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Standard Reference Material 1633b

Constituent Elements in Coal Fly Ash

This Standard Reference Material (SRM) is intended for use in _%‘u‘; evalyauon of anglytical methods for the
determination of constituent elemenis in coal fly ash or materials with!a similar mariz. SRM 16335 is 2 biiuminous
coal fly ash that was sieved through a nominal sieve opening of %0 pm (170 mesk) and then blended (o assure
homogeneity. A unit of SRM 1633b consists of 75 g of powdered material.

The certified values for the constituent elements are given in Table | The values, except for Hg, are based on
measyrements using one definitive method or two ot more independent and reliable analyrtical techniques.
Noncertified values for a number of elements are given in Table 2 as additional information on the composition of
the material, The noncertified values should not be used for calibration or quality contrel. Analytical methods used
for the cerification of this SRM are given in Table 3 along with analysts and cooperating lzboratories. Al values
are based on measurements using a dry sample weight of at least 250 mg.

NOTICE AND WARNING TO USERS

Ekpiration of Certification: This cerification is valid for 5 years from the date-of shipment from NiST. Should

any of the certified values change before the expiration of the certification, the purchaser will be notified by N{5T.

Stability: This material is considerad to be stable; however, its stability has not been rigorousty assessed. NIST will
moniter this marterial and will report any substantiva changes in certification (o the purchaser.

Use: A minimum dry sample weight (sée Instructions for Drying) of 250 mg should be used for anaiytical
determinations to be related 1o the' certified values on this Cerificate of Analysis.

To obtain the certified values, sampie preparation procedures should be designed to affect complete dissolution. [f
volatile elements (e.g., Hg, As, Se) are to be deermined, precautions should be taken in the &issclution of SRM
1633b to avoid volatilization losses.

_ Staristical ‘consultation was provided by S.B. Schiller of the NIST Statistical Engineering Division.

The overall direction and coordination of the analyses were under the chairmanship of R.R. Greenberg of the NIST
Incrganic Analytical Research Division. '

The techaical and support aspects involved in the preparation, certification, and issuance ot this SRM were
coordinated through the Standard Reference Materials Program by J.S. Kane,

Gaithersburg, MD 20899 | Thomas E. Gills, Acting Chief
June 22, 1993 Standard Reference Materials Program
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75

Instructions for Drying: When non-volatile elements are being determined, this matenal should e dnied o
constant weight before using. Recommended procedures for drying are: 1) Vacuum drying tor 24 0 at ambient
temperature using a cold trap at or below -30 °C and 2 pressure not greater than 0.2 mm Hg (30 Pa); 2y drving for
2 h in an oven of 105 °C. Samples of the dried material weighing ar least 250 mg should be used for anaiysis
When not in use. the material should be kept in a tightly sealed boule. Yolatile elements should be determined on
an as-received basis, and corrected to dry weight. Carrection should be based on a separate determination of
moisture, using one of (he above drying procedures.

Source and. Preparation of the Material: The fiy ash was supplied by a-coal fired power plant and 15 the product |
of Pennsylvania and West Virginia coals. It was selected as a typical bituminous ceal fly ash and 15 no intended
as a fly ash from a specific coal or combustion process. The material was air dried. sieved, and blended for 24 b/
before being placed in a series of bulk containers. X-ray fluorescence and inducblivély goupled plasma atomic
emission analyses were performed on ten grab samples takea from the bulk. e d prelimunary homogeneiy
assessment before proceeding with bottling the material in 75 g units. f

Analysis: The homogeneity of the bottled materizl was assessed by X-ray fluorescence spectrometry  and
instrumental neutron activation analysis, using selected elements as indicators. In some cases, statistically significant
differences between samples were seen, and the variazice due ta material inhomogeneuty 15 included wn the overall
uncerzinties of the cerified values. The esiimated reiztive standard deviation for matenal inhomogeneity 151283 (Nan
1% for those elements for which homogeneity was assessed, except Th, for which matenal inhomogengity was
estimated to be 2%.

