R E ISR 2026,46(1): 11~19 China Environmental Science

AMEYS H 25T W 1005 S IR R L R S B R R ARRFE (0], R EREERL2, 2026,46(1):11-19.
Li YN, Xia X Q, Yang Z F, et al. High background of soil heavy metals developed from carbonate rocks: issues about formation and risk [J]. China
Environmental Science, 2026,46(1):11-19.

BERREAEIREEECRSE R IR ZMRBEFE

RO S U R s T 2 AR T (L AR () ER R 5 P, BB 100083 s 2.4 1
B, WL BT 310007)

E: WM TR A BT Jo 3w SRR I Pih 6 32, LR A5 SRR RFAE S5 T, 2R GBI h 5 17 DG L o 4 ) i 75 3¢
WFSCIE . 2R SR IA A, %S o 5 TR 3 10 2 8 DR 2 S o XU R F) kA 2, B 45 5 G A 2 J A A R G R A 7 4 AE B A
BRI I L 0 3 S AR T R A A 2 WA P R S S R T B e P SR B L BRI SR A R R PR LR A
e T AR PR AL, 1 LA 5 R X, A A RV A v TR IR 5 A - IR A S5 S 4 P A AE RS 0 R, A P/ JUJE 2% ) A S S 3 G
AT T B EARTE SRS A G JEEAT DK A3, R JR A DG JRURG: 5 YU, R s A DA i e, i A SR 1 Ty 1.

XA L ESE: WITRT R IR TERUR: KEHHE

PESHES: XI131.3 XEFRIRTE: A XEHS: 1000-6923(2026)01-0011-09

High background of soil heavy metals developed from carbonate rocks: issues about formation and risk. LI Ya-nan', XIA
Xue-qi'", YANG Zhong-fang', LU Xin-zhe?, HUANG Chun-lei> (1.School of Earth Sciences and Resources, China University of
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Abstract: The research progress of high background of soil heavy metals related to carbonate rocks was systematically reviewed
from the aspects of spatial distribution, element combination, spatial coverage, controlling factors, formation process, and risk
characteristics. At present, it was generally believed that the main causation for the formation of this type of high background was the
“secondary enrichment” of elements in the weathering process of parent rock, that is, the leaching of major elements, e.g. Ca, caused
the relative enrichment of trace elements, e.g. Cd. In this process, iron and manganese minerals played an important role in the in-situ
concentration of these elements. From the geographical perspective, the hot and humid climate was conducive to the formation of a
higher background content. In general, Cd and other elements in soil developed from carbonate eluvium had the character of “high
background with low activity”, while in the alluvial areas formed by carbonate weathered materials, high acid soluble state of Cd
might have occurred with risks of activation under conditions such as soil acidification. With high spatial variation of soil heavy
metals in such areas, especially in the medium and small spatial scales, problems such as differentiation between natural background
and anthropogenic pollution, quantitative recognition of relative risks, and development of control measures for environmental
management, were required to be solved in the future study.

Key words: soil; heavy metals; high geochemical background; carbonate rocks; causes of formation; risk characteristics
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Table 1 Enrichment coefficient of carbonate soil relative to the national soil elements

JLHE Hg Cd Mo Se As Sb B U Bi F \
AR 2.26 2.07 1.99 1.86 1.70 1.59 1.54 1.54 1.52 1.51 1.51
JCE 1 Pb Li Co Ti Cu N Cr Nb Fe;05 Mn
GEEY 1.50 1.40 1.39 1.39 1.39 1.39 1.39 1.37 1.33 1.33 1.32
JCE Zn Ni TC W S Sc Sn Br Th Au Ce
HER 1.31 131 1.28 1.28 1.23 1.22 1.22 1.21 1.19 1.19 1.18
JLHE Tl Ag Y Ga Be AlLO3 La 7r Ge P Rb
EEST 1.17 1.15 1.14 1.12 1.10 1.09 1.08 1.08 1.07 1.03 1.02
JCH SiO, K>0 MgO Cl Ba Sr Na,O Ca0
R 0.97 0.90 0.89 0.81 0.78 0.53 0.39 0.33
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Fig.3 Probability density curve of Cd content in soils(or
sediments) developed from typical end—-members of
carbonate rocks
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Fig.4 Boxplot of soil As content under typical carbonate
background from southwest humid—hot regions to
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Table 2 Cd contentin carbonate rocks and their developing

soils in typical areas(mg/kg)

b HHad 14 Cd d g/ R
WP 0.05 0.23 4.6 [32]
TTBHAEIR 0.38 3.15 8.3 [32]
Ak 0.08 0.47 5.9 [32]
piglib5'e 0.21 1.17 5.6 [32]

