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Review on the last ten years of research on source identification of heavy metal pollution in soils

CHEN Ya-li', WENG Li-ping", MA Jie', WU Xiao—juan', LI Yong—tao"*

(1.Agro—Environmental Protection Institute/Key Laboratory for Environmental Factors Control of Agro—product Quality Safety, Ministry of
Agriculture and Rural Affairs, Tianjin 300191, China; 2.College of Natural Resources and Environment, South China Agricultural Universi-
ty, Guangzhou 510642, China)

Abstract: Based on the different types of data used in methods for source identification of heavy metals in soils, the source emission inven-
tory method and various receptor models were summarized, and literature survey indicated that traditional multivariate statistical methods
are widely used for source identification and that the results obtained from different methods are mostly comparable. The results indicated
that Cd is the primary heavy metal contaminant in soil, whereas Cu, Zn, Pb, and Hg contamination also occurred. In general, the main an-
thropogenic pollution sources of Cd, Cu, and Zn in soils are agricultural activities such as fertilization, whereas industrial activities contrib-
ute a large proportion in certain areas; Hg mainly comes from industrial activities via atmospheric deposition for instance, whereas pesti-
cides rich in Hg are an important source in some areas. The sources of Ph are more diverse and complicated. As, Cr, and Ni are mainly con-

trolled by soil parent materials. In general, the emission inventory method can be applied in studies at different scales, and thus collection
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of source emission data and heavy metal leaching data in soils should be strengthened to calculate the dynamic changes in heavy metal con-

centrations in soils. Advanced statistical methods for source identification of heavy metals in soils should be further studied to explore their

prospects in future applications. Combination of multiple methods and a strengthened quantitative study for source identification of heavy

metals in soils will be conducted in future work. In addition, atmospheric deposition has been identified as an important source for many

heavy metals; thus, identification of the initial sources of heavy metals in atmospheric deposition at different regions will facilitate control of

heavy metal pollution in soil at its origin.

Keywords : soil; heavy metal source identification; source emission inventory method; receptor model
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TITE & 10.2% , ek Gt BB 5 2.8% ., 7ok
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Table 1 Comparison of different source identification methods for heavy metals in soils

Ik FEMELER gy BBERRL Bt L R
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quantitative YPE ymount & frequency™*/%
TRHETRCE ek Eh SR EES ORI E AT YR R A R OO A A S HERR T 1.2
JeR i wit A AT A AAFAE A E T s OMELLE i
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FREY Tk
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e kst SRR N e RS R TR DR S E ISR (I Ph Cd g 3.6
{H% S5 ) HEA T s OMRHT 5 Y P A B
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Wk ER K OSEBAR A QX TS H0M 4 BT T RE 2 Z BUE B 20, A 43
BT s ok e , LB — i A 3K T S S5 78 AN 5 1
PMF % JE K Ozoii 7 IHABTI AT BRLS AR BOA S HER A BRI AN B0 ik R 5.1
TR B s @] LA BOR bR [ S84 TRE T 3R E AR R Q i de/IME
FERIATEARAL ; @nT AP LA FIUS /N IR 22 50 e fE, DAL RATEASEL
FANEEAEA BRI TS E 25585 I 45 B B i AR DG
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B RO LD H S RBRAN G B RS —E R
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3R K BRAR L P 1 T R 5 O T J 5 AL S P I, A R MR A e L
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Note: *Based on the collected 112 references.
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5B IR A RO — R HIX, B0 42 [
P ) - 3 T S AR AT T S AR D o A sk,
x4 [V TR A AR 2 R DA e A ) A L 3
PGS LA TR A R mAE i g A
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T 5 0 SCIX A FH A= 3, = 38 BE ORIRAT 16 3 4331

R2E+FEEEBRBATENRLS

Table 2 Application of source apportionment in soils in recent ten years

K M g I
: . Source
Area Location Study object .
apportionment

F2 TG Yl (T L A6/% ) 2 3R
Sources( Contribution/% ) References

ARAE R PR RS Cd As .Pb Hg . Cu. PMF

Tl 8. (36.5) , 33 15 YLl AN R IR (23.5) , RE K (20.8) , H4ERET (19.2) [45]

e Zn .Cr.Ni
R Cd As Pb.Hg Cu. PMF - HEHE I (38.0) , AR 25 FIIE Kbt FH (32.6) , SRR Tk HERL I (29.4) [46]
Zn.Cr NiZs
FAEVL B¢ Cd.Pb Hg .Cu.Zn. UNMIXAER Hef™ A HASH & SIRHESE (39.31) , H3EE5T ABIE o RORIESE L5455 e (37
e B Y i IX. Cr.Ni%§ JR(23.93) k0T TR Kz b (22.89) , A1 RAL AAE W 1171 (13.87)
46t JEEUENAYT A Cd As . Pb.Hg .Cu, PCA/MLR. PCA/MLR: A 1550(33), LHERER (29) , S8 HE (27) , BRIE(11) [30]
b Zn .Cr.Ni % PMF PMF : W& 80 (35) R0 (26) , 3801 (22) , 2l HER (17)
Jbat Cd.As.Pb.Hg.Cu, MCR-WALS HRIF(76.0~78.6), KULH(15.5~16.4) ALIEFAKZ5(5.9~7.7) [47]
IS X A Zn .Cr.NiZ%
PN Cd.Hg CdFHg  Cd: TR T (46)  HEWE/K (29), KRR (9.2) , THUIE(7.3) , BHUIE(4.3),  [23]
HERB X AR H [FI 3 2% £ 25(4.2) s Hg: RAREA(37) , A HLUIE(25) , #EE K (22), TTHLIE(7.1), Tolk %

FE)(5.9),425(3.1)

Kt Cd.As.Pb.Hg.Cu,  BlHLARI

PRTTHR P R (6~32) , HRET L™ (8~25) , S FF b AU SR [7)

X A H Zn .Cr.Ni R (7~18) , T I B (5~18) , BNk A 26 - 27k 2 (10~19) , 3 J% 1 8 (4~
15) A AT LB (6~14) , By Bkt - 2P 357K 38 (3~ 12) , A0 T AL Tk P (E
TRE(5~9) , & RHLIE 25 (2~6)
R VLHE2% Cd.Pb.CuZn.Cr  HEECE S . HEROHE B KADIRE (37~85) /K (12~50)  IERH(1~14) 5 [22]
AR A PblRIfiZ  PbIRIMZ : KAV (57~93) K (10) , ALAF(10)
TLIRIIN Cd.Pb PMF Ph: 8% it ) (55.37) , 4l 76 1 (29.28) 5 Cd: HE AL ) (65.92) , &k 16 5 [48]
KL EREH (21.65), HHEEET (12.43)
TIRE Cd.As.Pb.Hg.Cu. PCS/MLR  TOlHE (Zn:83,Ni:83,Cr:79,Cu: 74, As:72,Ph:54) s Mk i B2 (KR L [28]
J\EN Zn.Cr.Ni Ko MR AL Bk ) (Hg: 59, Cd:58)
TIREE Cd.As.Pb.Hg.Cu, PMF, KAVTRE(33), i AE (30.8) , Tk HEJilc (25.4) , £ 51 )5 (10.8) ; K TULKEPL  [49]
JNEMM A Zn .Cr Pblafi2z%  (PMF:32.1,Pbla{i %% :33.4)
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Continued table 2 Application of source apportionment in soils in recent ten years

W fiAT Iy i

X 3, 55, iERIE S S F TG YL (BT EL /% ) 225 Uk
Area Location Study object - mfrce Sources( Contribution/% ) References
apportionment
TR Tk X Hg He i RATIFECRE ) [50]
VLS A Cd  As . Pb.Cu Zn. PMF F AR (45.4) , Br I AEBE MY 2 EN YA 1ol (28.3) , UL S M &5 R (21.0), [50-51]
Cr.Ni% i A (5.3)
BEIIHT XA Cd Ph.Cu.Zn Cr, APCS-MLR. APCS/MLR:#RIE(54~142), 5838 (2.1~41) , R HANE (] AE N L3R5 (0~65.6) 5  [31]
Ni % PhlAIZE Pl E : AR (49) JAIE(45) 3830 (6)
A A S M b Ph PhlFIfi 2 LHERE(85.14) 354 B4 (14.86) [33]
RA  CdoAs.Pb.Cu.Zn, APCS/MLR Cd.Cu.Pb.Zn: A2KiE5)(52.2~124.8) , Cr FlI Ni: - 385 (81.3~113.5) , [27]
HLiH) Cr.Ni As: NEIE(55.3) fl 3 RE T (117.6)
sl WERIN Cd.Pb.Cu.Zn . Cr. PMF AEEARRR (25.9) 4L (24.9) , Tk (19.1) [52]
AEX Ni
WIFG /KT Cd.Pb.Cu.Zn . Cr, PMF R B 5E TG S0 (26.81) , RHERE TR (24.41) , 4 A RfBIE(17.72),  [35]
HYRED TR 3 NiZ BRI A7 PR ANAZ 108 32 i I (16.39) , 75 7K THE R 04 245 AR A it FH 254l
TG E (14.68)
WREZK 1L Ph PhIRIMIE AR SR AR CRAIH) [53]
YRR X JE R
WYY, Cd.As.Pb Hg . Cr JEHERCE BATE KUK (51.21~94.74)  JEH}H(3.36~48.20) , HEE /K (0.58~12.85) [12]
T 0 BH T
T Cd.Pb.Hg.Cu, PMF FSRTE(33.6) , RUTFE(26.05) , Tl %5 (23.44) , 4\l iE 51 (16.91) [54]
7n %
AL ) cd PCA/APCS  HLF Tl (67) , BB BT (16) , HA I (9) , bk ili KA VIR (EZ R E  [24]
AR EBA)(8)
FEIX
Em ] Cd.As .Pb Hg Cr  Z&PFHEWIRS . P STER PR . 51T X BB (3~50) , - HEZA (2~41), TAlLZEAI(6~30), 4] [9]
PELE HBRRA MG AR (3~19) , AT (0~16) , B RN (0~14) , AR (0~11)
FETRY
JUARALER Cd.Pb FEHLARAR . TV (Ph:68.1,Cd:32.2) , 3 i 8 U8 (Pb: 10.1, Cd: 20.0) , 1 3EEE i (Ph:9.6,  [55]