Certified Values and Uncertainties: The certified values are weighted means of results of (wo o7 more :ndepencent
analytical metheds, or the  ‘means of resulis from a single definitive method. sxcept for mercury. Mercury
centification is based omcold vapor atomic absorption spectrometry measurements periormed it NIST. The weights
for the weighted means were computed according (o (e iterative procedure of Paule and Mandel {NBS Journai af
Research 87, 1982, pp. 377-385). The stated uncertainty includes allowances for measurement imprecision, material
variability, and differences among analytical methods. Each Lncertainty is the sum of the hall-width of 3 93%
prediction interval, and includes an allowance for the systematic errar among the methods used. [n the absence ol
systematic error, a 95% prediction interval predicts where thetrue concentrations of 95% of the samples of this
SRM lie.



Element

Aluminum
Calcium
[ron
Magnesium
Potassium
Silicon
Sedium
Sulfur
Tiranium

Element

Antimoeny
Bromine
Cerium
Cobalt
Cesium

- Dysprosium
Europium
Gadolidum
Hafnium
Holmium
Lanthanym
Lutetivm
Neodymium

b3
2

13.05
1.51
7.78
0.482
195

23.02
0.201
0.2075
0.791

H H H H H b H e H

—y

"mg/kg

2.9
150
50
11
17
4.1
13
6.8
3.5
94
1.2
85

Table !. Certified Values

0.27
0.06
0.23
0.008
0.03
0.08
0.003
0.0011
0.014

i

Elemen:

Arsenic
Barium
Cadmium
Chromium
Copper
Lead
Manganese
Mercury
Nickel
Selenjum
Strentium
Thorium
Uraniym
Yanadium

Table 2. Noncertified Values

Ei_cmem

Pheosphorus
Rubidium
Scandjum
Samarium
Tantalum

. Terbium

Thaltium
Thulium
Tungsien
Ytterbium
Zino .

1D ~1 wh

mg/kg

2300
140
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Table 3 Aralytical Methods Used ror Cerufication Analyses of SRM 16335

Element Cenificanen Methods
Al : INAA, XRF
As FIA-HAAS, [INAA
Ba ICP-MS, INAA
Ca ICP, INAA, XRF
Cd ETAAS, IDTIMS
Cr FAAS, INAA
Cu FAAS, ICP-MS
Fe INAA, XRF
Hg .- CYAAS

K FAES INAA XRF
Mg ' ICP, IDTIMS
Mn FAAS, INAA
Na FAES, INAA
Ni ETAAS, ICP
Pb ETAAS, ICP-MS
Rb FAES, INAA
S [DTIMS
Sh ETAAS, INAA
Se FIA-HAAS, INAA
Si GRAV, XRF
Sr FAES, INAAIDTIMS
Tn ICP-MS, INAA
Ti INAA, XRF
U ' ICP-MS, INAA
Y . [CP, INAA

ID-TIMS - Isotope dilution thermal ionization mass spectrometry, mixed acid digestion.

ICP-MS - inductively coupled plasma mass spectrometry: mixed acid digestion,

INAA - Instrumental neutron activation analysis.

XRF - Wavelength dispersive X-ray fluorescence on fused borate dises.

ICP-AES - Inductively coupied plasma alomic emission spectrometry; mixed acid digestion.

ETAAS - Electrothermal atomic.zbsorption spectrometry;: mixed acid digestion. ‘

CVAAS - Cold vapor atomic absorption spectrometry, ' “

FIA-HAAS:- Flow injection analyses - Hydride generation atomic absorption spectrometry.

FAAS - Flame 2iomic absorption spectremetry; mixed acid digestion except for Ay, leached with HBr-Bra.
GRAY » Gravimetry; sodium carbonate fusion.