Jbst 0.05 0.33 6.6 [33]
JUHg 0.46 4.40 9.9 [34]
JUHg 0.88 19.88 22.6 [34]
IR P 1.06 14.66 13.8 [34]
JUHg 0.30 3.64 12.0 [34]
JUPE N 0.20 6.54 32.7 [35]
JUEAN 0.15 0.43 2.9 [36]
AR 0.05+0.02  0.30£0.19 5.8 [37]

BINANEEK 0.12£0.04  0.83+0.25 7.0 [37]

i} 0.45+0.31 4.94+3.46 11.0 [19]

i+ Jura 1) 0.28 0.82 2.9 [31]
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Fig.6 A schematic diagram of the process of Cd and Cd risk

in sedimentary soils due to topographic migration
H SCHR[37]15 2%

5 RE

£F b 0 T LA RIS B IR e 3 X 0 Cd
S 0 AR T SO SR D I REA LR, 23 T AR
PRI A A 255 5T Y409 WD AT, (L R 5 SRR
B N7 85 7 T3 AAE LA 355 21 7 2k
51 HRBEFE NN RMIX 3 Jrik

SRR Cd SR S R A WA ST
DR AR 1, 24 7R 22 ) A 7 ) R 3% (K 0, 2
AR AR DR 3R, 2 A DR R A L S
N B, N RURETR T0 R R 0 (A AR
WAR 25 A AT PR B D, AR SORI v B
(RIX 73 SR TS ARFE MR 35 B RS A AR S fg B
AR, BRIV 2 D R AT 23 TR AR 38— [ 1 S A
e Fets DI A5 00 I AR 0 B3 8 S (A RPN A
DR B J 7 G 1M A e 1 X R A R, L
SRS AR KBS I3 A1 7% 5 55 15 G RE A7) T J i 2
ek Uik UAUR 5 3R A ABAE T S AL A AR 1
R S XIZINEEUZE M T E SRR SR
& AR RE IR ), S R S W o R T
YA R A AT P RS AR OC R B A 3 vT RE BOE 15
SRR SR T N A 0 )55 BT 0% IR 8RR ok
et L AUREE N DI S SR W W7
B AT K S A RO 350 458 e H 3R 5 1) 7



134

PR IREA K E LIEEGE

e T T B R XU AR 17

DGR, I 0 L8 S {8, W g 1k B A i o0 2
T S50 (2% 1) 3 A7 A R, AT 53 25 H AR T SR N A
LN 15 AT AL S 2% 3 45 B0 HoR 16k R 45 1%
TARRRME T HOR AT
5.2 XSTR /N TR AR E B RAE 75 R A% [R] T

R L R R AR A 1 s X AN
& JCF A B AT S AR e v LA D R ORI A
W5 5 T AR I H %) RIS A I LA AR R A ) 22 e
B, 13 Cd ZEiEPEAS by b B A 2 ) 25 SR R 2R 1)
P2 1 DR 22, S ] A0 325 8 A i i s DXl 4 KUK
RFAE? H AT IX 8 T T A PURIAR SR R AR X k.
A AR 30K 6 ) S8, S I gy 1% 1] 43 1% 6 IRV 43 A e i, AN
IR AR 22 B SCAESE bR N AR i X
39T A AU DX A, b R YA ORI, BA R
LY BURME ST IA BLOAR.
5.3 il A B P IR A B it R A s b

WA I AR T — A I I L
& J8 RS REAIE Sl 5 AE H TR R R R A A B R
B I RS o BN AR, 38 B R AR TR 1 L
JT A P AR vh 0 2 A LT B IR AU A
e LA SR 22 0 28 AL R 45 I (GB 156 18-
2018)HEAT A T by UG 457 42 1T fig dd Jile— 3B 43 T HiAS
REA Z5OR) ) ARYE T 4815 = AR Bk, ol e
DR R LT (AR T - 5 R 85 R B A v B
A AT PR BT A P YA R 0,

S 3T

(1] HE5EEX RS 22 R e R T SHE A ST h B 5
VHITE B (0], FREEREARTIR, 2020,33(3):718-727.
Tian J Y, Liu L, Wang Q H, et al. Application and influence of
mathematical statistics methods in the investigation of soil element
background values in China and the United States [J]. Research of
Environmental Sciences, 2020,33(3):718-727.

