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AT, THP, R, Bk, FEM
(51 R A8 % T b 3 JR i SR A A o, RS Kb 410100)

FEE: $B 4% Cu,CoNi Zn Pb F R G &BTE (4akTLE A AuAg) H G EERNS T LERAETE

BB P, FHREA T LT RNALG T =, B s h LA ERGZFMAL, M s fr £

% AR XA Y & P Ag.Cu Pb.Zn 22 SR R, A AR R o MR 74, & AR, 534N 4 Rk

AR AT E AR, A LA S HkT A5A04R 5 R AT 458 Fo AR A TG KA AL 0 8 IR 0 AL 7, 12

AR Sodn B AR A P R AR — SRR — % AR AP IR ER 4 A, vART BL ) 69 ERARIR AL % KA eR 3K

T RBN SRR R AR LTRGBS MARAEREE, KR A KR T O F b, 2

FBEF BT HRAS R EAR G EFA N Z Ag Cu . Pb Zn, BAP 7y ik g AR 12 2 £ £2.32% VA W, M B A AR — 5,

AR AR AR £ (RSD,n =12) ¥/ F 3.5% , v A& 094 FR KT 0.0090 pg/mL, A% T STk ik TR,

KEER . BT AR - AR - B AR, TR KIGRTFIROKk iRk v RARASF B FIRA Sk

2

(1) B354k F 5 XEEARACY B 09 55 M SLIEN TR BR A R R 47 T AL,

(2) T4 BLBTREGWALHT KR FTRFI AN RO RR KK 15% , Bf 8 TAZREHR(])
WRALA ()& & FH XA TRERF,HRIET N E LRI,

(3) KM RF B EA b BAD AT B FIRE I R AR s e A B 5 69 4R AR A5 5, A R TR 3G
1&F 0.0090 pg/mL,

RESEE: P578.15; 0657.31 XHEfPRIRAS: B

F—Arid )R IUK Cu,Co Ni Zn Pb 55 KK
HBIRICR (BIEICR T Au Ag) & B2 & SR 1L
W, FHERA Tl S R IR, sk
Hh X 2 R R i MO E B AR 1 S
PRIE B A A B A 45 7 500 B 1, ] LA B0 1L
FIHRE B RS BERL A H o BB (SR B
JEE ARG R, fE AR AL W HA R 2 5
e

X AR A A B G 2K RN, 25 ok SR P N R I

WoO'EiE % (FAAS ) i HL IR & 55 8 71 R SHOL g %
(ICP - OES) . 3CHK[ 1 -5 J4RiE 1] FAAS 35 &
B4R AR AN 2 4 S DU B AR A A 0 P I B
HAER R B TR AR B R A SR P R R
BRI Jr %o ICP — OES I 1 FHSCHRTE £, 1
W 2 AR ZROT R B R
REkE 6 FOT RS A 4 8 Mot xR,
LA RO IR AR AR P Y
6 FhocH " FER AL £ b 22 FoT R
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BB 2 OGP 4505 3k 5 38 T FAAS Al
ICP — OES [0 2 47 B ez oy vh iy 4R AR ke
112 PR RIS . X SCHk A 1SR R R
FRYIR K S RE S Bl T X PR 5 28 T
SR AR A O AR N T
2, A SR ARG WA R =R
(RYFR VAT IR . 5 SR ) DU R (3R 1R L S PR 2R
BR e AR ) A FRRE A X ISR W] LA 58 & 0 R0
Wy AELX TR e R 2 BB AL 7 2 S A
FRICAEAE T W 5 T TR R R 7 T 0 300 T 58 i )
SELEIL L AN, b3 SOk e G AR 1 A
A ERIR IR K W0 R RRVE A R T
EERRR YR AR, TCR IR A 524, ST AgCl i
VE s FERTRVE I 1 5, 5T A POCL UTUE . Un IR |
3 ERAVE RN R, ST A AR i 5

HRIBIE X BB AL I R, BRI 43 51 LA
D7 BN R BT SR AETE R R AL B
X AR GR A RAL B, A BF Y 525 P IS A
IR IMPRBLIG , SR ISR — AR — & R4
4, P LB EC ] ) E KPR, SR i
AT T A 43 R38R . W] FAAS FICP -
OES 5 FC A B S5 B e 3R A0 5 5, Wb 7 12 By
SE S AR I — B

