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Fig. 1 Relationship between (a) resin dosage, (b) exchange

time and counting rate
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Table 1 Analytical results of Mo and W determined with

different modes

ARG R At E Y
- FRUEAE il i A M 7 1 sl s el |

(pg/'g) (pe/e) (pe/'g)

] Mo  2.6%0.3 2.58 2.74
CBWOT04 -y, 6.2+0.5 6.06 6.32
Mo  0.520.04 0.51 0.58

CBWO7424 W 1.66 £0.10 1.69 1.75
Mo 1.720.1 1.65 1.58

CBWOT64 % g.9740.11 0.95 1.08
Mo 1.56 £0.20 1.63 1.66

CBWO7366 W 15.5+0.8 15.2 16.7

2.7 Wik
2.7.1 Jrikfith R
T FIRUES TS T IRE S RIS AL
AT 11U, D E 3 A% b v Al 22 O 7 TR R
BR',4%75 B Ge Br Mo Sn 1. W {577 46t KR4 5
4 0.66.0.096.0.78 .0.11.0.15.0.29 0. 27Tne/ g0
— 102 —

2.7.2  J7iEERR A R

VEHC A+ 58 K RUTR Y bR W P47 00 & 11
UK, A5 TC R M - P Y 70 b A 1) 1 i 3l
WL HERAE AlgC /T 0. 05, A BRI 25 (RSD) 7
2.1% ~7.5% Z 6], Y/NF 10% (£ 2) ., HEo(Z%
H AR DX I BR Ak 27 8 A B3 ) (DZ/T 0258—2014)
SR U HIAS 5 00 MR B 4 O R R, T e

22 betEI R AT R W R

Table 2 Analytical results of each element in standard samples

B bRl WETHE RSD
we O Gwe Gwe ()

B 39 +3 35.9 -0.040 3.9

Ge 1.39 £0.06 1.47 0.024 2.1

Br 8.5+0.5 7.99 -0.027 4.3

GBW07978 Mo 0.68 £0.03 0.64 -0.026 7.5
Sn 3.4+0.2 3.28 -0.016 3.2

1 3.49 +£0.15 3.61 0.015 2.3

2.1+0.3 1.95 -0.032 4.6

B 85 +4 80.8 -0.022 4.2

Ge 2.3+£0.3 2.57 0.048 2.8

Br 3.3+0.3 3.68 0.047 5.9

GBW07980 Mo 12.2 £0.6 13.5 0.044 6.3
Sn 411 +36 308.2 -0.014 4.1

1 3.42 +£0.17 3.35 -0.009 3.1

164 +9 179.0 0.038 4.4

B 54 +6 58.4 0.034 3.2

Ge 1.3+0.2 1.37 0.023 2.2

Br 1.2+0.3 1.28 0.028 3.9

GBW07309 Mo 0.64 £0.11 0.68 0.026 5.8
Sn 2.6+0.4 2.71 0.018 2.6

1 0.63 +£0.09 0.57 -0.043 4.1

1.8+0.2 1.69 -0.027 6.3

B 10.4+1.0 9.61 -0.034 2.7

Ge 1.79 £0.10 1.71 -0.020 5.4

Br 3.7+0.5 3.82 0.014 6.3

GBW07384 Mo 2.59 +0.15 2.88 0.046 3.9
Sn 5.19 £0.41 4.87 -0.028 3.2

1 2.95+0.36 3.14 0.027 4.2

\ 4.73 +0.27 4.87 0.013 3.5

PR A A P 50 B KM 20 L Dl
DS R AR 5 R (2 5 S~ S5)  AEA Ty il
RE 2 L A5 70 3 2 A
BRI, HEAT AR IO (% 3) 7 Foe
RS AITBR [ CR H 75 88. 5% ~ 119. 5% 2 Jil,
EE TR 3 T 9 0 [ (70%  ~ 130% )
Zoke
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Table 3  Recovery tests of the method

Fedhgi JUH

DEE mpnat AREIEE AR R

(pg/g) (ng/e) (pg/g) (%)

B 29.3 30 58.2 96.3

Ge 1.52 2 3.42 95.0

Br 3.31 4 7.44 103.3

S1 Mo  0.77 1 1.68 91.0
Sn 4.33 4 7.94 90.3

1 0.96 1 1.89 93.0

w 1.98 2 4.12 107.0

B 27.2 30 56.6 98.0

Ge 1.44 2 3.63 109.5

Br 5.24 5 9.77 90.6

2 Mo  0.71 1 1.65 94.0
Sn 12.3 10 21.6 93.0

1 1.64 2 3.66 101.0

W 2.08 2 3.93 92.5

B 9.78 10 18.9 91.2

Ge 1.47 2 3.32 92.5

Br 5.09 5 9.53 88.8

s3 Mo  0.93 1 2.09 116.0
Sn 2.89 4 6.56 91.8

1 3.32 4 7.76 111.0

w 1.58 2 3.97 119.5

B 9.55 10 21.1 115.5

4 Ge 1.43 2 3.52 104.5
Br  4.84 5 10.7 117.2

Mo 0.93 1 1.92 99.0

4 RSO RS SO AR it bl

Table 4 Comparison of analytical results of elements determined with the same method and different methods in the literatures