[2] Reimann C, Garrett R G. Geochemical background—concept and
reality [J]. Science of the Total Environment, 2005,350(1):12-27.

[B]1 iz b AR A A SRR TS SO AT BLR 4 &
WD [J]. RS RN 2R, 2021,37(12):1524-1531.
Wu Y J, Zhou Y, Yang M, et al. Analysis of application status and
countermeasures of soil environmental background values at home and
abroad [J]. Journal of Ecology and Rural Environment, 2021,37(12):
1524-1531.

[4] FRBED KBIEIE M ipetde, 55, (4 [ 135 BLRBLIR A A4 T/ ).
PNV R A 244R, 2017,36(9):1689-1692.
Chen N C, Zheng Y J, He X F, et al. Analysis of the “National Survey

Bulletin on Soil Pollution Status”[J]. Journal of Agro—-Environment

[3]

[6]

[7]

(8]

[

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

Science, 2017,36(9):1689-1692.

Xia X, Ji J, Zhang C, et al. Carbonate bedrock control of soil Cd
background in Southwestern China: Its extent and influencing factors
based on spatial analysis [J]. Chemosphere, 2022,290:133390.
IS S 40 H A TG R e T SOk R XU
TR (7], LHEEAR, 2023,60(5):1363-1377

Hu P J, Zhan J, Liu J, et al. Research progress on genesis, risks and
management of heavy metals in soils with high geochemical
background [J]. Acta Pedologica Sinica, 2023,60(5):1363-1377.
WA = A TR (7] PR S AR, 1997,(6):402-410.
Xie X J. A new strategy for mineral exploration [J]. Geophysical and
Geochemical Exploration, 1997,(6):402-410.

WAL R, BB/, A5 o [ XA R 2 B T R (7], 3
ER2FHR, 2009,30(6):700-716.

Xie X J, Ren T X, Xi X H, et al. Thirty years of the national regional
geochemical survey program in China [J]. Acta Geoscientica Sinica,
2009,30(6):700-716.

Li M, Xi X, Xiao G et al. National multi-purpose regional
geochemical survey in China [J]. Journal of Geochemical Exploration,
2014,139:21-30.

A e MBS AR R T R R AR T A R D).
2T 2%, 2019,26(6):128-158.

Li K, Peng M, Zhao C D, et al. Twenty years of national land quality
geochemical survey [J]. Earth Science Frontiers, 2019,26(6):128-158.
BNIR KRB R S A BE G S el DL R AL 22 1
WEFERHEL [J]. Ha# R4, 2021,28(1):308-317.

Xi X H. Big data science from informatization and modeling to
intellectualization: A new paradigm for modern geochemical
application research [J]. Earth Science Frontiers, 2021,28(1):308-317.
PR AT RAE, SMgIR. b [ R A 2% AR (M. 6500 AL,
2012.

Xie X J, Ren T X, Sun H Z. Geochemical atlas of China [M]. Beijing:
Geological Publishing House, 2012.

Xia X, Ji J, Zhang C, et al. The degree of soil arsenic background
enrichment by carbonate weathering is mainly controlled by climate in
large spatial scale [J]. Science of the Total Environment, 2024,951:
175868.

O AEXIFFILX) 7,5 M BUE VRS BN A R A DU h
[a) A2y [J]. Hhekib 2%, 2019,48(2):114-125.

Wang H, Liu X M, Liu F, et al. Constraints of geological lithology on
the spatial distribution of arsenic in surficial sediments of Guizhou
Province [J]. Geochimica, 2019,48(2):114-125.

