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Determination of Platinum and Palladium in Geochemical Samples by
Inductively Coupled Plasma Mass Spectrometry with Minified Lead Fire Assay
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Abstract: A combined technique of the fire assay and inductively coupled plasma mass spectrometry
(ICP-MS) was established to analysize the platinum group elements in geochemical samples. The
application range of the technique would be extended by using basic lead carbonate to replace lead oxide
and silver nitrate as collector of platinum and palladium, when the sampling amount was 10 g. Silver alloy
produced after ash blowing was dissolved in nitric acid, and then silver was separated as AgCl precipitate
by adding HCI to the solution with an intention to eliminate the interference of silver in the following
ICP-MS measurements for platinum and palladium. The recovery rate of the labeled elements met the
relevant requirements. The result of the standard sample was consistent with the recommended value. This
analysis technique can be used for the analysis of trace (0.1 ng/g) platinum and palladium in batch
geochemical samples.
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ERACZEAE i 51 e R s R BE W S, B
RECK, AR 5o, R

TR MMl Em 7-11 g8 T
Z W HNREVEGR S 40 g)o LABUBRIRE AR S
SEACHT, DAHBRERONAHREAH R, AN A WS £
MITRBA BRI, 0 THReER A 23t
—B . FEARSTEIREE, PR TARRCR. AR
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1 SEK#E

1.1 AR E R TERE

ICP-MS 7700x FJEHH & 55 B8 TR i3 (32 ]
GHEA 7)) ICP-MS TAESHCN: SHIIZ A 1500
W: AHS (AT EN 15 L/min; SR (Arn)F Rk
1.0 L/min; 546 S(Ar)#tE N 0.80 L/min; & 775X
Bkl AN EIEIERCH 3; HRR Y 0.10 s;
JEIRBTIE] N 30 s RFFHEND) LAY 1.0 mm; #HL
HE(ND) LA 0.4 mm.

Fopth 1 2 A A HER G D 34 50 mL &%
T B AR (1172 2 DL SCHR (31 B A LA 7
)55
1.2 FEREH

REREA( Tk al)s Wb (ke A 5ets; fh
BRER B (V52 WSCHR[3]): TRy s AHER ARV W (10
g/L): FREL 5.00 g 834 B T 250 mL Fepfrd, A
50 mL 7K & 20 mL PR, TR EARR S, KW
FEA 500 mL. 25, BTEORPRE; LR
Bral); HNO;(hZk4l); HCI(IEZat): szib KN
At

A1 b Y i 5 V8 W (p(PH=1.000 mg/mL): FxEL
0.1000 g JGikali4: )84, BT 100 mL FEM+, I
20 mL FuK, fERMMR EmMAGEMREE, A 02 ¢
AN, fEAKE FERET. ABRReIHREHET
PABRZ<AHER . N 20 mL R (2+1)¥ MR, A 100
mL ZEH, HERQrOWBEZZIE, #2.

HEFRUERE 2B (p(Pd)=1.000 mg/mL): HEFIFR

0¥ 0.1000 g Yaitkai4Jmls2+ 100 mL Fef, %
BAIBR A 2% T VRORH [R] 28 SR T )

TR G AR IR : AR & VORI 1)
REIHEER RS, BN o(FE7K)=4%. . H5
EIRE 518 0.0, 2.0, 5.0 10.0. 100.0. 200.0+
500.0 A1 1000.0 ng/L.

1.3 SERIPIR

1) Bkl ERRFREL 10 g WEERN 200 mL 4EFE
70 R - W N ANS 7wy o5 | B S AW & o SR vy 25 I 22
AJa, BIAmEEHEE, FEIAHEEREVE W 3 .

1 MEREIONSE R

Tab.l The reference data of the burden composition for the

minified lead fire assay /g
BRI RER PON mens migs @Ry RIOH
ﬁzﬁ@z %D
LA

K 100 120 20 5 12 —
BN

Fert
upr 0 12 14 10 1.2 —
e

o 10 12 12 10 1.2 3
FE R e 5

2) MRl B OB R RN AR R
950°C F L 3h ik 2 s B4 1, BRUEH I RN Bk
15, AN G U A A . BTN ERAE 7~11 g
Z 18],

3) KW BN CLE 950°C Bl P T
20 min FYBERP AL, £ AR BTN, B
JKIIL,

4) JEEA R MM AR AR, BN 10
mL EHF, AN ZBR(36+64)7% T 0.5 mL, J{{E
CL AR AR A AR A R PR e T I
BCHAR AR, KIS,

5) W KREERPARARIE T 10 mL
Lt e, SRADIN LK B MR s As R S il 22 &
VAR o 230 8 AN ES TAEZAE, H ICP-MS I .