1 S8Ry
L1 Y2 T1ESE

72000 J5 OB ( H A Hitachi 23 w]) 4%
ar EETAESEON W B 328. 1 nm i 324. 8
nm % 283.3 nm £¢213.9 nm, JEEETE)E 1.3 nm, %]
UL 7.5 mA RBEds M 7.5 mm, 5 K i i 6
L/min, Z 435 0. 86 L/min,

ICAP6300 Hi Skl & 55 B 1R K S (&=
ThermoFisher A ] ) , (U %% FE TIES KN Th &
1150 W, 23 #7533 50 v/min, & B < (Ar) Ji & 0.5
L/min, 55 {6 3 & 0. 5 L/min, & EL U =5 BE 12
mm, B[] A 15 s, JHiK S s

HealForce SMART — N i@ 4i/K#L,

1.2 brifEiig A 2]

Ag PRUEF (1000 pg/mL) | Cu ARHEFE (1000
pg/mL) \Pb FRAEF L (1000 pg/mL) Zn 5 e K
(1000 pg/mL) , 35 fy o [E 35 Bb 2 Be 42 it AR 95 52

fHPR(1.42 g/mL) (FhPR(1.19 g/mL) : ¥4 53
Brafi, e AR T B 25 AR BR BT AR Rl $ 4t

FRIR (1. 15 g/mL) 4344l By 75 Bz Ak T e fy
A BRA F $ 4t

FAMR(1.76 g/mL) . 432, d REETT &AL
TARRA A4,

K (FLFHA 18 MQ - em,25C)
1.3 SEus Uik
1.3.1  GAbH #E 7fif

WERRFREL 0. 2000 ~ 0. 5000 g £ 5 T 50 mL 5
VU LA b, /b K, Jem 2. 5 mL R iR,
FFE S ICE T 200°C (1 H Bl B InHGE T, AR IR G
P LSS H) AR O A 4. 0 mL A2 .5. 0 mL & 9K
2 .1.0 mL & R, 4k S i 2 s SR I B S .
BUR P JS INAHT B 1 1) 50% F K 15 mL, 721
P b Ingh A G AT R, AR5 T/ s Ak b
DRI EE AR AL 80 s BOT H 3 % JS e B
% 50 mL 2, Atk E 2, B4 iR
FAAS F1 ICP — OES 42 .
1.3.2  prifEfhZRe

B 1000 pg/mL [ Ag.Cu.Pb . Zn FriEE R, F
15 mL 50% F 7K % 9 B L B 100 pg/L 1y bR i
TAEW, 4 3 F BOR B i 1) TAE MR C i % Ag . Cu,
Pb Zn BIRAARE ARV, W3R 1,

1 RARER IR RS

Table 1  Mixed calibration solution series

BRI RS JUE W (pg/ml.)
s Ag Cu Pb Zn
251 0 0 0 0
STD1 1.0 5.0 30.0 20.0
STD2 2.0 10.0 80.0 50.0
STD3 6.0 30.0 240.0 160.0
STD4 12.0 60.0 400.0 320.0

2 #gikb5ie
2.1 WRES R ITIEIE
AT SRR I (AN BRI R
A n] R B AL B 14 B SR T B PR o 2
TCF BRI ZL 43 (9 S 23, BI85 SAmAE
TN B 5 5y BRI W BAL i e o RAL LR
R KBRS o AL NS ERE  FHBAT (FeS,)
TS FeS, s O BRAL Y™, BOMERR VA, FHH TR =
SRR A AL S 5 R iR AU (R R E 1 A it 2
T 200°C) fif Z MR A o 07 AE R I RERR £ T A
SRR, LA e SR B A IR B R ST , LA LA DR i
O SE . AT P T A HT SR AT X Z AT
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FE, T RS 24 A% Tl 15 JR) 32 40 P4 H o R BA R AL, 22
S IR R, B RN 4 31 DL A R
W RAEAE, B BV B AL . FieA )y kb
B RN, v ARASIE WO R, — s L
Teis it ug R AT B AL e o 2 W TRl I T
XA B AL ) B A A S 3l R T o
2.2 BB RALHRIE N

