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1. 16mg/ kg, BT AT B B8 00 K B R E 5T T B
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Fig.1 (a) Quaternary geological map; (b) Location map of surface and deep surface soil sampling sites in Nehe City
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2.1 ﬁé Er'l }Té fi Table 1  Detection limit of elemental analysis
. A<
IR FERS ] O 2016 4F, SR A 48 il i AL 2 — ﬁ%*%f)ﬁﬁ b || iz ﬁff*ﬁkﬂjﬁﬁ S
6432km’ ([l 1b) . 3R FH I 7 50, SR 4 32 - HE A (me/ke (me/ke)
I o Ag  0.016 AES Hg 0.0003 AFS
il 6432 {4 CRAFESHJE 1 n/km®, SR AR JE0 ~20 As 0.5 AFS I 0.3  ICP-MS
em) 5 4km’ [ 4 NEESRALE R 1 RRE S, R4l A4y Au  0.0002 ICP - MS La 0.10  ICP-MS
BT 1608 13 J2 1 HERE fih s R4 TR 2 BE 1652 1 j 1 146 ICPAEZFS ; Oj IC;FMS
a . - L n
CREFZFE 1 f/4km’  RAERIE 150 ~200cm ) , Be  0.08 ICP - MS Mo 0.06  ICP-MS
16km” [ 4 NEESHLE A I 1 RSy, 405 7B 413 Bi 0.02 ICP - MS N 19 VoL
S 1 gk o [23] Br 0.8 XRF Nb 0.3 ICP-MS
PR 3R = cd 0.02 ICP - MS Ni 0.80 XRF
2018 4F Jy ik — 4 T fi il X+ 3 R VE Ce 0.31 ICP - MS p 6 XRF
SRS UL, TE NI X 2 B B TR T 32 14k gl . 812 ig g; 00-430 g-ﬁz
N SN o . . _
YEVIRE G, 5330 T PF R G AR i 13 PR FERE i 12 Cr 0.90 ICP — MS S 2% YOL
P B OREE iy, [R) BFAE I ] SRR T 9 HEARVEDD) Cu 0.29 ICP - MS Sb 0.04 AFS
b F 60 ISE Se 0.3 ICP-OES
Hite ‘ Ga  0.42 ICP - MS Se 0.01 AFS
2.2 FERNHIRE Ge  0.059  ICP-MS Sn 0.70 AES
(1) pH {ELI0 72 # & 10 i) 28 < BOXU A st T4 Sr 1.0 XRF ALO,” 0.0z ICP-OES
IS . N Th 0.3 IcP-MS || sio,” 0.05 XRF
300g FEHTIRAT, i 20 Hiffii ( <0. 84mm) B A 9FE 13 T A ICP-OES ||TFe,0,* .02 XRF
ZR i K N R AR 2 1, e — 1 B Tl 0.07 ICP-MS || Ca0” 0.03 XRF
F pH (& oI5 U 0.04 ICP-MS | Mg0* 0.03 XRF
v 1 ICP - OES || K,0* 0.02  ICP-OES
(2) T PERE S I &« 2 Tk AR i R B 5% W 0.3 ICP - MS N;O* 0.03 XRF
Bt AILP BV SRy B 5 P A S R o, 0 BRGURE 200, 3 Y 0.2 IcP-Ms || TC* 0.08 VOL
v m o e HRE T/ Zn 0.6 XRF Corg* 0.03 VOL
YRR TR R AT . 0 LS WO AR & B " 06 RE o o 10 i

B =, 30 T AR 3 A RS B2 PR S A, R
ARFEE AT

(3) ZICERSTHTHE db T 45 B — 1 150g A
wi ZE AT, R FHED B T 15 S it i T WL LR ARt 5
F200 H, BRER L2 13 : — 2 T5g, R fE RS
H I X FERAEOEIE (XRF) 20 Hrilli; 75 — 10 29
T5g, BEAEARAE T AT ICP — MS/OES | J§ 4t 1%
(AFS) S5 J5 3 Al i .
2.3 R PTIGA

