ%4t, YEFHPUBEIL T A R HED;, &
R . AN, 30% T Fb A (haig, EZER bR
AR, ABISE AT RS PR IS 280 s R 2088 I
1.3 LWHE
1.3.1 HfeuaE

fE FHREARER 0.3 g BESL AR BIHARE P, HKIRTEN IR
BHIMA 5.0 mLAlER 2.0 mL it EALEAN1.0 mL SRR, T
110 °CHU R ZE TCE MG NI ARG, FHIHRE A
THARACR, 5 b [ S R AL 17 8 e T AR Y, SR I Bhi
A, S5 HRE RN MAEIREEIE S 55 °CLLT, BN e
F 100 °CHERALH, HREWAE LESIREARE, AR
HeAe 2 50 mL AR 1% RVE R T AR 3 I3FA
Faiih, H O 1%ERIERE R ZZE, BN EERE
BB S SF B AR BT SR ARSI . [R]EsS >Re FT
AFTRY (4 55 Ak B o it 0 BEG25 1
132 #EOH EA2 5

THAR DI 3600 W; 15 min FHEF 190 °C, 4% 15 min,
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P2 15 min 5 FEEIEE .
133 ARERIER. NARERAE §ERH &

FRUE SRR 25 T 300 R 1A Y 72 9 i o It o vk 8
A 10mg/L ) K, Ca, Mg, Na, Fe, Sr, Mn, Al, Cr, B,
Ni, Ba, V. Ti, Zn, Se. Co, Pb, Cu., As, Cd FrifEFH,
SRR FEE R 5. 10, 20, 50, 100, 200, 500 pg/L
HIR A AR TR

WARE W% F ¥Sc. Ge. '"Rh, "’In, '""Rh,
2OBi MR R, FH 3% MRV R BT R 1 pg/L
TR B ARV T

25 IR 25 3% M PRAE R 25 TR
1.3.4 ICP-MS %1+

HARR RS HC R e 1 s R 2 e R
R He #0047, B14i(radio frequency, RF) AN II% S
1300 W; 2GR M 13.4 L/ming AlEE 50
1.2 L/min; REEIREEH 3.0 cm; ZEAb IR K 25 °C; iEE)
RN 0.4 1/s; SAHTETIIY 5 sy BEEREE 3 AR
PRI R AL A

1 bR BB 5 55 8 TR IS TAES R,
WRURAE HIZ 7 R A b e RGN . RS2 1L R
s AL BRI VA VR RIIN AR HE0 J3E PR it b B J v VA 7 0
B ICP-MS “LAEu AR5 A A G E I, A2 B 32 il i
BATCREAIARAEIZE, IF ELIF R S AR AR M) ST RE f
H A I TG Y

2 HER5SH

2.1 FIRGEBMK

ARG R S T A R AR R Rk TAES G T T
Ak, A5 ST 08 A o AR 2 A S i 1] R4 4 728 Ak M 1R
R0 2 AR T A P I IR 0 S A N, A
JE R B0, A TG 0 375 BR RV MR R S, SRR i 7 S 2k
Bl /NG BA T A RIS, 22T T AN
2.1.1 W RRERAR R ARAL

AR R R+ A A SRR R R,
HIR 2 W40, UM A S E ¥ T aE Wik, R
S AR T LR T . FEASER HPoin A AE Ak S SRR ]
SRR R AL PR T G 5R, AR AR RE it —2F
T, WREA A R A BB, [ i B R sl
G SE R LR ARG T AR T T, 3 R TCIR A R O . SRR
SRR T A B 58 A R0 B 1Y .
2.1.2 BALA 4k

Rt AkBR R G, FEd A AIIA 1.0, 2.0, 3.0, 4.0,
5.0 mL (WiHAR . S EMEATRR, 805 T 200 °Crhifi#
20 min(flETH A TAES 50 855 878 A 5.0 mL fisfz |
2.0 mL 40 E L 1.0 mL SUSRBRAT, T Ak i W AR i S

/N, TH RS WA T E AR, S ) R AR Bl
JIN, FESE P R S R £ ke sl AR R, ek R
Fe oA etk
213 UK BB EARAL

TERES A 5.0 mL fiffR+2.0 mL i %L 4+1.0 mL
SEIR, TR TEEP AL 160, 170, 180, 190, 200 °C
BT % 20 min. S5 ERAE 190 °CHY, VTR RN
S/, HIHAR G AR TE EE IR . B R, R
N IR LT A AR (6 AR SR B, RBERR 190 °C
SR R
2.1.4  HRORE AR AT R AR AL

