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ZARRERDE AL R G AR AL, = 2SR R RS, MELURR R R SR S
TS A AR . M GE T2 2 0 o - 398 o 4 0 2 (R 45 R4 AL S =UrE T 29 4y
6 v HAS FREH U R, vd AR IRAE A TR e o kA0 3 e LA XV LT
iy DX A B S Bl 4= Cu ()28 [ 40 S RUEEIEA T T X Lo dir s B 0 o R e
K& T 3R AR TS U KBS AR R Ly A B s AR e T R E SRR
JE2S (A AR SRR o RN, 58 FELRS (%) P i R0z PR ol 1 s () S (kG 8 o 7 B v B0
(SGS) wifilk T od BAK IR B, , AT LU= A 2SR A S B, I n A TN e 1k
AR, TR A ESIRARIGIICE, 20 ESIEICE T REZ E TN 1
A 2 A et 2887 5 S M R (SGCS) Bk Az 2 EAL, FZE0
FH IR R) AR X 32 P AR AP AR e 2 (] i 2 (B A DG 56 2R, 2 1T S B0 22 745 i B R ASC AL 21,
SR, SGCSEWEITH EE K, BT RIS, XA YLEE A B 2R AR S & o PR
ST (ICA) AL ZANAE B4 I AN Sl B4 (ICs ), 308 1T 28 3R B0 B AH 56 5
R g5 SGS ] SLBUE 4 1 Z e MG TR

5 2 P RS 14N BOR T 22—, Tk &Rk 1128554, b EEKR
BB A=, Al IR AR F= it s U 52y s KO 5 T e B At 2 % S R 12 3
W, BRI AZEIE S SRS IS AR R B . AR SCLUA &R N X, RSt
RET 1067 £ Z LIEFES (020 cm), ME T B As, Cd. Co. Cr, Cu., Hg.
Mn., Ni. PbHIZn &g, SR PMF SZ R g b 38 4 @ o, At T3+
ICA I SGS [ Z e Ge i 4bl oy e, Xt 3 i 4@ S it A as [l W), O ny AN e
A MR GE TR TS e X

2

2.1 AARXHER

ASCREH 5 T 22728 1129271 km B9 7248 ) il —DUASORE30 km G2 np X, DAL
YERBFFEIX (Fl 1a), HIFRARFRAS T 120°12'E~121°56’E . 37°12'N~37°51'N Z ], #illfita
RN, EHEZRIX . SRINIX , 2K fRILX . ESeAUE T 4 X 2 T #41
SNETFR 23957 k', WFFT XA R A KB Z2 R, AR HRE 13.1°C, AP FE R
525 mm; FEEI A R IE B S AU, WAL AE . IR T 0~782 mZ
B, JBFIARESMMLERX, BRME; DEARRE T, WiimR LT . Wtk
R A EEA . KA RENR (K 1b), HHEM FEohEE R+ PR IX T
kil 1125554, B osIMHIE . B EE . BT, HemaRAeT; &
StfEFE, MMARE. KUt BEE . BWIESELST, BN T ARZE0 B
FEo R, G R R E T & A A A iR e b, DS Bk . AR
FEIE (K1),
2.2 HERFEMS K

FET GIS B AK I G 1 B 400 2 kmx2 km I AR, 45 A& 19 T S T35 R R
M, XKL 1067 SRS (Kl 1a) o AR SC R SCREFH 2 SoRAEE S T, BAR
TE TR SRAE A7 8] PR S AT RAE A, FERE ST RAE IR BUR4E 0~20 em (1R )2 11,
FEIRAE, RATHABEE, FEREHRERERT 1 kg; A GPS i 0 RAE 55 SEFRAk
RO, HICRMRIEE, WA A ARG . Mo Je -8R A% . -4k
I E IR HART . RIS S, B 10 g IR EARES , FHESES JCT5 Ykt i
il £ MUK RE 5L AT S 2R 42 /N T 0.149 mm 45 FH o RS 5 1 384 i 4 HC10,-HNO,-HF i
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Fig. 1 Location of the study area with sampling sites, parent materials, and land use types

