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Determination of Trace Germanium in Sesame by Inductively
Coupled Plasma-Mass Spectrometry-Collision Cell Technology
with Microwave Digestion

GONG Jiadi,DUAN Xiaoting,ZHANG Lu,SUN Yumei,GUO Lipan, YU Chengfeng

(Greentown Agrotech Testing Technology Co. ,Ltd. s Hangzhou,Zhejiang 310052 ,China)

Abstract In order to accurately and efficiently detect trace germanium (Ge) in sesame, a method of
microwave digestion-collision cell-inductively coupled plasma mass spectrometry was established. The
internal standard element of rhodium (Rh) was introduced online, and addition of 3% 1-pentanol to the
digestion solution were used to enhance the sensitivity. The results indicated:3% 1-pentanol increased the
signal intensity of “Ge by 2.85 times. The correlation coefficient of germanium correction curve was
1. 000. The limit of detection of the method was 0. 056 png/kg,and the spiked recovery rates ranged from
92.0% to 106% with the relative standard deviation (RSD) of 2.6%—4.3% . The certified reference
material of germanium was in the range of certified value. This method has high sensitivity, high accuracy
and good precision,and is suitable for the determination of germanium element content in sesame.
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FRSFD , FEE B TE T B L OE G EE (A3 B 46, 1T
VWAL 2 A PR A FD) o s SETREE (O dréli . ) N 4
R FI AR A FD, &R LAr & 4w\ <
(>>99.999%) 1.8 <[ He, mali 5 /<. (>>99. 999 %) ],

B (Ge) TLEFRUEY T (1 000 mg/L) | J4 38 [ £
(L) 55 (Co) A (In) L 4h (U) L4ifi (Ce) » 1 000 mg/L) .
R ICEARMEY) B 58 (Rh) (1 000 mg/L) ¥ R A iiF
T ) BT BT 3R W B il 0 TR ol b a4k T
SR BN R ITTE W T E KA 648 i
MR AT ot o SR A R /K (1 260D 1% B R
FEBR LIS W AR AR RS . AR 3 B
Fr HE W) - By GBW10022 ( GSB-13). £ %
GBW10012 (GSB-3) . ¥ g /N2 GBW10046 (GSB-
24), G 1 GBW10021 (GSB-12), & 4% GBW10052
(GSB-30 ), ¥ HF GBWI10051GSB-29 )., % 3
GBW10023(GSB-14) ¥ Il T 1 3k 4 7 Hh 2K 1k 2= 18
EWFTET .

PRI 2R L AL T T
1.2 {XzEfMigE

iICAP Q Wi &8 & 55 85 1k B i X (6 H
ThermoFisher /A 7)) ; BSA224S K- (J&ig 2/ 0. 1 mg,
TEEFEZ R W23\ s ETHOS ONE % P {0 0 f#
Z 4 (& K F MILESTONE A ) ; EH20B £ £
PO R % 1 CRMBRRHA R A A s Milli-Q £ 8
TK K& g8 (£ E Millipore 22 &) ; DET-200A &
5 R AL Il 0 T AR RATLBA R 2 7D
1.3 XWHE

FE i 28 e Ry BE AL R B T IR O SRR
i O

FREGEAE 0.3 g E] 0. 000 1 @) FR UK L
W N BER A 6. 00 mL SR . 1. 00 mL 1t %A L&
P 1 Ao T AR R R A T A . R T
SEORUE VB Z AR O 5 HE A B 0 A T A SR
PEMREEE b, T 100 C R 2 W AR 2 1, i
TE SR K (3 20 4 T A IR % % 2 25. 00 mL %
s B R AT S TR BSOS 28 S5 . Fi T
ARG AR F5 A AL o A2 A SR T L3R 2.
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Table 1 Conditions of microwave digestion system

A DR/W o RE/C o THREE/min R FF ] /min
1 1 800 120 5 2
2 1 800 160 5 5
3 1 800 190 5 25
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Table 2 Working conditions of inductively

coupled plasma-mass spectrometer

TSR e SE A1 TS BESE fH
VIEIE A 1450 |\ Ffbd/Fi= RoELaS

F AL AR A (A /
(L *min~ 1)

