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Abstf,act ! Spatial dlstrlbutlon and source apportlonment of lheavy mgtals in the surface soil of the Qinghai-Tibet Plateau was investigated
to gain an undersf‘andmv of the pollution charai‘terl%tlc% The Sutface soil (0-20 cm) samples were collected from the northeast to the
southwest/in the study*area. The total amount of 13 heavy ‘metals (Ba, Cd, Co, Cr, Cu, Fe, Mn, Mo, Ni, Pb, Sb, Sc, and Zn) was
determified. The potential sources of heavy metals were preliminarily apportioned and identified by the principal component analysis-
absolute principal component score-multiple linear regression ( PCA-APCS-MLR) receptor model. Results show that the average
contents of Cd and Sb significantly exceed the environment standard, and they were 2. 13 and 1. 52 higher than the soil background
values of the Qinghai-Tibet Plateau in the 1970s, respectively. The enrichment factor (EF), geo-accumulation index (1), and
Nemero synthesis index (PN) were used to evaluate the surface soil heavy metal contamination, which indicated that Cd and Sb also
were pollutants in the Qinghai-Tibet Plateau with a limited pollution level. Various levels of pollution were presented at the central,
southeastern, and northeastern regions of the Qinghai-Tibet Plateau, while the central and southeastern areas exhibited relatively severe
pollution levels. The PCA-APCS-MLR levels revealed that three main sources of heavy metals in the soil of the Qinghai-Tibet Plateau
were the natural source, traffic activities, and the mining industry, in that order. Cobalt, Cr, Cu, Fe, Mn, Ni, and Sc, were largely
affected by natural sources, while Ba, Cd, Mo, and Pb were mainly affected by traffic activities. Specifically, Zn gave priority to
natural and traffic sources, and Sb was jointly affected by natural sources, traffic activities, and the mining industry. Therefore, Sb and
Cd pollution from traffic activities and the mining industry should be noted in control plans for the heavy metal pollution in soil of the
Qinghai-Tibet Plateau.

Key words : Qinghai-Tibet Plateau; surface soil; heavy metals; sources; PCA-APCS-MLR receptor model
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Fig. 1 Distribution of soil sampling sites on Qinghai-Tibet Plateau
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2.3.2 EWS5HT(PCA)

Bartlett BRI B K 56 45 2 (0. 00 < 0. 05) 5 KMO
B (AR IR 45 5 (0. 698 > 0. 5) F W& T &K 6] A
Ktk (£ 3), EHMATERD I (F4). X
Kaiser FRUEALII P F 54T Varimax 1IEASHEEE f5 |, 15 2]
AFEAEAE K F 10 3K 4, BT ik R 4 B e
33.597%. 19.855%. 11.518% F1 8. 763%, ZFH 5T Hk

A 73. 652%, W] BT E 4R I R AME S
— S (F1) TR (33.597% ) ik i T H:
By, AT = M E 4 JE ) Co, Cu, Fe, Mn,
Sc Ml Zn, 43 54 0.908 . 0.883. 0.855., 0.843,
0. 679 F10.541. 55— F Wlisr 48 A8 5 REYEAR
(£2),Z N AgmfEEE/N, H Co, Cu, Fe, Mn, Sc

F Zn () AR 3 EAROCOC R (3R 3) ,HEWTIX 6 FlviE
&g BA MR SRR IR, | FHb7E T Fe Al Mn 7%
S, H Co, Cu 1 Sc 3 3+ Fi 5 mi e K1
K F1 252 H AR 5.
R (F2) 7 2 5Tk E N 19. 855%, 2 far
A 4 )8 N Ba, Cr A1 Ni, 2051k - 0.663,
0.910 F10. 785. Ba B /INA AT, 73515 Cd 24K
WEIEAG, Fe BEEFRMKCR (F£3), HHH
FH T S L B b BRI 35570 b 2 T ek F A2
TG Y. T R A B R & R Y -4
Cr FINi FRFEE MF2 FFEZ [ R ZE .
9= R (F3) I 2 5TEREE N 11. 518%, #fnf
BEESIR N Cd, Pb Ml Zn, 43 91N 0.863,