XA SRR R TR AL R S
JA 50% F /K SEAT IS 1 B, 76 78 2 A T
Cl™ ¥R B2 AN /2 FH R BE A5 11 A i AgCL, PbCL, T VE ,
T I A 25 R . U AR SIS Y AR A3
KR IR ERR G N 15 mL 50% /KR, i1
LA EK MR TRIT 8GR 15% , AR FNES 43 0] LA
TR MESET () #E TR 0E Tk
YT CRAIE I 25 SR AN I o v B S S X
A R EE R BER 1 . B’ 1 R
FAAS LI 4R & 500 56. 29 pe/g BT E &2 42%
() — A FE 0 25 R, R BT 250 oK AR R
OYERK T 10% I}, TR R SR A R 1 45

0.35

0.30 |

0.25
@ 0.20 F
2
=0.15

0.05 | - Pb

0 1 1 1 1 1
1 5 10 15 20 25

EKEE (%)
P L Ao R S s SR &5 AR AR 5 i

Fig. 1  Effect of aqua regia concentration on the determination of

Ag and Pb

2.3 iRk PRSI T E THUHERR

EBUA AT SR B A AR A e B ORGS0
BBk, XHE THA K *F 1CP - OES 1]
E AR T A DU Bk TR R AR FRAR E R (X
FAAS JE AT Z20%) o HRHR B R AR AT B2 2 (0O 1 3%
2, T A B R, LR Z FAAAE—E R T
oo SEERAEAE AL S ARMIT O T BN 2EE = R
FRRE AT ARAE D I 7 2k, o 0 s ) % 2 AT A
Ve, Z LIS R BUE W T FIJCTE B S
FAEMIEL . W geloTZOLIE R EIE , W
YR SR OO, 6% il LT A5 MR LE e R
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1 e N A 8 o A U7 £ A/ T - M A '
TEFE T 4R 0 #7148 328. 068 nm i 43 Hr 3 £k
324.754nm A5 ik 2k 283. 306 nm | BE ) BT £k
213.856 nm , iX P 5535 2 AT LAk G 450 SH AR 46 45 T
EOR N

TEVERE BT 28T X FE e A7 032, X0 s ) 3%
KA 0T, AT LAFR 0 Ag alBE™ 4R THLHIIC R
42 Rh(328. 055 nm) ,U(328.061 nm) ,Th(328. 074
nm) .Zr(328. 075 nm) Fil Sc(328. 078 nm) , X fi.Ff
TCRTEN A1 h & A, X Ag Ml E A=A ET
oo X Cu W] RE ™ A T 019 JC R 4 Fe (324. 739
nm) , Tm (324. 746 nm ) , Nb (324. 747 nm) . Sc
(324.752 nm) . Eu (324. 755 nm) , Pu (324. 756
nm) \Th (324. 759 nm) F1 Mo (324.762 nm) , H
Tm Nb Sc Eu,Pu,Th Mo L ICR LN A1 & &
I, X Cu P& A2 A T4 1% F Fe (324. 739
nm) ZIGAGR BN =, AN K, X Pb AT RE AR
FHHICE & Ta(283.270 nm) . Au(283.303 nm) .
Fe(283.309 nm) ,Ir(283. 324 nm) Fil Eu(283. 326
nm) , At Ta  Au Ir Eu PUFPSTR D & EE
BARC, % Ph I E A2 T4, 7 Fe(283.309 nm) §if
LIS AN R AR, X Zn A AR TR IT
2 J& Re (213. 844 nm )., Cu (213. 853 nm) .
Hf(213.857 nm) Ni (213. 858 nm) , Fe (213. 859
nm) .Th(213. 870 nm) , H.tf Re Hf Ni.Th PYfhic
RAEH A & AR, X Zn EA A T, T Cu
(213.853 nm) .Fe(213.859 nm) {ELL i & A 5, &2
M AN R

[FESE , AR SO P S5 T RR2H A0 AR B 3 e Y
FE ZArE it GBWOT7165 (GSO - 4) /50 it f ke 4%
R T 3T, F ICP - OES It ik J5 1%
AT EALIN G, B A A B 0 I 2 45 2R S E (R
REFmy & (%K 2) .