JG B AR TR ST Cd . Co. Cr. Cu, Mn. Ni. Pb#lZn it
254 H.SO,-HNO:-KMnO, & , R T2 THINE As FlHg (195 . o brad 72 LA
R S hnifEd it (GSS-1) SWBEbstt, Frfi ooaR i [EeR I E(100£10)%.
2.3 PMF {5425

ARSI US-EPA JF R B PMF 5.0 Fi2 5 B9S2 3 S8 o G Jm B U AR AT o 1hm DRES L
AN 4 TR AL R BRI X (m % n) T AR5

X=GF+E (1)

R Gmxp) MR TFFRIREE;  F(px n) WIS E(m<n) (RFRIREHE .

TEHEFEEH, BATCR e XN

€; =X;~ igikﬁq' (2)
A iR B m AR SRR LB NIEER KRR B p AR,
PMF 11 H b2 7E AR 7 BRI T fe/IMb B AR R Q SRBURAL A RE G R F, HZ 45|
R % (Multilinear engine-2, ME-2) .,

0-Y > (e/u,) 3)

s w AR AR S FOCR AR E P o B MR T oC A PR R 158 2
HAr i E,
2.4 EFICATNSGS % T Srit4E L

AR Y Z2TeHGE T AL AT 43Sk T AR A DB

(1) M4 (Gaussian Anamorphosis) . H T SGS 5 B 1E A& 531 R, Rtk
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ERAS I n DT IRIEE | m AR LG B I X <) SZATHEAT 5 e, IS
TTBRAT G = 0 o0 A 0 R Y(nxm). JEFE RS,
BV X (o) T3 R Y o) SR

X (u)= (Y (u)) (4)
I FLIAN BB LAE T W3R KA 22 5K
mnm=2anm (5)

FIH oY () HIRPREL Y (u) = 9" (X (1)) ﬁﬁ)?iﬁf EhnELL .
(2) M0 Y(nxm)n] DAFIE N
Y=AS (6)
e A(nxn) HIRGHERE ;s S(nxm) ARVEHRE, AT AR — D iy .
HRFEIE S(n >xm) ] IR N -
S=WxY (7)
K. Wnxn) WFIRAFF (Unmixing Matrix), 7] # 0 A B8 AERE A,
AT R KA FastICAP R SEHLICA 0 il , W00 75 v 3748 B 00l A 40 il [R R K
FIST BA, IFAT LS 3 i e
(3) XA o T 28 R EO T, LA B AR 7 R 2L
(4) R FH SGS X 45 AN A7 4547 1000 YOBLIe ™, 15 Se B 3 ik B A A% 15 A0 AY
BEALES A, BT SRR AT 51 th H sl —; Tt/\mﬁw Ak @© FIF A
va AR Bty A 5% (Conditional Cumulative Distribution Function, CCDF) [
SR, BIGHEM 7225 @ M CCDF H R HLAMEL — L0 IE AR 0E, AT A
PUE, SREFHER MRS 15 @ IRERPLEEE VIR T — Mg s, EELHEOM
@, HEEATS i@%ﬁlﬁ%&ﬂﬁ
(5) R (6) Kb 37l /A0l (8 106 e 4 31 v i AR AL
(6) FIHAZ (5) Wy iR & BT E 00 46 5] i 4R AR SR T4EL(E
(7) JadAnzs R E YT, JRERAHIEYE (Local Uncertainty) A 388 4 )@ AE
D7, A0 1R TG G R 2 AR I RoR
P[x(u )> z] ’IE)L(;O (8)
Arfr: 1000 AEAATREL,  n(u,,) FRTEFTARLALZE SR PR = T 2 B
ﬂﬂ%ﬁﬁﬂ/\‘@’ k%‘%‘ﬂiﬁi (Critical Probability, P), NiJH P[x(u,)>z|>P I LARIE
AT G X R, 9T g X Sk ) A AT T DL S RO i PR PE A R
Plx(u,)>z]>P izlszﬂﬁzﬁiﬁm IR AL, 7E 1000 ﬁ\if)ﬂjﬁi\iﬁﬂl\uﬁ&iﬁ