892 EZN b}

0.765 F10.732,Cd, Pb Fl Zn S0 i 3 IEAH G &
(F3), HABF 230 L R AR 58 2 8RB st
EEIEESE . B AR 2 R R G- P
D716 A3 A A6 75 N 1, Zhang 26513 BIF9Y 3 B 35 58020
BRI RE L Cd, Pb I Zn & EAE, I F3
T2 AW N K. Zn 1655 — A = E
—E B AT, 2 T BB A AR DU R U

SV FE A (F4) J7 2 DT EEN 8. 763 %, 2 fif
B4 JE N Mo 1 Sb, 43514 0. 571 £ 0. 893.
Mo 1 Sb %257 4 HERE BT 52 ), A7 7E 38 38 75 L HE
HCR B AN BT 2R, BT RN &
w3 Mo 5 Cd 2B EIEHEXR(£3),K
JERTREAR RN, ELRA 5 3509 9y Ji 3 Cd 75 ™
Y E B, AR O R R R R A £ 4k Sb
P H Sh 5 Se BB FE MR (F3), kK
TR AT REANIR]. Rt k4 AT RESZ R 4525 G I R 2.
2.3.3 APCS-MLR Jfi#b7 =

FIFT APCS 7151 4 8 U se ik i €, 319 25 2R
WL 5. Hoh  EST M 48 1A 1HE, OBS M 4

S, B/ O BT 1 B8 48145 1 47, B APCS-

LR A e . h S oty A —
e R 2t BT S o AT 2
— I A SR R SR R i /4 y

= 4 N
J %ﬁ%ﬁ%@iﬁ%@ Co, Cr{ CuyFe/ Mn, Ni
8o LI SR T8 2 B0 32, STk 01 0 99. 96%

52.12% 799.12%, 98.40%, 86.81%, 100.009% H
91.76% . ot Ni 5242 3% [1 SR N . Cr BRZ I
SRR S, 3 52 HA AR HI R R AL . Cd . Mo
FIPh LA AL 38 52 Wi 2 ., STk R 5 512597 89 %

B 41 &
*4 BEERIBEESEERSSHTER"
Table 4  Principal component analysis matrix of heavy
metals in Qinghai-Tibet Plateau

EEBITR Fl K2 3 F4
Ba -0.008 -0. 663 0.217 0.072
Cd -0.024 -0.124 0. 863 0.115
Co 0. 908 0.327 0. 001 0. 000
Cr 0. 060 0.910 0. 021 -0.019
Cu 0. 883 0.048 -0.115 0.092
Fe 0. 855 0.282 0.022 0.028
Mn 0.843 -0. 066 0.243 -0.010
Mo -0.003 -0.257 0.208 0.571
Ni 0.382 0.785 -0.042 -0.018
Pb -0.022 -0.057 0. 765 0. 109
Sh 0. 043 0. 104 0.071 0. 893
Se 0.679 0. 005 0.116 -0.498
Zn 0. 541 -0.067 0.732 0. 008
WA FHIE(E 4.368 2.581 1497 1139
i TR/ % 33.597  19.855 1518~ __8.763
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Table 5  Analysis of contributions of heavy metal pollution sources in Qinghai-Tibet Plateau

WiH F1/% F2/% F3/% F4/% H AR % EST OBS E/O
Ba — — 31.33 1. 68 66. 99 437.70 437. 64 1.000 1
cd — — 97. 89 2.11 — 165. 02 0.16 1.0231
Co 99.93 0.03 0. 04 — — 11.39 11.39 1.000 2
Cr 51.48 0. 64 9.38 — 38. 50 70. 85 69. 06 1.026 0
Cu 99. 11 — — 0. 88 — 23.92 23.85 1.002 8
Fe 98.37 0.03 1.32 0.28 — 2.85 2.85 0.9999
Mn 86. 81 — 13.19 — — 639. 66 639. 64 1..000 0
Mo — — 69. 36 30. 64 — 0. 81 0.78 1.0402
Ni 99. 83 0.17 — — — 31. 64 29.97 1.0557
Pb — — 97.76 2.24 — 28. 66 28. 65 1.000 4
Sh 27.35 0.05 24.05 48.55 — 2.57 2.29 1.1190
Sc 91.76 — 8.24 — — 8. 89 8. 89 0.9999
Zn 58.32 — 41.61 0.07 — 73.31 73.31 1..000 0
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