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Simultaneous determination of 20 kinds of inorganic elements in hawthorn
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 the simultaneous determination of 20 kinds of inorganic
elements in hawthorn juice by microwave digestion-inductively coupled plasma mass spectrometry(ICP-MS).
Methods The hawthorn juice samples were processed by microwave digestion method, and then determined by
ICP-MS with on-line calibration by adding internal standard, the pre-treatment method and the instrument parameters
were optimized, the methodology was investigated, and the method was used to determine 20 kinds of inorganic
elements in 4 batches of commercially available hawthorn juice beverages. Results This method had good linearity
in a certain range. The correlation coefficients were higher than 0.9980, the detection limits were 0.00001-0.07 mg/L,
the precisions were in the range of 0.9%-3.1%(n=6), and the recoveries were in the range of 84.6%—-107.1%.
Conclusion This method is sensitive, reliable and convenient, and is suitable for the determination of various
inorganic elements in hawthorn juice beverage.
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Table 1 Reference intake of macro-elements

TLE RNI(AI)/(mg/d)
#Ca 800
YK 2000
»Na 1500
Mg 330

T RNI MHEFEBE AR, ¥ Ca, Mg L&, Al HiEHIEAR, ¥
K K, NaJt#,

®2 WMERZESERNE

Table 2 Reference intake of trace elements

JLE % S
STFe/(mg/d) 12 20
67n/(mg/d) 12.5 7.5
$Cu/(mg/d) 0.8
2Cr/(ug/d) 30
>>Mn/(mg/d) 4.5
*Mo/(ug/d) 100

I Fe. Zn, Cu, Mo JLER AHMEFREARE; Cr. Mn LR HIEHH
N

1 MRERE

1.1 XBE5RH

iCap-Q 78 Hy JBHE 5 % B TR 3% {X (35 [ Thermo
Fisher Scientific 2\ ]); topex i MY . G-400 & fE#5
T R0 PR (R 02 SR R B & SR A TR 28 F]); Advance
RO+Pro VF BU#A 4l /K R Gt (18 [ Sartorius 23 w]); AL204 i,
F K- (Fi 1 Mettler Toledo 23 F)s

iR . oAb R (W gal, 24 B ER A PR A
), ZICRIB G ER S [ L3R 3, 111(B). $H(Na).
BEMg). H(K). £5(Ca). HL(V). #(Cr). &i(Mn). #(Fe).,
Hli(Co) . B-(Ni) | Hl(Cu)., B (Zn), fifi (As) . £8(Sr). $H(Mo).
HA(Cd). Bh(Sb). #E(TI). #(Pb)]. WARRIERE K[ Ge.
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¥y . 9Rh, "In, "™Re](1000 pg/mL, Z[E Inorganic
Ventures A F)); FEig S AL (Li) . #4(Co). BH(In). #h
(U). #(Ba). %ii(Ce)](1.0 pg/L, 3% E Thermo Fisher
Scientific 23 H))

4 JELAE ORI Y M T .
1.2 LETE
1.2.1 Hsara®

K2 I 1.0 mL A i 38 VR 4 0 2R 0 5 2 0 T i
M, M 5.0 mL iR, JCEEEIRmMMA E, 100 °C
TN 30 min AT, FHRHAEZRFHE, AN
W AR BEAT I % . THIBRR FF A0 R . AR IRTELE 80 °C#
¥ 5 min, F+Z= 100 °C##F 3 min, F+ZE 130 °C{£4F 5 min,
FHZE 160 °C14HE 3 min, THE 190 °CH£HF 20 min, 14 45
WJE, WHI RS, JFE, R0 R R R A
b, F 100 CRIHGERR 20 min, ¥EHIEFIR,

