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Enrichment characteristic and health risk assessment of heavy metals
in soils derived from black shale in Chengkou area, Chongqing

WEI Wei' LING Sixiang' ™ LI Xiaoning* WU Xiyong'

(1. Faulty of Geosciences and Environmental Engineering, Southwest Jiaotong University, Chengdu, 611756, China; 2. School
of Emergency Management, Xihua University, Chengdu, 610039, China)

Abstract  Soils derived from black shale weathering in Chengkou area, Chongqing were sampled
and analyzed for concentration and geochemical speciation of heavy metals to investigate enrichment
characteristic and human health risk assessment. The results indicate that elevated concentrations of
most heavy metals in the soils underlain by black shale exceed the national soil background values,

even the risk screening values, especially for Mo, Cd, As and Tl. The results of carcinogenic risk
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assessment model show that most of the TCR values of As for children and adults exceed the risk
safety limit; most of the TCR values of Cr for children and adults fall into the range of the risk
screening value and the risk safety limit, with a few TCR values exceeding the risk safety limit; all
the TCR values of Pb for children and adults are less than the risk screening value. Sequential
extraction of carcinogenic elements shows that As (92.53%—99.51%), Cr (89.22%—97.87%) and Pb
(62.59%—89.74%) in soils mainly exist in residual faction that is difficult to be directly available by
organisms, indicating that the carcinogenic risks from As, Cr and Pb in soils are negligible. However,
Cd mainly exists in exchangeable fraction (13.04%—36.82%), carbonate fraction (18.69%—30.11%)
and Fe-Mn oxide fraction (17.79%—31.07%) in soils, showing high bio-availability. Because the
total carcinogenic risk TCR values of Cd exceed the risk screening value, and some of the TCR
values are close to or even exceed the risk safety limit. Therefore, Cd in our studied soils may pose
potential carcinogenic risks to local humans.

Keywords black shale soil, heavy metal, enrichment characteristic, geochemical speciation,

carcinogenic risk.
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Fig.1 Geological map and sampling location of the study area
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T1 AR H R 23514 0.1, 0.02, 0.1, 1, 0.2, 0.2, 0.5, 2. 0.05, 0.02 mg-kg . MAh, R4 FARES: . EEAE
il FIAR I GBM908-10, MRGeo08., OREAS-25a F1 OREAS-45h e #E 17 B f f#3IE (QA ) Al i & # #1 (QC) .
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2)F 85 °C #HL 5 h, X5 A 3.2 mol-L ™' NH,Ac 1 20% (V/V) HNO; iR & T IR H#EHL 0.5 h; (5) 5%
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AT, #5331 As, Cd. Cr 1 Pb JTZ IR 554 103.59% + 3.63%., 87.33% +£2.08%, 111.25% +
6.05% Fl1 89.29% + 5.77%.

2 75 53518 (Results and discussion )

