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Geochemical Characteristics, Influencing Factors and Utilization Prospect Evaluation of Ge

in Agricultural Land Soils in Wenzhou, Zhejiang Province
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Abstract: Based on the results of the Action Plan of Geological Survey of Land Quality (2016—2020) and Multi-purpose
Regional Geochemical Survey in Zhejiang Province, the geochemical characteristics, spatial distribution and the main influencing
factors of Ge both in top and deep soils of agricultural land in Wenzhou were studied, and the utilization prospect of Ge-rich soil
was evaluated. The results show that, the average contents of Ge in top and in deep soils of the study area are 1.44 mg/kg and
1.62 mg/kg respectively, with the variation coefficients of 0.14 and 0.10 respectively, Ge spatial distributions in both top and deep
soils are overall uniform, sharing the same spatial variation of weakly decreasing trend from southwest to northeast. The grade
division results of Ge enrichment degree shows that the topsoil of agricultural land is mainly “weak dilution” and “background”,
indicating that it is generally less affected by human factors. Soil parent material is the most important factor affecting the content
and distribution of Ge in topsoil of agricultural land, among them, the average contents of Ge in soils with the parent material of
littoral sediments and sedimentary weathered rocks are generally higher than those with the parent material of fluvial and
lacustrine sediments and igneous weathered rocks. Physical and chemical indexes such as organic matter and clay content, as well
as land use type and planting structure are also important factors affecting Ge content. The results of Ge-rich grade classification

show that the cultivated land area of “rich” and “relatively rich” grade Ge in the study area is 1 383.07 km?, accounting for

OFATH : WA £ 35T A T301400(2016—2020 47) B 22— FHE N 7 4 b 5 o . 55 80 8 B SR 48 A 30 H (WZHX(BT)2019-11-
315)% 0,
EE Y T2 (1985—), B, Bid, TR, EENFRWMEME = HEFS . E-mail: 249582217@qq.com
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56.17% of the total cultivated land area. On this basis, 10 blocks with good utilization prospects of Ge-rich soils are identified,

and their utilization prospects are evaluated.

Key words: Agricultural land soil; Ge; Geochemical characteristics; Influencing factors
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Fig.1 Geographic location and parent materials of study area
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Table 1 Detection methods and limits of main indicators
e B BRIk BERAG R TR R IS (-7 TS 2l PR BERA IR iR R

1 As AFS 1 0.3 11 Mo ICP-MS 0.3 0.3

2 B ES 1 1 12 N VOL 20 13

3 Cd ICP-MS 0.03 0.03 13 Ni ICP-MS 2 1

4 Co ICP-MS 1 1 14 P ICP-OES 10 10

5 Cr XRF 5 3 15 Pb ICP-MS 2 2

6 Cu ICP-MS 1 0.5 16 Se AFS 0.01 0.01

7 Ge AFS 0.1 0.1 17 \% ICP-OES 5 5

8 Hg AFS 0.000 5 0.000 5 18 Zn ICP-MS 4 2

9 K,O ICP-OES 0.5 0.5 19  Corg VOL 1 1

10 Mn ICP-OES 10 10 20 pH ISE 0.1" 0.1"

. pH AL EZ, Corg Fl K,0 ¥4 h “g/kg”

, HABAEARANA “mg/keg” 5 AFS AR FPOLIGIED:, ES ARHHGIEEL, ICP-MS

S HLERAR G B TR IS L, XRF N X BFRUEEEIETE, ICP-OBS LB &5 & PGS, ISE ABERSH ML, VOL AHLER I £k
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Table 2 Grade standard of Ge in geochemical evaluation of land
quality
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Fig. 2 Frequency distributions of Ge in top and deep soils in study area

R IXRIZE T Ge & A/ MEN 0.69 mg/kg,
KIEH 3.78 mg/kg, P& N 1.44 mgkg; W21

Ge FER/MEN 1.14 mgkg, BAM N 2.19 mgkg,
AR 1.62 mg/kg(FE 3). WiE Ge ZRARE
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Table 3 Descriptive statistics of Ge of agricultural land soils in
study area

T

FERY FEA R/ME BORTEIME R RORME

KR (fF) (mghkg) (mgkg) (mghkg) (mgke) B2 R
FJ2 24292 0.69 1.44 1.43 378 020 0.14
ti%
W2 736 114 1.62 1.60 219 0.17 0.10
ti%