BHERH R (A /

100 | SRAFHE/ HIRHE A

. 14.0 SFREREE /mm 5. 00
(L +min™ 1)
S (A X A
PR R (A / 0. 80 SR, 77 T i 2% —s50
(L+min D) Inmt /%
3 SR (He) / =i 2 =3
filf 45 < it (He) 3. 00 ALY L% <19
(mL ¢ min 1) Tccosce ™ /%
LA SR AR I [H] / ms 60 A2 5 TR/ IR 3

2 ER545%H

2.1 RIAMIBREMHERE

R AY BIF 5% 45 S B AR W RE O b 4 Rk 2 800
BRI P I Ak P A R PR R A TR R R
TR T A A B R P B R
T2 114 fifk 1A 2R v kG (P R R R SRR . W TR 1Y
AR L BT A U A N B T T A B AR R
B MRS R KT 4 mL B AR 80 R i T R fiE
AT B A e AR, AN B HATE IR R L SR
5 DAY A R SR 8 AL M A T R SE DD IS L H T A A
BE 5 JEE  EE TR I )G R R Tl A . 25 bR
6. 00 mL AR .1. 00 mL i 1k A B IR AR 1A & . Tk
TH A DRUE T A 2800 1 [ B 28 w3 A T 50
2.2 FHEMERKIE

H T8 B 24 WAL R O 8] 0 [6) A7 2 ) =
225 K AFAE R TARTUAE R A ICP-MS 290 22 #
JCE AR A i AR AR U H A Tl 22 5 2
SRR, H ' O HY® Mn CHE X 2 B 12 99. 75 %
TE DL %S Ar (94.64%), Fe*O (91.50%)
YN (23.80%0) X Ge B9 T L1 NP Co(99. 63%0)
VONATT (17,1970 X Ge B9 L7 NI O(68. 11%0)
SN (5. 76 %) .'Se (0. 90%) .1 Sm " (11.3%)
X Ge BT 4.7 Se (9. 00 %) X7 Ge 19 T4, 1k
Hb IEAFAE AFE i AR T30 E AR 140 .

TEARAL B A S 25 08 B A SCH S T b A58 X R0
AR T Ge JUR T RERSOREE, M B 2T
Ge " Ge,. " Ge " Ge. " Ge & 5 Fh[E] {37 Z AE filf 18 A5
P A A 2T B X 4% (R 67 3R A 5 5 A 52 ), 45
RO 3, 45 R WoR, R As R, AR H
0 mL/min.” Ge.” Ge 15 5 25 %0 v B 4 5y 8. 627,

5.252 ng/L.AJE" Ge.”” Ge.™ Ge # 5t % 200k i ¢
o ANTE T TR AN . R TR AR L S
3.0 mL/min,” Ge." Ge B 5t S5 RO Y &2
100 ng/L AR - i & I 2ok th T H Ui
BE] 4.0 mL/min W, 2 [6 6 3 1915 5 38 2 B
o LR DO T ARAT B BRI R AR AR SR TR
fE AR Al A R B 3. 0 mL/min,

®£3 FAESHETHEMLE

EREEWREMNELR
Table 3 Determination results of background

equivalent concentration of Germanium isotopes under

different helium flow rate /(ng+ L7")
i 2 AW/ (mL » min~ D)

0.0 2.0 2.5 3.0 3.5 4.0
0Ge 68. 2 486 4 705 2 515 999 435
2Ge 37.1 5.11 2.22 2. 30 2. 45 1. 26
B Ge 8.63 1. 00 1.12 0. 825 1. 20 1.59
“Ge 5.25 1. 27 1. 04 0. 594 0. 848 0.592
5 Ge 9 458 4705 2 515 999 435 130

TEAL I A ZS S5 08 T AR SCR ' Rh /R 5 Y
i o B TE R i (8 AR RO SR 1 T4, SEEe g R
WoRCRh JTRMEE R 5 pg/L B HAE 5 5 5 5
JER 10. 00 pg/L (8 [A) 47 & fie KAT 5 50 B Oy [\ —
B g LR W E N 5 pg/L 09" Rh IE WAE A
AR VS VR AT A 3850 AT B AR L0
2.3 AHEMNEIRRENELTEESREN

