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W OE: BB OB % TS 7L (inductively  coupled plasma mass spectrometry,
ICP-MS) R Yot ok b 18 FEHICER I k. AR RO I A X U R T ORI Sl 2R 7 Ah 2,
K ICP-MS WL, X HiTAL Bt B AL S5 AT T 004k, XS ik vk Re T 4%, JRFZ T 4 fiEhi g
TR 18 MOCR S EMIN ., ER R ELMNE T, LM R RIF(r>0.995), KM% EE, 18 Fiot
F BRI 96.4%~107.3%, HIXTFRifE(R 2 (relative standard deviation, RSD) W 0.3%~5.9%. &€ ik
TH % -1ICP-MS JE AT AL P AR (A B0, A3AFrisf (), vkl | ERf . AT SE, REASHE L VDT vh Z R0 02 A i A
T2
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Simultaneous determination of 18 kinds of inorganic elements in
sea-buckthorn juice by microwave digestion-inductively
coupled plasma mass-spectrometry
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(National Institutes for Food and Drug Control, Beijing 100050, China)

ABSTRACT: Objective To establish a method for simultaneous determination of 18 kinds of inorganic elements in
sea-buckthorn juice by microwave digestion-inductively coupled plasma-mass spectrometry (ICP-MS). Methods
The sea-buckthorn juice beverage samples were processed by microwave digestion method, then determined by
ICP-MS, and the pretreatment process and instrument conditions were optimized. The performance of the method was
examined, and the method was applied to detect 18 kinds of inorganic elements in 4 batches of commercially
available sea-buckthorn juice samples. Results The method had a wide linear range, good linearity (r>0.995), high
precision, the recoveries of 18 kinds of inorganic elements were 96.4%-107.3%, and the relative standard deviations
(RSDs) were 0.3%-5.9%. Conclusion This method has a simple pretreatment process and a short analysis time. It is
fast, accurate and reliable, and is suitable for simultaneous determination of various elements in sea-buckthorn juice.
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VR A F & B, SR ARV BT I R s R AL BF
REWDBIT T SAER . W, Al b RO
A, ARSI E B Y AT AR AT B i ST R EE
XPFE A S DNA A A R i IR E R, HoA
A AL IEPED), Beata 7T R VD AP A XHAYT O
M BERGA 35 1 DTS LAY, I A B i
Wil B ARV T R AT RE (IR, T B T K,
B —FPRIR . g PRAd ., BRI AR B UOR, 155
AT IR

T h S A Z RS LA O LR IC R, E
Hrh TR & A BT A28 T Bt i (R s
o HET, FFWE v T s R W 5 A SRl
i B9 R0 SR G S S 1 MR BT V£ (inductively
coupled plasma mass spectrometry, ICP-MS),, k42 £ 251y
5911 2R FH KRR T TR A2 R S8 D IR AT 2 T VD
i 16 TR, A PR AR IR I
TS Cu. Zn, Mn Ml Fe 55 4 FionE . D
OrRES R R, (AR AR, AR S, SR
R o B L] B 5 U OR P O T A1 SR DT IR  E TY
WO R 2O R, (ERRRE R Z AT R R
T2 P B VT A A U TR R BRI T - VG I o i
HIME VO e . Bl SR, RO T AR AR
YN BAERE, & T YOS R 2012 £ 2,
TRIHE 0 A - Fh SRR B 5 1 IR BT vk i o Ui L 1
T A T P T B DN o ARFIIRAE R F ICM-MS 50
FE TR 4 FOSRIBUE BRI R 10 MR TR,
UEWR R 0D R R P i R S A 22 5
GETHRAE XS [R] P v i s TR TR A, OF
XD A 2R ) % A SR F ICP-MS
PE T b 18 FhOTER & ht, LAIE C b8 R R
VDI A T TR AR RS B ERE, R TR AP IR kR
USISR P (ol 104 fip s B AT R AL B, SR ICP-MS B E T
VA 13 P oo R A, UE B I i -ICP-MS
B RO R PR PR | Ze MY TR LA, B
e ST IPR  R. THEA A TR e b O T R
) H