2 ZR5hHR

2.1 REISRHEEE

TG AR S IR AR (> 50 ), 2R
PEAF b O SRT J E BE R e F AR S i k. 7y
Pk 4 R VED OUE R SRR W B S 4T
HEFE RN, BORME PR IRYEFE M AERR 5
HIANTR], IR T RER A WA Sk b ) Tk
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B EIORCR . IR 1 AR S, 5%EM
HRRAMLL, BT A S I RS,
BEOBLE M, WA TR . B,
WA TR BT, 75 X R A5 e
BEAR M7 Bl A -
2.2 TRRBRERSE F B

I\ 2B R 55 (2PbCO5 Pb(OH),) i (11 % /0 55

K2 WABREARRR

R/ FHEARRANIRDE,  [R] AR E [A]
A, RIS WSINER/N 2 SEEA AR 4R
ANFEAr . ASLIR I AR R0 2 IR AL 52 A FR )
Ji(GBWO07289 /K ZUTFWI. GBW07291 #47 HitkE
7~ GBWO07293 FIHLETH )BT T iU R 1 1) FH
BRI, SRWE 2 Fral. HER2 0TI, M6
FRER IR 508 12 g i), AR PRI 1 S HEFAE AR T

Tab.2 2PbCO;-Pb(OH), dosage tests /(ng/g)
. . AN T B R R I N R P A
FE JLR HEF A

6g 8g 10g 12¢ 14 ¢
Pt 1.8 0.75 0.98 1.23 1.45 1.40

GBW07289
Pd 23 1.02 1.37 2.02 2.24 2.32
Pt 58.0 26.5 40.5 49.7 583 57.6

GBW07291
Pd 60.0 28.7 42.7 51.5 61.5 60.3
Pt 440 233 315 397 452 437

GBWO07293
Pd 568 305 433 468 565 553

2.3 THERRIMAERIIER

AL E R SR AARIAE, (B AR W AR A AR
SHEBURCY, B A R R, BRI
AR, ERWRI, AN, ARHE BRI~
YER, ARTIREEMME. FREVA TR Bk
FAARED R, 23 BN 0.2~3.0 mg FERER . I 5E
SERRE, MhN4R 0.2~0.8 mg I, AN G {8 7T
KT X RN E R DI, KK R
TERA, 2 &BIERVOEFEFHL: M
=10 mg I, FALIE(E S HEE AR B,
IR EA 1.0 mg.
24 BREMRTRER

H T 2R R 5 75 21 i A bE 2 B AR 5 A A0 5 5 4
JEIE 4. UL, SE36RA A) E/KTEMER B) Al

R 3 ANREEMET A RO

Tab.3 Effect of different digestion methods on the measured results

PR - R TR TR R T ARV 2 PO VRTH A RL. S B8 45 R A1)
T3 3.

R 3 AL, /K BB AR A R G A T =Q
A), HRERINKE, DReTEEWME, WiE s ™ E
Pflo XA T /KA 3R R 5 s b= AR A AR
DUEE S T ERER, RIS, BHAFEIAI
(I 5E AR T 2E IR R (1+1) ¥ 6 R0 (T i 7
3 B), AR 5T 4 )8 5 R IS A O BRI A R
BAEIREC . ARV E FINNERER, E
REAERTTE. HTRENSMREM. HEEEY
WRREANE, 1. AEA S SR, mrmid i
eI . HISER SRS TOKTEE IR B BT
AR EY, AR, H0E .

) Pt Pd
P b HIEY e V— — - — -
MEE/(nglg)  HEFHEHE/(ng/g) MR E%  WEH/(ng/g)  HEFE/ (nglg)  HWHRZEY%
A 0.67 62.8 1.66 27.8
GBW07289 1.8 2.3
B 1.83 -1.67 2.23 3.04
A 354 39.0 394 343
GBW07291 58.0 60.0
B 56.8 2.07 58.2 3.00
A 278 36.8 297 477
GBW07293 440 568
B 437 0.68 556 2.11
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2.5 SR ERM AFR LR

BT RN, XA A E R BT
PRS- Bh AU AT B A 2 R T
RHELNMYREEEE, FEEA TR VRN,
BAKW)E, FEEATTEONM, ma kg
J&i s AERERIF AR A 20 85 o TIRE SRR 80 B
i AR B B ARG, E B AT I RO FL i 5 1R 22 IR
TET TR ZIEAT . Rk, 256 ME R
B ARG R FE R, R 2 Font R4/
NIE, B Pt 'CPd MR A TR AR R

