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Evaluation and Sources of Heavy Metal Pollution in the.Surface Soil of the :Qlaidam
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Abstract; To undefstand SUIﬁce soil heavy metal pollution c}}aréqeﬁslics, aid the spatial distribution andl soulrd';s of pollutiort i the main sedimentary features ‘of the Qaidam
Bagins“a total of 129 topsoil samples(0-10 cm) were collec}éd Within fa 2% km radius. The concentrations of 7\5, Ba, Cr, Mn, Nb, Ni, Pb, Ti, Zn, Zr, and ten Kinds of
heavy, 'r‘petals Were determited , the degree of contamination and poténtial Sources quantitatively analyzed based on enrichment factors(EFs) , the ground accumulation index

(1

geo

)} and'the absoluge principal ‘component-multiple lineér regression AEGSfM}B)’ receptor model. The results showed that the surface soils of the Qaidam Basin have
experignced poltution from tén kinds of heavy metals since the 1960s, withsvarying degrees of enrichment. As and Pb represent probable point source pollutants, and the basin
as a whole ghows negligible to low levels of pollution. The APCS-MLR analysis showed that heavy metal pollution derives from two sources, natural factors and anthropogenic
(transponaiion)sources. Specifically, As, Cr, Mn, Nb, Ni, Ti, Zn, and Zr are associated with natural sources, while Ba and Pb are associated with both natural and
anthropogenic sources.

Key words: Qaidam Basin; surface soil; heavy metals; pollution distribution; absolute principal component-multiple linear regression( APCS-MLR )
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Fig. 1 Sampling locations of surface soils in the Qaidam Basin
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Fig. 2 Box-line diagrams of heavy metals EF and /,, in the Qaidam Basin
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>Nb( -0.645) > Ti( —0.866) > Mn( —0. 888) >
Zr( -0.891) >Pb( -0.917) > Cr( —1.142) >
As( —=1.194) >Ni( = 1.372) >Zn( -1.524). ffF
FEAH, As 2 ], Ba2 ], Cr 1], Mn 1], Nb8
B, Ni 1 BIF Ze 2 BI3E 17 B R 3275 Ye-h B 15 Gy
(0.001 ~0.617); As 1 5, Ni 1 fF1Pb 1 33 4
HH BTG Y (1.259 ~1.768) 5 BEAFEAT I, >2,
M EETS ey 3 B e Al R — 3% EAEAS it o ik
FIWOR A s R, KR T =R R TR 1, (HA
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98. 45%, & W1 4E 1K A 7 Hb 5 Yo A B 45 /DN, B AR 1L
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SRR G 1 F 4 B 15 4 Nemero 255 +5 41
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Fig. 3 Spatial distribution of EF of heavy metals As and Pb in the Qaidam Basin
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Jf'is-

s BT
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Zn, Cr-Mn, Cr-Nb. .“uCr-Pb\ Cr-Zn "Cr- Zr.,«"Mn Nl
Mn-Pb | Mn-Zr, Nb-Ni, Nb-Pb, Nb-Zr, Ni ,Zn Pb-Ti
1 Pb-Zn 3k 25, éﬁﬁﬁ)ﬁm‘%zﬂiﬂ%}*ﬂ%gﬁ <P
<0.6), As- B AsZr | Ba-Ni, Ba-Zr, Ki- Phe’ Pﬁ-
Ti. Ni-Zr/Pb-Z#F1 Zn-Zr H£9 éﬂié)ﬁm%$§§$ﬁ
%i%*ﬁa@f& wgﬁ,ﬁgﬁi SIHICF TR H
RSB R O, R LA 48 ] SR LA ST,
O LT 4 Jh g b 5 éﬂ@j‘ﬁT 2 e 2

ﬁzﬂrﬁa&( P>0.6 ) As-Cr. As-Nb . fA¢ENi | z{s-Pb ﬁﬁi/ﬁm%ﬁx [F] E’J}lé/ﬁ

Z Y - N Ay V) w

f ““.“"J ; . Table 3 Correlalfgjl analqus-tfr;l’edvy metals in the Qaidam Basin
As% Ba Cr “Mn Nb Ni Ph Ti Zn

Asly 1. 000
Ba 0.134 1. 000
Cr 0. 307 0. 501 1. 000
Mn 0.701 ™" 0. 368 0.587 1. 000
Nb 0.337 0.342 0.539 0.722 ™ 1. 000
Ni 0. 363 0.148 0.693 ** 0. 463 0.324 1. 000
Pb 0.322 0.351 0.382 0. 349 0.344 0.116 1. 000
Ti 0. 400 0.516 0. 668 ** 0. 805 ** 0.769 ** 0.278 0. 387 1. 000
Zn 0.671 " 0.315 0.470 0. 839 ** 0.615™ 0.422 0.572 0.618 1. 000
Zr 0. 142 0. 250 0.420 0. 420 0. 500 0. 043 0. 183 0.644 " 0. 198

1) *FR P<0.05 FRIREMK, =™ Fnm P<0.01 FHYEMRK

2.3.2 FWSHr
I AR M A BT, RIS AR B R +
HERICR S EAH R 38 A AT B b
(FR4)  WPEHE A TAE DCHE PR FFAEAE 4387, 15 21 A 4
A F R B TR IA S T 83. 91%, i Hidy B4 sy
HIDTRR /N T 6%, H3 AR Bk 3% 1A (&%) v s 30 A0 4, A
{8, AT B PR Y RS ECH 4.