TR A 5.0 mL fiffR+2.0 mL i %L 4+1.0 mL
SRR, TR LL 190 °CA» RIS AL 5. 10, 15,
20, 25 min, 5B E/RTEE 15 min I, ERBIGE SN
B, AR R SRR I B /)N, LB R ) s 3 T
A5 Ak, 1015 min S AT AT
22 LMARREE

ICP-MS MBI SL A TE, Refgik®] 7 MR
FEARARG AR 25 T R AR — R AN FFM T R AR HER W, R
Ja HANES BBl bR R A R X R, WEER P
ATLAE H 21 FOCE bR MR LM R BRI, MR r
WRTZT 09992, W& 1,

23 EERSKLRER

TS A BIKE = 1.3.3 BUF A Xt
TGS i, FEHE 1.3.4 TAMAUETRERIE, A5 LIS
SR 7 25 10T B VA5 e DL ) 10 75 s T fi 2 AF XS
F9 0 2R o R BE LA g i bR, 53 AP DL S e == i
VAR5 W LR 3 A o O 22 R X I P9 O 3% Tk ¥ B2 (L
PERR IR, Jr Y AR5 it (mg/kg), X AR H (g),
S LFR AR 21 Mon R AR | MK MEEEN, %
PEXRRRAF, MHXRE r HRTHET 09992, E&IRN
0.3483~9.9262 pg/L, £ FRA 0.1045~2.9779 ng/L,

24 REE

i AR AR 1.3.3 3 R ECHI A B MR EE 5 pg/L
HITREARAESR A, SRIFESEIAEIE 6 W, TRl EH
FIUR 6 U5 1 BT i VK B 1) AR X bR VE I 22 (relative
standard deviations, RSDs). £5 3 iR 21 FCE i RSDs 43
FIFE 0.34%~3.45% (n=6), RILAHKEHE RLF, Wk L.
2.5 fAaEM

i FHAS WM RS 8 W IR DU RE SR T, 03T 0. 2. 4.
8. 12, 24 h BFFEFEINE A LM R MR BRI 6 &k, It
B RSDs i, RIHINTE 0.75%~2.78% (n=6)Z 8], FEHF
MRE SIS AE IR TR 24 h WEATAE, FEtfRT.
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Table 1 Regression equations, linear ranges, quantitation limits and detection limits

LR i XRRB() RMEE/uyL) ERR/ (/L) it PR A(ng/L) RSDs/%
K Y=365.6524X+7362.2133 0.9994 0~500 0.3483 0.1045 2.73
Ca Y=141.7337X+310361.0197 0.9995 0~500 8.5801 2.5740 1.23
Mg Y=539.3247X+1826.8076 0.9992 0~500 2.2396 0.6719 0.34
Na Y=845.0712X+64299.4728 0.9998 0~500 4.7877 1.4363 1.93
Fe Y=254.0646X+10868.1261 0.9992 0~500 3.9363 1.1809 1.53
Sr Y=7757.8026X+450.0104 0.9995 0~500 0.5790 0.1737 1.65
Mn Y=5949.0956X+273.3372 0.9998 0~500 2.7035 0.8111 1.94
Al Y=138.2958X+592.1204 0.9998 0~500 7.8300 2.3490 1.45
Cr Y=8541.4270X+312149.4924 0.9995 0~500 1.1197 0.3359 1.36
B Y=69.9319X+186.6690 0.9993 0~500 9.9262 2.9779 1.11
Ni Y=6146.3281X+410.0082 0.9996 0~500 1.5364 0.4609 1.87
Ba Y=5501.5809X+756.6937 0.9997 0~500 2.6604 0.7981 3.45
v Y=5883.4424X+199345.6801 0.9998 0~500 0.7573 0.2272 1.31
Ti Y=247762.6411X+1296.7406 0.9998 0~500 1.7908 0.5372 3.41
Zn Y=3228.0540X+5554.6080 0.9994 0~500 2.9793 0.8938 1.42
Se Y=286.2212X 0.9993 0~500 5.3598 1.6079 2.54
Co Y=39828.5308X+243.3369 0.9998 0~500 2.2555 0.6767 2.66
Pb Y=171289.7556X+1043.3816 0.9997 0~500 1.4527 0.4358 2.32
Cu Y=29195.0219X+673.3534 0.9996 0~500 1.0217 0.3065 1.31
As Y=1340.3254X+30.0002 0.9996 0~500 2.4044 0.7213 1.43
Cd ¥=6995.0503X+30.0001 0.9997 0~500 2.6707 0.8012 1.71

