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Ecological and health risk assessment of heavy metals in farmland soil of
northwest Xiushan, Chongqing
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(Chongqing Key Laboratory of Land Quality Geological Survey, Southeast Sichuan Geological Group, Chongqing Bureau of
Geology and Minerals Exploration, Chongqing 400038, China)

Abstract: In order to understand the heavy metal pollution of farmland soil in northwest Xiushan, Chongqing, with quite a lot of
mining activities, the authors collected 386 surface soil samples, analyzed and determined the concentrations of As, Cd, Cr, Cu, Hg,
Ni, Pb, Zn and Mn and evaluated the soil heavy metal pollution level, the ecological risk and health risk by using the geological
accumulation index, potential ecological hazard index and health risk assessment model. The results show that the average values of
9 heavy metals in the surrounding soil of Xiushan mining area are higher than the soil background values of Chongqing, showing
different degrees of accumulation effect. The concentrations of Cd and Hg significantly exceed the risk screening values for soil

contamination of agricultural land, with the over— standard rates of 75.2% and 44.6% respectively. In the soil, Hg pollution is
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relatively serious, and its pollution level is medium pollution or heavy pollution, Mn, As and Cd are generally light pollution, and
the remaining heavy metals are basically pollution—free. The potential ecological hazard index shows that Hg and Cd are the main
ecological hazard elements, Hg ecological risk is mainly strong to extremely strong, and Cd ecological risk is mainly medium. The
heavy metal health risk assessment results show that children are more susceptible to the heavy metal pollution. There are no
significant non—carcinogenic risks for adults, children however show significant non—carcinogenic effect, and As and Cr are major
non— carcinogenic factors. The carcinogenic risks for adults are acceptable, individual soil samples have carcinogenic effect on

children, and As has a relatively higher carcinogenesis risk.
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Table 1 The element analysis methods and detection
limit (mg-kg")
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Table 2 1., index and the criteria of pollution grade
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Table 3 Indices used to assess the potential ecological
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Table 4 Exposure parameters for the heavy metals
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Table 5 Reference dose and slope factor of heavy metals
to different exposed ways
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Table 6 Concentrations distribution of heavy metals in the study area
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Fig.2 Box—plots of heavy metals concentrations in the study area
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Table 7 The classification of heavy metals in the soil based on the Z.,

T R .1 . S—

Toigge Bi5d sy g EEYR E-WREEE WEG
As 0.760 9 58 27 3 0 0 0
Cd 0.302 32 49 14 2 0 0 0
Cr -0.453 95 2 0 0 0 0 0
Cu -0.074 63 34 0 0 0 0 0
Hg 2.33 3 17 26 21 17 7 6
Ni -0.430 90 7 0 0 0 0 0
Pb -0.035 57 40 0 0 0 0 0
Zn -0.145 74 23 0 0 0 0 0
Mn 0.213 38 49 9 0 1 0 0
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Table 8 Potential ecological risk coefficient for
every heavy metal in the soil

- - Py
B AN T ® mm mE
As 5.9~116 83 13 1 0 0
Cd 24.1~243 23 55 17 2 0
Cr 1.17~3.87 97 0 0 0 0
Cu 3.52~13.4 97 0 0 0 0
Ei Hg 38.5~17470 1 5 23 28 40
Ni 2.21~11.2 97 0 0 0 0
Pb 5.35~11.8 97 0 0 0 0
/n 0.887~2.11 97 0 0 0 0
Mn 0.819~32.8 97 0 0 0 0
RI 105~17583 4 29 33 19 12

