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1.2 HEmEESHH

TERF SR X N IE AR AR R iy 4k RS2 A0R
PEAAEIRE T EOR TN B 88 25 ) I KR i 93 14,
RS 20 14 FFARYE FOKFN 4% AR R R R
SERCERR R LFES 113 78 RSO 1 iR,
VEYIFIAR 8 A RAF 2 A v ™A% 4 FR - b o 2 b 3ok
FEPEN B (DZ/T 0296—2016) 112 FiT (X e A4
AHERAE PP H AR TR (047) ) Y SR AT
TR R AR MR AR PR Y KN BEAL R4 3~ 5

AN TR P RS (B3 R ) LS — MR A, T
HBIRT 500 g3 A TORERT , FERAF SR
FHBRERCHS L™, T RON B IR S e AR LR 4
2~4 PSEHE N DRSS B L Y B L T 1000
g, MARTFEMAMET 1 kg, R LFLAEDEEN
FH SRR R AR 7 G VR W B R O EAT As |
Cd,Cu.Pb Zn o R IBAR Y 4 i SO S & #F
ST G BRI A R AT RE (R 1. %
2),

+IE—EW

0 2 km

B1 HRERXERAL

Fig.1 Geolocation of the study area and sampling locations

x1 SMAESREREH
Table 1 Analytical methods and quality control

s izt oR [V REA KB/ 107 HE MR AR % i/ %
1 As JRF o AFS 1 91. 67 99. 48
2 Cd S TR ITIE L ICP-MS 0.03 100 100
3 Cu X PFELHOEEIE R XRF 100 100
4 Pb X HHERPOEEIE T XRF 2 100 100
5 Zn X PFERFIGIE XRF 100 100
6 LIRS 2 VOL 0.01 100 100
*k2 nEIWMEESIT
Table 2 Statistical of the elements analytical quality
44
7 YA ey oR=N B R LS % 7 4k
PR e wws B QR Bes ae mas W
A RE/% 3.33 5.56 -3.87 9.85 7.67 -4.41 10.71 -7.74
RSD/% 5.15 9.12 3.34 10.26 4.61 7.93 9.73 5.43
cd RE/% 2.48 -6.52 5.63 -2.42 -1.59 4.64 -3.45 6.63
RSD/% 7. 60 4.02 3.65 3.29 0.81 1.79 5.38 5.18
u RE/% 6.42 0.104 2.833 -5.75 -3.056 2.875 2.458 ~1.786
RSD/% 1.53 4.14 5.24 28.16 3.67 2.45 2.98 3.01
- RE/% 4.38 -0.737 -2.024 -5.621 5.536 2.639 -9.574 0. 067
RSD/% 3.16 3.41 3.86 3.47 4.15 3.68 8.83 2.17
I RE/% 3.82 3.1 -5.96 2.57 3.83 -4.06 5.07 3.17
RSD/% 1.22 6. 84 6.67 3.59 5.32 4.86 3.29 5.11

7. RE xR, RSD M hRtElR 22
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1.3 TEEERFRSESKEITNTE

SEF R b BRSO R A A X F B0k AT
WFFE DX L s 15 e 5 AR S B DA . o,
SPUE B EE AT E RN IR P E SR 15 Y
JE (HAT AR SRR 22 2 dUoRs L RERSR B iz T
A G A TG YA AR e O
¥

C
Lm=b&(‘)o (1)
* kxS,

g, L RBHREG C, TR @ LA R AE S,
RSN IR B kR IBIE R (—RIUE 1.5)
L., WA T A9 T, <0, Ti5Ye; o<l <1,
RIGGQEBI P EETSYY 1<],, <2, PGS 2<],, <3,
RS YL BSRT5 Ye ;3< 1, <4, 5RT5 Y4s4<], <5, 58
TR BI SR TG 5 1, >5 IR

Hakanson #5784 25 XU 15 500 J2 B i e
(R PEA 18 T 4 W e A S UG 1 i, Ho 3y
b (1l N

. o
R1=2E;=ZT:-S—‘O (2)

