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REFERENCE MATERIALS

4004

ANALYSES OF TOTAL CONTENT
Mean of 4 values — mass content in % (m/m), based on the dried (105°C) sample

Anmalyst | oy | ALO, | TiO, | Fe05 | Mns0, | ca0 | Mgo | Nao | K:0 | PbO | zno | srt0 | ca | Toal | LOI .,
No. s | @50

1 9.1365 0.6748 0.0440 0.4613 44.2610 0.0693 0.0358 0.0193 32.5055
2 9.0508 0.6518 0.0555 0.4995 0.8290 43.8780 0.0653 0.0995 0.1440 2.6188 2.6738 0.0323 1.5790 2.0648
3 9.0634 0.6816 0.0493 0.4906 0.8254 44.1802 0.0603 0.0955 0.1536 2.5859 2.5689 0.0293 0.0187 1.4803 32.8077 2.0633
4 0.6590 44.5305 0.0693 33.0725

5 9.0675 0.6900 0.8325 0.1425 2.6825 0.0400

6 8.8538 0.6240 0.5083 0.0675 32.8820
7 0.0375 0.4575 0.1300 1.9325
8 0.8305 44.0373 0.0800 0.1326 1.3958 32.8085

9 2.6228 2.4805 0.0208

10 8.9839 0.6863 0.4818 0.8278 443785 0.0765 0.0751 0.1340 2.6953 2.5503 0.0222 32.7820

My | 9.0260 | 0.6668 | 0.0466 | 0.4832 | 0.8290 | 44.2109 | 0.0681 | 0.0835 | 0.1395 | 2.6307 | 2.5912 | 0.0344 | 0.0203 | 1.4848 | 32.8097

s | 00973 | 00235 | 0.0077 | 0.0205 | 0.0027 | 0.2344 | 0.0060 | 0.0136 | 0.0089 | 0.0461 | 0.0860 | 0.0046 | 0.0016 | 0.0749 | "0.1831

o | 00447 | 00087 | 00027 | 0.0072 | 0.0049 | 0.1744 | 0.0028 | 0:0088 | 0.0040 | 0.0290 | 0.0306 | 0.0007 | 0.0004 | 0.0324 | 0.0467

(Additional information:-

Mu: Mean of the intralaboratory means. sy: standard deviation of the intralaboratory means. sw: Intralaboratory standard deviation.

The above figures are those which each Analyst has decided upon after careful verification.

ANALYSES OF AQUA REGIA SOLUBLE CONTENT AND pH
Mean of 4 values — mass content in % (m/m), based on the dried (105°C) sample

Analyst(  Ag cd Cr Cu Ni Pb Zn | pH B Hg Se N

No. ug/e uglg uglg uglg
1 0.002783] 0.01915 ]0.000925/0.007096|0.000873| 2.1978 | 1.9953 | 8.050 <l1.0 0.905 0.18 <0.1
2 0.003636{ 0.02086 ]0.001053]0.004467]0.001419] 2.3955 | 2.0875 | 8.015 7.7 2.041 5.78

3 0.002800f 0.02085 0.001325] 2.3862 | 1.9775 | 8.178
4 0.003305{ 0.02000 J0.001023}0.005353]0.001009 2.0320 | 8.250 0.99 0.928 2.09 <1.0
5 0.02250]0.001103(0.005450]0.001300 8.200 <2.5 <3.0 <2.0
6 0.002900{ 0.01725 10.001200(0.006100 2.1643 <l.5 <l.5 <14

7 0.002682] 0.0197310.001175]0.005200]0.000986] 2.3325 | 2.0500 1.71 2.21

My [0.003018] 0.02005 [0.001080]0.005611]0.001152] 2.2953 | 2.0285 | 8.139

sv 10.000373]0.00164 [0.000102]0.0008960.000224| 0.1077 | 0.0438 | 0.102

sw  ]0.000138]0.00070 [0.000100]0.00041010.000072| 0.1414 | 0.0476 | 0.060

are for information only

CERTIFIED VALUES
TOTAL CONTENT (Elements expressed as oxides)

mass content in % (m/m) based on the dried (105°C) sample

Total Carbon 9.9%, CO; 35.2%, Sulphidel.0% as S, As 0.003%, Cr 0.002%, Cu 0.004%, Ni 0.001%, Cl 0.023%, P;Os5 0.014%, combined H>0 0.033%)

