5174 455 W el TR Vol. 17 No.5
2026 4F 3 H Journal of Food Safety & Quality Mar. , 2026

DOI: 10.19812/j.cnki.jfsq11-5956/ts.20250919006

IR B, MR, WHE, 5 BT WOCER TR = SCEE NS IR S B a4 R A A
2026, 17(5): 21-28.

LIAO HJ, HUANG SP, BIAN Y, et al. Research on the traceability of Salmon origins from domestic and international sources
based on mineral element analysis [J]. Journal of Food Safety & Quality, 2026, 17(5): 21-28. (in Chinese with English abstract).

S0P o ey = SC A E N Ab
= HLIRAT oS
BAE U FEFEL B B AR, KRERX L RERS F O£
TR, AT, A 45

(L. R2GEREGZEFARMRS T, RS 538100; 2. HEEEREH AR S0, JEET 100026;
3. JbEEE, B3I 100026; 4. JPHERFRFAIL DAL, BT 530021)

& E: B T WOCRE NS S SCE R e T . AR DAL AR AR T (R 2
BER . MROBE . FKE 22 L BTEE 4 R IX 40 4y =Scfarh 20 MG S, WIE SRR A SPSS 27.0 kAT
FERHT . FRUS M Fisher 5], 458  Na, Mg, K, Ca, Fe, Cu, V. Cr, Co. As, Hg 11 #5#¥C
REARR T X0 f7 72 8 2 22 5(P<0.05), Zn, Sr. Sn. Sb., Pb. Mn 6 FI\i ) 70 & NA7A4E 2 1 22 52(P>0.05)
HIYE BT 30T, 4 D R4 Bit )y 2 5Tk 80.864%, i T Na. Mg, K. Ca. Fe. Cu, V. Cr. Co.
As. Hg 11 Fim W e R 2 4 7= X = S0 h g oc R 2 S RHER R . 673X 11 A o0 3 Brd 7 i 4 545
TR S = S 7 SR VR A B R B IE RN 100.0%, 38 LR UESS R IER R IR N 95.0%. 4 # 0K
OINTRSIL B R . PR TR S L BTER 4 7 DR = SCfa P IR A RO, AT S
HABR IR VEEA T A PR T RO S H

K YLK, HIBEEA S E T IRTTEE, c; T bR

Research on the traceability of Salmon origins from domestic and
international sources based on mineral element analysis

LIAO He-Jing'", HUANG Su-Ping', BIAN Yong® HU Li-Yuan', LIN Chong-Wu',
ZHANG Guo-Liang’, XIN Pan’, SU Hai-Long’, HE Hua-Feng®, ZHENG Juan®"

(1. Dongxing Customs Comprehensive Technical Service Center, Dongxing 538100, China; 2. Science and Technology
Research Center of China Customs, Beijing 100026, China; 3. Beijing Customs, Beijing 100026, China;
4. Public Health School, Guangxi Medical University, Nanning 530021, China)

ABSTRACT: Objective To investigate the feasibility of mineral element analysis for tracing the geographical

origin of Salmon. Methods The content of 20 kinds of mineral elements in 40 Salmon samples from the Faroe
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Islands, Norway, Scotland and Xinjiang were determined by inductively coupled plasma mass spectrometry. The
obtained data were processed with SPSS 27.0 software for variance analysis, principal component analysis and Fisher
discriminant analysis. Results The 11 kinds of mineral elements (Na, Mg, K, Ca, Fe, Cu, V, Cr, Co, As, Hg)
showed significant differences among the different origins (P<0.05), while 6 kinds of elements (Zn, Sr, Sn, Sb, Pb,
Mn) did not show significant differences (P>0.05). According to principal component analysis, the cumulative
variance contribution rate of the 4 principal components was 80.864%, and it was determined that 11 kinds of mineral
elements, namely Na, Mg, K, Ca, Fe, Cu, V, Cr, Co, As and Hg, were the characteristic factors of the differences in
mineral elements among the Salmon from the 4 production areas. The discriminant model established based on these
11 kinds of mineral elements had an overall correct discrimination rate of 100.0% for the origin of fresh Sa/mon, and
the correct rate of cross-validation results was also 95.0%. Conclusion Mineral element analysis is an effective

