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Fig. 1 Map of geology (a), geomorphology (b) and soil types (c) in Zeku County. Soils sampled in different geological units (a), with

different geomorphic types (b) and soil types (c) as far as possible.
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Table 1 Relationship between enrichment factor (EF),

geoaccumulation (/,,) and contamination grades.
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Table 2 Potential ecological risk efficient (E!), potential
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Table 3 Statistical characteristics of soil heavy metal concentrations.

BB REIHAE As cd Co Cr Cu Hg Mn Ni Pb Zn

FEAEL (1) 43 43 43 43 43 43 43 43 43 43
S (mg/kg) 28.95 0.14 13.85 63.15 2384 0017 774.14 30.65 2320 7496
FrifEZE (mg/kg) 39.35 0.05 3.77 21.49 6.95  0.008 150.26 12.56 3.32 10.16
F% 1548.65 0.00 1421 46194 4832  0.00  22579.12  157.80  11.00  103.13

33 26.73 6.94 7.75 19.77 1299  6.016 2.55 20.88 0.47 2.11

fis 5 4.90 2.09 2.02 3.56 2.76 1.975 0.73 3.87 0.29 0.26
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KA (mg/kg) 254.00 036 3020 178.00  57.70  0.049 1286.00 9870 3130  105.00

A5 R E(CV) 1.36 0.35 0.27 0.34 0.29 0.450 0.19 0.41 0.14 0.14

THERBFRIE (mg/ke) 25 0.6 - 250 100 34 - 190 170 300

45 5 (mg/kg) 9.1 0.15 11.7 63 23 0.050 552 26 25 67

HifEE )2 0 5 (mg/kg) 13.0 0.184 12.7 73 24 0.021 654 28 22 69
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Fig. 2 Spatial distribution of geochemical content with (a) As, (b) Cu, (¢) Cd, (d) Cr, (e) Co, (f) Zn, (g) Ni, (h) Hg, (i) Pb and (j) Mn

in surface soils for sampling sites. The larger the diameter of the circle, the greater the content. The different colors represented

different levels of element content.
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(P 26) . Ni [ 2g) 78 AR 6B % 22 75 B 8L T A e
iR, PAIRTEY B0 2 ) DU JE 2 A1, 7 e X K
Fr AR T2 T, s X, P AL B PG e )
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I, AEAE VG e 7 1] 119 B 3B S0 5 e o, #E0 ARR
Fe i (E, AR E AR . BEAAFSE X, JBES . ARdE
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F 4 WX HAX R IR L SR 5 B L
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Hg & &5 HoAth X306 He & #H 4w 4K ; Co. Cr. Cu,
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R R A1, G T 0 e SR A b X5 Min 7 i A T
K, T Mn 5956 A REE, HOTZRRHIE— B N iR
FE, PRI R L Min 5 £ i Tl 7 7 5 Do s X AR AT
AE S B YA A A AR Mn S SRR,
TR T 1Y 30 R Bk 2 T B R A R i e
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Table 4 Comparison of heavy metals content in topsoil between the study area and other areas.

HEm AR E

Tk e A X B 4R 5 i (mg/kg)

iE (mghke) A TRR PR RAL— PG W AR L
FREL IR g WK R SOEHAT s
As 28.95 20.95 - - 11.73 11.66 21.60 -
Cd 0.14 0.24 0.68 0.17 0.62 - 0.19 0.21
Co 13.85 - 11.59 11.39 12.38 12.73 10.50 -
Cr 63.15 72.84 83.10 70.84 41.35 54.17 74.60 82.95
Cu 23.84 24.18 40.74 23.92 19.33 19.72 22.00 34.67
Hg 0.017 0.046 0.280 - - - 0.050 -
Mn 774.14 735.06 - 639.64 546.96 626.28 - 697.39
Ni 30.65 - 54.73 31.64 21.18 24.96 39.40 49.99
Pb 23.20 26.93 72.49 28.65 21.86 20.47 32.90 35.81
Zn 74.96 85.10 145.64 73.31 63.51 100.30 75.31
E AL i AP 4 -7 i (mgkg)
TR mghke) — yrpEtT E BTER ECEEST KA TepEt
As 28.95 16.87 10.24 7.25 12.1 8.14 -
Cd 0.14 0.18 0.18 0.23 0.48 0.25 0.48
Co 13.85 - - - - -
Cr 63.15 69.83 71.49 47.84 72.24 68.84 -
Cu 23.84 35.28 26.56 23.96 23.73 32.58 482
Hg 0.017 0.072 0.070 0.120 0.046 0.140 0.120
Mn 774.14 - - - - - -
Ni 30.65 22.29 29.68 21.31 33.23 33.02 48.80
Pb 23.20 18.26 28.80 36.79 24.65 32.32 36.50
Zn 74.96 68.21 75.87 91.39 131.79 9235 96.80
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Fig.3 Box-line diagrams of (a) EF and (b) /., for heavy metals in topsoil from Zeku County.
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Fig. 4 Spatial distribution of enrichment factor (EF) of As in topsoil from Zeku County. @: indicating the value of EF was lower