VDT R ROk, 1A YR X
VPO OB P B U R S R HEA TR, AT S OB ST L A TE A
PRARLIARYE . AT, S TR #-ICP-MS 2005 V)i
TR Z R & i TAE AR ILRGE . AT R R
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PR HEATRE R ATAL B, SR ICP-MS ¥k [RIRHIE 1 i 65
UG ORH R 18 R EOCR MR R I E SRR
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2.1 #MREE

iCap-Q Hi B & 45 & F A B [ (32 # Thermo Fisher
A )); MARS-express U 1 #AX (35 [ CEM 23 #); Milli-Q
afi K3 [ Sartorius 23 H]); BHW-09C T =X B infAviE i
(T A 2R R B AT RS ] ); METTLER AL204 HLFK
S (3 [# Mettler Toledo /A ]).

filslR . AUEOK (st [ 25 5 AT BRA Fl); 20K
GFRUER R (fU45 Ca. K. Mg. Na, Al, Fe, Sr. Ba,
Cu. Mn, As, Cd. Co. Cr, Ni, Pb, Tl, Sn %%, R
PR & U R B LR 1) AFRTTRAHEH (L) . $5(Ge).
$2(Y). B(In) . SRRe)(HEEH N 1000 ug/mL, INORGANIC
VENTURES A H); BRI (LD) . £h(Co). #(In).
fh(U). B(Ba). 4li(Ce) 3N 1.0 pg/L, ZE Thermo
Fisher A F])o.

TIEVPBT TR, 36 491t PR 3 41, T
F AT PREEREAL 3L, W E RN
22 HmErEiE

FE I 1.0 mL YPRRTERESL, B T RIS IR0 %
HEP, IARNER 5.0 mL ALK 0.5 mL 5, F 100 °C R
20 min AT HUH R . REEERIGEE, AT
A R TE R AN T RIR IR (120 °C)fRHF 3 min, LU
6 °C/min JFZ& 150 °C, f#if 2 min, FELL 6 °C/min J+Z&
180 °CHAEE 20 min, WEHE=WF, WOHCE, F 100°CTF
AR 220 | mL 24y, FIRSIKGEY, B4 E 30 mL,
R RIS R 25 1
23 FERREH

WARPRIEIR 2 S% BRI AR B 5, 1921k R
10 ng/mL [ NARTR AW

HINZITCRIRAERRGE R, & SY%RHIR I R R,
1R ICE M RV W . PRl b &k R R N SR 1
TR
2.4 FEGRNE

DABRHETEE T ICP-MS (a7, i3 R
BE LA OB A A HER A R AR s B e R R
R SRV R B, TR 5 LA ARV A A DU

IR 225 55 F: ST 1550 W; 55 B AR ik
14 L/min; ZALS 708 0.8 L/min; L= 3 °C; REE
HEAARILHEYS ) NI #E; SRAEIRE: 5 mm; RifES: He(>
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99.999%); ¥ii#: 4.2 mL/min; ZE#: 40 r/min; 3F B8 A(E]:
0.02's; HILRAWH: 3 K.
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Table 1 The concentration of stock solution and serial standard
solutions for each element

e it WMk B b it 2k 2
/(ug/mL) /(ug/mL)