method for tracing the geographical origin of fresh Salmon from the Faroe Islands, Norway, Scotland and Xinjiang,

providing technical support for combating the misrepresentation of the geographical origin and label fraud of Sal/mon.
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=AY b R R E (Salmo) I K
P EE £ (Salmo salar)[l], FHAAER VGRS KA b
VKPEE T KR, R s 3 MR, 7 AR, 4
67 Rt P, HE SRS . AMUFIEIR, JEA R
JRUM, =300 L B A A BRI P 4632 B R i/ e 7

Rl T P A R 2RI, =3l O 8 AR
B, kg ZAEEAN I IX, A 2 A T R N B R
T 8% £1 (Oncorhynchus mykiss )37 5E 3k H 14) Pg K=\l 8 o R
AT 6 [7] )& Gk Rl (R AT N M AR T RV Pk
Gh, AR L = SCEAERIR FIRFAEZE R . BT =3
12 LU e B8, UG A WX LA ) 31 A 2
Hirth, BRI ERH—LFHERT 7B
B RSN LS GHVER S, K17 AR &
Bas, PLAELT W RIT, i Al RE I = 75 B Y 2o 0 ki 57
B R 15 Y S5 DR 3R A R A R XU, o TRt A T — A bR
HERA () = SC = R ik, MRS N L2 5T
NPEAEEEE L.

ERT, A5 SR 32 S5 F A 2 AR
AT AR R R B AT I R e R
OIRTIE PR AR . BRI B A A LRI BRI, AT
IS Z RN TSR DNA B0, Seikfi AT
FETE R ZAENOKSY . RIS E MY ELRAS T, R WL
ERMEEE T, HEZ T, TP EZaiiERETEY
AR KA | Dk S PR BE rh O R E LR, B
ST MR AR Y < TC R AR B0, JLHXT T IRFa K, 1wk
B WITE N EE R —, HAL )y 5k IR R
6T TR AR 7 g I, DA A B IR AR AL T AR K
o A =Scap RS o, A Gk b T RSN

BRI, TR 75 = S = (] A ) AT A R
B A, A WEIECR T RS G AR R T
(inductively coupled plasma mass spectrometry, ICP-MS)Jll
FE TR BEDRER . R IR SR 4 D7 X =50
farEA R 20 MY 0 (B45 Na. Mg, K. Ca. Fe. Cu,
Zn, VE)WEE, @ 2 E IR L B B R
MIICR, It — L HAT F R i, SRBFHEERT 1 1
FHSr, mAHE 11 FOCHEIGITER . EEAL F, R
Fisher F 53 A AY, JF R I BR — 1 58 U E PPAS
FIGIERE . AT T —FEXT BRI XK ZR 1 Sk
PR GBI, AT = SC P 4™ MR AR 2 VR SR AT
AL T HOR A, X SRR FK G i XU A RE T
(817 s e By O U B S SR L

1 MR5RE%

1.1 M5

RUGFEEEAIL 30 4%, LB HEL . 080, 822 3 A4
O, I TF ORI AN A el W B S N SR ik )
HERFACT)FERRA AL BBl it 10 4y, P BiEfr
AR, AN R ECR A BB A BR AR, = Ak
EREA (U R TEB R | JRAR 2L WERA 2 (T
345300 g), W AR T R, TEAREREEILE 1.