KGR, TR 2SS 25 mL RRi o R B4 ) 45
R

1.2.2  ARAEE & B

FH 5% i il B 1 0K PR A s 1 A 25 VRO TR vk B2 A
10 pg/L I FRARAEVS TR

HEEDGE R Z TR IRAEM R, H S%M s
BRIERE, 1FBIARFERE RN RIREE R, SRk
BREELER 3.
1.3 NSEITIESBRERNE

FAVE R AS AT, A e . REUE .
PRI =R T 7/ Y v

ALG AR S5 5500 FPIE, 1550 W, 5§
FARWHCY 14 L/min, 246 RHH 0.8 L/min, FbEH
FER 3 °C, SRAFHEFIER IS A, SRR 5 mm,
R Rl e WA, RHESCN He, AN 4.2 mL/min,
WA 40 r/min, SEEIRFIRIA 0.02s, TE RERECH 3R,

T RARAERRSY, AU S Ao LRI R 23
WARE SR, I TELR S AN NARPRIEI I . 41BR T
Wom, R RIS R A OCR IE

2 HER5HH

21 ZWEHFIMIK
2.1.1 CHRER AL E

TCALER 1 %6 FE BE 52 AL i 1 S5 AL 3R MOT KR T 19
Wk, TR — g e R 6 R /NI HINOG!Y, AR 5 e 4%
HNO; A EE M MAR, H,0, AN MAR, % 7T
HNO; il HNO3-H,0, 1A 2 % i T R o 43531 5 Ml
HNO;. 6 mL HNO;. 5 mL HNO;+1 mL H,0,. 5 mL HNO;
+2 mL H,0, % 1 mL FESE AT AR, 255 T AR i ol
FRA, SRMELSRIE 4, NEAPATLIEY, £0R
RIS Z A K, B0 Hy0, BI2S WA Cr, Ni,
Mo Z%Jit, 2% &3 24 R KR B oA i E, H
B — F R Rl T A AR AR 24 T, DR e 5
5 mL HNO; XF#E i 254 1 1 1
212 FHeGH®R

S ICP-MS E /Y TP B 38 32 22 B TP Ak it
T P THIREENFEESME. WEfr, ZRTFE
F. J TS . AR AERSE SRR
AL T . ARBE T4 40y SR T4 Fn 31
oo FRTHRAEE I 0 ILAR R A7 00 T 8l oo 2 1 B
55, FETES MR EmH >, N AR 5 % 7
LR BR B D5 75 T PR IR T . AR IEJC R A HE " Ge
¥y, '®Rh, "PIn, "Re, HAPFEE 11~75 BICE L Ge
IR, FrEEL 88 WITTE Ll ¥Y WNAE, R 95~111
oG LL PR AR, SR 121 MR L PIn IR,
gL 205~208 FUICE L " Re AR, PER TR IS
B TR P TTARSE, 8k S B e T LAV R o

g
s

®3 BERNRREHE

Table 3 Concentration gradient of each element

B. Mn, Cu., Zn Na, Mg, K. Ca

Mo. Sb/(pg/L)

V. Cr, Co. Ni, As,

Sr/(ug/L)  Fe/(mg/L)

/(ug/L) /(mg/L) Cd. TI, Pb/(ug/L)

1 10 0.4 0.1 1 20 0.1

2 50 2.0 0.5 5 100 0.5

3 100 4.0 1.0 10 200 1.0

4 300 12.0 3.0 30 600 3.0

5 500 20.0 5.0 50 1000 5.0

i Bk B 50000 2000 500 5000 100000 500
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ZERWER 5. 20 FOCRMEHEITE, MR r AT
0.9980, A5 HEMIERMNLEIERR R
23 KHIR. TERSHEE

XS (IR ST 20 UGBS, T4 0 R

W AE AR UE i 72 (standard deviation, SD), UL 3 f5Frif w22
S5 H AR R R A A TR R R, L 10 A5 AR
R 25 5 FH N B o B 22 R 0 BT B PR 4%
ek 1.0 mL, EHZE 25 mL i, 1L ITCE Ik kiR
S5hE R, SR IE 6 LA & &R, SE1rm
E 6 W, THE 5 I W E (E Y AH X B HE D 22 (relative
standard deviation, RSD), RSD JEZ & 0.9%~3.1%(n=6), i
W TR BT

x4 TREIFTCESEHMRESEMNELR (ng/L)