HPUE S TEME z, MBS HE%E (Joint Probability, p, ) FILAFE/RH:

pc[x(u,)>zl,, x(uy)>z, -~-,x(uj)>zc]=W 9)

A n(u, uy, -, u)) FORBHMELE /A0 B EE R TR 2 O BDEL

3

3.0 HEBRTIEESEMEAMAZITREERY
MR 5T R 3P As. Cd. Co. Cr. Cu, Hg. Mn. Ni, PbFlZn9FIE 751 H
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7.8 mg kg'', 0.17 mg kg''. 11.2 mg kg™'. 58.8 mg kg, 32.3 mg kg''. 0.078 mg kg™'.
491 mg kg, 253 mg kg, 34.7 mg kg ' f168.0 mg kg (F 1), BRMn LMK 9FIICEAY
S-S {E E AN [R) AR B2 (R L AR AR - 3 e e &R (R Co F Mn B0A 7T LU AH)
PP J B IR T4 FH ]l 4 1835 e XURS i B (. (GB 15618-2018) , {H s AAE 48 i 4% FH b
-85 G XUR T e (B, e Cd T P Y i AL S 4R FH b IXURS: B e (1) 27.6 11 7.7 7%
B Cr. MnflZn B o] LWIEAN , i JT 2R P IR T 50— 2 s T - 49805 e U
i e {H (GB 36600-2018), As. Co il Pb [t fic KA 8 2k 55 — 24 gt s FH b XU 7 16 1
As, Cd. Cu. HgFIPbHZEF 2B 0082, 1.66. 0.74. 223 F11.12, AbTFs K
-, HIFREEYIRR, UL S EAFAE . K-SKIR R AE AT P 10FE 4R
TR IES, G Z BN Z I TR AR e, 25 A B0 0 .

F1 BEBFFIEESREHERMESRIT(ng kg')

Tab. 1 Descriptive statistics of heavy metals in soils of Yantai coastal zone (mg kg™)

As Cd Co Cr Cu Hg Mn Ni Pb Zn pH
/M 22 001 06 72 1.1 0.006 63 3.6 161 6.9 4.66
YN 99.0 827 452 2066 3021 3210 1634 1449 917.6 4939 935
FHIE 7.8 0.17 112 588 323  0.078 491 253 347  68.0 6.76
brifE2E 633 028 467 2341 2391 0.17 15390 11.87 38.83 2660  0.95
RN 082 166 042 040 074 223 031 047 112 039 0.14
T 769 2313 1.17 140 356 950  1.61 243  19.05 485 -0.05
635 5 90.04 647.80 3.94 574 2528 12658 822 1628 40844 6444  -1.07
K-S:565(P) 0.000  0.000 0.002 0.001 0.000 0.000 0.000 0.000 0.000 0.000  0.000
LR 2R 0 - 45 6.3 0.108 110 562 19.6  0.029 552 235 254 561 -
AR A
A% FA 35 Y 30 0.3 - 200 100 2.4 - 100 120 250 -
A i TE
BEE At 20 20 20 =" 2000 8 - 150 400 - -
Y5 Y XU ik

T VeI pHAE 6.5~7.5 X[ A KBS Ve s AmifErb ol Cro i, PICARHL AT L.

