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ABSTRACT: Objective To establish an analytical method for the simultaneous determination of 25 kinds of
elements in Apium graveolens powder using microwave digestion-inductively coupled plasma mass spectrometry
(ICP-MS), and evaluate the practical application capability of the method through quality control assessment (test
samples) conducted by the national food safety risk monitoring. Methods The samples were subjected to microwave
digestion treatment and measured using the ICP-MS method in collision reaction cell mode, with matrix interference
corrected by online internal standard. The linear range, limit of detection, precision and accuracy of the method were
investigated. Utilizing the quality control assessment results of Pb, Cd, Hg and Ni from each participating laboratory, the
proficiency was evaluated using the Z-score method. Results The 25 kinds of elements exhibited good linear
relationships within their respective concentration ranges, with r no less than 0.999. The limits of detection ranged from
0.0001 mg/kg to 0.4000 mg/kg, while the limits of quantitation spanned from 0.00029 mg/kg to 1.40000 mg/kg. For the
Apium graveolens leaf reference material, the relative standard deviation (RSD) of 6 parallel measurements ranged from
0.4% to 9.9%, and all measured values fell within the uncertainty range. The assessment |Z| values for our laboratory
were as follows: Pb: 2, Cd: 0.11, Hg: 0.86 and Ni: 0. All received satisfactory evaluations. Compared to other
participating laboratories, our laboratory’s lead Z value was at the borderline, while the |Z| absolute values of cadmium,
mercury and nickel were all less than 1, indicating excellent performance. Conclusion This method has high
sensitivity, good accuracy and good reproducibility, and can meet the requirements of simultaneous determination of
multiple elements in Apium graveolens and other substrates. The method has known limitations for the determination of
aluminum, and it needs hydrofluoric acid assisted digestion to determine total aluminum. This method provides reliable
technical support for food safety monitoring.

KEY WORDS: microwave digestion; inductively coupled plasma mass spectrometry; multi-element determination;

method validation; quality control assessment
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1.1 XFE5R

Agilent 8800 FLJEHE G 45 B4 TR T AN (6 [ MR R}
BARA ), MARS6 % AR IR (GE R CEM 2 H]);
09C20 R (-1 [ fb 2= B A BR A FD); BS323S T4
2GRV (P B8 Z R A )

TR (65%, Lgesl, T8I A R, L5 K ki
4K (R BHR 18.2 MQ-cm): HITEARERM: K. Na, Mg,
Ca. Fe(JERHE VW 1000 pg/mL, 1 EHEREHFRIT);
Hg(Bi it 100 pg/mL, HEIFEFFZEI5BL);, £20R
TR A ARE M (GNM-M259345-2013, %5 Al, As. B. Ba.
Cd, Co., Cr, Cu, Li, Mn, Mo, Ni, Pb, Rb., Sb, Se,
Sn, Sr. V. Zn)[FiEHE 100 pg/mL, EZEA 4R N
F R IR O E AR OB A R A A, R
% £ (5191-4570, &% Bi. Ge. In. Lu. Rh, Sc)(Fimifk
FE 100 pg/mL, 2 EZHASARAR), HIUEFRHEYT: 7
FM(GBW10048a) . HH A& M (GSB-11a)(H F th i Bl 2 g
BRYFE I ER Ak 2 A A 5T )

1.2 fRELESRECH

PR F: K Na Mg . Ca Fe BYFEHE R 50.0 pg/mL;
Li, B, Al, Mn, Cu, Zn, Sr, Ba, Sn, Rb, V., Cr, Co.
Ni. As. Se. Mo, Cd. Sb. Pb i &% & 500 ng/mL; Hg
F JoT Ve BE SR 10.0 pg/mL.