SR BEBRAA K, 2 NBA R TR S E ISR
DB 9 R B R AR . AN TR HE 4 A B0 KU Hh s 3
%4 As>Cr>Pb>Hg>Ni>Cu> Cd>Zn, & 4 J& LIk
QYN g = e < N el W - B ER I D G N
PR o AN AE AR BO8 AR . L 4 )8 50X
55 = @3 =i W N [ Y LU R 13 e N 1 N |2
0 A R AURS: S48 B B ME R 0.197, e RAE N
0.762, F BB X £ 1 X 8 Fh d 4 J&@ X g A AR
Hom R R/, T 2T, L 4 R
U B AR RO HIE A 1.34, 5 KAH N 5.26, £HZIX
+ 5 4 XL HA AR BUE R . MRS
I ARG AR BT S (ARG B L B (11 4) , As  Cr 2 Aiff
FEIX E e AR EUE R T U LE AR R
(A E SO fEE U, N a2 o0 2 KU BT IA

Fog (g B RS PEAN AR LEE 1 [F]— T %
AN 7] 2 58 3 42 B0 AR R FE R BN CRu>CRum™
CRu, BUR IS KM 5 R R IR R B AT 1 EE S
9 XU 7 B As>Cd>Cr>Ni, 15 As JTC &
0w K B o L2 20 KUK A48 £ 34
H43 510 1.89x10°F1 5.09x 107, 4L T 10°~10" Z 1],
VLB BRI X 4 TR 5 R 1 B0 A KU v T
FEAZ BT 25 [ BPA $2 4 1 - 38 34 3 5 v 1
107, B XU S8 B A8 A, AL 533
H7.62x10° F12.06x10*, JLEAEM AT 2320, &
L As A N HABTE S, K500 A&, 4
A B3RS 0 LB B0 XU B8 E0H HYE L B AR
R 4.12% ;3 DFES Y As BUR XU T8 B0 H 5
FEBR A 3.01% ; HoAx 3 Fh i 4 s o KUK 48 £
KABH IV, i, % IX - s 4w Xt JL#
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Fig.3 The spatial distribution of total potential ecological grade
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S R 5 G XA A 3 T PR A
U FE ) F IR 22—, Tl X T DCORIER B

PP g R =T (L N | i | oy i Y |
Kk AR I 4 JE He P B m T E KT =1{E,
O B E 5 Y4, Mn ., As . Cd .32 B 7355 30
S (TS YRR B AR G . SR B 5F (201 D) BFSE
RIF INE L & RA TR T804 /K 35 % 5]
Hg 15 4%, 13 Hg St + 858 — Gubri (Y 2
o H/NMEAE(2014) K IR AR T DX ] 3 R A
M 49 5052 81 Mn . Cd PIFP e 4@ 15 4% , 07 i e |
J7E A e H R EAZ 3] Cd 5 5L,

HAT, 23 E SR E 2T ETASK
6 e B XU o A 725 XU, 2 R B3 14 1 SR 78 ALk
NS5 Bh5 | i A 25 R G 4 Al L 5 P Y AR T SR 3K
REYIe WA B AT el . 75 1 g db e 1+ 3
Mn.Cu.Zn Pb A2 KK 5 5 /M4 (2014) AF 5T 25
Je—2, 1 CAA AR 2R, A Cd AR LA
iR, W /INA NI IO A TR AR SR ol 5 1Y
A S AU o 33X I %2 T T O 9 6 FH A 2 LAl
R FEY, #E/NMAE R TP E SRS 5
YA 15 5HE (Cd, 0.079 mg-kg') , HA S8k
et UA AN [, D DX 5 {1 O R S ke - S 52
PRIGo . ZEH0(2014) AN TR H £ TR A RTIX

R tESSLEFFETFHEEZEEA0 mg-kg '*d?)