H—F RS (F1) M STERR N 51.09%, i = T
Hofth 32 15y, B = B E A SR ICE A Mo, Ti, Zn,
Nb ., Cr il As /\“U;&;o 403, 0.390 . 0.367 . 0.355,
0.346 f10.278,1X 6 FHEEJE TR T EEM TR
BRI St (6 3) , LI AT UHERTIX 6 M 4 )8 HA

R4 EFARMRLTIECRAELINSHW
Table 4  Principal component analysis of heavy

metals in the Qaidam Basin

JLE F1 F2 F3 F4
As 0.278 —0.470 -0.259 -0. 191
Ba 0.238 0.314 0.077 0. 588
Cr 0. 346 0. 068 0. 489 0. 184
Mn 0. 403 -0.135 —0.094 -0.231
Nb 0.355 0.174 -0.045 -0.219
Ni 0.238 -0.383 0. 664 0.013
Pb 0.243 -0.044 -0.403 0.574
Ti 0. 390 0.282 -0. 046 -0.127
Zn 0. 367 -0.309 -0.266 0. 037
Zr 0.236 0.551 -0.030 -0.367
SN[ 5.109 1.303 1.039 0. 940
FEHIH/ %  51.09 13.03 10. 39 9.40
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R E 4B IUEAR Ni M Cr, i3] T 0.664 Al
0.489, Ni 5 Cr £ 0. 01 BE{F/KV- FREBEME(F
3), T8N i i JRL T A el R ks & B ok 1)
FHER NI 5 o FEEE, K F3 REEZ ARNE
AL

SV F S (F4) B TTRR R A 9. 40%, 21T 4 5
(T 4 8 TCZ A Ba Fl Ph,iAF T 0.588 A1 0. 574,
Ba 5 Pb 7£ 0. 01 BAF/ACE F R4 (£3) , Ba

FHTF S AL e R HLIE A T T K e

ST Y Pl B 0 10 R A AR S e
G s R Ba 0 o LA AR LG e
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s f ‘ il |

W, F1 EZE i T HsE ) 2 oA, F2 5 3 EE
32 M EE THR A E A S0 YA 6. T F4 500
TEEA R, B ALl s i AR, T P UEE R ]
UK FHE 7 BHRIT A A .
2.3.3 APCS-MLR 4t

SRR M APCS T 4 )& Trik i L3R 5, EST
N 4B IL R & A HE, OBS N Seiif, E/0
ML 1 LU TR B, /D APCS-MLR 2347 9
ALEAREE. fhy b 3R F R AT A — | SR AR
=FWI R AR R, e APCS-MLR 73 #r v, #%
F1 F2 F1 F3 1328 AR R AL THE.

BOGAAR IR T AR As| Mn Fl Zn 15—
ERGr TR 53R 97. 54% , 98.77% il 94. 65%,
Nb., Ni, Ti Fil Zr B)5F— 35 = 08000 TR0 53
77.49%, 22.51%, 28.28%. 70.87%, 69.95%.
30.05% 1 41,91%. 58.09%, Cr ({955 — 5 THI5
ZER ST 37.30%, 4.36% FI 47.32%, %
W3S T 4 I JE 2 S8 B2 11 AR

Ba il Ph 1Y 55V 23 5Tk %y 39. 88%71
56. 77 %, 3 W X P S G3J J0 2 52 A SR DN R 20
SERE BN | G APZn 195500 3 5 Tk
11, 029%ML5. 35%, 32 W A T 44 e 2 48

NG 5 0k Ol 0-85 %4 T
WA |

£S5 BAAQBELEERFREMSH

o o Table 5 Analysis of‘the conlﬁbutiqns_of‘ﬁé-;vy metal pollution sources in the Qaidam Basin
— o TR/ %
JUH ——— EST 0BS E/O
¥ F1 2 3 F4 HERIE
As 97.54 — — — 2. 46 8.227 8.23 0. 999 604
Ba 28.97 22.70 8.45 39.88 — 425.501 425.50 1. 000 003
Cr 37.30 4.36 47.32 11.02 — 50. 811 50. 81 1. 000 028
Mn 98.77 — — — 1.23 478.323 478.32 1. 000 005
Nb 77.49 22.51 — — — 10. 181 10. 18 1. 000 130
Ni 28.28 70. 87 — 0.85 — 19. 155 19. 16 0. 999 749
Pb 43.23 — — 56.77 — 17.419 17.42 0.999 991
Ti 69.95 30. 05 — — — 2 698. 258 2 698. 26 0. 999 999
Zn 94. 65 — — 5.35 — 44.282 44.28 1. 000 047
Zr 41.91 58.09 — — — 182. 053 182.05 1.000 014
e R e —
\ aw AR B SR AL () AR T
Zale

(SRt EE SR TR T RS RE L
T+ S RBOHEIE , A K.

(2) 5 KpE Essz (Uuce) ML, As Fl Cr A5
e, Ni 1 Pb (9 & EAHZE A K, Ba, Mn, Nb,
Ti, Zn Fl Zr B R, Ni FI As U738 S R B0
U BH X il o0 2R 255 (8] 5 0 PR A0, 1T REAE AE SR
V5.

(3)EF, I 1 PN 73 H7 3R W], As 1Y EF {0 12

S ETRE b T S R S X R
T As IR R SRR . 1, (E BN T 0, R W]
KZEAEIRIGYE. PN A 93. 80% FEATE i 1 IR 4
BTG Y 2 (0], 3% e W1 A 20 1 o 43 J@ 1 e g AN ™
& AT REEY.

(4) APCS-MLR 73 B 2R BH | 535 K 4 i 3% +
SJRIT Y FEAT 2 DORUE, 5k B AR I R 28
sy, Z ARFRZ MM ELE TR N As, Cr,
Mn, Nb, Ni, Ti, Zn #l Zr. Ba F1 Pb °] fi£ 32 H 4R A
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