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Evaluation and source analysis of heavy metal pollution of surface
soil in agricultural land of Le’an River basin
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Abstract In order to investigate the status and sources of heavy metal contamination in agricultural
land in the Le’an River Basin, the Potential Ecological Risk Index was applied to evaluate the content
of 8 kinds of heavy metal elements, i.e. Cd, Hg, As, Pb, Cr, Cu, Zn and Ni, in the Basin, and the
sources of such 8 kinds of heavy metal contamination were judged by means of Principal Component
Analysis and one-way ANOVA. The results showed that in the study area, the percentage of sites
with Cd content exceeding the risk screening values was 63.32% with more serious contamination,

the percentage of sites with Cu content exceeding the risk screening values was 15.16% with minor
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contamination, and the percentage of sites of other 6 elements exceeding risk screening values was
less than 4% basically without contamination. In the study area, Cd brought strong ecological
hazards, Hg brought moderate ecological hazards and the other 6 elements all brought minor
ecological hazards. Upon comprehensive evaluation, such 8 elements were considered to bring
moderate ecological hazards. The full information on such 8 heavy metal elements in the agricultural
land surface soil in the study area could be reflected by 3 principal components, and the physical
significance represented was ranked in order of contribution by the contamination on the agricultural
land surface soil from non-ferrous metal smelting, non-ferrous metal ore mining and selection and
industrial wastewater, respectively. And in the area, the main sources of Cd and Pb contamination
were non-ferrous metal smelting activities, the main sources of Hg contamination were industrial
wastewater treatment activities of sewage treatment plants, the main sources of As contamination
were soil, sand and gravel and the ore mining and selection activities of non-ferrous metal minerals,
the main sources of Cr and Ni contamination were domestic landfill incineration and non-ferrous
metal ore mining and selection activities, and the content of Cu and Zn in the vicinity of enterprises
and facilities did not differ significantly, so it was temporarily impossible to specify the main sources
of Cu and Zn to a particular type of enterprise or facility.

Keywords Le'an River basin, heavy metal pollution, potential ecological risk index, PCA.
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PREE R A I St 3275 g KU A P b ofE (R A7) ) (GB 15618—2018) M JF 4 S fiti, ) 441 % Cd., Hg.
As, Pb, Cr, Cu, Zn, Ni, BAP, 757575 DDT 4575 Je 4 0 1 X Wz (%) IXURS: 45 428 AR, 25 4 FH b 1 B
& BTG Y PEM R AL T — AN AT AT A AR, XA ] M 42 8 V5 Y 1 R s PPN AR A RS B . A EL. HAn, E
HMEF R S 2 ] I 3T 4 T 1 Y I 22 4R TR AE KA O TR T MK AR SRR A0, A R
39 T TG YL PR s B BIF ST R, SR N (0 AR — E R R A R TS e, Hoh sk
() Cd V5 Y fe R 53 1, F 3 HL X A Cu, Pb V5 Yt B B, X B S5 K A @4 R IR IG5 M
HEV5 2 V) CHR. 2R IR S50 32 H] PRM AR K b 8 313 X A 22 Tnf - rp e 1) - 38 1 4 T R R IR AT T AT, 42
A 48R REFNG A Z WY XN T 4 Jm 15 Y 0 R ZORIR, (E I ARG 33 i A S 7Y ) il
it 48 A 534

AR SO RE T AR 36 )2 b 8 R & B e R & i, IFis e A SR E I T
L5 YR o0, 78 LSR5 i 3 o3 BRI B PR 2R T 25 43 W RS P AR P L R 2 1 S TR T R ok
VRIEAT T 0T, AR TS Yoo IR B BIAE 5T DX P9 14 45 2k kit , iz i duk 4 198 5 4 I 15 YL By 3 B it
5%,

1 MRS )7 (Materials and methods)

L1 R AT SR it R A

SR T PR VT VG A8 AR A, S BRI A SO, VR A ZEUR, A AR 1] P A TR P e b Ak VTP
BHOSE™X, AO48R G0 = REESE, 08RG HTIAE. R 2T 1 EH
B X, WO R Z HEE, Rl &k,