Ca, K. Mg. Na 2000 0.4,2,4,12,20

Al, Fe 500 0.1,0.5,1,3,5

Sr 100 0.02,0.1,0.2,0.6, 1
Ba, Cu. Mn 50 0.01, 0.05, 0.1, 0.3, 0.5

As. Cd. Co. Cr. Ni, 5 1 5.10. 30. 50
Pb. TI T

Sn 0.5 0.1,0.5,1,3,5

3 HEREHR

3.1 LI EMHFEEF
3.1.1 HobAT4

JCEATHT IR A, FR b A Ak PR R GE R L FE KR
WL MBI . RO, TIRAGEES RS 1Y
RO N A . SR IR T AR, T T AR i %
FERTECK, TH AR P AR A7 R X S IR K o Wi T A
DAE T RS AT T, BA TR, &R, R =
NIRRT ELT IR TS G, R S SRR A B P A
w F R 5

VO RE S I A R VRS SE 52 BRI AT TR A, B
Ja HE SO VS R ASGHEA T TR AT A . RV TR AT B B
TR, BRI HNO;-H,0, 1R R TG A . AR B
HRBRME R A L, o E A E N R, B Ak
FERBE TR A Y . LR R, TR, RN
FEAE KRR OIS AR S B E 1.0 mL Z2 A1, SR 5 mL
EAR+0.5 mL 1 FAb SR TE AT, B ADAEAE & 8 4T A,
BTG O BRI
3.1.2 MERML & 6h i

I E [ 26 BB SR U A AR L ey, Hofth
JLE TN, AJ5k, Ca LR FER MR RN
OCa, MIAEATEF, ARSI PAr , PE R A7 LA,
2%t Ca BN SE 3 AL T4 . PRI BRI Y *Ca
W R, SR FERFENFEMERE Fe, SERAHAS
IR Ar-+0) ¥ J5 fof A TR, 0 32 48 2k O 38 F B VR R 11
TFe Mttt HATUR I IR M R .

3.1.3 AFRATEHLRR

DR A S SR B B A, AR ) BRI 23
TR G ZE 7= A S FH, T8 o3 B AAC IO 2 M A ARG 174 i
FISCHE . N bRIE 20 SEUREON P A fMEEE L, BOAR I 93 R
FHAFRE IE PR M BRI T4 . AR IE IR R ALEE L.
BGe. ¥Y. "PIn, "Re, FHE 23~39 LK, HEFE Li
VE R AR, JREECN 44~75 I P Ge 1R N bR, T Ak
88 HERE Y M N RR, B 111~137 (34 ' PIn
YERI IR DA IEAR R AR INAR, 20 50 0 I A v
25 VR TRORIVRE SV T, AT A e A T VD T R i 4 3 1
BN o
32 FBEMESH
321 &MXA

FEI SR 25, & 03 1Y R 9 bR s AR R 3E
B, RIEL NAREIE, PEfT ICP-MS 207, LA 18 ot
(R B AR AR AR, LA T 2 SR I I RRTTE(EL Y LR
ARRR, PEATRAEII 00T, 18 PTG . 2k )y
L MIRARBSI TR 2 o 45K, 18 Rt RLEMuR
e, YETE RN R RAF(r > 0.995),
322 #hmRAEEE

DATRIRE I R 2 R 48 11 GREAL 2 IR, JEZE
SE, WA ITCRMBAE bR EmZE, DL 3 RrbRiEm2EpE L
AH R 0 3 B o 2R A Rk, T 45 0 R B9 AR S BR (limit
of detection, LOD), Z53RUNZ 2 Frn, LM R S0 &5+
dh, PATIIE 6 Uk, MIE S TR M A AR 6 A E
g5, TS A o0 R (E 1Y A AR HE R 22 (relative
standard deviation, RSD), #5R0L3& 2., 25 %0, ICP-MS
P AE 18 FionE A RSD YLK 0.6%~5.5%, UiHHZ 7k
K AT .
323 R FEE

EEXT AU ORMEE &, MR L T R A, HE
TR TS . AR SR ATIE 3 Uk, ARYE 3 wilE 4
VXM, THERE SRR SR R X AR D 22, 25 551
F22 3 b SRR, YRTTRESL R, 18 FhOTE MR [El
WG K 96.4%~107.3%, RSD JE N 0.3%~5.9%, 5]
O MER T, BENS T L VDT OR R Z R OT A2 1
B3R,
34 HMUNELER