65% MR (T ali, #E Merck 2AH]); ZMTEIRS
FRUEAEW: Mg, Al, V. Cr, Mn. Fe, Co. Ni. Cu, Zn,
As. Sr. Cd. Sn. Sb, Pb(JFi & V¥ 100 pg/mL), H—ILHK
FRE W Na, Mg, Al, K, Ca, Mn, Fe, Cu, Zn, Sr,
Hg(Fia ¥k E 1000 pg/mL), WARBARAW: Bi, Ge. In,
Re. Rh. ScUHERE 100 pg/mL)(EZKA 48 K T4
B HLG); Lis Bey In, U BiiSiE S IR SARMER
WS E 10 pg/mL, 3E[E Agilent A F)o
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Table 1 Detailed information of the collected Salmon experimental samples
I %/ X BN Al /7 X HA BB AL /g il
NORDLAKS PRODUKTER AS AVD ) FEEE 00 A
SOTRA FISKEINDUSTRI AS 2 Bt B 500 PNULRES 5
WL Bremnes Seashore As Avd Produksjon 2 h B 500 pNIpER i
MOWI AVD EGGEB@NES PROCESSING 2 B B 500 PNILRES S
GRIEG SEAFSQF?]{:)R}]{\]%SQII&?ND AS AVD 5 i 500 PGV b
ik o Scottish Sea Farms Ltd, South Shian 5 R B 500 KV i
RS Scottish Sea Farms Limited 5 B 500 K PG VEd:
FO 116, Mowi Faroes 4 B B 500 PNULRES 5
LB FO189, Bakkafrost Processing 3 rh B 500 PNk 5
FO125, Bakkafrost Processing, Glyvrar 3 B i 500 pNIpER
Hh B iz SN 10 B 500 I .

1.2 UE5EE

Agilent 7800 FL/BHE G 45 2 AR {X (GE1E Agilent
A)); Exceed-Ad-EDI-16 #B4E/KHLOBARH R TR &
JE A B2 Hl); MARS6 fof ik 7 ff X (36 [l CEM /A Hl);
BHW-09C #5278 (L 1 1 30 1k % B H A BR A A,
Puiverisette 11 JJ =AM S (75 [ €5 7)o
1.3 WHE
1.3.1 Hambl&

X = St RE S EAT RS, TR RS KOG T (R
1~10). FREKPGEEBEGRS 11~20) . J5A% 22 P4 e (4
21~30), HrHEuT (S 31~40), b B N 2= )
mtagfa, ISR GO OUERE, Kbl i ik AT
AR IN, BEIEARBARIC, HRTRORAE T—18 °CUKAH .
132 H:maras

Z & GB 5009.268—2025 (& & E RhrfE &5
HFZILERIE ) AT, FREUAFES 0.5~1.0 gOEfE
0.001 g), B TIHMARET, A 5 mL AR, K iHEE
F 120 °CHFFRH M _EHUN# 20~30 minl*PE17 Hi i,
15 T % P R T A/ 5 5 AR T AR R, R B
PEATIN AR, SO T MR UL 20 TR U B T A
T3 XU P /N O AT FE P Ah s R RERESR, /D K sh ok i a5,
FE R I i I R A P, T 100 °CAIN#A 30 min, ¥
J&i, BN FRRE TR SRR 2> 3 K, AT ZIE M
7 50 mL #IRFBLOAE T, FKEARZE 50 mL ZIJE, 1’2
FEO, [ As FaG
133 MBEBRELRM

i He BEAEAL, WATH0, 02 DU ma i v v
Ak ICP-MS MR RET BB H. AbERE LS
Bk BRI 1550 W; B PRSI 15.0 L/min; 4
BA i 1.0 L/imin; ZCS i E: 1.0 L/min; ZLERE:
2 °C; filfEARa: He 55X, Al S0/ 3.5 mL/min, R

FEEREE: 8 mm; RARHEFLIS: 1.0 mm, #RBU#ESLFE: 0.4 mm;
SKAERTA]: 40 s; T REL: 3 K.
FT2 WUEHBIER

Table 2 Program of microwave digestion

E2 sw  gpeec  OVEIMEL GREEIT
/min /min
1 1800 130 10 3
2 1800 160 3 5
3 1800 180 4 s

134 AFfEMEGEIRTER

WIS i 2 U R AREI R B RO R IR S AR MEN A
W, F 5% RV 05 B BRI IR B AR W R 51, Hg
TEBC % 28 VAN N 0.2%0 1 Au JTRAIERECER], £KIuER
HERVI TR W 3, @l T B Sl AELTI A UbriE
AT R B R AR (X, ng/L), LA TR W N5 HH
L PALBR T 2R W AR EEAE R AR AR (), A7 A o A i
Lo BELEME 11 YOHE R 28 VR R AR VA, ST AR i O 2
(@), 2rBILL 30, 100 XF R4 57 i B2 D A6t BR (limit of
detection, LOD)F1%E & B (limit of quantitation, LOQ).