ARYCRAERT 8] 28 2018 4F 5 H 22 8 J, ¥ [l Ay AR 24 0] 3 P A2 20 ke Y ] 9 A AR FH b, SRASE 547 0
A5 UL 1. SRAE B i B J 23 B T4 20 mx 20 m fik WA, SR FH WU £ £ 325 il AR B0 41 I 7Y R
FEVRIE T 0—20 cm (YR JZE + 3, TS ¥R 500 g +35, IR 2) 5 3L 2500 g 1 2 3R 5. RAESE
BARE 2 T L RIS | Sl O S A RS, A T A A4S T B BRI



2660 7N 54 1t 2 40 %

#HE R FRa N
Duchang ELX Faliang A
Changjiang .
RS
Wuyuan
AL R )
SR =t
Poyang Leping / »
g
oE k.
N ~» SRPATAT: .o 4+
3313 2 S A .".. B2 Y . . e
s o o kI
- \s 5»' '\."?. : B ﬁ .l 1L
2 e L Dexing
TR Ty
Yugan Shangrao
0 5 10km R TR 4
Wanni x
antian Yiyang Heggfe

B 1 SRAE LA
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1.2 FESLRIN 1
T AR YA s o A e A b, DR AR B - R 3R 3 JoT f A FH b 4 438 75 e U A 5 b v GA 7))
(GB 15618-2018) H (1 L RIAE i £ 4T 43 il 5 . 2R FH AT 85 00 S IR 70 DY 06 B i 1) N 4 it v Cd 1Y)
B, BRI E A & Hg A1 As B &, X PR POE G R I E B R P, Cr 9 E
i, KR T W43 6 BE =09 I 52 RE L T Cu, Zn, NiBY & B 8 T B0 A5 52560 50808 A HERR 1, A4S BT
T8 R AR E S 2 +HE (GSS-4) 1 Ry o it PRIE RN 3 45 ) 2 B, 00 R PR UE R 227 5% LLIN.
1.3 Mk
(1) W TEA S X5 2L
R TS AR S KRS 46 8021 XN 8 Flve 4 J& 15 YetE Lk AT PE o, AT
RI=>E,
E =T xC;,
Ci=Cy/C,
A, CLO BTG e R8G C O 3R)Z T3 4 8 SSME; CON S LUAE B VTR A 25 AU B0 2R 40
TORFEE R G RUNBEAS K TEE. CRAIN VAR LRZE T IEE SR T =AEY, T E S BIHER
$, A 02 B Hakanson (858 1) 6 B0 1 5 43 J@ 19 8Pk R 88, 4300 Cd = 30, Hg = 40, As = 10, Pb =
Cu=Ni=5,Cr=2,Zn=1. E.5 RI {5 b WL 1.

&1 E N RI DA
Table 1 grading standard of EZ and RI

El HE SR FE S Degree of ecological risk RI HE XS R Degree of ecological risk
<40 B EE <150 B EE
40—79 e RS E 150—299 e e
80—159 AREH 300—600 S fEE
160—320 RomAESAEE >600 G e
>320 W AE S IEH
(2) FE B4t

AR5 iz ] SPSS BRAF HEAT T8 73 73 B PO 15 SE N Arcgis HH 8 FhoT A & =AU S R
Excel A%, fRHGRAE T A SPSS b4/ Hr-Fe - IX 72047, # 8 FhoT R & i b AL 5w, B ATt
7 b, BN AR TR ERIARRFAEAE R T 1 B9 AR SE 8 T2 RSy, PR A [R] 35 Lo 1
R R IT R LA P A B /N o 4% T8 R JT AR B BRI M — MRHIE (R, 5 AR A% FE
o352 4 R IT AR 1Y R ZRARIT A TR i 52 Bn 2 L
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(3) R R I 250 W

AR5 iz F SPSS Fl Excel tE AT B 2 5 2543 2. 1 S MR 4 30 47 1% 480 0 e AC B 0 o A 14
57 3 km 35 B P B 4ol AR, 46 3130 2 4 AT F 00 3 km Y5 BTN D 4500 R i, AR AR X B
M arcgis H1 5 A Excel A%, FRpE 4% 5 A SPSS Hr b AT/ #T- FLAS I (E-FL I 3 ANOVA”, 5 /\FoT
RN AR i, Al RS E AR R R, B AT AT 2R R R Ty 22 0040, A5 2R [R5 T 4%
FAICE SR B F1E, IFTE Excel 248 FPIE i 2% 5 0 PEADIR A