Table 4 Determination results of sample content by different pretreatment methods (mg/L)

JLE 5 mL HNO; 6 mL HNO; 5 mL HNO;+1 mLH,0, 5 mL HNO;+2 mLH,0,
"B 1.42 1.40 1.44 1.39
»Na 165 170 163 158
Mg 44.6 46.0 44.2 43.1
YK 534 512 561 542
*Ca 78.9 73.5 79.1 77.3
Sy 0.00315 0.00407 0.00341 0.00319
2Cr 0.0178 0.0171 ND 0.0659
Mn 0.370 0.388 0.359 0.352
*"Fe 1.93 1.73 1.80 1.76
¥Co 0.00408 0.00425 0.00385 0.00383
ONi 0.0340 0.0301 ND 0.206
$Cu 0.137 0.130 0.107 0.103
7n 0.189 0.177 0.176 0.169
TAs 0.00147 0.00122 0.00171 0.00183
88Sr 0.259 0.258 0.255 0.245
%Mo — — ND 0.0608
Med 0.000646 0.000624 0.000602 0.000535
) ND ND ND ND
2571 0.0000906 0.0000913 0.000105 0.000104
2%5pp 0.00380 0.00366 0.00291 0.00320

TE: “ND” AR, «<— AR R T E IR

®5 BRRZMER. KMSREMEXRY

Table 5 Linear ranges, linear equations and correlation coefficients of each element

JLE B e R(EN bR THRRE T
"B 10~500 pg/L Y=77.3427X+339.7489 1.0000
»Na 0.4~20.0 mg/L Y=2147308.9367X+20279.3717 0.9999
Mg 0.4~20.0 mg/L Y=885754.9863X+3116.9825 1.0000
¥K 0.4~20.0 mg/L Y=681786.8018X+40838.0765 0.9998
#Ca 0.4~20.0 mg/L Y=56559.1140X+1023.4570 0.9999
Y 1~50 pg/L Y=15604.9419X+48.5382 1.0000
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JLH P il LN LIPS 84
2Cr 1~50 pg/L Y=23289.8328X+1561.6868 0.9999
Mn 10~500 pg/L Y=11756.8588X+536.6665 0.9999
Fe 0.1~5 mg/L Y=563867.7101X+801.5919 0.9981
¥Co 1~50 pg/L Y=44037.6347X+72.3151 0.9999
ONi 1~50 pg/L Y=11679.5907X+1960.1356 0.9998
$Cu 10~500 pg/L Y=32000.3151X+4381.2492 0.9999
5Zn 10~500 pg/L Y=3932.2438X+2691.6303 0.9999
As 1~50 pg/L Y=1924.2433X+6.5796 0.9998
Sr 20~1000 pg/L Y=12598.1365X+1319.3181 0.9999
Mo 0.1~5.0pg/L Y=21470.0651X+366.0186 0.9999
ed 1~50 pg/L Y=10829.5036X+6.7550 0.9999
121Sh 0.1~5.0pg/L Y=19454.6746X+70.2284 0.9999
2057 1~50 pg/L Y=250998.2681X+35.0890 0.9999
208pp 1~50 pg/L Y=175080.5911X+3514.5286 0.9999

F*6 BRLERUR. TERSHEE
Table 6 Detection limit, quantitative limit and precision of each element