%2 RPFEE S bR E AL R

Table 2 Analytical results of standard samples for quality control

GBWO07165 f) ICP — OES 4 bigk

TLE S NEM MR
6 VLI (%
RIS (%o ) (%) (%) (%)

Ag 149 150 149 148 147 149 148.7 1486 0.47
Cu 0.093 0.095 0.096 0.095 0.094 0.094 0.0945 0.09 +0.007 -1.56
Pb 5.15 5.14 5.13 5.14 5.12 5.12 5.133 5.13+0.08 0.06
Zn 13.7 13.6 14.0 13.8 13.9 13.8 13.8 13.9+0.2 -0.72

T Ag S BN pg/g.
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2.4 JyAFT SRR ETIA
IR 7 1 4 10 NBE SR AS R, EA AL
ARSI A2 S T T A 5 28 F VA T 10 U, T
WEfR2Z (SD) , SR 5 Hi TUPAC HLSE AR HH BRI 7 i
(LOD =3SD) {53} FAAS FI ICP — OES i . £ 2%
BRI R . 122 3 P BHE AT L, FAAS Al ICP -
OES 0o 4L B 4 A B 4t R 94X T 0. 0090 pg/mL,
Bl AT AL RE BB AT T, SR B
2T 2T SR v I ARE — KRR ICP — OES &
T 11 i Ag, Cu A EL, K FRAK s L R 3 3
USSR R R R BR VA KE, ICP — OES & Bk s
w1 Ph o SRS A 5 B3R5 A 46 SR K AR,

#3 JiEEMR (n =10)
Table 3 Detecion limits of the method (7 =10)

ICP - OES M5 GRALYIH™ H Zn (¥ H BRI
2.5 beifEREIn RS B

H a8 A bp ME 7 5 GB/T 14353—2014 0
JY/T 015—1996 #is€ T F FAAS Fl ICP - AES | &
Z 4 Imn TP BRI A R T . R
2 R oA ) B s, AR SCIR] Bk >R X A 7 3 68
B AL R AR B A AT I A , R 5 3% AR A 0 45
FANE RAFRIAF P, DU AT LR DA M 2 A I 5 s 1
JR Al FERY o

PedE [E F AR MEY) B GBWO7162 (GSO - 1) Al
GBWO7163(GSO - 2) , HIAS 5 56 J5 3% F ik (9 A
L2 A7 93 B o 224 I 72 45 2R R B, FAASHI