than 1. O: indicating EF varied in 1-2. @: indicating the value of EF varied in 2-5. @: indicating the value of EF is

between 5-20.
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IR E S, Hh RE VT 29%~3% B 5507 R
HE, ARG EEEE, Cr. A EER T
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. W EFEZR, HEAN LEE SR TRR
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(=1.17~3.7), Cd 15 YL 43 A J B, {H 275 G 78 i 3
WASE, 23 21% . 1%, 2% WIFE AL T AR Z 15 Y-
HEEVS YUIRAS Lt EETS YIRS | b - BTG RS
Pb. Zn R K PTAFE AR Z G, HALE &8 4%
I R Ko AL TR 3205 G R, A A5
12 AR A B s Y- s e i a8, W E

RS, F A b X AR 575 G i a3, andb ke
£ [ ME—A 75 SEL BN S A7 (DO73T) B 3 T As
JEI Y Cu s PR (B 5), ZRAEFR /A i
I Co. Cr. Ni =Mt RHBRM-TEE ST ED
3.3 BTEAESIESHEE(PERT)

FIGR TR AL S R B R (R 5) WoR, bR
T As 1 Hg #9451 507 0 KU R B0OK T 40 4, H
fib 8 NICER M AE RS HEE/INT 40, )8 TR E G
B N . XT As it B B R BE fa e i) s
S T AL (DO73T) AT b ER (D029T) . Hg It
K0 A 5 XU H5 B i KA 62.22, J& T H B XURR:, 5.
HA ST ARG — S HE 5 RS REGA S T %14,
FAth 42 A AR BT ZEAR RS K-, W LA H He 1
RARA SIS AR

M2 45 i A A R HE B (PERT) =5 [8] 4341 (141 6)
KF, F)J2 AT 4R (PERI 224K Bl 40~200)
b TR0 B AE T T R N 42 (R S A TR S
B, A 1 ERE i AR A f B R B T b B fa
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Fig. 5 Spatial distribution of Geoaccumulation index of heavy metals (a) As and (b) Cu in topsoil in Zeku County. Heavy As pollution

combined with moderate Cu pollution occurred in the northern sampling sites.
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Table 5 Comprehensive potential ecological risk coefficients of heavy metals in the soils.

TRTELE SRS R B ED Gei il As Cd Co Cr Cu Hg Mn Ni Pb Zn
-1 14.85 15.59 3.64 1.15 3.31 21.59 0.79 3.65 3.52 0.72

LR 9.08 14.13 3.52 1.11 3.24 19.05 0.78 3.45 3.53 0.72

AN 8.46 16.30 3.54 1.16 3.64 15.24 0.70 3.58 3.58 0.68

bR 20.18 5.52 0.99 0.39 0.97 9.71 0.15 1.50 0.50 0.10

H/IME 4.44 8.59 1.96 0.46 1.64 11.43 0.46 1.32 248 0.45

FRME 130.26 39.13 7.93 3.25 8.01 62.22 131 11.75 4.74 1.01
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Fig. 6 Spatial distribution of potential ecological risk index (PERI) for the topsoil in Zeku County. In the northern site, the value of

PERI showed higher than the other sites.
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TR S P 53 AT 07 4, WP 7 s 1) o3 Al 4 R a] LU R
IR H oAb 3e, A RE DR UE IR AR AT G E )
BrSEAER, AT AR BLA IR L5 . PCA-APCS-MLR
AU A A O ] FE o BT A 2R, BT E )R
TSR AT e B T T L — o AR = b
I AR G0 T & R VR AR AT, FE 50 R 4%
DITER T AR, v S A E, (RIE T #bT
SRR NE SR
341 KEEEITR BT