Values given above in small italic type

Si0, | ALO; | TiO, | Fe;05 [Mn;0,| Ca0 | MgO | Na0 | K,0 | PbO | Zno | sro | cd T‘gal (91521(;)
Cv | 9.03 | 0.667 | 0.047 | 0.483 | 0.829 | 44.21 | 0.068 | 0.084 | 0.14 | 2.63 | 2.59 | 0.034 | 0.020 | 1.48 | 32.81
C(95%) | 0.10 | 0.022 | 0.012 | 0.022 | 0.004 | 025 | 0.008 | 0.017 | 0.10 | 0.08 | 0.11 | 0.008 | 0.003 | 0.12 | 0.19
Cv as element 4.22 0.353 0.028 0.338 0.597 31.60 0.041 0.062 0.12 2.44 2.08 0.029
CERTIFIED VALUES

The half width confidence interval C(95%) =

AQUA REGIA SOLUBLE CONTENT AND pH
mass content in % (m/m) based on the dried (105°C) sample
As Cd Cr Cu Ni Pb Zn pH
Cv 0.0030( 0.0200 {0.0011|0.0056]0.0012( 2.30 | 2.03 | 8.14
C(95%)[0.0004 [ 0.0016 |0.0002]0.0010]0.0003| 0.14 0.06 0.13

txsy

n

For further information regarding the confidence interval for the certified value see ISO Guide 35:2006 sections 6.1 and 10.5.2
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where “t” is the appropriate two sided Student’s t value at the 95% confidence level for “n” acceptable mean values




BCS-CRM 362
MINE TAILINGS SAMPLE

ANALYSIS OF TOTAL CONTENT

CO-OPERATING ANALYSTS AND FIRMS

INDEPENDENT ANALYSTS
1. HuNT, D.W., Butterworth Laboratories, Teddington.
2. OLIVER, G.J., B.Sc., Ph.D., C.Chem., M.R.S.C., CERAM Research Ltd., Stoke-on-Trent.
3. PAGE-GIBSON, J.E., B.Sc., C.Chem., M.R.S.C. Ridsdale & Co Ltd., Middlesbrough.
ANALYSTS representing MANUFACTURERS and USERS
4. JACKSON, P., Buxton Lime Industries, Tunstead Quarry, Wormhill, Buxton.
5. GIBBONS, P., Lafarge Cement UK, Greenhithe.
6. PAGE, S.L., Rugby Cement, Rugby.
7. REEVE, B.C.E. Mrs., M.BA, C.Chem., M.R.S.C., Morgan Group Technology, Stourport-on-Severn.
8. STOCKBRIDGE, R., RMC Readymix Ltd., Thorpe, Egham.
9. THOMPSON, K.C. Prof, B.Sc., Ph.D., C.Chem., F.R.S.C., ALcontrol Laboratories, Rotherham.
10. PICKERING, J.L., C.Chem., F.R.S.C., Sandberg, London.
11. Fox, G., CORUS Engineering Steels, Stocksbridge.
NOTES ON METHODS USED
SILICA
Analysts Nos. 1 and 3 determined silica gravimetrically. All other analysts used X-Ray Fluorescence Spectroscopy (XRF).
ALUMINA

Analyst No 1 determined alumina by Inductively Coupled Plasma-Optical Emission Spectroscopy (ICP-OES). Nos. 2, 5 and 6 used XRF. Analyst No 3 determined
alumina gravimetrically with 8 hydroxyquinoline. Nos. 4 and 10 used Flame Atomic Absorption Spectroscopy (FAAS).
TITANIA