Yang Q, Yang Z, Filippelli G M, et al. Distribution and secondary
enrichment of heavy metal elements in karstic soils with high
geochemical background in Guangxi, China [J]. Chemical Geology,
2021,567:120081.
LR 7E VoS
th AR AL, 2020
Hou Q Y, Yang Z F, Yu T, et al. Geochemical parameters of soils in
China [M]. Beijing: Geological Publishing House, 2020.

&Y N AN A I TR T S X R AE R
GE TG BBV SO AR 3R (0] A, 2023,42(1):71-83.

Yu F, Luo K, Wang J B, et al. Accumulation characteristics and

V5 T IR AL 2 SR (M. JE Rt HUR



18

o[ F

ST
5%

B

46 %%

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

influencing factors of heavy metals in soil-crop systems in high
geochemical background karst areas of Chonggqing [J]. Carsologica
Sinica, 2023,42(1):71-83.

Guo Z, Gu S, Li Q, et al. Carbonate mineral controls the transport of
Cd from tailings to surrounding soils: An example from Cd-rich
Niujiaotang Zn mine in Guizhou Province, Southwest China [J].
Frontiers in Environmental Science, 2022,10.10.3389/FENVS.2022.
1045093.

Wen 'Y, Li W, Yang Z, et al. Enrichment and source identification of Cd
and other heavy metals in soils with high geochemical background in
the karst region, Southwestern China [J]. Chemosphere, 2020,245:
125620.

Li B, Lin K, Liu X, et al. Mechanism of cadmium (Cd) enrichment in
the soil of karst areas with high geochemical background in Southwest
China [J]. Chemical Geology, 2025,673:122523.

AR TR RV A 50 5 5 R SR L R UR A S I
LTI A [J]. Hi2E T2, 2022,29(4):438-447.

Xia X Q, Ji J F, Yang Z F, et al. Control of parent rock types on
cadmium background in soils and sediments: A case study of Guizhou
[J]. Earth Science Frontiers, 2022,29(4):438-447.

OB AT A AN FIA R R AEY) Pb. Cd
i As V5 4R 50Tk 0T [J]. HEEERE, 2023,44(4):2252-2264.
Wang R, Chen N, Zhang E X. Pollution risks and contribution analysis
of Pb, Cd and As in soils and crops of different land use types in
Longyan City [J]. Environmental Science, 2023,44(4):2252-2264.

Liu Y, Xiao T, Perkins R B, et al. Geogenic cadmium pollution and
potential health risks, with emphasis on black shale [J]. Journal of
Geochemical Exploration, 2017,176:42-49.

WRESE, S W AR A, A5 PG R S G R TR UG T 3R G 3
HE [0 WA AT BRI AR, 2017,36(6):984-994.

Yang Z X, Peng B, Xu J Z, et al. Element mobility during weathering
of Lower Cambrian black shales in Western Hunan [J]. Bulletin of
Mineralogy, Petrology and Geochemistry, 2017,36(6):984-994.

Wang H, Li X, Chen Y, et al. Geochemical behavior and potential
health risk of heavy metals in basalt-derived agricultural soil and
crops: A case study from Xuyi County, eastern China [J]. Science of
the Total Environment, 2020,729:139058.

Gong H, Rose A W, Suhr N H. The geochemistry of cadmium in some
sedimentary rocks [J]. Geochimica et Cosmochimica Acta, 1977,41
(12):1687-1692.

LB NV DK SRR R Bh A R AR W LR IR
7T [D]. #iFPH: MR, 2022.

Liu W. Investigation on the enrichment/super—enrichment of cadmium
in soils derived from cadmium—poor carbonate rocks in Guizhou karst
areas [D]. Hengyang: University of South China, 2022.

Yang Q, Yang Z, Zhang Q, et al. Transferability of heavy metal(loid)s
from karstic soils with high geochemical background to peanut seeds
[J]. Environmental Pollution, 2022,299:118819.

THRERLX) ok 295 4 Y Cd BRIRER A R H L Cd e RSl
RGBS O] (D). TR, 2022,41(4):
533-544.

Feng Z G, Liu W, Zhang L Y, et al. Enrichment and super—-enrichment

of cadmium in soils derived from cadmium-poor carbonate rocks: A

[30]

1]

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

case study of Guizhou karst areas [J]. Geological Bulletin of China,
2022,41(4):533-544.

