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Fig.2 Contents of heavy metals in soils developed from

different parent rocks (from ref. [9])
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Fig. 1 Sources and migration pathways of heavy metals in soils of karst regions
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Fig.3 Schematic diagram of element migration during weathering of carbonate rocks into soils
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HSE . EAT— PR, 7Y R W 30T DX R 7 T R
B 7 sk 5 B A R S Y o) B SE L K A k0
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Table 1 Heavy metal contents in soils of high geochemical background regions in Southwest China mg/kg

R b Hg As Cd Pb Cr Ni EE BTN
J7VG A b X 0.185 26.3 1. 004 47.8 147 38 [27]

BN B i) — 26.2 0.5 26.5 105 47.9 [12]

HPRAR L — — 9.16 54.9 344 93.9 [28]

T 7 v — — 0. 69 47.7 153 53.3 [29]

NI B — 626. 42 1.85 47.7 75 349 [30]

11 7 VG B — — — 30.5 119 57.2 [31]
T 0. 065 11.2 0. 097 26.0 61.0 26.9 [11]

T — RN T
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I35 R 75.58% . 82.93% 2. 78% . 46.24% . 32.61% .
4.35% 63.49% Fl 50.43%, As.Cd,Hg Fl Tl i 7%
PEAR 3 H 32 308 B0 0T 0 g BE DG, PR AR SR R
Kol T As Cd Hg #1 T1 35 4%, DL K HE %454k
FHIE

(1) B3R5 Y

F [ P R DX 7 T I KPP OR A Aty | b BT 7 5t
RO, R 5S INTR T S S B X+
R FEHEE(E2), Qiu R, M T K
R 1 32 )2 £ 3 ok & & S ik 790 me/ke, R
A T3, - 8 95 Gl AR A 5 AR v 2~ 3 MR 2R

F2 #AAUBRHBEXEIEIREE

Table 2 Total mercury content in soils in typical

karst regions mg/kg
SR B b £ e R OR W 22 3k
S WA R 0.41~610 [42]
SN LR B 5.1~790 [32]
B 55 )1 R B 13.0~2 100 [43-44]
BN P FE R B 7.66~33.89 [45]
FEN R 3.06~2 929 [21]
WP A5 oK B 131. 1 [46]
BN AR 1.9~15.98 [17]
AR FH i XU 97 28
2.4 GB 15618-2018

(6.5<pH<7.5)

- 5 rh i JC L oK RE B oK HY S AL TRUAE W e A
FEVEMR A T R TR VE W R K R BT
PP mA AT Y BE . R, v B e X 3 ok 1Y
L AL 1) SR SR T 5 B B . RS R B, ok Y R Bk
ACTE W) I8 % & A hgeA Fl hgeB A4~ 3& [H %, £ 45
B B (IRB) B AR £k i J5UEE (SRB) 17 H 58
e N L IE A oy P o A A
A A BE ARG M DA TE LR (He™ ) 19 A 9 T R
FAPERS ) Liu % 8798 T HgCl, |, nano-HgS | Hg-
DOM ,a—HgS Hl B-HgS X £ 3¢ v B 3 ok 7= A Y 5
W, &% ¥ 5 nano-HgS ., Hg-DOM Fl o — HgS #H IL,
HgCl, HAT S i B4 1 . b, pH 818 It
HLAL(Eh) A AL & i DL B B A i fe v i 1 32
R (SOT A1 Fe’ ) AL F bR (Fe™ A1 S*7) 254l & 5%
i - R LA A BN R T Ulleich %51 42
T B A PE T SR A Y AR AR R 5 e T R
R pH R VE—E R T B 7ok g Y AR AL
Wang 2V 4238 76 ~300 mV % 300 mV /Y Eh 3 [l
W, R B R BEE Eh Y T i T R A

(2) dHEd s Gy

VY R DX R e 2 1 M X S R TR

ey e X (R 3) . TR SIR)
WXl 2 B g AR AR X 4 S PR A iR S 520
mg/kg Fl 5 528 mg/kg, #8 H T A FH i+ 185 4 K
B AR e 2~ 3 N R g