S350 0.14 F10.10. —MBaA AR R RO, JTHRD
AL, BB, Y5 RE<03 /i, T
F A ARENY, X Ge 7RIS IX £J2
FHERRIZ LIRSy, 2N E RN
X AT RUE B, WESE X R )ZE T Ge 2
T2 3 50 1.70 mg/kg® . WriTg w1l %
JZ 14 Ge & B-FIME 1.59 mg/kg! RIS 4 2 B
HH 22 T4 Ge FIIMH 1.58 mg/kg!"™!, WEAL TP
TiEE )1 X 2 58 Ge “FHMH 1.50 mg/kg!" s (HZLME &
TWIT AL ELZE A+ Ge VI 139 mgkg'™,
T VE LTS b X 262 133 Ge 31 1.43 mg/kg® VA1
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VE o T g a0 v R R AT b R e 22 4 v
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Fig. 3 Ge geochemical map of top (left) and deep (right) soils of agricultural land in study area
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Fig. 4 Spatial variation of Ge enrichment in topsoil in study area
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Table 4 Descriptive statistics of Ge in soils with different parent materials

SR T2 HAME)  m/MEmekg)  CFEIMEmgkeg)  HAIE(mg/ke)  mKRME(mgke) REEE ER R

RETHE  REHIRY 2667 1.22 1.49 1.49 1.81 0.20 0.10
DIREEE 3743 0.91 1.49 1.50 3.78 0.20 0.15

AR TR 4623 0.69 1.43 1.43 2.20 0.20 0.11
KA 13 245 0.72 1.42 1.42 3.25 0.20 0.15

WRLHE EIFAHTURY) 39 1.20 1.52 1.52 1.99 0.14 0.09
TUBUEZE XA 93 1.22 1.71 1.71 2.19 0.18 0.10

A DT Y 74 1.36 1.55 1.55 1.79 0.10 0.06
KAL) 529 1.14 1.62 1.61 2.17 0.17 0.11
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F5 WREXRAHMLTIE Ge SHMEEIRIRAIHEXME

Table 5 Correlation between soil Ge and other main indexes of agricultural land in study area

As Al,O4 B CaO Cd Cl Co Cr Cu Hg K,O
xKZE 0.1437 0.123" 0.173" -0.221 ~0.046" 0.015 0.275" 0.043™  0.0277  -0.039"  -0.239"
w2 01537 0298  -0.192" -0.226" -0.116"  —0.089" 0.064 -0.147"  -0.018 0.012 —0.495™

Ga Li MgO Mn Mo N Na,O Nb Ni p Pb
xKZE 03127 0.143" 0.139" 0.212" 0.032"  -0.176"  -0.238"  0.145"  0.188"  -0.056"  0.025"
W= 03677 -0.1137  0.226" -0.095" 0.053 0221 -0.380"  0.156"  -0.092" -0.130" 0.080"

S Se Si0, TFe,05 Th Ti \Y% w Zn pH EERiING
FZE 00677 0123  -0.181"  0.204” 0.1117 0.086" 0.2217 0.124™  0.088"  0.077"  -0.206"
W= -0.150"  0.1817  -0.239"  0.1957 0.023 0.052 0.047 0.119" 0.061 -0.280"  —0.225"

TE: %, o RIRRAISENER P<0.05 Fl P<0.01 B KFEBUR)-.
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Fig. 5 Scatter plot of Ge and clay content of topsoil in study area
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Fig. 6 Box map of Ge in soils of different land use types
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Table 6 Contents and enrichment coefficients of Ge in different
crops in study area

B}

TEYIRIZE X BEARME) RELX Ge  KIEW Ge BHERHK
TRIE TrRIE
(mg/kg) (mg/kg)
KRG WX 27 1.36 0.002 9 0.002 1
RRIFX 32 1.43 0.002 3 0.001 6
BBX 16 1.50 0.002 7 0.001 8
SORE 30 1.40 0.002 5 0.001 8
A 81 1.40 0.002 7 0.001 9
SRIETT 58 1.50 0.002 4 0.001 6
TFIHE 84 1.28 0.032'1 0.025 1
B 83 1.42 0.002 4 0.001 7
THE 55 1.38 0.0225 0.016 3
W= mi%d 7 1.58 0.000 1 0.000 1
TBX 14 1.48 0.000 1 0.000 1
UG ERX 11 1.44 0.001 7 0.001 2
K kR 15 1.49 0.0100 0.006 7
M w20 1.33 0.000 3 0.000 2
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Fig. 7 Grade division map of Ge-rich soil (left) and suggested blocks of utilization of Ge-rich soil (right) in study area
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¥ Ge fra MR TEE EPEAKF, Hh Ge 5
T HEE R 835.67 km®, [ EABHHIE R 33.94%, F
B TR kg PR R R IR
S IX; B IR 547.40 km?, (5 SHRHb AR
) 22.23%; HAEIEE AL 507.80 km®, M BB
U 20.62%, 515340 TAFGE XA HIX s Bl =
ok = X H AR 571.26 km*, & Sk AR 0
23.20%, FESMG T K . ARIEICER . SOk ZTRg
#, LA KRV —F- PH L X5 Ji Xt X