Ko B B — U EZ AR S K HR 5L, 40 5 4
HYLE <40, B RS ;40< E <80, P EAS
AU 580 < E; <160, 58 B2 AR A KUK ; 160 < B <320, 1R
S AR AR B> 320, s AR A KU . RE R AE S
ZE L B ARSI 5L, RI< 150 A
AU 5 150 < RI<300 A BE A S AU 5300 < RI<
600 A58 FF A1 A5 XU s RT= 600 g AR5E K L B AR 25X

B, €, Ad3ErhonsR i Sl &S, O HIEE SR
T, NERJEICR @ REE R BRSO Kl As (Cd
Cu . Pb I Zn (YEEPE R BT 5179 10,.30.5 .5 F1 1) .

2 RS

2.1 RETHESETLENSERIE

REMWR RS S FPEEEILEK As . Cd,
Cu Pb Zn B & 3 F 43314 (3. 487~30.660) X107 |
(1.070 ~8.950) x 107°, (28. 800 ~ 386. 000) x 107 ,
(19. 800 ~ 185. 000) x 10™° , ( 102. 000 ~ 390. 000) x
107, & S 7 91K 14, 161x107° 4. 070x 10°°
144.295%107° 53. 127x107° 211. 788x10°° , AF S &
Bk 50. 4% . 37. 7% . 52. 5% .40. 1% .21. 5%,
5 S FRBRR S S W - B B sz NSRS B AR
TR IX A RAE i H] 5 A EE 48 o0 R 128 S R A b
T 10% ~ 100% Z 8], J& T 45 48 K7, i 5 Ff
4R ICE A [ 4340 LB 5] B A 2, A2
SR Z AR, N8 48 10 & 4R R ECk
&, 1P As .Cd .Cu.Pb . Zn MEEREHAT 1,
XL H 4 R VR AT BB 32 R IR IR NG Bl
MK (K 3) . M5 FhEE 48 JU 2R W HL IR A= 70 A
(B 2) /T LUE 54 Jm 09 28 (8] 4 A A B e 20k
AR, Cd  Zn , As F1 Pb (%) %5 [8] 43 47 & S AH AL, &
(H IR IR Eh A (B4 S P42 A KA DL &
PIH MEA FOAIFEARE) 7, MEX
TR JE Ll 2 iAo A, 1 Cu )5 HAH B, i (B XU
IRJE 1L Z A A AR XU R R A (B4l D
LI E A RAE VSRR WAL S DI R

®3 HRRIEEERTRSERIEE

Table 3 Characteristic value of the heavy metal content of soil in the study area

=% As cd Cu Pb Zn
KA/ 1070 30. 660 8.950 386. 000 185. 000 390. 000
F/ME/107° 3.487 1. 070 28. 800 19. 800 102. 000
FH(E/107° 14. 161 4.070 144. 295 53.127 211.788
/107 13.998 3.970 133. 000 49.700 209. 000
b 22 7. 140 1.533 75.700 21.282 45,544
R FRE 0. 504 0.377 0.525 0. 401 0.215
WER 3.862 9.982 1.188 2.057 1.439
. HH 20 0. 66 32 35.2 99.5
B 15 HRPR B 29 113 112 93 113
R/ % 25.66 100 99. 12 82.3 100
pH<5.5 40 0.3 50 70 200
(- HEER TR 5.5<pH<6.5 40 0.3 50 90 200
Hb A 3T G R 6.5<pH<7.5 30 0.3 100 120 250
bR (RAT)) 19 pH>7.5 25 0.6 100 170 300
e U S g R 0 113 100 9 95
HBFRE/ % 0 100 88.5 9 84.1
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Fig.2 The geochemical maps of five heavy metals
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Fig.3 Chemical fractions of heavy metals in the siol samples
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Table 4 Proportion of different morphology occurrence of heavy metals
W it/ %
As Cd Pb Zn Cu
:?tjg‘ N ‘){L\E
P WA Y 7kmﬁ;,§y%i;§i§ ’ 2.76 66.07 7.51 9.58 111
; N JEBERRES & A+
S el R 15. 44 28.96 55.10 28. 18 21.32
WEEDARATT ot o s ?
Bt A 81.70 4.97 37.39 62.23 77.57