N
Wik R W /) PRl R
(o) (pg/mL)
Ag 0.0009 0.0023 0.0017  0.0022 -0.0011 0.0021 0.0020 -0.0016 0.0012 0.0016 0.00138  0.00415
FAAS Cu 0.0011 -0.0009 0.0033 0.0022 0.0021 0.0031 -0.0011 0.0026 0.0028 0.0023 0.00157  0.00472
Pb 0.0031 0.0021 0.0033 -0.0014 0.0037 0.0042 0.0022 -0.0023 0.0038 0.0041 0.00234  0.00702
Zn 0.0023 -0.0015 0.0019  0.0022 0.0032 0.0034 0.0029 -0.0023 0.0020 0.0033 0.00203 0.00610
Ag 0.0023 0.0005 0.0052  0.0028 —0.0038 —0.0006 0.0000 0.0064 0.0019 0.0007 0.00292 0.00875
ICP — OES Cu 0.0039 0.0036 0.0014 -0.0046 0.0023 0.0033 0.0035 0.0013 0.0026 -0.0011 0.00265 0.00794
Pb 0.0028 0.0042 0.0019 0.0047 -0.0013 0.0038 -0.0025 0.0044 0.0042 0.0028 0.00178  0.00533
Zn 0.0029 -0.0013 0.0019  0.0029 0.0027 0.0016 0.0036 —0.0025 —-0.0015 0.0012 0.00215  0.00645
4 bRUEFER BTSSR (n =12)
Table 4  Analytical results of National Standard Reference Materials (n=12)
GBW07162 GBW07163
MEI H FAAS ICP - OES FAAS ICP - OES
Ag Cu Pb Zn Ag Cu Pb Zn Ag Cu Pb Zn Ag Cu Pb Zn
17.9 0.262 0.44 0.83 | 18.2 0.263 0.45 0.84 | 224 1.09 2.15 4.28 | 223 1.08 2.16 4.29
18.0 0.263 0.45 0.85 |18.3 0.265 0.44 0.85 | 221 1.06 2.16 4.27 | 222 1.07 2.15 4.28
18.3 0.272 0.42 0.82 |18.2 0.272 0.42 0.82 | 218 1.02 2.18 4.26 | 220 1.03 2.19 4.25
17.7 0.269 0.43 0.83 |18.1 0.265 0.43 0.82 | 220 1.03 2.19 4.25 | 223 1.04 2.18 4.26
Dy | 155 0271 041 0.82 185 0.272 0,42 0.83 | 217 105 208 424 [ 218 104 219 425
18.1 0.268 0.46 0.81 [18.8 0.264 0.45 0.82 | 219 1.07 2.17 4.25 | 219 1.06 2.17 4.27
(%) 17.9 0.266 0.44 0.80 |18.1 0.269 0.44 0.81 | 223 1.08 2.17 4.26 | 224 1.07 2.15 4.25
18.5 0.273 0.43 0.84 |[18.3 0.273 0.43 0.83 | 218 1.04 2.16 4.29 | 219 1.05 2.16 4.30
19.1 0.270 0.42 0.82 |19.2 0.271 0.42 0.82 | 225 1.05 2.20 4.24 | 224 1.05 2.19 4.26
17.8 0.265 0.44 0.82 |18.2 0.266 0.43 0.82 | 221 1.03  2.16 4.25 | 221 1.03  2.15 4.24
18.6 0.263 0.45 0.84 |[18.5 0.264 0.46 0.82 | 218 1.06 2.15 4.23 | 218 1.04 2.16 4.24
18.9 0.267 0.43 0.83 [18.9 0.265 0.44 0.83 | 222 1.08 2.16 4.27 | 222 1.09 2.17 4.26
FHE(% ) | 18.3 0.267 0.44 0.83 |18.4 0.267 0.44 0.82 | 220 1.06 2.17 4.26 | 221 1.05 2.17 4.26
. N 183+ 0.264+ 0.43+ 0.83+ |18.3+ 0.264+ 0.43+ 0.83+ 220+ 1.05+ 2.17+ 4.26+ 220+ 1.05+ 2.17+ 4.26+
NRf(%) 1.3 0.008 0.02 0.04 1.3 0.008 0.02 0.04 10 0.03 0.07 0.15 10 0.03 0.07 0.15
MXTiR2ZE% ) [ 0.00 1.14 2.32 0.00 |0.55 1.14 2.32 -1.20/0.00 0.95 0.00 0.00 [0.45 0.00 0.00 0.00
MR (%) 2.05 1.15 2.68 1.31 |1.53 1.24 2.48 1.02 |0.98 1.74 0.58 0.33 [0.87 1.57 0.61 0.35
RSD(% ) 2.46 1.38 3.32 1.67 |1.91 1.38 3.01 1.31 |1.18 2.12 0.72 0.41 |1.01 1.87 0.73 0.45

T Ag & it B g/ g0
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ICP — OES £ Hi AR 45 8 i 46 0 25 SR 5 U (B RE S
RAFHW A, BIFP T I AR IR 25 0E £2.32% DAY,
FXF AR 2ZEFE 2. 68% LAPY , FHX b Al 2% (RSD) 25718
T 3.5% , 359 5 AT 4 2 () VA B RIOKE %, G 4
{18 B 2 B 78 S A2 B 7 5 e s T e A R
2.6 FACKIUFER 5B

FH FAAS F1 ICP — OES W #h J5 v 43 Mk B # it
S X B A R RE P TRE IS R LR 5, £S5
BEFE B, FAAS i1 ICP — OES Jrill &5 5 2 1], 4R 1
FRRAEXS i 26 4 0. 04 ug/g, S FEAS R B OR 2 RS
TR0 0.013 o/ g, BiFP 5 00 i 45 AT R AP
— Btk AT R B, SR A SO R A3 i 7 5, T
FAAS F1 ICP — OES 45 £ i £ 5% RE 78 7016 2 H T
BHPRFNGT 7= R HOH T P e T o o R K

5 FAASHIICP - OES Wi il 45 4 Lexk
Table 5 Comparison of analytical results by FAAS and

ICP-OES methods

SEBRAE - M (%) A X i 2=
JUHR
i FAAS ICP - OES (%)
Ag 22.51 22.53 0.02
.01 .01 -0.001
JK -1 Cu 0.017 0.016 0.00
Pb 0.576 0.575 -0.001
Zn 1.029 1.042 0.013
Ag 22.30 22.32 0.02
.014 .01 .001
7K 2 Cu 0.0 0.015 0.00
Pb 1.757 1.756 -0.001
Zn 2.498 2.496 0.002
Ag 31.62 31.60 -0.02
.011 .01 -0.001
7K -3 Cu 0.0 0.010 0.00
Pb 0.652 0.653 0.001
Zn 0.832 0.833 0.001
Ag 56.29 56.25 -0.04
.004 .004
7K 4 Cu 0.00 0.00 0
Pb 2.418 2.415 -0.003
Zn 0.635 0.634 —0.001
Ag 40.49 40.48 -0.01
) ) -0.001
7K 5 Cu 0.009 0.008 0.00
Pb 1.165 1.166 0.001
Zn 0.076 0.077 0.001
Ag 43.55 43.56 0.01
.0 . 00
7K 6 Cu 0.008 0.008 0
Pb 1.430 1.428 -0.002
Zn 0.673 0.672 —0.001