2.6 EEM 2.8 HamMELERS S

o 23 Wi PG 3 R B BR T 2 R A R (S5 X 1)

I 6 43 343 WUBEFFRIC, e 1.3.1 30 F 5 el At A,

e JE DEREIN R T 6 R il 21 Rt 2 A0 75 B LA R A R Y
R E Y RSDs, KILHAE 0.37%~3.16% (n=6)Za], F
ARS8y R B R M
2.7 fnEEEEER

8 FH VR B BRI 0 2 A UK BE SRR R R
(45 X1-6) 0.3 g, 36y, SRIGIMA SHE S % 0K
MY BTR A AR S R, R 1.3.1 TR 5 vk At
WREW, FEts AR 0ER, ElESTES
W, IPBE B R, 45 Bk, R B0k
96.30%~101.13%, FHIZME 7 Ik fEmf & R 4F, 5670
RN ERk, gRNE 2,

SRR 6 HEURAS R LK (1SR EEASFE AL A0 A
0.3 g, M 1.3.1 0 kil & Bl i, 2 3hE K 5§ 21
RGOSR, G5 3. ik 3 WLUE, “IkeE
2576 MRFERL P& AT 21 FlOTER, S —E ks, XnTEE
iR, FRITEA K. Ca. Mg, Na, DLK
(17861.32 mg/kg). Ca(7203.14 mg/kg). Mg (4162.3 mg/kg)#X
FEE . M AIE AN — G R, — M Ca &
HoM 1172.5~3012.5 mgkg . Mg &HEH 754.7~1718.4 mg/kg |
K &34 14000~20100 mg/kg!'"2% R, “UREELAE—
FANTT 245 1 3 45 o B R BE I A IR . B AN R & 7
FEZEATERZMMEILE, Fe (129.395 mgkg). Sr
(9.769 mg/kg). Mn (20.282 mg/kg). Zn (6.466 mg/kg). Cr
(11.385 mg/kg). B (42.757 mg/kg). Na (11.604 mg/kg).
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®2 NAFEYUESLIEEE R (n=6)

Table 2 Experimental results of sample addition recovery (n=6)

LR Horet/g RS R ng A /ug /g SIS % RSDs/%
K 0.3 5358.246 5358.00 10712.723£9.651 98.23 0.80
Ca 0.3 2165.092 2165.00 4327.157+6.135 97.77 0.94
Mg 0.3 1249.289 1250.00 2498.966+3.196 98.07 1.29
Na 0.3 3.481 3.00 6.266+0.226 101.13 2.19
Fe 0.3 39.468 40.00 79.251+1.312 98.59 0.85
Sr 0.3 2.931 3.00 5.847+0.152 98.47 0.67
Mn 0.3 6.085 6.00 12.043+0.527 100.72 0.78
Zn 0.3 1.940 2.00 3.949+0.060 96.30 2.08
Cr 0.3 3.416 3.00 6.267+0.237 98.93 1.18
B 0.3 12.827 13.00 25.577+0.945 99.08 2.45
Ba 0.3 0.745 1.00 1.742+0.049 98.22 1.64
Cu 0.3 0.637 1.00 1.742+0.057 98.59 1.28
\Y 0.3 0.062 0.05 0.112+0.063 98.07 1.96
Ti 0.3 0.006 0.005 0.011+0.001 99.01 1.34
Al 0.3 0.486 0.5 0.986+0.225 97.64 1.98
Se 0.3 0.008 0.005 0.013+0.006 98.11 1.68
Co 0.3 0.007 0.005 0.012+0.005 97.15 2.01
Ni 0.3 0.058 0.05 0.108+0.071 99.35 1.07
Pb 0.3 0.012 0.01 0.022+0.004 100.04 0.68
Cd 0.3 0.011 0.01 0.021+0.002 99.16 1.38
As 0.3 0.003 0.005 0.008+0.001 99.89 0.87

®3 HRPHETENSENELR0O=6, mg/kg)
Table 3 Results of determination of trace elements in samples (n=6, mg/kg)