A RBOAT LUFE L A SR AR T S BRUROL, — R A R AR
FE . MELLT RS HA /D2 NRTE S I K e BAE NS 0™, S 88 Wu 5 Mao
AECVURESY, ARSCRHITIMEAS % LR, HAEMRX HHEESENEERE (K2),
As. Co. Cr. MnFINi I EEREFEHMES S 114, 1.02. 1.06. 0.92F11.08, FHIX
5 R0 4 JE B BB 3 ARSI K s Cd. Cu. Hg. Pb I Zn 54 REN T 1.27~2.84
ZIH), XEETLRARZ LA B EE. R, Cd. Hg M Pb 1Y & 4 R Em K HE
K5 62.08, 110.97 F146.42, UL 3 FhoCRIE R E & 4.
32 WAEBETLIEESERBEECSMNT

R T AT FAE RIS, A SO T AN [ 1 PR A PMF B, e e 44>
P A PMF MR e 45 0 (362) . rA T4 8 () T (B /SE PR fE Fe B X 43m 1, fiml
BRI PR 22 0] A B BB R YR T 0.63, 6B PME #R AU UL ARG 4 s o

K F 1 X} As, Co. Cr. Mn, Nifll Zn ) 5Tk F e K, K25 T 79.2% . 85.0% .
83.4%. 78.2%. 85.3%F150.8%, [FIAXLEETLRM EELERB/NFoliiEiLl. Co. Cr. Mn
FINi ¥R Ge R, BA MR 2R A S0, R YIE it 2 b AE i A B 8¢
R, G THERERT Y ILFE A EE, SEILMA B IEE P EET Y& BT
Hifth A2, i H, ARIEFE HUIEEE T Co. Cr. Mn FINi & 2 B 52 34 /N T 5 4 4575
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SHECY, T, ET UREARKE, A& 200 -

AR RS, Nanos S7EPISE 150 z_,gggfm
% Duero W™ . Ly ZE LA B AR 100] T 2
Cai 4] RIS BT IIRD], Co. g 5] ‘
Cr. Mn, Ni‘gHAERIAAHRZA % 10 | T I
B AT . & 4]

FF2EZ5Cd, PoRIZnfi, 51 3]
BRR 5 0 58.3% . 40.3%F135.8%. WX 2]
A RS TEAS . SRIT, i 1

PRSI, Al =T HER, R 0
Cd. Pb I ZnfE Ay EHE N, [FI,
SR IERZ, BT Cd. PbHIZn V12 XA ot I S AR AR 2
E]’:J /Fi\iﬂ jjj_ 1500. 1.0 %ﬂ 100 mg kg’] [39]; Fig. 2 Box plot of enrichment factors of heavy metals in soils
TEREA R v T, A ) 3 AR 20 - 3 75
e ALV TIECA. P M Zn Y EORIE ., DU L IEATE AR vRam B s, R
EEENINE S, (AR AR RAIAAAAE; b, AT TEHHhRE ., f
B . YRR AR 2 i Cd . PO A Zn7E 3P E A, itk F2ARR Tl
AAZEARHOR IR . Ly SR B H IR 13 rp Cd. Pb Hl Zn 52 3 A ZRVE 3 4 25200,
HEZ R RTE/NUE F o Hu S5 g AR W Cd . Pb Ml Zn F2ZRIET Tolk Al
SGEHER, JUHUERE MG R, Yang SRRV ABFTE & B Cd £ 2ok A Tl HERL,
Pb 1 Zn F2OK H T2 AR

3 %F Cu iy sTmkFde i (50.5%) . MG R B AR 1, e v [ E S 5
R BRI A 2 M RA R AR It 5 CuSOL B IR Z A R R RG], R
(9 CutE AZIZRDE 58 LR st 98l S A0 A B 5 i L 8 v A 280 5 s 3
7.27 mg kg, EAEE VAN 37465, R Bl 5k it B A LI K 20625 kg hm™?,
WP E I Cu YR ™. Cu BREEH FRIAREE TR, 3B R & Ui bim . SR,
TR PRI Cu A RER R 7 58 WL, 45 RER Y Cu B ZEME R HE T RS, S8
PLAEH Cu i Bim ;MRS £ REERIATSE, A IX & & 26 A PLIE HH AY CuFH4{H
ikF]69.22 mg kg ZE L, HF3FERANWIEINHE  LufEXtdbmtii SLIX™ | Sun 8 X) A<
JERR XT3 b Cu s ok A TARGFMLALHEM , S5ASCH—2L

x2 HEBFEFIEESEPMFIERITER

Tab. 2 The results of PMF modeling of heavy metals in soils of Yantai coastal zone