TEAEYIA Ry i 28.96% , FRit AL 4.97% ,Cd
(R S o PV A S o i it v T HoAth 42 S T
£, 5HAbM X B0 H R XL cd Rk iE S
BT TEAS BURRAE O AR, X A R A Cd A
Ty A E R, AT 77 A 558 i 1405 e XU
2.2 THEELEBESKEIEM

W X 3 7 4 Ja A= S KU P 22 N5 e
JEE B AEAEZS KBS PO A 1 T, 36 5 8 T 5%
DXAR R - 4 Ji H BRI R g i g o, oo,
EHEF N Cd (2. 00) >Cu(1.47) >Zn (0. 49) >Pb
(-0.09)>As(-1.09) 7, ¥{HHFH Cd(1.93) >

Cu(1.38)>Zn(0.47)>Pb(-0.09)>As(~1.30), Af
DVE WP X AR 3R 05 Y fie ™ 8 A9 2 Cd, ok
& Cu Ml Zn, Cd 75§ 4b F s Ye—rp B 75 Y 3] 5
15 AR 92, 03% , 3RT5 4L A 5 1. 77%,
Tei5 Y3 BTG Y 057 7 6. 19% , TBi5 Y i,
Cu 15440 T rh FETS ek F 1Y 5 46. 029% , Hh i % 5
FEVS YK 15 23. 01% , JCT5 Y 3 p B IS YL iy 5
24.78% , JCT5 Y AL 5. 31% 3 Zn 15 Y4t T 075
YeREE IS Y i 5 91, 15% , W EE V5 YL R G 15 G A5
BL¥1 4. 42% ; Pb Joi5 B s i 57. 52% , Toi5 e 3|
HHRETG e i i 40, 71% , P BETS YA 1. 77% , Tt

x5 MEIMRREBSGT

Table 5  Statistics of I,,, for heavy metals in root soil

1., <0 0<l,,, <1 1<, <2 2<l,,, <3 3<l,, <4 4<l,,, <5 L,,>5
TLE FREPS TGP ES R hEEYE hE YR RIE Y [iSEPS TS Y B A T Y 8 5 Yy
FEmB bl % FEREC Wl % FESEC Whl/% FEaE Bil/% FEGEC WHl % FEREC WHl/% FEaE Wl %

As 112 99.12 1 0. 88 0 0 0 0 0 0 0 0 0 0
Cd 0 0 7 6.19 49 43.36 55 48.67 2 1.77 0 0 0 0
Cu 6 5.31 28 24.78 52 46.02 26 23.01 0 0 0 0 0 0
Pb 65 57.52 46 40.71 2 1.77 0 0 0 0 0 0 0 0
Zn 5 4.42 103 91.15 5 4.42 0 0 0 0 0 0 0 0
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W5 YK A 5 As TGT5 A7 5k 99. 12% , B
0. 88% AL Ak TG Yo 3| vt B 5 YL KP4k O
TGP, IR IR ESENE S
TG TH R R A JE Cd, K Cu F1 Zn,