FE AT b T B P ST R
A i E FESE, HiE T LA XRF fil ICP - MS/
OES fy 14, i A A 23 B7 J7 75 19 Z2 A0 T B 4y
MIBLET S SICRMITERERE D BT MR
SR, H RAEYIHE TR & it o I ik 9 B Fbw
YECE S P 42 ) (GB/T 5009. 151—2003 ) , %
FH ICP - MS A7, 2 A T g e th 2
IRIFFEIE S , B b b B R A AR
SrHrk i BR A 0. 08ng/ kg,
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ICP - OES LB A 5B TR E S ik, XRF—X S50k
Wk ISE—3 ik Bl s VOL—% &k,
2.4 PR
P 12 4~ B K — Jbp HEY) Bt GBW07401 ~
GBWO07408 1 GBW07423 ~ GBWO07426 , % E BN
EJ7 % 4% T 2 4 W7 7 1 0 AN R U B R AT
12 YRAMHT L FF LA ARE 5 10 P B 18 5 4o 8 2 T
IR R 2 (AlgC) | FHELAR BT MR 22 (RSD) 4y
Tk & E, Corg, TC, Al, O, Fe, 0,,Ca0 K, O,
MgO Na, 0 Si0, F-H5d $iist 2% ¥/ F 8 2 F 0. 03,
RSD /T 9% 3 FiA 76 2 - 34 % $iist 22 9/ T i 25
F0.05,RSD /N F 10% .,
2.5 WHEFAKE
AU I 5% ST AL AT, AL 110
R P B ST R 5 R 1 4T 45 S5 45 70 2 MR
PR 2 A 2 (F2) AR 2 (RE) <30% 3t
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A, A5 BRIETTINTAT T B b St B A 2 R e R ) PR 2 AT

w4 %

HEREFES o A3 N GETH AR R 25 A A 8, o €L
Hg .S Se % 4 FIILER G M AN 92% ~95% ; Ag As,
Au B .Be Bi Br Ca0O .Cd.Ce ,Co.Ge Mo Ni ,Pb Sn,
Th.TI.U. W % 19 i oK G # K K 95% ~ 98% ;
AL O, Ba F TFe, O,  K,O N Rb SiO, . Sr . Ti.Y Zr
S5 12 FOCR G AN 100% 5 o 18 FOCE A pH
{E4 H R AE 98% ~ 100% 2 [f], i J& 73 M oK,
2019—2020 4FAH I H J A A0 K 3 3 v [ 5
P A SR I

2 RS HT A RR T (IR

Table 2 Statistics of qualified rate of soil repeated sample
analysis ( password sample)
. 22 R LIRS _ HMERE AR
LR IR
() (%) ) (%)
Ag 15 96.17 Pb 13 96. 68
As 12 96. 94 Rb 0 100. 00
Au 14 96.43 S 25 93.62
B 16 95.92 Sh 6 98.47
Ba 0 100. 00 Se 2 99.49
Be 9 97.70 Se 20 94.90
Bi 13 96. 68 Sn 18 95.41
Br 14 96.43 Sr 100. 00
Cd 18 95.41 Th 9 97.70
Ce 12 96. 94 Ti 100. 00
Cl 23 94.13 Tl 14 96.43
Co 9 97.70 U 10 97.45
Cr 5 98.72 A4 116 99.74
Cu 5 98.72 W 11 97.19
F 0 100. 00 Y 0 100. 00
Ga 7 98.21 Zn 6 98.47
Ge 16 95.92 Zr 0 100. 00
Hg 24 93.88 Si0, 0 100. 00
1 4 98.98 Al Oy 0 100. 00
La 3 99.23 TFe, 05 0 100. 00
Li 4 98.98 MgO 1 99.74
Mn 2 99.49 CaO 3 99.23
Mo 16 95.92 Na, O 1 99.74
N 0 100. 00 K,0 0 100. 00
Nb 4 98.98 Corg 2 99.49
Ni 14 96.43 TC 1 99.74
P 2 99.49 pH 6 98.47