FEHLES BEEE T Cd:12.4) 4RV IE(Pb:7.4,Cd: 11.7) , RSV (Ph:3.1,Cd: 10.7),
JKIE(Ph:1.7,Cd:13.0)

Il Cd . Hg PCA/APCS  HRIA(Cd:46.1,Hg:13.6), 2@ (Cd:42.8, Hg:36.1), TolLF(Cd: 1.1, [25]
Hg:45.4) , A (Cd:10.0, Hg:4.9)
K= AMAMIX CdAs.Pb.Hg Cu. ZRPFEHEWIRS . JRTTRRAMFH R . 1 HE2E R (8~48) , A GDP(16~42) , - HuF FH2E M (0~36), - [8]
Zn .Cr Ni ARG HATHUR(0~28) , AT (10~23) , A B8 (0~9) , A (0~3)

HEHY
J7/R4E Cd.As.Pb.Hg.Cu. CubistB%  As: HERIES AR CTAk> Rl >22 8> A O>HA ) s Cd: HAAES AR (TA>  [56]
Zn .Cr.Ni Al >33 >HAh ) 5 Cu: A AR IES AH I CTAlk >4k > 383> Hofth) s Ph: [ 28>
NRIR >4l > Hoftln) 5 Zn s B AR TES AR PR CLE >4 > A FT>HiAfl) 5
Hg: A IR CTol> A0l >A8 38 7 K> A T >SFES) > H AR Ni: H AR > A
(Tolk>Ab>32 3> Hofth ) 5 Cr [ AR WS> AN CRlL> Tlk >3350 A 7> Hifth)
P VUL IR EAL As Pb.Cu.Cr, PMF Tk (25.26) , HARTR(25.04) IR AV (24.99) , 22 i (24.71) [57]
IR ) Ni%
WX As.Pb.Cu.Ni%  APCS/MLR FIRIA(26~77), 28l P (3~54) AL AT kM B (1~21) , Hfh I (4~16) [26,57]
BRARMEE R As.Pb Hg.Cu, B BIEERY JEoTEk /-2 : Tl (9~24)  JIM A X (5~22) ,WCW #[X (12~25) , [58]
TR X Zn .Cr HSQW X (1~17), JE RIX (5~16) , KA (1~22) , 2 25 (2~36)
H R PEE R Cd As . Pb . Hg.Cu, PMF ALY (Ph:77.48,7Zn:32.12) , Tl (Cr:48.84,Ni: 54.12) , £V (Cu:42.67,  [59]
Zn .Cr Ni% 7n:36.07)
ViR ERHARH Cd.As.Pb.Hg.Cu,  FA/MLR  “TMPHERC RBE R R 7% 20 (Cd: 87.5,Zn:87,Ni: 73.3,Cu: 69.6,Cr:63.9) ; X4 [29]
Zn .Cr.Ni Tk AR T 8 (Hg: 90.3)
~mEE CdPb.Cu.Zn Cr. UNMIXEEHS SREFIICKEHIE IR (68.26) , Tolk i (16.32) , 0 L HF2R S 438 517 (15.42) [60]

HYEET X Ni%
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Table 3 Statistical results of source apportionment of heavy metals in soils in China in recent ten years
KR N SCRECORIE R i A TS5 5 Source identification results St
eference number & ~ Sample )
Study area Tesources e Method ol As Ph He Cu n Cr Ni Note
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(1) J!éfiﬁz
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Continued table 3 Statistical results of source apportionment of heavy metals in soils in China in recent ten years

e X@@U@Hﬁ R ik P45 5 Source identification results K
Study area Reference number & - Sample Method . Note'
) Tesources number* ) Cd As Ph Hg Cu In Cr Ni /
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WT(3); 3l R, ()mﬂ jﬁ«ﬂﬁ" E«mﬁﬁf}% ) At Tk (2) A Tak(2) A
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[ A #)(1)
(1)
W% (Q2); gLt 1054 PCAG4) A5 b (1); T, HEERFR() Ko (1); T, Tl(D; ARk ié&ﬁﬁ )\}J iR BERR(3) HERRG)  Hib
()5 AF(2);% Rl RsciE ol Rasm (1); B £5 (1 }dj D%%ﬂ
() BRE (1) A h(1) (AR () (1) (1)
(2);CA(2); HHERER (1)
(2); [
IRl
(2);APCS-
MLR(1);
FA(1)
L G PR e L N b 71 I{%Hﬂf Tl (e T Al (2); Tolk Tk ik Tik gl T EET Tl (T HEER(4); HERRG); KW
@mﬁ(a); (4);PCA(3 Alkﬁ(? % (1) KK TAM D28 (1);  ldEs) AM 50 BEECD KRR WD
(1) *ELME %ﬁXJ ;o (1) HH)(3); % kxiﬂﬁ%(l) (5);40(3); T(6) sl k(1)
); Al iiii ié(z);i?%é‘kﬁ TR (2); ( ) R 53
PCA/&F?“ )RR (1); 3R (1) (1)
APCS(Z); TiRE(D) (1); K5
PMF(2);EF FE(1)
(1);PCA-
MLR(1);
Heriei
k(1)
WimE(3); g 6437 PCAQ3); Ak RAUTREGE KADIROR KAUROR R (1) KR RAWFGR R Rl HEEEFE(2) H3EET(Q2) FakH
R (1) AH(3);CA (D), Tk, #E gl af 1 rﬁ YU (BRA 2 lff)(l)\Iﬂk (1); Tl (1)
()24 ADoK ) ()51, )2 W) () JokHER RAGFGR
Prik(D);  HERRET Y sCil(1); FRETMkiE (1)
PMF(1)  REEGRER) QR
(1), RH (1) JERLC1) A
FERH2) el (1)
(1) (1)
Wim(2); gt 108 HEAMT EEFA (D b Tol SE(D KRRV (R BRFA (1) R BRFA (D) T BEFA D Al
R(1) (2);PCA(D);  TJ7(1) D) AU (D)5 7k
CACD); iz (2); 383 (1) RantEr) Z(1)
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Continued table 3 Statistical results of source apportionment of heavy metals in soils in China in recent ten years

WK Refiﬁﬁyﬁfbfﬁ . iiﬁ“ ik P45 Source identification results K
Study area Tesources umber Method ol As Ph Hg Cu n Cr Ni Note"
EHOTR(T); g 1810 PCA(S) ;156 Rl (2) ALIE Mk )i Tl Tl (3), Tl Toll(3) JhtE j:*ﬂrﬁ ); HIERE(3); HIERERR(S); LHERER(4);  RH
(1) A(5);CA (1) R (1) TES Aﬂ Sl (D) TRS e <2);7M IR (1) g
(2);;@6} KTl ( y\ﬁﬁm Vo IERHCD); (1) 78 ( ) 7(215 DJER(D; Tk THER(D
Bk (2);EF (2) Iik%x ) AR WULF“(I) AEHERL (1) )LJE% jﬁ
()ch/ (1) Lk Dﬁ%ﬁfﬁ( MJ ); 15 KA W
APCS(1);% (1) x@ﬁﬁﬁl BE(1) AH(1)
%@m (2); Ah01
1) AR ii%lﬁ
ééﬂ‘ﬁﬁﬂ!
(1) ; BERLAR
(1)
I %(2); g1 1231 MM AR(Q2);  HERRQ) AR(Q) A1) AA(2) AH(2) Nh(D; HERRQ) BkH
(1) (2);%%1& FHERR(1) HHEE(D) HEER(D EER(D) SRR SRR
1%
{H:uﬁ%ﬁ
(1
Cuhistjf;"i
H(1)
(AN () P e PCA VEF (1) HERRCQ); SE0) A E0); REQ) R REQ) I TRG);  THQ); K
B (2) 2); KA M, %‘1‘% = ng (e RI(DRE Tl(D ARA(D)G5 MESREE B2 a&(])
H( ) (Dl )RRV (1) SRR FECD) 20l (1);8(2)5 TR
Ark(2) Ji(n) (1) (1); Tl B (2); Tk fiRE Tk fnps
CA(2);FA (1) 20088 A1)
(1);PMF(1) Fi(1)
HiE(1) I 469 PCA );CA fRAE Toll Tl R ERRG) HERRG) HERR() Wk
/fﬁa%\ (1)
4)?
BETG(3); eSS 11 498 PCAQ3); MK HHERERR(1) +3ERR(2 WE K A ( 3 () T ikiiéu);%@“it%ﬂﬁﬁm Hib
HEE(2) A3(3)EF PRI kﬂiﬂw mm W (DT B Tk B4
(2);CA(1); PRI )Uli WMW (1) (2) fefilket mni;& ) il AR
FA(1); (1); 158} Bhpe(2); 1 EERR(L ke 58
APCS-MLR (1) #7(2) 1),
(1);PMF(1)
fip EK(3) 1| 2165 PCA4);#1% Alk(2),1k M( O 2 (2)5 Tolle Tl (2) R A (1) B Ak (1) ARHE Toll(2) s BREE Al (1) BB R H
SeM (L) AE(2)5CA B &2 (D) (1);%KH(1); (1>ﬁrmm D250 (D AR (D &Z5(1);5 (25801, (1) SERE(T)
=) (1);FA(1); Iﬂkﬁkﬁi\i@: iﬁ&ﬁﬁ( ) (1) ke & R T () 51 R &Z5(1); T
EF(1);FA- k” ) L %\Eia‘lﬁﬂ (2); Tl HERL TR (1) 8805 (1) IR
MLR(1);  SR(1); 416k (1); 138 (1) s8R (1) AW BR (1) 44(2)
UNMIX # ﬂ 1); 138 Fi(1) (15388 (1) (1); -5 GRS
H(1) Fi(1) Fi(1)
uyllIeW i 63 PCA(1);CA TR Tl sk Tk St Tl s o
()5 HXH Jie(1) Hi(1) (1)
(1)
e (DI T 3R)2 AR B 5 (2) A T 434 FH 7 LAt 353 48 SCaik v - 32 AR AR ) - 387 — 43 - HE 28 Al o H - 47

R IERAIA AR AR

s (3)FRHPHES N IR RRW Bz B SCOIECHE .