2 ZEE 550 (Results and discussion)

2.1 RN IR SR TR &8 K5 Y

ARV AL LRGN T 488 N FRIE HHERES PR 8 R EE & JE TR, A4 IR L 1, X (eI
T A T 375 g KU A bR e GRAT) ) (GB 15618-2018) B 5 114 75 e 18 (LA SR BRI e {8 AT P64
FZ T SE(LUT AR 5HE) W2 2. Wil Cd Je R & B4 N 0.44 mg-kg!, i T X5 R (1 i
PE(E (0.30 mg kg ™) T 5¢{E (0.10 mg-kg ™), X RFATEINAAATE — 1Y CAT5 Mg oL, Hax 7Fon R &
P Y AR TR (R, X %M Hg. As. Pb, Cr, Cu, Zn, Ni % 7 MG R EARRNIFIETS Y E O, (A3
e TR T S, X R B X 7 FoC R B & sz B T RIS sh .

*2 SFESBILENET LI (mgkg)

Table 2 Content statistics of eight elements

TR /M S RIDAT) ICIN[| FHE ikl GRS
Elements Minimum value Median value Maximum value Mean Filter value Background values
Cd 0.04 0.28 11.50 0.44 0.30 0.10
Hg 0.03 0.11 1.06 0.13 0.50 0.08
As 2.16 9.92 168.00 12.21 30 10.40
Pb 11.50 39.60 364.00 44.52 80 32.10
Cr 24.50 69.15 521.00 72.50 250 48
Cu 13.40 35.81 956.00 48.86 50 20.80
Zn 42.90 101.00 528.00 106.86 200 69
Ni 11.20 27.05 93.10 28.56 60 19

$e 1 (b e PR i A 3t 99 G XU A AR 1 (I AT ) ) (GB 15618-2018 ) B4 1 HE U 55 P A5,

B AR (a5 5 ) L LRI Cridds ) M AR B O H T3 ) 3 28, K mIuER

IO7 st 2 B0 B it LE WL 2. 40.37% B s AL 3R R 4 Cd & Rl AR, G146 36.68% 44 4 i FH 2 AN

3.69% B M A PR, 2 8 PR EL G R U G Yl Bl fe ™ H A 5 LR Cu, A 15.16% Y A3 KR 14

Cu bR, HI2 LRI, Frl Cu 15 Y BONRRG HAx 6 MOTER AR AL s LR T 4%, HABE
A5G,

600

500F 985T% 0693% 06.72% o0 97.54% 99.18%
? 84.84%
£ 4001
i
g 300 [59.-63% Offt5 17472 Priority protected
E 4] F 2 Safely used
z O Ff% 45455 9 Strictly controlled

15.16%

1.43% | [3.07% | |328% | |0.20% 2.46% | |0.82%
Cd Hg As Pb Cr Cu Zn Ni
B2 8AhEGEITRAE
Fig.2 The quality of eight heavy metal elements
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TEAELE S AU PP 45 2R WL 3R 3. Cd BYPE AR AR A UL FE R K, T 132, 8 Tl AR 456, He RUTERE
A AR B B, O 65.20, & TP A A 356 3, v 6 Fhon &R AOIE A S XS 48 B Js Tk
BfEE. 8 Mo R M TE BN LA 1a 80k 234.99, J@ h AR fa %, ke E BN L A e it &
FEJENCA Cd AP e A A KBS A5 B e, Hg BUR2 IR, I SE XN Cd, Hg J0ER 9 & 0 7 225 [k
—E M.
£ 3\ FOCERTEE S KN 45 RS

Table 3 Statistics on potential ecological risk assessment results of eight elements

TER o A R T o A KB R
Elements " Degree of ecological risk Degree of ecological risk
cd 132 AESIEE

Hg 65.20 L RE S RS O

As 11.70 LA D ERSY o

Pb 6.95 B mE ”

» . 234.99 ARSI

Cr 3.02 RESEE

Cu 7.05 LA D CRSY o

Zn 1.55 BMAESEE

Ni 7.52 RS EE

2.2 s U RS kIS G ) T BRI

SR FH FE A3 73 B 2 I s P AR P M 2 T2 38 T 4 R 3 Yo IR AT 20T

T el SPSS B X A N R b SR 25 TS Y W AT IR T A, AR A AR AR AR R,
Bartlett 3K & K 46 A1 L3 0, /T 2 2K 0.05, 3% 26 B AT 5% Ir ¥ B (9 8040838 A 7 20 AT
8 PP & R R & YA 17 2R T 0.5, 3X R WIS IAY 32 5050 %0 T I 0 748 ) S e R B LU s
FIr T B LR LR 4.

