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Abstract: In this study,a method was developed for simultaneous determination of twenty kinds of mineral elements in Che-
nopodium quinoa Willd. (CQW) from Haixi Prefecture different regions of Qinghai by inductively coupled plasma-mass spec-
trometry (ICP-MS). The contents of these mineral elements were selected to compare , analyze and evaluate , providing a basis
for the development and utilization of the CQW reprocessed products in Qinghai Plateau. SPSS 19. 0 was used to conduct mul-
tiple comparative analysis, principal component analysis and comprehensive evaluation of mineral elements between the CQW
in seven different locations from three Haixi Prefecture regions,and the CQW from Qinghai Haixi Prefecture regions and other
domestic and foreign producing areas were also made. The results showed that there were significant differences (P <0.05)
in Na,B,Al,V,Ni,Se and Ba of the CQW from different Haixi Prefecture regions of Qinghai,and there were significant differ-
ences (P <0.05) in Na,B,Al,V,Se,Sr,Mo and Ba of the CQW between Qinghai Haixi Prefecture regions and other domes-
tic and foreign producing areas. The results of principal component analysis showed that the CQW in seven different locations
from three Haixi Prefecture regions of Qinghai was mainly divided into two categories, and the quality of mineral elements
were correlated with local altitude ;the CQW of different colors in Haixi Prefecture regions of Qinghai and other domestic and
foreign producing areas was mainly divided into five categories,and the quality of mineral elements were not only related to lo-

cal altitude,but may also be related to introduced quinoa strains,breeding and genetic improvement, growing environment and

Wi B 7 :2020-10-09 %% H1#1.2020-12-10
LRI A T AT 5 A R0 (2019-SF-C13 ) § 7148 1 MERS SV 6L 0 Ve BRBIFIE T 45 S0 0% (2021 70-Y14) 7511 A 2 A5
fkit41 (2018-Y-15)
* W {E1E#H Tel :86-971-6132750 ; E-mail : tanliang@ nwipb. cas. cn , hlwang@ nwipb. cas. cn



Vol. 33 RS TR TN AR X 2L T Y ROC R RS T S SRS TN 25

ecological adaptability. After comprehensive evaluation ,the quality of mineral elements in the CQW of Dagele Township , Geer-

mu City and Wutumeiren Township , Geermu City from Haixi Prefecture regions of Qinghai were relatively better, respectively.

Compared with the CQW of different colors from other domestic and foreign producing areas, there were relatively better quali-

ty of mineral elements in the CQW of pure white,a double colors of red and white from Haixi Prefecture regions of Qinghai,

and the CQW with a three colors of red,white and black from Peru puno. This study can provide a basis for quality control of

the CQW in Haixi Prefecture regions of Qinghai with rich in mineral elements.

Key words : Chenopodium quinoa Willd. ;Haixi Prefecture different regions of Qinghai ; mineral elements ; principal component

analysis ; comprehensive evaluation
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Table 1 The CQW samples collected from Haixi Prefecture regions of Qinghai and other domestic and foreign producing areas

, , ; , Hb AR BR 27 N
B B ) LA b TR WSt il
) Geographic Mean altitude . L
Sample No. Sample source Sample color . Collection time
coordinates (m)
LML HEP £ 22 L7 R v at SR 4000 2019.9.27

E98°28'48.89"'

N37°18'41.73""

LM-02 THF PG A 0 T A 5 A S 3 ) £14h, E97°12'10. 15" 2 980 2019.9.28

N36°26'38. 84"
y v A% AR : o7
LM-03 VR VG A IR AT KA ) & FAR ) F95°45'11. 78" 2 780 2019.9.29

N36°26'38. 84"

LM-04 PGS IR AT K A% £ EANEPAEEN E95045,11:78,, 2 780 2019.9.29

N36°54'32.44""

LM-05 PR R AR T S EIE S FANSPIEE F93°00'47. 66" 2 780 2019.9.29

. ) N36°59'10.62"
N R O 2, 24 P4
LM-06 U VG ] 5 2% B ] 2T PR F98°15'6. 89" 4 000 2019.9.27

N36°47'34.30""

LM-07 VPG M 22 BRI R R SEEN F99°04/34. 85" 4 000 2019.9.27
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A Na BFEREMEZER (P <0.05)c. Wil  Mn FEFEREWZERF(P<0.05) e BeyGaEdk
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Mn &5 (14. 800 mg/kg) , ASEH FFHFERITH M 1 Se SR (0.028 me/kg) , F .z R PRPHIX 3
T E P LAIRR P X 4 Az B AR Se S RAAERETEZE R (P <0.05) 5

F2 BESAMNTAMREELSPEMTURTEVUELESR (x = 5)
Table 2 The results of various mineral elements in the CQW samples collected from

Haixi Prefecture different regions of Qinghai(; + 5) (mg/kg)

