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Accumulation’ and Pollution Risks' of Hﬁa\’y Metals in Smls and Agrlcultural Products

from a Typgcal Black Shale R‘egmr{ w1th High Geologlcal Backﬁround "
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(1. Nor205 Geologl( al Team, Chongging Bureau of Geology.dnd Mmera $ Exp oratlon - Chongqing 401120, China; 2. Chongging Institute of Geological Survey, Chongging
401120, Chinas 3. Stafe, Key Laboratory of Environmental Ceochemlsfry, Insmute-ﬁf Ceochemlslry, Chinese Academy of Sciences, Guiyang 550081, China)

Abstract; Soil polluted by heavy metals (HMs) is an important emlronmental issue in China, and regional geological background is a vital factor that influences the
enrichment'of HMs in soils. Previous studies have shown that soils derived from black shales are commonly enriched in HMs and present high potential eco-environmental risks.
However, few studies have investigated the HMs in different agricultural products, which inhibit the safe use of land and safe production of food crops in black shale regions.
This study investigated the concentrations, pollution risks, and speciation of HMs in soils and agricultural products from a typical black shale region in Chongging. The results
showed that the study soils were enriched in Cd, Cr, Cu, Zn, and Se but not in Ph. Approximately 98. 7% of total soils exceeded the risk screening values, and 47.3% of
total soils exceeded the risk intervention values. Cd had the highest pollution level and potential ecological risks and was the primary pollutant in soils of the study area. Most
of the Cd resided in ion-exchangeable fractions (40.6% ) , followed by residual fractions (19. 1% ) and weak organic matter combined fractions ( 16. 6% ) , whereas Cr, Cu,
Pb, Se, and Zn were dominated by residual fractions. Additionally, organic combined fractions contributed to Se and Cu, and Fe-Mn oxide combined fractions contributed to
Pb. These results indicated that Cd had higher mobility and availability than those of other metals. The agricultural products presented a weak ability to accumulate HMs.
Approximately 18. 7% of the collected samples with Cd exceeded the safety limit, but the enrichment factor was relatively low, indicating low pollution risks of the heavy
metals. The findings of this study could provide guidelines for safe use of land and safe production of food crops in black shale regions with high geological background.

Key words: high geological background; soil; food crops; cadmium (Cd) ; selenium (Se) ; speciation
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Fig. 1 Location of the study area and sampling sites
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Table 3 Statistics of heavy metal concentrations in the study soils
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1) — 7 T U 0 £ o PR 5 £ _ | ' =/

BI04 T 4 R IS 1P A B IERIRE (P AfEmkh IS Mg el {Erztg;tma
<0.01,74) BEUNAECH LT I A ML, CRMCBAT) 4 T A8 R i 5 ToC 5 A%
P SIERGRIBHLREML D, WA ik (P<0.01), 5 g ALK 12 Sl P
e BT AR ERR, WTAE S B P P ARG T DU A T R e R A 4, S
A5 cd Al Gu 55 pH Iﬁ%nﬁaﬁ Wi T 0 VA TR O R K e B »a:,