AH AR S B I 90 A8 i Z [RIAH OG OC &R, ] LAKE
52T B R0 S 25 2R 47 ) e ) —
BOHRGIT ik L AR [ AR DGR WL 6,
1 As-Cu, Cd-Cu, Cd-Pb, Co-Cr, Co-Cu, Co-Mn,
Co-Ni, Co-Zn. Cr-Ni, Mn-Pb, Mn-Zn. Pb-Zn £}
B3 IFAH(p<0.01), Cd-Hg. Cr-Cu, Cd-Zn, Cr-Mn,
Cu-Ni, Cu-Zn, Hg-Mn, Mn-Ni & i F [FE %% &
(p<0.05). WEAHHESLE, AR ER UL
ST IR Z (8] OC AR, m]RE RA T [m] SRR
JG&R Co. Ni, Cu, Zn H TFEHIIRALZAT A AL,
FERAS AL AR [A] | 2% F0 D758, FOA G MR UT . Cr-

Ni, Co-Ni ¢ REUR RS HIEAE] T 0.97. 0.93, Hh¥k
fe2E47 AL, B R T BB AR IR . As 5 Cu
FEI AR B I IEAH G R, AHOE REGEE] 0.82,
M BR A SRR R U0 FR A SRR, BA R
Al ReE HA MR R IR s 15 e RR 1 . As-Hg. As-
Ni/Cr/Cd. Hg-Cr/Cu S5 WA W EAH G, R As 5
Hg 1 Ni J HARRIOT R SR I A 225 . B 10
&R BN SE 4 T AR G, IRl RE AT Z Rl I8
342 FTENSHI(PCA) Y 48 SR IE /BT

R T A B A - R A AR R, R
F2 3 43 BT GBI 5 XN 1) 4 R AT AT .
F A T AR B IR AR B R (5 B R
i — 2o fE B S BA LS 2 R I LU AR
RS R D REA R HAS B A S A R 1,
X B 4 A R AT SR IBURIYC AL, AT AT LA KRB
FEPRAIAH OGS I JF s DA br T AR e . R
U 2 I FH R SV R R oY LI S R
SRVEET W 5T X I 4 JE o 0 B R R AR BR O
(Bartlett BRIE B ) K 5645 5 (p=0.00<0.05) 5 KMO ¥
(A 0 25 R (0.66>0.5) 28 I 4% /1> 70 2 5 4 728 #t (1]
FETERA DGR HAH OCRE B T0 R K25 57, BUHi i & iF 47
FA BT (3 7). X Kaiser #7 E1k 19 K 7 347
Varimax 1F 58 HEF% i, 435 4 MRIEE KT 19 E
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Table 6 Correlation analysis of heavy metals in the soils.
JuFE As cd Co Cr Cu Hg Mn Ni Pb Zn
As 1
cd 0.24 1
Co 0.03 0.15 1
Cr ~0.00 -0.10 0.90 1
Cu 0.82" 0.21 0.44" 0.36" 1
Hg -0.09 0.38 0.06 0.03 -0.18 1
Mn ~0.05 0.44™ 0.53" 0.32" 0.20 031" 1
Ni —-0.02 0.01 0.93" 0.97" 0.34" 0.02 033" 1
Pb 0.21 0.52" 0.04 -0.17 0.22 0.17 0.42" -0.17 1
Zn -0.06 0.38" 0.48" 0.28 0.32" 0.12 0.62" 0.27 0.43" 1

. “F"FOR p<0.05, " FIR p<0.01,

%7 LHEEEE R R

Table 7 Principal component analysis matrix of heavy metals

in the soils.