A

R 75 AT DL LR T 2R Y HG BORON , SE 09
PR, O RN EE . IE T e IE G55 5 A Al
Fist, O MR S o 1. 00 pg/L SRR MEIR I (B & A
TRFRN B 1% (19 HNOS) & A HLEE AR 40 5003 )
g 0,0.5%,1.0%.1.5%,2.0%.2.5%.,3.0%.
3.5%0.4. 0% o AT BB A v VA VRO A 19 1 5 5
JE 5 AN B A AL s T T 015 5 5 B 1 LU (B A
HLBE A 15 B R B AR A ML e KGR B 3% 4,
iR 5 M DL AR XS 5 g W] 07 3R 3 A Y
TG B RIS R R 3. 00, 5 Bl HILEE RE A AR
S3BORAT MU rh ik Jt %50 H 0 38, X 8 00 3 180 &R
B 2By ke, Y P RE. 2 RE R LA R
4.0% » S NEE OE T B OE S EE AR B 80k 3.5 Y0 it
X B 3G R B D . X 5 SCER IR E 25 R B —
O, BA, T R A LB S A & B BUES A
B Rl 1T 5 e S T AR S BE B B AR R4 2R
30 1 IE 3G A Sk 8 AR
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Table 4 Maximum sensitizing coefficient of

concentration of organic alcohols to Germanium
AL ATHLEER BB/ Y0 °Ge Ge Ge "'Ge  "Ge

FH e 3.5 2.23 2.18 2.14 2.14 2.35
L 3.5 2.14 2.10% 2.03 2.15 2.21
SN 3.0 2.39 2.18 2.21 2.29 2.27
iETEE 3.0 2.47 2.83 2.57 2.46 2.12
naq 3.0 3.00 2.76 2.75 2.85 2.41

o A LR R RN R 3 %

2.4 fREMEZREHRE
TEPEAL WA 250 5 452 SE 56 7 vk b BRAE i FI

5%l R S WUl bres™ ol By S o3 S NI/ N DR B I et
FIEARHER 22 3 45 3 IR R . A2 5 nl A,
“Ge."Ge." Ge AF 3 i IR 0 2R 0 K BR 43 00 R
1.29, 0.201, 0.056 pg/kg, & ¥ @ M 5.00 ~
1 000 ng/L."Ge.” Ge.™ Ge L& PEAH R % 0. 999 7~
1. 000, 3§ /2 AH A I B R . 17 Ge A7 Ge 4k 14 AH
RABOARE 0,999, K th FRAL & . i T KF 20 &
SRR Ge A Ge B Rl A4 B A8 T & 5
H IR A Y 5 oK

R5 KUEEXSHERHR

Table 5 Linear parameters and detection limits

RIVES LW/ (ng « LD kT i BRIP4 JrEA B/ (pg » kgD
Ge 5.00~1 000 y=6.4880x+16317. 4126 0.9917 14.0

2Ge 5.00~1 000 y=11. 78852+ 88. 7808 0.999 8 1.29

B Ge 5.00~1 000 ¥y=3.4800x+4. 1582 0.999 7 0. 201

"Ge 5.00~1 000 y =17.77922+16. 7943 1. 000 0.056

5Ge 5.00~1 000 y=5.64772+5643. 3072 0.998 2 9.45

2.5 FERTEMERELR

K RS s ST i 7 i 5 38 i X R Ry GBW 10022
(GSB-13) . F 2k GBWI10012 (GSB-3) . i 7§ /N %
GBW10046 (GSB-24) , 5. ff GBW10021 (GSB-12) ,
225 GBW10052 (GSB-30) . % i GBW10051 (GSB-
29) . 432 GBW10023 (GSB-14) % 7 Fh [H R A5 W
Brrh B AR 6 YT AT I A ok BRI i Y T A R
ARG RE . 25 L 6, A Iy 1% I 5 [ 5% s o 0 I
H AT Ge 1900 5E {8 X9 76\ € (8 [ N RSD 2h
2.5%~8.8% , BRITE /N2 ™ Ge LLAb, HoAth b
YR Ge R Ge ¥ 8 Tk @ (E , & 1A (E 1
2.6~16.5 f5. AT AEJE H T Ge W0 & F 1L
(27.40%) 5" Nd*" (23. 80 %) [Al v Z F B lLAH Y,
i LA bR e 8 5 Nd ., Sm (1) & 2 Ge [ 3~22
K I B Az BN U Sm® T s O
“Ge RN ZEERE L H AT 7.8 %, K I R AHUE B
[] B 52 BT 3% T 0 BOR A ik IE 7R, Nd L Fe X7 Ge
M7 Ge BT . 28 1 8B Ge R EE R
H w3 [F] A7 3 O 206G % 3 4 AR P R B 8
JE R R TR B I AR K
2.6 AR [E U SEIE