Analyst No. 1 determined titanium by ICP-OES, Nos. 2 and 7 determined titanium by XRF. Analyst No 3 determined titanium photometrically with
diantipyrylmethane.
TOTAL IRON AS FERRIC OXIDE

Analyst No 1 determined iron by ICP-OES. Analysts Nos. 3 and 10 determined iron photometrically with 1, 10-phenanthroline. All other analysts determined iron by
XRF.
MANGANESE OXIDE

Analysts Nos. 2 and 5 determined manganese by XRF. Analysts Nos. 3 and 8 used a photometric method following oxidation with periodate. Analyst No. 10 used
FAAS.
CALCIUM OXIDE

Analysts Nos. 1, 4, 8 and 10 determined calcium titrimetrically. No 1 precipitated calcium as the oxalate and titrated with potassium permanganate. Nos. 4, 8 and 10
used a visual titration method with ethylene diamine tetra-acetic acid (EDTA). Analyst No. 2 determined calcium by XRF and Analyst No 3 determined calcium
gravimetrically as CaO after precipitation of calcium as oxalate.
MAGNESIA

Analysts Nos. 1 and 3 determined magnesia by ICP. No 2 used XRF and Nos. 4 and 10 used FAAS.
SODIUM OXIDE

Analyst No 2 determined sodium oxide by XRF. Analyst No 3 used FAAS, Analysts Nos. 6 and 8 used Atomic Emission Spectroscopy (AES) and No 10 used ICP-
OES.
POTASSIUM OXIDE

Analysts Nos. 2, 5 and 7 determined potassium by XRF. Analyst No. 3 used FAAS and Nos. 8 and 10 used AES
LEAD OXIDE

Analyst No 2 determined lead by XRF. Analyst No 3 determined lead electro-gravimetrically following separation as sulphide. Analyst No 9 used ICP-OES and No
10 FAAS.
ZINC OXIDE

Analysts Nos. 2 and 5 determined zinc using XRF. Analyst No 3 determined zinc gravimetrically with oxime after separation as sulphide. Analyst No. 9 used ICP-
OES and Analyst No 10 used FAAS.
STRONTIUM OXIDE

Analyst No. 1 determined strontium using ICP-OES, Nos. 2 and 5 used XRF and Analyst No.3 used FAAS
CADMIUM

Analysts Nos. 1, 3 and 9 determined cadmium using ICP-OES, No 10 used FAAS.
SULPHUR (TOTAL)

Analyst Nos. 2 and 11 determined sulphur using high frequency combustion with infrared absorption.. Analysts Nos. 3 and 8 determined sulphur gravimetrically as
barium sulphate.
LOSS ON IGNITION

All analysts determined loss gravimetrically after heating at 925 °C.

BARIUM OXIDE

Analysts Nos. 2 and 7 determined barium by XRF. No 3 determined barium gravimetrically as sulphate.
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BCS-CRM 362
MINE TAILINGS SAMPLE

ANALYSIS OF AQUA REGIA SOLUBLE CONTENT

CO-OPERATING ANALYSTS AND FIRMS

INDEPENDENT ANALYSTS
1. JounsoN, KM, BSc, MSc, PhD CERAM Research Ltd., Stoke-on-Trent.
2. NEWMAN, G, Macaulay Land Use Research Institute, Craigiebuckler.
3. JONES, S J., BSc, CChem, MRSC. Ridsdale & Co Ltd., Middlesbrough.
4. HARRINGTON, P SAL Manchester.
5. NOONAN, J, STL Midlands, Coventry.
6. GANE, J Nicholls Colton Analytical, Leicester.
7. ScoTtT, A, Eurofins Laboratory, Wolverhampton.
NOTES ON METHODS USED

ARSENIC

Analyst Nos.1, 6 and 7 determined As by microwave digestion using aqua regia. Nos. 1 and 6 finished with Inductively Coupled Plasma Optical Emission
Spectrometry (ICP-OES) whilst No 7 used Inductively Coupled Plasma Mass Spectrometry (ICP-MS). Analyst Nos. 2 and 3 followed BS 7755 Section 3 (ISO
11466:1995); No. 2 using ICP-MS and No. 3 ICP-OES. Analyst No 4 used an in house procedure based on Methods for the Examination of Water and Associated
Materials; HMSO 1981; (MEWAM), and Standard Methods for the Examination of Water and Wastewater; American Public Health Association, American Water Works
Association, Water Pollution Control Federation; 18th Edition (SMEWW) and performed the determination by ICP-OES.