Note: (1)* only surface soil samples are listed; (2)" "farmland""some farmland" and "others" respectively mean that the soil type is "only argicultural
soil""some argicultural soil" and "no argicultural soil" in the references; (3) The number in parenthese represent the number of references related to this

item.

A RALH X S Qe BB R OT R Cd, Hak

B Ph.Cu.Zn. Hg#%lg’% AW+, Cd,
Cu.Zn FEZ A5 YR WA HUAE ALAE A 2576 1 25
AV 5 B, FB 53 X A 3R TR Cu Fl Zn (1 2R
I8 ABFESE I X B Tl DX, 3258 HE R R G
S0 5 5 2 5 1L 5 As R Hg 52 Tlb HE R SR B 1)

SRR TRl B AR 16 B As A5 TRk s Ph AR TR Hb
A AR, FESRIET Tk Gake BRIESE) Sl HEHOR
JiE B A A 73 5 Cr T N DU 32 257 - S R S s i, 348
53 b DX AL AT Al 1 B s 6 TR H 58 AR
B R T U] 55 22 b Y PR A DG, T 7 4 A Ry K i
AR Tl b, 2 b DX 38 T 4 38 v 9 B 4 DT 3R AR
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HB5 Tl K sl AT 56, HLAK Cr AN £ 22 5 30
Jo A 2 A5 Ce 532 3 1olk 1520
2.2 b X

S ARl X - 498 T 4 R ISR T 19 T S
RIT 135,95 b st JH: b PR Y 5 b
X 1 2831 /™ 3RJ2 LR, I R 04 2 1k VR b
R PCA FHOCE T 23 ] 3 A7 &5, 22 it U A AT
Ji A PMF . PCA-MLR . [Afi & FO(E 55 (£ 3) . &
I b AR X A 3 ) RS A R OL R e
Cd, H KA Cu Hg.Zn Pb %, ZH X A& H 8
As.Cr Ni F 87 + HerRE i i 45 il , 4> 5 77 1) As if
A KA SRS TR I TR BRI LIS, AR 4
JE TR AR Z B —E R MR Y. Cd . Cu Ml Zn 1)
15 Y PEATE ALY 35 Bl (RERE A 25 HEIE /K ) A 35
Gy LXK Cd iR Z 2 TV IE 52 o %5+ Ph BRI
BT RGBS KRRV 5K A —
FREE R DTRR . Hg 3252 KAUTRE AR K26, R
IS 1l DX A T Bl B 52 o R ol IR 3 By R4
H -8kl , F 4R 1Y R 85 kg 8h BRI 58
T HE R S A
23 ERMX

HEIR b IX () T 4 R VR AT AR ST AR E
B, WA B AR G SCHRA 40 5, X B E B R 7E
WITT TR 2R, 35 12 6071 A>3 )2 e RE b, i 2%
FA B 58 VR R A AT 5 1k 2 E O PCA FHOE A0 M (CA &5
E] 43 BT 45 , 2 B USRI 7 A PMF (AL 2 HL(ELVE
RENES (I, ZX P FEE YR
152k Cd, Hok Ry Cu Hg % o I AR 3 6 b XA R +
W1, Cd.Cu.Zn  Hg 3245 F Jiti F AE AL A1 25 55 A4 3
3, As . Pb . Cr Ni W F 2R T LR, J5 =& ik
A T B BTk . T R s X 3 Cd
D) = 2k Y T - S RE 5 R IE L S5 ARl A8 X R
B TR 5 Cu A1 Zn B9 5K 5 — 20, DAL 35 Cln e
B F A KT (3238 L Tl 36 3l ) 1 5
1k s He AR TR & 2%, 52 30 0 L Tl HE il (%
S A2 TE AR (U Hg 4 24) 45 Z2 [ 2 5200 5 As U]
Fo L7 P F R T R A8 A T & S5 R RS
TR 3 PhORIE T RAUTRE (2838 Tl i 30 ) 1 5Tk 5
Cr AN B T 32 Tl 3 8l 9 5 ), 36853 b DA A9 A
BEXT Crt A7 5Tk . SRR, Tl & 3l % 5T ik 76
L DX X A, 5 AT A R AR -3 (FR2),
X TV X, L g P 4% 4 JE T T Yok U
LA 5P 5t X — 2, (H Cd Al Cu L & Ph il As 3843

SUREIN T Tl Can s st ) F RS ) DL B Al
T s CAn e kLt A ) B ok . BVACKR R , 3 EE T, A
75 Y R S TR C T RIAS ) A S s L %
b3S Bl SR R B AT VT X A - 38 Cd L As Pb
Hg Cu . Zn [ FEI5 YRR, 5280 Bl 4w d X
(TG Y IR S R AR — B, WA X AL+ b
T ALY 3k it , JUHIE Tl X B, BR300
£ (U1 As . Cu.Cr Ni) FEZE T LRI, F %
2 Tolk i ghat il T g A 4 R ou R A B
2.4 R X

KT A b DX A A+ EUR AR AT SCER A 165, TR
SR AEBIAL RS T X, P K 7819 4~ 2 - 4
FE b TR 04 P DR A AT vk R PCA M G4
BT 25 B A 4, o SR AR AT T S A IR i (PMF
[ 2R LAV (R 3) . BVACKRE , Cd ol M5 Y
JCER , A Pb . Cu Zn 55 1L XA Tl 6 2l i
e+ 8 A E 4 Jm o R (JLHZE Cd . Cu . Zn) Y
S5 YLt [l it A 3R T R i R EH 4 R G
Z (W Cd.Pb.Cu.Zn . Cr Ni) [ B BRILZ 4h, Ph s
Z 3N A2 BRI, Cd | Cu Fl Zn 38 32 B4V 35 3 i 5
Wi o I R SR U, LA 5% IX 3 32 A AR X BT,
R L oA BN, N s Je 5 b Tk 3 3 QR
M SR B A R ST R % X e
G )E B F BRI, 5E m IR A R — 2
(F22) , A it T L AE 534 F 4 b ) Cd L As
Cu.ZnH—E M Tk
2.5 X

A5 M DX 3R AR AT ORI IR T 11,
BEEERT AR AL 25 T R AR 3041 4R )=
SEAE S, TSR G S P TR BT 5 v RN PCA M6
A3HT  CA A ] A BT &5 o et VR AR BT 7 AT 4 1
B A BRI G o A B R BEHMLAR AR GE (R 3) . ZIX &
W5 Y E 4 R ICE I Cd M He, R HIX 13
T4 1) 3 5 Yok U A v b DA R, BTN 3 3
(FEEEXT Cd As . Ph Hg) Fl - 588 it ( = 24X Cu
Zn Cr Ni) , JEAS 5 m IR AR BT e 45 R — 80 (6 2)
Jiti AR A 25 e 3% 2 (40 Cd L As . Cu . Zn 25 ) FI5Z i HE
Jit (4 Cd . As . Pb Hg.Zn 55 ) X} JE 2 H 43 @ or R AT
2.6 AL X

O F P b Hb DX AH OC SCERFEISCAE T 11 R L SR
e BT R B & 1463 32 T HERE S, B
K FH 0 5 PR VR A AT 7 1k R R PCA A G40 LEF
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& SERTRENT TR PMF MRS % (£3), 45
TR X 4 F A5 Y0 K N Heg . Pb . Cu,
Zn, HOH Cd % . R H A3 ) He FERIET Tolk
TGS A5 HE s Cd Ph Cu.Zn B2 5] T 4l % 3h (4
NERE AR 2 TS ESE) Tk i Bl (b ) DL R 2838 HEL
FISE I 5 As  Cr Ni 32257 + HERE sl , Rl b IX As
Z Ul R 5 E R . X3k B3 L bR T L
B 5T A BTk LA AN, 288 HEBOR Tl 36 3l CAn R AR ) Xof
Pb.Cu.Zn Cr 95Tkttt il WL, A0l sl A
Tl TG sh LR S 2 X 4 3 b ) 4R B
2.7 EEHK

