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Simultaneous determination of inorganic elements in Mume Fructus from
different regions by ICP-MS
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Abstract: Objective To establish an inductively coupled plasma mass spectrometry (ICP-MS) method for the simultaneous determination
of 16 inorganic elements of Mume Fructus, and the elements were analyzed and evaluated. Methods ICP-MS was used to determine the
content of 16 inorganic elements in the samples after microwave digestion. Principal component analysis (PCA) and correlation analysis
were performed using SPSS21.0. Results There were no differences in the types of inorganic elements in the samples of Mume Fructus,
and the content of K, Ca, Mg, Na, Fe and B was abundant in the 16 elements. Through principal component analysis, 27 batches of samples
from the same origin were all clustered together, indicating that the difference of inorganic element content was related to the ecological
environment of the origin, but the difference between varieties was not obvious. The characteristic elements of Mume Fructus were Cu, Zn,
Ca, Mg, and the results showed that the scores of samples from Sichuan was the highest. Conclusion This study established an accurate
and efficient method for the analysis and evaluation of inorganic elements in Mume Fructus from different habitats, which provided a
scientific reference for the breeding, safety evaluation, and comprehensive utilization of Mume Fructus resource.
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A (A& AT XP205E B TR CHEER -
FER Z A3 FigA R A ); MILLI Advantage A10
EBAK RFE R THA (R FRAA].
1.2 K5

HITRPRERTR B (35 GSB04-1716-2004)
T B E SAERA AR OO BRI 7R e, Na [Hit
5 GBW (E) 080260, 11031]. Mg [#t5 GBW (E)
080126, 11104]. Al [{It'5° GBW (E) 080219, 15106].
K [#t5 GBW (E) 080125, 11124]. Ca [#t'5 GBW
(E) 080118, 11123]+ Cr [#t5 GBWO08614, 16042].
Fe [#t'5 GBW (E) 080123, 10011]. Cu [#lt'5 GBW
(E) 130079, 1712]« Zn [#t*5 GBW08620, 15011]+
As [#t5 GBWO08611, 14032]. Se [#t5 GBW (E)
080546, 12032]. Cd [#t'5 GBW (E) 130079, 1801].
Sb [#t5 GBW (E) 080545, 11031]. Hg [#t5
GBWS8617, 14089]. Pb [Hlt*5 GBW08619, 15011]
P A R E T EREEE R KOy B REAK;
R (fegislD . W8S (ral) E Lz i
ARFI A o WARIETR (L5 12A007, 6610030400)
Bruker ICP-MS internal standards, Bi fll In % 100
pg/mL.
1.3 #H
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Table 1 Information of samples
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2 HESHR
2.1 ICP-MS E &t

SHIThE Y 1400 W, 26 3 T RS AARFRL R 16.5
L/min, #SAFFE 2.0 L/min, B SARR &
90.2 L/min, ZALEIREE 2 C, RAEEE N 6.5 mm,
FERMBRTHES 0.1 /s, FHH 7720 Bk, WlE Sy
M1, HEE SR
2.2 AFRAGRREI&

A 2 BB E BRI TR 1 mL, 025 55 7K1
BRI 1 pg/mL [P
2.3 T1EHMZRAHI R ER1E HBRNE

H5 2B 16 MFREAI TR BRE S 1 mL, 435
T2 8 FoKECHI R 10 mg/mL IV B k&% &
RS I 16 FbsEYITER 1 mL, A& T
KECHISICE B. Cus Zn. Cd. Hg JlREIRE 5N
1 000 pg/mL AT HoAth 11 FOCRFRERE A 100
ng/mL MEH. 7 hikEE ERR SR By Na.w Mg
TCREWS 1. 2 34 4. 5mL; Al TRIFHR 2. 4.

E)

6. 8. 10 mL; K. Cr JLREM A 1. 1.5, 2, 3. 4 mL;
Ca JLEW 0.2 0.8 1.0, 1.5, 2.0 mL; Fe SR
W04, 0.8, 1.0, 12, 1.6 mL; Cu. Zn JCRIFWHH
1.0. 1.5, 2.0, 2.5, 3.0mL; As JGERW 0.2, 0.8+
1.0, 1.5, 20mL; Se JGZ¥M 1+ 2. 5. 8. 10 mL;
Cd JTCERIAEW 0.5+ 0.8+ 1.0, 1.5, 2.0 mL; Sb JLEA
# 0.1, 0.2, 0.5, 0.8. 1.0 mL; Hg JLERAEW 1.0. 1.5,
2.0~ 3.0, 40mL; Pb JTEIK 0.2, 0.4, 0.6, 0.8,
1.0 mL; 23508 5 100 mL &, & 7KE
HIRTR AR, R EE 10 mL, FRSEE I AR
0.1 mL, FCHlRR SR VR AT