5 é =)
JUES . mx @ WB o BEMg @A BG KT WY W B
g .
XA 2694.904 £ 9.659 + 2.354+ 1324.440+ 2.150+ 403.263+  0.011 0.009 + 16.025 +  47.937 +
) 194. 255° 0. 666° 0.111% 77.261° 0. 103* 21. 543" 0.001* 0.001" 0. 835* 2.335"
xo oI 652+ 21.335+  6.372+ 1581.632+ 3.050+ 343.650+  0.013 = 0.007 =  20.241+  34.488 +
) 266. 417° 1.731¢ 0.252¢ 122. 345° 0. 140" 15. 005° 0.001° 0.001* 2.121" 1. 500°
HX3 2347.318 £ 50.824 + 1.258+ 1542.114+ 4.124+  393.902+ 0.011 0.013 = 15.633 +  53.116 +
- 158. 339 2.779¢ 0. 094* 120. 440*  0.320“ 29. 282 0.001* 0. 002¢ 0. 818* 3.921"
xa 2 468.369 = 13.440+  5.349x 1467.242+ 4.182+ 399.258+  0.013 % 0.018+  21.425+ 34.525%
247.495% 2.061" 0.362¢ 92. 856* 0. 352 36.173% 0.001* 0.001¢ 3.0220 1. 8428
XS 3137.877+ 23.105+  6.838+ 1526.381+ 6.574+ 538.476+ 0.011 0.023+  20.939+  32.941
) 383. 703" 1. 594¢ 0.527¢ 113. 781 0.393¢ 27.880° 0. 002* 0. 002¢ 2.343" 1.807*
HX6 2734.603 + 41.832+  5.567+ 1943.750+ 2.718+ 575.555+ 0.012 = 0.022+  20.344+  54.419 =
141. 649* 2.2224 0.226° 202.006°  0.152% 24. 639° 0.001° 0.002° 1.930" 2.897°
HXG 2653.126 + 22.687+  2.691+ 1624.266+ 3.787+ 325.676+  0.009 + 0. 009 + 17.421 +  45.888 +
) 273. 103 1.795¢ 0. 165" 107.332° 0.214¢ 25.457° 0.001* 0.001" 1.807* 2.323"
Vg Uk a2 i B i [ i £ # #l i 1
Origin No. Co Ni Cu Zn Se Sr Mo Ba S P
XA 0. 004 + 0.791 + 4.113+  24.131+  0.035 =+ 2.614 + 0.172 + 0.217 + 3 264.363 + 3 791.425 +
) 0. 000® 0. 036¢ 0.333* 1.334® 0. 002¢ 0. 106* 0.013" 0.015" 143.340*  184.123*
XD 0.004 + 0.879 + 6.840 +  26.826+  0.037 % 4.451 = 0.179 + 0.392+ 3610.086+ 4722.110 +
0. 000* 0. 0444 0.451° 2.701° 0. 0044 0. 333" 0.010" 0.033¢ 171.200*  142.459*
X3 0. 003 0.672 + 6.243+  23.637+  0.023 % 3.732 + 0. 196 + 0.172+ 3230.219 + 4 451.368 +
- 0. 000* 0.015" 0.651% 2.249° 0. 002" 0.250" 0. 028¢ 0.025% 180.317*  351.217*
X4 0.005 + 0.576 + 7.144 & 22,035+  0.022 % 3.850 + 0. 190 + 0.202 + 3 306.444 + 4 582.087 +
0. 000" 0. 029 0. 803" 2.7182 0. 002" 0. 126" 0.023°¢ 0. 020" 254.772°  271.333°
HXGS 0. 004 + 0.593 + 7.460+  23.627+  0.018 % 3.347 = 0.163 + 0.701 = 2 995.880 + 4 165.556 +
0. 000" 0. 053" 0.413" 2.128" 0.002* 0.193% 0. 009" 0. 0559 156.812*  132.569*
X6 0. 006 + 0.467 + 6.022+ 28.831x  0.027 % 4.718 + 0.131 + 0.335+ 3393.656 + 4 758.303 +
) 0.001° 0. 026° 0. 280% 1.515® 0. 002" 0. 340° 0. 022* 0. 029¢ 108.334*  266. 660°
X 0. 003 0.612 + 5.293+  28.005+  0.033 % 3.148 = 0.162 + 0.148 = 3292.006 + 4 665. 828 +
0. 000* 0.051" 0.463% 2.947° 0. 003 0.162* 0.023" 0.021° 349.166  148.341°

P S T KT SR X ARG P X P 46 5 B 1 ~ T AR AR 3R 7= b 1 P N 12 2% B BV A UGV N 1 2% Bl e B TR D
1,28 BLACRABE I PE NS ZRARTH KA & P8 MNAR IR AR T S B S5 5 UG 7 M 72 0 T A 8 A 45 22 BREART 96 W ) 4 W Tl AT A S W AT 5 [
B AR RN FRERR AN M IX 2 0 Y FOC R T B2 R 25 5 B3, P <0. 055 [[51)_ LA RN PR R R AR R M X FE 2 0 P ioc R &
mZAERARE,P>0.05,