IRIEA T3, ME T 3 T B YO GRE Ay
i’ 1~3)F1 1 HETT B IRARRE VD BT RO FE S 45 4)
18 FOCE i, MIE SN 4 Fis K 4l s, #
SRS Y 4 AT EIKIRE K. Na, Ca, Mg, Fe JC
A RVE R 1.8~2.8 mg/L, Mn TTZE &4 0.3~1.0 mg/L,
Sr LE TN 0.1~0.2 mg/L. FILH WL, VBT A
A IR ICE Fe, Al, Mn, Sr, Cu F LR ST EE S
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MTESBICE, B Sn TEXERIEE AN 003~
0.04 mg/L, 1 S#:4 Pb T~ 0.048 mg/L, R4l GB
2762-2017 FHLENS, okl PoCR R 1T 2H0kH<0.05 mg/L,
Sn FE <150 mgkg, HLVHITAKPESBESEMNS

F2 BRUENLMERE. &MHRE BXERY RUREEEREE(n=6)

Table 2 Linear equations, correlation coefficients, linear range, LOD and RSD for each element (n=6)

EFRELE . HE4EIGE, 0 Ni. Cd BRhREH. As
TEAET 0.003 mg/L, Ba &L A 0.03~0.1 mg/L, Tl
Fr A 0.002~0.004 mg/L, R HHE X AT BE SV BAE S
2GR b IX, 295 YRR R A K