bR bR UE A Gk E B TAE XM R &
ICP-MS M 5E J& , A #5403 1) TAE ih 28 Je 4%
PESE R FEEWIE 10 %, S BT bR fn 2 3
£ IF B 23 AT IR B R 1% e 3R AR R tH PR . R [
AR MHRRE ) REEHRWE 2 s, 4
SRR & TC R bR M 2 26 MEAH OC RN 0.999 0~
0.999 9, RHEZITVELMER R R,

BEURNEMRE. BXRY. RERER

Table 2 Linear equation, correlation coefficient, and detection limit of various elements

JLR (5] 15 2 LEPEVEIE/(ug L) r £t PR/(mg-kg )
B Y=130047.8 X—30 546.6 10.0~50.0 0.999 0 0.100
Na Y=622402.5 X+51011.4 1.0~4.0 0.999 7 1.000
Mg Y=407 349.9 X+24 036.0 1.0~4.0 0.999 8 1.000
Al Y=286474.6 X+224 5423 2.0~8.0 0.997 0 0.500
K Y=461 158.3 X+80 614.9 1.0~4.0 0.999 9 1.000
Ca Y=71471.6 X+5154.3 0.2~2.0 0.999 5 1.000
Cr Y=37942.4 X+38 879.1 1.0~4.0 0.999 9 0.050
Fe Y=468 909.9 X+46 650.3 04~1.6 0.999 9 1.000
Cu Y=23488.5 X—13 341.1 10.0~30.0 0.9999 0.050
Zn Y=4382.6 X—2158.6 10.0~30.0 0.999 5 0.500
As Y=4411.6 X+2 687.7 0.2~2.0 0.999 7 0.002
Se Y=2822.30 X+786.57 1.0~10.0 0.999 8 0.010
Cd Y=6949.97 X+1 098.46 5.0~20.0 0.999 9 0.002
Sb Y=13 548.6 X—21.854 0.1~1.0 0.999 9 0.010
Hg Y=102714X—12823.4 10.0~40.0 0.999 0 0.001
Pb Y=280799.9 X+60 686.2 0.2~1.0 0.999 6 0.020

24 HiX@AREHIE

HORE R BORE, X 0.5 g, FERIRRE, B TR
)G ATES, NN 7 mL HNOs, 2%, A
1 mL 30% H,0,, ZM, NG Mg, &
SEMVHMRE T AT A2 : B4 10 min HERTE
200 C, 200 CAf4F 10 min, HIhZE 1 000 W.
RriffRsea)a, WHERR, #BE 25 mL 2T,

MEBFKEZIE, 5, HBHER 1 mL, BT
10 mL £, #EFIIN 0.1 mL WAREW, N2
TAKZBZIE, $85), AR HHER. 2L 7 mL
HNO; #1 1 mL 30% H,0, #4745 56 .

2.5 FHEFER

251 MEEERE fEika AT, ol
B0 BRI, ERE 6 1k, 3l 5 16 FhTeHL
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TG UG 1) RSD A - %43 BT 76 2 0 & 73 301 RSD
£ 0.99%~2.14%, FWiZITiEEA RIFIIREEE.
252 faEthiEe S (S3) KA 0.5g (BL6
B3, FEHIFRE, 1% “2.47 T J7 ik &R
W ol TEIRTAE 0. 20 40 8. 10, 12h, Il
ERTCRARETE. RSD N 0.31%~2.48%, FH
P VAR IR N E 12 h WIEEARRGE .

253 HEEMRAK S (S3) FEM05g (e
B, KEHIRRE, % “2.47 TR J5EH SR A

0.91%~2.18%, AJifi /& SLI I EK .
254 InFeRERREE IS (S3) FEL 0.5 g
(64, KE#FRE, 40BN E R 2llE %o
FAREE . B “2.47 TR J5 ik & A A,
TE BT IE R A T E . IR 97.5% ~
105.9%, RSD<3%.
2.6 HRMNELSER

B0 27 HEZGMAE i T i, 4 B P e 1) s AR A 28 DU
RSE RH bR 21500 52 25 FF Sl h e LT

W ERTIEFMTIESCRMEDH. RSD N RWEE, 4R IE 3.
®3 TRAFERFENTENEE

Table 3 Analysis results of investigated elements in samples

TG R (mg-kg ™) WRILE/(mgkg ) FELIBILE/(mgkg )