JLE AR R X B Tk R FikE R RSD/%
"B 0.7 ng/L 2 ug/L 0.02 mg/L 0.06 mg/L 2.6
Na 0.0008 mg/L 0.003 mg/L 0.02 mg/L 0.06 mg/L 2.4
Mg 0.0005 mg/L 0.002 mg/L 0.01 mg/L 0.05 mg/L 2.8
¥K 0.003 mg/L 0.009 mg/L 0.07 mg/L 0.2 mg/L 3.0
#Ca 0.002 mg/L 0.006 mg/L 0.05 mg/L 0.2 mg/L 2.8
Sy 0.005 pg/L 0.02 pg/L 0.0001 mg/L 0.0004 mg/L 2.8
2Cr 0.03 ug/L 0.1 pg/L 0.0007 mg/L 0.002 mg/L 3.1
*Mn 0.03 ug/L 0.09 pg/L 0.0007 mg/L 0.002 mg/L 3.1
*Fe 0.001 mg/L 0.003 mg/L 0.02 mg/L 0.08 mg/L 3.1
*Co 0.003 pg/L 0.009 pg/L 0.00007 mg/L 0.0002 mg/L 2.8
ONi 0.03 ug/L 0.1 pg/L 0.0008 mg/L 0.003 mg/L 2.9
%Cu 0.02 ug/L 0.05 ug/L 0.0004 mg/L 0.001 mg/L 3.0
7n 0.1 pg/L 0.4 pg/L 0.003 mg/L 0.01 mg/L 3.0
As 0.007 pg/L 0.02 pg/L 0.0002 mg/L 0.0006 mg/L 2.2
8Sr 0.02 pg/L 0.06 ug/L 0.0004 mg/L 0.001 mg/L 2.4
Mo 0.009 pg/L 0.03 ug/L 0.0002 mg/L 0.0007 mg/L 1.7
ed 0.002 pg/L 0.007 pg/L 0.00005 mg/L 0.0002 mg/L 1.7
121Sp 0.008 pg/L 0.03 ug/L 0.0002 mg/L 0.0007 mg/L 2.6
20571 0.0004 pg/L 0.001 pg/L 0.00001 mg/L 0.00004 mg/L 1.3
208pp 0.005 pg/L 0.02 pg/L 0.0001 mg/L 0.0004 mg/L 0.9

TE: A PR it FREAT I 5 YO n=20; 5 1A R BIRANE T BRI 52 IR n=20; A P47 2 B n=6.
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SRHEE TR T 5 3 AVREE KO 0 IR AL, E MWERIRIE PRRMCER  RSDM
BAWEAKFES 6 1k, H5IHHE B A RSD, 45 1 103.2 2.0
i ok H C Yk JiF S 235
IR 7. G553, 20 Fhon R IRHR B T34 [l 8w Rl oy Col(ug/L) s 100.1 08
87.5%~107.1%, RSD 7E 1.4%~4.9%(n=6)2 7, Hhyf i F-1y
e N 20 99.7 2.5
6] 17 275 B 85.6%~101%, RSD TE 0.8%~3.1%(n=6)Z [d],
o VR BE S 35 B T TR 84.6%~106.9%(n=6), RSD 7E 0.5 97.6 4.1
1.3%~3.8%(n=6)2 8], 1 W32 77 28 AL A F) 23K Ni/(ug/L) 1 93.2 2.8
20 106.9 3.8
R7 ETEMIREWE(N=6)
Table 7 Standard recovery rates of each element(n=6) 10 93.8 1.7
JLH TARHE  SE R % RSD/% Cu/(ug/L) 50 92.1 0.9
5 94.3 3.7 200 95.9 1.5
B/(pg/L) 50 94.9 2.4 5 £9.4 20
200 96.9 24 Zn/(pg/L) 10 93.0 2.8
0.4 100.0 2.7
200 84.6 2.1
Na/(mg/L) 2 95.9 2.2
4 94.6 48
8 100.1 1.9
As/(pg/L) 10 91.8 1.5
0.4 104.9 2.6
20 93.8 1.7
Mg/(mg/L) 2 101.0 2.1
8 104.3 2.2 10 94.9 1.4
L6 96.5 35 Sr/(ng/L) 20 97.7 2.5
K/(mg/L) 4 96.8 1.9 400 98.8 1.9
8 101.8 23 0.1 107.1 4.9
0.4 100.8 3.0 Mo/(ug/L) 0.5 95.6 2.5
Ca/(mg/L) 2 96.5 2.1 2 96.0 2.1
8 100.9 23 1 87.5 2.1
! 101.8 24 Cd/(ug/L) 5 85.6 23
V/(ug/L 5 99.2 1.1
(ne/L) 20 88.9 1.4
20 100.8 2.2
0.1 96.6 35
1 106.8 4.8
Sb/(pg/L) 0.5 86.6 3.1
Cr/(pg/L) 5 97.7 12
2 85.7 2.9
20 99.6 23
1 96.0 1.8
5 95.6 1.9
Mn/(ng/L) 10 99.9 23 T(ug/L) > 94.6 27
200 105.5 2.5 20 99.4 L4
0.1 99.7 2.8 1 102.3 1.9
Fe/(mg/L) 0.5 95.5 1.1 Pb/(ug/L) 5 95.4 2.3