(84 3)
DEE mpnat AR IEE bR R

FEdhgiS JUH

(pg’g) (ng/g) (ng/'g) (%)

< Sn 3.65 4 8.21 114.0
I 2.45 2 4.73 114.0

1.43 2 3.74 115.5

B 15.4 20 33.1 88.5

Ge 1.43 2 3.28 92.5

Br  4.89 5 9.76 97.4

S5 Mo  0.83 1 1.77 94.0
Sn 3.67 4 7.98 107.8

1 3.21 4 7.69 112.0

w 1.36 2 3.7 117.0

2.7.3  53CHRAHE DT EE RS R A B X

WA T3 1543 ) 5 SCHRAH [R) 53 L SCRRAS [m] 7%
(2 4) @ 45 B gk 47 x4 kb, 5 SCmk A TR O 2%
(ICP - MS) AR &AM E Br iy AH I E s , HoAt 6
T oG 28 RS Y B AEX B o O 22 ( RSD) 3230 5 45 3k
AN[F)J5 % (ICP — OES Mk ik (AFS) X kb & B, B . Sn
For BB B BAIG, Ge (T W At PR =7, (HLAF 5 BT
BOR o BEEIAA - — & SCHRA [R] 5 A [ D7 32 I 7 T
FFPSOR WA SOy 4w, A R 7 i 52 Br SCHRER
AR ZRASC RS T 2R E 2, TR
SR T W R H vk B LS
2.7.4 R G DX HL BT A AR A BT S T

TR DA 1 VG 25 e R G0 1 L 2545 Sty

. . i tH B (pg/g) RSD
Vig [Pl [ SLIsRPR ViR IWIR7S
Ge Br Mo Sn I w (%)
7 FEE (AR ) e ICP - MS 0.66 0.096 0.78 0.1  0.15 0.29  0.27 2.1~7.5
B.Ge Mo .Sn I W4 e ICP - MS 0.57  0.092 - 0.13  0.11  0.22 0.3 0.99 ~5.9
B.Ge Sn 1% WA ICP - MS 0.92  0.09 - - 0.29 0.1 - 1.49 ~4.94
B.Sn'% - FFRIDGE 3.6 - - - 0.63 - - 6.0~12.0
Mo W3 Tk et - - - 0.141 - - 0.104  3.37~4.06
Mo W32 WA — B TS ICP - OES - - - 11 - - 15 1.1~2.3
Gel®! [iGar AFS - 0.037 - - - - - 4.0~7.1
Br 108 [i7ar ICP - MS - - 0.21 - - 0.15 - 1.2~5.0
1034 TR ICP - MS - - - - - 0.012 - 4.88~9.19
Brl"] WRIE R XRF - - 0.61 - - - - 3.1~4.7