LR LM LM LR P ()] A i iR RSD/%
»Na 0.4~20pg/mL Y=4385664X+223888 0.9993 0.004 pg/mL 1.6
*Mg 0.4~20pug/mL Y=1859719X+45933 0.9983 0.002 pg/mL 5.1
TAl 0.1~5 pg/mL Y=611854X+13255 0.9978 0.005 pg/mL 4.8
¥K 0.4~20 pg/mL Y=1582516X+170260 0.9997 0.008 pug/mL 2.8
#Ca 0.4~20 pg/mL Y=125455X+20200 0.9998 0.02 pg/mL 4.6
S2Cr 1~50 ng/mL Y=31778X+3769 0.9987 0.02 ng/mL 1.8
Mn 10~500 ng/mL Y=20779X+44533 0.9986 0.1 ng/mL 3.1
*'Fe 0.1~5ug/mL Y=846770X+6460 0.9984 0.001pg/mL 3.5
*Co 1~50 ng/mL Y=57207X+433 0.9994 0.001 ng/mL 5.5
ONi 1~50 ng/mL Y=13076X+34651 0.9951 0.15 ng/mL 2.3
$Cu 10~500 ng/mL Y=35230X+13798 0.9973 0.02 ng/mL 3.7
As 1~50 ng/mL Y=2618X+40 0.9991 0.02 ng/mL 43
58Sy 20~1000 ng/mL Y=24422X+10379 0.9989 0.03 ng/mL 3.8
ed 1~50 ng/mL Y=11805X+175 0.9982 0.08 ng/mL 33
18Sn 0.1~5 ng/mL Y=26845X+6618 0.9981 0.03 ng/mL 1.7
Y"Ba 10~500 ng/mL Y=11980X+9225 0.9989 0.10 ng/mL 2.2
20571 1~50 ng/mL Y=227833X+303 0.9969 0.0002 ng/mL 2.5
208pp 1~50 ng/mL Y=153352X+41191 0.9967 0.02 ng/mL 0.6
=3 MAREMEERLE R (n=3)
Table 3 Recovery test result of the method (N=3)
JLH TR e B i B SN e EEEA RSD/%
“Na 2.89 ug/mL 2.0 pg/mL 4.98 pug/mL 101.7 2.8
¥Mg 0.13pg/mL 0.20pg/mL 0.33pug/mL 99.4 1.7
SN 0.031pg/mL 0.05 pg/mL 0.079ug/mL 97.3 4.0
¥K 9.24pg/mL 10.0pg/mL 20.4pug/mL 106.1 0.3
*Ca 0.28pg/mL 0.20pg/mL 0.48pg/mL 99.4 3.2
S2Cr 0.89 ng/mL 0.50 ng/mL 1.38 ng/mL 99.1 23
Mn 5.24 ng/mL 5.0 ng/mL 10.15 ng/mL 99.1 3.5
*'Fe 0.047 pg/mL 0.05pug/mL 0.09pug/mL 96.6 2.5
*Co 0.046 ng/mL 0.50 ng/mL 0.53 ng/mL 97.8 3.3
ONi / 15.0 ng/mL 14.5 ng/mL 96.4 3.4
#Cu 0.93 ng/mL 0.50 ng/mL 1.47 ng/mL 102.9 1.5
As / 5.0 ng/mL 5.00 ng/mL 100.0 3.1
88Sr 1.65 ng/mL 1.2 ng/mL 2.9 ng/mL 102.4 2.9
ed / 0.50 ng/mL 0.51 ng/mL 102.2 48
1830 0.69 ng/mL 0.50 ng/mL 1.20 ng/mL 100.8 5.8
Y"Ba 0.93 ng/mL 5.0 ng/mL 6.14 ng/mL 103.5 48
20571 / 0.50 ng/mL 0.54 ng/mL 107.3 5.9
208pp 0.80 ng/mL 0.50 ng/mL 1.29 ng/mL 99.4 4.6
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Table 4 The determination results of 18 kinds of element in 4 batches of commercial samples/(mg/L)
gﬁ% 231\]a 241\/1g 27A1 39K 44Ca SZCr SSMn 57Fe 59C0 GONi 63Cu 75AS 88Sr lllcd llssn 137Ba ZOSTI ZOSPb
1 174 7.8 1.9 554 17 005 0.3 28 0.003 AKH 006 0.003 0.1 KA 004 006 0.0003 0.048
2 169 6.6 09 569 13 0.02 02 1.9 0001 KKH 005 - 01 KKH 004  0.03 0.0002 0.007
3 187 75 1.1 568 22 002 03 23 0002 KKH 0.05 - 0.1 AREH  0.03  0.04 0.0002 0.008
4 199 22 1.1 406 37 0.03 1.0 1.8 0.006 KK 0.18 0002 02 FKKH KEH 010 00004 0.005

TR, ARTERIR, B, PAs 19 R 0.0018 mg/L.

B A8 T 85 T 2B U0 TR T AR RIS TP b v BT AR
B, Na, Al, K. Cr, Fe, St HLETEERE/N, 1M Mg,
Ca, Mn. Cu 4 FIUCE SR ZNE K, BUMBEIBITIK
R, Mg &R 22 mg/L, B ORPEIESY 7.3 mg/L,
PIE A 2E 3 i MR R DT ROR T Ca 6N
37 mg/L, AR Ca & EAFIME(17.3 mg/L)Y 2.1
s Mn., Cu., Ba 3 FIUCE WA 2~3 5 ER. XATRER
FH T 3006, 2 ORI 2 7 BB RE TR, 7 K ) 22 S 55,

T ERPR 2 OB AL 7 IS/, S B U ) o AR

S, X AT A TR AR .
4 4

VO YCR R AN R AR B A8 AR T4 R OU R,
4l K. Na, Ca, Mg. Fe. Mn. Sr & Ti% AMAHERE
SEJRIUE T AR EAR, XTI RESE VDA KA i 2 3k T Y
PICINR, WEET5 U/ N, A T7 300 T () Asp o v eyt
OB 18 FPIEHILIOCE, HA RO, W PSRN
A GELE TRV BT O B ST IR L T Rl A i
2E 3Rk
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