Table 9 Non—carcinogenic average daily exposure doses of heavy metals in the soil

ADD,,, ADD., ADDiem ADD
DN JLE [DUN JLE BN JLE IIIN L
As 3165.74 22618.15 0.34 0.62 15.29 29.29 3181.37 22648.06
Cd 99.24 709.05 0.01 0.02 0.48 0.92 99.73 709.99
Cr 13892.94 99260.22 1.48 2.74 67.10 128.54 13961.52 99391.50
Cu 6129.08 43790.14 0.65 1.21 29.60 56.71 6159.33 43848.06
Hg 200.43 1432.02 0.02 0.04 0.97 1.85 201.42 1433.91
Ni 6102.45 43599.89 0.65 1.20 29.47 56.46 6132.57 43657.55
Pb 7056.55 50416.61 0.75 1.39 34.08 65.29 7091.39 50483.29
Zn 19010.31 135822.06 2.03 3.75 91.82 175.89 19104.15 136001.69
ADD 55656.74 397648.14 5.93 10.96 268.82 514.95 55931.49 398174.06
10 TEAs.CAd.Cr.NiTEBEFHREZEEA0 mg-kg'-d")
Table 10 Carcinogenic average daily exposure doses of As, Cd, Cr and Ni in the soil
ADD,, ADDiy, ADDerm ADD
DN JLE BN JLE A JLE BN JLE
As 1100.00 2980.00 0.12 0.17 5.31 7.75 1100.00 2990.00
Cd 34.50 93.50 0.00 0.01 0.17 0.24 34.60 93.80
Cr 4820.00 13100.00 0.51 0.74 23.30 34.00 4850.00  13100.00
Ni 2130.00 5780.00 0.23 0.33 10.30 15.00 2140.00 5790.00
ADD 8090.00 22000.00 0.86 1.24 39.10 57.00 8130.00  22000.00
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Table 11 Non—carcinogenic health risk index of heavy metals in the soil

o ‘ HO,v: ‘ HQOu ‘ HQem ‘ HO
[N JLE DN JLE DN JLE (DN JLiE
As ISONE] 4310.57 3079751 9.19 16.98 20.82 39.88 4340.58  30854.37
T 1055.25 7539.38 2.25 4.16 5.10 9.76 1062.60 7553.30
2PN 38.32 273.80 0.41 0.75 7.40 14.18 46.13 288.74
«d “FHME 9.92 70.91 0.11 0.20 1.92 3.67 11.95 74.77
IZINI:L 810.34 5789.61 10.16 18.78 156.56 299.90 977.06 6108.29
“ P E 463.10 3308.67 5.81 10.73 89.47 171.39 558.38 3490.80
2PN 27.77 198.41 — — 0.13 0.26 27.91 198.67
« S E 15.32 109.48 — — 0.07 0.14 15.40 109.62
He I ONE] 1689.22  12068.92 0.18 0.33 116.56 22328 1805.96 1229253
T 1E 66.81 477.34 0.01 0.01 461 8.83 71.43 486.18
Ni IZINIEL 69.39 495.74 6.43 11.89 8.38 16.05 84.20 523.67
XA 30.51 218.00 2.83 5.23 3.68 7.06 37.03 230.28
- RRE 319.80 2284.83 0.03 0.06 10.20 19.54 330.03 2304.43
A 201.62 1440.47 0.02 0.04 6.43 12.32 208.07 1452.83
- RRME 9.74 69.56 — — 0.05 0.09 9.78 69.65
TIME 6.34 45.27 — — 0.03 0.06 6.37 45.33
1o PN | 7275.14  51978.38 26.41 48.80 320.10 613.18 7621.65  52640.36
FHME 1848.87 13209.53 11.02 20.37 111.31 213.23 1971.21 13443.13

PR S H R AUTRD 2 lem 9 TN - M 4 s A A KU
S B4 A BRSSO AR 58, IR
PN TR T 2 T BT e AR 2SR i
PHRBIFFE 34 e A2 X AP A T A A 25
SRV N R A R A T T s GR B

i e DRURSE 2 N B9 A i R v, AR A2 A
NHERIENEZ IR, SN BN ik U
Je i AR R G R T REPE . W58 DX - i 4
Jo 3o N A AN BLA A o MU XU, Xt LE B