3 HRGIE
3.1 WEEEX R HHEHER L A FAE
311 EHE SRR TR O

B TE A B2 B R A AT
FUAERR ) A o 0 B 27 3 340 A 18 < TROTF 0 ™ 1
ANFIFEPE) fE e S N 1.2 ~ 1. Smg/kg, £
e SR 0.6 ~ 1 3me/ke 1 )24 T AE(E
PR DX (0 B ) 50 o B A R IR ) T

AR SE N 0.48 ~0. 94mg/ kg, [HE
3 H AT TOAUB M I TS B PR 25 e 5 13
e Lo A CHE BRI K IR # R IE X
(2015) )it Hh a1 v [ PE AL X ) B T L I
FRERTF 1. 3me/ ke 1+, LA 24 I G RFAE ™
o5k R 3B A ik = 1. 3mg/keg VE N A%+ 3R
Mo T AR L X e SRR 1 A T, AR IR
S S IR R R, E M. 3mg/ kg
3.1.2  EHE IR A

FIFH SPSS Mapgis 55542 X 4~ A L5 i 17
ST, TR IR TR RE, B VO . 1T
XEd# L HEE WA 2, ZXRZLIEESTEN
0.74 ~1.78mg/kg, EH){E K 1. 13mg/ke, & &4 + 1
T AL 599. 8km®, (5T AU 9.31% ; IF)2 14
& EN0.85 ~ 1. 73mg/kg, SF-{E M 1. 17mg/ kg,
M2y 210. 3km’,

0 10km

[E—

F2 | WE N
4 el TRV
HE AR
[ Ewaramann

Pl 2 iging X - bfeas sl

Fig.2 Map of germanium — enriched soil in Nehe area

PAd3EsE & 5 KT 1. 3mg/ke [8E B B L,
RIZTIERE T 2 a0 (Ge -1 F1 Ge -2) , 10l
K2 Ji7n, Ge — 1 A T e [ S DL R, T AR 29107, 7
km® 48 G R M 1. 52mg/ ke, Ft/IMHE 1.3 mg/kg,
EIME 1. 39mg/ kg ; Ge =2 {57 TIHTR—JLIF—F , AR
25492, 1km® | 4% & B KA M 1. 76 mg/ke, e /ME
1.3mg/kg, V- ¥ {H 1. 45mg/kg, ¥R JZ + 5w 8
Ge -3, T FL £9210.3 km®, 4% & 5 K MH My 1. 46
me/ ke, F/IMH 1. 30 mg/ke , F-H{H 1. 36mg/ ke,
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SRR, RIZMRZE DI EES
X, JE A IR ZR X, AR 147, 8km® , A X
SN AR B KB 1. 78mg/kg, e /MEL. 3
mg/ kg, SEH4{H 1. 46mg/ kg,

WA T 4 54 FPOCER 5 E L SRR
W3, ATLUE I, 2 KR — U B X
P, RT3 DX - 3T 3R S 4 EPEBEAR L, A1
XTI R A NLAL Oy TFe, O; \MgO (4§ 1] 1 X
TIEH GRS e LIEESEILEE LS ~6 2
]) , AHXEMRAYTT R A Mo Hg (I3 X 4 S5 5
5 A R B IE(EAE 0.3 ~0.5 Z ) .