- T é =}
el #uuﬁ%‘ -
FRICR SE M)A
= FE 2 FE 3 ¥ 4 FES FE 6
K 17837.171 17881.47 17870.428 17840.97 17882.26 17855.62 17861.32+9.224
Ca 7204.327 7231.23 7196.229 7233.792 7138.096 7215.156 7203.14+5.4145
Mg 4168.585 4162.193 4158.646 4163.393 4159.181 4161.787 4162.3+3.399
Na 11.079 9.879 12.010 12.077 12.731 11.846 11.604+0.3835
Fe 130.147 121.017 139.391 124.009 123.993 137.811 129.395+3.832
Sr 9.877 9.556 9.576 9.372 10.079 10.153 9.769+0.138
Mn 20.335 20.108 20.505 20.244 20.586 19.915 20.28240.21
Zn 6.218 6.792 6.771 6.745 5914 6.356 6.466+0.069
Cr 11.154 10.903 12.437 11.944 10.410 11.459 11.385+0.1525
B 42918 42.802 42.635 42.986 42.129 43.073 42.757+0.0775

Ba 2.195 2.505 2.063 2.898 2.954 2.281 2.483+0.043
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GREET]
(RRUIVTFES FH{E
1 H:2 3 4 HS 6
Cu 2.195 2.248 2.076 2.154 1.955 2.106 2.122+0.0445
\% 0.231 0.205 0.187 0.196 0.218 0.201 0.206+0.015
Ti 0.011 0.007 0.031 0.025 0.016 0.023 0.019+0.006
Al 1.684 1.768 1.486 1.384 1.861 1.538 1.621+0.073
Se 0.014 0.008 0.039 0.024 0.054 0.019 0.026+0.0025
Co 0.016 0.004 0.047 0.014 0.022 0.034 0.023+0.009
Ni 0.181 0.216 0.253 0.143 0.155 0.207 0.193+0.013
Pb 0.033 0.067 0.018 0.029 0.057 0.034 0.040+0.0005
Cd 0.021 0.019 0.027 0.061 0.048 0.035 0.035+0.007
As 0.009 0.003 0.017 0.011 0.001 0.012 0.009+0.0015
s ow TG e 5 LA TS R PO
v

A ICP-MS 4 TR T 28 e B 45 5 52 3| 2 i 4
RS BT, BT SRR i AR A T AR A TIAL B, A
WAL R AL, AHHF GB 5009.268—2016¢ 1 i %
SEFAE BRPZITENE ), BRI T R
AR, gk TR AR, [l IE AR R B T 58
SIEAR E Y, W T 2R TS SR 1 R . R ICP-MS
JUF 5l TAEGE 3 W 05 1 R 2500 s, AN LA TR i
MEERE, WA ZAmR, #ER, REEs. #
Warkly, BWCARR. 5. REER . 1k & ITH
K= B4 JE TR IR . SO T R AR A i
S )y AT 2 R AP 6 ICP-MS FE <SR 45h
TUE Fr i MRV M E Bk, ARRIE Y ARG
B K., Ca, Mg &H HILE, 4 Fe. Sr. Mn S5 I0E,
It 21 FocE, AT TR & 8 RIS IEIZ AR L 1
2t R R e, RE R M. T i, AT
PR MR B 2200 1 — 2P B S 2SI 5 B, LAtk
K554y 2 #EH ICP-MS RS
®

AT HE ST T L G 55 B A BT vk ] B 2 <K
BEATH 21 FREHLCRE SRS FERESR ALK
FIALFREAF AT AL, SR)5 R ICP-MS HEATINE o 45
FE/R, BEY 21 FOCR ML R BIF, HAruEY
7 0~500 pg/L (r WATFET 0.9992), EHPFRHA 0.3483~
9.9262 pg/L, K HiBRH 0.1045~2.9779 pg/L, KB | FaE
P, EE A PESIIR B RSDs < 3.45%, I RE [ g R N
96.30%~101.13% (RSDs 4 0.67%~2.45%, n=6), £if5¥5
VIl 2R, B R R RN, BB GSE T

4 &

AL, SEINTR Ay, T ELRCR R, 0 BT AR X R,
FAGRE T, [ RE 44 SR R R S R M S, 1
BT A I U R A IE . S IE LSRR,
“BREEZRR KL Ca, Mg iIXEEHHITR S BES, Fe, Sr,
Mn SRR CRMIWAR TR, EE AN FE-dar
UK R P S I FE SRR, S AT B
CORBEARIRMIES T . IO, CHRBEARTTESNIR ST RIPIRS
RAEEBERIVER, LURA DS AT E— P AR R I o
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