- b A T DL AR AR (As (V) FIIE AR
H(As (D) B S fFAE, H As (1) 36 P F
As(V) PSS M 7 2 B BB N R S 0, 55 pH
Y o N B o N T S Y S R N 1 e B
T B [ A 0T W R X R - A T pH M —
FEEE DR T ARG AL, AN ERUAE A R TR
HLAH AT B H3E A R B L Al (MMA ) | S b
(DMA) F1 = F L (TMA) 07 it /P 3 Ak 7 0 75 7k
PIETF RALE, B TMA B #E R DY NIk, 4 5%
it 74 FH O £ R 08 A 8 B A b 1 B3 0k b R Ak
SRR T T e , A3 arsM | Waars M F
Ri MT—11 53 P g 4 270

®3 HAEHHFXELTERSS

Table 3 Arsenic content in soils in typical karst regions

mg/ kg
SR i £ + KR 2% 3k
WA TR X 22.8~2462.7 [54]
BN R 18.8~414 [55]
SRR PR IX 126.0~5 520 [47]
TV ST R 242.0~5 018 [56]
I VYR 2 1. 13~700 [57]
Bt AL 9.0~145 [58]
Bt i e 23~539 [59]
JUPE A 2~206 [60]
= AR X 25.0~5 528 [19]
A b R 9 35 1L
30 GB 15618-2018

(6.5<pH<7.5)

(3) - He4eis Y

FE R ) S A & TE 0.036 ~2.38 mg/kg
Z I8, BRI N 0.52 mg/kg ), TR 7 R X R
AR E RS (K4, BUFRHE ™ AE BN X
MR 2 4 B 0 X 2 H 3 h oA 8] + e de
N 1.04~4.69 mg/kg, #BH T =H 2~9 15, M
AR S DM R T X P A
48.7~375 mg/kg, fe im0 5 IR E B AT T
& 720 fi,

I AR AL EEZ A HLE Eh pH B
AR R A R Ak 5 b BR A A TR [ 9
PO pH Rt A B b i E
0 TETE v, A a9 T A AT RS Bk
il SE AW B TR T N A A A SR Y W BEE BB T, L RfE
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AE T 1€ pH A 3G i 4 g, FE PR TR MR, £
AT BIL IR B AL Wy X B AT o 1 T B RE T,
0 AT A4 i AL A 1 SR AR TR R X 114 TR RS
AE 77 bt 3 pHf% 3 ARG T o 3 ek 55 | 5 B0 1 A% 1
TRETE B P dR BT, 7 W TR DX A, £ 4 pH
e, PRI AT R AT 50 Y TR 48 i

x4 #AARFERESIHEESE

Table 4 Thallium content in soils in typical karst regions

mg/kg
SR A M A R Leis EEPUN
BN DL X 48.7~375 [63]
B X4 AT 34.54~268.71 [68]
T XA WAT 10. 1~290. 04 [69]
B 244 E g B 45.4~169 [70]
il BB & /NN 1.04~4.69 [62]
mEEES Y 0.08~3.6 [71]
= AL A T 0.55~2.54 [72]
PERE“ =L i bk 0.17~4.05 [73]
BB AT 7 X 2.25~93.17 [72]
M 7Y B 40.0~124 [74]
op [ 50 R 0.52 [61]
(4) T BEGRTE Y

I VY g XA PR B UR A T
R AR RIS R R M A E &
SR 3y e DX b AR S Y R RS (R 5) . Zhai
5T S T T G A DX 00 - A 1 A 48. 33
mg/ kg, 23 B A FH b A 49875 G XU 45 #4519 100
1%(0.3 meg/kg) .

Fie FEOK W P, A2 38 v 8 1 AT 43 SR oK i PR R AR UK
WHEm, KEMHERUES TIESHFEE, TR
Cd* .CdSO, .CACI" Fl CAHCO; 4 ; JE /K v M 4 3= %
B35 CdS ., CACO, B R B A s, A3 4T
i, SN A A YERR AT X TS G P OK S SR
F A TS SR A 5 R L ik 30. 9% , £
TIEPE R SRR . T pH AL R LA
&R EAY K LY A LB A ) R R e 1
BRRRAESHEERNEZT™ ) L5 pH B E
TIEFIRE BRI R, B W EME -
B p R s e Y ) FEREAET A AN cd i
L B 7 A5, R Cd N B SRS B A LR L 4
& SR Ak A5 3% TR T, DT | RS R AR A s B T
B IR AR, R R WA R R
fap X Cd™ A WG MR, PR a0k T A B g
TR DX B, 98 pH R, W REAE — R B L A
TG R