F4 BT EEITR A

Table 4 The main calculation results of PCA

pities Al ok

B %y

BN
Principal . HFAEL(E Contribution Cumulative Cd Hg As Pb Cr Cu Zn Ni
Eigenvalues o
components rate contribution rate
H—EWGr 3.672 45.90% 45.90% 0.605  0.406  0.81 0.75 0.406  0.815 0.868 0.583
L EWST 1.593 19.92% 65.82% -0.486 -0.074 -0.013 -04  0.793 -0.159 0.018 0.733
H=ERGT 1.169 14.60% 80.42% —0.496 0.674 0359 —-0.419 -0.248 0.279 0.017 -0.155

M 4T LLE W, il 0t B R TR, )2 R 8 R s e i R AE B AT Rl 3 A E A R
B 86.48%, KL XTI 3 A~ 32 Al A3 #4743 A 5k AT LA S it 4 R AR 1) 48 0 15 B

5 — W TTHCR N 45.90%, TR RN H FAREAE Cd, As, Pb, Cu, Zn & & A& MIE
A, ZEWR ARG AE U AT, SRR R SR Cd B BRI, HYEETIR R Pb. Zn A9 EEORTR, &8GR
& As [ R EV5 YRR, H10 HE 1R & Cu i EZ5 Yok IR, B, 55— R TR hr 8 U A &
& JEBHIGES). 3% 5 A, Cd. As. Pb. Cu. Zn [HJfF7ERCAN i 25 B AR CH:, Horh Cd 5 Pb Z [H] i AH ¢
P£(0.816) 5 .35, 3X F A 4 JFR 4311 Cd. Pb 5 ek A S — F 4%, As. Cu, Zn 55 Cd B A X4
/N, X R As. Cu. Zn W75 QL bR A — 3 BT g A AR .

55 R DTSR R 19.92%, R R ICH A FE Cr, Ni 9 & i AR B IEZ . i R4
AERIIFFE Y WAL AT 6 4 R ORI R Cr., Ni 19 EEI5 YOk IR, HIL, 55 7 E R It 2 i 5L br & e
AOERT R, 3 SAAL, Cr 5 Ni B A P (0.762) i b B3, 5 As WAFFE — & WA 1%
Ni 5 As, Pb, Cu. Zn ¥JIfFTER R 35 B A OGP, XRG40 Cr. Ni V5 42k A 55 — 804y, /N4
[ Cr. Ni 154K A 55— T
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x5 HE4LJEIUEKIE Person MR EL

Table 5 Person correlation coefficients of Heavy metal elements

JL# Elements cd Hg As Pb Cr Cu Zn Ni
cd 1
Hg 0.110° 1
As 0.285" 0.426™ 1
Pb 0.816™ 0.119" 0.468" 1
Cr 0.047 0.039 0.229" 0.112° 1
Cu 0.357" 0.309" 0.780" 0.487" 0.121" 1
Zn 0.427" 0.294" 0.593" 0.598" 0.261" 0.728" 1
Ni 0.084 0.103° 0.384" 0.207" 0.762" 0.270™ 0.540" 1

" FIRTE0.05 K CRUN) b ARG ™ FRTE0.01 /KGR | R A .
" indicates a significant correlation at the 0.05 level (both sides); ™ indicates a significant correlation at the 0.01 level (both sides).