VG T L DX A PF 2 R R X I, IR SR 3] 6 77 ST
Wik, 98 X3 A A DU I 2l F1 B A L 5 22 6071
A2 HERE S, PR B e PEVR AT ik R
PCA AHSEA T L CA %5, /8 IR MR AT 7 3 IR A ik
(%£3). BMRE , ZH X EEHYITE N CAM
Hg, HKJ2 Ph Zn %5 . Tl HERL RIS 40l 1% 3 (IR
BERIAE 25 ) 3% 3 FhiE Yl X 12 [X A FH -3 rp 8 FilveR
&)@ B TTRRARAR R, 5 5T X E RN 2= p b X A
ST AR A R BRibZ AN, scilHEL
Xt As \Pb.Cufll Zn A —E W Tk,
28 EEESESRSMESTLERR

T s Yok i E 2 AR R, B &
FEET 45 2 AR5 X I T J = SR A M LA B R
ZROTE U SRR A R AT E R . SMAORE , b
IRBIFZE A R AS TR) 5 BT 1045 381 %) DR A A 5 SR AR
— B, BB A L EDE A S H

ARBTG5 R B oR , Cd S 4 [ 0 FRl Py - 45
A RS Y E A e | A I W AETE Cu Zn Ph Hg BY
154, NiuZFE ook A2 E 3L L AR
XA 131 R R 2 L34, Pb .Cd Zn . Cu 724
S WS T T S (4351 23.5.0.079.68.0.
20.7 mg-kg™)" kAN, Cd (75 YR B, et £
FTG R ESE LR, FEEIS SR —E

ZEAy PRI AR TR A A i X A 3 b 1 T 4 R
5 YRR SRR AT AR ST, AR , B3R Cd E AR
Jb AL AR AP AL X DAL 8 Ak 5 EE A ok
P& T AE R HL B & 38 ) A v (A R 0P g e X0
ZHRNEZ TGS SEN . Cd 78+ 38 (8 ok B
LA 0.074 mg- kg ¥ T E LA A A A R - rp
By DU AR R 4 7 L LA BEAE 0.004 mg - kg™ B 3 4
e ST R Cd F R E S R P
T, B KA T B30T 20 48, R I A B T 4 R 40

5% K B R e 358 Cd 11 3= 2R U .

43 Cu A1 Zn 19 22 [ - 2995 50 M 20.0 mg -
kg™ Fl167.0 mg kg1, T A48 A B AT R 3G 0 i
470.281 mg- kg™ F10.967 mg- kg, 22 1k KA 70 4=+
Herp Cu A1 Zn ) & 5 BI AT DABRAS , I Cu A1 Zn J2: 4k
CdZ g HA Pl KX ME LR ITE., H5Cd3k
1, CuFl Zn T3 Y AE R b Adl AR AR VG Jb b X 32 22
S 5 it N8 S5 A 1 2y, i AE AR A g Y R b X
W2 2 5 2 0 Tl 36 sh g, 8 2 DL Tk & 3ok
Eo

1338 v Heg F1 Pb (1) 42 [E°F- 395 5¢{H 4 0.04 mg -
kg™ Fl 24 mg - kg 1 T AP IR A5 A R AR AT R B 1S 0
0.000 4 mg-kg ' F10.156 mg-kg "™, F i, 23 5]
283 KA 100 4 F1 150 4 =38 v He 1 Ph 19 75 5 0] LA
BOAE, AT 0L He it AN A7 Y AR . AR SCIE ALl 285
RPN, Hg 22 Tl & 8l Je Ho7™= AR ) KR DTRE R
M, Jy 3505 1 DX 52 it FH 2 Hg 4% 245 52 1) 5 Ph — )y T R U
TAg s ™ R GRS A Ph 2 BB R HEA
FIZ L IAMEET B S Ph KA WA S e A
SACKE P R IR LR 2, 32 3 Tl g 3l A0
IR AR IR B AL [R5

T3 As Cr Ni B9 2 E 8 S {E 8 9.2.54,
23 mg - kg "1 AME B BE AT SR BRIk 0.027
0.128.0.054 mg- kg "™, #1155 28 10 KA 340,420,
430 4 -4 As (Cr Ni 1975 0 0] LABRAS , XA A5 G
AR AN BEURR 3 590 R A 25 A — 2 DRSS R BoR
As.Cr Ni 9 A AR BTHREC /)N, %7 4 R i A 3%
il 2B X 32 Tl A TG S B RZ I . As JTLER
AT AL o, B Rl T A As & = 7E 3~45
mg - kg™ Z 0], AT AR R 4 @ 16 R R R 1) b 3 T
RO, R Y Cr NG SE R AR O, B gk
Jo R TS Y (AN N T ) ) ¥4 368 ol 4 38 v Ni AT Ce
) SR, SRy b DX g VAT e 1) Bk B R

3 #ie

(DIEFHRE LR EERE LSRG YLK N
Cd, AR fEAE Cu Zn . Pb Hg H975 4 . 38 Cd,
Cu.Zn () F BN N5 G5k A F i I S5 A0k 1% 3)
B0 b XA VR F Tl & 8l L DL T IE 8ok 3
Hg F2 2R IR T 136 sl S H = A i KA TR, Jm
Hh DX e He A< 25 I BTk s P IR TR L i R 4 2
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Jo B ] A BRI Tk RO S B TRk . R



20194 10 B

WRAE R , 25 < 30 A o I b 0 o 3 e DR AT T ok 2233

K, IR AN [R] 9 R IR A 5 ik 4 A9 R 5T
FR A7 AE 22 S P (HLREAS BR AT 1 A — B T s
SRS

(2) B X L PRI A o A4 B 4 TR 15 A DA AT F 5
AR ARG, A T T R Y S R i YR
SRS LUE M BRI O 3 SRR IR AT U5 94 F2 2
A PCA FASKR T 25 [ AT 2 o f T 35 e [l At
S 2R PR 27, P — b e Pk A TR BT 7 i AN BE
AR BTN 75 Y IR TTRRE B HT B EOR DRI, X
AN DX T - R AT AR, 7675 18 Y i SR B
RIS & | B AARAS [ PR AR A ik AR, 1045 10
ZR Ik OC IR /7 ik, s Rk S 5t b R
BINE S AR AL B R 2 6] 73 A i PMEF
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1, 5 S — BT R LR B G R A R W HETOR
AL, DT by i R AL T S o S A

S 3k

(1] PR OR 50, ) A B . 4 ] 3995 etk B0 i e 8 i 0], o [ B
Bk, 2014, 36(5) : 10-11.
Ministry of Environmental Protection, Ministry of Land and Resources.
National bulletin of soil pollution survey ChinalJ]. Environmental Pro-
tection Industry, 2014, 36(5) :10-11.

[2] KA, A B, SR p A . A Y5 YR ARATT 5 i S L A 5 0k
JE[J]. 14, 2007, 39(2) : 190-195.
ZHANG Chang-bo, LUO Yong-ming, WU Long-hua. Methods for
source apportionment of soil pollutants and their advances in applica-
tion to soil environmental research[J]. Soils, 2007, 39(2) : 190-195.

B12 W, % 2h, dkon, 55 . AR e s e AR BT T ST 25k
[J]. - HEmE K, 2018, 49(1) :232-242.

LI Jiao, WU Jin, JIANG Jin—yuan, et al. Review on source apportion-

ment of soil pollutants in recent ten years[J]. Chinese Journal of Soil
Science, 2018, 49(1) :232-242.

[4] BRAEH, KB B, 2% 3, 55 . PM.s IRSBNT 5 35 00 L AR S TR D). B
2Fi R, 2015, 60(2) : 109-121.

ZHANG Yan—jun, ZHENG Mei, CAI Jing, et al. Comparison and over-
view of PM,;s source apportionment methods[J]. Chinese Science Bulle-
tin, 2015, 60(2) : 109-121.

[5] T Hi 3, $IASAT . T3 b i 43 ) V5 YL U BT A T ke (0], A 4 )
T, 2008, 60(4) : 158-165.

YU Rui-lian, HU Gong-ren. Research progress in sources identifica-
tion of soil heavy metal pollution[J]. Nonferrous Metals, 2008, 60(4) :
158-165.

(6177 JiE, BKICH, A, 55 . 15 G i R AT R AT 5T ke )], 1k
TRHE, 2007, 15(3) :60-64.

FANG Xuan, GENG Chang—jun, XU You-hai, et al. Research progress
on source apportionment of pollutants[J]. Science & Technology in
Chemical Industry, 2007, 15(3):60-64.

(7] RELE, BB, HIC, 4 I T H PSS AL A 14 K
G DX S < TR AL 1. BRBERLE, 2016, 37(7) :2756-2762.
SONG Zhi-ting, ZHAO Yu-jie, ZHOU Qi—wen, et al. Applications of
geostatistical analyses and stochastic models to identify sources of soil
heavy metals in Wuqing District, Tianjin, China[J]. Environmental Sci-
ence, 2016, 37(7) :2756-2762.

[8] Hu Y, Cheng H. Application of stochastic models in identification and
apportionment of heavy metal pollution sources in the surface soils of a
large—scale region|J]|. Environmental Science & Technology, 2013, 47
(8):3752-3760.

[9] Zhong B Q, Liang T, Wang L Q, et al. Applications of stochastic models
and geostatistical analyses to study sources and spatial patterns of soil
heavy metals in a metalliferous industrial district of ChinalJ]. Science of
the Total Environment, 2014, 490:422-434.

[10] Shi T, Ma J, Wu X, et al. Inventories of heavy metal inputs and out-
puts to and from agricultural soils: A review[]]. Ecotoxicology and En-
vironmental Safety, 2018, 164:118-124.

