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R T, AR AR A g 1) O FH bR ot
ZEREHAE T LB B, TR B R N
l46pg/g, #80 10pg/g, # R 0.057pg/g. BTG T
P ST Ag W 45 R w2 R .

JOT 3 T A 04 9 B 32 A B0 2 i S T B
AT mE bR U8 TR RO E [
2t A B TRt R 22 A A T RO R . W
JE BRI RF: it TRV TR A 07 Y TR T A L2 L AR Y
fig 20 R 0 g s ) R
TR, KZEOE SR i TR TR 98 L F54Y
AL, TERE S UL B B T e R S T
JCETE, BA AR, HEERA AL B T EK
T A RE AN R T IR R R R 285 440 A Jey BR A, X LA it
HUFRE S 22 E R I IR R EER . =k R
W ADRHAR E AT A, AHR . 854G THRoT R B,
AR RARGE L 4500 ik, R Pao, BEBR I B 2325
Y e s Y EUk ek B A
FHESF RIS R . Po, BEBRXTER . 5555 A e
BHETH, BEIR 5 588 . 4 S e Ak i i B R Eh ik &
Y1, FOK S8 . 5 TE e S A A S5 R a5, DT S
BT HRTCER 5025, (R IR AR A 2% . A R AR
Jis TR BR AR T B AR R R =R T4 Ty
PR IE AN FH B RE B (KED), 1B H1 T4 #5110
Tk, B L KED #E3X M AN BB S i BR 4R
T4k .

AR SCR SR | (5 SR L S R MO T A
TIKE R BN B AR Rh, T4 BR AELR A b
RER 1) i Sh 32 A8 1R 22, i ik KED B s <
R, BEAREE . 4555 A 0 BT T, N T — b
R TR Ok AL A it PR R AR S S

1 SEZREs
1.1 SR TAEZAT

ICAP-RQ 7 1 Bl A 45 B IR i A (3%
ThermoFisher 2 &), U I 22 1ii 25 FH A ES R 1B VRORT
IR AT, RO P R | R R, (R
T TAESE R 40 D)% 1400W, 1% H1 00
13L/min, #f§ B A i 3 0.9L/min, % 1k #% <44 W
1.0L/min, %< % # 7.0mL/min, 2F S &% 2115 &
3~ 5, BEREIEE] 100ms, F33 77 2 Bhig,

K- e 2 FIBL AR Aba) A BR 2 R,
RS LS BSA124S-CW; HEL 3R : 51048 Hi ot S 30 A
FEHTAEE, A% AL DRI,
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1.2 PRS2

EIGRT L AIGE EAR E R—GhniE , A 4
+1% GBWO07401 ~ GBWO07406, /K % UL 1 ¥
GBW07307a, GBW07308a, GBW07358 ~GBW07363
s GBWO07105, GBWO7107(H [ 5 Bk e iy
BRI ER Ak 2 A BT AL ) o

BLEE R BT R R (IR AL
J& B HL T AR AT I ), R BE R A 1000mg/L .
IXER WL Liy Co. In, U AYHE BE 4 Ing/mL(3E
[ ThermoFisher 2~ ). #hFR . iR . ZURIR (PGB
W TAHRA A, P Lh); m @i CRHET Kk
R, MG sy, SEH K 8 4l Kk (B R
=Z18MQ-cm),
1.3 SRk
1.3.1  FRufE TAEE R

T 74 30mL RVUF LM, 2 mAE 0.
10, 50, 100, 500, 1000, 2500ng 4R AOARBRUEZA L,
ANIRAT (ImL &5 . 3mL iR . 3mL ZUJRIR), ¥
R VYT L B THELZE 200°C, fFA©
HHR'E R, B E 160°C, A TmL 50% K, HEH#
JIA 10.00mL Rh AR (100ng/mL), 7 B HHR -
YRS S ~ 10min BIFRTE 56, BUR A, $#825].
BWCEW 0.5mL TR WK LM b, A 1%
fif§f2 SmL, 251, HASARE R
1.3.2  FEALALEE

FREL 0.2gCK5 8 2 0.0001g) £ & T 30mL % g
I, A KT, AR AR (ImL &
SR . 3mL AR . 3mL ZU R, 14 3R MU IR &I 3 IR
BT MR ETFHEE 200°C, B A E R, BIEE
160°C, £ A 7mL 50% F K, HERE A 10.00mL
Rh PIFRIE I, 16 H B Ak 2 A 5 ~ 10min B
WSS, BUR R, #8257 . BHUEW 0.5mL TR VUK
R I 1% W iR SmL, $257, HI453FE
VSR o RIS 28 25 AR S AR
1.3.3 RSG5 E R

