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Fig. 1 Locations of sampling sites in the study area
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AR FRARH R R X LIRRIEY R ST SR R A R 73

B, M B AR AR A T AL 106°54'~107°27', A 45
28°46'~29°30" 2 i), BIFFE X & W BT 15 2 XS Ak

IR 16.6 °C, AEREF R 1 185 mm, 4F H IEIEL 1273 h,

TCRE] 308 d, MHXHRE 80% . Fg )1 X+ Hb ) 45 &5
FEI A AR b H T, AR S R R 4 X FR A
HIZEARL, 5350 Y 54.529% 1 22.34% ., 4= X 4R 2
(i) 43 A0 22 5 W 2 B b B0 A A X B L Mot 32
PR X B . KR FORFIZL S X 3%
K RNEY), BRAERIEE, i & —E WPl 3, K
FH DU A — SRR i i, R IX N A L X 2
IEFERER ., BER. BRM=8F, HPER
ROBBEAM_ERUKE . Do, WUa . Biibs
INEE N, FERF W RO SR
FEN A R, R, DAkt

1.2 HmRESHHIAK

PABFFEIX 1= 5 7 s lal A BRI £
ST P 25 D R BT, A e v DX R A0 M AT A A B
R A AT BCEAE “BERL” A ST A R0, A RS
T ESAT E  F A ol S5 A R DX RS
PRRAE T, ARGE P IR AE AT B O RAE, % 1 5]
A A AL IR 2R, SRAE A AT ZE BT 1 km
NREAT IR RE, SRR IX KR ARANE YRR 34 11,

K 32 14, 215 18 1, IFAEARAEYIRE il 7] 2 o7 R4
BEIZ LR 84 14, FE S REE T 74 S I (DZ/T0295-
2016 i B Bk AL 2E DA LT )N AT, BN R
BE SRS B SOR R | IR IRk, HET
ZHMRIR G R AL, ZHAEYHE LR MRG Y
Jei, DU BEE 1.5~2 kg 28 AKESAS . RAEE SR,
it G R AR AR R HETS Y55 T REXT T R AR SN
PR i

-4 K AAE YR i o B D3 e ] R R
W7 G U W BRI rp o AR H . HEARE 40T pHL
Na,0. SiO,. ALO,. Fe( Lk TFe, 0511 ) . CaO. K,0.
MgO. Mn, Se. As, Cd. Cr, Cu, Hg. Ni, Zn % 17 i
18hn, RAEWEE S IE As, Cd. Cr. Cu, Hg. Ni, Zn
S5 7 TR bR . IR AEYIAE S A BT Iy vk AR
PR DL 1RIR 20 A 2 BT O vk R o 4 T AR
iz B8 {DZ/T0295-2016 - 1 57 & Hh BR Ak 4 VAN RIS )
HCA 2 M ER AL 2 AN FE 5 20 BT B R 23R GalAT) )
(DD2005-03) B A R E AT . IR SR TR K
— G BRAEY) [T AT R R RIORG % FE AR, F AR
(50 A5 H 2 A4 A 4 A K — b iy i (+
) RS % B2, B 500 145 A 12 14 Bl R — Jbn e
Pyl (58 e i B, 56 R0 100%. RAIEY)
BTl A B R — AR EY T 4 18 SRS — e,

F1 IERRSWHESKRHR

Table 1 Element analysis method and detection limit of soil

Eiztan I8 7 K PR /mg kg™ Ei=2 58 I Kt B /mg kg™
ALO, XEHEDE g 0.05 Se JRF 9 0.01
CaO XS ETE: 0.05 As SRRk 0.2
K,O XPHERFO GG 0.05 Hg JRF B CRE 0.000 5
MgO XPLDO G 0.05 Mn FETHOLEITHE 10
Na,0 XSRS 0.1 Cu BT IRE S 1
TFe,0; XHFRAICIEIE 0.05 Ni ERTIRESEEE 1
Sio, XD G 0.1 cd TR 0.02
Cr XD 3 pH pHITHR I 0.1
Zn XHERTO GG 1
xR2 RIEYTRENSTHESKHER
Table 2 Element analysis method and detection limit of crop
Eiztan W 7 i ¥ i B /mg kg™ Ei=2 W5E Jrik K i B /mg kg™
As B NN SFR 0.03 Hg E =R NIV SPR 0.000 5
cd R TR BT 0.000 1 Ni e NI 27 0.2
Cr BRI 0.2 Zn BT OLEE 0.05

Cu SFE TR 1
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BFE R T 100% B 50T, SHL 5% FIFE G ik
TTAMKGE, 25 200 BT M 1R 22 (RE%) <30%, S A% R K
100%.