3.1.3 LR TR R AR A DL

TR S TR R R A OO, 7 I T X

R SR P I B 2 R T TR DA 2 3
R 300em, 43 )2 1EBL A :0 ~ 40em Ay IR 26 4 )5
Pl A, FER B AR T, & B R 1198540 ~ 160cm
HIKBEA G WP R 4, & A D Bk A7 160 ~ 300cm
NP JZ KRR < Tem, #4245 20em RAE—F 1
RO, AR O SRR IE i IE 3 TR . IRFEAE
0 ~40cm 35 & BN AR E ;40 ~80em L IEHE 5
BRI S, SERE IS T80 ~ 120em $5 7 fE 1
WA 7E 120em Kb 3 BB AR, 2 5 Bl 5 TR B2 1) 4
T, B BT T 5 TE 2400m KbFEIR H B0, B
EEY) 1. 5mg/ke; 7E 240 ~300em 55 & 5EI% )G T
T, A 58250 ~40em HIEMIT, ZE LA
X T 0 ~300em TREE 338, 85 5 S AE 0 ~ 40em £

43 INITHBD R 1 54 RoT P b L Y S b

Table 3  Comparison of the average value of 54 elements in germanium — enriched soil in Nehe area and the background value of

Chinese soils

g AR FEERIE o | e TV pna AEREC o m
(mg/kg) (mg/kg) (mg/kg) (mg/kg)

Ag 0.08 0.01 0.13 0.61 Pb 26.58 1.94 26.00 1.02
As 12.55 1.10 11.20 1.12 Rb 117.74 1.80 111.00 1.06
Au 1.55 0.27 - - S 409. 17 67.22 287.93 1.42
B 38.26 6.65 47.80 0.80 Sh 0.88 0.08 1.21 0.73
Ba 600. 74 19.43 469.00 1.28 Se 13.05 1.27 11.10 1.18
Be 2.66 0.20 1.95 1.36 Se 0.28 0.03 0.29 0.97
Bi 0.45 0.04 0.37 1.22 Sn 3.29 0.54 2.60 1.27
Br 6.61 0.98 5.40 1.22 Sr 182.43 23.56 167.00 1.09
Cd 0.12 0.02 0.10 1.20 Th 12.39 1.14 13.75 0.90
Ce 78.06 8.17 68.40 1.14 Ti 5080.17 63.79 3800 1.34
Cl 50.56 10.79 68.00 0.74 Tl 0.68 0.07 0.62 1.10
Co 17.66 2.03 12.70 1.39 U 2.62 0.12 3.03 0.86
Cr 72.48 2.12 61.00 1.19 \Y 111.74 3.80 82.40 1.36
Cu 21.50 0.90 22.60 0.95 \ 2.16 0.22 2.48 0.87
F 544.89 80.68 478.00 1.14 Y 27.91 0.60 22.90 1.22
Ga 20. 14 0.76 17.50 1.15 /n 64.12 1.82 74.20 0.86
Ge 1.18 0.15 1.70 0.90 Zr 277.63 5.03 256.00 1.08
Hg 0.02 0.01 0.07 0.29 Si0, 60.05 0.52 59.90 1.00
1 3.45 0.50 3.76 0.92 Al Oy 15.01 0.21 6.62 2.27
La 35.82 3.06 39.70 0.90 TFe, 05 5.49 0.50 2.94 1.87
Li 36.19 2.83 32.50 1.11 MgO 1.33 0.10 0.78 1.71
Mn 824.63 90.70 583.00 1.41 Ca0 1.40 0.10 1.54 0.91
Mo 0.74 0.10 2.00 0.37 Na,0 1.34 0.08 1.02 1.31
N 1787. 40 350.02 625.60 2.86 K,0 2.42 0.04 1.86 1.30
Nb 16.73 0.25 - - OreC 23.67 0.23 3.10 1.18
Ni 27.64 3.56 26.90 1.03 TC 2.53 0.29 - -
P 647.71 57.22 836. 10 0.77 pH 6.18 0.27 6.7 0.97

T GETHRESEON K2 L 1608 £, 1 5HE a b B HEET S, S o B EREE I R A o T AT B ) Y

© =T FOR IO R
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Fig.3 Distribution of germanium element from surface to 300cm underground

EE A, 120em 5 i % FE 3G 01T 2 W 3 3, I 7E
280cm H ILAR(E, P8 TRoE. H5E BN Z,
0 ~40em¥REE HIEEE & mAm e, FIBZ)Z R E
BANMAAHEZ , IGIA IS A & RS R Aol .
3.1.4 RAEWEHENL