FHVEE AR 1.1 75 ICP-MS A 2% T AF &4 ik
Friffh, 1A I 2 e R B B ' P Ag, LLVPRh R
PR, 2 lbRAE R R, SEATRE S e, THEAR & i
THHEAAN:

nmy —niy _
w=—x107°
m

A woA IR R R OT R B9 B R (ng/g)s my ik

FEHFERICR AT (ng); my HAS FEES AT R A
JiE (ng); m MAFETE ()0
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i FERE b AT I AR A0 B, HE R 12 YO8 iR
WCHEA TN , AR Ch BT 7™ 5 6 2 0 o o S
TE)(DZ/T 0130—2006) LA E 25 5L 1 3 A b o et 2
TR J7 gkt BR, A O vk 0 e AR 1 R R
0.005ng/g. 2T H R KT DZ/T 0130—2006
FRARAS Y BR (0.02pg/g) FUELSR .
22 FiEREE

AITEFRHIR AR (IR . SR . = AR) %
W, VA 7S DZ/T 0279.3—2016 7 AR R LA 55
RO EHUE R — bR W) B 54 GBWO7105,
14 GBW07402., /K R GBW07307a, #% 1A
Iy MR HEAT HEAT AR BE 12 0, 4R S e (E
A0 XT R E ZE (RSD) A 1.43% ~ 11.22%(FE 1),
M4 DZ/T 0130—2006 %25k, RSD<<17%, 7£ (L)

FEVFIERIN, W62 AT A SR
2.3 JiiEWETRE
VEHL 14 A>3 KR DU KA A S5 R —

PARAEY) BT, He REA Ty 15 50 M TR o B 1) o
SEATINAE 12 WK, 3 A R R e A B
{5 hRAE(E Z R X5 25 (AlogC), 45 5R W3k 2, #%
DZ/T 0130—2006 1 =& , £ FR 345 DL b, T &

| AlogC | <0.05, AlogC=logC,—logC,, &4k F 34 7E
FRIFEAE IR SLVF IR 22V LN .

3 g
3.0 SRR IR

300 SURIES TR AR
P B A AR T R o 1 v O S R
O EEP R, el A7 R T R TP SR T R

KEE L N T v IR T R LA A2 R K A

1 IRAERMMESE 1CP-MS K HbnEVI B AL S SR IIAS R
Table 1 The precision test results for Ag analysis in standard samples using mixed acids digestion-ICP-MS.
R (ng/e)
o RSD
BRI 5 9
12 WA E (8 SFEH (%)
GBWO07105 0.038 0.045 0.039 0.045
g 0.035 0.034 0.041 0.046 0.041 11.22
(F4) 0.034 0.042 0.046 0.041
A
(&5 0.047 0.053 0.058 0.057
GBwoTTa e s o 21
N . . . . . .
) 1.218 1.210 1.195 1.186
%2 IRGMRIMMESE 1CP-MS IXIHbR eI S R w0 AR
Table 2 The accuracy test results for Ag analysis in standard samples using mixed acids digestion-ICP-MS method.
B (ng/g)
e BT Ve S > — AlogC
B P HIfE
GBW07401 0.35+0.05 0.370 0.024
GBW07402 0.054+0.007 0.049 —0.042
e GBW07403 0.091+0.007 0.086 —0.025
‘ GBW07404 0.0700.011 0.065 -0.032
GBW07405 4.4+0.4 4334 —0.007
GBW07406 0.20+0.02 0.216 0.033
GBW07307a 1.20+0.08 1.212 0.004
GBWO07308a 0.12+0.02 0.118 —-0.007
GBWO07358 0.14+0.01 0.141 0.003
FUURY
AR GBW07360 0.74+0.14 0.747 0.004
GBW07362 0.092+0.005 0.091 —0.005
GBW07363 0.082+0.008 0.081 —0.005
o GBWO07105 0.040+0.008 0.0447 0.048
GBW07107 0.047+0.009 0.052 0.044
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A3, FFIRE AR S T R A
Y B AAR ) T, AR, 2T B S T4k
DI ER ) L S R B, i YRR R
L, W] LLIK B AP B AR TR RCR . gk
T W BRI, A0 X B b BR AL 2 i v 45 Rk
Ff Nb, Zr RHE & B Ag i T4, B bR 4l
Nb(10pg/mL). Ag(100ng/mL). Zr(10pg/mL), F3 51| Bt
Nb(0.40mL). Ag(0.10mL). Zr(4.00mL) I 45 . Zr
(4.00mL) 5 Ag(0.10mL) {RAFRER I . Nb(0.40mL)
5 Ag(0.10mL) TR A bR W4T B BEZ 150mL(LA
PRAEEN 0.2g S, A4 T4 02 i i 53 80 Nb
20ug/g, Ag 0.05ug/g, Zr 200ug/g), 5L 1 & W i)+
PWHBRAOCR o 7R R 2R N IE Nb, Zr,
Ag HFRIER/(Ag. Zr) IR B, (Ag. Nb) IR AW 4%
JTCRMESE ISR T A8 WE 1R,
N7 AR Ag 1T R BN, TNb (1R
AR A ST R X P Ag A B T, BEE
LI AR, HA 0 R W, S AR
7.0mL/min B, 88, 8500 THREA AT DL Z00