Note; The capital letters " HX" in the origin number represent Pinyin abbreviation of Haixi regions; The numbers "1 ~7"

in turn represent the origins of
Xiligou Town, Wulan County, Haixi Prefecture ; Keke Town, Wulan County, Haixi Prefecture ; Chaka Town, Wulan County, Haixi Prefecture ; Dagele Town-
ship , Geermu City, Haixi Prefecture ; Wutumeiren Township , Geermu City, Haixi Prefecture ; Ankang Village , Keluke Town, Delingha City , Haixi Prefecture;
Lianhu Village, Keluke Town, Delingha City, Haixi Prefecture ; Different capital letters in the same column of superscripts indicate a statistically significant
difference compared between the contents of the mineral elements in the CQW samples from different regions (P <0. 05) ;The same capital letters in the
same column of superscripts indicate that there was no significant difference compared between the contents of the mineral elements in the CQW samples
from different regions (P >0.05).
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Table 3

The results of various mineral elements in the CQW samples collected from Haixi Prefecture

regions of Qinghai and other domestic producing areas(x + s) (mg/kg)

7

Producing areas

K ] Na B Mg 5 Ca

fifi Mn B Fe Hi Cu B Zn fif§ Se s P

FHHEM
Qinghai
Haixi Prefecture

PR LA
Shangri-la,

2721.329* 26 095.208" 1572.167"

10 612. 000" - 1 949. 000"

Yunnan Province

EEinvATIPN RS
Tianzhu County , Wuwei 8 386.000° 42 700.000° 2 411.000°
City , Gansu Province
BER T
Xilingol League , Inner 10 991..000¢ 58 900. 0004 2 007. 000°
Mongolia Province

LA T N T A O £

Jingle County, Xinzhou 3 716.000" 37 900.000°  958.000*

City , Shanxi Province
LA POC B LA

Baishanzu Town, Qingyuan 7 090. 000" - 2 122.000¢

County, Zhejiang Province
BepumART JE 2T
BN

Yulin City, Yanan City,
Xianyang City, Ankang

9 190.000° 12 930.000* 1 988. 000"

City , Shaannxi Province
TR AT T
R ZHE
Zhongwei City , Guyuan
City, Wuzhong City,
Pengyang County, Ningxia
A iEiN

Zhagong, Lhasa

8 970. 000 240 000. 000 * 2 075. 000

7255.000> 47 800.000° 2 263.000°

426.322°

569. 000

641. 000"

595. 000"

547.000%

787.000°

743.000°

655. 000"

425. 000"

18. 838" 43.318° 6. 156" 25.273% 0.028% 4453, 487°

57.7804 75.310° 6.607" 34. 983" 0.079° 4 816.000¢!

19. 840" 46. 650° 6. 240" 25.200° - 4 130. 000"

14. 800* 72.630° 6.943" 38.463¢ - 5 192.000¢

41. 800° 88.928 4.500* 28.200% - -

38.000° 59.000" 21.000*  160.000 " - 5 100. 0004

35.650¢  141.825' 4.055° 26.200* 0.062" 3 500. 000"

25.350"  130.700" 6. 625" - 0.200" 3 678.000"

- 99.700° - 24.000* - 2 200. 000"

T =" R B R s B T RE, AT LR AT s [RB AR R NG T RN AR R B M B R B i R 2 R 3, P <0.05; [FF ARG

HFRAR - WAL T P ROCR & 2 MR AL, P >0.05,

Note;“ —” means no data; *Suspicious data,no comparative analysis was made ; Different capital letters in the same column of superscripts indicate a statistically significant

difference compared between the contents of the mineral elements in the CQW samples from different regions (P <0.05) ;The same capital letters in the same column of super-

scripts indicate that there was no significant difference compared between the contents of the mineral elements in the CQW samples from different regions (P >0.05).

g WAL T P i fe i (5 192. 000 mg/kg) , i
bEAEAE R P i R IR (2 200. 000 mg/kg) , i H
INFIREPG AT B T~ B NS L 4 4
ZIHEEZ T P SRR B ETERES (P <0.05)
2.2 FHigEAMBXSE RS E M E R E B
BEERTYRTESN

HIZE 4 AL (1) BR 155 196 75 P 45 3 XA TR
P EER LASE 10T BB BRI TT MG R B AL
ibISRER: & -aC S VNI AV EANGE - R a 7
MLLH B =L F 5 6 MR ILER 6 ff
W R DL E T MR RERR EE AU U R A 1 ARAE
WTAEILER , A GAM LT R (AT R 2. 17 T
7)o (2) BRI VH M LLAN A [ P A1 7 2 22
S AR Z S FOLEMKIC S (1 310.267 ~ 4