— 103 —
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X3 Hb BT A A A 10 28 (45 ST~ S10) 4TI E %5 TR ISR
MEATFAHT 11 IRIEESR (2 5) A LA 1, xR 22 Table 5 Analytical results of real samples
INT 10% AF 5 FERT 5 2 H R EOKR Bl WGEEDRSD | WSEM RSD
4 DAAS SC )7 iR DZ/T 0279—2016 AHEARUETT %% T (wwe) (%) | %% (ng/g) (%)
PRI AMATHOR (3 6)  ARSCIT ik B AR B0 308 BBl L6
. X N v Ge 1.25  2.24 Ge  1.43  2.09
G AT Al T B 300 £ P2 88 O 2 2 K oo bB e ooty e
fitt £ B B(OH) S UTLTE , (i 45 S I, A vfE T vk 0 E AR S Mo 0.9 598 | 6 Mo 1.04 2.98
FERUFFASCIT 1 AHRS % BEWS 25 F ARSI Sn Sn 421 9.4 Sn 413 9.21
S o e v e e L e I .22 3.56 1 3.28  3.65
W i o T B3 L Lol Lo e
WG T Sn FEVAEFEISFE PR 58 4, [ ARG T B 27.5  8.67 B 2.4  4.67
FITE Y o ARSCHT Rk G (RS FE 3 R 58 4, (H 3 Ge 146 1.76 Ge 131 2.98
2 2 P AT Sl 22 L Br  4.37 1.14 Br  5.03 5.8
WA R WS RICIOR T Al 0T e
JrE KL B BEAIG, Br I 22 B9 b5 UE 5 15 S XRF Sn 10.2 1.93 Sn 4.02  7.83
e, HER BE RS %5 B U T AR U vk e AR SCTT i L2 428 L 3.09  3.60
PR I, BT T BRI Tt Wo2e gss | W 1w an
%?/{EE@E% ﬁ}%ﬁi?%u&ffﬁo %9[‘,%}% Ge 1.28 9.76 Ge 1.60 1.82
XRF M EBAR &= Br(Qug/g AT , 25 /AT Br  6.04  8.92 Br  6.77  3.46
ARSI AASONEME GG A ikgy % W 0% e s e 0T
PR IE 7 1 N BRI ICP — MS ¥k, A Hb 22 T Ui 72 i W 148 7.21 W 250 4.32
5 G SR 1530 MR o e I
ﬂ:zlngﬁiz‘o I f)ﬂu%ﬁ/ﬂ%‘{ﬁﬁfiﬁﬁé% ICP - MS Br 4:65 4:67 Br 6: 13 9:22
LA S, E I A SRR R 1A {E S e R 5 S4 Mo 0.75 3.8 | 9 Mo 0.8 3.5
B, FMRE B vy, R BE R R AR T I A SI“ iﬁ 22; SI“ z:; i?z
W A RGBRIE T ABAAE ICP — MIS 3%, )7 42 Lo e Lo
BT RS B T, FERRION A E B BN T AR B 13.8  6.02 B 262 71.32
HE 7%, HAERR BEFORS 25 FE DL T AR ifE s o Ge 1.16 3.0 Ge  1.47  2.44
g O - ~ Br  4.21 4.88 Br  9.02  8.87
”TJ:FJWE oY WA R AR e L (2 H b X S S Mo 0.79 450 | SI0 Mo 0.97  6.52
BRAEAA A HSE (12 250000) ) (DZ/T 0258—2014) Sn 3.80  2.89 S 4.06  4.59
BOR, TR RV B A B H BR 9B AR 4 b B A I 3.40 104 I 3.48 3.8
. W 1.27 5.0l W 2.63  6.77
oAb,
6 RIS hRUETT B0 HET I FIORS B L
Table 6 Comparison of accuracy and precision between this method and the standard method
GBWO07978 GBW07980
) AFrik(n=11) X (n=11) AFP(n=11) Xk (n=11)
JLHE | FRMEE - A . - FRUE(E - S RSD
(pg/s) . AlgC ot AlgC (ne/'g) ol AlgC e AlgC
(pg/g) (%) | (ng’'e) (%) (ng/g) (%) | (ng/g) (%)
B 39 +3 35.9  -0.04 3.9 | 40.2  0.013 5.3 85 =4 80.8 -0.022 4.2 | 92.4  0.036 3.8
Ge | 1.39+0.06 | 1.47  0.024 2.1 | 1.44  0.015 0.8 | 2.3+0.3 | 2.57  0.048 2.8 | 2.19 -0.021 1.3
Br | 8.5+0.5 | 7.99 -0.027 4.3 | 8.76  0.013 2.2 || 3.3+£0.3 | 3.68 0.047 5.9 | 3.45  0.019 1.3
Mo | 0.68+0.03 | 0.64 -0.026 7.5 | 0.67 -0.006 3.6 || 12.2£0.6 | 13.5 0.044 6.3 | 11.3 -0.032 2.1
Sn | 3.4+0.2 | 3.28 -0.016 3.2 | 3.54  0.018 3.8 | 41136 | 398.2 -0.014 4.1 | 426 0.016 4.4
T [3.49+0.15| 3.61 0.015 2.3 | 3.41 -0.01 1.7 ||3.42+0.17| 3.35 -0.009 3.1 | 3.69  0.033 3.7
W | 2.1+0.3 | 1.95 -0.032 4.6 | 2.29  0.038 5.0 164 +9 179 0.038 4.4 | 158.3 -0.015 5.2
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GBW07309 GBW07384
o AJrgk(n=11) X (n=11) AJiE(n=11) X HIrg(n=11)
TER | bR — P - D bR — RSD | Sl b
il s 5 il
(pe/s) AlgC AlgC (ng/g) AlgC AlgC
(peg/g) (%) | (ng/'s) (%) (peg/g) (%) | (pg/'e) (%)
B 54 £6 58.4 0.034 3.2 | 57.3 0.026 4.4 | 10.4+1.0 | 9.61 -0.034 2.7 | 9.67 -0.032 4.2
Ge | 1.3£0.2 | 1.37 0.023 2.2 | 1.28 -0.007 0.6 |[1.790.10 | 1.71  -0.02 5.4 | 1.85 0.014 2.4
Br | 1.220.3 | 1.28 0.028 3.9 | 1.32 0.041 6.8 | 3.7+0.5 | 3.82 0.014 6.3 | 3.46 -0.029 1.9
Mo | 0.640.11 | 0.68 0.026 5.8 | 0.6 -0.02 1.7 |[2.5920.15| 2.88 0.046 3.9 | 2.52 -0.012 0.9
Sn | 2.6+0.4 | 2.71 0.018 2.6 | 2.47 -0.022 3.2 |[5.1920.41 | 4.87 -0.028 3.2 | 5.47 0.023 2.9
I |0.63£0.09| 0.57 -0.043 4.1 | 0.67 0.027 2.8 ||2.95+0.36 | 3.14 0.027 4.2 | 2.8 -0.009 1.6
W | 1.820.2 | 1.69 -0.027 6.3 | 1.9 0.037 6.8 ||4.73+0.27 | 4.87 0.013 3.5 | 4.56 -0.016 3.9