2.1 BOIUS KL I & R TR 19 F O IR

W X BT ML B E SR TR SRR L XL RS E SR TR R0 0 As
19.80—97.40 mg-kg™', Cd 0.05—13.45 mg-kg™', Co 1.50—47.40 mg-kg™', Cr 53.00—321.00 mg-kg ',
Cu 16.60 —171.50 mg'kg"', Ni 5.50 —461.00 mg-kg', Pb 15.80 —58.90 mg'kg', Zn 17.00 —
800.00 mg-kg™', Mo 3.86—107.00 mg-kg™', T1 0.60—6.68 mg-kg ™. XAk +IEFE N FE SR ICEN T H £
B (CV)H 36.78%—181.86%, 2= I XAk 1- 8 EAG R HOR 1 — 1) 5 42 8 o0 R Hb IR A~ 4 A, ik FpoAS 1) —
PE] A2 B 5 A A2 2 A 22 53 P IXUA DA R b 5 A R[] 5 . 5 3 ] 4 B85 Se (e AH L0, T fy 4
BERE ST As. Mo Al T1JC % A9 & s ¥l f +3% 55 58, Cd. Co. Cr. Cu, Ni, Pb Fl Zn JLE & il
B+ 49 75 508 A AE 5 HC 4 ) AT 3K 94%., 58%. 97%. 97%. 79%. 61% il 73%. X ik + 3+ As. Cd.
Co. Cr. Cu. Ni, Pb, Zn, Mo. Tl JCZ i F 2 & &8 48 2 [ 5005 5 4.2 1% . 243 1% 1.4 1%,
1O, 3445, 4145, 1A%, 2748, 24.0 % 3.7 45, 5 CIR I M 4= 3835 4 KUK 487 45 br ) (GB15618-
2018) AH P, -3 Cd. Cu 1 Ni JT 3 W73 & 2 4 T XU i3, Cd DT 3R P38 & i e 2 T X
BT (R D). FEEEER N, ERL AR R X 3 Cd U R A5 & 4B WLAREE. fln, 3 =1L
e 30 e XU AL L S rh Cd - 24 % i R Ik 4.94 mgekg ™Y, PG R R (0 5UE XL LD Cd 2y T ik
7.1 mg-kg "7, 5 [E B A 5T XL 3 Cd & i AR AT ik 20.1 mgrkg P, Fi b BCE KAE 1 Cd iR
Al 35K 20.4 mg-kg ', A SCEA T XL 3R Cd e R R S R RIRE AT 13.45 mgkg (£ 1), 1
TG 76 Ry ML DX A S S (R U A A

1 MTRXBOATARNCIEESFCEN T E (ngke ")

Table 1 Heavy metal concentrations (mg-kg™") of black shale weathering soils of the study area

As Cd Co Cr Cu Ni Pb Zn Mo Tl
CKS-1 62.50 13.45 19.50 99.00 146.00 301.00 52.30 554.00 86.20 5.57
CKS-2 25.60 0.09 4.90 65.00 28.20 17.00 25.60 37.00 15.65 1.16
CKS-3 33.60 2.74 15.00 95.00 60.40 122.50 24.60 244.00 49.40 3.21
CKS-4 52.60 11.35 16.20 321.00 171.50 126.00 36.90 426.00 75.60 2.69
CKS-5 24.40 0.53 12.40 78.00 30.50 51.00 17.20 101.00 19.80 1.67
CKS-6 25.80 0.72 23.10 84.00 38.10 71.90 19.10 117.00 22.90 1.79
CKS-7 26.60 0.84 17.90 86.00 38.80 58.80 20.00 124.00 22.00 1.76
CKS-8 30.20 0.35 9.60 93.00 46.40 43.60 20.70 64.00 25.10 1.72
CKS-9 51.80 7.53 33.30 154.00 169.00 461.00 34.10 800.00 61.00 6.68
CKS-10 51.30 0.97 17.30 77.00 118.50 98.60 28.00 223.00 3.86 0.71
CKS-11 32.00 0.05 1.60 86.00 30.60 5.90 23.90 17.00 11.00 0.62
CKS-12 4430 0.53 10.90 111.00 66.40 59.90 17.90 147.00 7.87 0.60
CKS-13 45.10 1.63 8.40 126.00 81.40 168.00 22.10 330.00 38.50 1.87
CKS-14 38.20 0.25 20.10 97.00 113.00 46.30 30.10 205.00 8.01 0.86
CKS-15 33.40 1.95 34.20 90.00 57.50 130.50 25.70 191.00 41.40 4.22
CKS-16 23.10 0.28 9.00 64.00 38.60 47.70 15.80 107.00 30.60 1.91
CKS-17 29.50 1.46 9.60 122.00 54.70 54.40 24.50 191.00 15.85 1.30
CKS-18 19.80 0.16 8.70 72.00 27.50 34.70 17.00 81.00 12.25 1.04
CKS-19 25.10 0.14 15.40 66.00 32.50 46.90 22.10 96.00 9.66 1.21