430. 108 mg/kg) . K (2 218.288 ~ 3 006.059 mg/
kg) . P (1 259.460 ~ 3 092.055 mg/kg) . Mg (1
367.237 ~ 1 503.211 mg/kg) . Ca (295.114 ~
414.273 mg/kg) , Hk & Fe (16. 801 ~44.430 mg/
kg) .Zn (19.409 ~ 28.077 mg/kg) . Mn (14.895 ~
29.032 mg/kg) .Na(8.753 ~30.042 mg/kg) , 1K
J& Cu(6.076 ~ 8. 114 mg/kg) B (0.370 ~ 13.922
mg/kg) (Al (1.683 ~ 11.635 mg/kg) . Sr(0.923 ~
3.520 mg/kg) , A H AW 4 FOCEAMK IR N Se
(0.013 ~0. 069 mg/kg) .V (0.005 ~0.023 mg/kg) .
Ti(0.009 ~0.014 mg/kg) ,Co (0.004 ~0.008 mg/
kg) o (3)#%fE & FVE F7 U & B 5 R I 2R R 2%
20 YA A = M AR (7] (B P A
Mg (1 424.247 mg/kg %4 J 47.5% NRV ) | Mn
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(18.980 mg/kg 2 & & 63.3% NRV ) . Cu ( 6.960
mg/ kg #0384 46. 4% NRV) . P(2 368. 033 mg/kg
R 33.8% NRV) % 4 FonR B NA 100 g i
= 30% NRV, P it [ P S A 7 3 1) 22 22 [ R T T
BT BT R M. A, B RSN H A
M 2E 2 348 Na 17. 084 mg/kg( <50 mg/
kg) ,JB TAENE M.

HNE G 2 E IS R WR: (1) Fil
T P M A5 b DN [R] B 6 B 22 307 BT R OETIG
IR FNABE- 3 1) (1 (LB A7 | 55 [ JARVC I A £1 4
A BB R = m R K Mg Ca Ti,
Mn Fe Co Ni ,Cu.Zn .S PiX 12 oo Z 6] Jo i #
PEZS(P>0.05), (2)a HIFHEMA R =M
L&A Na f5 (34, 188 me/kg) , bR 1 7 it

WP (0 R R D R B A, 5
oAt 6 ANASTR] E b 1 7 2 R A7 S 2 5
(P<0.05);b. BIpITH/RIEAGREETFTA B
e (9. 660 mg/kg) B T A E i BN, 5
oA 8 ASANTR] B R b A 77 i 2 B A A S 3 1 22 5
(P<0.05) ;e. ILTRFAGOEEEVHETH ALV,
Se Ba i (#K KA 11.635.0.023.0.069 0. 476
mg/kg) , 5 H A 9 ANAS[E] B AR i 1) 7 2 A7
P2 R (P <0.05) 5d. I P4 M 210 1 XA 2
AV EA Se e (4412 mg/kg) , 5 HADR 9 A
[0 €6 B i 0 P M 2 B AF A B M2 R (P <
0.05) se. T VUM 1 EFZ FE&H Mo I i
(0.712 mg/kg) , 5 HAM 9 AANFIET (R i (17 2 7]
A E AR (P <0.05)

F4 BEEEMBRSENIMEET RN RERERERITEHTYRTENEESR (x = 5)

Table 4 The results of various mineral elements in the CQW samples with different colors collected from Haixi

Prefecture regions of Qinghai and other domestic and foreign producing areas(; + 5) (mg/kg)