2 94.6 2.4 20 99.8 1.3
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2.5 H@E

WA, MRET 4 BT ok 20 Fl
MLOCR M S, S50 8. AR 8 45T 4, 1Ll ikt
h, SEBRZMN K, Na, Ca fil Mg WfRRETE, Fe
4k 0.749~1.85 mg/L, Mn #5459 0.161~0.341 mg/L,
Zn BE A 0.0939~0.171 mg/L, Cu KIS A 0.0606~
0.121 mg/L, #EAARLTHHMEILE. B MERRN
0.618~1.74 mg/L, Sr 7% &~ 0.175~0.622 mg/L, B F1 Sr it
RN RICE, B W AR I fE 4 = EAEH,
SN Ca, Cu, Mg, MEME . #&MSEY A, B 82
F R aErfae s, iR D AEHS @R AR B HARN
1~13 mg/d"™, Sr FEAFE TR P, ol LAHUE FRsiAs, b
EH R AP, GB 2672—2017 { & E e EFR R
di s Y B ) R, R VT IS UORE A Y IR R
0.05mg/L, 4 HELLAE H R 88 1 & A& BRI RLE .
HASTREECRK H, B WAL, ftar DIE S, ikt
YORE R B TEHLIC R E RN AR 200K G A H
WK .

®8 HmPELESEMNELR(mg/L)

Table 8 Determination results of elements in the samples(mg/L)

JLE FEfh 1 B 2 B 3 FEih 4
"B 0.791 1.74 0.618 1.32
*Na 115 122 167 158
Mg 23.9 422 20.6 41.6
¥K 385 606 325 539
#Ca 51.5 51.0 40.2 75.9
Sy 0.00165 0.00477 0.00269 0.00321
2Cr 0.0136 0.0287 0.0166 0.0145
*Mn 0.161 0.209 0.182 0.341
*'Fe 1.30 0.749 1.52 1.85
¥Co 0.00225 0.00554 0.00250 0.00390
5ONi 0.0206 0.0144 0.0257 0.0332
$Cu 0.0636 0.0735 0.0606 0.121
Zn 0.108 0.125 0.0939 0.171
As 0.000612 0.00209 0.00125 0.00133
88Sr 0.175 0.622 0.278 0.239
%Mo ND 0.00141 0.00341 ND
Med 0.000442 ND 0.000442 0.000532
) ND — 0.00107 ND
*TI 0.0000654  0.000108  0.0000812  0.0000998
2%pp 0.00290 0.00240 0.00200 0.00330

T “ND” AR AH, «— AR R T E R IR,

3 HFit5ifie

A5 R FH 0BG 0 A7 - Fh JR 5 55 8 A T i
T H YR 20 FEHLTER, X RTALBRFAER ARk
Ak, TR gy AT B LR, KA IR RAF, Kl
FRAR, IR R, K% B4, REAS DR s A I H LA T A0k
2R IEHLCE . TR S 2R AR TR A
IR, SEIEZ N K, Na, Ca, MgEEEILEK, [
BHA % Fe. Mn, Cu. Zn 2/ AR HMEITE,
EANTH KA AT AT LA I OB E 35 584
FFT SR, to AMTE B A LA T HRORHR S %
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