T U RZER, A5 098 X+ B 25 A PN 25
BB Ge HHEMIBL A RFIEFIELA R =M E Ge
IRBLER R, LR 10 M EA IR R KRR E Ge
FEEFIHXH(E 7). RAHEFACE R 50, &

TARX 10 DN XHGE S HATZR AT .
San = Zkifi (2)
i=1

A fasdn iR B/ b FRA" A Ge H AL
TR Ge FG, XHUmARM L R RR | X Bt
SRLEAT U S L R XA 2R PRI Bt e 5 A
PR R AL R 5 PRI IR T SR
gy FARINER 7 FiR .

1015 Ge HHETF R A AKX Herh 74> X BT
KA SN A, 3 SRR 8). REMIX
Beor A e RUTT LA RS TP B X, M 3-F-3H, ik
B, TR, A A BN R b
Ge & AHX i o BURBISEIX B Ge H3ETF A F LG

x7 FMEFHNERBRZR S
Table 7 Weight coefficients and grade divisions of evaluation factors
PR T FTE FH(k) WH SRR (f)
LAY Ge & i 0.4 &t (mg/kg) <0.01 0.01 ~0.02 0.02 ~0.03 0.03 ~ 0.04 >0.04
3493 1 2 3 4 5
TR Ge R 0.2 373 =z = 4 BEE T
3453 1 2 3 4 5
X HR TR AR - b 3 0.2 T A (km?) <10 10 ~20 20 ~ 30 300 ~ 40 >40
JIRIE 3493 1 2 3 4 5
TIEGE TSR 0.1 373 %% FEG g RAf 1k
1393 1 2 3 4 5
AL Z A LB Al 0.1 R0 %% a5 g RAf 1k
Tk 353 1 2 3 4 5
PP A 371 %5 a5 g RAf 1k
393 <L.5 1.5~2.0 2.0~2.5 25~3.0 >3.0
*8 MHERX101E Ge LIEFAF AR XREKIFR
Table 8 Basic situations of 10 prospective blocks for utilization of Ge-rich soils in study area
s X B K= Ge fri £HEGe % I R e s DA A IR FH
(mg/kg) (km?) GEER FERH Bt £ 1% BTy = /1
Ge-1  ‘RIETHMIEHILHE Ge X 0.021 +u 44.8 R4 1 e
Ge-2 Je VS X MFEATIE & Ge X 0.003 FE 19.8 A e KA
Ge-3 i T LI Ge IX F5 11.26 A RLAF KA
Ge-4 i L T AR U & Ge X 0.014 Fu 77.46 R4 e 1
Ge-5 Fii % p R AT I & Ge X 0.019 Fu 45.88 R4 e 1
Ge-6 B E LR Ge X +5 22.14 A RLAF KA
Ge-7 USRI £ Ge X 0.035 F5 15.99 A A 1
Ge-8 BB PR Ge IX 0.032 F5 11.4 A A 1
Ge-9 TR Ge X 0.019 Fu 27.95 R4 e 1
Ge-10 CHEESHE Ge X 0.046 FE 15.94 A e 1
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TR b HABSFRE, BT HETENACE Ge K
7 T A 1 A T AL A B B, AR SR R AR 1 14 5
FhIEAISEE , PR B — 0 B P A 5 O AR AN
BTN HOR7 G 2 H BAT SR S

5 #ig

DAFFE X AR L2 - Ge P48 1.44 mg/ke,
WIE 11 Ge P& 1.62 mg/kg, W& BIAD 1
Be¥5), A AARRRHE AR &, th g P R0 R 2 59
IR AR IR B R AR o o, WS AR
Mo+ 4 Ge FE ISR FE RN E, ZAHE
F MR R RN

) A TR ST IX -3 Ge & L
FRIER e B2 2R, BRI AR TR RIS 28
WAL 13 Ge &5 5 S0 S AL = T RE B A T AR
DU ALK A ) 18 . A HLT . Bk +
SRR 5 LA K AN ) ) - i ) F 288 78 R b A 45+ 4
SRR RN EENE,

3)FFEIX Ge £ &M E A 835.67 km®, WFE
BE b AL 547.40 km?, B 2 F0 G R b mE AR
56.17%. LB 10 ~E Ge HHEIF & AT S48
M X, AT 1l BOR 2 & Ge 3 & IR
5%,
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