5 = T R TTER AR 14.60%, FF AR BN N 78 e He A9 5 B AT B A9 IE 2. iy R ]
SERYRIEFERD AT, Tk R K2 He 1Y F ORI R, 26 = 30 BT AR A S PR SO Tl 16 3l A 1Y
PEK. Hi13% 5 AlHl, Hg 5 As. Pb. Cu, Zn MFFLERO WF RSN, X R W09 He 155K A2 =
E RSy, /NI He 1504k A 2 — F o

K 3 945 15 Y i) 4RI T 3 OO, R DU I A5 0 ER 22 6] Y B EOR R RN R R s
GBI 3 A TR, B @GR GRS . A ORI REE . Tl i 3h™ A %K.
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) c E
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g o Zn = 0 Ni
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= |© o =

-0.25 oCd
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B3 8 b & JE TR 1Y 4 R T A
Fig.3 Three-dimensional and two-dimensional factor loads of eight heavy metal elements
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Pl 2 4, A g Jm i M ST AR 2 4. 7 22 0 A 4R WL 4.

NS TC R LA [ Al AT Jo] 30 ) 75 22 S mI A
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Y JR 0 He & AR AL 3 284l el s, IX R BT AR 73 A9 He 1554k A 456 Tolk X | A iUk &
7 it ) 3 A M A T SRR
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X RV XN As {598 B T2 ERIE R H 00 FIA (8 R 77 AT R 36 ). AR TS S R I AL
5 SRR DI AV R 1 1) As & R AR RCHA 3 Al ol v, 3X SR BAT &R 23 As 5 4ok H AR TR B
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(3) E A4 T2 B, IR AR H b 26 2 - b 8 Fh 4 JE e H I A5 BT i 3 A4 E Aok
W, STRR R R 45.90%. 19.92%. 14.60%, 411 86.48%. Hirf, Cd. As, Pb, Cu, Zn FEZ 45— F o
FISEIR, Cry Ni EZAZ 5 F M 52, He 24258 — F M s md; w125 R o — . = =
ST E R LR B e A BGOSR RE . T IE s ™= r K.

(4) BT 20 45 S o, IFFE X P Cd. Pb 15 YLl £ BORIE A7 (0 4 @ 1R 105 3l He 15 )
FERFE NG AKAE R/ Tl R K AL BRIE Bl As 15 44 0 EZORIE b + 806 FIA (4 B0 7= 10 Rk 15
Bfi; Cr., Ni V5 4% i) 3 R U5 O AR 16 4 S U B8 58 FAT (0 46 JB 0 R BB 2015 45 Al ALt J8 31 7 Cu,
Zn SRR B 25 0, OIC R Cu, Zn 19 32k PR BLIAE B2 Al a5

(5)WFFEIX N A 4 V5 e E 2R IR T Cd, Hg A —E A S a3, IO A (4 @ 1a 1 il ik
TR, WO AR 7= 2o B AN K A BRAE 5 RIS 5 X 48 4 ) FH 2 S0 I e A R L, e SGR B MR 7, R
TR FHARYE YD ; X F 46 B4 I A T A, @ B0 45 A B BB SR TR BT AR

S % 3Lk (References)

1] T, RSOW, 70 ANBE, S5 B0 b DX Tt e 9 e B RS B AR 1 (1], o [ BB MR, 2019, 35(3): 1-7.

YUY, LIUW Q, XU R Q, et al. Investigation of agricultural land pollution in typical areas and discussion on risk control standards [J].
Environmental Monitoring in China, 2019, 35(3): 1-7(in Chinese).

(2] S, BRAm, 8 SOR, 5. B FH BRI o 8 35 e BUIRITA (1], 3R 8E8)22, 2006, 27(4) 1 126-130.

GONG X F, CHEN C L, ZHOU W B, et al. Assessment on heavy metal pollution in the sediment of Poyang Lake [J]. Environmental
Science, 2006, 27(4): 126-130(in Chinese) .

(31 =5 hel, kb, ok, 55 B0 MR 5 4 08 2500 i A & AR08 (1), 3REERL2A 5T, 2006, 19(3) - 34-40.

GONG X F, HUANG Z Z, ZHANG J, et al. Study on the speciation distributing and the plants enrichment of heavy metal in the wetland
of poyang lake [J]. Research of Environmental Sciences, 2006, 19(3) : 34-40(in Chinese).

(41 EZEF, B4, INIITE, 55 . 0 PH 0 £ 2 T 4 Jm BB A0 A B g e RUR: 3T [D). P 8 R 2 iR GRAHR), 2018, 42(6) : 578-
583.