Hamts K 4 . ' -
| Na i B £ Mg 5 Ca £k Ti MV 5 Mn % Fe
Sample code
OHH 2772.106 £ 9.676 + 1.407 + 1485.359+ 4.540+ 371.354+  0.012 = 0.008 +  22.374+  48.432 %
164. 220* 0. 652° 0.101°¢ 95. 404° 0.233" 24.172° 0.001" 0. 000¢ 1.182° 2.250¢
OHHB 3411.066 + 17.773+  2.095+ 1529.856+ 7.333+ 485.019+ 0.012 0.016 =  24.026+  39.035
150. 149° 1.077° 0.134¢ 104. 321° 0.174¢ 17. 470" 0. 001" 0.001°¢ 1. 074" 2.041°¢
OHB 2713.254+ 27.961+  5.863 % 1566.910+ 6.614+ 405.333x 0.013 + 0.014+  18.030  39.882 +
147. 369* 1.485¢ 0. 208 116. 418 0. 304¢ 20. 316" 0. 001" 0.001°¢ 0. 898* 1.733¢
OHHBH 2594.306 + 34.188+  0.740+ 1607.099+ 6.566+ 342.195+  0.009 = 0.016 = 14.755 +  45.685 =
99. 027* 1. 869 0. 022" 93.226* 0.263¢ 20. 242° 0.001* 0.001° 1. 172* 2.230°¢
QHHH 2760.401 = 22.110+  2.044x 1572.232+ 2.376+ 339.750x  0.010 = 0.003+  16.931 =  44.692 +
150. 077* 1.531% 0. 143¢ 99. 959* 0.103® 30. 880" 0.001% 0. 000* 1. 000* 1.317¢
LFB 3006.059 + 19.909+ 13.922+ 1388.176+ 11.635% 414.273+  0.009 + 0.023 + 16.102 +  18.227 +
212. 340" 1.004" 0. 847" 78.087* 0.779¢ 18. 756" 0.001* 0.002" 0.831° 1.205°
HHEB 2218.288 + 15.862+  9.660+ 1367.237+ 4.252+  354.400x  0.010 = 0.015+  18.084 =  44.430
181.222° 1.228" 0.777¢ 76. 134* 0.222% 12.153® 0. 001" 0.001°¢ 0. 866* 1.937¢
BLB 2429.367 + 30.042+  9.043+ 1388.684+ 4.170+ 410.326+ 0.013 = 0. 009 + 16.722 +  16.801 +
204. 198 2.175¢ 0. 682° 122. 873 0. 174" 10. 409" 0. 001" 0.001¢ 0. 894* 1. 8442
VIGH 2646.118 = 8.753 + 0.755+ 1473.690+ 1.683+ 295114+ 0.014 = 0. 005 + 14.859 +  27.220 =
7 183. 096* 0. 819° 0.075" 117.327¢ 0.119* 8.252¢ 0.001¢ 0. 000" 1.175* 1.521°
BLHBH 2390.346 + 10.882+  0.370+ 1503.211+ 2.321+ 393.092+ 0.012 0.007+  29.032+ 18.838 +
121.247% 0.933* 0.021* 103. 076° 0.184* 33.274° 0.001" 0. 000¢ 1. 463" 1.483*
ML E i R i B £ # Ll i i
Sample code Co Ni Cu Zn Sr Mo Ba S P
- 0. 004 + 0.926 + 4510+  25.041+  0.034 % 2.140 + 0.188 + 0.153 + 3 073.006 + 4 318.470 +
Q 0. 000* 0. 053¢ 0.307* 1.485" 0.001¢ 0. 179" 0.015" 0.010* 252. 154> 200.067°
OHHB 0. 004 + 0. 603 = 7.907+  28.783 %  0.037 = 4.412 + 0.178 + 0.381 = 3 465.565 + 4 436.386 +
0. 000* 0. 036" 0.441¢ 1. 966" 0. 002¢ 0. 182¢ 0.012° 0.010¢ 141.783%  313.310°
OHB 0. 005 + 0. 663 + 6.591+  26.030+  0.032 % 3.865 + 0.712 + 0.374 + 3334.212 + 4376.873 +
0. 000* 0. 029" 0.355" 1.731" 0.001¢ 0. 1694 0.031¢ 0.018¢ 290. 355"  248.756¢
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214% 4 ( Continued Tab. 4)

Famts i i) il (e iy 2 G| Ll i Tl
Sample code Co Ni Cu Zn Se Sr Mo Ba S P
OHHBH 0. 003 0.631 + 7.172+  28.622+  0.013 & 2.004 + 0.169 + 0.185+ 2 890.348 + 4 149.959 +
0. 000* 0.041" 0. 403" 1.943" 0. 00* 0. 150* 0.014% 0.018® 243.276"  218.387°¢
OHHH 0. 004 + 0.481 = 4.733+  27.848+  0.038 = 3.769 + 0.157 + 0.132+ 2 842.046 + 4 840. 861 +
0. 000* 0. 033 0.318* 2.222b 0. 002¢ 0. 1661 0.012* 0. 009* 181. 147" 348.068°
LFB 0. 004 + 0.382 + 6.460 + 19.409 £ 0.069 + 1.554 + 0.119 + 0.476 + 2752.227 + 2333.241
0. 000° 0.027° 0.176" 1.329° 0.002" 0.118 0.010° 0.026¢ 146.359"  159.450"
HIEB 0. 008 + 0.407 + 6.076 =  25.015+  0.017 = 0.923 + 0.322 + 0.222+ 3 082.557 + 3 092. 055 +
0. 000" 0. 030° 0.182" 1.485" 0.001" 0. 069* 0.027¢ 0. 009" 208.420"  187.765"
BLB 0. 005 + 0.353 = 7.128+  20.900+  0.037 = 2.630 + 0.238 + 0.329 + 4 430.108 + 2 961. 266 +
0. 000* 0. 022¢ 0. 482" 1. 666* 0.003¢ 0. 224" 0. 021" 0.010¢ 267.399¢  238.459"
VIGH 0. 004 + 0.721 = 7.018+  21.086+  0.050 = 0.973 + 0.152 + 0.365+ 1 754.400 + 2 202.358 +
0. 000* 0. 045" 0. 509" 2. 086" 0.003¢ 0.078* 0. 009* 0.015°¢ 147.654°  122.431"
BLHEBH 0.008 + 1.083 + 8.114+  28.077+  0.024 = 3.520 + 0.124 + 0.130 + 1 310.267 + 1 259.460 +
0. 000" 0. 054°¢ 0. 488¢ 1. 690" 0. 002¢ 0.161¢ 0. 008" 0. 0082 127.202*  120.228°