#:: B.Sn Jfy DZ/T 0279—2016 BY55 11 #343 , SR AR AR SEEE 387 IR — & S35 DU 22 5 Ge Mo 43 5124 DZ/T 0279—2016 #55 16 .07 #47,

R FHBRYE ICP — MS YA E ; Br 2 DZ/T 0279—2016 AY%E 10 353, R IR A R XRF SEIIE ;1 24 DZ/T 0279—2016 Y55 24 53, R 44
ICP — MSTEE ; W Sy DZ/T 0279—2016 f)55 30 F#R53, R A9 1CP - MS JL5E

3 5
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& B.Ge Br Mo ,Sn I W [ &, it EHE—Hbr
HEYI A T Bk, 7 FhoTZ AR ICP — MS 33
KA T HAG Y BRATG RO MRS B T
BT MBS, TR G (2 B s K sk
2P HLYE (12 250000) ) (DZ/T 0258—2014 ) i
Ko R, ASCH 5 DZ/T 0279—2016 AH G hRfE
AT XS, e B BA S RERS AR AT P
B AR o 5 43 BV W AT SR S B % s Ak AT
F IR IE , 45 R
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A 2R e R, [E B s TR, BR AR AR,
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Determination of Boron, Germanium, Bromine, Molybdenum, Tin,
Iodine and Tungsten in Geochemical Survey Samples by ICP - MS with
Alkali Fusion — Cation Exchange Resin Separation

ZHANG Yuan, WANG Wen —dong, LU Bing, ZHAO Wen —zhi, YANG Yuan, LV Sheng — nan
(Harbin Natural Resources Comprehensive Survey Centre, China Geological Survey, Harbin 150086, China)

HIGHLIGHTS

(1) The sample pretreatment is simple and quick, which is suitable for the analysis of 7 elements in geochemical
survey samples in a thick coverage area.

(2) The optimized analysis conditions improve the accuracy and precision of the method.

(3) This method can be used to improve the analysis efficiency by integrating six supporting analysis methods, and

the advantages and disadvantages between this method and the standard methods are discussed.

ABSTRACT

BACKGROUND: Multi - target geochemical mapping is one of the most important basic regional tasks in multi —
target regional geochemical surveys. In order to better reflect changes in the geochemical background, analytical
methods are required to have higher accuracy and precision, and lower detection limits. Elements B, Ge, Br, Mo,
Sn, I, and W in geochemical survey samples are mainly prepared and determined by smelting ore individually or in
groups. The analysis procedure is long and involves 6 methods.

OBJECTIVES: In order to integrate 6 supporting analysis methods, optimize analysis conditions, and improve the
accuracy and precision of the method.

METHODS ; The mixed reagent of sodium peroxide and sodium hydroxide was used for alkali fusion. Citric acid
was added to the solution. Cation exchange resin was used for static exchange for 2 — 3 hours to remove a large
amount of cations in the solution and reduce matrix interference. B, Ge, Br, Mo, Sn, I, and W were determined
using inductively coupled plasma mass spectrometry.

RESULTS: The detection limits of B, Ge, Br, Mo, Sn, I, and W were 0.66, 0.096, 0.78, 0.11, 0.15, 0.29,
and 0.27ug/g, respectively. Relative standard deviation (RSD, n =12) was between 2. 1% and 7. 5% , which
were all less than 10% .

CONCLUSIONS: The method is simple, rapid and low — cost, and its precision and accuracy meet the
requirements of { Specification of multi — purpose regional geochemical survey (1 : 250000)) ( DZ/T 0258—
2014). It can quickly and accurately determine B, Ge, Br, Mo, Sn, I, W in geochemical survey samples in a

thick coverage area.

KEY WORDS:; geochemical survey samples; sodium peroxide — sodium hydroxide alkali fusion; citric acid; cation

exchange resin; inductively coupled plasma — mass spectrometry
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