R3 20 MU MTRIRERIIRE

Table 3 Standard series concentrations of 20 kinds of
mineral elements
JLHR Bt 2R 9 BT s vk BE /(ng/L)
Mg. Al, V., Cr, Mn,
Fe. Co. Ni, Cu. Zn,
As. Sr. Cd. Sn. Sb.
Pb

0. 1.0, 5. 10, 20, 30, 40. 50

0. 0.1, 05, 1.0, 2.0, 3.0, 4.0,
5.0
0. 400, 2000, 4000, 1200, 2000

Hg

Na. Mg. K. Ca,

Al Fe 0. 100, 500, 1000, 3000, 5000
Cu. Zn 0. 10, 50, 100, 300, 500
Sr 0. 20, 100, 200, 600, 1000
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TEH — 0y = SCAAE b, TS INAR 25 T 2% s o i 2k v 1]
WEEVEATINbR I, SFATINE 6 W, THE AR RIS AR F1 4%

JUER & B WA BR R 22 (relative standard deviation, RSD),

DABSIF 7k B HERG B
13.6 A&z

PR 1.3.2 MPAEAR I TRIACE, 358 1.3.4 hEERARTE
B R e TR 20 R B R AR SR TIE
14 BUBALIE

K1 SPSS 27.0 Gt it 3o 45 Stk AT M0 ar, 17

BAFEE R T 1 ARG, B Fisher BB —1k38 X
IO UESRARCE ) A, F ST R RIS

2 HRE5HR

2.1 FnofERhZk. RHR. EEMRZMFRELL

20 A oC R bR ERZE . K R R e R AR 4
FR, FIoCRLEMEDIE REUETE 0.9998~1.0000 2 [1], FHA
FIUREMERR R, WK, AR ITEW
K BR A E & R 43 9l £ 0.000725~0.990100 pg/L .
0.002740~2.970000 pg/L, [HUZEF A 90.1%~106.8%,

KILRA m@f%Rﬁhﬁl?%ﬁ%@m%ﬁﬁ%Tu
X =R IC RS
22 ETHB. B HiE=
ZREER

MELE R ER, FIAFEAT Al Ni, Cd 3 nEPR
i o 4 NI = SCEM A WITT R & R bR R 22
W 5. FFRNINTYIICE G REZARZ I Z MR, Fan
TR 4RI . PR KB 4L ST A0
4 KRR, WEE = SCAY Ca SR B BAR T 0
X, BbAbh, Brsm = b As frE T X, o E
BEREME, Sr. V. Cr. Mn, Co 5 FonRAEBR"™ =3
iR P A TR B E REBR, I A HE 1 =S A A
X2 5 AT RE S FRA AR B VA G, KV vtk Ay g K IR0,
ﬁﬂ%ﬁ%ﬁ%%,%EE%F%&&%%%%%W%Q
W, KyEMEAKR As. Sr. V. Cr 250 £ MM 575 5
Eiﬁﬁiﬁ%}ﬂfﬁm%iﬂ AR E WA 2S5, Hi
SET A = SR N T YOC R BEUFER .
SRS R R Z T AL, S5 REM, Na, Mg, K.
Ca, Fe, Cu, V. Cr, Co. As. Hg 11 Fp#" ¥ e £1/EARF
77 X B AE 7 5 35 2% 5+ (P<0.05), Zn. Sr. Sn. Sb. Pb.
Mn 6 FB YI G R AAFAE & T2 5

