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ABSTRACT: Objective To explore the correlation between 20 kinds of mineral elements and planting areas of the
source of 6 kinds of origin sources to achieve traceability of origin. Methods After the samples were processed by
the ultrafine digester, the contents of 20 kinds of mineral elements were determined by the inductively coupled
plasma mass spectrometer. Principal component analysis was performed on the data, and the characteristic elements
were screened out. The correlation between characteristic elements and planting areas was analyzed by systematic
clustering. Results The linear relationship of 20 kinds of mineral elements in walnut samples were good, the
correlation coefficients were greater than 0.99, and the limits of detection were 0-24.23 ng/L. The relative standard
deviations of precision and stability of the method were all less than 7.4%. The recoveries were 80.4%—119.3% and
the relative standard deviations were 2.1%-7.9% (n=3). Among the 6 kinds of walnut samples from different origins,
the major elements from high to low are K, Mg, and Ca, while the majority of the samples had trace element content
from high to low of Mn, Fe, Zn, and Cu. Principal component analysis identified 9 kinds of elements, namely Na, Sr,
Mn, Cu, Rb, Ni, Zn, Al, and Cs, as characteristic components of mineral elements in 36 batches of walnuts from
Huixian County, Gansu Province, Shangnan County, Shaanxi Province, Yanbian County, Sichuan Province, Yangbi
County, Yunnan Province, Xinjiang Kashgar and Aksu. Conclusion The main component analysis and characteristic
element analysis found that the content of walnut elements in different production areas is large. This study can be
applied in the identification of walnuts, providing reference and technical support for the construction of the
traceability system of walnuts.

KEY WORDS: inductively coupled plasma mass spectrometry; mineral elements; main component analysis; feature

elements; cluster analysis

N BB H TR K, SRS AT, —IeR
0 3 = WBER LA, T SCROHEAE 2 2 M LR RO 77 <, 37
ML T B A . S e g T TR ORI, (LR R S T 5
TR, RERH R 807.63 7 b, gpge 0 FITRDLROLR ™ R KR I TR,
S 1S%-18%0, A AR A e g R R BRI SR R TR A
AL KHGKCIG. TR R, g, g EEEEL 0
PN, 5 T e, FAT NG 3689 6 o B ﬁTgﬁggggffiﬁ%ﬁffj%£f§§%$
Jerh . WEICIRERE TR, O At B & e gy ] PAORIREAEAR, S B A AT bR
ﬁaﬁg%Wﬂ ’ = B 252 FLAT U0 5269 A 0L e A 425 B T 1

y % ¥ (inductivel led pl -tand
B T R DR i B st ey e DL U (induetvely coupled plasma-tandem mass
R, S ITCRAREE, USRS ERIE o (PVSMST TR B R
®, KT RIS+ R, 3 R DAL PR D S L
B, A (T PO TR R Bk

B ) T SRR A b DX 74 A% Bk R 58 1 BT 5 55 bl X1 21 B2 A% Bk Ry
AR LT, ARG R WES(Ca) JHE(P) 1K) LAH(Na) BE(Mg) | BF5ou 4. 1K GB 50092682016 ( frdh1e 4 6 5 b
B 20 E M E ) R T 2K SO G SCk
[20-23], #E$E Na, Mg, % (Al). K. Ca. #L(V). #&(Cr).
Mn. Fe. %(Co). B (Ni). Cu. Zn. % (Ga). fifi(Se).
(Rb). #(Sr). HR(Ag). #i(Cs). P(Ba)3§ 20 Fli™ ¥ F o
AT o0 2, 45A 3284 43 BT (principal component
analysis, PCA)FIZR A3 MrP4200 SR A [ 7 Hs A% bk v 45
JCR Z AN 22 5, LA A A Ak 1 90 058 A A 0 ™ e, 45 i
IR HE S 2 R AR SR -

Hil(Cu), Bk(Fe). HF(Zn). Hi(Mn)5FH) & BAFAE—E 2T
A WEFEXT TR AN R B AR HEAT T AT, R R TRy
Rk R R e R S R 2R B E P A
HITFIRLTHN . PLISEEMT TR T RZEF Y T
SR | WEAFIBT SRR 3 7= A Ak A 7 b A
YRR R E ARy 89.7%M . Bk B ARSI Uy BHTT 13 A4S
e & B SO R 5 00 2 e 22 SR EAT T IR PEANY
& BUZARAS 6] S R B] ) 4507 3R 0 & i AT 25 50 IR X



5515 W U, AF JETRBON RS RS A AE B T T IR M B 219

1 #MR5E% F1 BHRERHSESR
Table 1 Walnut sources and number informations
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Table 2 Microwave digestion conditions

PR THE S E] /min - PR EE/PC FEJi/Pa WIR/W
0~10 110 8x10° 900
10~26 220 1x10’ 1200
26~42 240 1.2x10’ 1200
42~57 240 1.2x10’ 1200

ICP-MS/MS & F & S mli i S iy e, 42t /Mo
I ER S K FEE 30 min J5, DIPEHISBALILILES S5, i
. R R B AT ALY) . (R TS
BN 3, BN TR (G = 99.999%),
A SN SRS = 99.999%) .
14 BUBALIE

