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QHW Designation: E 1600 — 96

Standard Test Method for
Determination of Gold in Cyanide Solutions by Atomic
Absorption Spectrometry !

This standard is issued under the fixed designation E 1600; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope sodium hydroxide, if necessary, by careful adjustment of pH.

1.1 This test method covers the determination of gold in orel € test solution is filtered and gold content is determined by
processing cyanide solution in the range from 0.3 to 10.dlame atomic absorption spectrophotometry.
pg/mL of gold by direct aspiration into an atomic absorption

spectrophotometer.

1.1.1 This test method may also be applied to cyanide leach 4-1 In primary metallurgical processes for gold bearing ores,
solutions from metallurgical evaluation procedures. gold is extracted with an alkaline cyanide solution. Metallur-

1.2 This standard does not purport to address all of thedical accounting, process contrql, and ore evaluation proce-
safety concemns, if any, associated with its use. It is th&lures depend on accurate, precise, and prompt measurements
responsibility of the user of this standard to establish appro-°f theé gold concentrations. _
priate safety and health practices and determine the applica- 4-2 This test method is a referee method for compliance

bility of regulatory limitations prior to useSpecific precau- With compositional specifications for metal content. It is
tions are given in Section 8 and in specific warning note@ssumed that all who use this procedure will be trained analysts
capable of performing common laboratory procedures skill-

4. Significance and Use

throughout. . ; )
fully and safely. It is expected that work will be performed in
2. Referenced Documents a properly equipped laboratory and that proper waste disposal
2.1 ASTM Standards: procedures will be followed. Follow appropriate quality con-
D 1293 Test Methods for pH of Wafer trol practices such as those described in Guide E 882.

E 29 Practice for Using Significant Digits in Test Data to 5
Determine Conformance with Specificatiéns '

E 50 Practices for Apparatus, Reagents and Safety Precau-2-1 Eléments normally found in ore processing cyanide
tions for Chemical Analysis of Metdls solutions do not interfere. Use of instrumental background

E 173 Practice for Conducting Interlaboratory Studies ofcorrection is required to compensate for nonspecific absorption
Methods for Chemical Analysis of Metdls interferences in the flame.

E 663 Practice for Flame Atomic Absorption Analysis 6. Apparatus

E 882 Guide for Accountability and Quality Control in the ; , . .
Chemical Analysis Laborato?y 6.1 Atomic Absorption Spectrophotometaquipped with

E 1024 Guide for Chemical Analysis of Metals and Metal background correction and capable of measuring gold at the

Bearing Ores by Flame Atomic Absorption Spectropho-2_42'8'nm wavelength using an air and acetylene flame over a
tometry? linear range from 0.3 to 10.0 pg/mL gold.

E 1060 Practice for Interlaboratory Testing of Spectro- Reagents
chemical Methods of Analysis

Interferences

7.1 Sodium Cyanide—Sodium Hydroxide Soluten
3. Summary of Test Method Dissolve 10 g of sodium hydroxide (NaOH) and 10 g of

3.1 The sample solution is collected and preserved wittFodium cyanide (NaCN) in 1 L of water.

Note 1—Warning: The preparation, storage, use, and disposal of
1 This test method is under the jurisdiction of ASTM Committee E-1 on .NﬁCINt-SOIUFlonS ;gqunre SE_eC|aI (iar? ai‘[ﬁ ?gtemlon'Avo(;d.?ny p;otS_SIblllty_;)f
Analytical Chemistry for Metal, Ores, and Related Materials and is the directIn alation, Inges |0|j1, or skin con _ac wi € compound, | SS_O ution, or its
responsibility of Subcommittee E01.02 on Ores, Concentrates, and Related MetafapPors. Work only in a well-ventilated hood. Refer to Practices E 50.
Iurgéce::eMn?tgg_a;_lz.n approved April 10, 1996. Published June 1996. Originall 7.2 Gold Standard Solution-AWeigh 1.000 g of gold metal
u 11 V 1 , . uoli u . 191 y 0 . . _ .
published as E 1600 - 94. Last previous edition E 1600 — 94. (99.99 % min purity) and transfer to a 1-L beaker in a fume
2 Annual Book of ASTM Standardsol 11.01. hood. Add 200 mL of water, 80 mL of HCI, and 50 mL of
® Annual Book of ASTM Standardéol 14.02. HNO4(1 + 1). Boil gently to expel NQfumes, cool, transfer to