0.008 | —=— 9Nb-19Ag
0.007 L —o— 91Zp19Ag

0.006
2 0005 f

W& -
™ 0.004 |
=
H0.003 |
0.002 F

0.001 \

5.0 5.5 6.0 6.5 7.0 7.5

A/ (mL/min)

BlL SUUEN T ND-' P Ag, 7' Zr-'"Ag THURBLIKIE I
Fig. 1 Influence of helium flow rate on interference

coefficients of “Nb-'®Ag and *'Zr-'"Ag,

3.2 AARIREX ARG s

Bl A A I, AR BT BT R M R
S REARR, T8 R SR IR 22, A BIR ) = AR
PFE o NIRRT H 75 Bl 2 A0 1 A
WU, X 48 R SRR R [ 0 SR T AT 8
5o HUREAH S IV RS AR SRR VAR (W0 Ag 0.05pg/g)
3 BE AR 20 I, Gl AR AR R
(5.0mL/min & 7.4mL/min) 1524R BAbR(5 SR EH S
25 e o B, DUR PS5 38 B bR LA (R
SR, et Ag [ETT . WE 2 IR, Ag fRiF L
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TE 9 ~ 11570 Bl A8 1k, Ul B &R 0 s K5 15
A 25 R, 155 SR S X E 1Y LR A K, R
2 DR 2 S0 1 AR T e ARG, 1 BIR ) Al o5, (R i
ARCERF I o 8 B A 2 . BEBR AR 7.0mL/min,
WS 2 2R R BORS  BE 2R B UR BR UT

14+ 1800
R 12F {600
= 10 E:fg
1§ i
5 400 i
on
< 8t

1200
6+ V\—"\'
L L Y Vv v v, 0
50 55 60 65 70 75
i i (mL/min)

B2 SURUER Ag 157 LERIE I
Fig.2 Influence of helium flow rate on signal background

intensity ratio of Ag.

3.2 BRI DRI OS2 R

ASCERI 7 285000 A8 Ak 23 5% I 5 A AR 7,
HAF S5 BARES, 55 B sl K, 52 Mg 28R, by et
BE B B ] E AT 00 Ak SE 5 . 1R B K b E
GBW(E)07308a #1188 1.3.2 i Ef AL B, F54% 1 0.01,
0.03. 0.05. 0.10 1 0.20s A9 4% ¥ B [B] 4T 8 YR FAT
DE , THEAERARE R 25 . W6 3 Fow, B 0 BE 1)
(] P HEE AT X A o s 255 3 8 08/ N, 7E 0.10s i) TAR
SE , ARSI ICE: B [RDHE S A S D0 e [, AR
TERCR, DA VA58 0.10s TE AT HE,
3.3  BLEMBHERR IR BriA 2R RN

I HTAR B E A Rh WARS, FRICER
H5WREZ N ESREZ L RS2 A e,
AL I AR AE Y 7 2RI D Je S i Ak s i
(1) — LR IR 25 I R Ge iR 22, Q0 Ak . et
TR | 8 AR FR SRR RS LR 22, #E T R ik
FEZY . ket A, RIS SR BURN T ZERe SRR, BN
T AN RE T B SRR B AN 18 2 B9 5% T, 3 g 97
BRorHrid R 2%

