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Abstract: Germanium has application prospects in both industrial and medical fields, organogermanium compounds exhibit low
toxicity and antitumor activity. It is valuable to develop Ge-rich soil, whereas the research on soil Ge is still insufficient in China.
Based on multi-purpose regional geochemical survey in Guangxi, the authors studied the spatial distribution of Ge in top soil and
deep soil in Beibu Gulf in this paper. The Ge values of top soil as well as deep soil derived from various parent materials were
elucidated, and the factors that influence soil Ge content were summarized. The results show that the average values of Ge in top soil
and deep soil are 1.43 mg/kg and 1.64 mg/kg, respectively. The Ge values are critically controlled by parent materials, and the soil
derived from carbonates has the highest Ge content, followed by soil that has originated from granites, Quaternary sediments,
sandstones and shales. The ratios of top soil Ge values and deep soil Ge values indicate that Ge values of top soil are effected little
by anthropogenic activities. The influencing factors of Ge contents vary in soils derived from different parent materials. As for top
soil and deep soil derived from granites, Ge values are primarily influenced by clay minerals, gibbsite and quartz in soil. In contrast,
for soils derived from carbonates, Quaternary sediments, sandstones and shales, top soil Ge values are primarily influenced by clay
minerals, gibbsite, secondary Fe-bearing minerals , amorphous Fe oxyhydroxides, quartz and organic matters in soil, and deep soil
Ge values are primarily influenced by clay minerals, gibbsite, secondary Fe-bearing minerals, amorphous Fe oxyhydroxides and
quartz in soil. 53.32% of top soil have a slightly-rich level of Ge values and 30.21% of top soil have a rich level of Ge values, which
are beneficial for Ge-rich agricultural crops cultivation and worthwhile for further exploitation. The objects of this study are to

provide basic information for Ge ecogeochemistry, support Ge-rich soil and agricultural products development.
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# (Kaplan et al.,2004a; Kabata— Pendias et al.,2007;

Lol = Keith et al.,2015),{H H A2 EH I —EZ T 1967454

HIOCE (Ge) fETL R JRIIFR T R+ )75k 32,
J& i1 Clemens Winkler T 1886 4 & #L 11 (Hol et al.,
2007), TE TP Uk , Ge /& —Ff R AF Y24 T4, X 8L
RBFEBARM R A A, T2 TR
HER R D B LM 7% | 28 21 MR 25 AR IR P A
HLRE, T A AP Sk L B B R S DR Pt
KT 6L A AL ) S5 4T (HB1 et al.,2007 ; Negrel et
al.,2016). H i Tl & JEXT Ge AT R AR &, {H
T Ge fEHbAE R /- HOTER  ARIE sk S 4
PR (CE 35 3 ] 3555 , 2005 ; Frenzel et al.,2014), 43K
M 3% Ge fit A i 3K (Keith et al.,2015; Wiche et al.,
2018), HIERF IR Ge W EHEAEE , 1224
P A ) & 5 Ge WA FEEL - Erh 1Y Ge, {12
1A Tl Ge HE 13 19 75 5 (Wiche et al.,2016; Wiche
etal.,2017), FEBE 4L, AR Ge 2 NEAE LT IC

BT EA 2GR PR R SRR A ) (D FR Ge
—132, 455} CEGS) , I & & —Fh Bt I 2L
A 9 U TR R 0 A AL 16 S W) (Kaplan et al.,
2004b;Rosenberg,2009;Menchikov et al.,2013), Z J5
AT % B Ge—132 B AT AE M HAT XJRAE \HIV
SRR IR ITVE ] B B i B AR s
S RE . H OO K 7 P 8 (Keith et al.2015;
Dobrzynski et al.,2018;Wada et al.,2018), 5| T EJ7
SRR, = 25 DR T R B T
T ENE Se R ™ i IF A AR L), ik JLAE)™
VO E W TR A MR AR 408 RIS Ge M (bR RS
35,2015; PRlE , 20165 104 7R, 2017), 5 Ge 4™ il
TR Z Ak . H5 Se M, HAGE AT 15
Ge IR FERE BE B, AT B2 B i AT 5 R AD &
B L5 R AR T AR IE T . R
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Fig.1 Geographic location of the study area
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Fig.2 Distribution of parent materials in the study area

http://geochina.cgs.gov.cn FPEHLT, 2020, 47(6)