TE:Ag ALY pe/go

3 &g

BT BERA B AN 23 550 A5 BT B
AL B0, X5 1 F 2 Fh i 52 0 i B AL
— 392 —

PIRRCRL B AEAE S T S R R I # B, T A
R — SRR — = R — Fh o R o0 i, % R ME T 11
TRALH™ BRAT T BRAR A A0 AR SR R X R B
B IR S L R SCR MG o B 2 E R
VAT TS B4 53 R B, DA RCHEBR BSAR T4, &4k
PRI FAAS F1 ICP — OES W Ffr 7 2= 5 Al LA v
R prets G TIR AAIE = AiUR S T8 B M g7 22 3}
BT A B R I BE T ) AL SR
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Determination of Silver, Copper, Lead and Zinc in Sulfide Ores by Flame
Atomic Absorption Spectrometry and Inductively Coupled Plasma-Optical

Emission Spectrometry

HU Jian-ping, WANG Ri-zhong, DU Bao-hua, SHENG Di-bo, LUO Zhi-xiang
(Radionuclide Testing Center of Hunan Nuclear Geological Bureau, Changsha 410100, China)

HIGHLIGHTS

(1) Different experimental conditions are carried out on insoluble sulfide ores, including decomposition,
re-decomposition medium and concentration, and spectral line.

(2) For sulfide ores with high Ag and Pb, Ag and Pb are stable in the form of Ag( [ )-Cl and Pb( I ) -Cl complex

in the 15% of aqua regia.
(3) The detection limits of Ag, Cu, Pb and Zn by FAAS and ICP-OES are below 0.0090 pg/mlL.

Sulfide ore sample

HC1 HNO,+HF+HCIO, 50% aqua regia
Heating Heating Heating

ICP-OES analysis
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ABSTRACT

BACKGROUND; The transition metals copper, cobalt, nickel, zinc, lead and the noble metal elements ( the
platinum family elements gold, and silver) are highly enriched in sulfide minerals, especially in magmatic sulfides.
Sulfides commonly form large ore deposits of industrial significance, which makes sulfide minerals of great economic
value. There are many kinds of sulfide ores, and the contents of Ag, Cu, Pb and Zn in different types of sulfide
ores vary. Some sulfide ores cannot be decomposed completely by strong acid and therefore precipitation forms,
resulting in large errors and low precision.

OBJECTIVES: Investigate different digestion conditions in order to decompose, dissolved sulfide ores containing
pyrite, galena and chalcopyrite.

METHODS ; The sulfide ores are reacted with hydrochloric acid to remove the sulfur, and then digested by HNO,-
HF-HCIO,. Newly prepared aqua regia is used to further dissolve metals. The contents of silver, copper, lead and
zinc in sulfide ores are determined by Flame Atomic Absorption Spectrometry ( FAAS) and Inductively Coupled
Plasma-Optical Emission Spectrometry (ICP-OES).

RESULTS:: The results show that sulfide ores can be decomposed ideally using the proposed procedure, especially
for sulfide ores with high contents of silver and lead. The contents of silver, copper, lead and zinc in sulfide ores
can be determined accurately by both FAAS and ICP-OES with a relative error of two methods of less than
+2.32% . The measured values are the same with the relative standard deviation( RSD, n =12) less than 3.5%.
The detection limit of the four elements is below 0. 0090 pg/mL, lower than current published values.
CONCLUSIONS : This method can be used to obtain an ideal decomposition effect, especially for high content

silver and lead sulfide ore samples.

KEY WORDS: sulfide ores; HNO,-HF-HCIO, acid decomposition; aqua regia extraction; Flame Atomic

Absorption Spectrometry; Inductively Coupled Plasma-Optical Emission Spectrometry
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