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Abstract: This paper is the result of environmental geological survey engineering.

[Objective] The investigation of the geochemical behavior of heavy metals in the surface geochemical process has important guiding
significance for the construction of life community of mountains, rivers, forests, fields, lakes and grasses. The purpose of this study is
to investigate the geochemical behavior and driving mechanism of soil heavy metals in the middle-alpine hilly region of southwest
China. It will serve the implementation of the strategy of plateau characteristic agricultural development and rural revitalization.
[Methods] Based on 1 : 250000 land quality geochemical survey data in Dayao County, Yao'an County and Nanhua County in
central Yunnan Province, the source, spatial distribution pattern and driving mechanism of soil heavy metals were analyzed by
geostatistics, and the driving model of soil epigenetic geochemical process of heavy metals was established in the middle-alpine hilly
region of southwest China. [Results] The results showed that the average content of Cd and Hg in the surface soil in the study area
was higher than the background value of the deep soil, Cr and Ni were higher than the background value of the soil in Yunnan
province, and other heavy metals except As, Hg and Sb were significantly higher than the national background value of the soil, and
local soil may have ecological risks of As, Cd and Pb. The elements of the constructed minimum dataset are As, Co, Cr, TFe, Ni, Pb,
Sb, Sn, V and Zn, and the Moran index shows significant positive spatial autocorrelation. The spatial distribution features high
content of heavy metals in metamorphic rocks and intrusive rocks, low content of clastic rocks and quaternary alluvium. Multivariate
statistical analysis and spatial distribution characteristics of heavy metals show that Co, Cr, TFe, Mn, Ni and V mainly come from the
parent material, As, Sb and Sn are greatly affected by the primary strata and metallogenic geological background, Cd, Pb and Zn are
mainly affected by human activities such as industrial and mining activities. [Conclusions] The distribution of heavy metals is highly
coupled with the ground distribution. The spatial distribution pattern of heavy metals in surface soil is controlled by geological
background, and the content of heavy metals in soil varies significantly among different soil types and land use types. The vertical
migration and enrichment of heavy metals are driven by rock weathering, and the heavy metal content and elevation show a
significant polynomial linear fitting trend. Organic matter and pH are the main factors controlling the heavy metal behavior at
different elevation intervals. Strong epigenetic geochemistry in the study area reshaped the macroscopic distribution of heavy metals.
Restricted by their own chemical properties and influenced by environmental conditions (slope, pH, organic matter, etc.),
distribution, migration and enrichment of heavy metals occurred in the soil. Human activities affected the distribution pattern of local

heavy metals.

Key words: soil; heavy metals; spatial distribution; driving mechanism; epigenetic geochemistry; environmental geological survey
engineering; central Yunnan