KO THRXETRAL P ESELEN
AT E GG, N RIRE A 23 A kb
TR, 74 A s Ab T BEA KR, 16
AN A TR B AR S KRS, 20 ) EE 20, 35%

65. 49% F1 14. 16% , JCAR 5% A 538 A 25 KU A 037 A7
e, MNE SKE IR IXIR A L4 As Ph Zn ¥ RE5
JEA SRR AT 10 A4S 5 A7 Cu b F o BE A= 25 K
B 7K. 1T Cd A 25 KU 5 7 v B DA L, R B
JEE AR SR A 5 AR A KRS A0 4 B 3. 54%
35.40% \57.22%F1 3. 54% , AT UL Cd &%} RI o1
MR K AR 2 KU R 7

x6 METESRESKEITMRELLSIT

Table 6 Ststistics of the ecological risk index for heavy metals in root soil

E, WU s34 LE /%

E&l| RI RS s oz o5 1/ %

As Cd Cu Pb 7Zn
B 20.35 100 0 91.15 100 100
e 65.49 0 3.54 8.85 0 0
R 14.16 0 35.40 0 0 0
R 0 0 57.22 0 0 0
R 0 0 3.54 0 0 0

2.3 EEEFRIEXRN

HISCE R, R X IEAEEA R R LR Cd ., Cu
F Zn 5% I Cd A5 YL B RN A 28 XURS: 143 28
e A ESE TR T A (£T7), £
Herp Cd \Pb \Zn As ZIHFAAE & IEAHDGC &R Ui
XU 4R il fEEA RIJEYE , Cu 55 Cd Zn AFFER
KRF I 5 I A3 5 5 8y HUAE X A2 19 1l e
JCE Al fEZRJCHZ M Y 7T K BE B 47 Hh 5 3E A SRR TR
JCRHE, EUMHXRE AR, A Cu 5 Al 29
B IEAHOCOE R, W& 2 54 WK ( Corg) R I 171

SRR U] Cu 1R AT BRI BE BT H SRR IR, &2
Mo 52 W 5 1 Cd . Pb . Zn . As Ay 5 Corg =KW
R Y TEAH G OC 2 , A BILAR X 1 28 T 42 R 1Y
REEE—EMEM,Cd Pb . Zn As FEEFE TR A
AE BRSO AR RIEH™ S6 e 5 N 2R Bl
e, gk 7 B b A VY R MR A BT R BT
K D3 AR BFFE X RE AVF 22 DL E R B /M
i RRissh' o BRI A A K= Cd \Pb Zn
SR T R R A, O M R T g
T TEREE,

®7 ITEESERTRZEEXE

Table 7 Correlation of heavy metals in soil

b As cd Cu Ph Zn Al Corg
As 1
cd 0.420" 1
Cu -0.590"* -0. 148 1
Pb 0.674" " 0.563" " -0.344"* 1
Zn 0.388" " 0.834"" -0.002 0.655"* 1
Al -0.532" " -0.360" * 0.557" " -0.394" " -0.199" 1
Corg 0.445"* 0.474** -0.347" " 0.526" " 0.434°" ~0.406 " * 1

Hox VH x xR RIFEIR P<0. 05 Fll P<0. 01 HIAEKIKFE ;n=113,

2.4 RIEYPESCRREHITNESHT

B -3 b ) B DT A AT LA i A AR R
WSV E T BE A B R AR N, O BT ARR SRAE A A
Yret el e Rl H R R A, B A
TRBERRE B9 DA A 2 %2 DL R OK R 28 2 0h
RN R N G i & A R W RAERY
93 PFIEARKERN N 20 1 B 4% A bl HEA T H 3 AR

LT (3% 8) W LU B S & 2 AR s
LYIRR Y (GB 2762—2017) VIR E (58 .
G528 B Kl Cu Zn PIFP TR BR ) (NY
861—2004 ) "> R RE A L 4 S A o PR R, & BT
FE X B ORI B8 SRR R Cd BB AR I 8, HE
W EORFE SRR 11 4, 5 EE 11 5%, SRS R
Fr 12 1, di F 60. 0% , A5 o5 FIE 30 B ) B8
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BILEKRTAG BE Cd, B, oo Xk 1
e Cd BT5 YR BE A S R e 28, Cd A T 1
B VEY) Cd AR5 3 ed 159 DA Cd Y
AR E R A LR,