HFERALS “ QHH ,GHHB ,QHB ,QHHBH ,QHHH \LFB \HHB .BLB \MGH .BLHBH” 4R AR 1 VG M (£L8) (F ¥ VG M (L0 X n) (75
PN (6 FFEHERMN (AR =60) SFEErNCRE) TR (a6) BIRLR/RE(H6R) ESE(H6) SEE BARLIE (£
) BEEE (AR =60) s[5 AR R/NS FREFORAR R R R B AR I Y BT R & R 2 ]2 5 B3, P <0. 05 ; [F 51 _EARAH IR
INE FRERIRARNA M A F BB B Y TR A 2 ) 22 A L P >0. 05,

Note ; The sample code " QHH, GHHB, QHB, QHHBH, QHHH, LFB, HHB, BLB, MGH, BLHBH" in turn represent Qinghai Haixi Prefecture ( Red),
Qinghai Haixi Prefecture ( Double colors of red and white) , Qinghai Haixi Prefecture ( White) , Qinghai Haixi Prefecture ( Three colors of red, white and
black) , Qinghai Haixi Prefecture ( Black) , Fuxin, Liaoning ( White ) , Harbin, Heilongjiang ( White ) , Peru puno ( White ) , Olympia, The United States
(Red) ,Peru puno ( Three colors of red,white and black ) ; Different capital letters in the same column of superscripts indicate a statistically significant
difference compared between the contents of the mineral elements in the CQW samples from different regions and different colors ( P <0.05) ; The same
capital letters in the same column of superscripts indicate that there was no significant difference compared between the contents of the mineral elements in
the CQW samples from different regions and different colors (P >0.05).

2.3 BFiEEAMNBZMXEERTYRITEERS NIRRT R B 2 FOiE PG N A% R AR T 5 18 56

SHEEEEN

TEE G50 M DL 20 Fho ) 5t oC 2 O V- Al 45
b, AFRAEAE A > 1 97 22 5T R o e O 19 32 A
SR HD S A FE N s B Jr 22 5Tk R Gk F)
95. 446 % , Fe A XU H i B 5 T 1 VG M 45 b [X 22 22 v
YT RNEAES . FUICEEBURAEE A > 1 BIRT
5 A F R iR 20 B4 5T 26 T IV
NS 1l X BE A T W) e R AT PR SR, AR
F T LR B PEI B B T 1 16 VG ) 25 L X B 27
T Y BT R NG5, R S SRR, £
RS 1 3ot HER BT 1B 22 43 3k A 174

Z s RS 2 F2 Ry v R4 L Y B S 43 )
oK BT PN IR AT B 8] 54 & R4 e T A 54
BREWIR ; EBRES 3 32 o v HE 2 TR A 0 2
2 1 A BT VU AR R AR TH KA 8 & RS 0 e
TR 5 322 S A 4 F2 R P HER BT A
FRIER A 33311 11 V8 VY HAR KA T R A 38y 2 IR PG MY
By 22 SURTRT s B S B 5 FE A rh HEAS i A
FRORE A 53 311 11 P4 W T A 5 Ao L2 B AR A8 PG
WIRARTTRIGH S o LG TN BHEZ AT AL B
G3IIKe BTE PE AR KA T KA ) 2 AN P A IR
mEERS,

x5 BFEEBANZMREZDPTURTRESTNER
Table 5 Comprehensive evaluation results of mineral elements in CQW from Haixi Prefecture different regions of Qinghai
ﬁi&éﬁ% Y, ﬁff% Y, ﬁF% Y, ﬁff% Y, ﬁF% Y ‘ﬁF«/r"ﬁ "E‘\ﬁFg'
Origin No. Ranking Ranking Ranking Ranking Ranking Total ranking
HX-1 -1.317 6 -1. 495 5 0. 818 3 -3. 603 7 0. 130 4 -1. 136 7
HX-2 -2.294 7 -2.037 6 -0. 258 5 1.378 2 1. 185 3 0. 624 5
HX-3 0.279 5 2. 156 7 -1. 887 6 1.353 3 -1.927 6 0.977 6
HX4 1.703 1 -0.797 4 3.061 1 1.510 1 1. 448 2 1. 308 1
HX-5 1. 550 2 0.324 1 -0. 200 4 -1. 032 6 -1. 055 5 0. 058 2
HX-6 1. 084 3 -0. 709 3 -2.442 7 0. 199 5 2.471 1 0. 057 3
HX-7 0. 569 4 0. 285 2 0.909 2 0.59%4 4 -2.251 7 -0.038 4
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Heeh 1A% 2 ER A5 AR HEAL(E 7 AR
X ALY B, A5 4k AR bR AR AT B FE R0 IR T AR
AL (UL 1) o B s AR T P M 3
ANHBIX 7 AN Hi 5 16 LR 3 KR 54 g Sy
2 28, F e T 16 L7 i V4 JH B AR i T A 67 )
JROCRAFAE—E 225 o K VY MIAR KA T (AP 316
2 780 m) FIFEA I T 5 A B4 RS (S 294k
2980 m) MEEAE LS IHN T 26 R PE N 5 22 HL(F
PJiEAR 4 000 m) BYFEAAE SR U0 T2, S5 2R s J
OGR4 MR 4 g B A AR DG, TSR
X 3 DX R RE A 0 ) B G A BRE  FE A AR I
3T D AT Ak TS [ T A DX e R R X 2 2
PP FOCER B B S H B RO R, 1% X
AR EE TR R DL B R MR RN RS A,
M EAT A PP A E TR &t A LR AN R R 1Y
AR R T A S AR AR A T
(1) AP35 R - 1 P A 2R T AIEE A IR T 7E 4. 0
Chitr N 2 B AE 3.4 CHA, (2) 4
WK a « T M 2R T A I T 7E 150 mm 72
A, WP 5 22 B AE 190 mm Z2 A7, (3) 4R P4 H B
I < Y P AR Z A T A8 0 T AR 2 B IR
92950 h Ze Ay, PN B 22 B R H BRI O 2
870 h Zedy o FRARIGE VY NS ZR A T FIFE A i T B 4F
SRR R T UM S 22 B (HE T AR 2
AR BGE AR H IR R, XA
BRI DU RS JR AT FIFE S I T 3 X B2 vh )
JRICER e HE 44 SE AT ELVA s N R — 2 ry et e I
o