4 Annual Book of ASTM Standardgol 03.05. _ : : :
s Annual Book of ASTM Standarddol 03,06, a 1-L volumetric flask, dilute to volume, and mix.
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7.2.1 A certified reference solution meeting these specifica- 9.4.2.3 Alternate readings on the selected calibration solu-
tions may also be used. tion and reference solution, and calculate the standard devia-
7.3 Gold Calibration Solutions(0.5, 1.0, 2.0, 5.0, 10.0 tion of the readings on the selected calibration solution using
pg/mL)—In a fume hood, pipette 10 mL of gold standardaccepted statistical methods. Measure the standard deviation in
Solution A into a 1-L volumetric flask containing 100 mL of this way at increased measurement integration times until a

sodium cyanide-sodium hydroxide solution. Dilute to volumerelatively constant value is achieved.
and mix (10 pg/mL). 9.4.2.4 If the standard deviation under these conditions is
Note 2—Warning: Reaction of acid or chlorine and cyanide solutions greater than 1% of the average absorbance, determine the

releases toxic hydrogen cyanide or cyanogen chloride gases. Prepare if@use of the variability (for example, deposits in the burner or
fume hood. clogged capillary), and take corrective action.

. 9.4.2.5 If the minimum requirements are not met, do not use
7.3.1 Pipette 5, 10, 20, and 50 mL of the 10 pg/mL gold,, " . . . - o
calibration solution into each of four 100-mL volumetric flasks, the instrument with this test method until the required stability

. . . . .~ 'is obtained.
respectively. Add 10 mL of sodium cyanide-sodium hydroxide .
solution, dilute to volume, and mix. 9.4.2.6 Collect all instrumental measurements for the test

7.4 Reerence SoionDiute 100 mL. of sodum cyanide- 1% IS 1 TlLmencl setinge wiich e e oo
sodium hydroxide solution to 1 L with water. P

solution.
8. Hazards 9.4.3 Linearity of Instrument ResponseéJse Practice
E 663 to determine if the instrument response is acceptable as

8.1 Hydrogen cyanide and alkali cyanide are very toxice, .

substances. Use an efficient fume hood. Cyanide must be 9.4.3.1 Record absorbance measurements for each of the
disposed of with care, avoiding contact with acid that releases_.; "~ : . .

. A : . . Calibration solutions and the reference solution, prior to deter-
hydrogen cyanide gas. Oxidation of cyanide with chlorine Ormining samples

hypochlorite must be carried out at high pH (greater than 11) to 9.4.3.2 Adequate instrument response is obtained if the

prevent generation of toxic cyanogen chloride gas. difference between the 5-pug/mL calibration solution and the
9. Procedure 10-pg/mL calibration solution is sufficient to permit estimation

9.1 Collect, store, and dispose of the sample in accordanc%f /50 Of the differenc_e betyve_en them. .

S S ' 9.4.3.3 Adequate linearity is confirmed if the slope of the
with Practices E 50. S L

. L . calibration curve between the 5 and 10-pug/mL calibration

9.2 Determine the pH of the solution immediately after olutions is at least 90 % of the slope between the reference

sampling in accordance with Test Method D 1293. If the pH of> ° P

; ; ; ... —solution and the 0.5-pg/mL calibration solution.
the sample is less than 10, adjust the pH with small addition3 9.4.4 High-Precision Method

of solid sodium hydroxide, followed by mixing, until the pH is 9.4.4.1 Calibrate the instrument in accordance with the

greater than 10. manufacturer’s instructions in absorbance or gold concentra-
9.3 Test Solutions-Filter two 50-mL portions of sample tion 9
solution through .a coarse-porosity filter paper. 9.4.4.2 Adjust the instrument to zero with the reference
9.4 Photometry solution and measure the test sample solution to determine its
9.4.1 Follow the instrument manufacturer’s instructions to . . ; P . . )
place in the order of increasing concentration of the calibration

adjust the instrument for gold at 242.8 nm. Warm up the :
solutions.

m;trument with backgr,ound corrgctlon ap plied in accordance 9.4.4.3 Aspirate the test solution and the closely bracketing
with the manufacturer’s instructions. With the gold hollow __7. °" = : . . )

. . : o . calibration solutions in order of increasing absorbance or
cathode lamp in position, energized and stabilized, adjust thgoncentration without intervening water aspirations. Repeat
wavelength to maximize the energy response of the 242.8-nm . 9 P ' P
: X ) o three times and calculate the average absorbance or concentra-
line. Light the burner, allow it to reach thermal equilibrium, . ;

> : : I tion value for each of the three solutions.
and adjust the instrument to zero while aspirating water.