Highlights: Based on the systematic land quality geochemical survey data, this paper uses geostatistical analysis methods, through
the study of the spatial distribution pattern and control factors of soil heavy metals in the middle alpine hills of central Yunnan, to
establish a soil heavy metal surface geochemical process-driven model, which explored the driving mechanism of spatial distribution
of heavy metals. It provides scientific basis for rational development and utilization of land resources, prevention and control of soil
heavy metal pollution and rational planning of agricultural planting, and then serves the implementation of plateau characteristic
agricultural development and rural revitalization strategy.
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Fig.1 Geographical location and geological background of the study area®
1-Quaternary; 2—Neogene; 3—Palaeogene; 4—Upper Cretaceous; 5—Lower Cretaceous; 6—Upper Jurassic; 7-Middle Jurassic; 8—Lower Jurassic;
9—Upper Triassic; 10—Upper Permian; 11-Lower Permian; 12—Proterozoic Ailaoshan Group; 13—Proterozoic; 14—Yanshanian fine grained biotite
granite, fine grained biotite plagiogranite; 15—Syenite porphyry; 16—Alkaline trachyte; 17—-Indochine—Yanshanian serpentinite, harzburgite, dunite;
18—Lamprophyre, kersanite dike; 19—Geological boundaries; 20—Fault
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Fig.2 The map of terrain distribution and soil type of the study area
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Table 2 Statistical characteristics of heavy metals in surface soil (n=2124)
o B/ME/ KM, SFIE bRiEE/ B AN WELIEIAE AR Sl I S/ K, K K, R
(mg/kg) (mg/kg) (mg/kg) (mglke) (mg/kg) (mg/kg) (mg/kg)
As 0.54 316.00 9.09 10.98 1.21 10.10 10.60 11.20 0.90 0.86 0.81 2.68
Cd 0.04 14.20 0.24 0.36 1.51 0.11 0.27 0.10 2.20 0.90 2.49 18.36
Co 2.07 59.30 16.04 491 0.31 17.44 16.40 12.70 0.92 098 1.26 —
Cr 3120 572.00 10935 32.25 0.29 113.70 91.00 61.00 0.96 1.20 1.79 4.66
Cu 1.30  1758.00 34.49 40.61 1.18 34.50 40.00 22.60 1.00 0.86 1.53 5.56
TFe,0; 1.14 15.08 5.60 1.21 0.22 6.06 6.76 2.94 0.92 0.83 1.90 —
Hg 0.01 0.58 0.05 0.04 0.85 0.04 0.07 0.07 1.25 0.72 0.77 0.09
Mn 72.60 5119.00 661.73 349.56 0.53 672.29 687.00 583.00 0.98 0.96 1.14 —
Ni 7.94 328.00 44.68 16.94 0.38 49.13 38.00 26.90 091 1.18 1.66 5.74
Pb 8.53  1819.00 32.16 48.15 1.50 31.29 39.00 26.00 1.03 0.82 1.24 2.31
Sb 0.11 14.60 1.01 0.90 0.89 0.97 1.16 1.21 1.05 0.87 0.84 —
Sn 1.42 12.70 2.98 0.66 0.22 3.06 4.60 2.60 0.97 0.65 1.15 —
\% 2730 276.00 113.17 24.84 0.22 121.09 125.00 82.40 0.93 091 1.37 —
Zn 13.40 2403.00 81.85 58.63 0.72 81.35 96.00 74.20 1.01 0.85 1.10 0.99
pH 3.91 8.32 5.76 0.91 0.16 6.04 6.14 6.8 0.95 0.94 0.85 —

e mF. AELEE RERA SR (EEMNE, 20200 5 K K KRR TIRES B O PASESRE. My, 2E L%

BB LR, "R TR R XU R R e T SRR A<

K, /MES R RIEZ B2 5 8, As, Cd. Co.
Cr. Cu, TFe, Hg. Mn, Ni, Pb, Sb, Sn, V. Zn &
B ABYME S 9 A 9.09 mg/kg., 0.24 mg/kg. 16.0
mg/kg. 109 mg/kg. 34.5 mg/kg. 5.60 mg/kg. 0.05
mg/kg. 661 mg/kg. 44.7 mg/kg. 32.2 mg/kg. 1.01
mg/kg. 2.98 mg/kg. 113 mg/kg. 81.9 mgkg, 725 H
FBORT LA W TC 2 0 A i 5 20 PR A S AR R (R 13
MESE, 2021) o AHCHFSE RIIAR 5 ZECK T 50%, Ui
WITCER 25 [0 43 A0 AN 5], FETE SRS L ml g, A 4
KW IR B9 A (28 & 48 %, 20205 Ji et al., 2021;
KA, 2022), WFEIX R ZE L Cd(1.51) ., Pb
(1.50)., As(1.21), Cu(1.18), Sb(0.89), Hg(0.85). Zn
(0.72) . Mn(0.53) & i & A8 5, AWITE - JE v i 43
Hi A5, Cd, Pb, As. Cu JU B3, B2 A0
SNAYF .