0.4

2 02 NGE
: X7
=1y -1.0 0.5 0200 05 1.0
&% - HX-4
Tie 0.4 e .
H 11 0.6 BE
1 I
& T2
E EIERSETES

The factor scores of the first principal component

1 BEEEAMNFERMRREESE 1.2
EMS ENEAFES DT
Fig. 1 The factor scores distribution of CQW from
Haixi Prefecture different regions of Qinghai at the first

principal component and the second principal component
2.4 FigBAMNMKXSE RS E M E R E B

BEZHTYREARERNS FNEREEN
TR 3 M L 20 Fie ) 5ot 38 O A 4

B, LURFAEAE A > 1 B J7 22 TR 0 1 e fIE 19 25 00
SRR T T A FE R B DT 2 5Tk R ik F)
95. 288% , REA A3 H ffk B 7 A Vs 8 M 31X 5 [ PR Ak
A AN [R50 ) 28 22 ) ROC 3R AN R 57
PSR BCRFAE(E A > 1 BT 7 A E R URF ik 20
TR 49y J5 0 2% 0 T T PG M 4 DX 5 ] A D AL 7
AFBE R EEE H Y FOCER AT SRR, AR
8 B A VR TR 7 T DY X 5
AN A= M A R G 22 22 R P FOCR (925 &
o3, W 6, SRR, EESCBEE 1 R Pk
A PR ASE A B8 22 50 501) D 75 T U 74 M B 5 3 A PR 21
R O BRI 2.6 B P HEA T
(AR & -ySpo/s <R IS RERIEANS P Gk
B 3 F2 oy P HER TP RO BE A S Dy AL T
ERalNISiur & RPN UEANS PN iR &
EEBRER 4 T HER AT A BE R 230 D 1L
TRUPTI @A I SE E R ARIC WA LD (R A s
BEWEER 5 F2 o3 o HERS TP A9 B 5350 D 16
GTERIPEANSPYCuk: . IS =8-3IV EANS SN i
25 EERER T A3 HEA TP B 93 )
AT IR PO N A (3 22 MRS TG IR B (32
A o CEATVIUY BHRER HT AL AR S0 O I T
AILVEANS PRI Z s gt Pl BB SR & ik s
T AR = R

Fe2h 1 A5 2 E R A5 00 I AR e (6 70 3 A
X BhAD Y B, 76 4R AL AR 2 A B F o T RO
AL WL 2 B R AR T Vi v M S [
WAL S A=Y 5 AR R B R 21 HEEE 24 b
PO ASL S 28, R 1 21 HEAR ] 7 AN [ 5
ORI YRR e —E 2R . LT
BB (P4 T54K 146 m) RIS JE VLG 7K (SR
450 m) = FEEEA TN 1 28, R v N (P2
4K 3 200 m) 1 5E [ BEARDENY. (SF- 744 2 920 m)
FRLLREA A0 T2 A 5 T v 7 B RZL
XU 2 R ) 2 22 U9 0 T2, 8 75 9 0 N (OF
YUK 3 200 m) FIAL 2345 (AP 24k 3 800 m) 7
AHR=OHEENFTIREEM - ROEZLZA NNV
2 BB (UK 3 800 m) 7= | (A R 4 TR
WU VI, [FHEHA Y TR B 1A RS Y
M TRFAC S P B AH SR 5 25 7 M AN [RIRE BAC A A PR 3R
(A5 AU B K B R BRI A5 ) B UDAH O
SR ATRES 5 R IR fh 2R B A AR SR AR
RIS A NEA G (1) Bl T BB AR JE
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x6 FEBANMNBRSENMEMSBRARBCNEZDTURTRESTINER
Table 6 Comprehensive evaluation results of mineral elements in CQW from Haixi Prefecture different