9.4.1.1 The use of an air-acetylene, lean, blue flame and 9.4.5 L‘”eaf Curve Met.hod : .
e i . : L ' 9.4.5.1 Calibrate the instrument in accordance with the
caustic stabilized drain bottle is required.

manufacturer’s instructions in absorbance or gold concentra-
Note 3—Warning: Reaction of acid and cyanide solutions in the tion.
burner chamber drain bottle may release toxic hydrogen cyanide gas. Add 9 4.5.2 Record the reference solution and calibration solu-
an excess of sodium hydroxide to the drain bottle to maintain the pHjyp readings before and after each test sample solution,
above 11. selecting a different calibration solution after each test solution.
9.4.2 Precision of MeasurementsUse Practice E 663 to  9.4.5.3 Continue recording measurements until at least three
determine if the instrument precision is acceptable as followsieadings have been recorded for all test sample solutions and at
9.4.2.1 Calibrate the instrument in accordance with th@east one reading has been recorded for each calibration
manufacturer’s instructions in absorbance. Set the absorbangg|ution. Calculate the average reading for each of the solu-
to zero while aspirating the reference solution. tions.
9.4.2.2 Aspirate the calibration solutions in order of increas- .
ing concentration, and select a calibration solution in the rangd0- Calculation
from 0.2 to 0.4 absorbance. 10.1 High-Precision Methog-The gold concentration of
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the test solution is calculated in accordance with Guide E 1024 TABLE 1 Gold in Cyanide Solutions—Statistical Information

as follows: R1 (Practice R2 (Practice
Solutions Mean, Au, pg/mL E 1060), Au,p E 1060), Au,
C = A(C, — Cl) @ g/mL pg/mL
(A — A 1,4 2.19 0.10 0.18
2,5 0.19 0.05 021
where: 3,6 0.96 0.02 0.05
C, = concentration of gold in the test solution, pg/mL, ; ﬂ g-g; g-g g-ég
G, = qoncentratlon of gold in the higher calibration solu- o 12 107 015 198
tion, pg/mL,
C, = concentration of gold in the lower calibration solu- dat d statisti d fed
tion, pg/mL, ata and statistics are documented.
A, = average absorbance or concentration reading of the Nore 4—Solutions 1 through 6 were analyzed by more laboratories
test solution, than Solutions 7 through 12.
A, = average absorbance or concentration reading of the 11.1.1 Repeatability-The repeatability standard deviation
higher calibration solution, and (s,) ranged from 0.01 to 0.12 pg/mL gold over the range of the
A, = average absorbance or concentration of the lowermaterials tested. The R1 value in Table 1 for each of the
calibration solution. materials tested indicates the maximum difference expected

10.2 Linear Curve Method-Calculate the gold concentra- between results in a single laboratory at 95 % confidence.
tion of each test sample solution in micrograms per millilire ~ 11.1.2 Reproducibility—The reproducibility standard devia-

sing the graphical method in accordance with Guide E 1024t'|on (S50 ranged from 0.01 to 0.15 pg/'mL gold over the range
Eyl s%mpleglin?aalr regressionl or by an quL\::vaIerl:tl computePf the materials tested. The R2 value in Table 1 for each of the

materials tested indicates the maximum difference expected

method. between results in different laboratories at 95 % confidence.

10.3 Average the results of the duplicate test sample solu- 11.2 Bias—No information on the bias of this test method is
tions and round the results to the nearest 0.1 pg/mL irknown. Accepted reference materials were not included in the
accordance with Practice E 29. materials used in the interlaboratory study. Users of this test
method are encouraged to employ accepted reference materi-
als, if available, and to judge the bias of the test method from
the difference between the accepted value for the gold concen-
tration and the mean value from interlaboratory testing of the
Heference material.

11. Precision and Bias

11.1 Precision—An interlaboratory study was undertaken to
test the precision of this test method in accordance wit
Practice E 173 on six solutions in eight laboratories. Thel2. Keywords
results from the study are summarized in Table 1. Since as few 12.1 cyanide solutions; gold content
as three laboratories returned results for some of the materials;———

Practice E 1060 was used to estimate the precision. The baigiasupporting data are available from ASTM Headquarters. Request RR:E01-

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).