FR
LR
F1 F2 F3 F4
As 0.14 0.28 0.88 0.28
cd 0.26 0.67 -0.06 0.44
Co 0.95 -0.18 -0.03 -0.02
Cr 0.88 -0.45 0.00 0.01
Cu 0.53 0.24 0.78 0.00
Hg 0.15 0.29 -0.48 0.68
Mn 0.64 0.46 -0.33 -0.03
Ni 0.88 —0.44 -0.02 0.07
Pb 0.16 0.79 0.01 -0.02
Zn 0.60 0.52 -0.20 -0.39
EUNGERNRIEN 4.07 2.74 1.93 1.46
I 2 TTHRR(%) 33.91 22.85 16.05 12.18
ZRTTHRR (%) 33.91 56.76 72.80 84.98
FHSME

B — A (F1) BTk (33.91% ) 2 = T A 3=
WA, B 4 )@ A Co., Cr, Cu, Mn, Ni, Zn,
4% Bk 0.95, 0.88. 0.53. 0.64. 0.88, 0.60, H 3 1
AL LR TR RS 5 A T Rl
RIS SRR, A8 57 BB, Z NN
VN ii5 <4 VT SR CRTA L IYc Tve IR SR 23 A gy P S
(7). KIEMFFEFERM, Ni, Cr, Cu, Mn 557F 135
R R TS, A XTSI, &S
HAE BT rh B AT, 5 A A G, R
FARSE A RS, AR/, N F1 E2 22U
A AL R 20 A SRR R A

B RS (F2) STkl 22.85%, HHb Cd. Pb.
Zn HABREAT . A Hr (3R 7) Rl %, Cd. Pb,
Zn MM Z A HIE KRR, NS0 LR RE, =&
— 608 —

236 A A M, Hih, Pb, Zn, Cd 7EC sk
(BRI 52 2R P TR IR B B B R S B 1 B
Pb #AE R AV A5 P bR T R, Zn HAEN
A5 YL IR AR IROT ZR, B8 AR S R4
PR3, 5 G -5 M A BEEE 25 7 A Zn DR T
A I A IS A A B A PRSI Tl B Cd.
Zn SFTCE &R T KA, S B8O m R Rk
Fam IR e A TR 2
Cd. Pb. Zn &4, HAHM: BRI, MRIEHFIEIX N
= 2 1) R A SR A T 8 s A2 0 VR A B TR
I F2 FEFIRGEZMINE . Zn 5 —FE —F
S5 — i B Ay, FEPH AT RBAFAE SR A

o = E R (F3) TTHR RN 16.05%, Hi As #l
Cu MM K . As TEBFIEIX PN R H 1975 ek 34
FOMB R, BARS REURK, As Z 8N ANIE SR
K. R, As #E A R Rk A 24 | B
W AR . A A iR RS T P, cu E Sk
VR F B AR A 20 R AR AR
PESIHT AT, Cu 5 As Z 81 IEAHSGHE, 25 (Bl 40 A ke
TE A AR, S XL T B, &,
TEGEE AR I8, i B R B A A &0 IR
Ho——FCEIR 07, FOMIR &0 (7 &5 As Ml Cu &
EREXEEES, RASH T EFHG IR T
Mo As il Cu IE . K, IR F3 FEORA
WA REHA TALIR . Cu 58— = A
— S A, &I T BEAZ DU R IR 2

S50 E I3 (F4) TTHREEN 12.18%, 2T BRI
4 JE HA Hgo MM SCH: 2 B Ay i B ok
Hg 5 H AT R IE B 45ie, 20 Hg IR 5T HAlh
JLR. WEMGE, He (7 & A B i
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S EARSE, MR R S ERE . A
W 7w, Hg 28 i KA T U AR iR A 1
R ] BB AP AN R R MRt He 9 2k
PR DB P B0 R FH O 20 7l 25 S R
KF, EBEERAG S R BT & b 2 iR
WA, IS5 He fem B 8 —8 79k, %
JE A ZR U S A A 2 AR =, Sl R
BRI be R He 38 23 KA DTRE S5 TE A B X 3,
FZ LI BR R T RS i B R B B
FH, X - 48 He & 3G R 052 A7 R, It DURE{A
PR R T, He T35 i 5 Y iy S A
o 25k, F4 VA IR KL .
3.4.3 KT APCS-MLR 58Ut 5 43 J& Sk TR i pr
FIFH B 5343 T R0 TS YRR, R3S 4 N5
YRR PR R, X AR BEC R R EE R T 2004k
PEFEH(MLR), #3515 4 J8 ik B 5 45 o0 R 1 (o]
H, BHH REOH TR R A X STk . 455
5T T3 8, Hop R W PLA ARG, ET hH 4
J& AL THEL, OT b 4 & i SEIAEL, B/O 23l 1 Uik
DL B e, Bl APCS-MLR 237 i ] S
HEEE As FEMZITEIE IR ZE RN,
B L5 SR AR C REOCRF, ARG A3y (5
RUAIEME R KT 0.8), A Z o0 g vk B il &
JEAT HAERR M S . A DTERR BT g SR (3R 8), F1 &)
Cr. Co. Mn, Ni BSZI R K, TTERFE7 518 64.49%.
48.35%. 67.68%. 77.99%, 454 T W33 Bl 3 A &
JCR I MR LR, FAR R X LR T E 1
FZRYE; F2 15 A28l R Z X Cd Ml Pb, Zn 5%
Wi e K, BTk 5h 75.46% . 50.75% . 55.54%; F3
A MG R I E R As Il Cu B IH R, TTRkR )
HIA 43.53% F 37.29%; i F4 By KA U8 K 2 %
Hg RS2 STHR A E] T 49.39% . HABJEXT As. Cr,
Hg. Cu. Pb Yy STERLEL K, 435I 42.85%. 32.7%.