MR RZ IR SRZE LR TR SR ER
PE, B RIZ TS HZ LS S ET T, K2 L5
Cd 1 Hg P o & 4, 2= 1589 St 1Y 2.20 A1
12575, KRR &R SWE LS S EEL 5
7R )2 RIS S (I T AE, 2020) #H E, Cr.
Ni A X8 w46, B 430 1.20 A1 1.18, Co. Mn,
V I HAETE 0.91~0.98, Al H 4 LU AE 0.65~0.90,
AN A A Sl (275 AR, 2020) 41
ke, As. Hg. Sb M HABAE 0.77~0.84, A% 54, HiAth
4@ L AE T AR 1.10~2.49, #0542, 0 H 2
Cd B&H

55 e b - 43875 G XU A A vfE (104 7) )(GB
15618-2018) H 4 4385 YL XU i e (B AH LE, As. Cd.
Cr. Cu, Hg. Ni. Pb. Zn i b5 2 53l R 2.68%.
18.36%. 4.66%. 5.66%. 0.09%. 5.74%. 2.31% Al
0.99%, FEAMFFE X 53 80T REAEAE A AU, T
HJE Cd; 5 KBS 5 6l (8 A b, A 2 R FE &R
As RS A HIMEL, 3 A SR 1 Cd XUR S, 4 14
FESEE L Pb KU A5 R
3.1.2 AN RAEE M AR A B B X AT

J R AW IE T A R Bk IR & R, FIH
SPSS24.0 H A X A 5% XA A B kA 7 32 1 53 43 B
(% 3), KMO it3H458 4 0.79(>0.5), Bartlett ¥k
PRKE I 10 S A 0.000(<<0.05), PRI AScds ] AdE
T ERS A, BAGIFEE L 3T
o B SR R R, BTSRRI 56.33%, Hi
B — F M F12N 3591%, 5 — F i F2
12.64%, 55 = F W5 F3 R 7.78%. — A F o
AE{E 23N 5.028., 1.769 Fi1 1.090, ¥KF 1, 7] IR,
PRI EE 0 4 KU B

55— F 5 Norm i £ K AY N Ni(2.024),
55 Ni # Norm {EAHZTE 10% LA (1.821~2.024) K
JUEA Co. V. TFe, Cr. 5 " F /" Norm {Hfx
K H Sb(1.054), 5 Sb ) Norm {EHAH2ZETE 10% LA
N (0.948~1.054) IO ZE A Sn Fl As. 55 = F W4
A1 Norm {H i K )5 Pb(0.849), 5 Pb 1Y Norm {H
HZETE 10% LAY (0.764~0.849) N TCEA Zn, i
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R3I RETEEERENT AT REHEE
Table 3 Principal component analysis and characteristic
values of heavy metals in surface soil

A
i H I 5522)7\ 3 4 NormfH
As -0.001 0749  0.040 2 0.998
cd 0.066 —0.132  0.665 3 0.731
Co 0.881 0.169  0.159 1 1.994
Cr 0.815  —0.057 —0.034 1 1.830
Cu 0210  0.071 0.185 0.517
TFe,0, 0.814  0.406  0.081 1 1.905
Hg 0.130 0496  0.072 0.725
Mn 0.553  0.409  0.198 1 1.370
Ni 0.901 0.054  0.083 1 2.024
Pb -0.132 0389  0.580 3 0.849
Sb 0.211 0.685  0.228 2 1.054
Sn 0.231 0.641  —0.063 2 1.000
\Y4 0.859  0.286  0.076 1 1.964
Zn 0203  0.147  0.645 3 0.836
FFIEH 5.028 1.769 1.090