1830 i [

b, J 2020 4F

R1FIERSTHERGH R

Table 1 Analytical method and detection limit of each index

Feo iR aWniE TEEREIR | P iR NiTnik kWi
1 Si0; XRF 0.05 6  MgO ICP-OES 0.02
2 ALOs XRF 0.01 7 NaO ICP-OES 0.02
3 TFe:0;  XRF 0.01 8 Corg  VOL 0.05
4 CaO  ICP-OES 0.02 9 pH ISE 0.1
5 KO  ICP-OES 0.01 10 Ge AFS 0.1

T : Ge A0}y mg/kg, pH TCHEEN , A HLERFIHABIC R AN %

K43 Hriz FH SPSS 19.0 LA K Excel 2013 3R 4 5¢ Wi .
K2 L K)Z LI Ge &5 MR IZ 118 Ge & T2
JE 19 23 1] 434 &1 21 MapGIS 6.7 5 1) TIN 452 %Y
21l , 32 FH ArcGIS 10.2 KA 317 25 [8] 20 8, 32
CorelDRAW X5 #E47 K444 .

4 #ER5iHE

4.1 11 Ge =4

i B8 Ge 5 5 V- S4B 3 185 M 22 43 Sl R iF
FEIX R )ZE T IERTR)ZE LAY Ge & 1 50 (EF
N6, AR5 1531 10960 716 )2 1 5ERE 5 #2863
PRRIZ TR, 35 Ge & HEATEU A 17 (BRI AR
FFAIER R, WE 3 s . RIZ2 HHEMRZE L1
Ge ERTLASHGT IR 2 R, RIZHHEGe &
H YN 0.78~2.15 mg/kg, B AR - 1418 4 1.43 mg/
kg, FE M 1.41 mg/kg, brifE 24 0.19 mgkg, H)Z
T Ge HHROMAEE TRZ LHE, Ge T EEH N

0.89~2.49 mg/kg, AR V-I{EH K 1.64 mg/kg, HTHH
1.61 mg/kg, brifE 254 0.25 mg/kg, 54 + HEAH
W, 9T X 3R )2 4 Ge S BT E £ A JZ Ge
E i V(A 1.7 mg/kgGRIE R MERA,2007), {15
FIR R/ X 35 Ge 75, URL g g bl iy 7k —
32 149 Ge & - FHIME R 1.265 mg/kg (R4,
2019), Hrimar e 2 E)Z L Ge T ETFHIME N 1.16
mg/kg(R WHIFE,2017), T PCHE X 5265 1 Ge (75 5%
{847 (0.71+ 0.26) mg/kg(H )44 ,2009),

B A B R RE T 4 ) 32 B A2 2 R B A
PRI, BHOTE SRR 5 IR EVI (A
B4 2011 244 2012 kRS 2018), Siit
THESR XL F B R RO B 3 Ge i, N
RK3Pn. WTRZ LG, R SIERRZ L
% Ge e, HAKONAE B A RS U R TR 1
() 4, T & U TR0 - UUA 1 13 Ge B R, Xt
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Fig.3 Frequency distribution of Ge concentration in top soil and deep soil of study area
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R2 FRERETEMRETIE Ge (mg/kg) 3k FE S E]

Table 2 Geochemical parameters of Ge (mg/kg) in top soil and deep soil in study area

Fn FEARMC CPIME heME 25%a il RE Ts% il BOKME AndEE
FELHE 10960 143 0.78 1.29 1.41 1.54 2.15 0.19
W 2863 1.64  0.89 1.47 1.61 1.79 249 025

R3 ARRAEM L EHRFBE L Ge &8 (mg/kg) $H1E

Table 3 Ge concentrations (mg/kg) of soil derived from various parent materials in study area

R BT Femt  PE BME 25%a i RME S 75w i EROKME
- TA 4865 1.38 0.78 1.26 136 1.48 2.06
 BURIBRY 1224 1.44 0.78 1.27 142 1.8 2.1

FEE

Tebd 2693 1.47 1.01 1.36 146 1.57 2.09

TRIR A 969 1.58 0.8 1.41 158 1.76 2.15

W - TA 1223 1.55 0.94 1.40 153 1.65 2.45
. BRI 307 1.67 0.92 1.47 1.64 1.83 2.49
W5 s

ViAE= 598 1.72 1.07 1.58 1.70  1.86 2.46

KB Eh A 287 1.84 1.09 1.63 1.85 2.05 2.49

o, HORONAE B A ISR DU 2R DURUIE B - 358, T
BRI T — TUA A L Ge & iH AR, BIRJZ AR
J2 3 Ge 7 B RPN BRIREL 75 /0 A X >FE 4 A
G3AT X> 55 I R PO 43 A1 XS — BUS A3 A X, 3
VLI ZRZ TR 2 3 Ge & 532 i+ B das il i 3%
4.2 11%Ge FE 5 H4FE

