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DISTRIBUTION CHARACTERISTICS AND INFLUENCING FACTORS OF
GERMANIUM-RICH SOIL IN TYPICAL AGRICULTURAL AREA OF
CHONGQING MUNICIPALITY
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Abstract: By collecting 8 496 topsoil samples from Nanchuan district, a typical agricultural area in Chongqing
Municipality, the study tests the contents of germanium (Ge) and other elements in soil and discusses their
characteristics and influencing factors. The results show that the soil Ge content is 0.13x10°-13.59x10°°, averagely
1.54x107°, higher than the average Ge content in the “one-hour economic circle” and purple soil in Chongqing. The Ge-
rich (>1.4x107°) soil area is up to 1 559.8 km?, mainly distributed in the south of the study area. The high-Ge soil in
Nanchuan district is mainly distributed in the Upper Permian Wujiaping Formation and Changxing Formation, as well
as the Lower Triassic Daye and Jialingjiang formations. The soil Ge content is mainly controlled by parent materials,
which is positively correlated with soil organic matter and associated with 8 heavy metals. The high-value area in the
middle is greatly affected by concentrated coal mines and human activities.

Key words: soil; germanium; element distribution; parent material; Chongging Municipality
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Fig. 1 Location map of the study area
1—HFEIX (study area); 2—% Bi(township); 3—2 A2 (boundary of
rural towns); 4—#k J (railway); 5— ¥ 2% % (highway); 6—%4 j#
(provincial highway); 7—51 (county highway)

TS P FEE A 3225 R )1 DX R R
2 602 km?, B FAE I 42 X 32 20 2 A, 430
1 54.43%F1 22.29%. Bl F LA AL X ALER , M 5
SO AT X R A

2 HmRESSNT

ARWEGEHS SRR R 105 T3 435 it bR Ak 2 ]
AR F)Z LR i, A I e 2 e
o T L ER AL ARG B 25K (1047)) (DD2008—06 )

www.fineprint.cn



http://www.fineprint.cn

PDF pdfFactory Pro

55 5 A QAR E PO DX A R B IR R 611

HAHELE , 2R 4~6 > km? B R A TR RS
L5109 75 o (3 10 7 1 i = ST o 5 VA B
H, SRFEREE A 0~20 em, &R 5 JE ] 50 m Y@
N 4~5 AFFEL G TR, SRAE I RETT BT I 4 iz 1) HE AR
+FNAA A SR TS YL IX, 2015 4F 12 A #) 2016 4E 6 A
FERE N DX ARAG 32 2 - AR i 8946 A~ SRAE IR IR it
HRTF 1 kg, AT 5,15 10 BIE e, # 250 ¢/
T S5 5 E— A5 A B LI A B

NP RJE R T T pH L AR (Co) PAK
Ge.As.Cd .Cr.Cu.Hg Ni.Pb.Zn % & 4 J§ 19 4> & /3
B, I RS T TE B SR GO PR B B
K Hpo 52 . pH 2R A pHASE R AU % , C.,, 2R
TR IV 4 B 25 B 1 7 |, Si0,, ALO; Fe,05.K,0 \NayO
Ca0 MgO 3K X S50 3E H: (XRF) W E , As Hl
Hg JUE R R F 61k (AFS) I E , L3R E 4R
Zn .Pb .Cr R X P HEENE , Ge .Cd .Cu . Ni
TCER K LA G 55 B R BT 2 (ICP-MS) )T . ]
I TR 4 FRCDZ/T0295—2016 i & M BR L~
TEMRITE) A JCRLE PRAT. IR b v 1 B RS 2%
FEMEHITT N LUBIEEERA 4 A5 L EmRmt: A
VEIE Y E AR T (GBW ) HEAT20H7 , BN bRy 4
UM 43 A 45 SR E B 0 A (E S A o R 6 B0 22
(AlgC), FMefrare S Br i emf . 8 4 A
R — Wb 3, ERE e 5o T R A
(BN EOR M O 22 (A ), R A A it 43 B ARG 3 B
i FIORS 8 B R B K — R ME B A e, e R
3BT AR B FORG 25 BE SR R 5 T 98% , U & Al R
T 99.98%.

= HE N T (Enrichment Factor, EF) F 2 T3 14%
H5 YT E R 5 YRR b, il ST R
(B He ke S il A ZRTE sl SR IR s AR,
Zoller S5 "W RAR . B AR F I A SURKEFE S
ORI 5 SOCR RS T, HIHEA
KA

EF=(Ci/Cy) s (Ci/Cr isetive (1)
K, CoNEIRICE | IREE; C, AR IER T
WHE; (Ci 1C,) e FWFFE X T35 TC K R L S b
PITCRWERI LA (C 1C) e WPFRIX T HEEE TR
s SR EL TR SN HE. AR =
b IG &R — ik 5 3 A 1 R v b Bk Al 2k R RS E 1 T

