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REESH . HHAR Y
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HESEUE L. 53 B, R L3 AR AL 2 0, AR
RS 8 1 U 1 48 + 19 o 4 J o7 B 75 0
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Map of sampling points distribution and the location of the research area
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3.2 SRRk

V5 4L 11 faf 16 8032 ( pollution load index , PLI) &/
*#:% Tomlinson" " $& H B —Fh T + 3 T 4 8 15
PRERIEN T . ZT I Z R E &R TR AR IR
HHES & AR ROT R SRAR T, ek T R P S
MRS Qe il . HIH A
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B, B,

5 (2)

#(2) H . PLL g 3075 YL AR 48 80 €, W T & n
TE e R SEIAEL; B, 38R 4R PRI AR U
AU SE R P 3R 3 57 4 ) b 399 e XU
EPERRE) (GB 15618—2018 ) Hh i) fif 6 B 4 Ay 15 e
T4 B 9 PR AR vE . Tomlinson' ™ Sz 414 PLI
SR RWigh: PLL < 1 S TEi5Y%, PLL > 1 Hi5Y, AW
WFSEAELS AR N0 RS B SR 4% PLI 43y Iy
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B H 4B TR AR 4 A R ARk
W ABERON AT S TS Y
BEPEBCR A A R B VR T, S - 5 v i 4 R S
AR o HAHR A

RI=$E=5(TxC)=5(Txp) ()
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Hmzl,320<E.,
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RN &F IR EMFGRTR A DL 2 Rk
HEEMRREALC T SRR B R E
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ADD _¢; X1, RXEF xED (5
"~ PEF x BW x AT )

BEIK B fih ik A H Y R ga i (ADD,,,,,) -

_¢; xSA xSL x ABS x CF x EF X ED (6)
dem ™ BW x AT

ZhE4 US EPA 3 XU PEA 5] ( Risk Assessment
Guidance for Superfund ). £ 32 i % 38 B ( Soil
Screening Background
Document ) | H [E %6 A\ HHE 5 22 (R A IS R LA
TR R K SR IT AR S R &
H ) 7% # & (life average daily doses, LADD) #4751
Hro AL R TR B A [R) B B, 6 L2
SN BOT S HA R, MR
Az H #4555 (LADD) Jy .

T IR s H Y 285 & (LADD, )

ADD

Guidance : Technical

¢; x CF x EF
LADD,,, === Xk, (7)
ki“ — ]nchhild X EDL’hild + ]ngRaduh X EDaduh ( 8 )
g chhild BWaduh
PR IR AR A A H H 2%85 iE (LADD,,, )
LADD,, =S5 ) (9)
inh = AT X PEF X inh
_ InhRohild X EDchild + ]nhRaduh X EDadull ( 10)

k. =
inh BWChild BW

BEWk HOH B b R AR A R H O R
(LADD,,..) :

adult

_¢; XABS x CF X EF

LADDderm - AT X kderm ( 11 )
b = SA ita X SLg X ED g
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child
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(7). (9) F(11) A :LADD,,, .LADD,, .LADD,_ 4>
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Table 1 Parameter values of exposure assessment models

2R HRCE LA A JL#E
LR BEA LHEAHIE (mg/d) 100 200
IR PRI 45 % (m®/d) 20 5
EF BRI (d/a) 180 180
ED TR (a) 24 6
BW ST (k) 62.4 15

365 xED(AREUE) 365 xED (FEE)

AT PRBEEMNIND 65 q0(sum) 365 x70 (50

PEF  JRAHE T (m® /kg) 1.36 x10° 1.36 x10°
CF Heff 74U (kg/mg) 1.0x10"° 1.0x10°
SL fz k& [ mg/ (d + em?) ] 0.07 0.2
ABS Bz BRWRIACE 7 (TC i 49) 0.001 0.001
SA BB HRFEMA (ecm?) 2011 1078
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HI:EHQ1=Z(W% (13)

A (13) mf HI D A o v XU i %5 HQ S AR Bu
PEIXUSAR s RED Sy A B0 1 52 4 s AN [R) B2 8 i A2 19
SRR 2 HIS T, DO A7 e RRE XU B
W/ 25 1 <HI<10 I AR 77— 2 AR 20
PERUR: ;24 HI > 10 B, WA AE @ MR

O TE AU -

CR = Y Risk, = X, (LADD x SF), (14)
A (14) H: CR B0 XS5 5 SF oA Bo KU R
KR M CR<10™ B IR A FEAE 0 R 2k
WA/ 21070 < CR<10 7B, AN W] A2
(9 1EHE 1 FAR SO XU s 24 CR > 10 7 i, A A7 7E
B RSOE AU . RED A SF AERE - PR R 2,