XA E R od SRA P ARBAEE Cd
BT (R 9) , MR ERZ P E Cd Y
KA Cd TWRAAHCE R, SHRAIEE Cd B2
P EWIEACOE R, AKIESAE TR Cd
SO % Cd &R IEM KR, X R E0
0.636 F10.473, B4 Cd SRS AP A
Cd FIHAMIEZS Cd Fa T BAHSC R, B 2
rh Cd AR £2EZ Cd BAEYA SUER I, X E
K Cd SRR B ARRIRAAIE S Cd #4741 565
Mr(#£10) , RMERRA L HE Cd H5KES Cd 2
MAOM KR, SHAEE Cd 25319
KKR, RETPAKBESCAEERP G FTREE
IEAHR R FKRRBCN 0,482, Bk Cd SR AR
T TR A Cd THBAHXCR, SRR+ A
Cd DL HABIEZS Cd & 2 IR, A
FHE K, Cd 7E ERFMR R R R B —Fp & 245
PR MR AR L4 Cd 2 s ) 25 3 o] 2 ok %o

Cd HYMIC, 3245 512 W72 B8 PG AL O AH DGR 5T, 42
H TR B i 9 R — R R TR PR AL, ok
AR T LARH R - 3 vh 3 o3 T < kA IRSCE A T
(Y Jm 2 2R I VR TR 25T M b it
ABIFRH, WA FETER T BT DR E R AR
T ARG ERIR AT ST YT R IR
R Cd {5 R HAEOL T, By B 5% B
25 Cd BFR G, RBE Cd 8 bR %] i A T 44 2 52 1
WK, 0 S W], S AR SCRIF R A RO I 7, X
REAS AR REAEMT SE IXAR R 1 Cd ST T Rk Cd
AR R BN AR T DAY, FERLIERN L XY
e Cd SARAR L Cd WAL S BEAT MR 734 (%
1), TR S48 3 Cd & i SRR Lk Ss
IR T2 Cd BRI R R KSR
TAHAS Cd X S EE W Cd simkiR K, Bk
Cd FREMA L PKES Cd BARMEMKCKR, K
A Cd X KM Cd sTikie R, Al UL, KIS
BT ACHAS Cd X BB B A A S I G
IS Cd J %o TR )™ A A 25 AU (8 S B, mT DAAF
MR - AoK IR S T 5 S S A R 9 5T IX 4 Cd
A S AP (4 E 2R S 68

RS EXMOREESESEWNIE

Table 8 Characteristics of the heavy metal content in corn and potatoes

8 As Cu Pb Zn
FoRf/107° 0.022 0. 155 3.35 0.117 39.1
HFe/ME/107° 0.013 0. 009 1.16 <0.02 14.2
AR (n=93) BRAH{E/107° 0.5 10 0.2 50
bR BL 0 0 0 0
FoARAE/107° 0. 006 0. 300 2.211 <0.02 7.703
He/ME/107° 0.002 0. 056 0.337 <0.02 3.079
L% (n=20) B/ 1070 0.5 6 0.2 15
bR B 0 0 0 0
*9 RRIP CAEEEDHE CdESEHEXN
Table 9 Person correlation matrix for Cd in root soil and potato
T R R £ T e B o P e S A
AR Cd 1
B Cd 0.023 1
KA 0.636"* -0.026 1
BTZ®mE  0.473" 0.824%* 0.235 1
IRIRE AL -0.253 0.820" " -0.239 0.458" 1
JEERE A -0.144 0.832%* -0.121 0.586" " 0.641" " 1
PARAEAA -0.296 0.866"* -0.258 0.489* 0.948** 0.715*" 1
BWMAPLERE -0.224 0.696" " -0.166 0. 390 0.878" " 0.398 0.891°" 1
PRI -0.333 0.840"* -0.216 0.452* 0.801" " 0.749"* 0.898"* 0.708* * 1