2,0 AL Se Zr 55, ARBFFERE R AL AR AL 1Y
ZWouR, VRN NG SHEE N LEROCR
75 5B 2. >Rk A Sutherland 55 ' AR 1E , 1 52 h 2
FER 3R 6 (3 1).
®1 BEEEFHRE
Table 1 Grading of enrichment factors

205 WHENT(EF) TSP TRRE
1 <1 Tl
2 1-2 TR g
3 2-5 TS
4 5~20 g
5 20-40 TG
6 >40 BT

SEHG N A3 K0 R F Excel 2007 F1 SPSS19.0 483
AT 00T, ITE R FER T AreGIS10.2 81, 43
BT WFFE DX A 5B 11 B R AE AN 2 8] 23 A RPAE. 32
B EHE TN XSS st H P sh L )
i3z F Bz JR 3tb (Pearson ) ¥ %F + 34 Jo A1+ 398 468 5 2
HEAT T AR5 HT.

3 GR5ITE
3.1 TIEEESEE

HIRT R LW S 'S (R2)%
B, BFSEIX 4 e B i AR TE R 0.13%107°~13.59x
107, S 3ME R 1.54x 107, Ik F 4 [ 4 488 55 (1.70x
107°), /& FE PR “— /N2 50 B A48 (1 3 P A Y
R R R IR S Y 1.54 5

2 HRRSHEMMRKRELEESEXLL

Table 2 Comparison of Ge contents in surface soil of the
study area and other areas

X 1[0 SFEIE/10° BERKIE
PRI 0.13~13.59 1.54 AL

R —/ NI & TERE” 0.62~3.57 1.47 SCHR[ 1]

HREM L 0.28~2.0 0.48~0.94  Cik[14]

SN W B 1.01~4.21 2.17 HR[15]

B e 0.72~1.60 1.16 CHk[16]

LA 1.20~2.40 1.70 SCHk[17]

A 0.60~1.30 1.00 SCHk[ 18]
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Table 3 Grading of soil Ge content in the study area
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Fig. 2 Geochemical grading map of soil Ge
content in the study area

1—3F % (rich); 2—# £ & (relatively rich); 3—H1% (medium); 4—4%

B (relatively deficient); S—Et= (deficient)
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IR LR T (EF )45 50 58 IX T 45 6T
Ye(EF<1) JBII5 9 (1<EF<2)  FREET5 4 (2<EF<5 ) Al
TG YL (EF>5) AR S50 R 4864 ,4036 .44 Fi
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Table 4 Soil Ge contents in different formations of the study area

HoJZ= Jp Jsn Js Jiz-Jxx TXj Th T,d-j Paw-c P.J-m S (o] c
SEH4{E/107° 1.32 1.38 1.35 1.45 1.50 1.45 1.84 1.97 1.55 1.68 1.62 1.53
FEAEAS 653 602 1609 547 400 301 773 217 281 1509 1604 450

*5 MRRIEFSESTEEROMEXE
Table 5 Correlation coefficients of Ge contents and soil properties in the study area

SiO, AlLO, Fe,0, MgO CaO Na,0 K0 MnO Corg pH

Ge -0.415** 0.407** 0.575** -0.08** -0.064** -0.204** 0.211** 0.206** 0.255** 0.137**

% I % A3 BB RAH S TR B 42 2 7K (P<0.05 ) Fidk f2 2 7K - (P<0.01).

*k6 MARITEHESESITEFTEESETRNEXYE
Table 6 Correlation coefficients of soil Ge contents and heavy metal contents in the study area

As Cd Cr Cu Hg Ni Pb Zn

Ge 0.197** 0.072** 0.413** 0.523** 0.044** 0.513** 0.175** 0.264**

T R 43 BRI SC MER B 38 /KO (P<0.05) il .35 /K F- (P<0.01).
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[ERE 2 ISR P

4 ZEig
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PHE N 1.54x107°, K F 4 [ 095 5o, 2t A 11
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X - HEAS S i AR

2) WX LR AR e AR X A
43% M 17% , & 4% 3 ( = 1.4x10°) AL 1 559.8 km
BT IEF R TE X M, TR XL, H

20 kin

3 RIS DX e e SR D 5 A A R - T 15
Fig. 3 Distribution and grading evaluation of soil Ge EFs in the study area
a—p; 48 Al 7 43> 45 (distribution of EF); b—F 4 B T 43 %% (grading of EF); 1—&i {8 (high value); 2—{&{E (low value); 33— 315 4 (significant
pollution) ; 4—H1 75 4% (moderate pollution); 5—5&f#I5 ¢ (light pollution); 6—JEi54%(non-pollution)

®7 HARRAFLHAAAXTLEESE

Table 7 Soil Ge contents by land use types in the study area

AR Y K 4 At el Ei T i HH Foft
RESBUA 2831 2193 2849 250 192 456 56 10 109
A HE10° 1.50 1.60 152 158 1.66 1.60 215 1.74 1.49
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