SRy B E 5 2 PN R X T IR A R 1R 25 I RICR, S
5 53 9 Z3HC 1.0mL 2 N AR 0 FE 5T AR RCT 6
30mL R LMEHIR R (DR & 2500 2.21pg/g.
0.54pug/g 1S BRAE S A, B SR T AR 1.3.2 75
Hil1%), Z 5B W TR A 9.0, 9.2, 9.8,
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55 3 1 WRAEWR, 55 TR-ATRTH M- F B A 5 B R Bkl o X el b R Tl A it v A R 43 %
23 BB IR A OH IS 4% P I R
Table 3 Influence of dwell time on the precision of measurement.
P =N
Ll B (ng/g) RSD
©) 8 YCAM U T4 (%)
001 0.123 0.126 0.119 0.120 0124 314
’ 0.125 0.131 0.121 0.125 ’ '
0.03 0.125 0.127 0.127 0.13 0127 -
’ 0.129 0.121 0.125 0.128 ’ '
0.05 0.126 0.123 0.125 0.119 0124 193
’ 0.126 0.126 0.124 0.123 ' '
0.10 0.130 0.128 0.130 0.128 0.158 76
' 0.125 0.128 0.126 0.132 ' ’
0.20 0.122 0.126 0.119 0.120 0.120 550
’ 0.119 0.121 0.121 0.115 ' '

10.1, 10.7, 11.0mL #i iR, 73 38851 o 4551
W 4 7R, AR DI Z D AR, S i iUA R
e RIGIN T 20%, {H G4 i 0 2 245 2R 08 AE D A v
M 223/ T 2%, BT L N AR ] LI BRad R 2 #r i
22, ANUER 8 5] LAARAHEC T RS 5 32, O 3R 3 1
IR .
3.4 SRS MISRRAEA EEX

R Y 20 A A3 A U R 04 S P A AT S
BT Bz, B IRAT . iRy 10 SEPREE L,
TR ZE VLY T A BT 5 Bt 4 FRAS 7 Bk 2R AT X 552
Bro PSS E A SEBRAE S AT — IR, SR A
R F(E BRI ER L= JH AR (1 250000))
(DZ/T 0258—2014) Ay BT BER BT . MIAZ,
S ETR 5, PIAS S50 28 I 7 (A AH N f 22 (RD)
24 FRABIN & BERPIARRRE S TE I I R 35 FEE R R 0
Table 4 Influence of dilution volume on the precision

determination for the sample solution containing off-

line internal standard material.

SRR, WM RS Wb %qﬁ RSD

e AR R RCE IEE
Al (%)

(mL) (mL) (%) (ng/g)

9.0 10.0 96.0 2216

9.2 102 95.2 2.181

221 pg/g MW 9.8 10.8 87.0 2213
(1.0mL) 10.1 11.1 84.8 2000 1126

10.7 11.7 80.8 2.245

11.0 12.0 75.7 2262

9.0 10.0 95.9 0.538

9.2 102 91.3 0.537

0.54pg/g M E R 9.8 10.8 87.7 0.540
(1.0mL) 10.1 11.1 83.0 0535 148

10.7 11.7 77.3 0.557

11.0 12.0 75.0 0.544

INF 15%, PRGN E S5 T0 A 825 53, B Fi b
B TR ) 10 s Y = Wl N VI e W B )
ICP-MS ¥ AJ 52 BRI T 5050 %
3.5 JiikHERT

A& DZ/T 0130—2006, HEH 7 4~ (n=7) E K
SR I SEBRAE L, AR AR A (X e ek 1k
SERES TR B 11 AR BRI 3SR
L= S G REEE W(DZ/T 0297.11—2016) #E4TI5E,
BRI B T34 60 SRADBUMIAG 56 ¢ 46 4072 % P
Pl BT 7 A5 G SR TR g, ¢ R AR
];z
NG

n

75 ARSI EARABERS S 1CP-MS ALk

FERRI BT O L

Table 5 Comparison of the analysis results for actual samples

=

using mixed acids digestion-ICP-MS method in

different laboratories.