P & B I R AR R K G RAVEYIRE
rn L 32 R MRAR L pH K 7.3 ~7.8 - IMET. 5,
Pt LSRR LT EEECY 1,24 ~ 1,48
mg/ kg, SEH4I{H 1. 36mg/ kg,

T I AR B B DU L, FE IR S 30
DR L R SERE S 9 18, AP &R + pH {H
H5.58 ~6.3, R 1, SME L8 EE S B R
1.11 ~1.25mg/kg, 3B M 1. 23me/ kg, KK
SRR S R, LSRN, T X w2 S A
EAE LX) 0. 74 £5; TORAIEE & BB EAR, 5
Wi R, HoF- 3 & 24 s 8 T X 0. 35 4%
(F4) ., AT DL inr b DX UL = Fh R AE P 9 K
FERFE K BA AN FEHER S, Kb U & R
1 KRR EOR B S AT o AR b AT X R B
TSR B B G TR, BN S FE X R
YEYI @ a2 1%, BRI T R & HAREWTE 1.
3.2 WX E SRR S B

HiTTRFAE | 3SR | 4 MR B NS0 B A5
S R R RN R, BT A IACY fEH
TROIEIRAAF T, WK ZE R LK R A 1
BRI 5 1 R KSR EBCOR B DL 1 32 HE K R
ALK, AT A% TS T K B0 2 o A e X
FH b 265 70 121 Ay S
3.2.1 R[RIMZHE & RERHE

wnE Lafrs , e i 22 S b

4 NI BRI AR 1 o B e
Table 4 Germanium content in crops in Nehe area and outside

area

FRE R BRI R T IE

X KA : g
FEEROLE TEP Y ) (mg/kg) (mg/kg)
HE 7 1.6 ~2.38 2.45
YT i (X IKFi 13 1.62~2.99 2.13
oK 12 0.99 ~2.96 2.13
# 3 1.26 ~1.58 1.58
VA TRT 1 b X Tk 6 0.68 ~1.34 0.85

FEUIZH (Q3s) \HEHGE FHEIIA (Qux) \ L H B S
il % H2H (Qig) b HZ K44 (Qid) . B B
GERHEAZ (Q3F) AR A2 (Q1) o KBRS
IX 9l FORRAE R 4 T 1K, Ge 4% 7 IX b 40 10 T
F£5, REMZ P FH & REEY 1,10 ~1.28
mg/kg, I RS ALELA (Qid) > EHBL
i % il (Qig) > HH B EFEINAL(Qys) > HiEE
BT HANLL(Q,0) > A HHFUZ Q") > 1
BSIUERUZ (05 .

FREEEEX FEM TP E RS L
(Qis) Bl H SISt i (Qlg) , Wi E Ty &
B £ g 3
3.2.2 RN[F RV B iR IE

AR I P 9 R 288 Bt T e R R
ST R S AR TR R 1Y
PGV, AN 2+ R R S O 1. 09 ~
1. 22mg/ kg, 3 AR F BN B £ > Bt > B
5 > Fof b > AR > . SS i A 2
%M DX 43 T R A 0 S B A
I8, TR L AE X AU A TR, T AR,
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Table 5 Characteristics of germanium content in different strata 1.29
soil and different type soil g‘)
on
WK Reagor  om R s b1 Y
e ) WRfE BAME P 4a
- (mg/kg) (mg/kg) (mg/kg) ¥
Q3d(R24id) 44 1.65 1.01 1.28
Ge(Bgmd)  1® 17 086 120 Bt s R B K *ﬂm
Q3s( EFEiie) 954 1.76 0.74 1.19
Qux(FIEILA) 183 1.47 0.81 1.14 .
4 A T - B By BEE B
QP (W RUZ) 183 1.58 0.79 1.14 Pl Al ORI A & PR i
Fig.4  Average values of germanium in soil of different land use
S (BB RUZ) 44 1.37 0.83 1.10
types
e, HEOHE OHOR HEHE
paem TRl M s
(1) (k) (k) (k) AHIEFE WG 1 3T X+ 3 R Ak 2 R AE |
T e T RO R AR G R AR T
B . . N N PR oY :? P g
ﬁ@i 475 1.65 0.79 1.15 i‘m[X‘*’l'%%mjzuEE%ink%i\ETgﬁtﬂo
SR A 133 1.54 0.82 1.19
L 863 1.78 0.74 1.20 5 ZEYHR
B 6 L2t 095 L0 (1] WP, VO, WhaR, 5. B 0 R 5 ik R % IF 4% R
HiEL 7 1.38 1.05 1.22