CKS-20 23.90 0.49 9.00 96.00 33.00 23.10 28.00 65.00 8.13 0.71
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i1
As Cd Co Cr Cu Ni Pb Zn Mo Tl
CKS-21 97.40 0.20 2.70 129.00 163.00 47.60 28.40 33.00 7.78 1.23
CKS-22 43.10 0.08 1.50 90.00 61.60 5.50 58.90 18.00 20.80 0.93
CKS-23 30.20 1.11 21.20 87.00 47.30 124.00 19.80 196.00 41.60 3.48
CKS-24 26.40 0.50 17.70 79.00 42.80 94.20 16.40 138.00 25.00 3.49
CKS-25 58.10 1.35 36.60  127.00 71.40 136.50 19.80 186.00 107.00 5.36
CKS-26 24.60 0.90 16.80 85.00 41.20 98.40 19.00 150.00 28.70 1.97
CKS-27 30.80 0.10 8.00 53.00 24.10 21.70 40.00 52.00 7.57 0.69
CKS-28 32.80 0.06 3.30 71.00 34.90 9.80 31.60 25.00 9.04 0.62
CKS-29 87.40 0.43 4740  117.00 163.00  241.00 39.00 459.00 15.90 1.04
CKS-30 25.50 0.10 1.90 93.00 16.60 7.10 25.10 19.00 7.58 0.61
CKS-31 28.30 1.83 20.80 99.00 63.10 60.80 27.50 139.00 12.35 0.87
CKS-32 52.30 1.76 19.00  131.00 79.80 149.50 24.10 244.00 46.20 4.93
CKS-33 39.60 2.02 2440  106.00 80.60 210.00 24.60 358.00 57.20 433
e/ ME 19.80 0.05 1.50 53.00 16.60 5.50 15.80 17.00 3.86 0.60
B KH 97.40 13.45 4740  321.00 17150  461.00 58.90 800.00 107.00 6.68
FEIE 38.65 1.70 1568 10148 68.85 96.21 26.66 185.97 28.83 2.15
CV(%) 46.45 181.86  68.84 44.81 67.71 99.90 36.78 92.93 87.22 78.67
A R 9.20 0.07 11.20 53.90 20.00 23.40 23.60 67.70 1.20 0.58
XSS B 1 (! 40.00 0.30 — 150.00 50.00 60.00 70.00 200.00 — —
XSS o (! 150.00 1.50 — 800.00 — — 400.00 — — —

o9 T HEELULAY S e XA - M T 4 T 3R B RS ARAIE, AR SOR AT TR BUE R (o) R BEATIEAY, 31
BTN 3D PRt
Cn

[geo :logZ(ﬁ) D

X, C, RS TP R TR B SN ; B, 6 Jm ou B A ER AL 1 SR, AR SR A v [ 4
HAREP NS IR 815 T AE AR B ST Sl A5 . 75 3 55 030 3 R B2 I,00<0, AR5
B3 0<lyeo=1, BRPEVG Y3 1<Lyoo=2, TP EETT Y5 2<Uyo,<3, " R H JE 15 Gt 3<Uyoo<4, FJE TG YL; 4<U, <5,
JE BMSETTYY; Lyeo>S, PIETTHE.
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Fig.2 Geo-accumulation index (Igeo) values of heavy metals in black shale weathering soils
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AE 38 T i 4 B T R Y Lye, TN : Mo(3.51)> Cd(2.44)> As(1.37)> T1(0.91)= Cu(0.91)>
Ni(0.76)> Zn(0.27)> Cr(0.24)> Pb(—0.49)> Co(—0.53). H UL A UL, KUk 44 Mo Je % ok 8 B V5 ek
F, Cd TR IR PP B E BTG YK, As SRR T BEIS Yok, e n R TR R ERE
T Y P, DA 25 S 2 B4 11l DX P 0, 0 AUk 3 R R AIE TS 440 ) Mo, Cd. As I TL
2.2 B TUA AL 11 4 JE T R 10 B0 RS PR