G
B Na Al Cr Fe Cu Zn Se Sb K Ca Mg As Hg Pb

S1 3.380  11.300 1.650 0.427 10.700 1.790 3.340 0.027 0.000 7923 264 241 0.000 0.420 0.240

S2 6.460 13900 2.870 0.510 15.200 2.450 5.850 0.150 0.000 7519 718 420 0.011 0.350 0.190

s3 5360 7760 1.640 0.548 14300 1.720 5.830 0.160 0.000 8769 656 450 0.030 0.330 0.170
sS4 8.110  0.000 3.700 0.583 17.900 1.750 2270 0.300 0.000 8586 683 447 0.031 0320 0.280
S5 5520 2340 3.170 0.658 16400 2.130 2.670 0380 0.017 8471 368 338 0.021 0.320 0.190
S6 5270 1.960 2.540 0.455 15.600 2.260 2.830 0.450 0.012 7744 486 323 0.011 0.320 0.530
N 5560 5930 1460 0.467 15800 2.040 4.560 0.000 0.012 8008 509 470 0.000 0.380 0.180
S8 7.050 18.600 3.830 0.851 20.700 3.190 4.100 0.000 0.110 11432 665 352 0.000 0.360 0.250
17.600 3.170 4470 0.014 0870 9711 584 501 0.029 0360 0.310
SI0 6780  7.400 1.920 0.620 28.800 4.540 10.700 0.420 0.000 9140 1009 588 0.022 0.320 0.180

S9 7.990 11.700 2.280 0.365

S11 13300 16.700 3.190 0.432 26.100 4.460 15.600 0.150 0.020 9 801 771 681 0.007 0.350 0.270

S12 12400 14.200 2.710 0.562 32500 6.050 16.600 0.310 0.000 9312 1289 609 0.005 0.340 0.250
18.700 3.770  9.220 0.680 0.000 8823 952 541 0.014 0.320 0.050
S14 4.390 6.490 4500 0.552 25.600 3.120 12.000 0.230 0.000 7343 515 495 0.008 0.330 0.230
27.600 2.040 0.529 20.200 4.070 3.140 0.250 0.000 8 811 585 428 0.007 0.320 0.200

S16  18.600 138.000 4.990 0.606 18.000 2.550 6.780 0.220 0.013 7196 481 270 0.034 0.320 0.051

S13 5.070 9.630  1.810 0.333

S15  13.000

S17  22.000 219.000 5.560 1.510 42200 4.150 6.510 0.110 0.000 6246 564 280 0.100 0.300 0.000
S18  10.200 38.500 16.100 0.748 18.400 2.022 8.740 0.000 0.040 6229 174 206 0.000 0.313 0.000
S19 23900 19.800 6.060 0.514 41.600 1.900 7.670 0.730 0.012 5340 671 225 0.140 0.310 0.000
S20 8.140 7.570 14.400 4.830 57.300 1.750 10.500 0.790 0.000 6488 628 262 0.059 0.310 0.000
S21  14.100 9.680  2.000 0.440 24.700 2.270 4.990 0.450 0.000 6454 671 389 0.021 0.320 0.067
S22 2.290 34400 2500 0.484 227700 1.450 7.050 0.210 0.012 6881 613 353 0.096 0.310 0.044
S23  10.000 0.000 3.820 0.398 25300 2.080 4.670 0.510 0.000 7728 671 429 0.030 0.310 0.053
S24 9.160
S25 5.800 0.000 2920 0.445 22200 4.970 5.410 0.570 0.011 8532 624 666 0.032 0.310 0.000
S26 4.100 0.000 10.700 0.645 16.600 1.020 5.710 0.220 0.000 7175 495 294 0.026 0.320 0.172

S27 4.690 1.310 4770 0.779 35481 3.680 8310 0.290 0.017 9279 507 450 0.038 0.320 0.095

51.400 2.780 0.628 20.400 2.920 9.380 0.190 0.000 7207 692 398 0.027 0.320 0.088
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1% 3 TN, AN Hh S A Y oA G 2 20
KHFE, HERAE—EES, 27 MFES PR
MHE cd. ELAICES, LK. Cay MgiX 3 FC
FPPY R E s Hon s T H AL TR, Hh K &S
Kok, “FIMEIA 8 005.5 mg/kg, FHVky Ca (624
mg/kg). Mg (411 mg/kg). |7 AR K P35 i &
O, HERES TR Ca PR R B, dr
TLFE v Mg P34 i & o B =