CADMIUM

Analyst No.1, 6 and 7 determined Cd by ICP-OES after a microwave digestion using aqua regia. Analyst Nos. 2 and 3 followed BS 7755 Section 3 (ISO
11466:1995); No. 2 using ICP-MS and No. 3 ICP-OES. Analyst No 4 used an in house procedure based on MEWAM; HMSO 1981 and SMEWW, 18th Edition and
performed the determination by ICP-OES. Analyst No. 5 determined Cd by ICP-OES after extraction with aqua regia using microwave digestion in a method based on
MEWAM.

CHROMIUM

Analyst Nos.1, 6 and 7 determined Cr by ICP-OES after a microwave digestion using aqua regia. Analyst No. 2 followed BS 7755 Section 3. (ISO 11466:1995) and
used ICP-MS. Analyst No 4 used an in house procedure based on MEWAM; HMSO 1981 and SMEWW, 18th Edition and performed the determination by ICP-OES.
Analyst No. 5 determined Cr by ICP-OES after extraction with aqua regia using microwave digestion in a method based on MEWAM.

COPPER

Analyst Nos.1, 6 and 7 determined Cu by ICP-OES after a microwave digestion using aqua regia. Analyst No. 2 followed BS 7755 Section 3. (ISO 11466:1995) and
used ICP-MS. Analyst No 4 used an in house procedure based on MEWAM; HMSO 1981 and SMEWW, 18th Edition and performed the determination by ICP-OES.
Analyst No. 5 determined Cu by ICP-OES after extraction with aqua regia using microwave digestion in a method based on MEWAM.

NICKEL

Analyst Nos.1 and 7 determined Ni by ICP-OES after a microwave digestion using aqua regia. Analyst Nos. 2 and 3 followed BS 7755 Section 3 (ISO 11466:1995);
No. 2 using ICP-MS and No. 3 ICP-OES. Analyst No 4 used an in house procedure based on MEWAM; HMSO 1981 and SMEWW, 18th Edition and performed the
determination by ICP-OES. Analyst No. 5 determined Ni by ICP-OES after extraction with aqua regia using microwave digestion in a method based on MEWAM.

LEAD
Analyst Nos.1, 6 and 7 determined Pb by ICP-OES after a microwave digestion using aqua regia. Analyst Nos. 2 and 3 followed BS 7755 Section 3 (ISO
11466:1995); No. 2 using ICP-MS and No. 3 ICP-OES.

ZINC

Analyst Nos.1 and 7 determined Zn by ICP-OES after a microwave digestion using aqua regia. Analyst Nos. 2 and 3 followed BS 7755 Section 3 (ISO 11466:1995);
No. 2 using ICP-MS and No. 3 ICP-OES. Analyst No 4 used an in house procedure based on MEWAM; HMSO 1981 and SMEWW, 18th Edition and performed the
determination by ICP-OES.
pH

Analyst Nos. 1, 2, 4 and 5 used in house procedures, No.1 used a ratio of 2.5: 1 water: sample, No 4 used a method based on BS 1377; Part 3:1990 (35g sample and
75ml water) and No. 5 a method based on MEWAM. Analyst No. 3 followed BS 1377 Part 3: 1990.

BORON

Analyst Nos. 1, 6 and 7 determined B by ICP-OES after a microwave digestion using aqua regia. Analyst No. 2 followed BS 7755 Section 3. (ISO 11466:1995) and used ICP-MS. Analyst
No 4 used an in house procedure based on MEWAM; HMSO 1981 and SMEWW, 18th Edition and performed the determination by ICP-OES. Analyst No. 5 determined B by ICP-OES after
extraction with aqua regia using microwave digestion in a method based on MEWAM.