N A R XS PEA AR A 2 1 92 [ A AR 4 B B 0 1, FH TR0 PR B A o rp ¥ e i A 2K i fde
DRV B4 AT BEAE Y, T3 T BB A JoT 4% 28805 0 A N 2K At R IXURS: TP A1 0 3%, A S F2 A 0 3
& JBITER As, Cd. Cr Al Pb HEAT LA FILEE /Y 250 KU PP, IZ PP B R TR . NSNS + e 4
JE T 1Y 7 5 Y 3 32 EALHE H 8% A (Direct ingestion) . [T £ A (Oral inhalation) £ 57 ik 7 15 ( Dermal
absorption) 1 3 Pl 4. M4 28 B A BE ORI 8 45 h T3 7 A SR AN R B iR 2 N AR FE &8 T
W BUREPE H 32 A0 & (CDI,) , B M H £ AR (CDL, ) 3fe LUAH I (9 &4 3 H  (CSF) 45 2 Bk KUK
{H (CR), U XU (8 20045 21 B S0 XU (TCR) . 38 5, 107 F1 107 43591 hy Ziofe JXURS: 5 10 {5 Fn 22 42 B,
CR<10" 7~ 1] Z W& Y BUE AU, 107°<CR<107* 7R 1] H2 32 19 308 KUz, CR>107* R AN nl 237 1 3508
JRUBS 2. S0 XU PPN 7 i A 3K (2) - (5) i

Cx1IngR,,; XEF »

CDIingestion-ca = T x 10 (2)
CxEFXETXED
CDIin alation-ca — “HT o~ A . Ao 103 (3 )
halat PEFx 24X AT,
CxABSyxEFXDFS,;
CDliermatca = x 10 4
ds 1 ATca

TCR = CDIingestion»ca X CSFingestion + CDIinhalation»ca X CSFinhalation + CDIdermal-ca X CSFdermal (5)

AT S AT SO SCRIUEL 7331 4035 2 FH5E 3 .
R2EFRER AR S

Table 2 Parameters for health risk assessment model

3 p e
i M;rii(ng \ézl{ﬁe Re?:r/ice
ABS, 4B TR I B R AsH0.03, H'EICE #10.001 [39]
AT, Hom kRN E (d) LTx365 [40]

C THEE SRR S & (mgkg™) _
DFS, - R R 362 [41]
ED FRRIREEmE] (a) JLFEFRA ST 56130
EF FREEIE (da™) 350 [40]
ET FEFRIE] (hed™) 24
IngR,; FEAE I IR 1) T3 AR (mg-d ™) 113 [41]
LT A (a) 77 [42]
PEF BRI (m’ kg ™) 1.36x10° [39]
x3 RIS PEABE 4R TR S BB (mg kg 'd™) ™
Table 3 Reference values of heavy metals for health risk assessment model™”
TR CSFingestion CSFinnatation CSF ermal
As 1.50 1.51x10 3.66
cd 1.50x10 6.30 6.00%10?
Cr 5.00x10™" 8.40x107 2.00x10
Pb 8.50x107 1.20x10° 8.50x10°

A 57 B4 T EABITR As, Cd, Cr, Pb X JLHFALA B BUE M XS PFN 255 a3 s, w]
LA, X TR &g, JLEX THURICER As 1Y CDI,, RI N B HAE A BRI 11 S A b
F Cd. Cr. Pb (1) CDI, FI A EILREAS T A >R R BT T X 88T 1Y CDI, AR BN F
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AR AR BRI > 10 B AL PR, AR AR R X S B A BT R AR R A, K
CDI,, Fb 2 JP W 50 A 11 B A v LA B . 3 FILE AR, LS O B ABUR E 4SBT R
CDI,, & KT MO, 1528 B 45 35 RZ JI W i i CDI, 5 i AAH ] %t T AS ] 552 52 1 48 7 A il B0 XL
K, As JTTE A T L 1Y CR R I Ry H 8 A >H B A > B2 BRI, 1 Cd. Cr. Pb JLER X T JLE R
CR B B R A B BRI > 11 8 A5 As, Cd, Cr, Pb JCE T T A K CR AR BN B H AR
JOR W > 1 5 W L)L 28 2 0 R B R R A 380 o 4 R T R 1 CROFIBR AR [R], 17 28 F S e A
CR &5 H A LA B 2.

7 JLE CChildren B A Adult %/ JLEChildren A Adult
34— S —
10 L;M As cd %BEP Cr Pb 104 éfg As|[<+  cdll-. o Pb
e 107+ e
107+ X % 22 X X % %
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Fig.5 Geochemical speciation of As, Cd, Cr and Pb in black shale weathering soils
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