[11] Shi T, Ma J, Wu F, et al. Mass balance—based inventory of heavy met-
als inputs to and outputs from agricultural soils in Zhejiang Province,
ChinalJ]. Science of the Total Environment, 2019, 649:1269-1280.

[12] Yi K, Fan W, Chen ], et al. Annual input and output fluxes of heavy
metals to paddy fields in four types of contaminated areas in Hunan
Province, Chinal]]. Science of the Total Environment, 2018, 634: 67—
76.

[13] Je 2, X5 X0 e WF, 55 . RASANBORLY PM. s B IR AT HOR 1.
REUE R8T, 2012, 6:46-49.

LONG Hong-yan, DENG Shuang, HUANG Yan, et al. Source iedntifi-
cation of PM,;s atmospheric fine particles[J]. Energy and Environment,
2012, 6:46-49.

[14] WX 2 53, SRICHT, Bias RS, 55 . T8 4 )@ Vs YLl A S R S]], 46 4

LR, 2011, 11(4) :98-103.
ZHAO Duo-yong, GUO Bo-li, WEI Yi—min, et al. New advances of
source identification and apportionment of heavy metal pollution in
the environment[J]. Journal of Safety and Environment, 2011, 11(4) :
98-103.

[15] Liu E, Shen J, Zhu Y, et al. Source analysis of heavy metals in surface



2234

VRIEIN ity 3855 108

sediments of Lake Taihu[J]. Journal of Lake Science, 2004, 16 (2) :
114-120.

[16] AL RN, WA, B, 55 . Ph—Zn [RIOL Z AE VTR T 4 15 e
TR 5 T A L - 234845 J B2 ()). BREEA 22, 2017, 36(3) - 581~
590.

PU Ya-li, TU Yao—ren, YOU Zhen—feng, et al. Pb~Zn isotopic trac-
ing technique in sediments : Review and propectives|J]. Environmental
Chemistry, 2017, 36(3) : 581-590.

[17] Lu C A, Zhang ] F, Jiang H M, et al. Assessment of soil contamination
with Cd, Pb and Zn and source identification in the area around the
Huludao Zinc Plant[J]. Journal of Hazardous Materials, 2010, 182(1/
2/3):743-748.

[18] Hu W, Wang H, Dong L, et al. Source identification of heavy metals
in peri—urban agricultural soils of southeast China: An integrated ap-
proach[J]. Environmental Pollution, 2018, 237 :650-661.

[19] Chrastny V, Cadkova E, Vangk A, et al. Cadmium isotope fraction-
ation within the soil profile complicates source identification in rela-
tion to Ph—Zn mining and smelting processes|J]. Chemical Geology,
2015, 405:1-9.

[20] Wen H, Zhang Y, Cloquet C, et al. Tracing sources of pollution in
soils from the Jinding Pb—Zn mining district in China using cadmium
and lead isotopes[J]. Applied Geochemistry, 2015, 52(3) : 147-154.

[21] Bigalke M, Weyer S, Kobza J, et al. Stable Cu and Zn isotope ratios as
tracers of sources and transport of Cu and Zn in contaminated soil[J].
Geochimica et Cosmochimica Acta, 2010, 74(23) :6801-6813.

[22] Chen L, Zhou S, Wu S, et al. Combining emission inventory and iso-
tope ratio analyses for quantitative source apportionment of heavy met-
als in agricultural soil[J]. Chemosphere, 2018, 204 :140-147.

(23] 4% &, SkEg 1R R, 4RI Cd A Hg 15 4% B9 B AT 5 X
BB 5], AL BREERL 2725412, 2016, 35(7) : 1314-1320.

LI Xia, ZHANG Hui-ming, XU Zhen, et al. Source apportionment

and risk assessment of Cd and Hg pollution in farmland[J]. Journal of

Agro—Environment Science, 2016, 35(7) :1314-1320.

[24] BHIEL, IR, JRIE5E, &5 LT 2 MBI R e T+ A AN S5 5 /Y

ISR IR, IR, 2013, 33(5) :854-860.
QU Ming—kai, LI Wei-dong, ZHANG Chuan-rong, et al. Source ap-
portionment of soil heavy metal Cd based on the combination of recep-
tor model and geostatistics[J]|. China Environmental Science, 2013, 33
(5) :854-860.

[25] BRFF, Ak B, KA, 45 . BE T PCA/APCS AL ge i1 I

T b e T J R R AT ()], AR A IR B AR, 2016, 25(6) 1014~
1022.
CHEN Dan—qing, XIE Zhi-yi, ZHANG Ya-jing, et al. Source appor-
tionment of soil heavy metals in Guangzhou based on the PCA/APCS
model and geostatistics|J]. Ecology and Environmental Sciences, 2016,
25(6):1014-1022.

[26] BR75 g, /500 T HE T 52 (R RN 5 1t e T Ay 37l o B X 3 T 4
JE TS YRR, FREERLE, 2017, 38(6) :2513-2521.

CHEN Xiu-duan, LU Xin~-wei. Source apportionment of soil heavy
metals in city residential areas based on the receptor model and geo-
statistics[J]. Environmental Science, 2017, 38(6):2513-2521.

[27] ZE5eE, im0, b BR, S5 . BRSLIIIAL A DX - 398 o 45 o
FRATIT). HOBR 5 3REE, 2017, 45(4) : 455-463.

QIN Xian—yan, LI Yun—huai, SUN Yue, et al. Source apportionment
of soil heavy metals in typically agricultural region around Chaohu
Lake[J]. China Earth and Environment, 2017, 45(4) :455-463.

[28] Wang C, Yang Z, Zhong C, et al. Temporal-spatial variation and
source apportionment of soil heavy metals in the representative river—
alluviation depositional system[J]. Environmental Pollution, 2016,
216:18-26.

[29] Li S, Jia Z. Heavy metals in soils from a representative rapidly devel-
oping megacity (SW China) : Levels, source identification and appor-
tionment[J]. Catena, 2018, 163:414-423.

[30] Li Y, Gao H, Mo L, et al. Quantitative assessment and source appor-
tionment of metal pollution in soil along Chao River[J]. Desalination
and Water Treatment, 2013, 51(19/20/21) :4010-4018.

[31] Luo X S, Xue Y, Wang Y L, et al. Source identification and apportion-
ment of heavy metals in urban soil profiles|J]. Chemosphere, 2015,
127:152-157.

[32] Yang Y, Christakos G, Guo M, et al. Space—time quantitative source
apportionment of soil heavy metal concentration increments|J]. Envi-
ronmental Pollution, 2017, 223 :560-566.

[33] FhEERF, F o, SIASAT, &5 . 0 FH A ERL IR0 2R B F 5% S M Ak

b ) 1 A e S 3 e KOR IR AR AT, PREERLAE, 2017, 38
(4):1566-1575.
SUN Jing-wel, YU Rui-lian, HU Gong-ren, et al. Assessing of heavy
metal pollution and tracing sources by Pb & Sr isotope in the soil pro-
file of woodland in Quanzhou[J]. Environmental Science, 2017, 38(4) :
1566-1575.

[34] Paatero P, Tapper U. Positive matrix factorization: A non—negative
factor model with optimal utilization of error estimates of data values
[J]. Enwironmetrics, 1994, 5(2) :111-126.

(351 BAIAE, A, EHILL, 55 PMF AR 00 [ 28 2 5« UKL T

A J 134 T 0 S e DR AT O [0, AL BREE L2 2741, 2018,
37(11):2549-2559.
WEI Ying=hui, LI Guo—chen, WANG Yan—-hong, et al. Investigation
on the factors influencing PMF model : A case of source apportionment
of heavy metals in farmland soils near a lead-zinc ore[]]. Journal of
Agro—Environment Science, 2018, 37(11) :2549-2559.

[36] Henry R C. Current factor analysis receptor models are ill-posed|J].
Atmospheric Environment, 1987, 21(8) : 1815-1820.

[37] M, £ T, . 2T UNMIXBEAL g i v 4 IX 4
TG RIRMEHTI]. TR, 2014, 35(9):3530-3536.

Al Jian—chao, WANG Ning, YANG Jing, et al. Source apportionment
of soil heavy metals in Jiapigou goldmine based on the UNMIX model
[J]. Environmental Science, 2014, 35(9) :3530-3536.

[38] De”ath G, Fabricius K E. Classification and regression trees: A power-
ful yet simple technique for ecological data analysis[]J]. Ecology,
2000, 81(11):3178-3192.

[39] Hothorn T, Hornik K, Zeileis A. Unbiased recursive partitioning: A
conditional inference framework[J]. Journal of Computational and
Graphical Statistics, 2006, 15(3) :651-674.

[40] Breiman L. Random forests, machine learning 45[J]. Journal of Clini-
cal Microbiology, 2001, 2:199-228.

[41] Rodriguez J A, Nanos N, Grau ] M, et al. Multiscale analysis of heavy

metal contents in Spanish agricultural topsoils[J]. Chemosphere, 2008,



20194 10 B

WRAE R , 25 < 30 A o I b 0 o 3 e DR AT T ok 2235

70(6) : 1085-1096.

[42] Luo L, Ma Y B, Zhang S Z, et al. An inventory of trace element inputs
to agricultural soils in ChinalJ]. Journal of Environmental Manage-
ment, 2009, 90(8) : 2524-2530.

[43] Ni R, Ma Y. Current inventory and changes of the input/output bal-
ance of trace elements in farmland across China[J]. PLoS One, 2018,
13(6) :e0199460.

[44] Peng H, Chen Y, Weng L, et al. Comparisons of heavy metal input in-
ventory in agricultural soils in north and south China: A review[]]. Sci-
ence of the Total Environment, 2019, 660:776-786.