HEHSW % 3591 12.64 7.78
Rtk E/%  35.91 48.55 56.33

A/NEIEERICZE A As. Co. Cr. TFe. Ni. Pb,
Sb. Sn, V. Zn,

235 (8] A 56 0 3 A T 38 4 (R A S
N WTZEAE T2 5 22 R (X PR, 2011), PR GE
SETHE 10 B 4w 2S (8] 3 A0 Moran’s T 45
B 4), AR Z (B P ] LUAIKT2S (8] @ A OG5
WE, 0MELSE ZEH KT 1.96, PE/NT
0.05, R HIIX 10 A 4 Jm ) HA o A2 1] A A1
Kbk, MRELEP I0OMESESEHEAR
U 2 (A 45 4, {H Zn () Z (8 (14.95) FIHE%(0.16)
/N, F W] Zn ()23 [ 2540 52 FoAh R A — R B
BRI
313 R EXIEF LT R 5T I

KT HEEMSNRE LR ESE SRS
(i) 43 A 15 O S S5 B2 B, R ArcGIS 10.8 B f%
FH SO B AR AR B IR 2 ) T 9T IX 322 145 10 Fif
FeE AR (- 4), pH XA ML (K 5) 55 8] 5 1
K. AILVE ), B4 8 028 A4 A 5 U2 B o0 A B
A 5 B2 AP, Co. Cr. TFe. Ni, V #9434

FRHE ELAT — 25, 5 0 X BRI AR D B0 A3 55 5
DX PN b2 0 AT R BE WA, e (L DX R B R R 4 A
TE R AR 7 1 Ml R R Bk BB 0 . PR B IX, 1 EA
F 2 13 Co. Cr. TFe. Ni., V 23 [A]43 45 52 i 1 BE
2. As. Sb. Sn B/ A FFIE W EA — 3k, mifH
X3k F2 B IR A A e A O AR AR A X ok
B RO X AR Bk B e i b IX . Pb. Zn 9/
P O A8 T 42 7 7 = o N L L
3.1.4 £ & LIEF LR M

e 4R EEORIE T A AR E A A
WiFg A GRXZEIIRAE, 2023), A WF5E R BIK A 7k
VR B 4 22 18] A AR DG P A K (PN EE 55, 20185 V057
5%, 2020), AT LAFHAH M Hrxd - 498 1 4 1) ok
PEHEATIRNT . A SCH SPSS 24.0 B4R HIFFE X 322
T3 AR TR Z AT KRR E ST (1 6) o
SERLM, MR X RJE I As 5 Sh LR BN
0.51, Co. Cr, TFe, Ni, V Z [8] ()1 & R BGLFl A
0.54~0.91, ¥JFRIAE 0.01 /K B EF AR, £
As. Sb, Co. Cr, TFe. Ni., V 433 EA R HI5

I R AT, GBS (B AR IR E— 2 R
Pr )2 3 4 ok IR (32 3), 3 — i 1y ek
Rk E T HAh F 54>, Co. Cr. TFe. Ni. VIER T
1 FRIRTEAEA R T 0.553, 3% 260 2 738 S5 R A0k
X85 /N(21.61%~52.83% ), Co. Cr, TFe, Ni, V ¥
BRT R, A iE SRS, s (H X3 =B e T
W AR A AR AR L A G TR T 4, R A X
B B A AR T R AR R, L E X o A
ANZ XN, FEEARH X K A 8l %% 4 X Al
25, Ui )2 4 Co. Cr. TFe. Ni, V FERIFE T
A BRI, AR AZ N, 56 T
As. Sb., Sn 7E[H T 2 A AHII KT 0.641, 5
ZBO R 1.21, 0.89 F1 0.22, 75 S5 B A A0 i 3
£, X 3FITEZMEHTE 0.01 K B RIEA,
o B X F B A AR R A IR 2 1L AR JiT
X, XL XIS A A S BRI (1E 3),

R4 RETHEESETHEBEXSN

Table 4 Spatial autocorrelation analysis of heavy metals in surface soil

IiH As Co Cr TFe Pb Sb Sn \% Zn

Vig 0.0002 0.0003 0.0003 0.0003 0.0002 0.0001 0.0002 0.0002 0.0003 0.0001
Z 25.39 32.13 30.85 35.6 29.72 24.89 30.61 27.91 35.75 14.95
P 0 0 0 0 0 0 0 0 0