METLERFLL Na PRI B0 8uRm, T
B4 25.01 mg/kg, FEALIE] Na FIZERER, HEH
Alik 219 mg/kg (S17 FEdhD, A 4 AL EARK:
MF ., HCN Fe (23.74 mg/kg)+ B (8.99 mg/kg)
Zn(7.00 mg/kg)+ Al1(4.30 mg/kg) Cu(2.86 mg/kg).
Cr (0.74 mg/kg)+ Se (0.29 mg/kg), Sb HA HAKH
TR ESE (0.04 mg/kg), FEHAE 15 #bkES
BIARKME], VO)IFEMH By Nay Al. Cr. Fe ‘P
R EUR R Cu. Se “FXI R
R, WHIRES T Zn PR ESBURE, | 4R
a1 Sb T35 5 B 4y B0 e o

HeJEET, REME Cd, FEAH As. Pb.
Hg 1I°FH4 5 & 43 %053 318 0.03+ 0.15. 0.33 mg/kg,
VU )IFE S As T35 & 5 B, AR EERFE v Pb
YR B . 7 N HLIX Heg & &3 7E 0.3~0.42
mg/kg, HH CZRREY) AR O ST bs
) FREfRAR CEBE<20 mg/kg. Hg<0.2 mgkg).
2.7 PCA REZEVEMN

HT 9 & c R e s B E S F AR R
R, RBEREEST TS R R 2, R LG
B AT IREACAL B S , K SPSS 21.0 47 PCA,
193] PCA MIRHIE(E otk E (R 4. FEEUNRET 5
NERSWEEEE >, BT ETRIREN
79.40%, FHIX 5 A3 7L RS0 B4 i1 JE VP 4
PR AR A . AT s R AR A R e

x4 ERSEFEERSTKE

Table 4 Eigenvalues and variance contribution of principle

components
TR RHEE TTETRE% R E TR %
1 4.62 30.76 30.76
2 3.18 21.21 51.98
3 1.72 11.46 63.44
4 1.35 8.98 72.46
5 1.05 6.99 79.40

FERE R 7 2 B R IEAC TG 5, SRR E B B 7
BWATHERE, Hr3 1 AEFTS Cus Zn, Ca. Mg
BEREIEMAK; 2 ANERT5 Se. As RIEHX,
%3N ERTE B, Na £IEM K. FETTZ 60%LL
ErieRER BT 3 NERTF, FEEHERT Cu. Zn.
Ca. Mg R HFHETHLITE .

K FH SPSS 21.0 #HT PCA i, {RA7 N3 &, 14
B ERDRT (Fiv Fos Fiv Fyn Fs)o S ERIY
K 1350 5 75 Z DTk R AL AN, £33 SR
i U B R FRME F, R AT R ECh F=
0.307 6 F,+0.212 1 F,+0.114 6 F3+0.089 8 F,+
0.069 9 Fs, &G VAN BREOHE A FERE M LS
B (F) KHE IR 5. AR S ATATL, DY JIRE S 27
HERTHHERTS], RN TN TR A HERE,
DY VA i BT

F NGRS T8 R ILE 6.
®on[H, SFESTE 13 XK EREIEM
7 (P<0.01): Na-B. Al-Cr. Fe-Cr. Zn-Cu.
Se-Fe. Cu-Ca. Zn-Ca. Cu-Mg. Mg-K. Mg-Ca.
As-B.As-Fe.Pb-K. S #§#¥ it I8 F Fe-B.Fe-Al.
Zn-Fe. Cu-K. Mg-Zn. Hg-Pb. As-Na. As-Se.
Hg-K X 9 Xm&REEAMHRL (P<0.05), FH L
@ 22 X e RAIEWIAR R 2 R B R G 1 P [
EA, 0 Mg JCEREFHMPIXT Cu. K. Ca. Zn
s 42, As JTCEIEHEY XS By Fe. Se.
Na (I E . FESh P ALK, Pb-Al. Pb-Fe iX
3N LR EMAIL (P<0.05), Pb-As. Mg-Al.
As-K. Hg-Se. Hg-As iX 5 Xy 2 W3 A ¢
(P<0.01>, FHW] 8 XfuFm AR R T2 A7
EHMEAER, 0 As TTRIMEAEZIHT Pb. K.
Hg JC & MU E 5, Al LR I Y% K. Pb.
Mg G & IR 4R .