[45] TR PR, 2RI ER, EBILL, 45 . AN I R I L 5 4 )R 15 Y E i

BORTRIRMTLI]. A FREER 7272402, 2017, 36(3) : 487-495.
NING Cui-ping, LI Guo—chen, WANG Yan—hong, et al. Evaluation
and source apportionment of heavy metal pollution in Xihe watershed
farmland soil[J]. Journal of Agro—Environment Science, 2017, 36(3) :
487-495.

[46] 4% W, BRIGTE, eI, 55 . PObRnin dol L 8 T 45 ) 35 YL Rl K

KBTI Al T AR, 2016, 32(19) :226-233.
LI Jiao, CHEN Hai—yang, TENG Yan—-guo, et al. Contamination char-
acteristics and source apportionment of soil heavy metals in Lalin Riv-
er basin|J|. Transactions of the Chinese Society of Agricultural Engi-
neering, 2016, 32(19) : 226-233.

[47] Lu A, Wang J, Qin X, et al. Multivariate and geostatistical analyses of
the spatial distribution and origin of heavy metals in the agricultural
soils in Shunyi, Beijing, China[J]. Science of the Total Environment,
2012, 425:66-74.

[48] Xue J L, Zhi Y Y, Yang L P, et al. Positive matrix factorization as
source apportionment of soil lead and cadmium around a battery plant
(Changxing County, China) [J]. Environmental Science and Pollution
Research, 2014, 21(12) : 7698~7707.

[49] Hu W, Wang H, Dong L, et al. Source identification of heavy metals
in peri—urban agricultural soils of southeast China: An integrated ap-
proach[J]. Environmental Pollution, 2018, 237 :650-661.

[50] Zhang Y, Wang M, Huang B, et al. Soil mercury accumulation, spatial
distribution and its source identification in an industrial area of the
Yangtze Delta, China[J]. Ecotoxicology and Environmental Safety,
2018, 163:230-237.

[51] Jiang Y, Chao S, Liu J, et al. Source apportionment and health risk as-
sessment of heavy metals in soil for a township in Jiangsu Province,
China[J]. Chemosphere, 2016, 168:1658-1668.

[52] Zhang X, Wei S, Sun Q, et al. Source identification and spatial distri-
bution of arsenic and heavy metals in agricultural soil around Hunan
industrial estate by positive matrix factorization model, principle com-
ponents analysis and geo statistical analysis[J]. Ecotoxicology and En-
vironmental Safety, 2018, 159:354-362.

(53190 BL & WL AR, 5. MR Ph/Zn 5 IX 39 G T YRR
55 Ph RN R UEARHTI]. ABERLAE, 2011, 32(4) : 1146-1153.

SUN Rui, SHU Fan, HAO Wei, et al. Heavy metal contamination and
Pb isotopic composition in natural soils around a Pb/Zn mining and
smelting area[J]. Environmental Science, 2011, 32(4) : 1146-1153.

[54] Liang J, Feng C, Zeng G, et al. Spatial distribution and source identifi-

cation of heavy metals in surface soils in a typical coal mine city, Li-

anyuan, China[J]. Environmental Pollution, 2017, 225:681-690.

[55] Wang Q, Xie Z Y, Li F B. Using ensemble models to identify and ap-
portion heavy metal pollution sources in agricultural soils on a local
scale[]]. Environmental Pollution, 2015, 206:227-235.

[56] #h X, ERANM, 58 BU SFL ) AR LR 4 )R R KT g DA
FrlJ]. BREER #2441, 2018, 38(2) :704-714.

SUN Hui, BI Ru~tian, GUO Ying, et al. Source apportionment analy-
sis of trace metal contamination in soils of Guangdong Province, China
[J]. Acta Scientiae Circumstantiae, 2018, 38(2) :704-714.

[57] Chen X, Lu X. Contamination characteristics and source apportion-
ment of heavy metals in topsoil from an area in Xi’ an City, China[J].
Ecotoxicology and Environmental Safety, 2018, 151:153-160.

[58] Sawut R, Tiyip T, Abliz A, et al. Using regression model to identify
and evaluate heavy metal pollution sources in an open pit coal mine
area, Eastern Junggar, ChinalJ]|. Environmental Earth Sciences, 2017,
76:822.

[59] Guan Q, Wang F, Xu C, et al. Source apportionment of heavy metals
in agricultural soil based on PMF: A case study in Hexi Corridor,
northwest China[J]. Chemosphere, 2017, 193:189-197.

[60] )7 2%, WISCK, ¥ b5, 5. JET UNMIXAERY At I il i 4 FH 4
SR G DAL L. FREER, 2018, 39(3) £ 1421-1429.

LU Xin, HU Wen-you, HUANG Biao, et al. Source apportionment of
soil heavy metals in farmland soils around mining area based on UN-
MIX model[J]. Environmental Science, 2018, 39(3):1421-1429.

[61] Shan Y, Tysklind M, Hao F, et al. Identification of sources of heavy
metals in agricultural soils using multivariate analysis and GIS[J].
Journal of Soils and Sediments, 2013, 13(4) :720-729.

[62] Sun C, Liu J, Wang Y, et al. Multivariate and geostatistical analyses
of the spatial distribution and sources of heavy metals in agricultural
soil in Dehui, northeast China[J]. Chemosphere, 2013, 92(5) : 517-
523.

[63] #RMAbR, k3L . 5 ARG A b DX e P -39 i 4y e 43 A1 K ke DL fie A
[J]. SEE ISR, 2015, 34(6) :27-30.

XU Lin=lin, ZHANG Li-zhong. The distribution and source of heavy
metal in farmland soil of the north—central area of Jilin Province[J].
Research and Exploration in Laboratory, 2015, 34(6) : 27-30.

[64] Liu Q, Liu J, Wang Q, et al. Assessment of heavy metal pollution in
urban agricultural soils of Jilin City, ChinalJ]. Human & Ecological
Risk Assessment an International Journal, 2015,21(7):1869-1883.

[65] Liu Q, Liu J, Wang Q, et al. Source identification and availability of
heavy metals in peri—urban vegetable soils: A case study from China
[J]. Human & Ecological Risk Assessment an International Journal,
2016,22(1):1-14.

[66] Bai L, Zeng X, Li L, et al. Effects of land use on heavy metal accumu-
lation in soils and sources analysis[J]. Journal of Integrative Agricul-
ture, 2010, 9(11) : 1650-1658.

[67] Ke X, Gui S, Huang H, et al. Ecological risk assessment and source
identification for heavy metals in surface sediment from the Liaohe
River protected area, ChinalJ]. Chemosphere, 2017, 175:473-481.

[68] Chat Y, Guo J, Chai S, et al. Source identification of eight heavy met-
als in grassland soils by multivariate analysis from the Baicheng—
Songyuan area, Jilin Province, Northeast China[]]. Chemosphere,
2015, 134:67-75.

[69] Zong Y, Xiao Q, Lu S. Magnetic signature and source identification of



2236

VRIEIN ity 3855 108

heavy metal contamination in urban soils of steel industrial city, north-
east China[J]. Journal of Soils and Sediments, 2017, 17(1) : 190-203.

[70] Xiao Q, Zong Y, Lu S. Assessment of heavy metal pollution and hu-
man health risk in urban soils of steel industrial city (Anshan), Liaon-
ing, northeast Chinal]]. Ecotoxicology and Environmental Safety,
2015, 120:377-385.

[71] Sun Y, Zhou Q, Xie X, et al. Spatial, sources and risk assessment of
heavy metal contamination of urban soils in typical regions of
Shenyang, China[J]. Journal of Hazardous Materials, 2010, 174 (1) :
455-462.

[72] Zhu Y, Zhang Z, Zhao X, et al. Accumulation and potential sources of
heavy metals in the soils of the Hetao irrigation district, Inner Mongo-
lia, Chinal[J]. Pedosphere, 2017.doi: 10.1016/S1002-0160(17)60306—
0

[73] Chen H, Teng Y, Lu S, et al. Source apportionment and health risk as-
sessment of trace metals in surface soils of Beijing metropolitan, China
[J]. Chemosphere, 2016, 144:1002-1011.

[74] Wang M, Markert B, Chen W, et al. Identification of heavy metal pol-
lutants using multivariate analysis and effects of land uses on their ac-
cumulation in urban soils in Beijing, ChinalJ]. Environmental Monitor-
ing and Assessment, 2012, 184(10) : 5889-5897.

[75] Liu Y, Wang H, Li X, et al. Heavy metal contamination of agricultural
soils in Taiyuan, China[J]. Pedosphere, 2015, 25(6) :901-909.

[76] Wang Z, Hong C, Xing Y, et al. Spatial distribution and sources of
heavy metals in natural pasture soil around copper—molybdenum
mine in northeast ChinalJ]. Ecotoxicology & Environmental Safety,
2018, 154:329-336.

[77) 42 MG, AN, TRERE, 55 AR IEH ) i L T 4 ) A0 A

TE R RAEAHTT]. Al FREERL %2741, 2016, 35(7) :1321-1328.
LI Yu—mei, LI Hai-peng, ZHANG Lian—ke, et al. Distribution charac-
teristics and source analysis of heavy metals in soil around a copper
plant in Baotou, ChinalJ]. Journal of Agro—Environment Science, 2016,
35(7):1321-1328.

[78] 5KIERL, A=EME, ¥ 20, 45 SR IEAR ) R e T R A s )
G Al FORIRARHTLI ] FREERE, 2016, 37(3) : 1139-1146.

