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Fig.1 Location and land use type in the research area
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Fig.2  Geological map in the research area
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Table 1  Detection limit of analyzed indicators
o TRy = I o 1 E S X A B VTR = Y 4] - S R Y2

As 0.3 mg/kg Ni 1 mg/kg
Cd 0.03 mg/kg Pb 2 mg/kg
Cr 3 mg/ kg Zn 2 mg/ kg
Cu 0.5 mg/ kg pH 0.1 /
Hg 0.0005 mg/kg
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Table 2 Heavy metals content in soil of different background

Cr<Zn <Pb < Ni <Cd < Cu < Hg < As, A[A]H7AE
FRE W T A AR SR 5, AR R R AR T 0.35
Fromm R ZREXKE TREELFIRITE
b Cu Hg, As; kR R 7 X 1 JE AR SF O % 0 Hg,
As, WNGEIHHEERRE, L ila X 13 Cd Cr Cu,
Hg Ni Zn [ 5 5 i 57 8505 TaIREh 2 X, o i T Y
NFEEERHE. LA X 25H Cd,Cr Cu, Hg,
NiZn 1 & & o A8 ) o A SefE Y 3. 25,
1.08.5.08.1.72.1.55 1. 63 {14 H 75 5 {H11H
2.60.1.40 .6.87.1.47 .1.87 .1.91 %,

FIHAR (D) HE T X s RAKER SR A X 4
Herp 8 PP EE 4 & JU K 1 b BFFE B LS Y
I (#£3),

RGO G AR R X X
As Pb Zn {5 YL FEEE B, Cr Hg F1 Ni 75 G4 72 B2
i, Cd Fl Cu V5 Qe FE e fe iy . Horp Cd “Hh 2 R
VYL CE G H R AT Y i A 43
J7.87% 1. 15% F1 0. 77% ; Cu “ v i 5 5 & 5
v CEESYT CCHEE ST R B R
29.8% .,0.96% F10.58% , WREREL & IX 4 Ni,
Pb Zn 5 YRR B 2K, As  Cr Fll Hg 15 G4 75 B 7 =
Cd 1 Cu 975 Y F8 B 5y, Horpr Cd“ Hh a5 7 |
“H A RS YL Y L 3 S A 33. 8% 0. 62% ;
Cu® gy R G Y E TG
Lol 535k 8. 43% 2. 35% 0. 12% , XXX 1
Herh Cd Cu V5 YR B2 W] Il i3 TR R AR5 IX

HRKX FiHE As Cd Cr Cu Hg Ni Pb Zn pH

/M 1.10 0.10 42.4 21.9 0.017 26.0 9.30 54 4.70

GO 15.9 0.55 134 325 0.237 78.6 50.2 228 6.30

ZRAS X AR YE 6.10 0.27 85.4 158 0.109 50.8 27.4 139 5.40

(n=521) iR d 5.30 0.26 85.2 158 0.103 50.5 26.6 141 5.30

PRS2 3.40 0.09 16.3 58.2 0.048 9.50 7.80 29 0.30

BT EY 0.56 0.34 0.19 0.37 0.44 0.19 0.28 0.21 0.05

/MY 1.70 0.04 41.5 14.9 0.020 17.0 13.9 38 4.30

I 32.3 0.40 127 65.3 0. 190 60.9 48.6 128 6.60

LR RE X B HE 12.2 0.22 83.5 35.2 0.084 36.8 32.4 83 5.40

(n=807) LREDA 10.8 0.21 82.6 32.2 0.081 35.6 32.8 83 5.30

BRI B 2 6.90 0.06 14.7 10.5 0.033 8.40 6.30 15 0.40

g S 2R 0.56 0.27 0.18 0.30 0.39 0.23 0.19 0.18 0.07

py )i L2 AR 10.4 0.08 79 31.1 0.06 32.6 30.9 86.5 6.6
N AR 11 0.10 61 23 0.07 27 26 74 /

