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1 (ANOVA), (MDS) .
(PCA) (DA),
L1 (MDS)
, F1.#2.83, o
JL12 ~ L15C#2) S16 ~ S19(# 3) 20, (PCA)D
C D, ,
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1 ’ o
Table 1 Description of liquor samples (DA
(%) (BEARS
Mol #£1( ) 53
Moz £ 1( ) 53 ’
Mo3  £1( ) 53 .
M4 21 ) 53 ,
Mos  £1( ) 53
M06 2 1¢ ) 53 o ’ B
Mo7 £ 1( ) 53 NN Z = (x—ax) Xs
Mo8  £1( ) 53 7 o
M09  £1( ) 53 _
Mio  £1( ) 53 R R s L s S °
Mil £1( ) 53 N N
L12 £2( ) 51 . . 2
L13  #2( ) 51 N N
L14  #2( ) 53 N N
L15  #2( ) 53 N N 21
S16 #3( ) 52 y
S17  £3( ) 52
S18 2 3¢ ) 52 NN ’ ’
S19 £3( ) 52 N Mg.Sh. Bi . 45
L2 .
10 mL 25 mL , Al.Ca,Na, Si, Fe,K, Mn
(80°C) , 1/2 , , ,#1 Ca
HNO;, H, O, (120°C)H, > Si > Al > Na > Fe > K >Mn; #2
s, 2% . Si > Fe > Al >Ca>> Na > K >Mn;
£3 Na > Al > Fe > Si >
(Inductively Coupled Plasma Mass Spectrome- Ca>Mn> K, la )
try; ELANDRC-e, Perkin Elmer, USA) s F1 Al.Ca,Si.K
(Inductively Coupled » Na,Fe.Mn s H2
Plasma-Optical Emission Spectrometry; Vista Fe , K
MPX, USA) , #1
° ’ # 3 H # 3
Milli-Q o (500 pg/L Rh), Na.,Mn ,Al,Ca.Si
’ vFe\K # 1 Zﬁ: 2
95 % 10% . °
1.3 1b9 Co d ’ #‘ 1 Ni
SPSS 17. 0 Ag ,Li,Be.Co,Ge ,Rb,Sr.In,
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Fig 1 Box plots of the concentrations of elements
in liquors from different origins

[11]



2013

. 1 #1 ,
#2.83 . . 3
. 72 #3 93 62%.,
, 1 « 2, (PCD)
R , Ca.,Mn, Be. Sc., Ge, Y. Pr.Nd, Sm. Eu.
£1 2.3 Gd.Tb.Dy.Ho.Tm.Yb,Lu 17
o ) 70. 87%, 17
2 ’ # 1 ’ H
H$2 #3 , (PC2) Fe,V.,Cu,Ga,.Cs 5
. M01.,Mo02  Mo3 ; 17. 7%;
,M04 ~ M11.L12~L15  S16 (PC3) Na ,
~ S19 . 2 , 5 05%,
Mo04 ~ M11,L12 ~ L15 S16 ~ S19 2 2
0 o . Table 2 The eigenvectors and cumulative contribution
. =1 of variance of the principal
. o — O. 05 ’ K\
\ 1 2 3
Cu.Ag.Cs.Ce.Pr,Eu  Gd 8 .
Ca 0. 939 —0. 018  —0.074
o Na —0.463  —0, 275 0. 611
, , Fe —0. 394 0. 907 —0. 024
Mn —0.781  —0, 063 0. 484
’ ’ Be 0. 809 0. 037 —0, 366
, ( ) Sc 0. 917 . 189 —0. 136
i , \% —0. 462 0.880  —0. 00001
[1s Cu —0 112 0. 934 0. 078
° Ga —0. 529 0. 841 —0. 023
S T — Ge 0. 740 543 —0. 228
S 7N\ Y 0. 984 0. 042 0. 146
' ,/ _ ‘\‘ Cs —0, 587 0, 622 0. 352
fe = | Pr 0. 977 0. 159 0. 054
o 1 1
g i . i Nd 0. 977 0 158 0. 078
1 '; I Sm 0. 989 0. 068 0. 080
a v Eu 0. 988 0. 022 0.128
‘\\ i’l Gd 0. 982 0. 045 0. 157
] N_/ Tb 0. 979 0 111 0. 153
-3 z T 1 Dy 0. 978 0. 093 0. 157
) Ho 0. 974 . 089 0. 169
Tm 0. 981 0. 061 0. 140
Fig 2 Multi-dimensional scaling (MDS) Yb 0. 978 0. 029 0. 162
analysis model of liquor data Lu 0. 982 0. 056 0118
% 70. 87 17. 7 5 05
23 % 70. 87 88 57 93. 62
#1 #2.#3
(Mg.Sb.Bi ) (PCD) (PC2)
s a= 0. 05 , ( 3a,b). 3a ,
Ca.Na, Fe,Mn, Be,Sc, V., Cu, Ga,Ge, Y.Cs, Pr, ., H1 (M10
Nd.Sm, Eu,Gd, Tb, Dy, Ho, Tm. Yb Lu 23 ) s
o s £ 2
SPSS17. 0 , Ll14 s # 3