EER0 0.37 0.51 0.48 0.56 0.46 0.3 0.48 0.44 0.56 0.16

http://geochina.cgs.gov.cn H1 E M1 5T, 2024, 51(1)


http://geochina.cgs.gov.cn

313

L P B DX 3 43 R T 2R 25 A1 A1 Jey S Bk pL ]

]

RS s

ESIEE 1Y

SHATEHIE

[i]
Fig.4 Spatial distribution characteristics of heavy metals
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in surface soil
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Fig.5 Spatial distribution characteristics of pH and organic matter in surface soil

BB T 5. H As. Sb, Sn 48"
DX -4 HLAT AR (A S, IEE N &0 10 B 2 4E
RIGE G E AR, 2021), As 5 Sb R IR A
BRI R, BA LAY b BRI 17 R (Guo
et al., 2021; Zhu et al., 2020; % ¥ %5, 2022), i ¥
As. Sb, Sn2Z JF A Hi 2 5 T 80" Hb T 1T 55
R, =T Cd, Po, Zn 7ER T 3 EAIMTER
{EHIRTF 0.580, 285 RE55I0 150.56% . 149.68%
A1 71.63%, A8 AR K, H CAH NEYEED A BB
P4 53, Cd. Pb. Zn 1Y i {8 X 3 32 22 531 78 Wk &

R AP B B A B O, EL XU AR — E B T
WG S, BB Cd. Pb, Zn Al RE £ EZ TH S
R o
32 tEESRTHSHIEHER

RSO AR A A A
b e AL P 5 ST T R R L S R R S
A1 A A% SR ) EFE R, it — PR R )2 L
B R AR MR IR, 7350 A KA
W MFRAE S Al B S R
IR
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1.0
As [As & *x @& ®= © @ @ 2 @ - x ® *x & S & - x -
oo D @@ + @ o @ @ 2 2 DO S O @ =+ @
0.8
crjososs o« @@ - @ x @ = - - x ® @ ® @ & @ =
e (03076 054 TFe @ * ® @ @ © + + © O QP O @ ¢ & =
0.6
Ni 01208 083067 Ni - B & @ ® 2 2 & @ O © O & = @
Pb [0.18 0.06 —0.04 0.09 001 Pb @ % *x & ® - x| ® | & - X | o
0.4
Sb |0.51 032 023 040 032 038 sb ® @ ® *x *x &® *x & S @ *
Sn 036 030 006 046 021 011 027 sn @® & - x @ * & @ @ - =
0.2
V 016 082 057 091 070 005 034 042 V @ e ® Q0 OO = » -
Zn |0.15 030 0.10 0.28 022 024 020 0.16 027 Zn * ® ® ® ® S + x = 0
CaO [0.04 022 0.04 0.14 0.17 001 005 003 013 011 Ca0 ® ® B & - = ‘ ()
Na,0 007 023 002 0.11 017 -0.00 005 006 0.15 007 035 N0 @B @ ® - & @ = @ 0
KO 024 060 0.09 053 042 0.14 026 049 057 030 035 041 K0 @ @ & @ & - &
MgO [-0.08 0.62 035 051 058 -0.02 0.04 0.15 054 021 042 042 064 MO @ & @ @ ¢ @ os
Si0, [~0.16-0.62 —0.47 —0.81 —0.60 —0.08 —0.28 —0.40 —0.74 —0.25 —0.27 —0.34 —0.54 —0.63 SiO, . . ® ® =
ALO; 029 0.50 022 0.80 040 0.14 038 057 0.71 026 0.03 0.01 0.55 030 —0.72 AlLO, . ®  x 06
S/AL -0.22-0.57 —0.29 —0.81 —0.49 —0.12 —0.31 —0.51 —0.73 —0.26 —0.15 —0.17 —0.60 —0.48 0.83 —0.92 Si/Al ® @ *
ba |-0.03 043 0.16 022 037 -0.02 0.01 0.04 028 0.15 0.72 0.73 0.61 0.80 —0.42-0.01 =021 ba  * . 08
SOM [0.05 0.15 020 038 0.19 0.07 0.08 0.16 025 0.10 0.01 —0.10 0.04 0.17 —0.50 0.29 —0.36 —0.01 SOM *
pH |-0.02 0.30 0.09 0.09 0.24 —0.03 0.00 —0.01 0.15 0.12 0.64 0.47 041 049 —0.25-0.05-0.09 0.71 —0.08 pH "
As Co Cr TFe Ni Pb Sb Sn V Zn CaO Na,0O K,0 MgO SiO, ALO, Si/Al ba SOM pH
# RN p<0.05, 15 Y R/ INGR s G 22 Bl Xof (A R/
E 6 FZE I HEHE ST 545 PRI TSR0 B2 IR EhAH SCHE
Fig.6 Pearson correlation matrix between heavy metals and physical and chemical indexes in surface soil
100
o | B oA
1738 2098l 1439 6.83 12 ) SR 117B w5 PUZ Quaternary
80 F ‘ " ‘ (n=064)
S
S 70¢ 196.9 ‘
& : m )5 7+ Clastic rock
m 60F 1 (n=1911)
ﬂsm
B ok = A8 Jf A Metamorphic rock
ﬁﬁ . (n=70)
30 F
20 F R A% Intrusive rock
_ 1 (n=12)
10 F )
0 . . . , S .
As Co Cr TFe Ni Pb Sb Sn A% Zn
HEJE