(A Hh 5 b ER AL 25 A S ) (DZ/T 0295—
2016) HefE R 2 11 Ge S K040 S A, Wk 4
FiR o OE BRI I, 454 £ Mo B vE
B ERRN bR e  E 14 Ge HuBRIL 22 R
fifi F BBV RIE L TR Z 3 Ge MuERFL 22, A&l
4 F5PR. IEIHRT DL, 3%)% -3 Ge S5TR)Z H1E
Ge W25 (8] 534 = FE W) 6, 135 Ge & i (X B2
SYARAE RS T PE AL, 2E SR T R LR 7 R S
A7, T AR B 1T S AL AR D7 1) IR A A, X 2t
X FR)ZE 158 Ge B i A T 1.40 mg/kg, J& T4
FEEEEKFE,HEZE L Ge S HIEART T 1.67
mg/kg. ARAE X 323 A 75 7 T T AR RN T 7
ACHS, DL R B3 T ALV T SV T DX 3 Bl X
K I Ge F AR SHKT 1.40 mg/kg, JE& Tik=

x4 LHMRETNEERI DA
Table 4 Geochemical grade of soil Ge for land quality
geochemical assessment
—% 4 =5 JusE fAE
(FE) EFEE P &z Gz
>1.5  >14~15 >13~14 >12~13 <I12

E=La

# (mg/kg)

Z K-, HIRE 4 Ge & RHEEAE T 1.67 mg/
kgo X FUAIFFE XA 1l A B 540 A T (L 2) o] L &
M, FRE T HE I Ge SRS EX SRR A
FIAE B 7 o0 A DX BE W), AR AR X 32 2 b ot
DU R UORRA AR B A R B A A X, FUE
ST AR FO6 3E Ge A AR AR
43 11EGe SEHHE

W RIE LS 2 NN S sg iR 2 £
HER G 32 NG s g, Hoo R /Al e T 41
LR PR R IE (AR IR SE, 2018 =12 ,2018), [A]—
E— R R n R AR RN SRS
HAEWRZE T & 2 H T DA R R AE A N T o)
X 222 HHETT R 43R R (B2 ARAEE 20055 SR AR
2018), AHFFEH, FFH ArcGIS (25 [A) 4 32243 1 2
REAS 3] 5 322 1 BERFE SR IR 2 £ 384 4 kn?
P TS SRR, 2E15 3 10960 352 H 1 5 IR )2
+HE Ge TR A . AR LLAE, o] LR 2 13
Ge 15 SRR EE 43R 6 4> DX JH] < A5 5 4 (>4.0) i B
£E(1.5~4.0) 59 B4 (1.15~1.5) .35 5 (0.85~1.15) .
5970 16.(0.6~0.85) (iR 7A 1L (<0.6) , TTRZER B R
75 X 3R )2 52 T HE Ge & =AY LLEF YN
0.88, A8 {b 5 Bl oM 0.31~2.27., M=sfal oA I (16 6)
AU ST IX R R JZ 3 Ge Ab T3 S F5 9%
AR, T 55 a4 R 5 A 1Y) 3R B A A T
GEIX ., 45250, 58.58% %2 T HEGe i T A
SRTF 5K, 38.98% 3R J2 145 Ge &b T 55351k 7K
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Fig.4 Geochemical map for Ge concentrations in top soil of study area

S T Ge Ab T & FEKE () -5 1 2% R IARFSE
X 22+ 4 Ge B HALL T A AR FORAE 2 A
SR SN
4.4 TiEGeSEHMEE

W 5T DX AN [F) B A B 5T 0 A X 3R 2 SR 2 + 3
Ge frm 5 HHEFmouE N pH AN 6 % 7
o T 6 AT I, LI H A X 3R )2 13 Ge & i
FEESIO 2 B EMHLLR (p<0.01), 5 ALO &
WEIEM R (p<0.01), MAERIREE & b1
H IR R VIR A X, )2 Ge R T 5 Si0,
B RENMHELR (p<0.01),5 ALO, & B F A%
X Z (p<0.01) 41,385 TFe,0, }2 Corg 5 i 5 1F A &
KFR (p<0.01), X TIRIZ L1, LR A o0 A X
T Ge HEHFEEESIO R B ENMELR (p<
0.01),5 ALO; 2 . 3 IE M KK R (p<0.01) . TMFE
WRIREL 7+ b — DU B U R TR A A X 2+