TEERREEAR, B SR 2 i b T & & ARk 1
FE AN,
3.2.3 R[A] &R S RYEE R RRAE

AR B SRR ZSIE S A BAE LR Al
P R R T2 R R, R 0]
e e O R AR . IR 4 AT ST
XA [R] 4= i F R R 32 2 3 B 3 & B
1.08 ~1.29mg/kg, 5 N9 3l ¢ R % V) A B 1l
7K R B M S A B S AR, TS TS
SR 55 A AR AR - M B A
%, B TR 40 A 5T TG S EAR G

4 Hhie

JE A TR VAT M X A b B R A A5 R X B
ALY 599. 8km®, [ AT AR 9.31% , h i
G e w1 S U R T U AR B Ly w7 s
HoRIE ., A TR AE Y S A e R
SR AEL > B4 > BAS L > B £ >
B> R L, FEAEY LA GRS R T R, R
B TR IX F AN B TR RO L DX O

2 %, BA R IT & & AR ETE 1 o
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Geochemical Characteristics and Influencing Factors of Germanium -

enriched Soils in Nehe City, Heilongjiang Province

ZHAO Jun'? | RAO Zhuw’* , WANG Peng' , ZHANG Zhehuan® , LIANG Shuai’ , WANG Yuehua'
(1.Xi’ an Center, China Geological Survey, Xi’ an 710054, China;
2. National Research Center for Geoanalysis, Beijing 100037, China;

3. Shenyang Center, China Geological Survey, Shenyang 110000, China)

HIGHLIGHTS

(1) There is a large area of contiguous germanium — enriched soil in the Nehe area.

(2) The germanium content is related to the stratum, soil type and human activities.

(3) Soybeans are the most germanium — enriched crops in the Nehe area, and this area has good potential for

developing germanium — enriched agriculture.
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ABSTRACT

BACKGROUND ; Germanium is an essential element for life. With the discovery of germanium — enriched soils all
over China in recent years, the development of germanium — enriched agriculture has gradually gained attention.
OBJECTIVES; To study the characteristics and range of germanium — enriched soil in typical black soil areas,
and to analyze factors affecting soil germanium content.

METHODS : Germanium content in soil was determined by inductively coupled plasma — mass spectrometry
(ICP = MS) and inductively coupled plasma — optical emission spectrometry (ICP — OES).

RESULTS: The germanium content in the topsoil of the Nehe area was 0.74 —1.78mg/kg, with an average value
of 1.13mg/kg. There was a large area of concentrated and contiguous germanium — enriched soil in the Nehe area,
about 599. 8km” | accounting for 9.31% of the city’ s area. The source of germanium in the soil was the middle
Pleistocene upper Huangshan Formation and the upper Pleistocene Guxiangtun Formation. The content of
germanium in swamp soil and black soil was highest.

CONCLUSIONS: The germanium content in the soil is related to the stratum, soil type and human activities.
Soybeans have the highest germanium content in the crops. This area has good potential for the development of

germanium — enriched agriculture.

KEY WORDS: Nehe City; soil; germanium; inductively coupled plasma mass spectrometry/optical emission

spectrometry ; geochemical characteristics; influencing factors
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