FIFH SIMCA 14.1 B4 E TR & A5 Rk T H AL
3T, BEJCER E R AT 5 I ) 22 5, i AR
i B BB (variable information processing, VIP)IE, fii
PRARETCZE, % PASW Statistics 18.0 B{EXI SR #E4T B
HAIHT, HE— 2 H A 7] A R AE T 2 7 e X,
AR AH DG

£3 ICP-MS/MS MK
Table 3 Detection conditions of ICP-MS/MS

TAESH BOEME TAESH BOEME
T /(L/min) 1.17 IR S D13 IW 1550
RAANE/(L/min) 028 S FAURT/(L/min) - 15.0
OV E/(L/min) - 0.9 A i /(L/min) 5
RTESIpiEN (D) 0.1 FALEMEE/C 2
B 27t /(mL/min) 0.4 ) B 3
FHEBREE /mm 8.0 S3HTHT /s 0.01
2 RS0
21 FHEFEE
211 KEXAF

R 1.3.2 BRI 048 R AUARME S T AR S bR T
YRGS, /LA JC R R B (X, ng/L) AW REAE bR, DIFE
AR 55 AR LA T T AL ) LR AR AR CY), 4351145
TlbRrER LR, SRS CR BT FRBACRE, Wk 4, 45
T, 20 FOTEAES ANREUBNEEXRRE, r=
0.99, iR Jy 0~24.23 ng/L, FEUE AT B 7 2R .

F4 20 MTENEIHFE. LMEESKRLER

Table 4 Regression equations, linear ranges, and limits of detection of 20 kinds of elements

JLHR WHRILHR A LEESEY 4 LM/ (ng/L) i HBR/(ng/L)
Na Sc Y=1.225x102X+2.799x10"" 0.9978 0~300 4.513
Mg Sc Y=5.406x10"X+4.351x107? 0.9999 0~300 1.584
Al Sc Y=1.552x10°X+2.174x1072 0.9965 0~300 3.480
K Sc Y=6.530x10°X+4.587x10"" 0.9981 0~300 24.23
Ca Sc Y=1.289x107*X+1.500x107 0.9993 0~300 10.08

% Sc Y=9.088x102X +9.861x10™* 1.0000 0~300 0.005667
Cr Sc Y=1.220x10"X +1.065x107> 0.9998 0~300 0.01229
Mn Sc Y=6.461x102X+2.281x10> 0.9999 0~300 0.1255
Fe Sc Y=9.533x102X+7.917x10"! 0.9999 0~300 1.269

Co Sc Y=1.666x10"X+3.116x107 0.9999 0~300 0.02207
Ni Sc Y=4.440x102X+6.602x10"° 0.9995 0~300 0.03371
Cu Ce Y=1.481x10"'X+8.981x10°? 0.9984 0~300 0.05084
Zn Ce Y=2.679x1072X+2.428x1072 0.9999 0~300 0.08080
Ga Ce Y=7.069%102X+3.084x107 0.9985 0~300 0.01218
Se Ce Y=4.579%x10*X 0.9999 0~300 0

Rb Ce Y=8.682x10X+3.009x10* 0.9997 0~300 0.01337
Sr Ce Y=1.092x10"'X+1.612x102 0.9999 0~300 0.03532
Ag Rh Y=1.276x1072X+5.084x10™ 0.9998 0~300 0.01143
Cs In Y=2.587x102X+9.129%10" 0.9998 0~300 0.002994
Ba In Y=4.946x107X+1.193x1073 0.9998 0~300 0.06404
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212 WEHE, BIHEE VUl ER R AR R EL BRI A X e e
T 1.3.2 71 50 pg/L MR A PRES: TARE IR, SELiike X 3 6 FRUE Y 36 HLABRRE AL, 2o Pl M 5 2E T T
6 K, ICESICRGEFWNAE, THRAHXARAE (R 2 (relative oM. X 36 StAHkEEAT 20 R EC R AT, TR —
standard deviation, RSD), £ /R, 20 #ocEAY RSD H KPR E L5 RBCEE, SR % 6,
2.1%~5.6% (n=6), KWMLK B R AT HEFFREL 1.3.1 ht 3% 6 WA, bbb K tE S, Kb misn
1-1 MIFESS 0.2 g, FFhIA ALl A, TEIBTE 0. 2, B K LR SHEEIXL 3976 mg/kg. 6 FlREZM
4. 8, 12, 24 h A HIEEAEIRE, ERA LRSS RN EI Mg ICRMERIKZ . Bbkh Ca IBRWAEH &, PR
HE RSD, 458 B/R, 20 FCE A RSD 9 3.6%~7.4% (n=6),  F-SFIHTRE A1 X Mk Ca S EIEH] 170 mg/kg.