regions of Qinghai and other domestic and foreign producing areas

—— :
‘ig'ﬂﬁ: yoHE o, HE o M #E, HE K, ek, SO
o Ranking Ranking Ranking Ranking Ranking Ranking Ranking aking
QHH -0.33 7 -1.85 10 0.66 6 0.37 4 0.36 4 2.83 10 0.10 5 0.73 9
QHHB 1.20 5 0.17 7 0.81 4 1.46 3 3.12 1 0.16 6 0.12 6 0.98 1
QHB 1.39 4 0.55 5 0.56 5 0.22 6 0.26 5 -0.05 7 3.04 1 0.74 2
QHHBH 2.97 1 1.61 3 1.56 2 -1.15 8 -1.77 9 0.47 5 0.90 9 0.64 4
QHHH 2.02 3 1.22 4 -1.74 8 0.27 5 0.02 6 -1.95 9 -1.34 10 0.00 7
LFB 2.29 8 0.15 6 3.12 1 2.10 1 0.54 7 0.59 4 -0.90 8 0.27 5
HHB 2.41 10 -0.22 8 1.07 3 2.99 10 0.79 8 -1.20 9 0.55 2 -1.00 10
BLB 2.36 9 3.21 1 -1.93 9 0.19 7 0.84 3 1.33 2 0.01 4 0.03 6
MGH -0.09 6 -1.52 9 2.04 10 2.05 2 2.64 10 1.14 3 0.45 3 0.43 8
BLHBH 2.15 2 2.20 2 0.76 7 2.14 9 1.15 2 2.34 1 -0.69 7 0.73 3

TEW R AR I T RS URINZIEAE 4403 200 m) PR (737744 3 800 m) j=41
FE K (LT BEE 509 mm 2y GRIETIIG/R REEE TN = ROELZH AN ESX
WEAE 529 mm 7oAy ) FAFFE H B GE T RB e BRINER I ARG (a. 4FP- 25 L T PN 7E 4. 0
1700 h Zc 4y BRI ITIG/REETE 1 600 h 7647) , 224 CZify BB RAE 20. 0 CZEAq ;b ARF IRk i .
PR AR (LT RBE 8.0 Caf, Bl MPEINAE 170 mm Zify, A& 3% 1 7 600 mm 7oAy ;
TIWGREEAE 4.5 CAidr) o AN, MR 5 NAR o 54 H RN PN AE 2 900 h 247, B %
JEHX TR R A OREE AL, (2)KFM WifE 1 800 h 7247) , 70 M Js P —J 7 75 10 1 P M
TEPUM (P 23R 3 200 m) FISE [ BRARITE (-2 SIRPE RGO MIZL R =0 2 Bhag 22 19 248 KRBT A
Mtk 2 920 m) PRLL OB TN RSN ERTT  [F), ATREIE AL 1 A RSP RE () A A 2800 B 5 D DR
W R ARSENE (a. AFFRY R I PUMIAE 4.0 CAdy, 2B TR S v AR PY M I 20 R = 3 1
JeFE BAKIEIEAE 10.0 CZifys b AR Rk il ARl B Mg L el RAG B Ry R (3 4, —
PAINTE 170 mm 7647, SEE BARIEIEAE 1 000 mm 72 HH W) BOC RS/ AT RESE th T 5 R AR TR il &R 0032
Aise AR H BB GEPEMNE2 900 h ey, 56 BUARREAERIFE RN, (5) F5 8 & i (°F
BARPEIEAE 1500 h Z247) o pfrnl RS Qe dm ik 3 800 m) = Py (A& A2 Bt 9 O V 28 nl g
FEAL P AR HGR AL R W B AR THAL i TS5 A= s 5 P2 o R i E s e el )
PO N ORE LA GRELER TH6O A2 RIS ARRE T2 R R IE . (A B A RER
WA, “F AR DR ERVE SR E DT AT 220 A SCH R AR PR BOT R S A s ORI I
FUEDT AL O A Z I H R R B —2, 768 ZRa B, ML Moo s Z 1 AR BAR T, LSO £
FHMAOELZNEAR MRS R OREE a2 05 AR k&
L M ORE RSB Y FOLR &8s T A8 Fi.

Ao (3) RMEEF MG PUM S IR TR M A 3 g

A PR AT B Y 1 ANZL X 2 RO [ 6, 22 B FERS TGN 3 A 7 AN ]
A ARG PR ZZ ) S SCBE N Rl BE S AR AFIBIEI AL DL RGE 7 RV kg SEEAN ]
M RIS ARG AT G, HEMARWNE BONRELZETZ /T Y ORI /i 2 H 1
BRI R AR U N R R 5 Be oot B 0 e MR G PR ol ad 8
T, BRI B A TG 2R, TR E R E DS o0 PRI i HH AR AN R] M A [R] B € 22 ] )
W HABFEDE V. (4) B F e va M CFE IR 1§ 00, R 1 28 2 sh i O % o i Al
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