e R 8 PG RITR & HRAN my/ke, pH TCHAY. /7 FR 3O P AR AR IR .
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Table 3 Geoaccumulation index of soil heavy metals in area of different background
B A IC RN R H R FRIEE 0] A it B8 o 3% DX it BB T 43 B (% )
HHE  EEEITER
1., <0 0 <l,<l 1<l,<2 2<l,<3 3<l,<4 4<I, <5 Ly, >5
As 98.3 1.7 0 0 0 0 0
Cd 1.2 37.8 51.2 7.9 1.1 0.8 0
o Cr 92.9 6.7 0.4 0 0 0 0
/Zﬁﬁ Cu 3.45 8.6 56.6 29.7 1.0 0.6 0
A Hg 40.9 50.5 8.6 0 0 0 0
(n=521) Ni 0.2 56.8 1.0 0 0 0 0
Pb 97.3 2.7 0 0 0 0
Zn 34.5 65.5 0 0 0 0
As 74.6 23.9 1.5 0 0 0 0
Cd 2.5 63.1 33.8 0.6 0 0 0
Cr 90.5 6.9 2.6 0 0 0 0
s
); “ Cu 69.9 19.2 8.4 2.4 0.1 0 0
A Hg 58.6 39.8 1.6 0 0 0 0
(n =807) Ni 87.2 12.8 0 0 0 0
Pb 98.3 1.7 0 0 0 0
Zn 94.1 5.9 0 0 0 0
HI B BRI, ARDFSE R LIPS ETR AREXEK

T, S EEX LIEE S E TR EA S
R AR — 2 5 EARA L RO X g
TR ICHE A A, AR X i X D
Cd.Cu.Zn & HHE ; As (Cr Ni \Pb & HER. Bti%
SRS R B, A R T L IX S Cd
Cu.Heg Ni,Zn 89 & &8 5~ 4. 96mg/ke , 50. 02
mg/kg. 0. 35mg/kg. 63. 58mg/kg. 224. 63mg/ kg,
RSB R B PO RR R ER M X [ R 4
Cd P25 50 0. 2me/kg, 5 ZAH L, AWTFE XY
Cd \Hg 570 R & K, H LA X Cu &5 B &,
3t R R B R TR, A [ A R BT
RENLE TR RLERA —ENER. L
XS FEAE R AR T AN TR X B R TR S R
Ze5to WA, ZaE X 3 Cu iy & &, T2
L A Bl 5 | B e & e 1L X s B
BT R

WHFEIX L3 pH SFXME R 5.5 7o, AR
T4 14 pH F-X{EH 6. 6, IR DZ/T 0295—
2016 rp T HERRTIE S AR E , 322N SRR T AR 1
T3 BFFERM e L RBEE T, 1U)AE T IER A
B B 7 BRI AT RS2 IR AT T 5K
pH PR, &RZEEIRITRIEE pH 1 F (R
PESEN) Ly R s 0 | SRR L M 5 S +
5 Cd \Pb S U R Bk A WA S0 AR ) R AR
R BRI X L4 pH AR A B, T
SHEF A, b7 R R AL 5| 4 R T L5 20
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3.2 WFFEIX LR R A ) AR

A SR dh (9 D0 3R 35 S B, il 7E T 8
PR 42 B TR bR AL 2 1A (181 3) o

e 3 3 A i 8 s 1 25 B < R DL A R 1 S [
AL . As 119 R 35 8 X IUER 20 A 7675 1 3 4 3
EX A A w A K R R X A
T JE 1L A X5 Cd | Cu (N Zn 9 35 B XIS
Wi 112 118 25 ) A X A I, R X
X PURE R OCER T L RCE VI Cr 19 7 i
DX 32 2O A RALDRHL a BRVTAL TR A IR =
Floa Ko DUEFI T D22 X He 19 5
DX 2 oA AR JE L2 X, 7R ISR B B
LA PR Z A s JKE  IUE XA 0 A 5
Ph )5 75 i X EL B B, 22 R A T X
BRIRER A M2 X

RABRE R EAM LR SERE L
TR, HouRZ BRI B m kR, JEH
SEWCRIC R I & i, W M A BB A4 R Mo
il PEERFS S KB R 3P Cu B
IR E S T LA R X, MR P AR .
GER AT R AT R0, W X LR 4 R T
BRI A 5 O L B 2 e R A O . Cd
Cu \Ni Zn 5 & 8 X2 L2 oA ], As
Cr Pb 1y & B XIS BRBR R T i, He 1535 1
DX 3 55 P HR A AR o