G pH SO AT 4 R, I o 5 (170 3t PR AR T AR T M @y
pH A iﬂim(R’ 0.223, P<0.01 Em Jikiﬁu Hm T H R A, F
2 ,.“ - x4 ﬁﬁnl:iﬂ%i%}%‘és S5FER A SHER) Pearson mERY" 4
} ¥ 7 " Table 4 (,orrelauon coefficiénts’of* heavy—‘fﬁetdlb and soil properties in the study soils
T pHL TOC cd = o Cu Ph Se Zn
pH & 1
TOC 0.112°* 1
Cd 0.223* 0.283 1
Cr 0.122* 0.263 " 0.841™*" 1
Cu 0.126* 0.255* 0. 856 ™ 0. 885" 1
Pb 0. 088 0.285 " 0.430 ™ 0. 454 0.537* 1
Se 0.062 0.327*" 0. 696 ** 0.857*" 0.826 ™ 0.413 ™" 1
7n 0.109 0.269 ™ 0.905 ** 0. 808 ** 0.879 ™ 0.395 0.717 ™ 1
1) # FORTE 0. 05 ZLHIHIHE R 5 o FORTE 0. 01 ZUHIASHE 2%
SRR B AR M A3 TS G XU A 4 AR : L o s
HE(IAFT)) (GB 15618-2018) ™ 1 I, BF 5% X 24 (W o e ¢
98.7% LA Co MBI 47,30 VHeRe  ogace Rpd gethe ©
OB G F R e RaR ] [ o B fEln ge
£ S %o, o
IXURSE G E ALY o5 U F R BRI - Zn (48. 6% ) > 8 R g 8o o0 g7 oo
Cu(25.2%) >Cr(24.0%). W0 Cd RBFRK L % 1p o BeFod Pre Rl e
5 G XU F g R AR T e ). 4 PR 0 T 5 X ik Booes X8 o ° &S ° 3
MBI (A (SR | e B oy S
R A A5 F2 210 7 LAY N 1.3%, 51.4% A0 .1 (| S S
47.39% 3E 0% 1) ML - R IPAR B SR R
HEZmE (K 2). B2 BISRELECd FEREN %
{Eﬁ%?‘éﬁz E"JIEI%, I}/{E cd %ﬁ%ﬁﬁ%ﬁ*ﬁ;ﬁl\ ’Eﬂiﬁ Fig. 2 Classification of the environmental

le:i%ﬂiL_%ﬂ! Se %%E‘J ?j:‘ﬁE,:ti;%% a)(Se)—TFi’EME quality of Cd in the study soils
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(1.68 mg-kg_l)i@%?ﬂi%?@%m]%tﬂﬁgﬁm%
MR E Se BI{E (0. 30 mg-kg ") . HRTE A SR YE R
HB A AT B AR & il MR 2 S5 FR ) (DZ/T 0380-
2021) Y BFSE X AR YE I (pH<7.5) A H
93% 1 +3% w (Se) =0.4 mg-kg ™' (FEHE K 0.40 ~
17.4 mg-kgfl ,Eﬁt’j{ﬁ%j 1.78 mg-kg71 , N=294);
M TA BPE 3% (pH >7.5) @ (Se) =0.3 mg-kg ™'
(VG M 0.42 ~7.04 mg-kg™", FI{H N 1.75
mg-kg™', N=19).

W5 X+ 8 b R AR HOF- Y A2 LR
Cd(2.34) >7Zn(0.94) > Cu(0.37) >Cr(0) >Pb
(-0.74),Cd BTG4 KV, Zn IRZ B 3 (a) ].
RIS Y R 73 0 Cd T, KI5 4 T3 & el
2.20% A5 R PTG RN R 19, 8%, Hh RS Gt
ii o 20. 8%, HIE B E TG Y i LN 21, 1%, HE
15U HON 24, 0%, B S EMETS Y R 9. 60%,

8
(a) i BB #

6L —
5 4f !
" s
=S N M
Bk 2|
=

ol $

_2 L L | | 1

Cd Cr Cu Pb

Zn

W RE TS YL b7 HE R 2. 50% , HF 5T X 3 Cd 15 YL /K
SRR TR EMEE S, Xt Zn W, KI5+
Hi LR 13, 7% , Ri5 Y 2 RS 4 5 ol 40. 9%, T
B 31.0%, TEEEE B R AR
11. 8% , FFET5 4« UL b5 teoh 2. 6%, 3K )% T
FEV5 YLK, Cr Fll Cu 15 Y47k AR, Pb Joi5 4. A4
IS HE B E A AL R . Cd (365) > Cu(11.3)
>Ph(4.57) >Cr(3.91) >7Zn(3.69) [ 3(b) ],
T Cd NS THeEESRE, Mt H £ 4
SHEEs&REARERNES. X CdiE, 5%
DXL IR 76 XU 11 398 7 EL AR 1..90% , v 250
FERES &7 e R 15.70%, %5 i A8 KRS & e R
21. 7% , = VB AE KU 5 HE R 20. 4% 4 = VB AE KUK,
R 40.3% . HE 4 8 o £ 8 T 7E KUK, X
IR IX e 4 T A TS YR 2 R
S, B8 Cd 5T R 5 e

b (b) e A R
1000
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PR E

| | 1 L L
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Fig. 3 Geo-accumulation index and ecological risk index of heavy metals in study soils