AT E

eIt

F4 20 MILEAILMTIE. LODs & LOQs
Table 4 Linear regression equation, LODs and LOQs for 20 kinds of elements

JLH L] LRk I )y A B3] LODs/(ug/L) LOQs/(ug/L)
\% Sc Y=8.086x102X-1.096x10"* 1.0000 0.001463 0.004870
Cr Sc Y=9.572x102X-1.331x10"* 1.0000 0.010410 0.034700
Mn Sc Y=8.672x102X-2.213x10* 1.0000 0.018100 0.060300
Co Ge ¥=3.252x10"'X-1.080x10* 1.0000 0.000725 0.002740
Ni Ge Y=7.839x102X~1.089x10 0.9998 0.198600 0.487000
As Ge Y=2.479x1072X-8.550x 107 1.0000 0.009870 0.028800
Sr Rh Y=1.879x1072X-9.964x107° 1.0000 0.146100 0.488000
cd In Y=4.998x10°X-7.770x107 1.0000 0.001880 0.004780
Sn In ¥=1.312x102X-4.419x10™* 1.0000 0.009890 0.029600
Sb In Y=1.322x102X+1.379x10°° 0.9998 0.009760 0.027800
Hg Bi Y=1.369x10*X-5.006x10 0.9998 0.000987 0.002980
Pb Bi Y=1.731x10°X+3.272x10? 1.0000 0.017700 0.044300
Na Sc Y=2.246x102X-2.794x107 0.9998 0.857200 2.854000
Mg Sc Y=1.325x102X-3.619x107 1.0000 0.262500 0.874000
Al Sc Y=9.014x10°X-8.315x10™ 0.9998 0.211100 0.703000
K Sc Y=1.658x102X-2.776x107 0.9998 0.990100 2.970000
Ca Sc Y=5.445x10°X-5.230x10"° 1.0000 0.959400 2.878000
Fe Sc Y=1.041x10"'X-2.086x1072 1.0000 0.899000 2.697000
Cu Ge Y=1.945%10"'X-9.654x10™* 1.0000 0.047050 0.188000
Zn Ge ¥=3.250x10"2X-2.502x10" 0.9998 0.489000 1.960000
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Table 5 Content of mineral elements in Salmon from 4 different origins (mg/kg, n=3)

JLER i pix B
Na 455.033+74.461° 445.911+50.508" 345.237+77.141° 410.947+49.615®
Mg 259.655+23.942° 217.359+17.633° 222.010+19.455° 254.388+15.899°
K 3319.278+316.790° 2695.642+196.667 2712.631+260.451° 3176.880+396.776°
Ca 164.832+252.693™ 391.599+196.853" 261.952+322.739" 53.058+4.195"
Fe 1.884+1.999° 0.507+1.604* 0.714+1.509%
Cu 0.520+0.193" 0.229+0.091° 0.286+0.041° 0.349+0.067"
Zn 4.056+0.928" 3.820+1.054° 3.199+0.303° 3.454+0.297°
Sr 1.728+3.981* 1.817+1.476 1.274+1.532° ND*
\% 0.0370.039° 0.028+0.009% 0.009+0.004" ND*
Cr 0.025+0.080" 0.444+0.094° 0.167+0.117° ND*
Mn 2.409+0.732° 2.530+1.645° 1.922+1.385° ND*
Co 0.058+0.029* 0.0430.004° 0.023+0.011° ND®
As 12.908+3.553" 7.036£0.599¢ 10.519+0.730° 0.251+0.098¢
Sn ND* 0.006+0.018" 0.003+0.010° ND*
Sb 0.014+0.023° 0.012+0.020° 0.026+0.028° ND*
Hg 0.029:£0.008* 0.010:£0.001" 0.0270.003" 0.010£0.001°
Pb 0.0170.036° 0.042+0.073" ND*