FREZF: K. Na,Mg. Ca.Fe Btk J# 4 0~50.0 pg/mL;
Li. B, Al, Mn, Cu. Zn, Sr. Ba., Sn. Rb JikE N
0~500 ng/mL; V. Cr. Co. Ni. As. Se. Mo. Cd. Sb,
Pb JEH K E A 0~100 ng/mL; Hg i 54 £ 24 0~2.0 ng/mL(EH
FHERAD) . PIARIATR(1.0 ng/mL)FELRS | A
1.3 HmaraE

FREUK BEXS ST SRR Al 0.5 g TSR DU & 05 T i
R, A 6 mL fiER, N B, e R R, T
P AT TH 8 120 °CPREE S min, 160 °CRAHF 10 min,
190 °C17-#5 25 min, TH# 1600 W, W ilL5 R 5 E1 ZE 1,
GEARHE, KA TR 1 120 ORI T,
FBAUKK BB E R E 25 mL, IRAE LB EE
WAEI o TRI AT 8 2 AR 28 11 ASBIF S oA il FH U R,
HWARETE &R Al BERREL . FTME R AL W 7ETH IR
RMA 0.5 mL 2RI, JEASMNETTEBRIE R,

1.4 ICP-MS T{E& %t

SHARINEE 1550 W, B F ISR 15.0 L/min; (S
Wi 1.0 L/min; BRI 0.9 L/min; SRAEREE 8 mm; %5
EEWE 2 °C; BEfE U <(4.0 mL/min), RN BE
W, TwHE 3K,
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U {E
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T AFRENEFRE TR 80%~120%22 (7]
22 FHAEFWIE
221 SMEEE. AEREZER

25 FOCER MFRHEIN AR REIIA/NTF 0.999, Lk
KRR BRI RAERRILE 1. WEITE K.
Na, Ca, Mg. Fe ByKHBRJ 0.0020~0.4000 mg/kg, JEHAT
0% As. Cd. Hg. Pb R HFRIEZ 0.0001~0.0010 mg/ke,
REAEIE /2 GB 2762—2022( B Z L E &AM S5
YIBR G ) bl H T Y B BRI R . Cd BURE HE R A
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I, AR T ICP-MS 7ERIR /T P IR E
222 MBEHELEHE
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# RSD H 0.4%~9.9%, Mo ] RSD #AI, Li #ci, K &8I0
# Hg. Se 1Y RSD ¥J/NF 10%, T IR EAMrER, LM
AR EY R — A B0, S50 3, TN E (e e
P (AN A S BT O, 3R BH v AT R PO MERR B, FL
5 RS [v) 5L J5 P93 17 R4
223 R¥EFEHLEEE Nkt

AT A ARBFSE S0 A 2 4 R
M s % 4%, ME Pb, Cd. Hg. Ni, 258K Z{EWFE 4,
4FITEM|Z <2, EFFAREEIN P 1Y ZEFHT 2, 4
TR, PERIR R P I AT S TG s il A A T4
Cd I Ni (il (6 SHrfEEY) & He ZERE R T RIR
U, BOUE T AR L BE s R B B s bt 1) A 8k

HHAS IR ERE A Wk 17 FSRLHEN
AR, GBIt Z Mo KR, 45 R0
5. AW 4 FonEeFEL, LT AR EEELE,
Cd. Ni JllERMEH, Pb b TS T 2R =,
— AR Ty R
224 FrikARRE: R AR RS R T AR AR RS T

AR MET LIRS, et Al
FEHA 143 mg/kg, KT IUEFE(400£70) mg/kg, ZHTIAA,
FIIPERE SRR o Al DARRGE AR RERRERTE UL 78, AT
FEPT R FH A SRR A T A AR R JC IR e R I e e R dh, S8
5 25 SRR K IS 8 T O AR S B 2 HRIBR
7t R I R R S P BB AL BT R R A
0.5 mL SR, FFEIIMIEI TR B,

F2 FRAMREYRIE R

F=1 LMl HXAEH. KLERFMEER(N=10)
Table 1 Linear range, correlation coefficient, limit of detection
and limit of quantitation (n=10)