SEIG Z I SCRR[ 713 F 10 ng/mL Re i N bk %
HIA AR e B = A BTk
2.6 LUEVER. KBRS R

TEARSEIR AT T, FHbRHEVE WA AR 4k 4%
PEJEEE: 415 0.10~1000 ng/mL, 5% %% 0.9998;
A1 0.10~1000 ng/mL, AH5CF&%L 0.9996. K FHbriE
FEA(GBWO7289)HEAT 12 Wil e, 8 H ik

R 4 hbwEER

Tab.4 Recoveries of spiked standard

Hof A 25 (RSD)EA N 3.03%, 40N 3.88%. X°FAT
(17 12 By FE i 2 L ROEAT I E, $% 3 FEbritk e 2
(SD) 545 3 J5 46 U BR(DL)E N 0.10 ng/g, A
0.12 ng/g.
2.7 FIERER AR EE
2.7.1 Jnbr R R

TR T IE R, X 3 TR G R A
YIBAT bR BIUACSSs, B3R 4 451 nT WL, #1000
PR ISR N 94.0%~103.3%, 4 K9 INAx B U R
92.5%~106.8%, FFf CHUFTH =S40 = i &
ELiPTREN R s ¢ celiil] o0
2.7.2 ARERE S AT

RN T B IRUE AR R R P A AT S, X
5 FhbRUERE FH(GBW07289, GBWO07290 %,
GBW07291, GBW07292 #4k#~, GBW07293)i4T
T, R S 25 Fn] WA I 1 S HEE
AR, YA T2 AT AR .

No — o bRUE(E/ | WDEE/ ndwEs Bk | WEE/ IibRE/ EEL MBI/ EELS
' (ng/lg) | (ngle)  (ng/g)  F/% | (ng/lg)  (nglg) /% (ng/g)  (ng/g) 1%
GBW Pt 1.8 3.68 2 94.0 6.54 5 94.8 12.13 10 103.3
07289 pq 2.3 4.15 2 92.5 742 5 102.4 11.98 10 96.8
GBW Pt 58 68.25 10 102.5 | 77.66 20 98.3 106.7 50 97.4
07291 pq 60 69.87 10 98.7 | 8135 20 106.8 1125 50 105.0
GBW Pt 440 488.3 50 96.6 | 5375 100 97.5 630.5 200 95.2
07293 pq 568 619.2 50 1024 | 669.4 100 101.4 776.7 200 104.4
RS ERHNELER0=12)
Tab.5 Determination results of standard samples (n=12)
Pt Pd
FEAR s FE = 5
e il FEIE RSD/ HEFF(E/ il PHIME/  RSD/
(ng/e) W %€ 18 /(ng/g) (ng/e) % (ng/e) W %€ 18 /(ng/g) (ng/e) %
GBW 1.74,1.79, 1.87, 1.92, 1.80, 1.84, 2.58,2.48,2.25,246,2.37, 2.52,
1.8 181 358 23 238  6.44
07289 1.88,1.72, 1.76, 1.88, 1.90, 1.85 2.15,2.19,2.41, 2.58, 2.33, 2.20
GBW 6.14,6.62,6.17,6.24, 6.22, 6.27, 4.25,4.47,4.59,4.67,4.39,4.28,
6.4 634 235 46 455 530
07290 6.38, 6.53, 6.36, 6.27, 6.41, 6.48 4.88,4.82,4.94,4.61,4.34,4.33
GBW 54.5,57.3,59.4,57.6, 54.2, 56.6, 55.7,58.9, 59.0, 57.4, 56.6, 61.4,
58 56.8 291 60 583 445
07291 55.7,59.3,57.4,55.4,57.6,57.2 53.7,54.3,57.8, 56.6, 60.3, 58.0
GBW 19.5,19.9,20.7,21.1, 18.4,19.2, 10.3,11.5,10.7, 10.8, 11.9, 10.4,
20 199 487 113 1.1 565
07292 18.4,20.2,20.3,19.5,20.3, 21.5 10.6,11.3,10.9, 10.9, 11.1., 12.5
GBW 435, 461, 466, 440, 445, 461, 537, 545, 558, 563, 575, 553,
07205 440 450 279 568 557 2.73

458, 466, 430, 438, 446, 450

564, 589, 536, 548, 554, 562
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1) USROS, RN ] DA 20

FEH AL S AR AIAR . VEIRE RN 10 g, iRETE
RS FYE R OR

iR

2) REGHEHRIBIRG 2R RRUTE, 7T
SR RO B, AN JE S 5E
3) ICP-MS 4. B RBE . THD.

F7FINFR RN 94.0%~103.3%, 1A 92.5%~
106.8%, X SZBRAE S B 52 &5 S 5 4 47 (i JE A A
o Jiiad T Rt EALREE R I T .
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