SOV T 1 S DX T e ) SR AL A A
RCMEWTSL [D]. FE 5T UREE, 2020.

Wen Y B. Study on enrichment mechanisms and bioavailability of
heavy metals in soils of high geochemical background karst areas in
Guangxi [D]. Nanjing: Nanjing University, 2020.

Quezada—Hinojosa R P, Matera V, Adatte T, et al. Cadmium
distribution in soils covering Jurassic oolitic limestone with high Cd
contents in the Swiss Jura [J]. Geoderma, 2009,150(3/4):287-301.

B ST, A, A [ R T e R A R A X Cd i g
FRAE Rk ()], AEASEEARA, 2018,37(5):1538-1544.

Luo H, Liu X M, Wang S J, et al. Pollution characteristics and sources
of soil Cd in the concentrated karst distribution areas of Southern
China [J]. Chinese Journal of Ecology, 2018,37(5):1538-1544.

Ni S, Ju'Y, Hou Q, et al. Enrichment of heavy metal elements and their
adsorption on iron oxides during carbonate rock weathering process [J].
Progress in Natural Science, 2009,19(9):1133-1139.

FEEEC 1T, 44 L G R IR AL 24 AT 0 5 R DY R s X BB V5 e (9], AR
ik, 2014,30(11):134-136.

Tian H C, Xu G Z. Geochemical behavior of cadmium and cadmium
pollution in Southwest China [J]. Modern Mining, 2014,30(11):134~
136.

BT VU S AL A W DX A 5 L o (R A 6 2
BB IURBIST [D]. BT PEEEAE B, 2018.

Miao Y Q. Study on the correlation between heavy metals in rocks and
soils and soil environmental quality in the karst area of northern
Longzhou, Guangxi [D]. Nanning: Guangxi Teachers Education
University, 2018.

Liu P, Wu Z, Luo X, et al. Pollution assessment and source analysis of
heavy metals in acidic farmland of the karst region in southern
China—A case study of Quanzhou County [J]. Applied Geochemistry,
2020,123:104764.

Xia X, Ji J, Yang Z, et al. Cadmium risk in the soil-plant system
caused by weathering of carbonate bedrock [J]. Chemosphere,
2020,254:126799.

EAE, 2% 5 KB 193, 55 IR 2 VA 1 4 Y A2 B 5
[J]. " EREFED H:HERERE), 1999,(5):441-449.

Wang S J, Ji H B, Ouyang Z Y, et al. A preliminary study on the
weathering and pedogenesis of carbonate rocks [J]. Science in China
(Series D: Earth Sciences), 1999,(5):441-449.

Wei X, Bai X, Wen X, et al. A large and overlooked Cd source in karst
areas: The migration and origin of Cd during soil formation and
erosion [J]. Science of the Total Environment, 2023,895:165126.

Suda A, Makino T. Functional effects of manganese and iron oxides on
the dynamics of trace elements in soils with a special focus on arsenic
and cadmium: A review [J]. Geoderma, 2016,270:68-75.

Gasparatos D. Sequestration of heavy metals from soil with Fe-Mn
concretions and nodules [J]. Environmental Chemistry Letters,
2013,11(1):1-9.

Zhu L, Qi L. Chemical forms of heavy metals in carbonate-derived
laterite and enrichment of its iron oxide minerals [J]. Chinese Journal

of Geochemistry, 1997,16(3):263-270.



134 PHER A BRIRER R TT T v S A AN USRI 19
[43] Yang Q, Yang Z, Zhang Q, et al. Ecological risk assessment of Cd and Petrology and Geochemistry, 2023,42(5):1164-1172.

[44]

[45]

[46]

[47]

(48]

[49]

[50]

(511

[52]

other heavy metals in soil-rice system in the karst areas with high
geochemical background of Guangxi, China [J]. Science China Earth
Sciences, 2021,64(7):1126-1139.

Lin K, Yang Z, Yu T, et al. Enrichment mechanisms of Mo in soil in
the karst region Guangxi, China [J]. Ecotoxicology and Environmental
Safety, 2023,255:114808.

Lin K, Li B, Guan D X, et al. Enrichment mechanisms of Cadmium in
natural manganese-rich nodules from Karst Soils [J]. Environmental
Science & Technology, 2025,59(14):7256-7267.