4 ZR5vHe
4.1 WFSEIX LT A R R R AIE

WFE X A R HERE 5 pH (H S [E y 5. 07 ~
7.05,Cd As .Pb.Cr.Cu Ni il Zn () -1k B 23k
PEGTEE R IR 3. S5 R IR, R R 5 iRk
pH AH 7 [ 10 119 € - 398 2 95 o5 6 A P 4 45875 e
DU 45 A 1) (GB 15618—2018) fifi %6 1B WL 42 3
WFFE IR 3 rp 43 7 P 48 o0 R MR 1 -S4 3
WA B LT 504 LS R AL, As
F1 Pb -2k BEAIKF 35 5 {5 Cd . Cr Cu \Ni Fl Zn

42 HHEE SRR R RID A1 SF i

(R B 8 T 75 (e, A3 2 TS S (e 2. 441,04,
115 1. 28F1 1. 17 £, B0 5% & s SR X
IR A 6, ERe R AR S /B (T
B R g T A - ) B R ) BN 1, 5%
BH 5 SR A 1 T 4 i VAR 1 00 B0 W AN, 28 [l 3 2
Bhr, SMamESARE, S HEPESECRK
FEM A SR A B —3 ., SRAf S Cd As Pb Cr Cu,
Ni F1 Zn ¥ B (AT 2R 0 A a0 i 2 firm. th & 2 W]
A1, A7 MORE ] 55. 40% [ Cd . 57. 10% ) As .
43.47% (¥ Pb, 56. 82% ffj Cr.55. 68% HJ Cu,
54.26% (1) Ni F148.30% [ Zn ¥ 43 4 7R 7E0. 15
~0. 25mg/kg. 1 ~ 3mg/kg. 25 ~ 30mg/kg, 90 ~
130mg/kg . 30 ~ 50mg/kg ., 45 ~ 65mg/kg F1 85 ~
110mg/kg X [H] ,

FI 50 B AR LG IR X 3 by 7 R 4 )R
TCR WS AT E, B 52 23 (A A AR AE (& 3)
MNIEL 3 FR BR As ST AL, HiA 6 FoT R AR I
FALLI 23 (B 43 A FRAE , JC 2R AE 3 i 1 (AIR) Wk B
b 516K A AR A AL E T A, R TR
W J3E 23 ] o A WA 2 B TGS X N SR s B AE e
S, o Ph TR M HkBE L 546 A AR
25 [A] L BT, 1 Cr,Cu Ni A1 Zn WIAA R , 46 54 5
AR 22 (B X I APV B Tt o As T 3R MR B 1) 25 7]
Oy SR OGRS B, B T R R
B,

H TS X A7 AE—Ab BB IR, % 1€ 51 Be JGE
WHEA—E MY R, HIth T 2% & Be LE
X s B Y . BRAE X B R PR s
KA A S =& R 208 T, Harc %W
(0 A4 4 4, Be 939U 2 138. 6mg/kg™™
3 Be AU BEYE R 0. 98 ~ 18. 86mg/kg, -1
WEEDN 3. T9mg/kg (3 3) 374, 15% W RAF 51 Be
WHEAE 1 ~dmg/kg(E2) . fF i E SR L

Table 2 RfD and SF values of heavy metals in the soil of different exposure pathways

FBURRES

) Cd As Pb Crt Cu Zn
IO XU LR
RD,,, (mg/kg + d) 1.00x10 73 3.00 x10~* 3.50 x10 73 3.00 x10 73 4.00x10 2 0.3
RfD;,, (mg/kg - d) 1.00 x10 73 3.01 x107* 3.52x1073 2.86 x107° 4.00 x10 72 -
RfD .., (mg/kg « d) 1.00 x10 73 1.23x107* 5.25x107* 6.00 x10 > 1.20 x10 2 0.3
SF;,, (kg + d/mg) 6.30 15.1 - 1.5 - -
SF (kg + d/mg) 6.40 15.1 - - - -
SF yerm (kg + d/mg) 6.30 7.5 - 1.95 x10 2 - -

T =7 RN IO E R
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Fig.2 Frequencies of heavy metals concentration in soils of the research area
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PRUERELL ,74. 43% (R SRABE A5 19 Be WA Thmifi, 4
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Cd(mg/kg) . As(mg/kg) Pb(mg/kg)

0.05~0.09 0~1 6~10

0.09~0.14 1~-3 10~14
[970.14~0.18 W 0.31~0.36 I 3~4 Il 7-8 N 14~183 WM31~-35
N0.18~0.22 M 0.36~0.40 B 45 Il 39 N 18~23 IE35-39
0.22~0.27 M 0.40~0.44 o 5-6 Il 9-10 N 23~27 EE39-43
BN0.27~0.31 [ 0.44~0.49 . 67 Hl 10-11 0731 EE43-47