P 7 R BGARE R AR S i i 5 7 20 FEHER U

Fig.7 Column chart of heavy metal content percentage accumulation in surface soil of different parent material types
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321 mEHR

F5E X 32 B R AR 5 DU R o ) L U
TR . 3 22 L8 o RN B L B 1R A
& 7 R F 5T X AN R AY A% A+ B 5 36 )22 - 45 e 10 Fh
TR SR ORI, 45 R, AR B X Bk
JZ+3Ed As, TFe. Sn, V EH & B, RAAKX
)2 4 d Co. Cr. Ni. Pb, Sb. Zn F¥& &
&L, AR TTCA MR ASESR SRR, B
AR PR ESE SRS BA
X A R ou T AR L AR, o A
RSB A A AR RS, S
RAHCE NG KA 5 . AR I X T R B 45
AR L2 78 A 3w 4 As. Sb, V., Pb(H = W4,
1995; BXHIL, 2014), 1M Wk L HT B0 RGBT 1L 5 2
AR ARG BB OIA G (E K, 2016), B HiZ
ANABE P, Zn5I0R . Jy—JiH, KRR T2
ST (ANOVA), AR - HE i X R 2+ E 4R
SR BE LR, A LB 2SR 0 ik
fiE, 5402 1Y 53 A5 B A e BE Y 2 (R RR AP, BRI AT
TR 22 4 4 R i T = Ol D)
il
322 HIEEA

- AR A+ HEH A TR A 2 S R B, A AT
T, RF AP ES B S B R RER (R
HaRE, 19945 32655, 2022; W~ 5, 2023), WF5E X &

HEJE ST %

BL EHERRU R KR | AR RO 20 S
TR L B 8 HANF] ISR )E I 4
J& & A o L HER AR R, ik R 2 | Y
FRIERUKRE L E SR S, Ra et
PSRRI RR S . P E 48 As. Sb. Sn,
Pb [P (21,16 mg/kg., 2.29 mg/kg. 3.57 mg/kg,
52.68 mg/kg) fi (i, Wi A€ H Cr. TFe, Ni, V (11
18 5 (139.47 mg/kg. 7.09%. 48.51 mg/kg. 131.95
mg/kg) 5% 5, WA T Co. Cu fUEH & 1 (17.94
mg/kg. 37.27 mg/kg) Fe i, KA -1 Zn, Cd H9°F-1Y
1 (106.87 mg/kg. 0.32 mg/kg) fciE . BR T R4+
th Cr b, HRHESEIERLL L Mg -
thE IR, SRR Iy 22500, ANA] IRy
XRZTIEHEG RS wEAAE R EEE R