x5 #HAEHFXELEGEIE

Table 5 Cadmium content in soils in typical karst regions

mg/kg
SR B b + e 2% ik
BN AF A B IX 1.0~210 [77]
B M bk 3.47~18.32 [84]
BTN BT 0.15~278 [85]
Vi AR X 0.08~7.5 [86]
TR Y 4 T e b X 0.04~8.2 [87]
JUVGRE R AR IX 0. 085~100. 7 [88]
FENER S H BT X 1.61~162. 4 [89]
TV Y R AR AT X 3.8~26.2 [90]
oM SRR H R 0.1~9.5 [91]
T B R 0.01~48.33 [75]
Bt 2 ) 0.06~5.39 [12]
A% FH Hi X 9 2 1
0.3 GB 15618-2018

(6.5<pH=<T7.5)

SRR UL, b BT SR AT BT R S
F1%) ) VG g I S0 A DX R O R 9 R S B
JER Ry X T G A A KU
it e B 2 ~ 3 B g, HA Jm AE  E h R AE E
B RFEYES T pH ML W) 55 M Bk 1k 24 A B
WU, TR X L pH 78— E R E |
FEE G R IE S, E kX EE R
HE.

3 WEIR XA (T 4 R

PERE W5 T AR X+ R 4 RS e R BOREY
2 BN TR R BE 35 e, FB 4 X8R B SR A
SR R o A O SO R s e B
PR (GB2762-2022) H T fu i 1 B s 7 4

(1) RAEY) K A5 Y

E V5 e W& TR SR T R 3 X, A AE R OR
WAL (F6), PUTRYREE SN T IR
DB S AR OK v B R & i 43 O 0. 12 ~ 18 mg/kg
F10.04~1.28 mg/kg, # 13 (& 5 H 75 G 4 BR 2 A
HEY BT SR e KR T HEAY 12~ 180 FI 2~ 64 5, T
PR RS, SN SR X — ) 2 R0 45 )1 K RS A
R ORI SR 5 4 40 B Oh 0. 17 ~ 0. 23 mg/kg
4.85~8.14 pg/kg A1 0. 14~0. 17 mg/kg 6. 18 ~6.22
pe/ kg, BRSPS G P R B o
RGFRKRREEN S MHU L, HELERR, KA
HA R IR EHERNY . Qiu Y R, K
A DR 9 R OK rp B S OR B ol i 100 pg/kg, S
WXL EAEY A& B SR & R 10 ~
100 £,
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Table 6 Mercury content in crops from typical karst regions
HURE i 15, KILA 7K F5 ES B EEPUN
MR/ (mg/kg 0.04~1.28 — 0.12~18
il o/ (me/ke) [92]
IR/ (we/kg) 0.56~19 — 0.65~5.5
MR/ (mg/kg) 0.17~0.23 — —
FHIE 7L merke [93]
LR/ (ng/kg) 4.85~8.14 — —
BR/ (mg/k 0.14~0.17 — —
%)l A/ (me/ke) (93]
IR/ (weg/kg) 6.18~6.22 — —
MR/ (mg/k 0.078 0.002 3 0.13
1] m‘(mg g) [95]
ISR/ (ng/kg) 9.3 0.25 0.097
. MR/ (mg/kg) 0.002 3 0.000 71 0.002 5
B 7 MEEE [95]
3R/ (weg/kg) 1.6 0.15 0. 023
. MK/ (mg/kg) 0.005 5 0.001 9 0. 004
T B e [95]
35K/ (peg/kg) 2.2 0.21 0.032
BT YR/ (mg/kg) 0.02 0.02 0.01 GB2762-2022
. — RN THE
(2) A Yyt 5 Y 2.5%H 4.2% , ZEFEFFET ARG W R AT S