R S0 AU A0 KU , 26 B L35 3 5 22 3]
S Jm 5% S5 (2016) Jia et al. (2018) ZEHF 5%
gERARAT, AT e f T L il - S A ML 2 T £ i
G T HVFIXTH AR T B0 . %X As | Cr fHERRE UK 55
K, 3K 5 40T 1) BV XA 25 R — B (R R VT %
2016) , BT Al X 3 As  Cr Ry FEAEHUE A T,
WP ik A2 B0 RS Cr JC B, i A Hofth g 23t
TImr5E . JEA (2016) 7EPF-H 9/ 4 5 R T 122 A i
A HH A 18 i 4 Jm KU A, 2 BE As 2 P B M R

R12TESEEE As.Cd.Cr NiBUBERXKEIEH(10°)
Table12 Carcinogenic health risk index of heavy metals(As, Cd, Cr, Ni) in the soil

EoR ‘ CRug CRu ‘ CRum ‘ CR
DN )Lz YN JL#E A )Lz A JLE
As I ON] 6740.00  18300.00 0.00 0.00 32.50 47.50 6770.00  18300.00
FHE 1648.83 4480.00 0.00 0.00 7.96 11.60 1656.99 4490.00
od I ON| 812.00 2200.00 0.09 0.13 3.92 572 816.00 2210.00
FHME 210.00 571.00 0.02 0.03 1.02 1.48 211.24 572.75
o PN} — — 37.80 54.60 — — 37.80 54.60
PHIE — — 21.60 31.20 — — 21.60 31.20
N; R — — 0.35 0.50 — — 0.35 0.50
FHE — — 0.19 0.28 — — 0.19 0.28
R KM 7550.00  20500.00 38.20 55.20 36.50 53.20 7620.00  20600.00
P 1860.00 5050.00 21.80 31.50 8.98 13.10 1890.00 5090.00
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AR B 4 8 R AT R 4wl T AR i, &8 42 3
(Zgf 745 2013 254855 2015, INEE 45, 2017) 2%
KT HIALEY I e, kI E 4 Jm 3 )L A SusE
DRI 350 g RS, 2 R MR RIS oA b £ o 4 )
() fe 3 AR o PRI, AR SCRi Al T 3 T 4 v L3
(16, AT BE I AN 23 2k Al SO KU F 0 U
ECE BT A JE A T B — g . (H
FRE W 2, DR B - 585 e BT iR 22 AN B, X
- 4 R R XU 7 R 15, T T

6 & it

(1) 751 B gk I 1€ As .Cd.Cr.Cu.Hg.
Ni.Pb.Zn 554 JE 40 T HE K 1 EH 56, Hg ot R
AR, B S REOR, 20 R g . 5E
FAR M A 59875 YL RS i E(EAH L, Cd Hg & IX.
I EEEATE , T Re S R AR S e

(2) H BFRFEBOT M 45 R Bos , iZ X+ Hg ot
RIGRIG I, SR T —E V5 YK As
Cd . Mn S KA T 575 YL K, Mn T5 YL R B 458 1
Cr.Ni.Pb.Zn SR TCT5 JURE

(3) AR AE SR ITAN 25 R = 5 X
T A A B A A e BRI Hg Al Cd, Hg

R A 25 KU LA AR5 AR 3 o 3, Cd AR AR
HARSEAEANE. B2 HEESREAS
DRSS 5 , B2 SRl R 2R 38K

(4) F 4 JEm NIRRT 25 R Bon, LB HE
5% B4 i Wy, 2T 10 3 A R R XU Y
FEEF . As Cr@foe X 85 E B AE8URH T,
BN AE S0 fat i XS S5 HO /N 1, fEaF T 2
W s LAY HO KT 1, B 4@ Xt L8 A - E8UE K
Ko As AU XK & T Cd. . Cr Ni, BRI L#E 2L
Jot KU B A8 B S4B AL T 10°~107 2Z J8], i ] 5% 5
RS L3 17 B0 XU B Bk As 2500 XU
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