#* 8  PERRELRESIEG RIS HEIR

45.69%. 39.47%. 42.97%, FPIXJLFPE 48 8 A H
MR IR S e 2] g i R, R SS A E AR
RN R ST kit — P W5 3 #1 . A APCS-MLR
TS RRTE, 5 EST T A R EA LR — 3,
{ERARYEZ AR R A 25 5 R HA YT As, Cr., Hg.
Cu. Pb BTkt A, 76 2 50570 Hr isf 3 o e R fiF
EHRT 1 FAER FE s, 28 T HAthf %
(R FREE AR KT | B, 3B T H AR 9 Z 0%
MARREPUN K . R ZE B R, R)Z HEH
IR EZRRIER RS, B0 — S 4 Rl

57 A7 — By e [20-21,44
B in-Al ik 1,

4 Hiig

e E AL S LRl OB —— AR A B
SRAERE R, S 10 FPE SR TR A,
RIEEARG T a5, 56 EEN T 1 REHEEL
VA A e FE AR BO I 4 R U5 YA TN, i3
FHARSCHE R 5. ER 311 . APCS-MLR BEAY, 7
S AT L A RO R, A5 R R IR IX R
BT SR As S ER Y T EZE SEAE
VA 2 LT A, AR R R AU R, Z BN
Ni%E K. Cd. Pb, Co. Cr. Cu, Ni, Zn, Hg W3 K
T HEE T A S Z T, I 2s S0 Hor B 5 5%
N, 32 NI AN . Mn 24 3 i ] i 1
S, ZS A BUEA K, IR A5, Ea)E SR
ASAUAEZS (M43 LA 225, B AbES . ARALERIX
e, HA XS Am AR . A5 s ROk %, EF AN
Lo B MR, As WY& R FR T fie iy, V5 YLdie ™ i, JR 2k
FERFELOCTE As (75 YRR AR Ak o 4 S 721 i)
ML EAEAETS Yy, RIS B AL b B S YOlRAS K
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JRICR AN R As S ERERA, AE
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Table 8 Analysis of contribution of heavy metal pollution sources in the soils.

BTk (%)

ERl E/O )
- ET oT R
TR Fl ) F3 F4 HoAbE (%)

As 938 408 352 0.18 .85 28.95 28.95 99.997 0.98
cd 3.79 75.46 2.00 1.10 17.65 0.14 0.14 100.418 0.85
Co 4835 36.91 0.57 0.16 14.01 13.85 13.85 99.986 0.97
Cr 64.49 236 0.36 0.09 32.70 63.14 63.15 99.983 0.99
Cu 17.51 5.51 37.29 0.22 39.47 23.84 23.84 99.996 0.97
Hg 1.53 1.34 2.06 4939 45.69 0.02 0.02 100.00 0.90
Mn 67.68 13.70 0.36 0.20 18.07 774.13 774.15 99.998 0.86
Ni 77.99 0.94 0.43 0.05 20.59 30.63 30.65 99.931 0.99
Pb 5.51 50.75 0.62 0.15 42.97 23.17 2321 99.828 0.81
Zn 18.07 55.54 0.14 0.03 26.22 74.95 74.96 99.993 091
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Evaluation and Source of Heavy Metal Pollution in Surface Soils in Typical