KUANG Y F, HU C H, SUN L L, et al. Accumulation characteristics and health risk assessment of heavy metals in fish species from
poyang lake [J]. Journal of Nanchang University(Natural Science), 2018, 42(6) : 578-583(in Chinese).

[5] XIAOHY,ZHOU W B, WU D S, et al. Heavy metal contamination in sediments and floodplain topsoils of the Lean River catchment,
China [J]. Soil & Sediment Contamination, 2011, 20(7): 810-823.

L6 1 5kH, ZMLA, TR, 45 M0 A e 0k 4y T B Jis A9 2 ) 0 A A s D). BR B4, 2017, 36(10) : 2219-2226.
ZHANG L, YUAN W J, ZHANG D W, et al. Spatial variation of heavy metals in suspended particulate matters of Poyang Lake [J].
Environmental Chemistry, 2017, 36(10): 2219-2226(in Chinese) .

(71 Ji4th, EARAG, M. 50 BH W0 it AR 22 8 4 Jm 15 4O (. WA RL A, 2007, 19(4) : 67-73.

WAN J B, YAN W W, XIE T, et al. Research on heavy metals pollution status of Le'an River, Lake Poyang Basin [J]. Journal of Lake
Sciences, 2007, 19(4): 67-73(in Chinese) .

[8 1 TRIEAR, Wiy, i A5, 0 M0 Ga i B 42 Jm 5 Yook P S B4tk L], AR, 2006, 18(2): 127-133.

JIANMF, YOU H, NI C Y, et al. Characteristics of heavy metals contaminant status and migration in Raohe River of Lake Poyang [J].
Journal of Lake Sciences, 2006, 18(2): 127-133(in Chinese).

(9] B2 BMHWIESE 5 Y ORI A 504 (1], ARIKIL, 1994(4): 32-38.

LV L J. Investigation and analysis of the current status of heavy metal pollution in Poyang Lake [J]. Yangtze River, 1994(4): 32-38(in
Chinese).

L10] w/NEE. SR 263 22 A P BE ST & Jm 15 YR B 7 (U] 2Bl Bt 27, 2006, 34(20) 1 5309-5310.

GAO X Q. Analvsis of the soil polluted with heavy metal in lancunzhou riverside of Lean Rriver [J]. Journal of Anhui Agricultural
Sciences, 2006, 34(20): 5309-5310(in Chinese).

C11] 2P, XUV 2R 26T Jid dol - S0 7 4 Jas % ek v G 5 () 8 2 Wi 28 B JH 2 ) A AR AIEAIF 52 (00, 3t 35 3t LR LR, 2015,
031(3):26-31, cover 2.

LAN Z Y, LIU Y. Research on indirect hyperspectral estimating model and the spatial distribution characteristics of heavy metal
contents in basin soil of Lean River [J]. Geography and Geo-information Science, 2015, 031(3): 26-31, cover 2(in Chinese).

[12] 20, 2, R2), 5. H T PMFBE K i 401 12 i 4k 22 0] o b3 b X 1 S o 4 Jm ok WA A (0] BRBERL 24 8T 5%, 2019,
32(6):984-992.

LIJ, TENG Y G, WU J, et al. Source apportionment of soil heavy metal in the middle and upper reaches of le’an river


https://doi.org/10.3321/j.issn:1001-6929.2006.03.009
https://doi.org/10.3321/j.issn:1001-6929.2006.03.009
https://doi.org/10.7524/j.issn.0254-6108.2017022208
https://doi.org/10.7524/j.issn.0254-6108.2017022208
https://doi.org/10.3321/j.issn:1003-5427.2006.02.005
https://doi.org/10.3321/j.issn:1003-5427.2006.02.005
https://doi.org/10.3969/j.issn.0517-6611.2006.20.092
https://doi.org/10.3969/j.issn.0517-6611.2006.20.092
https://doi.org/10.3969/j.issn.0517-6611.2006.20.092
https://doi.org/10.3969/j.issn.1672-0504.2015.03.006
https://doi.org/10.3969/j.issn.1672-0504.2015.03.006
https://doi.org/10.3321/j.issn:1001-6929.2006.03.009
https://doi.org/10.3321/j.issn:1001-6929.2006.03.009
https://doi.org/10.7524/j.issn.0254-6108.2017022208
https://doi.org/10.7524/j.issn.0254-6108.2017022208
https://doi.org/10.3321/j.issn:1003-5427.2006.02.005
https://doi.org/10.3321/j.issn:1003-5427.2006.02.005
https://doi.org/10.3969/j.issn.0517-6611.2006.20.092
https://doi.org/10.3969/j.issn.0517-6611.2006.20.092
https://doi.org/10.3969/j.issn.0517-6611.2006.20.092
https://doi.org/10.3969/j.issn.1672-0504.2015.03.006
https://doi.org/10.3969/j.issn.1672-0504.2015.03.006