2.2 WX R 4 Jm RAE IR SRR

XHRIFFE DX 30 {4 HL 760 + HEAE 1) £ 2 % B2 4 B
GER R, LE G FEUEFIRESAE
(40.6% ) , HUCHIRIEZS (19. 1% ) S AL A5
(16.6% ) , MERERZE 55 (10.9% ) | BRIREL 45575
(7.10% ) FIsR A HLEE G2 (4. 40% ) o LAY AR,
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FRIEA (61.5% ) fE1E, B A MLEE G A (22.7% ) Ik
2 A A (10.4% ) R Z. Pb EEIRAE T4k
B (56.5% ) KA A G5 (30. 1% ) IRZ. Zn %
HERHEA(T79.9% ) , A PLEE 5 (5.88% ) , Bk
HER(6.71% ) M AHMLE G (5.01%) 4 LA
UL, HAb T 25 7 e MG, Se = B AF T ok ik &
(54.6% ) A NEEEA(19.2% ) SHANEA S
(23.0% ) T, HEIEA &7 AR, SRS, AL
GG Se (5 tef i ; BRERZS A AT Pb By T
e, Cd, Cu Fl Zn ARIRFEAR s B85 S840 A5 T B IR
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Fig. 4 Speciation distribution of heavy metals in study soils

EEE A A Cd W 7 bR . wi A i R T
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TR, WSS SRR ER A A3 Cd 15 AR
38.22%, MM FP 454 2% Pb B9 5 HAL M 3. 70%, 57
WF5E X 3 E 4 R R A 0 i FRAE S5 RSB Cd 19
MR OKES B PSRRI S A5) b
oo, Ui H B 45 i B TR A 8l RRR SR i
Cr, Cu, Pb, Se Fll Zn DB Ny 3 iF 4 HE S FIER
BEiGPER A, AF9TIX R [A] 49 F 4 i R IR S A7
WIS 22 5, DL Cd ], B S48 0 5 Tl 21, 9% ~
57. 7% R IREL G AW AT LR 1. 01% ~ 17. 4%, 55F
PLAS SR & HN 10, 4% ~ 24. 4%, 1B X 5, - 338 by
BRI S TR A
2.3 WFSEDCR) T A AR S T G AU
SR X 4 Cd FHEE R &%, B Cd g
PERS R (EXT R ER P h EA R A (LB T
FIRIF ST 25 eI AR 5T IX A 7= i v 4 i 1 AR 1A
BAR(ERS) o 118 A7 i (5 L2497 40. 8%,
FEEK B b LUEMEAE) 1Y Cd (R TRLFR
(0.03 mg-kg™") ; 276 {F4 7= (15 H 21K 95.5% )
() Pb A TAGIIFR (0. 1 mg-kg™") . B4R ™ M Fhok

B 0(Cd) Fl o Cu) FE R, 53591 4,07104

mgﬂ:kﬂg— _l.*ﬂ 4;._,93 mg-kg K wof C;)ﬂlw Z_;p)’glz
Yy, ﬁﬂrj $3/0.19 mg-kg ™Al 13,9 g -‘kg'j!j,;
»(Se) VIELE SR EY h 22 TR0 5§<%’§nﬂ?ﬂ?é‘

%5 HRAKTERFRESEHELREHE /meke !