FWIHEIR S LE 24 h NRR B M BT, R BT O TR T BN M. Fe.
213 FmAREnik F Kk Zn, Cuo A[AHL XA K FEHEER o0 5% & 10 25 A X

WERAFREL 1.3.1 ht 1-1 AYFERR 0.2 g, 349 0y, 435Ik Em R g A 4C R ik, Na e RS A E, EHAL
A 100.0, 500.0. 1000.0 pg/L [ 27 FinRAbmfean TAEER A FlUBIXI 5 52, 6 MORIEEBEH Fe 199 BLLE 35.30~
100 mL, FEAMEEREIRI 3 0y, JFH A b, 4o 3941 m/kg I, 7MY BB i) Fe 002 iR,
HEPIUE, iCokREah b A L R R, HHEE AR gk PRPIRTR SRR Fe S RLIAR. o RiRIRECBET, Sr e
FIRSD, W35 5. 455 G5, 9 (hRE i v 4% 50 2 102 B A2 WL, B SR At XA > R 0 R R L B>
FRIEC 2 80.4%~119.3% . RSD H 2.1%~7.9% (n=3), HTHEL BT e 5 b XA k> U 1 R BBk 2 e e e B Rk >

20 I o 4 TR TR BBCH Co JEH f RIS
bt s H, S EEAFE] 17.09 mg/kg, HAb 5 MHIX Cu TR # R
2.2 *&Hk*EFﬂﬂ;)m]lEé %5%*& 11.61~ 13.58 mg/kgo %%W%%i&g&ﬂt*ﬁ% Al\ Nl\

KRG TR BT, RS . BRPURTRI L Cs. Rb & T HABEA

RS5 Rk 20 FTRAIAREIE RABIRERE(N=3)

Table 5 Recoveries and relative standard deviations of 20 kinds of elements in walnut (n=3)

o TAR B 100.0 pe/L JbR B B e 500.0 pe/L JAR T e 1000.0 pg/L
TR S TR /% RSD/% SRR /% RSD/% S TR % RSD/%
Na 101.5 4.1 97.4 4.0 111.7 5.7
Mg 92.7 3.6 91.6 5.1 116.0 6.7
Al 101.0 5.1 103.2 4.9 113.6 7.4
K 104.1 3.3 1053 5.1 103.7 4.1
Ca 91.3 4.5 92.6 6.3 97.8 35
\% 83.5 3.3 81.5 3.7 92.8 55
Cr 89.1 3.7 96.9 4.6 109.1 3.6
Mn 99.4 2.3 104.9 5.2 105.4 42
Fe 85.9 2.9 82.0 5.6 102.4 6.3
Co 83.4 3.6 87.6 4.7 115.7 4.5
Ni 80.4 2.4 83.6 6.7 87.8 5.5
Cu 88.7 2.1 96.3 4.4 1127 75
Zn 86.8 5.8 88.9 4.7 104.1 6.8
Ga 104.4 5.2 89.7 2.9 103.5 5.1
Se 87.6 3.6 95.7 33 101.3 4.8
Rb 922 35 103.1 3.7 115.1 7.9
Sr 94.7 3.3 84.7 3.2 102.3 5.5
Ag 102.7 2.6 94.3 4.1 116.1 5.9
Cs 85.1 42 94.2 35 119.3 5.9

Ba 102.2 3.5 91.8 2.6 117.4 5.6
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Table 6 Average value of the element content in the 6 kinds of sources of walnut sample (mg/kg, n=3)

haes JLE ht 1 ht 2 ht 3 ht 4 hts ht 6
1 Na 6.385 6.517 5.221 5.480 38.52 7.492
2 Mg 1530 1771 2056 1834 1909 1718
3 Al 2.090 3.422 1.421 2.190 3.711 5.542
4 K 2399 2907 3574 3976 3441 3358
5 Ca 153.2 170.2 145.5 121.4 170.5 141.4
6 \'% 0.007300 0.009600 0.004700 0.01590 0.009900 0.008100
7 Cr 0.5666 0.6293 0.1199 1.436 0.3668 0.08890
8 Mn 4525 82.52 46.93 117.7 49 86 32.82
9 Fe 35.61 35.30 36.68 39.41 38.14 36.30
10 Co 11.61 12.38 17.09 12.11 13.58 13.34
11 Ni 0.0832 0.08050 0.08080 0.1695 0.09480 0.1223
12 Cu 2.020 1.704 3.797 4.810 2.395 5.486
13 Zn 19.04 20.31 24.89 20.44 24.63 28.13
14 Ga 0.2951 0.6795 0.3233 1.938 0.2304 0.8070
15 Se 0.006000 0.01900 0.03680 0.04700 0.03160 0.01820
16 Rb 8.902 12.27 5.051 10.48 4.786 22.25
17 Sr 2.043 26.96 6.922 6.241 30.32 15.32
18 Ag 0.06410 0.05090 0.02690 0.01840 0.04910 0.02870
19 Cs 0.01910 0.03290 0.006500 0.04040 0.02780 0.07110
20 Ba 3.290 6.952 2.729 19.84 3.432 12.28

23 ERDOH
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Fig.2 PCA scores of 20 kinds of elements in walnut from
different producing areas
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Fig.5 VIP diagrams of 20 kinds of element content in different
sources of walnuts
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