ZHANG Lian-ke, LI Hai—peng, HUANG Xue—min, et al. Soil heavy
metal spatial distribution and source analysis around an aluminum
plant in Baotou[J]. Environmental Science, 2016, 37(3) :1139-1146.

(791 4T, ZRSCRE, AV, 45 A GRTE I 1308 1 43 Ja 4 ) 43 A1 ey
HiE K P AT, P I3, 2016, 43(2) :683-690.

CUI Xing-tao, LUAN Wen~lou, SONG Ze—feng, et al. A study of the
spatial distribution and source of heavy metals in urban soil in Shijia-
zhuang City[J]. Geology in China, 2016, 43(2) : 683-690.

[80] Yuan G L, Sun T H, Han P, et al. Source identification and ecological
risk assessment of heavy metals in topsoil using environmental geo-
chemical mapping: Typical urban renewal area in Beijing, ChinalJ].
Journal of Geochemical Exploration, 2014, 136(1) :40-47.

[81] Tian K, Hu W, Zhe X, et al. Determination and evaluation of heavy
metals in soils under two different greenhouse vegetable production
systems in eastern Chinal[J]. Chemosphere, 2016, 165:555-563.

[82] Yang L, Huang B, Hu W, et al. Assessment and source identification
of trace metals in the soils of greenhouse vegetable production in east-

ern China[J]. Ecotoxicology and Environmental Safety, 2013, 97(11) :

204-209.

[83] Liu P, Zhao H J, Wang L L, et al. Analysis of heavy metal sources for
vegetable soils from Shandong Province, China[]]. Journal of Integra-
tive Agriculture, 2011, 10(1):109-119.

[84] 2K -, Mo, BoBAl, 45 F3 2T H 438 0 < s 75 L AR AIE K

VT, A IR 74, 2011, 30(10) :2012-2017.
LI Rui-ping, HAO Ying-hua, LI Guang—de, et al. Characteristics and
sources analysis of soil heavy metal pollution in Taian City, Shan-
dong, China[J]. Journal of Agro—Environment Science, 2011, 30(10) :
2012-2017.

[85] Duan X, Hu S, Yan H, et al. Relationship between magnetic parame-
ters and heavy element contents of arable soil around a steel compa-
ny, Nanjing[J]. Science China Earth Sciences, 2010, 53(3) :411-418.

[86] FEBEAF, W SCAC, B A, A5 T I A AR B LA 23 A B F 3 KT

AT - ST G ) R[] T B3R5, 2015, 35(7) £ 2103 -
2111.
DONG Lu-rui, HU Wen-you, HUANG Biao, et al. Source appoint-
ment of heavy metals in suburban farmland soils based on positive ma-
trix factorization[J]. China Environmental Science, 2015, 35(7) :
2103-2111.

[87) HEERAF, WISCAL, B A5, 55 . Wi U IR B3 A 7 R 4 L e e
G S AR 3R, 2014, 51(6) : 1251-1261.

DONG Lu-rui, HU Wen-you, HUANG Biao, et al. Source of heavy
metals in soils of a typical vegetable production system along Yangtze
river in Nanjing[J]. Acta Pedologica Sinica, 2014, 51(6) : 1251-1261.

[88] B A, RS . i g A DX 38 o <5 5 e R N R S T[],
HiER 55, 2017, 45(5) : 546-554.

HUANG Da-wei, GUI He-rong. Sources analysis and content charac-
teristics of soil heavy metal in Sunan mining area, China[J]. Earth and
Environment, 2017, 45(5) : 546-554.

[89] Li J, He M, Han W, et al. Analysis and assessment on heavy metal
sources in the coastal soils developed from alluvial deposits using
multivariate statistical methods|J]. Journal of Hazardous Materials,
2009, 164(2):976-981.

[90] Chen T, Liu X, Zhu M, et al. Identification of trace element sources
and associated risk assessment in vegetable soils of the urban—rural
transitional area of Hangzhou, Chinal]]. Environmental Pollution,
2008, 151(1):67-78.

[91] Chen T, Liu X, Li X, et al. Heavy metal sources identification and
sampling uncertainty analysis in a field—scale vegetable soil of Hang-
zhou, ChinalJ]. Environmental Pollution, 2009, 157(3):1003-1010.

[92] Xu X, Zhao Y, Zhao X, et al. Sources of heavy metal pollution in agri-
cultural soils of a rapidly industrializing area in the Yangtze Delta of
ChinalJ]. Ecotoxicology and Environmental Safety, 2014, 108: 161-
167.

[93] Wu C F, Zhang L. M. Heavy metal concentrations and their possible
sources in paddy soils of a modern agricultural zone, southeastern Chi-
na[J]. Environmental Earth Sciences, 2010, 60(1) :45-56.

[94] Zhi Y, Li P, Shi J, et al. Source identification and apportionment of
soil cadmium in cropland of Eastern China: A combined approach of
models and geographic information system[]]. Journal of Soils and
Sediments, 2016, 16(2) :467-475.

[95] Li W, Xu B, Song Q, et al. The identification of ‘hotspots’ of heavy



20194 10 B

WRAE R , 25 < 30 A o I b 0 o 3 e DR AT T ok 2237

metal pollution in soil-rice systems at a regional scale in eastern Chi-
nalJ]. Science of the Total Environment, 2014, 472 :407-420.

[96] Xu Q, Zhang M. Source identification and exchangeability of heavy
metals accumulated in vegetable soils in the coastal plain of eastern
Zhejiang Province, Chinal]]. Ecotoxicology and Environmental Safety,
2017, 142:410-416.

[97] Lii J, Jiao W B, Qiu H Y, et al. Origin and spatial distribution of
heavy metals and carcinogenic risk assessment in mining areas at
You'xi County southeast ChinalJ]. Geoderma, 2018, 310:99-106.

[98] Lv J, Liu Y, Zhang Z, et al. Identifying the origins and spatial distribu-
tions of heavy metals in soils of Ju Country (eastern China) using mul-
tivariate and geostatistical approach[J]. Journal of Soils & Sediments,
2015, 15(1):163-178.

[99] Fu X W, Wang D G, Ren X H, et al. Spatial distribution patterns and
potential sources of heavy metals in soils of a crude oil-polluted re-
gion in China[J]. Pedosphere, 2014, 24(4) :508-515.

[100] Li Y, Zhang H, Chen X, et al. Distribution of heavy metals in soils of
the Yellow River Delta: Concentrations in different soil horizons and
source identification[]]. Journal of Soils & Sediments, 2014, 14(6) :
1158-1168.

[101]Ma Z, Li T, Qu C, et al. Evaluation and source identification of trace
element contamination of soils in the Qixia lead—zinc mining area, Ji-
angsu, China[J]. Journal of Soils & Sediments, 2014, 14(10) : 1703—
1712.

[102] Zhao Y, Wang Z, Sun W, et al. Spatial interrelations and multi-scale
sources of soil heavy metal variability in a typical urban—rural transi-
tion area in Yangtze River Delta region of China[J]. Geoderma, 2010,
156(3):216-227.

[103] Ran J, Wang D, Wang C, et al. Using portable X-ray fluorescence
spectrometry and GIS to assess environmental risk and identify
sources of trace metals in soils of peri—urban areas in the Yangtze
Delta region, ChinalJ]. Environmental Science Processes and Impacts,
2014, 16(8): 1870-1877.

[104] Zhou J, Feng K, Li Y, et al. Factorial Kriging analysis and sources of
heavy metals in soils of different land—use types in the Yangtze Riv-
er Delta of eastern Chinal]J]. Environ Sct Pollut Res Int, 2016, 23
(15) :14957-14967.

[105] Zhang X Y, Lin F F, Wong M T F, et al. Identification of soil heavy
metal sources from anthropogenic activities and pollution assessment
of Fuyang County, China[J]. Environmental Monitoring and Assess-
ment, 2009, 154:439-449.

[106] Zhang C B, Wu L. H, Luo Y M, et al. Identifying sources of soil inor-
ganic pollutants on a regional scale using a multivariate statistical
approach: Role of pollutant migration and soil physicochemical prop-
erties[J]. Environmental Pollution, 2008, 151(3) :470-476.

[107] Qiu L, Wang K, Long W, et al. A comparative assessment of the in-
fluences of human impacts on soil Cd concentrations based on step-
wise linear regression, classification and regression tree, and random
forest models[J]. PLoS One, 2016, 11(3) :e0151131.

[108] Zhou J, Feng K, Pei Z, et al. Multivariate analysis combined with
GIS to source identification of heavy metals in soils around an aban-
doned industrial area, eastern Chinal[J]. Ecotoxicology, 2015, 25(2):
380-388.

[109] Lv J, Liu Y, Zhang Z, et al. Multivariate geostatistical analyses of
heavy metals in soils: Spatial multi-scale variations in Wulian, east-
ern China[J]. Ecotoxicology Environmental Safety, 2014, 107(9) :
140-147.

[110] AR, sl i, X0 ¥, 45 H BRTT 398 o ke It A S P 055
KSR P24, 2012, 67(7) 1 109-122.

LU Jian—shu, ZHANG Zu-lu, LIU Yang, et al. Sources identification
and hazardous risk delineation of heavy metals contamination in Ri-
zhao City[J]. Acta Geographica Sinica, 2012, 67(7) :109-122.

