
Are there further challenges for ICP-OES in precious 

metals beyond the ISO regulations?
Dr. Dirk Wüstkamp, Senior Product Specialist ICP-OES, SPECTRO Analytical Instruments GmbH

LBMA ASSAYING & REFINING Conference 2025 



Precious metal Fineness Recommended method‰

Ag

50 - 990 ISO DIS 19919 (DIN 32562)
333 - 990 ISO 11427 + 13756
800 - 990 ISO 11427 + 13756

≥ 999 ISO 15096 + 18214
999.9 ISO 15096

999.99 ISO 15096

Au

100 - 999 ISO 11426
50 - 990 ISO AWI 25644

≥ 999 ISO 15093 + 18214
999.9 ISO 15093

999.99 ISO 15093
999.999 ISO 5724

Pt
50 - 990 ISO 11210

≤ 990 ISO 11494
≥ 999 ISO 15093 + 18214

Pd
50 - 990 ISO 11490

≤ 990 ISO 11495
≥ 999 ISO 15093 + 18214

ISO/TC 174 - Jewellery and precious metals

ISO/TC 174/WG 1  
Methods for

determining fineness



ISO 15096 – DSOI - Limit of detection in 50 g/L Silver

�𝐿𝐿𝐿𝐿𝐿𝐿 < 4 𝑚𝑚𝑚𝑚/𝑘𝑘𝑘𝑘

99.9996

What purity level can be
assessed by ICP-OES ?

�𝐿𝐿𝐿𝐿𝐿𝐿 < 1 𝑚𝑚𝑚𝑚/𝑘𝑘𝑘𝑘

99.9999

ASTM B413-97a

*(5) maximum Limits ASTM 99.99 44 elements versus 7 elements



�𝐿𝐿𝐿𝐿𝐿𝐿 < 10 𝑚𝑚𝑚𝑚/𝑘𝑘𝑘𝑘

99.999

What purity level can be
assessed by ICP-OES ?

ISO 15093 - DSOI - Limit of detection in 20 g/L Gold

�𝐿𝐿𝐿𝐿𝐿𝐿 < 4 𝑚𝑚𝑚𝑚/𝑘𝑘𝑘𝑘

99.9996

ASTM B 562 - 95

*(5) maximum Limits ASTM 99.995 39 elements versus 13 elements



�𝐿𝐿𝐿𝐿𝐿𝐿 < 24 𝑚𝑚𝑚𝑚/𝑘𝑘𝑘𝑘

99.997

What purity level can be
assessed by ICP-OES ?

ISO 15093 - DSOI - Limit of detection in 20 g/L Platinum

ASTM B561-94

�𝐿𝐿𝐿𝐿𝐿𝐿 < 14 𝑚𝑚𝑚𝑚/𝑘𝑘𝑘𝑘

99.998
*(25) maximum Limits ASTM 999.9 42 elements versus 24 elements



�𝐿𝐿𝐿𝐿𝐿𝐿 < 23 𝑚𝑚𝑚𝑚/𝑘𝑘𝑘𝑘

99.997

What purity level can be
assessed by ICP-OES ?

ISO 15093 - DSOI - Limit of detection in 20 g/L Paladium

ASTM B589-94

�𝐿𝐿𝐿𝐿𝐿𝐿 < 10 𝑚𝑚𝑚𝑚/𝑘𝑘𝑘𝑘

99.999
*(25) maximum Limits ASTM 999.5 42 elements versus 20 elements



ASTM – Fineness of other precious metal alloys

other precious metals

ASTM Fineness Element

specification ‰

998 Pt, In, Pd, Ru, Pb, Sn, Zn, As, Bi, Cd, Fe

999
Pt, In, Pd, Ru, Pb, Sn, Zn, As, Bi, Cd, Fe, Si, Ag, Au, 

Cu, Ni, Te, Mg, Ca, Al, Cr, Mn, Sb, Co, B

9995 Pt, In, Pd, Ru, Pb, Sn, Zn, As, Bi, Cd, Fe, Si, Ag, Au, 
Cu, Ni, Te, Mg, Ca, Al, Cr, Mn, Sb, Co, B

998 Rh, Pt, Pd, Ru, Pb, Si, Sn, Zn, As, Bi, Cd, Fe

999
Rh, Pt, Pd, Ru, Pb, Si, Sn, Zn, As, Bi, Cd, Fe, Ag, Au, 

Cu, Ni, Cr

998 Rh, Pt, Pd, Ir, Os, Fe, Si, Cu, Ca, Sn, Ag, Na, Au

999 Rh, Pt, Pd, Ir, Os, Fe, Si, Cu, Ca, Sn, Ag, Na, Au
B717-96

Precious 
 metal

Ru

Ir

Rh B616-96

B671-81



ASTM B616-96 – DSOI - Limit of detection in 25 g/L in Rhodium

�𝐿𝐿𝐿𝐿𝐿𝐿 < 20 𝑚𝑚𝑚𝑚/𝑘𝑘𝑘𝑘

99.998

What purity level can be
assessed by ICP-OES ?