R 1) B AS [R5 i 5 15 Mg A TE AL TG 3R R SR I G
R, EHUHT 3 AN FE R AT . LA PCL A
X, PC2 4 Yl (8L PC1 N X Hli. PC3NY
B, K 27 AFER S AR N ik bR Rrb, B
33 PCs 340 4L, WK 1. 27 MEMEN
7K, SRR, mE. TR TS I
= WiiL. LLPCI1-PC2 MBI II4 2 4E R 5K
FERUHR I 3 R REEAR — B S AL BRI
7] 77 HiL PR FE S e e A dr U R 4R —ik2, FTBA, 4%
FER BRI NG R & &2 5 0 Re 5 7 A S 5
IR K .
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Table S PCA factors and comprehensive evaluation of samples

., EN SN
ks & 7 7, 7, 7 F HE4
S1 —-1.11 —1.88 0.07 0.61 —0.64 —-0.72 27
S2 —-0.54 —-0.35 —0.02 —-0.20 —-0.51 —-0.30 21
S3 —0.55 -0.35 —-0.18 —-0.59 —-0.08 —-0.32 23
S4 —-0.39 -0.41 —0.38 —0.85 0.55 —-0.29 20
S5 —-0.24 —0.88 —0.52 —-0.73 0.27 —-0.37 24
S6 —0.66 -0.83 —0.64 -0.84 0.58 —-0.49 26
S7 —0.98 —0.81 0.07 0.22 —-0.56 —0.48 25
S8 —-1.10 —-0.26 0.18 1.21 0.39 —-0.24 19
S9 —1.41 -0.35 1.08 1.69 3.73 0.03 10
S10 —0.44 1.65 —-0.34 -0.23 —-0.08 0.15 7
S11 —-0.87 1.58 0.42 1.15 —0.83 0.16 6
S12 —0.64 2.68 0.24 0.88 —-0.73 0.43 4
S13 -0.33 1.22 —0.65 -1.14 -0.21 —-0.03 14
S14 —-0.29 0.23 —-0.54 0.44 -0.92 -0.13 18
S15 —-0.38 0.09 0.59 —-0.39 —0.05 —-0.07 17
S16 0.81 —0.54 1.85 0.07 —-0.77 0.30 5
S17 2.06 0.26 2.95 0.74 —-0.08 1.09 1
S18 0.93 -1.52 —0.13 1.56 —-1.85 —-0.04 15
S19 2.19 0.19 0.60 -1.47 1.45 0.75 3
520 2.54 0.39 —2.87 2.16 0.99 0.80 2
S21 0.38 —-0.08 0.10 -1.17 —-0.01 0.01 12
S22 0.53 —-0.48 0.00 —-1.08 0.28 —-0.02 13
S23 0.29 0.02 —-0.44 -1.19 0.24 —-0.05 16
S24 0.14 0.13 0.47 —-0.17 —-0.76 0.06 9
S25 —-0.19 1.06 —-0.39 —-1.10 0.04 0.02 11
S26 0.24 -1.19 -0.97 0.09 —-0.52 —-0.32 22
S27 0.03 0.44 —-0.54 0.36 0.08 0.08 8
#6 HmPRITRSENBEIMITER
Table 6 Content correlation of inorganic elements in samples
- MRAH
LR
B Na Al Cr Fe Cu Zn Se Sb K Ca Mg As Hg Pb
B 1.000

Na 0.628" 1.000

Al 0136 0112 1.000

Cr 0070 0123 06077  1.000

Fe 0452° 0234 0421 07217 1.000

Cu 0207 053 -0310 -0.134 0225  1.000

Zn 0155 0.021 0.058  0.183 048"  0.554" 1.000

Se 0147 —0246 0111 0356 05197 0.046 0.181  1.000

Sb -0.041 —0.058 -0.089  -0.091 -0.130  0.052 —0.150 -0.286  1.000

K -0377 -0335 -0460° -0.255 —0.300 0.480" 0.085 -0278 0308 1.000

Ca 0127 —0.124 —0368 -0.037 0275 06027 06297 0343  -0.059 0342  1.000

Mg -0.228 -0.337 —0.522" —0310 -0.089  0.697" 0478° 0065 0115 0.6137 0638 1.000

As 04997 0395 0.164 0252 05897 -0.186 0.035 0383 —0.026 —0.548" 0.018 -0.352 1.000

Hg 0312 —0244 —0343 —0.220 —0437 —0.047 -0.086 —0.552" 0255 0396 -0.132 0.073 -0.492" 1.000
Pb 0343 -0349 —0395° -0.298 —0.448" 0.053 -0.105 -0315 0263 05177 0.054 0222 -0.510" 0.461" 1.000

"P<0.05 "P<0.01
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Fig. 1  Scatter plot of Mume Fructus from different

producing areas based on PCA analysis
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