434 BRSSP < A % A A XU AL 5540 %

As(mg/kg) Cd(mg/kg)
N 25.9~29.6 . 0.68~0.90
m24.2~25.8 . 0.63~0.67
N 22.6~24.1 N 0.61~0.62
m21.0~22.5 " 0.55~0.60
119.3~20.9 10.49~0.54
17.0~19.2 0.43~0.48
15.7~16.9 0.35~0.42
15.7~15.6 0.30~0.34
o 12.7~15.6 ©0.27~0.29
109.75~12.6 120.24~0.26
107.53~9.74 100.22~0.23
mn5.86~7.52 0 0.20~0.21
I 4.68~5.85 0.18~0.19
m3.43~4.67 m0.17~0.18
mm3.16~3.42 m0.17~0.18
. 2.83~3.15 mo.17
. 2.59~2.82 . 0.16~0.17
N 2.48~2.58 mo0.16
Bl |.53~2.47 B 0.14~0.15
Cr(mg/kg) Cu(mg/kg)
I 238~308 . 274~722
. 204~238 . 222~273
198~204 . 214~221
N 164~198 m202~213
T 150~164 ©192~201
122~150 181~191
99~122 163~180
92~99 147~162
1 86~92 o 113~146
T 81~86 55~112
mn77~81 mm38~54
. 72~77 mm33~37
- 70~72 . 30~32
. 69~70 - 28~29
. 68~69 27
B 66~68 Wl 27~26
B 65~66 26
Wl61~65 W 24~25
5761 . 20~23
Hg(mg/kg) Ni(mg/kg)
0.183-0.210 . 71.0~80.5
B 0.175~0.182 I 66.8~70.9
0.172~0.174 . 65.2~66.7
0.166~0.171 m61.6~65.1
170.161~0.165 160.1~61.5
0.151~0.160 56.8~60.0
0.139~0.150 53.2~56.7
0.123~0.138 48.6~53.1
0.111~0.122 17145.0~48.5
120.091~0.110 139.8~44.9
19.0.068~0.090 36.3~39.7
9.0.061~0.067 1 33.9~36.2
0.056~0.060 mm32.0~33.8
B 0.052~0.055 mm30.5~31.9
N 0.050~0.051 . 29.5~30.4
I 0.048~0.049 . 28.5~29.4
I 0.042~0.047 . 26.9~28.4
N 0.037~0.041 0 6km Il 25.5~26.8
1 0.034~0.036 I mE21.4-25.4
Pb(mg/kg) Zn(mg/kg)
W 45.4~48.0 . (85~193
m41.7~45.3 . 169~185
m40.3~41.6 B 165~169
39.9~40.2 B 159~165
138.9~39.8 T 152~159
37.9~38.8 143~152
36.5~37.8 135~143
35.3~36.4 126~135
33.0~35.2 S 110~126
031.0~32.9 T97~110
11029.8~30.9 N 86~97
27.0~29.7 mH81~86
. 23.7~26.9 . 77~81
mm21.3~23.6 . 73~77
. 20.2~21.2 . 71~73
. 19.5~20.1 . 69~71
mm1(7.6~19.4 . 67~69
0 6km . (6.3~17.5 0 6km . 63~67
. 13.8~16.2 I . 59-63

Pl3 A IX b o s HhER TR

Fig.3 Geochemistry maps of heavy metals in soil of the research area
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3.3 WFRIX LERS)REB A SRS

FIHARX ) A T ELBE TR NBAEAES
foF R AR WA 4, R BR AEANTFR X
WAES G FREE R m TR N Cd Cu Fil Hg; Cd Cu
il Hg 78 Zala X s AR S E” S UL b 1 e i) bl e
BRI XA 22.4% (1. 15% F126.0% , B %
KA X Cd Cu Fl Hg AER G F BT &,

4 AN AR 5 IX R SR T R B AR AR
AB(E)
Table 4 Potential ecological risk coefficient of soil heavy metals

in different background

A ITCF A A A A R O A R
DS A B R (% )

wax LR SEEEY ERE GERY GERE BERE
P S SE T B

(Bl (40<E' (80<E! (160<El (E!