T [ 7Y Fg % 37 e DX A s e e U™ IR
HPRE MG & RS (£ 7)., KoLooE
3B )P R PR R K| 3 OK SR S b b )
4 0.001 ~0.359 mg/kg.0.017 ~0. 685 mg/kg #i
0.006~0.916 mg/kg, 5 & i H 15 L ¥ R & 45 HEAH
P, R OK | oK gk S R A R84 il 27. 8%

DX 2 JpK R K R AT 2 v i B & 4 oA 0.5 mg/kg
0.29 mg/kg 1 0. 11 mg/kg, YEWIREA HE bR K 43 51
100% .62. 5% il 40%

CIFR/EACES

R BT IR R RRAEY) , s 2R B
FRPHEEEER THRKX (% 8), Xiao %7

x7 AVBEFEREBREVHISE

Table 7 Arsenic content in crops in typical karst regions mg/kg
TURE: b 1 K R ESPS ENE 2% ik
ST G Y IX 0. 020~0. 629 0.003~0. 471 0.003~1.956 [98]
BN 24 X — 0.077~1.186 0.458~1. 441 [55]
B 24T 0.1~0.18 0.01~0.03 0.38~0.98 [99]

T8 i AR M XS % i — 3.7 4.6 [100]
WP B X 0.11~0. 84 0.003~0.23 0.09~0. 20 [97]
BT X 0.26~0. 85 0.26~1.02 — [101]

SRS 0.001~0. 359 0.017~0. 685 0.006~0.916 [96]
PO H I S X 0.87~1.43 0.11~0.69 — [102]
N SR AR X 0.56 0.12 — [103]
B S EKET X — 8.03 10.75 [104]
BTG YRR AE 0.5 0.5 0.5 GB2762-2022
T — R O
*8 HEEMEXBRENESE
Table 8 Thallium content in crops in typical karst regions mg/kg
TSURE Hb £ KA ESP/S ESRNe EE BN
BN A e 0.3~5.2 0.78~3.08 0.7~5.4 [108]
T SRR 0.0162~0.031 2 0.0183~0.028 6 0.114~0.59 [62]
B %1 1~5.2 0.78~3.1 120~495 [74]

PR R R — 1.03 [71]

Bt 7H R — 31.3~818 [107]
B A 1~5.2 0.78~3.1 0.87~5.3 [109]
HRXEY & 0.27 0.07 0.4 [74]

T — R m T
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i, SO MR T XK RS BRSO R TP A
9 M 0.27 ~ 5.2 mg/kg.0.05 ~ 3.1 mg/kg Fl
0. 4~495 mg/kg, 1M 75 5 XK FE | T K032 H
A EAUN 0.27 mg/kg 0. 07 mg/kg F1 0. 4 mg/kg,
RSN NN St h A= YL R = ¥ S (L
4E & LR Tia S HRE BN KR S0 X 4
S G L T & B s ik 818 me/kg, AE W)
wAERETFHE 10,

(4) RAEY 55 G4

TR TREV R XBAEY PSR,
R 2 B 2T IR 0 e R TR A T e DX R K A g
AR SR 9 0.02 ~3.61 mg/kg Fl 0.01~1.28
mg/ kg, BFR R N 88% F1 29% , 4 r s K
B, D0 )1 48 BH 45 75 G DX R K /N 22 v B it oy Sl o
0.011~1.809 mg/kg il 0.057 ~0.235 mg/kg, fx &5
B B B A s g W R bR o T AR
9 f5 A 1.5 £5

MAOKE  RETT M XIS IEY P ES R & &
bR G I U H R X R AR,
AR A A S R R L A P s R
EAAE 1~2 DN ECE R, RAEWE S8 & B is ]
B 51 & VG 1 W 30 A DX I N T 4 T 5 A B XU

4 IR DX A < B R A B
IR

Xt R OR 28 5% {8 3 KUK, Feng %617 1 Qiu
TR SN R A DX R A R XU P DA 2 SR
JE R BEOK H %% 5% & Fe M ik 1.8 pg/kg bw (bw:
body weight) , i H HE A& 2 21/t T3 20 20 & & 3 i 57
G L R Z 2 (JECFA) #HEFE M 15 H B 3E5R Ao ir 4
A (0.23 pg/kg bw)7. 8 %, 3 H & FH H 35Kk 15 4
FEARRZ A D E R Lok i ) EE R, 2R