- Most information values were determined by INAA only; P was determined by ICP-AES and XRF. Ti was -
determined by ICP-MS, and Zn was determined by FAAS and ICP-AES,
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No. Sampleno. Date/Station  PM-10 Cr 1 . Risk Month Station
(g/m)  Gigm) (mgKg/day)
! 22¢ 5Mar99/B 51 6.35E-02  2.72E-03 1.11E-01 3 2
2 23 11Mar99B 58 431E-02  1.85E-03  7.57E-02 3 2
3 24c 17Mar99/B 56 3.60E-02  134E-03  633E-02 3 2
4 dc IMay99K 13 388E-02  1.66E-03  682E-02 5 |
5 ¢ 7May 99K 33 244E-02  1.04E-03  4.28E-02 5 1
6 3¢ 18May 99K 42 3.85E-02  1.65E-03 < 6.76E-02 5 1
7 dc 22 May 99K 25 6.19E-02  2.65E-03 1.09E-01 5 1
8 5¢c  28May99/K 46 2.94E-02  1.26B-03 - S.17E-02 5 1
9 25 TMay9%9B 29 3.87E-02 .  1.66E-03  6.81E-02 5 2
0 26c  18May9%9B 8 445E-02°  191E-03  7.83E-02 5 2
11 2% 22May%9B 23 726E-02  3.11E-03 1.28E-01 5 2
12 28c 28May99/B 30 6.42E-02  2.75E-03 1.13E-01 5 2
13 6 3Jun 99K 22 497E-02  213E<03 | 8.73E-02 6 1
147 e 9hm 9K 36 453E-02  194E-03 \ - 7.96E-02 6 1
15 8 15Jun99K 34 851E-02.  3.65E-03 1.50E-01 6 I
16 9%  21Jn99K 42 3.95E-02 1.69E-03  6.94E-02 6 1
17 10c 27Jur 99K 38 243E-02  1.04E-03  4.26E-02 6 1
18 29 3Jun99/B 25 6.10E-02  261E-03  1.07E-01 6 2
19  30c, 9Jun99B 30 517E-02  2.21E-03  9.08E-02 6 2
200 3le | 15Tun99/B 36 555E-02  2.38E-03  9.75E-02 6 2
210 3% 21 Jun99/B 44 4.69E-02  2.01E-03  8.24E-02 6 2
22 33¢  27Jun99/B 30 342E-02  147E-03  6.01E-02 6 2
23 lle  2MI99K 44 434E-02  1.86E-03  7.63E-02 7 1
24 126 10Jul 99K 28 452E-02  194E-03  7.95E-02 7 1
25 i3 260l 99/k 61 327E-02  226E-03  9.26E-02 7 I
26 34 2lul99B 41 575E-02  2.46E-03 1.01E-01 7 2
27 35 10 Jul99/B 27 485E-02  2.08E-03  8.52E-02 7 2
28 36c 26 Jul 99/B 32 288E-02  123E-03  5.05E-02 7 2
29 l4c JAug99K 31 6.01E-02  257E-03 1.06E-01 8 1
300 IISc 14 Aug 99/K 29 1.63E-02  6.98E-04  2.86E-02 8 1
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" No. Sampleno. Date/Station  PM-10 Cr I Risk Month Station
(ng/m)  (ug/m’)  (mg/Kg/day)
3L 16c 26 Aug 99K 38 470B-02  201E-03  8.26E-02 8 1
32 38 8 Aug99B 44 406E-02  1.74E-03  T.14E-02 8 2
33 3% 14 Aug99/B 40 2.12E-02  9.07E-04  3.72E-02 8 2
34 4lc 25 Aug99/B 38 337E-02  144E-03  5.92E-02 8 2
35 17 1Sep99K 25  4.77E-02  2.05E-03  8.39E-020 9 1
36 18 7Sep99K 36 6.51E-02  2.79E-03 1.14E-(1 9 1
37 1% 138ep99K 52 6.01E-02  2.58E-03 \ 1.06E-01 g 1
38 42 1Sep99B 27 6.52E-02 280E-03 - 115E-01 9 2
39 43c  7Sep9%¥B 29 592E-02 . 2.54E-03  1.04E-01 9 2
40 44c 13 Sep99/B 43 6.26E-02°  268E-03  1.10E-01 9 2
41 45 250ct99/B 15 5.88E-02  252E-03  1.03E-01 10 2
42 X 27Nov 99K 82 6.34E-02  2.72E-03  1.11E-01 . |11 1
43 46c” 6Nov99/B 30 524E-02  224E-03 . (9.20E-02 | 11 2
44/ 47c 12Nov 99/B 40 6.23E-02 . 267E-03 \  1.09E-01 11 2
45 48 25Nov99/B 33 498E-02  213E-03  8.75E-02 11 2
46 4% 27Nov9y/B 43 3.38E-02 1.45E-03 ° 5.95E-02 1l 2
47 50c 30 Nov 99/B 37 369E-02  1.58E-03  649E-02 11 2
48 2lc  12Deg99K 189 641E-02  2.75E-03  L13E-01 12 1
49 Sle /12 Dec99/B 68 1.16E-01  4.97E-03  2.04E-01 12 2
507 \5Z | 24Dec 99/B 73 5.83E-02  250E-03  1.02E-01 12 2

i : Khao Din School

2 : Bang Phuang Health Center
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