BN (h/e)

b A g 2 48 36 (L
SR 1 SR 2 (%)
FEh-1 0.137 0.140 217
e 0.061 0.066 7.87
FE-3 0.057 0.052 9.17
-4 0.067 0.065 3.03
FE-5 0.062 0.066 6.25
FE-6 0.086 0.089 3.43
FE-7 0.082 0.090 9.30
FE-8 0.087 0.088 1.14
-9 0.072 0.076 5.41
FEi-10 0.114 0.099 14.1
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St (] By v 5 AR X G 22 PB4 0 0 4 %
{15 s SPARREBRIE R n WREREL. K54 BRI AT
Fift =130, /T ¢ KB SUE 1(0.05, 6)=2.447, LV
RIS Iy A T R B 5

4 g5

ST VIR G IR R, EKE R, FHNFRIT
K Rh #MEFARRON AL AR 55, 76 KED #4xX
T, A S E R 7.0mL/min, 3% 4 ICP-MS il
SEIR AR AT vk o SR RS I i )y =X
HREARHE b Nb A 5 | Ze IR A A
R, H RO T X el BR AR 2R RE B PR R CAg
£ ICP-MS 43 #7 i A2 o 9 5 3% + 48 (Pze'°0'H".
PNb'0"). 2K —RIRAEY R IGE, AR
OB kS RS RN ME B B 3 AE AT Mk A8 #E DZ/T
0130.4—2006 FLIFIE I o A T ik 5 A5 65
TR SEBRAE AT B, e 25 IR — B A
i E MR S, AR T 1 AT A S S A AL T AR A A A

6 RATRIHRE S ICP-MS I SHEIETAIMIASE SN tE
Table 6 Comparison of the determination results between the
mixed acids digestion-ICP-MS method and emission

spectroscopy method.

RS HHEE (ng/e)

XHw2E UG LR
RS 00mE RIDEhE wdjﬁt wj,ﬁ "
L (ED W E{E

A1 0.062 0.066 -6.25

FEA 2 0.066 0.063 4.65

e 3 0.055 0.052 5.61

FEA 4 0.057 0.054 5.41 1.30

e S 0.060 0.054 10.5

e 6 0.058 0.061 —5.04

Feh 7 0.063 0.059 6.56

ARSI IE RE MR TR B A S, (RsE
Bt B R g I A LA 2% 5, IR J5 22 Cu. Pb,
Zn, Cd. Co % H MITE MW E , AT 1E R 47 Ml b 1
DZ/T 0279.3—2016 478, HA — & B 58045 A
SR

Determination of Silver in Regional Geochemical Samples by Inductively

Coupled Plasma-Mass Spectrometry with Mixed Acids Digestion

PAN Qianni, LIU Wei, HE Yushan, YANG Guoyun
(Guangxi Zhuang Autonomous Region Geological and Mineral Testing Research Center, Naning 530023, China)

HIGHLIGHTS

(1) By digestion of the organics and silicates contained in the samples using mixed acids of nitric-hydrofluoric-

perchloric acids, silver was completely dissolved.

(2) The increase of He flow rate to 7.0mL/min reduces the yield of the oxides of matrix elements Zr and Nb,

eliminating the interference of oxides of Zr and Nb on Ag oxide.

(3) A direct analysis method for determining the Ag content of regional geochemical samples by ICP-MS was built

under the KED mode.
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%3 AU, 5 TRATRTH M- HL BB 25 B T IR A DU A DX IR A~ i R %43 %

ABSTRACT: There exists much error during determination of trace silver in geochemical samples by traditional
inductively coupled plasma-mass spectrometry (ICP-MS) due to the interference of zirconium (Zr) and niobium
(NDb) oxides. To eliminate the disturbance, a simple and accurate method combining mixed acid digestion and ICP-
MS was built, in which the effect of He flow rate under kinetic energy discrimination (KED) mode was also
investigated. Specifically, the samples were firstly digested by mixed nitric-hydrofluoric-perchloric acids. Then, the
internal standard 'Rh was added into the test sample after nitrohydrochloric acid extraction to correct matrix
interference and instrument signal drift. To further eliminate the interference of Zr and Nb oxides on Ag, the He
flow of the collision pool was increased to 7.0mL/min, thus significantly reducing the mass spectrum interference of
silver without deterioration of the signal-background ratio. Verified by national first grade reference materials, the
analysis results were within the allowable range of the standard value. The detection limit (3SD) of the method was
0.005pg/g with the relative standard deviation of 1.43%—11.22% (n=12). This method is suitable for the analysis of
silver in regional geochemical samples such as soil, stream sediments and rocks.

KEY WORDS: acid dissolution; inductively coupled plasma-mass spectrometry; regional geochemical samples;

trace silver; kinetic energy discrimination mode
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