45 elements versus 24 elements

ASTM B616-96

�𝐿𝐿𝐿𝐿𝐿𝐿 < 7 𝑚𝑚𝑚𝑚/𝑘𝑘𝑘𝑘

99.9993



Spike Recovery Multi Element Standards
- CCS 2 0,1 mg/l    ≙ 2 mg/kg 
- CCS 5 0,1mg/l     ≙ 2 mg/kg 
- Merck VI 0,1mg/l     ≙ 2 mg/kg 

ISO 15096 - DSOI – Spike Recovery in 25 g/L Rhodium



ASTM B616-96 – DSOI - Limit of detection in 25 g/L in Iridium

�𝐿𝐿𝐿𝐿𝐿𝐿 < 25 𝑚𝑚𝑚𝑚/𝑘𝑘𝑘𝑘

99.9975

What purity level can be
assessed by ICP-OES ?

44 elements versus 16 elements

ASTM B671-81

�𝐿𝐿𝐿𝐿𝐿𝐿 < 13 𝑚𝑚𝑚𝑚/𝑘𝑘𝑘𝑘

99.9987



ISO 15096 - DSOI – Spike Recovery in 25 g/L Iridium

Spike Recovery Multi Element Standards
- CCS 2 0,1 mg/l    ≙ 2 mg/kg 
- CCS 5 0,1mg/l     ≙ 2 mg/kg 
- Merck VI 0,1mg/l     ≙ 2 mg/kg 



ASTM B616-96 – DSOI - Limit of detection in 25 g/L in Ruthenium

�𝐿𝐿𝐿𝐿𝐿𝐿 < 23 𝑚𝑚𝑚𝑚/𝑘𝑘𝑘𝑘

99.997

What purity level can be
assessed by ICP-OES ?

43 elements versus 11 elements

ASTM B616-96
�𝐿𝐿𝐿𝐿𝐿𝐿 < 8 𝑚𝑚𝑚𝑚/𝑘𝑘𝑘𝑘

99.9992



Spike Recovery Multi Element Standards
- CCS 2 0,1 mg/l    ≙ 2 mg/kg 
- CCS 5 0,1mg/l     ≙ 2 mg/kg 
- Merck VI 0,1mg/l     ≙ 2 mg/kg 

ISO 15096 - DSOI – Spike Recovery in 25 g/L Ruthenium



Bracketing - Highest accuracy and precision

Procedure described in :

• ISO 11494  Platinum in alloys
• ISO 11495  Palladium in alloys
• ISO DIS 19919  Silver in alloys
• ISO AWI 25644 Gold in alloys

General requirements:

• Mandatory use of an internal standard.
• High precision, weight-based preparations

(analyte and internal standard).
• Repeated measurements (“cycles”) of the sample and

two standards of a lower and higher concentration.



Bracketing - Highest precision and accuracy











Consideration of the expanded uncertainty of measurement ISO 11494

Platinum by ICP bracketing



ISO CD 19919 – ILS Silver-wire (Ag/Cu/Zn) 
Comparison of Potentiometry versus ICP bracketing

Ag Cu Zn total
g/kg g/kg g/kg ‰

1 935.1 48.9 15.6
2 935.3 48.8 15.8
3 935.1 48.8 15.7
4 935.7 48.6 15.6
5 935.0 48.7 15.7
6 935.3 48.8 15.6
7 935.1 48.9 15.8
8 935.5 48.6 15.7

mean 935.26 48.8 15.7 999.7
SD 0.24 0.12 0.08



ISO CD 19919 – ILS Silver-wire (Ag/Cu/Zn) 

Comparison of Potentiometry versus ICP bracketing



Measurement uncertainty at internal reference material

Comparison of Potentiometry versus ICP bracketing

Measurement uncertainty 1,3 ‰ 0,5 ‰ 



ISO AWI 25644 – ILS gold-wire (Au/Ag/Cu/Pd/Zn) 

Comparison of fire assay versus ICP bracketing

Ag Au 267 Cu Pd Zn total
g/kg g/kg g/kg g/kg g/kg g/kg

1 29.07 751.4 86.17 129.6 2.89 999.13
2 29.08 752.6 86.07 129.7 2.89 1000.34
3 29.09 751.2 86.14 129.6 2.86 998.89
4 29.61 752.1 86.33 129.6 2.89 1000.53
5 29.68 752.4 86.30 129.7 2.89 1000.97
6 29.62 752.6 86.12 129.7 2.92 1000.96
7 29.70 750.8 86.22 129.5 2.85 999.07
8 29.62 751.6 86.18 129.6 2.87 999.87

mean 29.43 751.8 86.19 129.6 2.88 999.97
SD 0.28 0.64 0.09 0.07 0.02 0.80

RSD 0.94 0.09 0.10 0.05 0.71 0.08



Multi-element bracketing

Example for precious metal scrap
same procedure as in single element bracketing 

Pt Ag Au Pd Ir Rh Ru

g/kg 207,94 32,83 81,85 73,87 47,92 11,82 18,66

mg/l 80,90 12,77 31,85 28,74 18,64 4,60 7,26

RSD 0,07 0,12 0,13 0,10 0,23 0,26 0,46



SPECTRO ICP-OES
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