[ BRI, FEALAR, PR, 45 IR 2 S8R DR T LR 4 J Bt %

TE 25 25 1] 3 A A 55 843 HT < AT 1 48 58 T AR50 & S8 i IXh
[T FRIEFRL 2274, 2016, 36(4) : 1317-1327.
CHEN Zhi~fan, FAN Li-dong, CHEN Yun-zeng, et al. Spatial distri-
bution and source analysis of heavy metals in agricultural soils in a
Peri—urban area based on IDW interpolation and chemical fractions :
A case study in Henan Province[]]. Acta Scientiae Circumstantiae,
2016, 36(4):1317-1327.

[112] Qu M K, Li W D, Zhang C R, et al. Source apportionment of heavy
metals in soils using multivariate statistics and geostatistics[J]. Pedo-
sphere, 2013, 23(4) :437-444.

[L13]sEREEs, W A6, 8, 5 PRI UK B 3 X R -1

EIRBRHTLI]. H EFREERF, 2016, 36(8) :2437-2443.
HAN Pei—pet, XIE Jian, WANG Jian, et al. Source apportionment of
heavy metals in farmland soil from new submerged area in Danji-
angkou Reservoir[]]. China Environmental Science, 2016, 36(8) :
2437-2443.

[L14] M B, ZRREBE, KA . IR R DX % IX 3R 2 A3 o < s 15

VA AR, o RS AR AR, 2011, 19(1) 1 146-149.
YE Chen, LI Si-yue, ZHANG Quan—fa. Sources and assessment of
heavy metal contamination in water — level fluctuation zone of the
Three Gorges Reservoir|J]. Chinese Journal of Eco—Agriculture,
2011, 19(1) : 146-149.

[115] Fu S, Wei C Y. Multivariate and spatial analysis of heavy metal
sources and variations in a large old antimony mine, China[J]. Jour-
nal of Soils and Sediments, 2013, 13(1) : 106—116.

[116] Wei C, Wang C, Yang L. Characterizing spatial distribution and
sources of heavy metals in the soils from mining—smelting activities
in Shuikoushan, Hunan Province, ChinalJ|. Journal of Environmen-
tal Sciences, 2009, 21(9) :1230-1236.

[L17] XN, 253555, W AAr, 46 . Bl + e 4 s i RS S

VRRRHTII. ARz, 2014, 28(7) £ 1288-1297.
LIU Xiao—shi, LI Lian—fang, ZENG Xi-bai, et al. Characterization of
heavy metal accumulation in typical agriculture soils and its source
analysis[J]. Journal of Nuclear Agricultural Sciences, 2014, 28 (7) :
1288-1297.

[118] Li K, Gu Y, Li M, et al. Spatial analysis, source identification and
risk assessment of heavy metals in a coal mining area in Henan, cen-
tral Chinall]]. International Biodeterioration and Biodegradation,
2018, 128:148-154.

[119] BT, L0380 B, R0, 45 AR T K I Ml DX 3 T 4 )
75 YLERAELT). FREE TR, 2017, 35(H4 1)) 1 481-487.

YANG Tian—qi, JI Zhi~hui, CHENG Yi-zhi, et al. Pollution charac-

teristic of heavy metals in an channel in Qingshuitang industrial dis-



2238

VRIEIN ity 3855 108

trict of Zhuzhou[J]. Environmental Engineering, 2017, 35 (Suppl) :
481-487.

[120] Cai L, Xu Z, Bao P, et al. Multivariate and geostatistical analyses of
the spatial distribution and source of arsenic and heavy metals in the
agricultural soils in Shunde, southeast ChinalJ]. Journal of Geochemi-
cal Exploration, 2015, 148:189-195.

[121]Gu Y G, Li Q S, Fang J H, et al. Identification of heavy metal sourc-
es in the reclaimed farmland soils of the Pearl River Estuary in Chi-
na using a multivariate geostatistical approach[J]. Ecotoxicology and
Environmental Safety, 2014, 105(1):7-12.

[122] Cai L, Xu Z, Ren M, et al. Source identification of eight hazardous
heavy metals in agricultural soils of Huizhou, Guangdong Province,
Chinal[]]. Ecotoxicology and Environmental Safety, 2012, 78 (3) : 2—-
8.

[123] Bai J, Xiao R, Cui B, et al. Assessment of heavy metal pollution in
wetland soils from the young and old reclaimed regions in the Pearl
River Estuary, South China[J]. Environmental Pollution, 2011, 159
(3):817-824.

[124] 7% B3, JOKFE, 88 &, 5 T 25080 RIEs v R o4 i

b M R R IR AR AT B HCXURS: BE A ()], HB £ T 4%, 2010, 17
(4):253-261.
LI Yong, ZHOU Yong—zhang, DOU Lei, et al. Source apportionment
and risk assessment of heavy metals in soils based on multivariate
statistics and Fourier spectral analysis[]]. Earth Science Frontiers,
2010, 17(4):253-261.

[125] Liu G, Wang J, Liu X, et al. Partitioning and geochemical fractions
of heavy metals from geogenic and anthropogenic sources in various
soil particle size fractions[J]. Geofisica Internacional, 2018, 312:
104-113.

[126] Chen T, Chang Q, Liu J, et al. Identification of soil heavy metal
sources and improvement in spatial mapping based on soil spectral
information: A case study in northwest China[J]. Science of the Total
Environment, 2016, 565:155-164.

[127] Pan L B, Ma J, Wang X L, et al. Heavy metals in soils from a typical
county in Shanxi Province, China: Levels, sources and spatial distri-
bution|J]. Chemosphere, 2016, 148 :248-254.

[128] Li Y, Gou X, Wang G, et al. Heavy metal contamination and source
in arid agricultural soil in central Gansu Province, ChinalJ]. Journal
of Environmental Sciences, 2008, 20(5) : 607-612.

[129] Bai L 'Y, Zeng X B, Su S M, et al. Heavy metal accumulation and
source analysis in greenhouse soils of Wuwei District, Gansu Prov-
ince, China[J]. Environmental Science and Pollution Research, 2015,
22(7):5359-5369.

[130] Mamat Z, Yimit H, Ji R Z, et al. Source identification and hazardous
risk delineation of heavy metal contamination in Yangqi basin, north-
west ChinalJ]. Science of the Total Environment, 2014, 493: 1098-
I111.

[131] Chen X, Lu X, Yang G. Sources identification of heavy metals in ur-

ban topsoil from inside the Xi’ an Second Ringroad, NW China using

multivariate statistical methods[J]. Catena, 2012, 98:73-78.

[132] B A 7 « R R PR, by S8 - BT A3 AR PG B, B . AT 7l

S R I Y A3 A R AR B R IR R D). T X B S PR
2016, 30(6) : 179-183.
Nuremanguli Tuersun, Guligena Abudourexiti, MA Cheng—yu. Dis-
tribution characteristics of soil heavy metal content in Kashi City
and its source explanation[J]. Journal of Arid Land Resources and En-
vironment, 2016, 30(6) : 179-183.

[133] Dong R, Jia Z, Li S. Risk assessment and sources identification of
soil heavy metals in a typical county of Chongqing Municipality,
southwest ChinalJ]. Process Safety & Environmental Protection,
2018, 113:275-281.

[134] SR, B 1, Phr s, 45 T RSB R AR be ) Tl i+ 3 T 4 )
V5 YL S AT RAE SR IS AR, 512, 2014, 33(6) :969-975.
FENG Jing—kun, ZHONG Shan, SUN Li-wen, et al. Spatial distribu-
tion and source analysis of heavy metal contamination in soil sur-
rounding a municipal solid waste incineration plant in Chongqing|J].
Environmental Chemistry, 2014, 33(6) :969-975.

[135] HERmN, ¥ FH, B 1, 55 SEINOT LR XA I L e s 45 )

15 PR E BOR IRAR AT LHEGEAR, 2017, 48(2) :474-480.
ZHAN Tian-li, HUANG Yang, TENG Ying, et al. Pollution charac-
teristics and sources of heavy metals in farmland soil in Wanshan
mining areas, Guizhou Province[]]. Chinese Journal of Soil Science,
2017, 48(2) :474-480.

[136] Guo G, Wu F, Xie F, et al. Spatial distribution and pollution assess-
ment of heavy metals in urban soils from southwest ChinalJ]. Journal
of Environmental Sciences, 2012, 24(3) :410-418.

[137] Niu L, Yang F, Xu C, et al. Status of metal accumulation in farmland
soils across China: From distribution to risk assessment[]J]. Environ-
mental Pollution, 2013, 176(5) :55-62.

[138] Chen J, Wei F, Zheng C, et al. Background concentrations of ele-
ments in soils of China[]]. Water Air and Soil Pollution, 1991, 57/58
(1):699-712.

[139] Facchinelli A, Sacchi E, Mallen L. Multivariate statistical and GIS—
based approach to identify heavy metal sources in soils[J]. Environ-
mental Pollution, 2001, 114(3):313-324.

[140] THudk, MI28ME. 5 &, 5. KA E 48 15 QBT oY

R[] HER 5 3R8%, 2009, 37(1) :73-79.
YU Rui-lian, HU Gong-ren, YUAN Xing, et al. Development in re-
search on pollution source of heavy metals from atmospheric dust—
recognition and analysis[J]. Earth and Environment, 2009, 37 (1) :
73-79.

[141] Reimann C, Fabian K, Birke M, et al. GEMAS: Establishing geo-
chemical background and threshold for 53 chemical elements in Eu-
ropean agricultural soil[J]. Applied Geochemisiry, 2018, 88:302-312.

[142] Sterckeman T, Sterckeman L, Guimont S, et al. Cadmiummass bal-
ance in French soils under annual crops: Scenarios for the next cen-

tury[J]. Science of the Total Environment, 2018, 639:1440-1452.