Als Cld Clo Clr C‘u ng Nin I\}i P]b Zln

of Yantai coastal zone

R BEIE VS (mg kg™) TETTHRR (%)
R TR/ PR E H¥1  HW¥2 WTE3 HT4 H¥1 W2 WF3 W74
As 1.00 1.00 6.1 1.0 0.5 0.1 79.2 12.6 6.6 1.5
cd 0.79 0.96 0.06 0.01 0.10 0.00 33.8 58.3 5.7 2.1
Co 0.93 0.98 9.3 0.7 0.8 0.2 85.0 6.2 6.9 1.9
Cr 0.83 0.98 47.9 4.6 3.6 13 83.4 8.1 6.4 22
Cu 1.00 1.00 9.9 5.7 16.3 0.4 30.7 17.6 50.5 12
Hg 1.00 0.98 0.010  0.006  0.003  0.059 12.7 8.1 35 75.7
Mn 0.88 0.96 369 66 29 8 78.2 14.0 6.2 1.6
Ni 0.85 0.96 20.8 1.3 1.7 0.5 85.3 55 6.9 23
Pb 0.83 0.93 15.5 13.1 2.8 1.1 477 40.3 8.5 35

Zn 0.63 0.94 32.6 23.0 6.8 1.8 50.8 35.8 10.6 2.8
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Rl 4 XF Hg 9 5Tk 0 75.7%, X HABICR B DTHRII/INT 5% M5 16 5270 A BRI
T RAH) T, He e g Z g5y, ek 100%08) Hg FERRGE S R b ik AJRIE <",
BRARZS ALK (Hg) AR He IR ARCRE S HERTUR (He) e TK,
TRXERE R AR, HEM S AR, i — P9 A et T A 18, H5
RN, MREXEVRZE, i EESRARRE T8 4, 7eil &R 55 FUBse
TR FT WA B B BTk G i 2> o i Hg 28 AW GRS, H R 28 He; IR RERC T
1996 4E45 2% 1|, {HXT 135 He BRZIR T ist B 24, Rk, [ 4RI RBREE R R a4
G FTHERCR KSR . Cai %59 Lv 26" Wang %0534 % Bl He 75 £ 02 AR AL 4347 vh
RISEHTCE, KA T ANHEB RS
33 HEBETHIESESETESH

PR G R TR R B T m A e, RIS IR AR R, R ICA
X AR AT AT, A5 E] 104 1Cs, FEBRISAR SR BN A FR v, 2N A 7R
B4 T LG R I A AR e (1 25 [R5 405, AR B %00 (Nugget) 12 ASBRIR
FEI (Spherical) *FICs #7404 ($£3), IC1. 1C2. IC3. IC4. IC6. IC9 FIIC10Hyn]
LG RON F 2 A BRI A5 1CS . ICT7 FIC8 HAEFH 4500 Al 1 ANERIRBE RIS,
FAM ARG 2 55, 1C4, ICT MIICS (B4 (H/ M7 2 KT 0.25, FIH R
B 2SR SEE s HAy 745 1Cs BB & AE/ 87 22T 025 F10.75 Z 0], S H o g 25 (]
PSS