1.3 EMAFE

LR & E R (BCF) 2RIEVHER TR S &
58 L xR e R & i e E, S m )+
BRI R ERE T, WTHDREBIE TR Y
AEES. SO AR,

BCF = Cyppea/ Cppiz+- (1

K Cppn NEEIRICELENEY P RIS (mgkg 1);
Cﬁﬁiﬂﬂﬁéﬁﬁﬁffﬁ%iqjE‘Jﬁ%(mg~kg4) °
1.4 EHEIE

AW 5T K FH IBM SPSS statistics 19 I Microsoft
Office Excel 2010 #4748 1143 #r A& 4b 3, HUA
¥R H Microsoft Office Excel 2010 #4115 Fl il 1,
Ja 41t CoreDRAWXT BV 2558 1, £ JC 3 5P (H]

F] Pearson FH & 22 50H) ] IBM SPSS statistics 19 {4
AL FRANTTEAS R

2 F#HR5ITIE

21 TEEEETESERHIT

5% KR R A VE DB 2 3 4 8 o R A L
3. MR, KRG, ERMAEHZE LD Zn
M Cr & 88w, ikl Cu F Ni, As, Cd #l Hg & &
A, HY s T HE KT R)E el sl b E &
JZ B A, WoR AR X R )2 L BEE 4R o
R EWILAFEE . WF5EX 139 pH 7F 4.51~9.20 Z
], F-YME R 7.06, BAR 4L T — Btk K P (pH> 6.5
17 66.37%) o BFFEIX AL TP RS LU IX, #3422 R K,
A BB 32 3 Wb it A vp 2 4 T 4 HE X i 4 AN I 46
R 28 5, 48 T 4 114 245 [0 A8 S 1k DA s B
F (B EARBHZ L Cd BT RZBUNT 015, HAARIE
YHHZ T ELS RS RZBIIRT 0.15),

*3 MRRARREYHETESLBISHME (mg - kg™)

Table 3 Concentrations of heavy metals in the top soil of different crops in the study area (mg-kg™")

R A2 SR E As Cd Cr Cu Hg Ni Zn pH

/M 3.33 0.10 52.7 15.8 0.03 17.1 46.5 451

e— KM 22.53 2.45 131.8 88.1 0.25 54.4 149.1 8.72
H =

T 9.72 0.54 79.6 34.7 0.11 33.6 96.1 7.03

AR R 0.51 0.78 0.23 0.35 0.48 0.27 0.24 0.16

I/ ME 3.47 0.07 61.9 20.1 0.04 13.7 51.9 4.90

F— KM 26.52 3.78 272.0 120.2 0.68 119.5 180.5 9.20
D =

T 11.35 0.52 88.8 38.4 0.12 38.5 101.6 7.18

AR R 0.43 0.14 0.33 0.32 0.17 0.32 0.56 0.78

I/ ME 3.13 0.11 41.7 14.7 0.04 13.0 45.5 4.88

e KM 20.53 1.14 119.9 86.5 0.33 62.7 179.2 8.20
ES Iz~

T 11.11 0.48 80.9 35.0 0.12 35.8 98.4 7.16

AR R 0.41 0.52 0.27 0.45 0.56 0.34 0.30 0.15

fF5E X #ZE 33 11.53 0.51 84.83 37.62 0.11 36.62 99.99 7.06

i PFRE A s 6.62 0.28 74.4 24.6 0.069 316 81.9 —

P ERE g S 9.1 0.15 63 23 0.05 26 67 —

IV A X T 26.3 1.004 147 31 0.185 38 130 —

TR A BRI — 9.16 344 332 — 93.9 193 —

VR E A R E R ZL X, 5 A5 3
AUV TV v i X 3 T 4 R AT AR L, AR R
FEIX LIE As, Cd Al Cr & BB AR T 78 (G350l 2
FEXHEE TR 228, 1.99 A1 1.73 /%), HAE LR

TERGRMERK(E ) BRI R E T+
HErh Cd, As il Cr % T 40 & O B SRR R A i+
bR R 4 R VAR ARG, R R,
HEP T 4 R AR R T R, BRI )
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AR FRARH R R X LIRRIEY R ST SR R A R 75