<40) <80) <160)  <320) =320)

As 100 0 0 0 0
Cd 0.6 26.7 58.9 11.3 2.5
Cr 100 0 0 0 0
ZREX Cu 92.1 6.7 1.0 0.2 0
(n=521) Hg 17.3 41.7 40.9 0.2 0
Ni 100 0 0 0 0
Pb 100 0 0 0 0
Zn 100 0 0 0 0
As 100 0 0 0 0
Cd 1.4 48.3 48.7 1.6 0
Cr 100 0 0 0 0
WERhAX  Cu 99.3 0.7 0 0
(n=807) Hg 26.3 58.6 15.0 0.1 0
Ni 100 0 0 0 0
Pb 100 0 0 0 0
Zn 100 0 0 0 0

T RHPRYU07 DL As JUE N B, BV L ECA XA R As 192235
$6 5 R BE R B G, o5 LB 2 100% 5 HAM 3] B4 il
B 0, SR S B LL I O, LI

FIFEIEAES A EREE, IR ENEEAS
fEFAEE PERI(A3) o &R BN, LilaE KB
ARG R B O R P AR SR AR R Y L B
9.60% 75.0% 13. 6% 1. 73% ; BiRFR £h A X 524
A L AR 5 A L Dl 31.2% (68. 3% 0. 50% |
0% , Z a3 A KT AR A5 T R B O v 4 i AR
S 14 EE 9] FL AR PR ER o X 73931 5 6. 70% (13, 1% Al
1.73%

CdCu Hg FAICE AR MG F FLRE FIWT 5 X A
ABEFRR B A LA 4, K 4 ol LR
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HIGHLIGHTS

(1) The geochemical characteristics and ecological risk of heavy metals in the soils of Emeishan basalt and
carbonate rock areas were compared.

(2) The content of Cd, Cu, Hg, Ni and Zn in the basalt areas were higher than those in the carbonate areas and
the background values of Sichuan and China.

(3) In the studied area, the spatial distribution of heavy metals in soils was mainly determined by the geological

background.
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ABSTRACT

BACKGROUND; 22.3% of the cultivated land in southwest China has excessive heavy metal content. The widely
distributed Emeishan basalt and carbonate rocks in the region are considered to be the main source of heavy metals
in the soil. At present, the level of research on the ecological risk of soil heavy metals in southwestern China,
especially in the Emeishan basalt areas, still needs to be improved. The content, spatial distribution and ecological
risk of heavy metals in soils of different geological backgrounds (earthogenic parent rocks) lack comparison.
OBJECTIVES: To understand the content and spatial distribution characteristics of heavy metals in the soils from
Emeishan basalt and carbonate rock areas.

METHODS ; Soil samples from the typical geological background areas of Sichuan were collected. AFS, ICP — MS
and ICP — OES were used to determine the content of heavy metal elements (As, Cd, Cr, Cu, Hg, Ni, Pb, Zn)
and pH values. The content and spatial distribution of the heavy metals in the soils, as well as the ecological risks
were studied using the accumulation index and potential ecological risk index methods.

RESULTS: The results showed that; (1) The content of Cd, Cr, Cu, Hg, Ni, and Zn in the soils of the basalt
areas were generally higher than those of the non — basalt areas and the background values of Sichuan and China.
The content of the above elements were respectively 3.25,1.08,5.08,1.72,1.55,1. 63 times the Sichuan
background values and 2. 60,1.40,6.87,1.47,1.87,1.91 times background values of China. (2) The high
content areas of As, Cr and Pb corresponded well to the carbonate rock areas, whereas the high content areas of
Cd, Cu, Hg, Ni and Zn corresponded well to the Emeishan basalt areas. The corresponding relationship indicated
that the spatial distribution of heavy metals in the soil was mainly determined by the geological background in the
studied area. (3) The Geoaccumulation Index results indicated that the soil pollution degree of Cd, Cu, Ni and Zn
in Emeishan basalt areas was obviously higher than those of the non — basalt areas; (4) Ecological hazard index
results showed that Cd, Cu and Hg were the highest ecological hazard elements in the studied area. The proportions
of “strong ecological hazard” , “very strong ecological hazard” and “strong estecological hazard” of Cd, Cu and Hg
in the basalt areas were respectively 22.4% , 1.15% and 26.0% higher than those in the non — basalt areas.
CONCLUSIONS: The content, distribution and ecological risk of heavy metal elements in the soil in the study
area are closely related to the geological background. Reasons include the differences in the element content in the
parent rock, the geochemical behavior of the elements during the soil formation, and the secondary enrichment of
the elements. The pH of the soil in the study area is low, and it is necessary to prevent the risk of heavy metal

activation caused by further acidification of the soil.

KEY WORDS: Emeishan basalt; carbonate rocks; heavy metals; ecological risks; inductively coupled plasma —

mass spectrometry
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