B3 MR G A R ER 10 R E AR s A R, rTLAE S, JHJE T IRl— PMF A
T HE 4R BA MBI 25 B 43 # Js . Co. Cr. Mn FINi 1925 (8] 345 5 il B Uk —
B, HEEX EZAMAEZRAEMETA LT, ATE X 25010 765 D R AL <]
FRAEMTIE (K 3c, 3d. 3g. 3hflE 1b), XA E SHEAERERT Y, Wl L
HEHAREABER Co, Cr. MnHINI S, BIFSE X B2 B 5 T 325 A B 4 R — B 4k
Tk . RS LA R B TR S, FEAR it R rh AT SR R e e M e —
FIRFE, PIMTERIE TR e o AsTEWFSE X rp i AL B S B P A i X, Areiad
189 mg kg (El3a), BB THRM; MWAEEXMEA FE T RO FIEE A
. ATEY FAETAs T REERRA . ARKAW 105 LS, FI As fEEIX E
BIHET AR =

®3 MIBSHERTRIMUASH

Tab.3 Parameters of variogram fitting of independent components

i BORZH Yl ek sick Yl 2
A BRm A BEm)
IC1 Nugget-+Spherical+Spherical 0.31 0.26 7195 0.46 29307 0.30
1C2 Nugget+Spherical+Spherical 0.38 0.10 8299 0.47 29457 0.40
IC3 Nugget+Spherical+Spherical 0.46 0.32 13513 0.35 37496 0.41
1C4 Nugget-+Spherical+Spherical 0.25 0.59 8674 10.08 1661216 0.02
ICS Nugget+Spherical 0.68 0.25 18673 0.73
IC6 Nugget+Spherical+Spherical 0.38 0.30 7733 0.28 25534 0.40
1c7 Nugget+Spherical 0.65 2.73 548386 0.19
IC8 Nugget+Spherical 0.26 0.88 19044 0.23
1C9 Nugget+Spherical+Spherical 0.50 0.22 4317 0.30 20506 0.49
IC10 Nugget+Spherical+Spherical 0.55 0.27 7141 0.30 61258 0.49

: Nugget JyH 4300 ; Spherical ERIREGHE
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b.Cd

23] Q‘
HLR SR mgkg?) 3
I 0.04~0.24[10.57~0.77 ®&H
[ 0.24~0.40[71 0.77 ~ 1.15 @45
[710.40~0.57 M 1.15~2.63

HERESR(mgke?)
W 2.7~5.719.6~13.2 ©4&%H"
B 5.7~7.5 [ 13.2~18.9 Q Hi#~
[ 7.5~9.6 M 18.9~30.2

d.Cr
g ¥ 0 30 km
D
P B
R Y -
HELIR S (mg ke LIRS R (mg kg ) l |
2.6~72 1119140 @45 I 15.9~40.3(161.7~71.3 g ﬁ“
7.2~98 [14.0~168 4" B 403~52.1E 713~87.0 @ &g .
[0 52.1~61.7 10 87.0~127.1

[79.8~11.9 Il 16.8~25.7

FEEERmgke?)
I 0.01~0.03[_]0.07~0.10 47
[ 0.03~0.05[71 0.10~0.14 Y s
[ 0.05~0.07 0 0.14~0.28

HEESRmgke?)
B 5.1~17.2 [ ]34.3~442 Y s
I 17.2-25. 7001 44.2~59.5 gz
[ 25.7~34.3 M 59.5~95.5

HeR G Emgke?)
B 168~354[ ] 507~588 )
I 354~438 7] 588~687 O
71 438~507 [ 687~958

LR S Emgke)
B 5.9~16.8 [ ]28.3~34.3 ©4%
I 16.8~23.1[000] 34.3~43.6 QHIH"
[ 23.1~28 3 43.6~72.3

j.Zn
i 30 km
: = |
’-.
L 1 a v,
il “_"_ ¥ Y %

8 3/
HLR S Rmgkg) g
B 21.7~51.2[_]80.1~95.5

HEESR(mgke?)