Alpine Agricultural Areas of Qinghai Province

LI Wenming', SUN Zhao®, CHEN Xiaoyan', YANG Xiaoyan®", LI Jiangiang', LI Tianhu'
(1. Xi’an Center, China Geological Survey, Xi’an 710054, China;

2. Beijing Institute of Ecological Geology, Beijing 100120, China;

3. Beijing Climate Change Management Center, Beijing 100086, China)

HIGHLIGHTS

(1) Arsenic (As) had a more obvious pollution trend and potential ecological risk than other heavy metals of the

study soils.

(2) The heavy metal contents were higher in the northern and northeastern region than the other regions for the

spatial distribution.

(3) Natural sources, transportation, smelting, and atmospheric deposition were the main four sources of the heavy

metals in Zeku surface soils.
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ABSTRACT

BACKGROUND: Heavy metal pollution in soils is often the result of multiple genetic sources and action paths.
Simple identification of the sources of heavy metals is not enough to provide sufficient information for the control
of regional heavy metal pollution. So, it is necessary to quantitatively calculate the relative contribution rate of
various emission sources to determine the main pollution sources. The heavy metal contents in the surface soils of
the Qinghai—Tibet Plateau (QTP) have a tendency of aggregation, and quantitative analysis of the sources of heavy
metals should be emphasized.

OBJECTIVES: To understand the contents, spatial distribution, ecological risk and sources of heavy metals with

the surface soils in a typical alpine agricultural area in Qinghai Province.

METHODS: The surface soil (0-20cm) samples were collected from Zeku County in the eastern Qinghai—Tibet
Plateau (QTP). AFS, ICP-MS/OES were used to determine the contents of 10 heavy metals (As, Cd, Co, Cr, Cu, Hg,
Mn, Ni, Pb, Zn). The contents and spatial distribution of heavy metals in the soils, as well as the comparison with
the other typical agricultural soils in plain areas were studied. The level of contamination and ecological risks was
analyzed using the enrichment factor (£F), geo-accumulation index (/,,) and the potential ecological risk index
(PERI). The principal component analysis-absolute principal component score-multiple linear regression (PCA-
APCS-MLR) receptor model was identified as the potential source of heavy metals for the study area.

RESULTS: (1) The average content of As exceeded the soil environment standard and the national background
value. The average contents of Cd, Cr, Cu, Co, Ni, Zn, Pb and Hg were 0.14, 63.15, 23.84, 13.85, 30.65, 74.96, 23.2,
and 0.02mg/kg, respectively, that were all far lower than the screening standard of soil environmental quality.
Compared with the national surface soil background values and the surface soil background values of Qinghai
Province, the contents of Cd and Hg were lower, while the contents of Co, Cr, Ni, Pb and Zn were slightly higher,
and the content of Cu was close to the background value. The content of Mn ranged from 448mg/kg to 1286mg/kg,
with the average 774mg/kg, which exceeds the national and Qinghai provincial background values. The spatial
distribution characteristics of heavy metals were obvious. The contents of As, Cu, Cd and Cr were higher in the
northern region. The highest contents of Co, Zn and Ni were around Maixiu Town in the northwest region for the
study area. The content of Hg was low in the whole region, but slightly higher in the west than in the east. Pb
showed the characteristics of sporadic high points. Mn was significantly higher in the eastern region than in the
western region. In the whole study area, the contents of heavy metals in the northern and northeastern regions were
higher than those in the western and southern regions. Compared with other regions of QTP, such as Qinghai Lake
Basin, soils along highways, Yushu County, the surface soils of Zeku County had higher contents of As and Mn.
The contents of Cd, Co, Cr, Cu, Hg, Ni, Pb and Zn in the study area in Qinghai Province were higher than those in
the soils around Qinghai Lake Basin, but lower than those along the highways and in Yushu County where human
activities were abundant. Compared with the farmland soils in Sanjiang Plain, Huaibei Plain and other typical plain
areas, the contents of heavy metals in Zeku County, as a typical alpine farmland area, were mostly lower.