P T AR R R B COR Y H AR
2374 0. 36 wg/kg bw , Ho A i3 & 5 YL SOK FEk 2%
WA R B EA A 50% ., Feng %" Xt 5t
M K50 X R A A SR, 0 X E Rk E
o ORI B m TR X R R

Xt T S T 2 R fee B XU Bl 3 0 4
VIR ST X R R H R EE i 1,26 pe/ke
bw,J& JECFA #4718 (0.3 wg/kg bw) 8 4.2 £, H.
KK TN 3 EE A AR, 40 B A
B 43.19%F1 27. 9% , Ma Z& " IRE WA G RE
FH Y bR oK 09 F- 0 i 2 H R EE 50 0. 82 pg/kg
bw , B F% X 375 G KOK A 8w 1 B0 KU Rk
e AR B0 KR

BEAL 50 ~80 mg Rk B A AE A BIEH =, KT
3 1 VG R o S R DX B e R XU BT A
I AT B, SN AR T 7E Lt 22N | AEAR
KT B R S WK T B A I T R
Bk 80% , BT AN [) B 3 Sk VK N 4 B K
SEREART A S 4 P R R A B X, A
PEA SRR T X B PR R A RS 1T IR 2 668
pe/L

R L/ R (NN R
EERERANMBEN ETERE, HPRELRE
PR AR B UR N P R AR R, T
RBEE R H F 8 AR 30.62 pg/kg bw, &
JECFA #EFFMH (25 wg/kg bw) 9 1,22 4% Hoh ROk
R PR ORI, STER RN 52.57%, W
4 U7X Y e b DX A T DX RN AR e XU
(PG 22 I £ 0 6 ok S 2y s AL 3 40 S0 K
(435 A 2. 727107 a™" 1 6.406x107" a™' | #B
USEPA f KAl 4232 K (1. 0x10™* a™") |

ZE L TR 3K E P R v R X R R —

x9 AEHEXEBREDRESE

Table 9 Cadmium content in crops in typical karst regions mg/kg

TSURE Hh 4 KA ESPS B LK EEB N
V1A R 0.011~1. 809 — — [110]
SN L A E X 0.1~0.11 — 0.63 [111]
) P R T g IX 0.02~3.61 — 0.01~1.28 [87]
) ¥ A6 N 0.01~4.43 — — [75]
M SRR X 0.4~1.8 0.32~0.8 — [101]
= AR RS AT M 0. 005~ 0. 046 0.003~0. 588 — [112]
BN LR G X 0.71 0.49 — [103]
PO H AR X 0.05~0. 65 0.18~0.65 — [102]
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Characteristics, Risks and Remediation of Heavy Metal Polluted Soils
in Typical Karst Regions: A Review

WU Caixin"?, ZHAO Bin’, LU Yiming*, WANG Jianxu'

(1. State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences,
Guiyang 550081, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. GuiZhou Geological
Environment Monitoring Institute, Guiyang 550004, China; 4. School of Petroleum Engineering, Yangtze University,
Wuhan 430100, China)

Abstract: The high geological background combined with non-ferrous metal mining has led to severe heavy metal pollution in the soils
of the karst region in southwest China, thus posing environmental and ecological risks to the region. This study mainly highlights the
progress of research on the characteristics of soil heavy metal pollution and human health risks in the karst region in Southwest China,
as well as summarizing the research work on the safe use of heavy metal contaminated soils carried out by Chinese and foreign scholars.
Accordingly, soil heavy metal pollution in the karst region in Southwest China has raised considerable health risks of heavy metal expo-
sure to the local residents. Implementing safe use of farmland is becoming an important measure to effectively reduce heavy metal con-
tents in the edible part of crops, consequently minimizing human health risks caused by heavy metal exposure. Based on the unique ge-
ological background of the karst region, more future research is needed to strengthen (1) the understanding of the mechanism of heavy
metal transformation in soils, (2) the health risk assessments of human heavy metal exposure and (3) the safe utilization measures of
heavy metal contaminated farmlands in karst regions. The knowledge will support and ensure the ecological health of the karst regions in
Southwest China.
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