2666 7N 54 1t

3

40 %

[13]

[14]

[15]

L16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

based on pmf model and geostatistics [J]. Research of Environmental Sciences, 2019, 32(6): 984-992(in Chinese).

SRAEZE, X%, 22 A, BN TH 8 /0 AR SR 35 H3EF & 8 Pb, Cd. Cris YR B i A 43 b7 (3], A 3 TLA: 5 Wi B B2 2%, 2018
29(5):39-42

WU JJ, LIU Y, LI Z H. Investigation and analysis of heavy metal Pb, Cd and Cr pollution in some rural environmental soils in Huizhou
city [J]. Journal of Public Health and Preventive Medicine, 2018, 29(5): 39-42(in Chinese).

BHAE, RIKE, &, 5. UL IR AW K AL - T 9000 1k g sl g AL ERFE i Y As. Sb, Bi, Hg L], [ETEHL AT #T ik
%,2018,8(2): 17-21.

LUO Z D, CHEN Q Z, JIN Q, et al. Quick determination of As, Sb, Bi, Hg in geochemical samples by prereduction hydride generation-
atomic fluorescence spectrometry [J]. Chinese Journal of Inorganic Analytical Chemistry | Chin J Inorg Anal Chem, 2018, 8(2): 17-
21(in Chinese).

R, R, R A B, BT WA A R X A PO BN E B R T 2 EALITER [I). 6k 5O 4 4, 2020,
40(3): 945-949.

GAO J, SHENG C, ZHU Y Q, et al. Inorganic multi-element analysis of foodstuff by means of low power total reflection X-Ray
fluorescence spectrometry using suspension sampling [J]. Spectroscopy and Spectral Analysis, 2020, 40(3): 945-949(in Chinese) .

i . AR IR G B R E A P AL L BB B AR (D) R B, 2019(4) : 182-183.

GAO W. Determination of copper, lead, zinc, cobalt and nickel in ore by flame atomic absorption spectrophotometry [J]. World
Nonferrous Metal, 2019(4): 182-183(in Chinese).

fift T, KA PR, FIBREL, 55 BV I8 i) 2 OB B 4 i 4 A e i S B A AR S U PR A (7). BRBE AL, 2015, 34(4)
763-771.

CHU J Y, ZHANG J P, ZHOU X H, et al. Distribution characteristics and ecological risk evaluation of heavy metals in riverside
sediments of Zhenjiang Canal [J]. Environmental Chemistry, 2015, 34(4): 763-771(in Chinese).

fre2 s, RO R TG4 LR T SR ST M. JE Rt v R BREER) 2 1 Rk, 2006: 34

HE J L, XU G Y. Research on soil environmental background value of jiangxi province[M]. Beijing: China Environmental Press, 2006:
34(in Chinese).

HAKANSON L. An ecological risk index for aquatic pollution control: a sediment ecological approach [J]. Water Research, 1980,
14(8): 975-1001.

AT, VBN, TR, A RHE AR A F T 4 XU T A Bz ) A A (0] FREE A2, 2019, 38(9): 1955-1965.
JID L, ZENG W Q, ZHANG X B, et al. Ecological risk assessment and principal component analysis of heavy metals in suburban
farmland soils of Tianjin [J]. Environmental Chemistry, 2019, 38(9): 1955-1965(in Chinese).

L, ARE, 2, S5 N Sl B ROK B A i B DO (A A i S TR S A 0 AR R AR AR AR D] BRI AL 2, 2018
37(11):2335-2341.

KONG C, YANG L S, LI H R, et al. Annual variations of arsenic accumulation and metabolism in the inhabitants of drinking-water
type endemic arsenism area, Inner Mongolia [J]. Environmental Chemistry, 2018, 37(11) : 2335-2341(in Chinese).