H: FATARMARNG R8T B # 22 R(P>0.05); A[FRV/ING PR #1252 5(P<0.05), ND K& BT LOD,

23 ETHDB. BE. AE=Z. IB=Xai¥r
RZEEERSOW

hTIRBIREAE H Y, XA BEZESN 11 AR
P BEAT AT, R LR A R (Bartlett) B3RP B2 46 56 R
il RE & 4 M 46 3 (Kaiser-Meyer-Olkin, KMO), KMO X
0.511>0.5, DEAFFIREBRIE BEAG 30 1Y S 25 /N T 0.001, 15677
BAR R 2 0] FIAEAE AR DG o] LAgEAT 32 5o 0 o $REBURFAE
EHKTF 189 4 AERS, HFE 6 nTHIRT 4 A~ FERA8 Rt
T ZETTHRE N 80.846%, A FL4r ik B RMLUF AR E .
GEA e 5 W Lo AT R R T A A 1 Ry F LR
T K. Mg, Cu, Ca GETHRIFEL, & 2 FHr EE
T V. CotETRER, 3 FMsr 1844 T He, Cr,
As TR TRELR, % 4 FWMAWKE T Fe. Na TR & =[5
B BT BRI, SR BRES RS R I
2 HTER S Y T R AR 25 SO, R AR
FRAEFEBR, SRR P b B9 ) AR A B (A AR B AR o
231 RFEL. MR, FKZ, R &rHik
A2 FI R M7

H Na. Mg, K. Ca, Fe, Cu, V. Cr. Co. As. Hg
11 Rl HA 22 R s o kA T2 R 30 a8 . R
Fisher pREC. 28 XA IHEA TR 30T o AR IR 55
Wz ()~(4):

Y,=225.591+0.154Na+1.366Mg-0.018K—0.002Ca—1.263Fe
+63.716Cu—382.793V+8.507Cr+31.448C0+10.664As-2489.801Hg

)

Y,=177.348+0.177Na+1.476Mg—-0.016K+0.001Ca—1.664Fe
—19.687Cu—609.481V-2.264Cr-93.899C0+7.933As-3476.361Hg
@
Y=162.694+0.132Na+1.369Mg—0.019K+0.001Ca—0.758Fe
+7.264Cu—523.953V+17.516Cr-136.337C0+9.221 As—2582.548Hg
©)
Y7199.478+0.199Na+1.675Mg—0.016K-0.267Fe—82.633Cu
—783.563V-33.001Cr-148.218Co+4.198 As—3122.619Hg
(C))
F6 4N EERT YRR EMR TR
Rt HETE
Table 6 Rotated component loading matrix and cumulative
variance contribution rates of mineral elements in Salmon
samples from 4 origins

TUTE ELEl)
2 3 4

K 0.918 —0.037 0.008 0.150

Mg 0.908 0.037 —-0.020  —0.002

Cu 0.687 —0.090 0.195 0.564

Ca -0.556 0.502 0.014  —0.113

A 0.030 0.899 —0.005  —0.063

Co -0.055 0.855 0.242 0.070

Hg 0311 0.213 0.870 0.033

As -0.033 0.590 0.747 0.085

Cr -0.452 -0.202 0.649 0.032

Fe 0.186 -0.105 0.148 0.910

Na —0.036 0.491 -0.397  0.634

J5 25 BT/ % 28.849 25.523 15.465  11.010
R TTHR /% 28.849 54.371 69.836  80.846
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. H:Na, Mg, K. Ca, Fe, Cu, V. Cr, Co. As,
Hg W WIICEMAE; Yo, Yoo Yo H Yo 3BT BER) | H0RL
TGS e 4 AT X S Y G E Sl R
TR 3 A4~ MR 30 51 5 %5, Willks” Lambda #6556 25 S E— 240F
52, 1 a=0.05 [ B WK T, 34 BB SR 0 B
F, RUPHIZIEABEG LA H32, Fodpig) g 1 Fik)
PREL 2 BEURBAIGIERIRR Tk 93.4%, FIFFIHIREL 1
FF R R AL 2 AR EAEROS I, DUE L B IE L AT, ik
BRES  WOE . TAEE L BiEm 4 A X R =Sl —
EFEE, AKX