VX Rl —E 4 B S AR I 25 7, W RE SR ]
Hb X AR R 5 B e R e XU AR B R A 45 A AR )
AR,

S e Y S m KAk L R R X e 4
J& TS S L, FE K R 1] R R X
BFJZ 1+ Cd. Cr. Cu, Ni #1 Zn 35 & & 5 5 2 B
04 9 0.055, 0.25, 1.13, 0.39 Fil 0.52 %5 (£ 3) .
A DRI Y 4 e B 57 i T A A TR, B 1
THEhE SR S EERER,

R A € A 18 R 55 I s s o R ) b = 1875 U XU
EPAREGRIT) )(GB 15618-2018) HFALE R As, Cd,
Cr. Cu, Hg. Ni, Zn XU i (8, AF9E XM= 1 4 o
& JEICER O K T (A AR A 5 SREAS 1 LB
KEVIMEIR A Cd(41.59%)>Cu(5.31%)>As(3.54%)>
Ni(1.77%)>Cr(0.89% )= Hg(0.89%)> Zn(0%) , 1% W]
WF9E X HFZ L3 rh Cd 1716 — 2 75 YL XU

22 KRIEMEESRERTEAIERL
IR XA TR A A T i 35 S R iR L 4 ] 2,

W DX AR A K e op B 4 J 4 ot fh i AR IR
Zn>Cu>Ni>As>Cr> Cd>Hg; E AT E SR S =S
R IR K Zn>Cu>Ni>Cr>As>Cd>Hg; 41 % 1 & 4
J& & oA 2K KA Zn>Cu>Ni>Cr>As>Cd>Hg,
IKFE . BRRNLT o Zn (S AR R ROR, HKCR Cu,
Ni, M Hg & ik, /KfEhE 4R As, Cd. Cr, Cu,
Hg. Ni. Zn #9°F {53514 0.13, 0.05. 0.12, 2.30,
0.005, 0.24, 21.1 mg-kg '; EKFH4JE As, Cd, Cr,
Cu. Hg. Ni. Zn iV {8 53 51 0.04. 0.06. 0.11,
2.67. 0.002. 0.25. 25.4 mg'kg ' ZL B h # 4 8 As.,
Cd. Cr, Cu, Hg. Ni., Zn [ F-¥I{EH 5 51k 0.09. 0.04,
0.27. 7.93. 0.002, 0.59, 10.8 mg-kg -

TE TR AR B BT A ARAE W RE S v, B Cd LR, JE
RREYHESECESEHYRBI(EREZLER
P s Y IR ) (GB 2726-2017) Ht 1 bk 1
BRAE (3% 4), W/KRE . EORFLE T Cd AR5 5
4 5.89%. 6.25% F1 5.56%. AHFMESTHTGTIT4E R B
N, R AAEY hE SR S w S8R b ES
J& T 0 A OGO R, B A A M T Y R X

®4 ARRARAREDEESEEIEHE (mg - kg™)

Table 4 Concentrations of heavy metals in different crops in the study area(mg-kg ')

LAEY) JLE W/ ME U ONE] ¥i{E brifE2: HIER GB 2762-2017 HEBFRE/%
As 0.05 0.26 0.13 0.05 0.015 0.5 0
cd 0.01 0.27 0.05 0.06 0.157 0.2 5.88
Cr 0.10 0.14 0.12 0.01 0.002 1 0
IKFG Cu 0.60 457 2.30 0.91 0.071 — —
Hg 0.002 0.008 0.005 0.002 0.051 0.02 0
Ni 0.09 1.40 0.24 0.24 0.008 — —
Zn 16.0 319 21.1 3.64 0.234 — —
As 0.03 0.07 0.04 0.01 0.004 0.5 0
cd 0.002 0.30 0.04 0.06 0.125 0.1 6.25
Cr 0.09 0.14 0.11 0.01 0.001 1 0
Fok Cu 1.47 10.09 2.67 1.55 0.080 — —
Hg 0.001 0.005 0.002 0.001 0.023 0.02 0
Ni 0.12 1.05 0.25 0.18 0.007 — —
Zn 15.0 435 254 6.13 0.270 — —
As 0.04 0.13 0.09 0.02 0.010 0.5 0
cd 0.01 0.10 0.04 0.02 0.102 0.1 5.56
Cr 0.23 0.41 0.27 0.04 0.004 0.5 0
AR Cu 4.51 11.99 7.93 2.00 0.255 — —
Hg 0.001 0.004 0.002 0.001 0.026 0.01 0
Ni 0.29 1.71 0.59 0.40 0.019 — —
Zn 7.65 14.6 10.8 2.08 0.120 — —
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Fig.2 Box-plots of heavy metal concentrations in the study area
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SO BAEAE, AVl Fe®,
Ca™, Zn" %5 N B T 1538 5 THAED W ™ Zn,
Cu JERAED A K Fr S R0 R, RAED ST H A
—E R, i Zn, Cu 7E R AE Y vh Wl E ) 8%
ST AL Z R, As. Cr. Hg. Ni B9 & 5 2 BOH x4
AN, X EEE TR RSB RAED I As, Cr,