Cr(mg/kg) Cu(mg/kg)
§-21 5-15 411
21-33 1526 11~18
3346 EE84-96 w2636 6878 w1825 WE4T-54
W 46-58  EEE96-109 3647 W 78-89 0533 EES4-61
W37 EEE109-121 4757 I 89-99 B340 G168
734 EEI21~134 B 5768 M 99-110 1047 W68
A R
— K&
=BRRE
EBFLRWAE
Zn(mgke)
34-46 B
46~59 —EBRRA
W 59-71  EE108~120
7183 120~132
W 5305 M 132-145 0 12km P —zwwns

BN 95~108 W 145~157

PI3 s IX b SR e 2 [l oA

Fig.3 Spatial distribution of heavy metals element concentration in soils of the research area

#3 WX RHOE SR A ESE T

Table 3  Concentrations of heavy metals in soils of the research area

e FHE N AL S ARRL PR DU A S

e 1t R
EEEEE k) (mykg)  (mgky) (%) iz WE ke (mg/kg)

Cd 0.05~0.49 0.19 0.07 0.39 0.88 1.52 0.3 0.079
As 0.34 ~12.21 2.50 1.74 0.70 1.92 5.33 40 10.4
Ph 6.05 ~47.28 30. 36 4.60 0.15 0.27 2.25 90 30.9
Cr 8.11 ~133.79 81.98 28.21 0.34 -1.56 1.20 150 79

Cu 4.86 ~109.89 35.86 15.77 0.44 0.47 1.90 50 31.1
Ni 3.99 ~75.49 41.65 15.85 0.38 -1.04 0.35 70 32.6
7n 33.94 ~157.02 101.35 18.81 0.19 -0.84 0.89 200 86.5
Be 0.98 ~18.86 3.79 2.09 0.55 3.09 14.81 - 1.80
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#4 WX SRS L., 5 RseiE

Table 4 Statistical classification of heavy metals /., in soils of the research area

B R B SRR R (% )
FpEILR L, F¥ME
FO% ERR 52 % %3 % 554 % FS % 556 %

Cd 0.59 13.92 62.50 23.30 0.28 0 0 0
As -2.95 100 0 0 0 0 0
Pb -0.63 99.72 0.28 0 0 0 0
Cr -0.72 99.43 0.57 0 0 0 0
Cu -0.57 79.55 19.89 0.57 0 0 0 0
Ni -0.44 62.50 37.50 0 0 0 0
Zn -0.39 96. 88 3.13 0 0 0 0

I3HT. R 4 AT IZBFFE X R Cd DASPRHAR 6 F
HEJEITRMW L, FIEE/NT 0, R ETTR BK
EARTEESE R BB Cd uEW 1, PHEE KT
0,{HRZH(62. 5% ) FAf i) RBURECH 1 9, 5
FERONESKF, B R, DL L AE RN TS
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Fig.4 Statistics of pollution load index ( PLI) in soils of the

research area

— 415 —



434

E N R ==+

http; // www. ykes. ac. cn

2021 4

5 WX REGE SR OT R B g

Table 5 Statistics of £’ in soils of the research area

I3 G RE AR T B AR AL (% )

Jc 9.94 100 100 100 100 100 100

%M 56.53 0 0 0 0 0 0
s 32,39 0 0 0 0 0 0
WEl 1,14 0 0 0 0 0 0
(& 0 0 0 0 0 0 0

AT 8 B4 {E0 Cd JT 2R A0 SR A A T A
DR A K (RT) BEATARAEL, 23 B HL s [ 4Rk (181 S) o
MPEH R LA Y, Cd (Y 50 L A A XU 15 s
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E(\l
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B 160320
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Fig.5 Spatial distribution of Cd and soil potential ecological risk index in the research area
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Table 6  Daily exposure doses, non — carcinogenic risk index and carcinogenic risk index of heavy metals in soils of the research area