5% X e 1 M i il 2, Bl AR R, RO
ANWTREAIR, A R Bt 2 A8 Ak, - SRR Y 43 A
SR DI G, BEWR 0 TS AR OO e £ —K
Fif b —55 0 1 | ZUEE— BRI AR,
MR P I 5 M M A A R E o B R T 22401,
ANF] g pH, LR S L REER R A
W& L SRR A A A B R S A bR
FETE 35 25 57, AHOCHIF SR 6B, T3 Bk 1 o 2 4
il 1 R A E L (RO A, 2022; A8 K
45,2022), L, XL R Y 25 Rl T E AR E
SR A 5, RV ) I 5 25 S e e

m /KFF+ Paddy soil
(=132)

m EAFEE Yellow brown soil
(n=394)

113 Brown soil
(n=95)

O

0.8
Z1 4 Red soil
(n=149)

m 2%+ Purple soil
(n=1241)

m 21 + Dry red soil

100 ¢
90 F !
80 |

1
70 F
60 F 1

21.1 16.2 5.9 4.2,

50 F 1110.
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1
30 F
20 F 1
10F |
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1

1
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1

1
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Fig.8 Accumulation column of heavy metal content in surface soil of different soil types
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FEHIE S m AN,
3.2.3 LA A £ A

MR R S AR 280 sl i R ZRBUE 2, il
1o 5 ) - SRR I T R T 4 R 1 RS AR
e CETRMRAE, 20215 XIJm R 4F, 2023) . BFFEIX Y
T A A 2R K, R SRR TR AR
T A PR b, 0, BACHD, o TR B K, RO
Mo B9 AR L b A ISR R )2 I 4 R
wH A HERREIE R, B2 1 4 Co. Cr,
TFe. Ni. Zn, M AR X & 4 As. Sb, H [+
XAV, BT E4E Pb, K HAHX R 4E Sn. &
By 22001, AR LR SRR 4
B A R E TS
3.2.4 XIE AR

- HEHE Ak M TR B i T 4 R 1 MR 2R AT
Sy, B B RAME O R BB B R TR R
REE LR (SVAD . HHERILIEE 2% (ba) . 5
ML (SOM) F1 pH X} T4 J& 1 52 M (&1 5) o T oT
R HLBR A 22 AT o038 52 R IT R ], AF5E X
RIZTLHE10MESEJE S CaO. Na,0., K,0. MgO
IR AR W IEAXC R, Ca, Na, K, Mg %
B T A AR R - i R 2 5 o e R
A, PRUHSER ZU (R 3 B8 1 ) B it A B8 22 A7 R A7
A, 1A AE A X L [ 2 U B AR ROk,
A E T R & R MUR TR e & A
FIF RS G sh P TC R URRE, 1 10 FhEE 4 )8

|

AR ST/ %

g

—

JCE MR E HERE T B A, AT R 5
T2k R 4 X, 54 JE 3R AS R RR B 9 i
BHEE., EaES IR R (ba) BYFHSE
PELIER] T 3X — A5, ba (BN, U8B - 58k 1E H
#i#, Co, Cr, TFe, Ni, V. Zn 5 ba & g Z ) 1EAH
O, L BH bR 1 i, T 4 R R AR R I
R