(2) The ecological risk of heavy metals in soils of Zeku County was evaluated by EF, I, and PERI. The results
showed the value of EF was in the order of As(2.33)>Mn(1.27)>Ni(1.17)>Co(1.16)>zinc(1.15)>Pb(1.11)>
Cr(0.92)>Cd(0.82), which indicates that As has moderate enrichment and other elements have mild enrichment in
the soils. The /,,, of 10 heavy metals was in the order of Cd(—1.02)<Hg(—1.00)<Cr(—0.86)<Cu(—0.64)<Ni(-0.53)<
Pb(—0.52)<Co(—0.50)<Zn(—0.48)<Mn(—0.37)<As(0.13), in which As showed moderate pollution and the other
elements showed slightly contaminated. The PERI of As was up to 130, and PERI of the other elements was all less
than 100. The PERI of all heavy metals ranged from 40 to 200, which indicates that the soil is in slight to moderate
hazard. Among 43 sampling sites, 42 sites were in mild risk, and only 1 site was in moderate risk. The moderate risk
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site corresponds to the site with the highest ecological risk coefficient of As.

(3) Correlation analysis results of each element showed that As-Cu, Cd-Cu, Cd-Pb, Co-Cr, Co-Cu, Co-Mn, Co-
Ni, Co-Zn, Cr-Ni, Mn-Pb, Mn-Zn and Pb-Zn had extremely significant positive correlation with p<0.01 and Cd-Hg,
Cr-Cu, Cd-Zn, Cr-Mn, Cu-Ni, Cu-Zn, Hg-Mn and Mn-Ni were significantly positively correlated with p<0.05. The
larger the correlation coefficient, the stronger the relationship between these heavy metals, indicating that the heavy
metals have common or similar sources. Based on correlation analysis, the principal component analysis was carried
out. The results of principal component analysis showed that there were four principal components with eigenvalues
greater than 1, whose contribution rates were 33.91%, 22.85%, 16.05% and 12.18%, respectively. The cumulative
contribution rates of the four principal components, which could explain most information for the studied heavy
metals, were 84.98%. The first principal component (F1) had the highest load on heavy metals Co, Cr, Cu, Mn, Ni
and Zn. The second (F2) had a larger load on Cd, Pb and Zn. The third (F3) had a larger load on As and Cu. The
fourth (F4) was only highly loaded on the heavy metal Hg. According to the comprehensive analysis of the
geochemical characteristics of elements, correlation analysis results and land use research results, F1 represented the
influence of natural sources, F2 represented the influence of traffic sources, F3 represented the smelting industrial
sources, and F4 represented the remote atmospheric transmission. After the pollution sources were identified by
principal component analysis, multiple linear regression (MLR) was performed for the concentrations of each tracer
element to calculate the relative contribution rate of each source. From the analysis results of the rate of
contribution, F1 had the greatest influence on Cr, Co, Mn and Ni, with the contribution rate of 64.49%, 48.35%,
67.68% and 77.99%, respectively. F2 had the greatest influence on Cd, Pb and Zn, contributing 75.46%, 50.75% and
55.54%, respectively. F3 had the greatest influence on As and Cu, contributing 43.53% and 37.29%, respectively.
The contribution rate of F4 to Hg reached 49.39%. The model showed that the contribution of other sources to As,
Cr, Hg, Cu and Pb was also higher, which were 42.85%, 32.7%, 45.69%, 39.47% and 42.97%, respectively.
According to correlation analysis, principal component analysis and regression model analysis, the soil heavy metals

are a collection of many sources, and an element is usually affected by multiple factors.

CONCLUSIONS: For the surface soils in Zeku, As was more enriched than the other heavy metals, but the degree
of enrichment was not high. So, it is necessary to pay attention to the content change of As. The sources of heavy
metals in the study area are mainly influenced by the 4 sources of natural, traffic, mining smelting and atmospheric
subsidence, and the uncertain sources should be further researched. It is also important to note that three of the four
major sources were attributable to human activities. Therefore, the influence of human activities on heavy metals in
Zeku County should be addressed, and the relevant measurements should be taken to avoid the enrichment of heavy
metal pollution.

KEY WORDS: alpine agricultural area; topsoil; heavy metals; pollution sources; ICP-MS/OES; PCA-APCS-MLR
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