Ji W, Yang Z, Yu T, et al. Potential ecological risk assessment of heavy
metals in the Fe-Mn Nodules in the Karst Area of Guangxi, Southwest
China [J]. Bulletin of Environmental Contamination and Toxicology,
2021,106(1):51-56.

Ji W, Luo Z, Huang J, et al. Geochemical behaviors of heavy
metal(loid)s in soil ferromanganese nodules in typical Karst Areas in
Southwest China [J]. Agronomy, 2023,13(6):1602.

SR, BRI AR A5 T VBRI X S R R A % Lt R
AL [J]. A 244R, 2017,48(9):1594-1599.

Su C T, Huang C H, Zou S Z, et al. Element migration characteristics
of soils rich in iron-manganese nodules in the Litang karst area of
Guangxi [J]. Journal of Southern Agriculture, 2017,48(9):1594-1599.
Xia X, Yang Z, Li G, et al. Practicability of monitoring soil Cd, Hg,
and Pb pollution based on a geochemical survey in China [J].
Chemosphere, 2017,172:217-224.

Zhang M, Liu Z, Wang H. Use of single extraction methods to predict
bioavailability of heavy metals in polluted soils to rice [J].
Communications in Soil Science and Plant Analysis, 2010,41(7):
820-831.

Liu X, Zhang C, Yu T, et al. Identification of the spatial patterns and
controlling factors of Se in soil and rice in Guangxi through hot spot
analysis [J]. Environmental Geochemistry and Health, 2023,45(7):
4477-4492.

B e KROS5 R ST 5 R T S X A e T R )
TR w BN S B S HACE TR I (1], 07W0a A R 22 W 4,
2023,42(5):1164-1172.

Luo C, Long J, Liu C S, et al. Migration, enrichment mechanisms and

speciation transformation of cadmium in soil profiles in typical high

geochemical background karst areas [J]. Bulletin of Mineralogy,

[53]

[54]

[55]

[56]

[57]

[58]

S BOX] GRS R o DR - R
S JE B AT RN TR W AR AL (7). FRBERRY, 2020,41(1):
449-459.

Ma H H, Peng M, Liu F, et al. Bioavailability and migration/
enrichment characteristics of heavy metals in soil-crop systems in
typical carbonate rock areas of Guangxi [J]. Environmental Science,
2020,41(1):449-459.

9 WP R MO e T X LR AE ) R R G R R W R
TESFEHIFZE [D]. st E RO (E D), 2020.

Peng M. Migration and enrichment characteristics and controlling
factors of heavy metals in soil-crop systems in typical high
geochemical background areas of Southwest China [D]. Beijing: China
University of Geosciences (Beijing), 2020.

SRR ES ARHE D, R W, A5 T SRR 2 v M T SR X AR
GRAEA . N R R EIARE (1] SREIRLY:, 2024,45(5):
2995-3004.

Tang R L, Xu J L, Liu B, et al. Chemical speciation, influencing
factors and regression models of heavy metals in farmland soils in
typical high geological background carbonate rock areas of Southwest
China [J]. Environmental Science, 2024,45(5):2995-3004.

B BT IEE X g Cd St R IR E A S K S5 BE [D].
JemtH E A (IR, 2021,

Yang Q. Secondary enrichment, ecological risks and prevention of soil
Cd and other elements in karst areas of Guangxi [D]. Beijing: China
University of Geosciences (Beijing), 2021.

B TGRS R SR L KRR R R AR S
K3 [D]. PLRHDERIAE K2R, 2022.

Wei L. Enrichment characteristics and influencing factors of heavy
metals in soil-rice systems in high geological background areas of
Southwest China [D]. Shenyang: Shenyang University of Chemical
Technology, 2022.

Wang Y, Jing J, Li Y, et al. Bioavailability and speciation of potentially
toxic trace metals in limestone—derived soils in a Karst Region,

Southwestern China [J]. Water, Air, & Soil Pollution, 2025,236(3):169.

TEZ I : 20 Y(2001-), 4, BBV PHT A, Sk 2 (I 50
LRI, FEFTCT 1 A BT R 22.1090338118@qq.com.