R T k2 2 T T VR B ME A B A ) R R
ZORAZ R IEATAG P 3 AN R B KT B g [l
W SIZ 58, S AR S 56 A2 I E 6 Wk I TSR AR X AR

e 22 A R IR 7, S5 IR, AR [l i 583 1 78
92. 0% ~106%.RSD Jy 2.6% ~4.3% , < W if
ST Y 5 VR R EE R BE BT W L A BT AR DU K
F6 HMEMRUELR
Table 6 Determination results of

standard materials(n=26)

b 2 INEME/  WEMH/ RSD/
(pg+kg DpugkgH %
TR 2Ge 12 107 3.2
GBW10022(GSB-13) 5 Ge 30. 8 1.6
" Ge 20. 0 3.3
N 2Ge 1.640.4 4. 61 7.1
GBW10046(GSB-24) 5Ge 1.27 13.4
"Ge 1.47 8.8
a9 2Ge 14742 174 8.2
GBW10021(GSB-12) " Ge 39.8 7.0
"Ge 13.5 2.5
ok 2Ge 1 10. 6 8.5
GBW10012(GSB-3) BGe 3.29 10.1
T Ge 0. 928 6.6
E P 2Ge 1545 171 3.2
GBW10052(GSB-30) BGe 58.2 4.1
" Ge 14.6 5.3
W 2Ge 12 225 3.3
GBW10051GSB-29) 8 Ge 33.1 7.0
" Ge 15.4 5.8
3 2Ge 52414 860 2.7
GBW10023(GSB-14) " Ge 350 1.6
" Ge 46.0 4.9
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Table 7 Experimental results of recovery test(n=6)

B ANEAE/ I B/ i/ RSD/
(pgekg D (ug-kg % %
0.50 92.0 3.7
SN 2. 44 2. 00 104 3.9
10. 00 99.0 4.3
0. 50 106 2.6
R 1.01 2.00 92. 2 2.8
10. 00 97. 1 3.7

R 585 B2 L R L BB A L 2 RR R AR B T
R R ol AR D OR . e Ah, O7 ik R R E T T
B AT i AR B OU R Y IIE

%% ik

(1] Westat faf . & R EENY M ICP-AES ¥ I 2 B2 R A
HERP L METZ0]]. ME5uE,.2018,31(3);
82-84.

2.7 EERERET

ALK W 7 3 B 52 20 HE VR A 2 R AR S L AR U
ZRKFRLE @53 Ry 2R R B A B
JBR . SR ST 1 6 2R P i B T R Y R R TS
W AR E W E 3 AR R 8. ZiRE
N R B R R S IR B (O PR
JBR-5 A 11.0 pg/kg. 2 262 R R Y 5 T
RO YE 5 A 2R 3. 96 pg/kg, MR
4.13 pg/kg. B 2 K 3.10 pg/kg. 4% B 2 K
3.99 pg/kg. PO RO R0 R & 5 2%
AN,
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Table 8 Test results of germanium content
of sesame in the market(n=3)