+ e ALO, Fl Si0, & &, DL R REES 4> T B8
IR HE (ST/AL Sz e 4 S8 J5T o A7 00, 38 Si/AL HE (BB
AN, TR BURGE  AP BT, ez IR R T
AOob . TRXRZLEESRS SIO,.
Si/AL ¥ BE I HAHE, 5 ALO, 2 B A IEA
F 1 4R 00w I A2 BT LAY,
TR L YR A W (B 81N 4, 2022),
RESRMER SRR E

TV A ZFERER, X E SR ST
RIS A s AR R (BRI, 2019) . TFEIX £
TR 4 Jm 5 AT AT (SOM) 4 FEAE A [R) 742 B 19 1E A
KRFR, MK RBUEAEE S 0.05~0.38, JoH 2
Cr. TFe. V Z A LB 4 0 2, UiHTAPL 2
BRI X R 2 I E SR S ENE R,

11 Co. Cr. TFe. Ni, V, Zn 5 pH 28 B %
MY IEAHJEOC R, FHOC R BB AL A 0.08~0.30, TG
HJE Co. Ni %2 pH HISZME R 3, FERIE IR A
FIT ERE SR TR EE, MAEREAE T E S
JETE SR, 2k

B /K Paddy field
(n=71)

B 2Hb Dry land
(n=238)

m 2[E Orchard
(n=90)

u TR ARHRHE Arborland
(1=1325)

W FEAHRHE Bushland
(n=165)

m YEHh Grassland
(n=42)
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Fig.9 Column chart of heavy metal content percentage accumulation in surface soil of different land use types

http://geochina.cgs.gov.cn H1E LT, 2024, 51(1)


http://geochina.cgs.gov.cn

318 il

Hb, Ji 2024 4F

3.3 TtIEEEERE IR FITTE
3.3.1 &6 RAAE A

h T REFRIEAE AR R ESE TR
TR R, ASCR T R Ak /i 4
JE AT T 3 A 1Y 15 B (Nesbitt, 1979; Chadwick et
al., 1990) , A< 3 DA f5 IS 2 5 5 5 A o A xR, 32k
B Ze ARG e R Kb i e (B
Ji— 3 W E SR TR T R (), R
AHXH G B A AR B

10 AR IX 3 Ff 32 2 A B AUk ) T
EEETIE AR ME. "TUEN, ZoEERE
BRI 22T R (R4, 3 Ff Al 1= B 25 Wbl i v
& JE () b ER AL 2447 R B AR XA B B AN, 76 3 F
B A B A XA H T A Co. Cr. TFe. Ni. VA &,
As. Sb. Sn 2045 Pb. Zn 04 40 ) ELA AL AT
B m A, ER R B Ak 2 R 2 1 1 22
SR R B A B E R AR,

Co. Cr, TFe, Ni, V¥ N EHIT R, fh2p M i
AL, FEAR A FIAE ot 5 AR i = i F v, 7E 3
JERIN AR B B B 4 RHE, H Cr. Ni 76 112
BT O B, (RS A X R 2 RO
0, Ni A . Sb. Sn ZEAR A 7 KAk ) 1 i) 1 43¢
JZ AR, T As WIS w4, AT AR 21 X T
WGBSR As 78 &5, As. Sn 7248 A KAk
T %) 3R AR Sk, Sb R i s 4E, T As. Sb |
R E A AT ) 2 B E . Wt
 Pb. Zn W = RALH T A R R EE 2K

R PEAR T A O A L A DL D
RHEA . B BEREAT, fh2E Wb R M A R
i) Ca, Na & T2k H7E XAL T By BOwt W 2 0 %
PR A I AL BT 2 T A Wb e, HARREE K.
Mg, Si Bk, KUAAE R A s B B & A= 2 s B A
FEEYAER . P, Zn LA Cd FEIRAE T K AT
VIR RE S TR D, TETR M ISR 251 T =3
HIER MR RRIE . SEA AR 771 Cu. Cr. Ni,
Hg, 1052 H [ B b2 1 BRI ik 5 BR ke i 52
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