S8 Cd As Pb Cr Cu Ni 7n &t
LADD,,,
N 1.61 x1077  2.09x107% 2.24x107* 6.84x107° 2.64x107* 3.07x107* 7.46x107* 1.61 x1073
( kg™ - d™h)
mg - kg™ -
LADD;,,
(g - kg-! - d-1) 9.66 x107" 1.25x107" 2.63x107° 4.12x107° 3.10x10°° 3.60x10°° 8.77x10°° 1.81x107°
mg * kg - d
LADD,,,,
. X - . X B . X B . X B . X B . X B . X B . X B
( o1 d7|>190 1079 2.47x107°  2.49x1077  8.11x10™% 2.94x1077 3.42x1077 8.31x1077 1.80x107°
mg ° Kg *
SLADD
B o 1.61x1077 2.09%x107°%  2.27x107*  6.85x107°  2.68x107* 3.11x107* 7.56x107* 1.63x107?
( kg™ - d™h)
mg - kg~! -
HQ; 1.61x107*  6.95x107°  6.39x1072 2.28x1072 6.60x10 3 - 2.49x107%  1.03x107!
HQ., 9.66 x107°  4.17x1077  7.46x107* 1.44x10°* 7.76x107> - - 9.68 x 10 ~*
HQ germ 1.90x1073  2.01x10™° 4.74x107™* 1.35x107% 2.45x107° - 2.77x107°%  1.89x107?
HI 1.80x107%  6.97x107%  6.51x1072 2.43x107% 6.71x1073 - 2.49x107%  1.06x10"!
Risk;,,, 1.0 x107%  3.15x107° - 1.0x107* - - - 1.35x10~*
Risk;,, 6.19x10°"  1.89x10°° - - - - 1.96 x10~°
Risk .y, 1.20x107°  1.85x107% - 1.58 x107° - - - 2.13x1078
CR 1.01 x107%  3.15x107° - 1.0x107* - - - 1.35x107*
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HIGHLIGHTS

(1) The concentrations of heavy metals in the soil in Jiulong, eastern Sichuan, China, had a wide range, and the
distribution was affected by the rock mass in space.

(2) The assessment result of the index method showed that there was no pollution of heavy metals in the study area
and the potential harm was also low.

(3) The assessment results of the health risk model indicated that the non — carcinogenic and carcinogenic risks of

heavy metals in the study area did not exist or were relatively low.
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ABSTRACT

BACKGROUND; The Jiulong area in western Sichuan is an important rare metal production area in China, which
has a large resource potential. As an ecological protection barrier on the upper reaches of the Yangize River, the
ecological environment of this area is fragile. Facing the huge opportunities of mining development and under the
current situation of ‘ environmental protection first’ , it is urgent to investigate the environmental background of this
area to support the development of national energy strategy.

OBJECTIVES: To evaluate the ecological risk of heavy metals in soils from the Jiulong Li — Be mining area.
METHODS:: A total of 352 soil samples were collected. The concentration of 7 heavy metals (Cd, As, Pb, Cr,
Cu, Ni, Zn) in soil was analyzed by NexION 300x inductively coupled plasma — mass spectrometer (ICP - MS).
The comprehensive assessment methods including geoaccumulation index, pollution load index, potential ecological
risk index, and health risk model, combined with GIS spatial analysis were used to study the spatial distribution
characteristics and ecological risk of heavy metals in the soil.

RESULTS: The average concentration of all 7 heavy metals in the soil in Jiulong did not exceed the Chinese
national standard. There was no soil heavy metals pollution in the studied area. Compared with the soil background
value of Sichuan Province, the average concentrations of As and Pb were lower than the background; the
concentrations of Cd, Cr, Cu, Ni, and Zn were higher than the background, which were 2.44, 1.04, 1. 15,
1.28, and 1. 17 times the background values, respectively. The spatial distribution characteristics of these
elements except As were affected by biotite granite in the study area. The high concentration center of Pb and the
low concentration center of Cr, Cu, Ni and Zn had an obvious correspondence with the spatial position of the rock

mass. Except for the weak accumulation indicated by Cd /.., there was no accumulation of other heavy metals.

geo s
Similarly, there was no potential ecological risk in the study area, except for the slight potential ecological risk of
Cd. Spatially, the distribution of Cd single element potential ecological risk index was related to the rock mass, and
the area without potential ecological risk corresponded to the location of the biotite granite rock mass. Heavy metals
in the soil can enter the human body through direct contact with hands, mouth, and skin, and through inhalation.
The hand - to — mouth approach is the most important way to generate health risks among all 3 approaches. Except
hand - to — mouth approach of Cr, which has an acceptable and normal natural carcinogenic risk, there is no
carcinogenic risk for other metals.

CONCLUSIONS:; At present, there is no pollution of heavy metals in the soil in the studied area. The potential
risk of heavy metals is low, and there are no non — carcinogenic and carcinogenic risks. However, due to the
cumulative effect of heavy metals in the soil, close attention must be paid to changes in the concentration of heavy

metals in the soil in the future mining development process, to prevent the risk caused by heavy metals pollution.

KEY WORDS: heavy metals; index of geoaccumulation; pollution load index; potential ecological risk; health

risk assessment
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