¥ 54 B W/ RSD/ ¥ 54 B @i/ RSD/

(pg+ kg™ % (pgr kg %
2 k-1 4.39 4.0 ML RR-1 3. 66 5.3
M2 -2 1.84 2.6 BERR-2 1.09 7.2
H 2 #R-3 3.17 3.0 Y RR-3 3. 84 1.1
H 2 k-4 0. 830 4.2 LY JRR-4 11.0 0.4
12 hK-5 9.55 4.2 P RR-5 1.02 3.9
W2 RR-1 1. 56 5.5 Ze {0, FR-1 5.89 1.6
2 RR-2 3. 40 2.2 {0, JFR-2 3.59 2.7
2R3 4.02 3.5 a0 FR-3 3. 50 1.6
W RR-4 2.55 5.7 I {0 2 JpR-4 1. 21 5.6
W2 RR-5 3.99 5.3 Ze {0, FR-5 5.75 2.2
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BEORE o Xk AN ) Fof S 1 A 0 53 ) 5 s o 0 Joi 0 £
TR MEL R SR HNEEY S . AT AR IR

(2]

(3]

(4]

[5]

[6]

[7]

(8]

ZHANG Jingjing. HE Ping. Analysis of trace elements
in black sesame and white sesame by ICP-ASE with
high pressure tank digestion[J]. Cereals & Oils,2018,
31(3) :82-84.

TRBR S ARG M BE SR A ATURT R B B Y 2R R
G R B LB LT (e S AR TR 2014,31(5)
72-74.

ZHANG Zhubao, LI Zepeng, LI Huanyong, et al.
Comparison of mineral elements in organic and traditional
black sesame[]]. Chemistry &. Bioengineering, 2014,
31(5).72-74.

WP VEOL, B L A5 B8 BT STt S e T kT s LT .
i E A ,2016,25(BE T 1) .22-24,

JI Bingyan, XU Guang, YAO Zhen, et al. The advancement
and development prospect of germanium [ J]. China
Mining Magazine,2016,25(S1) :22-24.

XU B A0 X5 S B R e i F o S (.
] A A Al 2 R, 2015, 23(8) 1 931-937.

LIU Yan, HOU Longyu. ZHAO Guangliang. et al.
Advances in research on effects of Germanium on
plants[ J]. Chinese Journal of Eco-Agriculture, 2015,
23(8):931-937.

FE/ANTS R R AE YN R WSOR R H A 3 ) g A
FLHkRELT]. g3 . 2020, 1(8)  14-18.

QI Xiaofang, CHENG Zhihui. Research progress on
absorption and utilization of germanium (Ge) and its
physiological function in plant[J]. China Vegetables,
2020,1(8) :14-18.

L B CREY. ME TR Ew IRl
i TT R 5 BT . 2007, 24(1) :59-60.

KONG Tao, QU Yunsheng, ZHU Lianqin. Biological
function of trace element germanium [ J]. Studies of
Trace Elements and Health,2007.24(1) :59-60.

B BIR K, R, F T H B A e 0
LT ] N R 2o i - 24 R, 2013,48(1) - 115-117.
ZHAT Wei, ZHENG Saifei, WANG Suhong, et al.
Antioxidant activity of rutin-Ge ( [V ) complex [ ] ].
Journal of Zhengzhou University ( Medical Sciences) ,
2013,48(1):115-117.

FLSOAR i, AR OB, 55 A LR 1L & W 7E IS 24 R it



138

AL BT Ao

2022 4F

(9]

(10]

[11]

[12]

[13]

[14]

Tt b U i I R B ST kR () . = AR 1, 2020,
47(7) :1-4,6.

BAO Wendong, PU Shikun, LI Changlin, et al.
research progress of organic Ge
compounds care and food[J]. Yunnan
Chemical Technology,2020,47(7) :1-4,6.

i IR AL T I AR SR BT ). T AR AR T, 2017,

44(2) :79-80.

Application and

in medical

GAO Xiaoyan. Recent research on chemical analysis of
germanium[ J ]. Guangdong Chemical Industry, 2017,
44(2) . 79-80.

& RURL B 58, 2242 7 . S AR S 2B - T 92 0 e 1% 1k
MR AR S P R LT DL SR AL A Ao . 2017,
7(2):31-33.

XIU Fengfeng, FAN Yong, LI Junyu. Determination of
trace germanium in geochemical samples by hydride
generation-atomic fluorescence spectrometry [ J]. Chinese
Journal of Inorganic Analytical Chemistry,2017,7(2) .
31-33.