FE, ArEW, RV 12 W 0BT (PCATEA G UL 8 6 8 i5 ok iR [T). BREERLAE, 2006, 27(1) : 139-1430.

LI Y, YU Z M, SONG X X. Application of principal component analysis(pca) for the estimation of source of heavy metal
contamination in marine sediments [J]. Environmental science, 2006, 27(1): 139-1430(in Chinese) .

Bli e, B8 B W 1L X ST B i 9 YA S AR S KR AN (0], BRE AL 2%, 2017, 36(9) 1 1958-1967.

LU J, ZHAO X Q. Characteristics and ecological soil by heavy metals in risk assessment of polluted Shizishan, Tongling [J].
Environmental Chemistry, 2017, 36(9): 1958-1967(in Chinese) .

L, WA, MR MG, 55 BeVE 7 ER IS IX - 0 R 4 J s R A A R BOR IR (D] R0lk T A2 %4z, 2014, 30(6) : 88-96.
LEILM, YUD S, CHEN Y P, et al. Spatial distribution and sources of heavy metals in soils of Jinghui Irrigated Area of Shaanxi,
China [J]. Transactions of the Chinese Society of Agricultural Engineering, 2014, 30(6) : 88-96(in Chinese).


https://doi.org/10.3969/j.issn.2095-1035.2018.02.005
https://doi.org/10.3969/j.issn.2095-1035.2018.02.005
https://doi.org/10.3969/j.issn.2095-1035.2018.02.005
https://doi.org/10.3969/j.issn.1002-5065.2019.04.105
https://doi.org/10.3969/j.issn.1002-5065.2019.04.105
https://doi.org/10.3969/j.issn.1002-5065.2019.04.105
https://doi.org/10.7524/j.issn.0254-6108.2015.04.2014091805
https://doi.org/10.7524/j.issn.0254-6108.2015.04.2014091805
https://doi.org/10.1016/0043-1354(80)90143-8
https://doi.org/10.7524/j.issn.0254-6108.2018111201
https://doi.org/10.7524/j.issn.0254-6108.2018111201
https://doi.org/10.7524/j.issn.0254-6108.2018011505
https://doi.org/10.7524/j.issn.0254-6108.2018011505
https://doi.org/10.7524/j.issn.0254-6108.2017010304
https://doi.org/10.7524/j.issn.0254-6108.2017010304
https://doi.org/10.3969/j.issn.1002-6819.2014.06.011
https://doi.org/10.3969/j.issn.1002-6819.2014.06.011
https://doi.org/10.3969/j.issn.2095-1035.2018.02.005
https://doi.org/10.3969/j.issn.2095-1035.2018.02.005
https://doi.org/10.3969/j.issn.2095-1035.2018.02.005
https://doi.org/10.3969/j.issn.1002-5065.2019.04.105
https://doi.org/10.3969/j.issn.1002-5065.2019.04.105
https://doi.org/10.3969/j.issn.1002-5065.2019.04.105
https://doi.org/10.7524/j.issn.0254-6108.2015.04.2014091805
https://doi.org/10.7524/j.issn.0254-6108.2015.04.2014091805
https://doi.org/10.1016/0043-1354(80)90143-8
https://doi.org/10.7524/j.issn.0254-6108.2018111201
https://doi.org/10.7524/j.issn.0254-6108.2018111201
https://doi.org/10.7524/j.issn.0254-6108.2018011505
https://doi.org/10.7524/j.issn.0254-6108.2018011505
https://doi.org/10.7524/j.issn.0254-6108.2017010304
https://doi.org/10.7524/j.issn.0254-6108.2017010304
https://doi.org/10.3969/j.issn.1002-6819.2014.06.011
https://doi.org/10.3969/j.issn.1002-6819.2014.06.011

	1 材料与方法（Materials and methods）
	1.1 点位布设及样品采集
	1.2 样品检测方法
	1.3 评价方法

	2 结果与讨论(Results and discussion)
	2.1 流域内土壤重金属元素含量及污染情况
	2.2 运用主成分分析法判断污染的主要来源
	2.3 运用单因素方差分析确定污染的具体来源

	3 结论（Conclusion）