= A\ =X
ok w0 Jaie R
il g/kg) /(mg/kg)
Li 0~500.0 ng/mL  0.999 0.0010 0.0040
B 0~500.0 ng/mL  0.999 0.0100 0.0300
Na 0~50.0 pg/mL 0.999 0.1000 0.4000
Mg 0~50.0 pg/mL 0.999 0.1000 0.2000
Al 0~500.0 ng/mL  0.999 0.0200 0.0800
K 0~50.0 pg/mL 0.999 0.4000 1.4000
Ca 0~50.0 pg/mL 0.999 0.4000 1.3000
v 0~100.0 ng/mL  0.999 0.0010 0.0020
Cr 0~100.0 ng/mL  0.999 0.0020 0.0070
Mn 0~500.0 ng/mL  0.999 0.0010 0.0050
Fe 0~50.0 pg/mL 0.999 0.0020 0.0060
Co 0~100.0 ng/mL  0.999 0.0010 0.0020
Ni 0~100.0 ng/mL  1.000 0.0010 0.0030
Cu 0~500.0 ng/mL  0.999 0.0030 0.0100
Zn 0~500.0 ng/mL  0.999 0.0200 0.0700
As 0~100.0 ng/mL  0.999 0.0002 0.0008
Se 0~100.0 ng/mL  0.999 0.0040 0.0100
Rb 0~500.0 ng/mL  0.999 0.0010 0.0030
Sr 0~500.0 ng/mL  1.000 0.0100 0.0200
Mo 0~100.0 ng/mL  0.999 0.0004 0.0010
cd 0~100.0 ng/mL  0.999 0.0001 0.0003
Sn 0~500.0 ng/mL  1.000 0.0010 0.0050
Sb 0~100.0 ng/mL  0.999 0.0003 0.0009
Ba 0~500.0 ng/mL  1.000 0.0020 0.0070
Hg 0~100.0 ng/mL  0.999 0.0002 0.0006
Pb 0~100.0 ng/mL  0.999 0.0010 0.0030

e AN K R=3SD/B, E®B=10SD/B, SD N 10 K4
FRZS I E PR MER 22, B RS HERT R RBR

A E IR 0 45 R (n=6)

Table 2 Precision and accuracy test results of Apium graveolens leaf reference material (N=6)

JLH FHIE/(mg/kg) RSDs/% FriEE/(mg/kg) JLR T {H/(mg/kg) RSDs/% P iEAE/(mg/kg)
Li 0.813 9.9 0.840+0.150 Cu 5.86 1.4 6.30+0.70
B 34.6 3.8 37.0+3.0 Zn 24.2 2.1 26.0+3.0
Na 1.97x10* 3.4 1.70x10*+3000.00 As 0.12 2.3 0.13+0.02
Mg 3.81x10° 43 3.70x10%£200.00 Se 0.0555 5.2 0.0630+0.0220
Al 143 3.0 400+£70 Rb 4.73 1.4 5.20+0.50
K 1.22x10* 1.4 1.25%10%£800.00 Sr 89.2 1.1 94.0+6.0
Ca 9.50x10° 2.0 9.30x10°+400.00 Mo 0.372 0.4 0.400+0.030
Y% 0.24 1.6 0.28+0.04 cd 0.167 5.1 0.160+0.020
Cr 0.66 3.4 0.73%0.11 Sn 0.0344 4.9 (0.03)"
Mn 33.7 4.0 33.0+3.0 Sb 0.0293 3.8 0.0300£0.0060
Fe 128 3.4 130+10 Ba 9.09 2.7 9.30+0.70
Co 0.0518 43 0.0600+£0.0100 Hg 0.0102 5.4 0.0113+0.0019
Ni 0.692 2.3 0.780+0.10 Pb 0.158 22 0.190+0.040

T * BN NS, UET PAREE AL ARl me/kg; T-39{H =100 (REIHEEL, 10<BU(H<100 fRET 1 Hi/NEL, HUfE<10 1757 3 D/
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Table 3 Test results of citrus leaf reference material

TLHR 1 E {f/(mg/kg) M/ (mg/kg) TLH MEE/(mg/kg) AT/ (mg/kg)
As 0.589 0.580+0.070 Mo 0.0762 0.0900+0.0200
B 38 3643 Na 131 120+20

Ba 213 200+20 Ni 6.32 7.10+0.70
Ca 3.62x10* 3.60x10£2000.00 Pb 2.64 2.40+0.40
Cd 0.0596 0.0580+0.0070 Rb 5.45 5.80+0.70
Co 0.264 0.300+0.040 Sb 0.106 0.120+0.020
Cr 1.19 1.20+0.20 Se 0.385 0.360+0.050
Cu 4.42 4.60+0.50 Sn 0.224 0.190+0.050
Fe 501 480+50 Sr 167 150420
K 7.60x10° 8.10x10°+900.00 v 0.964 0.980+0.150
Li 1.27 1.30+0.20 Zn 233 23.043.0
Mg 3.20x10° 3.20x10°£200.00 Hg 0.121 0.130+0.020
Mn 142 140+10

T RS FPARHE( 7 R e me/kg.