ZEPh KRR 2 T OCAE AR T IR AT T A 00 R
T R LT ] R 2015,43(23) 1 274-276.
LI Qian, ZHANG Chunzhi, WANG Wenjun, et al.
Atomic absorption spectrum method to detect trace
elements germanium in garlic products[J]. Journal of
Anhui Agricultural Sciences,2015,43(23) :274-276.

PG LUt B g TR OO B W 2 A LR RO
BT BACA 5 - k2% 3 ME. 2002, 38(9) : 462-463.
JIANG Hongjin. GF-AAS Determination of germanium
in organo-germanium oral liquor[ J]. Physical Testing
and Chemical Analysis Part B: Chemical Analysis.
2002,38(9) :462-463.

SRR, 4 WK, BN, AR DR Dk 9¢ O R U UE AR
GFAAS W& R B84 AR AR L 1. O ik % 5 0% 4%% 43
#1,2006,26(6) :1162-1166.

GONG Qi, LI

Precipitation

Xiangxin, WEI Xiaoling, et al.

trapping ~ with  phenylfluorone  and
determination of trace gallium,germanium.molybdenum
and indium by GFAAS[]]. Spectroscopy and Spectral
Analysis,2006,26(6):1162-1166.

JUUGIR S F 25 Joc, A T, 5. w58 o % B AR T A
ICP-MS 5 £ i 9 86 & LT ). B i iF 58 5 0F &
2019,40(15) :160-164.

GONG Haijuan, XIE Yunxin, WANG Jiali, et al.
food by high

Determination of germanium in

throughput closed microwave digestion-inductively

coupled plasma mass spectrometry[ ] ]. Food Research

[15]

[16]

(17]

[18]

[19]

[20]

and Development,2019,40(15):160-164.

IR HL S AR TR R SO vk I E SR RS T
B[] b E LB 2, 2020, 10(4) £ 51-55.

SU Chunfeng. Determination of germanium content in
germanium concentrate by inductively coupled plasma
optical emission spectrometry [ J]. Chinese Journal of
Inorganic Analytical Chemistry,2020,10(4) :51-55.

T BT, D F b, 55, il Tt BN - SR B S
TR TG R 40 A 1R R SR R AR R Th Y 26 b oo
L P E TN . 2020.10(3) . 71-79.

YU Chen, YAO Chunyi, MA Yusong,et al. Analysis of
twenty-six elements in the export of nutrition fortifier
by collision cell reaction-inductively coupled plasma
mass spectrometry [ J ]. Chinese Journal of Inorganic
Analytical Chemistry,2020,10(3):71-79.

JUIEE  F L i, 4%, — (L 4 B2 1 GCRC)-HL i
R S A B U 5t B PR AR R oe R [
o AL BT A2 . 2020,10(2) 1 42-47.

GONG Haijuan, WANG Yu, HAN Jian, et al.
Determination of trace rare earth elements in geological
samples by integrated collision reaction (iCRC)-
inductively coupled plasma mass spectrometry [ J ].
Chinese Journal of Inorganic Analytical Chemistry,
2020,10(2) :42-47.

V0B AT AR AL £ R IR XS T E ICP-MS
17 0 5 ma [, 5B BE TR 2 2 4. 2006, 28 (11)
76-78.

NIE Xidu, HE Xiaomei, XIE Hualin. et al. The effects
different concentration of oxalic acid matrix by ICP-MS[ ] ].
Journal of Wuhan University of Technology ,2006,28(11):
76-78.

Jmn R 4K 20 g, AR R ICP-MS il 58 AR 7 i A
o6 AR R [T P R AL BT A2 . 2021, 11(2)
4-8.

JIALISEN. Yimanhazi, ZHU Liqin. Determination of
six trace elements in plant samples by ICP-MS[]].
Chinese Journal of Inorganic Analytical Chemistry, 2021,
11(2) .4-8.

W EFEE. ICP-MS (9 KED #5218 B2 hn £ /K &2 i -
B P Z FA e m ot R T E L AT
2021,11(5):81-85.

YANG Weiwei. The KED model of ICP-MS was used
to determine 20 metal elements in the soil sample
repeatedly dissolved by phosphoric acid and aqua regial J .
Chinese Journal of Inorganic Analytical Chemistry,

2021,11(5):81-85.