1 Ge it 5 Si0, &2 W E MAHC K R (p<0.01), 5
ALO; 2 TFe,0; 5 2 3 IEAHSE K R (p<0.01) . KL
AR R B O ) - 452 00 Ge 1 1 1 PR B A7 AE
5,

R TR BEBUA AL A L IX Ah R IZRNRZ
3 ALO; J TFe.O; 5 i ¥ & T8 Ge W E 4 -
14 ALO X Ge & = B AT BEA P AP RN, i T
Ge—O §# K 5 Al-O S K AHIT , Ge 1T BB T [R] S 4%
AR R/ AN N RO DN S @ WOl /=R e
15 19 Ge 7 5t (40 =5 04 4 19 Ge 7 1 1] 1K 2.47~2.88
mg/kg) (Lugolobi et al.,2010); 5 # 78 KAk 55 Z1 1) b
X, Ge" T AR =IK40 A did& /N IRHA i AL T
T =K A i (Scribner et al.,2006), TFe,Os X} Ge
BRI R R BN T R R A Fe i 9, (0
FEETERAT T, Ge AT LM 7S THHRBC AL 1) Fe, & AEHL
FRAEFH 2Fe “>Ge* '+ 2H ' (HSI et al.,2007), 5, Ge
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Fig.5 Geochemical map for Ge concentrations in deep soil of study area

RS ARRRELTHEGeEEREHEREAR
Table 5 Classification of top soil Ge enrichment level and
regarding area in study area

KELIEGeRZLIEGe HHEBEE  WH/%  HA/KD
<0.6 R 0.91 420.07
0.6~0.85 5575tk 3898 17969.76
0.85~1.15 Hat 58.58  27006.97
1.15~1.5 35 E R 1.46 671.08
1.5~4.0 HE R 0.08 37.65
>4.0 WiEd%E  0.00 0.00

AT LA e 4 b Jo g P Fe (1N YA AL )/ 2 A AL
B W% BFFHE R 3L T 3E (Anders et al.,2003;Braun et al.,
2012;Pokrovsky et al.,2014), ) 1fij 512 1 3% Ge f X
AR N TAER A KARIE BT 158, w5
KL E) Ge & &8 FZZ HHORAFE L0 W
i, A2 Fe 94 Ay i S A A 42 1l (Kurtz et

al.,2002;Lugolobi et al.,2010), & + 31 Ge F it 5
ALO; & 2 X R %YM % TFe,0s 5 M /. 4
Corg 5 Ge [IFHNER R Z IR AHPUTEXS Ge &
HREME/N, MRZ T IEPAIRS FEGe W E
£ AHLTXT Ge % 2 15 M = 2 i T L3R
i, Ge AT DAL N HHARBCAL T 54 HLBUE U FE IR
HKEW, SE SRR EWIYRE S Y %
(Hbll et al.,2007;Etschmann et al.,2017), # & &4 HL
JBT L JE B IR 1Y) - 958 R ELAA B Ge 1% 1 (Negrel et
al.,2016), 13 Si0, 5 Ge & & 1y T AH 56 ¢ R AT BE
5P A A G AT AR, BT A
Y E S T MR TR & & K (Hardy et al.,
2006;Acosta et al.,2011), I H £7 Fe & #L.7Y ()5 Ge 1
HJ(Lugolobi et al.,2010), A fig & 35 + 1 Ge ¥ %
R EZRHE,
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Fig.6 Spatial distribution of top soil Ge enrichment level in study area
*x6 MRRXKETEGeFESTHIEFETLEK pHHEXE
Table 6 Correlation coefficients between Ge and major elements, pH in top soil in study area
BRA % Sio, ALO;  TFe,0s  MgO CaO Na,O K.O Corg pH
ViAsE= 2693 -0.398"  0.494"  0.1257  0.1417 0.008 0.140"  0.291"  0.095" -0.018
KR EhA 969 -0.622"  0.7217  0.5977 0.243"  -0.072°  0.007 0.107"  0.390" 0.011
b= 4865 -0.493"  0.504" 0.5167 0.174" 0.163" 0.036" 0262 0.353" 0.088**
VR 1224 -0.812"  0.799" 0.773" 0.372" 0.193" 0.074" 0.323" 0.566" 0.045
e KT 0.01, B AEREAE p<0.01 5 * i KT 0.05, RIAH A p<0.05 .,
RT1 ARXRELTEGeFESTIEFETLE K pHWHEXE
Table 7 Correlation coefficients between Ge and major elements, pH in deep soil in study area
BEH Featd  sio, ALO;  TFe,0,  MgO CaO Na,0O K,O Corg pH
FiAEE= 598 -0.380"  0.519” 0.05 -0.126"  -0.109" -0.01 -0.03 -0.045 0.01
IR Eh A 287 -0.661"  0.683"  0.640" -0.06 -0.11 0.05 0.001 0.219" 0.06
W-TiA 1223 -0.408" 0.436" 0439"  0.01 0.088"  -0.077" 02317 -0.096"  0.01
BIUAVEY 307 -0.697°  0.689" 0.718"  0.09 0.07 0.05 0.147°  -0.06  0.24"