T s RN x w AR P<0. 05 Fl P<0. 01 YA SEK 50 =205 0 Cd H&TEA Cd AR 2 b i iy & & DA% Cd D%t
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Table 10 Person correlation matrix for Cd in root soil and corn
W kG Mol KEk ETREE o OO dasad L0l ek
EkK Cd 1
B Cd -0.214" 1
KIS 0.482" " -0.285" " 1
BT s 0.195 0.716" " 0.055 1
RIRELZE G -0.390% % 0.755% % -0.387% " 0.263" 1
JEREMRAG A -0.389° " 0.639°F  -0.358" " 0.337"" 0.640" 1
BRERES AR -0.3487  0.6417 " -0.341"" 0. 068 0.537"" 0.332*" 1
AN ED -0.289"F  0.581°F  -0.307"" 0.135 0.626 " 0.077 0.658 " 1
FRit A -0.333""  0.559""  -0.390"" 0. 049 0.450" " 0. 144 0.808 * * 0.744** 1

HELow TR kT AMIFEIR P<0. 05 F P<0. 01 AURIIEAKE ;n=93; 5 Cd KA Cd MR R b SR A4t T2k od Bk od &,
F11 E¥HCd ERELH Cd ZHEEADHER

Table 11 The linear regression analysis of Cd in crop and root soil

lRILHES A7 EVEpy
e ;k‘«:é?& A Y=4.2164x+0. 0403,R* =0. 8285 sig. =0
RN (S Y=0. 0454x+0. 0591 ,R* =0. 2459 ,sig. =0. 003
ESP N YIS Y=0. 9730x+0. 0290, R* =0. 2163 ,sig. =0
tion, 2019, 43(6) : 1358 — 1366.
3 4 (4] BRRHEPES: TRER, 5. BHA S K L LSRR IEY B4R
T YR B R KB WA [ ] PR R4, 2017, 38 (10) : 4360 —
4369.
ﬁﬁﬁ% @@%Eﬁ@%ﬁ%ﬁ%d‘l‘l%@?% Chen F, Dong Z Q, Wang C C, et al. Heavy metal contamination
fn’iﬁ%ﬁ_i}h m%#%%%%ﬁﬂﬁi% %HZ&W%E;{{}:\E of soils and crops near a zinc smelter [ J]. Environmental Science
A RO, 5 B X B A 1 S PR 2017,38(10) ; 4360 - 4369
BTSRRI S R Rk T et gt e,
S B P . N N o

¥ G, IR, 2 B P 1 o 4 k7 2 10y 1o 1005, S
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Ecological risk assessment of cultivated land in typical areas with high
heavy metal background values in Guizhou Province

WANG Hui-Yan"*?, PENG Min"**, MA Hong-Hong'*’, ZHANG Fu-Gui"*”
(1. Institute of Geophysical & Geochemical Exploration, Chinese Academy of Geological Sciences, Langfang 065000, China; 2. Research Center of Geo-
chemical Survey and Assessment on Land Quality, China Geological Survey, Langfang 065000, China; 3. Key Laboratory of Geochemical Cycling of Car-
bon and Mercury in the Earth’s Critical Zone, Chinese Academy of Geological Sciences, Langfang 065000, China)

Abstract: The heavy metal pollution in cultivated land is a hot and key issue, and the pollution status and mechanisms can be accu-
rately grasped through small-scale ecological risk surveys of heavy metals in soil. In this study, the heavy metal ecological risk survey
of cultivated land and major crops was carried out in Yancang and Lushan towns, Weining County, Guizhou Province. Meanwhile, the
pollution status and ecological risks of heavy metals in soil were assessed using the geoaccumulation index and the potential ecological
risk index proposed by Hakanson. The results are as follows. The compound pollution of heavy metals exists in the soil of the cultivated
land, with Cd showing the highest pollution level and ecological risks. Meanwhile, Cd exceeds the standard in some potato and maize
samples, which is closely related towater-soluble and exchangeable Cd. Therefore, more attention should be paid to the studies on the
pollution and speciation of heavy metals in the monitoring and remediation of soil pollution in cultivated land in the future.

Key words: cultivated land ;root soil;crop; heavy metal; speciation; ecological risk
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