MERCURY

Analyst Nos.1 and 6 determined Hg by ICP-OES after a microwave digestion using aqua regia. Analyst No. 2 followed BS 7755 Section 3. (ISO 11466:1995) and used ICP-MS. Analyst No
4 used an in house procedure based on MEWAM; HMSO 1981 and SMEWW, 18th Edition and performed the determination by ICP-OES.

SELENIUM

Analyst Nos.1, 6 and 7 determined Se by microwave digestion using aqua regia. Nos. I and 6 finished with ICP-OES whilst No 7 used ICP-MS. Analyst No. 2 followed BS 7755 Section 3.
(ISO 11466:1995) and used ICP-MS. Analyst No 4 used an in house procedure based on MEWAM; HMSO 1981 and SMEWW, 18th Edition and performed the determination by ICP-OES.
Analyst No. 5 determined Se by ICP-OES with hydride generation after extraction with aqua regia using microwave digestion in a method based on MEWAM.

CYANIDE

Analyst No 1 determined CN by flow injection photometry. Analyst No. 4 used an in house procedure based on MEWAM; HMSO 1988, and SMEWW Part 4500, completing by distillation
and photometric determination. Analyst No. 5 used an in house method based on MEWAM, completing by distillation and the use of a discrete analyser.
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BCS-CRM 362
MINE TAILINGS SAMPLE

DESCRIPTION OF SAMPLE

100g bottles of finely divided material passing a 150pum (100 mesh) sieve for chemical analysis. XRD analysis indicates that the
sample consists mainly of calcite with approximately 8% quartz, 6% baryte, 0.6% galena and some sphalerite

INTENDED USE & STABILITY

This sample is intended for the verification of analytical methods, such as those used by the participating laboratories, for the
calibration of analytical instruments, for establishing values for secondary reference materials and for training purposes.

It will remain stable provided that the bottle remains sealed and is stored in a dry atmosphere. When the bottle has been opened the
lid should be secured immediately after use.

In order to ensure that a fully representative sample is taken users should take a minimum sub-sample size of 1.0g. Users of this
material should be aware that the use of a smaller sub-sample size will invalidate the certified values and the associated 95% confidence
limits. Provided that the material is stored in a suitable environment there will be no contribution to the uncertainty from the long term
stability of this CRM.

TRACEABILITY

The traceability of this CRM has been established in accordance with principles of ISO Guides 30 — 35 and the International
Vocabulary of Basic and General Terms in Metrology.

The characterisation of this material has been achieved by inter-laboratory study, each laboratory using the method of their choice,
details of which are given above. Most methods used were either international or national standard methods or methods which are
technically equivalent. All laboratories used either stoichiometric analytical techniques or methods which were calibrated predominantly
against pure metals or stoichiometric compounds.

For the determination of the Aqua Regia Soluble Content all of the participating laboratories were accredited to ISO/IEC 17025 at
the time of the analysis; all but Ridsdale & Co Ltd were accredited for methods which relied upon aqua regia digestion.

It is not known how many of the laboratories which participated in the analysis of the Total Content were accredited to ISO/IEC
17025 at the time of the analysis and since that date some laboratories have closed and others have changed hands, therefore it is not
possible to establish this information.

Bureau of Analysed Samples Ltd is a UKAS Accredited Reference Material Producer No 4004.

Further information and advice on this or other Certified Reference Materials or Reference Materials produced by Bureau of
Analysed Samples Ltd may be obtained from the address below.

For BUREAU OF ANALYSED SAMPLES LTD.
NEWHAM HALL

NEWBY

MIDDLESBROUGH

ENGLAND

TS8 9EA

Email: enquiries @basrid.co.uk
Website: www.basrid.co.uk

R P MEERES,

Managing Director

Preliminary Edition i e e e e e e e e e e e e e e e e e e e e e e e September 2003
Main Edition (incorporating Aqua-Regia Soluble Content and pH).... ... ... ... .. i i et ee e e e e e e eee . September 2010
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