0 B MK 0.01, BIAREERE S p<0.01 5 * B 5K - 0.05 , BIFHAEARE % p<0.05
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4.5 11EGe FE&FHEI=EN

J PG ALV L DX b A R SRS TR R X, G
AR HRZL, LE S8R T 2 H br X S b 2R Ak 2 8
£, R TR Z T EAIR)Z LY Ge Si Mg, Ca,
Al Fe %5 54 WU R 1 S JE B . Hh 3R 2 4%
Ge 71 4 0.78~2.15 mg/kg, 444 1.43 mg/kg; IRIZ
+ 3 Ge & & 4 0.89~2.49 mg/kg, -1 K 1.64 mg/
kgo T A (1 M B i BR AL 2F DR A VS ) (DZ/T
0295-2016) 25 1 4 3 bR (R 4)  BFE X R Z +
1 Ge & IS BN A B KT AR 24556 ki,
LU Rk 53.32% , ik B F= & K- 1T AR 13910 k',
d7 ik 30.21%(E14) . BT, & Ge &/ i1 R
IR TR, P iE 1T AR E ALK
i 2 80~100 Ju/kg, i i T M A& 3L 10 %5, 7R
T T A B B UE LT — I, AR A A AR AR
ANAEEOLT , A% T LA 2 5L AR T 35 R AZ
JCo WIER SN EREHE R LL70705 Fr—
R AR Sz R bR AR R R H A &
KARKFNEEEZAFERK, ] ZIHREFK. Hi
UL E AR R BRI E R . WEEART T
A B A A R e 4 L S Rl o 1R
B IEBRVER s EER LS Ao R
Z 0] AR B PR RS BUE T 5 AR B — 2 1 B
IR DA, A B PR T AR . 5 LA M XA
Fb, PGS X A B Ge H 3 ELA AR @ A KA
FHHE.

5 45 &

(1)) PEALHRYS X %2 13 Ge B P IEH K
1.43 mg/kg, IR )2 1 3 Ge & = FI{E H 1.64 mg/
kgo 14 Ge (25 M) 43 A7 852 Wl AE s il kiR
ERATE R 222 B2 13 Ge & B fiei , HOM 4
B BRI R DU DL R b — DA A 1 4

(2)R)Z 11 Ge Fr AL T AR T FIRE,
Z NG EE /N, Hod 58.58% 1) # )2 14 Ge b
T H R 5K, 38.98% 1 K2 + 4 Ge 4b T35 %%
A 1 Ge Ab T 5 7K1 A8 2 2%

(3) AT B B O Y 41 Ge 2 i A5 MR A
RAEER . KA MXRELIESKZ -5
Ge frim FEZ LIRFE Y . =K LA HE )
SO BRIRER 0 — 0 DL DU R U 0 A X

KELHEGe T FEZ R LY . KA .
UE BB TG e TR R A 2 S8 A A e
AP, MRZE L Ge T FEZ LR+
WY =K RSB TE IEAE e A
A AT R

(4)BF5EIX 53.32% 10 R )2 T3 Ge &% 25 B4
FE KT, 30.21%1 32 13 Ge & &k 3 F 5K
BRI ARIEE AR, 53R E A
X & Ge FHEAMILL, ) PUILEBIE X & Ge T3EHA
AR = B8 I R AR
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