[ UG

FiRATEES As. CdEESL
WFFE X 133 As. Ni. Zn FHE 4 JEILE 5 TFe,0,. Mn
EREIEMC, WP As. Ni. ZnFEHELE B

£ IEAHOC (As il Hg MIEAH G ), 3R L 5E As, Cd.
Cuf TR & ki Sio, &
ALO, & i 3E inmi g hn . WF5E R M, £ ALOY
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Table 5 Pearson correlation of soil heavy metals with pH and oxide contents in the study area (n=113)

BIVES pH Na,0 MgO ALO, Sio, K,O CaO Mn TFe,0, Se
As 0.135 -285"  —0.087 0.175 -0.127 -0.209" -0.070 0.290" 0.382" 0.1917
Cd 0.162 -0.066 0.086 0.190° -0.305" —0.117 0.117 0.006 0.296" 0.396"
Cr 0219 —0.092 0.140  0478°  —0427"  —0.148 -0.016  0.123 06717 03207
Cu 0.056 -0.055 0.024 0.224° -0.391" —0.158 0.030 0.065 0.743" 0.509"
Hg 0.142 -0.189"  —0.039  0.159 -0.243"  -0.297" 0.121 0.052 0.245" 03117
Ni 0.128 0.055 0.012 0.602" -0.503" 0.078 —0.021 0.240° 0.775" 0.289”
Zn 0.158 0.116 —0.061 0.499" —0.494" 0.258" -0.021 0.303" 0.756" 0.426"

#*: P<0.01, 7E0.01/KF | AR, *: P<0.05, 7E0.057KF F BEH

YR AL R, S LR As. NI, Zn R G R
LR EAE,

WFFEIX 4 e 4 5 I pH KRB N IEM 5,
Vi ] 8 pH BOR, e B Sl . EEE A
A3 pH BT, R OCR YA AR, TR
PRI W REY R IR e R, BB
R E G TR E .

25 TE-RIEWRZCIEBRELNZIMER

WFTE XARAED) % Cd 15 3¢ (10 AU fie i, PRLIHEAR SC
HRHATHE Cd TR L —RIEM ARG TR
TERHAEHNER ., LEPHEGRITRKGET YY)

W, 32 BEHR TIZIT R A R0, TR AR WA L
PRS2 R AR £, il a0 + 38R 5509 pH. Eh, £
JLE (U Ca, Fe) 457N, SHHFSE Cd 7 + 3 — e f
Y RGER AR R R, 15 TR X
pH. & %L4) . Mn &2 5RAEY Cd &8 RZE 2
i) Pearson AH 3¢ Rk (% 6) . 3 6 A1, Br 1 1
Na,0. MgO. ALO,, K,0 5/KFf5. EKRFLIE Cd &
R BRI — B S HEAh, 138 Sio, 5K, K
ML Cd & RBR IEAHCER, HARTahs S57KH .
FORMLE Cd B ERMBE N R, Hrp + 15
pH 5/KF . 2138 Cd & & R B R B R, -
1 Si0, 5 E oKk Cd w4 RBUH M R B K

* 6 WRKX CdEEKRHS pH.EUMSEM Pearson HHXREFR

Table 6 Pearson correlation of Cd enrichment coefficient with pH and oxide contents in the study area

RAEY) pH Na,0 MgO ALO; K,O Ca0 Mn TFe,0, Se
KA -0.291 0.026  —0.129 0.062 0.189 0236  —0.258 -0.097  —0.307
K ~0.111 -0.138 0.001  —0.139 0039  —0.192  —0.174 -0.153  —0.201
AR —0.653" 0.008  —0.280  —0.398 0320  —0306  —0.553°  —0209  —0.455