B XA &S5 YW BR ) (GB 2762-2017) B
AHEE, 9 M EORFEAR Cd a5 e W BR{E (0.1
mg-kg ), H N 11.3%, B HEME N 1.10 ~8.34
CE¥MEN 4.28) 5 17 PRE IR = M (5 6 1F,
B9 FAIZLEE 2 fF) Cd B T5 Je W BRAE (0.1
mg-kg ™), 5 LR 12.4%, B EREECN 1,01 ~2.80
CFHER 1.64) 5 8 FREFEA Cd i T5 Y IR
fH(0.05 mg-kg™ ), 5N 29.6%, & EMGE N
1.20 ~3. 80 (F-HMH 4 2.09) ; #5452 0. 1 mg-ke 'R
EATT, 20 AR FEREAS Cd B R, (5t 44. 4%,
EEMECN 1.06 ~2. TACFHEN 1. 64) . T A=
i EAS Cr A1 Ph BIANER AR, Hir AXHZ X3, 50 14 F oK
FEARBI L 2, w(Cd) (LT E) K 0.001 ~
1.36 mg-kg ™', BEAKHFR Ry 14% , FF KL Zn 75
Pffdr T SATIIE IS RAR DL SRR, B 5
DX AP i AL T2 42K AR = bR Bk Cd
AT ARER 24 9418 | 7%, WA AL TR AR R
(BB AR AR A, S5 BT 5 1 24 ol ng/L i ca
B LR g TR i 'Cd AR 5 4 FLE b el
i % % i A 768T 3 8 7S R T s R
[ 2= 1235- 508 RS i 5 5 R A o T
pH 4508 222 5 ELHG g 10 FH T o 5% 73 75 I R o
Cd R B . o~ S

-

‘A " 1 ‘ Table 5 Statistics of heavy metal concen.tr%;.tior_ls in collected agri;:ultural products/mg kg ~ !
JIH o A |2l cd o T Cu Ph Se Zn
i_.‘“ F/MA <0.03 0.03 0. 004 <0.1 <0.001 5 2.44
(/v—'i;) RRAH 0.15 0.10 2.22 <0.1 0.12 8.43
A 0.07 0.06 1.27 -2 0.01 4.15
- e/ ME <0.03 0.06 0.15 <0.1 0. 002 0. 49
(ff;) BRAE 0.19 0.19 0.58 <0.1 0.01 1.37
SEME 0.04 0.11 0.34 — 0.01 0.95
- e/ MA <0.03 0.09 0.49 <0.1 0.01 5.57
(N;SO) FEPNIE 0. 83 0.94 2.95 0. 14 0.10 30.3
A 0.07 0.19 1.25 0.05 0.03 13.9
_— I/ MH <0.03 0.03 0.15 <0.1 0.01 1. 14
(N =47) SEONIER 0.28 0.21 0.42 <0.1 0.18 9.10
EHIE 0.07 0. 07 0.26 — 0.03 2.64
- e/ ME <0.03 0.04 0.50 <0.1 0.01 1.05
a1 =
(N=42) SEONIER 0.24 0.24 1.35 <0.1 0.22 9.09
EHIE 0.04 0.08 0.93 — 0.03 1.84
- e/ ME <0.03 0.05 3.12 <0.1 0. 004 4.84
(A,X_z) RKRME 0.27 0. 30 7. 60 0.71 0. 16 18.4
BRI 0.10 0.11 4.93 0.11 0.03 7.50

1) AR TSI BRE A it ARG B 1 172 WRAE T3P 3918 5 2) —FRom ekt o

2.4 WIREIX LA SR IER RR S
UBIESEN

IR A R R R B BRI, T Cd
(0 e 2 PR AF 5T X -8 Cd Y & SRR s v, A
SCESERTT Cd 78 -4 i RGTRIT RS R A

L5 2. DA TR BIR A A 7 o Cd B AR
EEAB(BCF. LM Cd g ESHECd g8
o) K AR ™ ] & % Cd 1 4R R AL
g EA(0.128) > 1 5(0.064) > % [ (0.045) >
HEE(0.038) > FAE(0.033) > 218 (0.029) , #1k
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AR HTHE T TR 5 8 A RS RS 45 31
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