®4 FAMRBUZTERER

Table 4 Quality control assessment results of this study

o DS bR Iz

it FRYG WIBRBE BRI . A FE A 25 1F T PR 700 7 45 SR A
XA ZE, BT A OCERFATINE MR ZE BN TET 10.0%,

E-S . Zfq WS FEEEMERT.
/(mg/kg)  /(mg/kg) R : ¥
Pb 0.180 0.120 0.028 200  WE A i e g .
— *5 ZXWNEREERZESHSIT
Cd 0.069 0.071 0.018 —0.11 ks Table 5 Statistics of Z-value distribution for laboratory quality
Hg 0.028 0.022 0.007 0.86 e control assessment
Ni 0940 0.940 0.188 0o ikE - RS KBRS
JLHE Z fHIEH =Rz @I ER% P
2.3 SERFREESRINE <2)
. S . . Pb -1.16~9.41 12 70.6 81
N A J B 6 SEBRAE fh AT 25 ROt RDE, SR o S 000.0a > ol Py
PN . ~2.00~0. . 55 541
AT AE, A5RILER 6. W HILER K. Ca. Na, Mg, Fe " vy = P s
N N g —2.26~9. : A
TR, MEICEK Zn, Mn., Ba FAFIERKE; AE < iaes ” o~ .
. N i —1.24~4. . A
JLE Pb. Cd. As. Hg #fEF GB 2762—2022 Higi K -
F6 LIRHEREMER
Table 6 Test results of actual sample
F g AN E AHX AH 22 S (B AN R B AHXFAH 22
- /(mg/kg) /(mg/kg) 1% - /(mg/kg) /(mg/kg) /%
Ba 6.8400 0.10600 2.0 Na 1.24x10* 354.00000 4.0
\% 2.4200 0.03540 2.0 Ni 3.0200 0.13400 6.0
Ca 1.38x10* 141.00000 1.0 B 19.3000 0.28300 2.0
cd 1.0800 0.02120 3.0 Pb 0.9390 0.00707 1.0
Cr 7.3800 0.14800 3.0 Rb 5.7200 0.06360 2.0
Hg 0.0292 0.00134 6.0 As 0.3400 0.01130 5.0
Co 0.4460 0.00919 3.0 Sr 24.6000 0.49500 3.0
K 5.00x10* 636.00000 2.0 Sb 0.0516 0.00339 9.0
Li 43300 0.01410 0.5 Fe 1.08x10° 28.30000 4.0
Al 1.36x10° 49.50000 5.0 Cu 6.4400 0.47400 10.0
Mg 3.52x10° 77.80000 3.0 Se 0.1000 0.00113 2.0
Mn 214.0000 3.540000 2.0 Sn 0.1380 0.00495 5.0
Mo 0.0983 0.00523 8.0 Zn 103.0000 2.83000 4.0

TE: B E B Ik o A2 P A B O 25
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0.0001~0.0010 mg/kg, fiT LRIk, 1525 TRERE R
It AT R 2 S5 8 T, DA i B X DR L Y
Xl ve b o3 BE ROV 1) AT AN . 5 E AR HER E, AT
RAETC RSO AT EESCRE A R A LAY, (1
FET IS B O A e R L IS A o8 A M A B AT T BE
BT TR A . SRR, AR R . R
KyrTHae ¥ W0, & T EE R
IR TR R

JEF A — 2 B T ik S BRI RE T o ARBESE
Pb. Cd. Hg. NiM|ZfE5r 500 2. 0.11. 0.86. 0, &
B 52FBRLEEME, Cd. Hg, Ni LS, Pb 1Y Z
{HAL T AR . A RAR, R Pb E 2 S 5L i
FIMES, FIRES Pb AEMEH T 12 A RIS i
W R B 6, R ghisafb el fas Cr s il, et g
AFRHEIIA B o (HAFF AR, AR5 3% Al Bl E 17
1EC AR BR—7 S bR e o b AL 0 (AR T 0E B,
TR FREBR IR R IGEE TR Al GERRER, XIS 5HICIRIE
—8, BBAES Al FESIIN R T RPN AR . 25 L,
ARJ P ATEESE T, S5 SR gE Al i — A e S Y R
SERE L ALTE T 5.
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