*%: P<0.01, 7E0.0 17K [ B EHHIE; *: P<0.05, 7E0.05/KF | W FEAHK

13 pH 2 Cd LR E B EERNE,
RSN, H3ER T Fe®', M Fl H 45 JHES 1
Sy, R T Cd TR 7E L8 T AL A7 1Y E 4
15 1 HEXT Cd JT R MWL, 35 T Cd T &MY
AR WAE PR AT, Cd | AR . Bidk
Y IR R R 8 A T UE SN T AR A FH 8 3 b
K, A ML - e A Cd A I B8 i, Bt
38 pH Ay, IR AR B R AT B 0, HTRY e
AE IS5, 1 Cd B 455 15 42 [, 22 DIMER I & A
A sl 1R £ M Wi R £ 08 XAE e, LI A L
A Cd M TR (ZRR) A& Cd itk TR Cd B9 A
Bk, EPXT Cd BB AR, BT IX e R
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Characteristics and influencing factors of heavy metal accumulation in soil-crop
system in the karst area with high geological background of Chongqing

YU Fei, LUO Kai, WANG Jiabin, LI Yu, ZHOU Jiao, WANG Rui, YU Yawei, ZHANG Yunyi
( Chongging Key Laboratory of Geological Survey For Land Quality, Southeast Sichuan Geological Group, Chongqing Bureau of
Geology and Minerals Exploration, Chongqing 400038, China )

Abstract  Heavy metal pollution in agricultural soil has been attracted worldwide attention for its negative effects on
food safety and soil environmental quality, particularly in developing countries, e.g., China. Numerous studies
investigated concentrations of heavy metals in soil in relation to different factors, such as high geological background,
agricultural activities, industrial activities, mining and transportation. Generally, two different sources of heavy metal
accumulated in soil have been put forward, (i) heavy metals from human activities, such as agricultural production,
mining and industrial activities, urban life, and from other pollution, such as sewage irrigation, atmospheric
sedimentation and incineration, and landfill of domestic waste, and (ii) heavy metals from geological background
primarily due to the high content of heavy metals in the parent material itself, which leads to their accumulation in
soils. According to China’s National Survey of Soil Pollution, the soil in the southwestern area of China has been
heavily polluted by heavy metals, especially cadmium (Cd), and the high geological background is an important factor
leading to excessive heavy metals in soil. The heavy metals contained in soil is mainly derived from the primary
minerals of rock. In Southwest China, karst areas are widely distributed where trace elements are rich in soil, hence
presenting typical characteristics of high geochemical background. Therefore, soil ecological risk has gradually
attracted extensive attention. Heavy metals migrate into soil in various forms and then are transported through the food
chain, threatening food safety and human health. In order to investigate the effects of heavy metals in soil-crop systems
in the karst areas with high geological background of Chongqing, 84 sets of major crops (rice, corn and sweet potato)

and the top soil were collected from the south of Chongqing, and the concentrations of As, Cd, Cr, Cu, Hg, Ni and Zn
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and physical and chemical properties of soil were analyzed and determined. Accumulation characteristics and
influencing factors of heavy metals in soil and crops were analyzed and determined by geostatistics, bioenrichment
factor and pearson correlation coefficient analysis.

Results show that the average values of heavy metals in the top soil of karst area, which present different degree
of accumulation, are higher than those of top soil in Chongqing and China. Concentrations of Cd significantly exceed
the risk screening values for soil contamination of agricultural land, with the over-standard rate of 41.59%. According
to Chinese Food Safety Standard (GB 2762-2017), the contents of As, Cr, Cu, Hg, Ni, Zn in crop samples do not
exceed the national food safety standards, and the exceeding rates of Cd in rice, maize and sweet potato are 5.89%,
6.25% and 5.56%, respectively. Meanwhile, the bioenrichment factors of heavy metals in soil-crop system are all
smaller than 1, which does not indicate obvious enrichment. This result illustrates that despite high levels of heavy
metal elements in the surface soil in the high geological background of karst area, the levels of bioavailable heavy
metals that can be absorbed and utilized by crop are low. The pearson correlation coefficient analysis shows that the
accumulation of heavy metals in the soil-crop system is mainly affected by soil pH, soil texture and soil Fe and Mn
oxides. The migration of heavy metals from soil to crops is inhibited by higher pH, lower SiO, content and more iron

and manganese oxides in soil.

Key words Kkarst areas with high geological background, soil-crop systems, heavy metal, bioavailability
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