FIFH LR PRI R G RE SR UA28, i3k 7 ATLAEH, It
RETRU R = S0 7 b YR B R 5 IE B 2Rl 100.0%, 38 X
IELS R TE IR N 95.0%, W] Na, Mg, K. Ca,
Fe. Cu., V. Cr. Co. As. Hg X =3CA 7= #h it J) 1] 5 0
Bt
232 WHMEZ L& KRk LINIE

SRS B AR R R SE BRI FH AR, AFRCRET R A 4 4
X 8 T EFE AT X 2 ) AT AN,

L8 A Fisher GRS S gbAT Wi, 45 58ang 7 Br
7, BB T B R H 0 TR A 25 #) 100.0%. %4
RFEW], 2F Na, Mg, K. Ca, Fe. Cu, V., Cr, Co,
As. Hg iX 11 Fhoc R EryH IR, NGE A F I 24
FEAS, X AR HISRIE T HE i [FIRE HA D A n S e 7 -

" 215
O B
©
S ) ) O Jiifie 22
° o o c[’?o o o %ﬁ'g%
N o ) o *®
o TR o oxpmix
° w W
° &
5+
-10[ . . . . .
-10 -5 0 5 10
W

(Y IPE Bl Nt

Fig.1  Scatter plot of canonical discriminant

x=71 FRDRELE

Table 7 Results of discrimination and classification

T2 A5

A X \ - Wit
BB E/91 PN i

DR 10 0 0 0 10

MR 0 10 0 0 10

A PN 0 0 10 0 10

o 0 0 0 10 10

[ RKAHANE 2 2 2 2 8
o B RS 100 0 0 0 100
£ 194 0 100 0 0 100

HeA/% PN 0 0 100 0 100

s 0 0 0 100 100

KA E 25 25 25 25 100

LB 8 2 0 0 10

P 5194 0 10 0 0 10

PN 0 0 10 0 10

LR b i 0 0 0 10 10
LB 80 20 0 0 100

7194 0 100 0 0 100

e A/%
PN 0 0 100 0 100
e 0 0 0 100 100

{E: a IEBRHIXT 100.0% 450G C 0 HAREHAT 7020 b SUEX P D ZE AT S UIRIE . TEAC XUIRERP, AN S0 g 4 iz
A LIAMA I A RURE W R BT 432 o IEBRMBRT 95.0% 1T T 8 LR TER C A 4RI T T 4024

3 i i

AW %S Na, Mg, K. Ca, Fe. Cu, V.

Cr. Co. As. Hg 3t 11 FhInzAE R X 4 = SCH 77 HL i) S5
FobR o LS T F LM PTG 0 A ) = S 39
Bt B — 8Pk, R RIAEFE i Na, Ca, Fe. V. Cr.
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AsTCEIEA BB A B, 33 TR ERIE T AR 52 9
e EEARRY PR . A —80LER, XarfeldHF
SRAEAEAY . HARSRIH s K AR IR B s G AR TR, (AL
D ICR MG WA AR 3] T 28 LEHIE .

AR FEARBF R —E 01 6 HZE 7 HRERAE,
X BARIE T HEAYIR A — 80, Bhs AT
AN SRR, 128, BRI AEBR ISR I s 2T R
ek E R . TS BGRB9S R
AR AR =X o X —17 BOAR AT BEUH T 4 M bt B 5 i

PEEARAIE A AR ——15 2 e B SR (6 T A LR P ¥,

SRR AL . KR SOKMOTR T 5, T EOHSRIE
SICHR IR YL ER I R BN . XTI BEAR AT ) X

[ e B 5] AfaE ML R BB RIS S R H AR, DI
R T WA R
4 &

AHFFEE L K FH ICP-MSS Xtk B RES | JIRk L FA% 22
Brdm 4 7K 40y =3 Mg, Al V. Cr. Mn %%
20 FMIC R S EIE, SR SPSS 27.0 B iR T 22 R0
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