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Introduction
Gold is a brilliant and beautiful metal, often associated with wealth, power 
and luxury. It is malleable and ductile, highly resistant to corrosion and 
tarnishing and sought after around the globe. Its uses range from jewellery 
and decoration, to storage of monetary value, to dentistry. It can also be 
found in food, electronics, and medicine.

Gold mining is the process of removing gold from the ground or streams, 
followed by multiple processing and extraction stages to obtain the final 
desired product. Due to its importance and high value, gold prospectors 
and metallurgists need to accurately determine the concentration of gold 
in mined samples. As geological samples are typically not homogenous, 
drying, grinding and pulverizing of samples is required before dissolution 
and analysis. Analysts require rapid and robust analytical methods on 
instrumentation capable of handling high levels of dissolved solids, yet 
providing high sensitivity, accuracy and stability. Flame atomic absorption 
spectrometry is the ideal technique to meet these analytical needs. This 
application note presents two methods for analysing gold. The first uses an 
aqua regia sample digestion method, while the second follows a cyanide 
leach protocol. Quality Control checks are used to ensure the long term 
stability of each method.

APPLICATION NOTE 43181

The analysis of gold using the Thermo Scientific 
iCE 3000 Series Atomic Absorption Spectrometers



Spectrometer iCE 3300 AAS

Wavelength 242.8 nm

Bandpass 0.5 nm

Background correction Deuterium

No. of resamples 3 s

Measurement time 5 s

Flame type Air/acetylene

Fuel flow 0.8 L/min

Autosampler Cetac ASX 560

Wash time 20 s

Conversions and units
In the mining and metallurgical industries, units are used 
to represent the amount of metal in the raw ore, for 
example – ounce per ton, or oz/ton. Table 1 (below) are 
examples of commonly used units and conversions.

1 troy ounce = 31.1034768 grams =

1 short ton = 0.90718474 tonne = 2000 pounds

1 metric ton = 0.9842 tons (long) = 1.102311 tons (short) = 2204.622 pounds

1 long ton = 1.01605 tonnes = 2240 pounds

1 pound = 0.45359237 kilograms =

1 kilogram = 2.2045855 pounds =

1 troy ounce per short ton = 34.2857 grams per metric tonne = 34.2857 μg/g =

Sample preparation
Aqua regia methodology
Samples and Standards: Approximately 15-30 g samples 
of gold ore were accurately weighed, taken through the 
fire assay process, and the resultant pellet digested in 
aqua regia. Digested samples were made to volume 
with deionized water. Standards were prepared at 0.025, 
0.075, 0.15, 0.30 and 0.45 oz/short ton and were matrix 
matched to samples with aqua regia. A QC standard was 
prepared at 0.15 oz/short ton.

Cyanide Leach methodology
Sample and Standards: Approximately 15-30 g samples 
of gold ore were accurately weighed and leached in  
6 lb/short ton NaCN and 10 g/L NaOH. Leachates were 
made to volume in deionized water. Standards were 
prepared at 0.025, 0.075, 0.15, 0.30 and 0.45 oz/short 
ton and were matrix matched to samples with cyanide 
leach. A QC standard was prepared at 0.15 oz/short ton.

These samples are very high in dissolved solids and are 
not filtered, therefore require a very robust and sensitive 
instrument. The following data shows typical calibrations 
and QC check runs for both sample preparation 
methods. QC checks are analyzed every 5 samples, with 
automatic checking of acceptable range of + 10 %.

Table 2. Spectrometer parameters and sampling conditions for the 
analysis of gold ore.

Table 1. Units and unit conversions for the mining and metallurgy industry.

Instrument configuration
All samples were analysed using a Thermo Scientific™ 
iCE™ 3300 AAS. Burner height and gas fuel flow were 
automatically optimized prior to analysis. Spectrometer 
parameters and sampling conditions are shown in  
Table 2.



Results
Aqua regia preparation:
The calibration curve following preparation of gold ores in 
aqua regia is shown in Figure 1. A correlation coefficient 
of 0.9998 was obtained.

Figure 1. Calibration curve for gold following preparation in aqua 
regia.

Figure 3. Calibration curve for gold following preparation with 
cyanide leach.

Figure 4. QC Control chart for analysis of 0.15 oz/short ton Au 
every 5 samples.

Figure 2. QC Control chart for analysis of 0.15 oz/short ton Au 
every 5 samples.

The characteristic concentration for this method was 
found to be 0.00558 oz/short ton, or 0.17 μg/g.

The QC Control chart, with controls analysed at  
0.15 oz/short ton every 5 samples is shown in Figure 2. 
Control checks were found to be well within the defined 
acceptable limits of +/- 10 %.

Cyanide Leach preparation:
The calibration curve following preparation of gold ores 
with cyanide leaching is shown in Figure 3. A correlation 
coefficient of 0.9995 was obtained.

The characteristic concentration for this method was 
found to be 0.0063 oz/short ton, or 0.2 μg/g.

The QC Control chart, with controls analysed at 0.15 
oz/short ton every 5 samples is shown in Figure 4. 
Control checks were found to be well within the defined 
acceptable limits of +/- 10 %.



For Research Use Only. Not for use in diagnostic procedures. ©2018 Thermo Fisher Scientific Inc. All rights reserved. 
All trademarks are the property of Thermo Fisher Scientific. This information is presented as an example of the capabilities of 
Thermo Fisher Scientific products. It is not intended to encourage use of these products in any manner that might infringe the 
intellectual property rights of others. Specifications, terms and pricing are subject to change. Not all products are available in all 
countries. Please consult your local sales representative for details. AN43081-EN 0918

Find out more at thermofisher.com/AAS

Conclusions
A iCE 3300 AAS was used for the analysis of gold ores 
prepared via fire assay and aqua regia digestion, and via 
cyanide leach. The results show excellent sensitivity for 
both sample preparation methods. The QC checks for 
both methods are well with in the +/-10 % acceptable 
range throughout each analysis with no significant bias 
or drift. Flame atomic absorption was found to be the 
ideal technique for the analysis of gold ore samples, 
providing a robust, reliable and accurate method for gold 
determination.

http://www.thermofisher.com/AAS
http://www.thermofisher.com/AAS