B 20.4~35.7T_]74.9~106.5

I 35.7~52.70000] 106.5~153.3 O
[ 52.7~74.90 153.3~236.9 O5E

I 51.2~65.9150 95.5~118.6 gy sy~
[ 65.9~80.11 118.6~185.3

K3 MAG e T G R A i (A A
Fig. 3 Spatial distribution of heavy metals concentrations in soils of Yantai coastal zone

Cd. Pb I Zn BYZS [ o AT BN T, S B oA A W B RO AR G s X 3 R4
JRBI R E X EEME R B0 R X LG 2 IX (3b, 31, 3j), Hasmn
A1 5Z B I FFER A HE A 255, Cu i X E B A7 PE R A R bl e, =
L2 E AR TR A HUE A 52 (B 3e. Bl 1c); [RIBENE & IR IXA 25 1 e (i
DX, BER 3 Cuti sz B Tk % sh A Sl R AR . H B9 e (EL X 32 2001 T X,
O R REESE . e I IX R (E36) o AR IX AR 24080, P BiRRIER G
FHY Hg ORI T T3 Hg R (B IX s [, SR 1T DA i | AT Ak, #E
B S EEE Hg BT 4R
34 WEBETIEESREEBESREEEXE

A RS EY, B LS I AR I R S EAE TS S B{E; As. Cd. Co,
Cr. Cu, Hg. Mn, Ni, PbHIZnf{544EE53 0 9.5 mg kg™'. 0.16 mg kg™'. 16.5 mg kg™,
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843 mg kg'. 294 mgkg'. 0.044 mg kg''. 828 mg kg, 35.3 mg kg, 38.1 mg kg '184.2
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Fig. 4 Potential polluted areas of heavy metals in soils of Yantai coastal zone
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Source apportionment and spatial prediction of
heavy metals in soils of Yantai coastal zone

LYU lJianshu
(College of Geography and Environment, Shandong Normal University, Jinan 250358, China)

Abstract: Soil security plays an important role in the sustainable agriculture. With the rapid
economic development, the soil quality faces great human- related threats from the
contamination, and it is essential to conduct the investigation of heavy metals in soils of the
areas with intensive human activities. Source apportionment and spatial prediction are the key
issues of the investigation of soil heavy metals pollution, which could provide scientific
references for the regional soil pollution management and remediation. For this purpose, a total
of 1067 samples were collected in surface soils of Yantai coastal zone, eastern China; and As,
Cd, Co, Cr, Cu, Hg, Mn, Ni, Pb, and Zn concentrations were analyzed. Positive matrix
factorization (PMF) was applied to estimate source apportionment of heavy metals.
Multivariate independent simulation combining Independent Component Analysis (ICA) and
Sequential Gaussian Simulation (SGS) were proposed to predict the spatial distributions of
heavy metals, and local and spatial uncertainty analysis was used to identify the polluted areas.
As, Co, Cr, Mn, and Ni originated from natural sources, with their spatial distributions
consistent with parent materials. Cd, Cu, Hg, Pb, and Zn exhibited significant accumulation in
soils, but the mean contents of these five heavy metals did not exceed the risk screening values
for soil contamination of agricultural land. Industrial and traffic emissions contributed 58.3%,
40.3%, and 35.8% of Cd, Pb, and Zn concentrations, respectively; and these three heavy metals
presented high values in gold and copper tailings as well as the urban district of Yantai. Cu
mainly came from the application of bordeaux mixture and organic fertilizer, with its high-
value hotspots associated with orchard soils. Hg originated from the atmosphere deposition
originated from coal combustion and gold smelting by the mixed mercury method, and its high-
value hotspots were related to the surrounding of gold mine as well as urban areas of Longkou
and Penglai. The potential contaminated areas of Cu, Hg, and Cd accounted for 37.5%, 14.3%,
and 8.6% of the total study area, respectively.

Keywords: heavy metals in soils; source apportionment; spatial prediction; geostatistical
simulation; Yantai coastal zone