23
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Fig 3 Scatter plot of the PC1 and PC2component

scores of liquors

s (PCD (PC2)
#1 2,83 )
3b, #1 PC1 )
Ca.Be.Ge . REE(Sc.Y.Pr.Nd.Sm.Eu.Gd.Th,
Dy.Ho.Yb, Lu) )
sl la,d #®1
Ca.Be.Ge.Sc.Y.Pr.Nd,.Sm.Eu.Gd,Tb,Dy,
Ho.Yb.Lu #2 #3
16 . , 15
#1 #2,.43
2. 4
, 23

o , 0.05 , 6
Mn.Ga,Sc.V.Na Cs, 3
(B,
F1=0(Na) — 0. 38 (Mn) + 6. 44 (Sc) + 0. 27
(V)—0. 75(Ga) +18 29(Cs)—11. 87
F2=10. 01 (Na) +16. 41 (Mn) — 184. 6 (Sc) —
13, 81(V)+32 4(Ga)+1749(Cs) —5368
F3=0. 01 (Na) +16. 3(Mn) — 184. 5(Sc) —
13 76 (V) 432 2(Ga)+1818(Cs) —5323

(F)
, 3, 19 1
; 94. 7%,
6 , #H1.#2,
£3 100% ,
100%, Mn.,Ga,Sc,V.Na,Cs 6
3

Table 3 Classification of liquor samples

based on discriminant analysis results

#1 ®2 #3

%1 11 0 0 11
£2 0 3 1 1
£3 0 0 1 1
11 3 5 19
3
,
b
,
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Multi-element Composition and Geographical Origin
Discrimination of the Selected Liquors

JIANG Tao'?, XIAO Tang-fu', NING Zeng-ping', JIA Yan-long'*,LIU Yi-zhang

(1. State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry, Chinese Academy of

Sciences, Guiyang 550002, China; 2. University of the Chinese Academy of Sciences. Beijing 100049, China)

Abstract ; Inductively coupled plasma mass spectrometry (ICP-MS) and inductively coupled plasma —optical emission spectrome-
try (ICP-OES) were used for accurately determining the concentrations of 48 elements in 19 selected liquor samples from three
geographical origins of Guizhou and Sichuan. The statistics of variance (ANOVA), multidimensional scaling (MDS), principal
component analysis (PCA) and discriminate analysis (DA) were applied to investigating the feasibility of multi-element analysis
in discrimination of the geographical origins of liquors. and to select the effective indicators in liquors for geographic origin as-
sessment. The results showed that the element contents varied in the liquor samples from different localities, and there exist
significant differences in the contents of Ca, Na, Fe, Mn, Be, Sc, V, Cu, Ga, Ge, Y, Cs, Pr, Ne, Sm, Eu, Gd, Th, Dy,
Ho, Tm, Yb and Lu. MDS and PCA classified the samples of liquors as different categories, which are consistent to the geo-
graphical origins. Furthermore, six elements ( Mn, Ga, Sc, V, Na and Cs) were screened through DA to be appropriate indi-
cators for geographic origin assessment of liquor samples, and 94. 7% correct classification is for all the studied samples
Therefore, it is feasible to determine the geographical origins of liquors based on multi-element analysis data for liquor samples.
Key words: liquor; multi-element analysis; multi-dimensional scaling (MDS) ; principal component analysis (PCA) ;discriminant

analysis (DA)



