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This standard is issued under the fixed designatidii1l; thenumber 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 TABLE 1 Analytical Wavelengths and Applicable Concentration
. L. Ranges”
1.1 This test method covers the determination of trace; - 9 -
. . . . . ower pper
minor, and major eIe_rnent§ in waste streams by inductively  cent Limit.® Limit, Wavelength, nm
coupled plasma-atomic emission spectroscopy (ICP-AES) fol- mg/L mg/L
lowing an a_lcid digestion of the sample. Waste streams fro_n;\m,mnum 0.02 5000 308.22, 237.01
manufacturing processes of nuclear and nonnuclear materizdgrium 0.001 100 493.41
can be analyzed. This test method is applicable to the deteg—gg':”m 8-8823 ;gg gig-gg
mination of total r_netals. Results_ from this test methoq.(.:an b€ admium 0.003 200 226.50
used to characterize waste received by treatment facilities arwhicium 0.004 1000 317.93, 393.37
to formulate appropriate treatment recipes. The results are al$g ™™ et o oor 1229892
usable in_ process contr_ol With_in waste treatment facilities.  copper 0.004 150 324.75
1.2 This test method is applicable only to waste streams thain 0.004 5000 271.44, 259.94
; ; i ; ; i | Lead 0.05 200 220.35
contain radloact|_v|ty levels wh|ch_ do not require special Lithium 0,002 50 67078
personnel or environmental protection. Magnesium 0.0005 5000 293.65, 279.55
1.3 Alist of the elements determined in waste streams antlanganese 0.001 150 257.61
the corresponding lower reporting limit is found in Table 1. E,‘g‘ghoms oot o900 2o oo 34148
1.4 This test method has been used successfully for treaputassium 0.6 1000 766.49
ment of a large variety of waste solutions and industrial processilver 0.006 150 328.07
liquids. The composition of such samples is highly variable 229™ o s o 9929 588.99
both between waste stream types and within a single wast@orium 0.2 250 283.73
stream. As a result of this variability, a single acid digestionTitanium 0.003 150 334.94
: anium 0.03 1000 409.01
sche_me may not be expected to succeed with all samp@gmadium 0.005 50 292 40
matrices. Certain elements may be recovered on a SeNnc 0.001 250 213.86
guantitative basis, while most results will be highly quantita-Zirconium 0.005 250 339.20
tive. A The estimated upper and lower concentration limits are to be used only as a

1.5 This standard does not purport to address all of thegeneral guide. These values are instrument and sample dependent, and as the
. . . . . sample matrix varies, these concentrations may be expected to vary also.
Safety problems, if any, associated with its use. It is the B These limits obtained using a Jarrell-Ash ICAP-9000 ICP Spectrometer.
responsibility of the user of this standard to establish appro-

priate safety and health practices and determine the applica-

bility of regulatory limitations prior to use. C 1234 Practice for Preparation of Oils and Oily Waste
Samples by High-Pressure, High-Temperature Digestion
2. Referenced Documents for Trace Element Determinatiohs
2.1 ASTM Standards: D 1129 Terminology Relating to Water

C 1109 Test Method for Analysis of Aqueous Leachates D 1193 Specification for Reagent Water .
from Nuclear Waste Materials Using Inductively Coupled E 135 Terminology Relating to Analytical Chemistry for

Plasma-Atomic Emission Spectromeiry Metals, Ores, and Related Materfals o
E 177 Practice for Use of the Terms Precision and Bias in

ASTM Test Method3
2.2 US EPA Standard:

* This test method is under the jurisdiction of ASTM Committee C-26 on Nuclear
Fuel Cycle and is the direct responsibility of Subcommittee C26.05 on Methods of

Test. I —
Current edition approved July 10, 1998. Published October 1998. Originally *Annual Book of ASTM Standardgol 11.01.
published as A111-88. Last previous edition 1111-88 (1993)* 4 Annual Book of ASTM Standardéol 03.05.
2 Annual Book of ASTM Standardgol 12.01. S Annual Book of ASTM Standardgol 14.02.
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Method 6010, Inductively Coupled Plasma Method, SW-

ulf

846, Test Methods for Evaluating Solid Wdste

3. Terminology

3.1 Definitions—For definitions of terms used in this test
method, refer to Terminology D 1129, Terminology E 135, andb
Test Method C 1109.

4. Summary of Test Method

4.1 Elements are determined, either sequentially or SImUI(:orrection of the raw data, which requires measurement of the

pterfering element at the wavelength of interest. Table 2 lists
ome interference effects for the recommended wavelengths

taneously, by inductively coupled plasma-atomic emission
spectroscopy (Method 6010, SW-846). If the sample is a clea
acidified solution, the elements are determined with no further-
pretreatment. If the sample contains undissolved solids, th
elements are determined using an aliquot of the thoroughl

mixed sample after a nitric acid digestion.

5. Significance and Use

concentrations of metals in many waste streams from vario
nuclear and nonnuclear manufacturing processes. The
method is useful for characterizing liquid wastes and liqui

C 1111

5.2 The applicable concentration ranges of the elements

analyzed by this procedure are listed in Table 1.

6. Interferences

6.1.1 Interelement

6.1 Interferences in ICP-AES are primarily spectral and can
e compensated for in the following ways:

Interferencesinterelement interfer-

ences are characterized by spectral overlap of one element line

over another. This interference can be compensated for by

given in Table 1. The data in Table 2 are intended for use only
as a rudimentary guide for indicating potential spectral inter-
Yerences. Various analytical systems may exhibit somewhat

different levels of interferences. Therefore, the interference
effects must be evaluated for each individual system.

51 This test method is useful for the determination of 6.1.2 Molecular Band Interferenee-Molecular band inter-

Jerence arising from overlap of molecular band spectra at the

tewavelength of interest can be eliminated by careful selection of

gwavelength.

wastes containing undissolved solids prior to treatment, stor- 6.1.3 High Backgroune-High background effects from
age, or stabilization. It has the capability for the simultaneous$cattered light, etc., can be compensated for by background
determination of up to 26 elements.

correction adjacent to the analyte line.

6.2 Physical Interferences-Physical interferences are ef-
fects associated with nebulization and transport processes in
© Available from the U.S. Government Printing Office, Washington, DC 20402. samples with either hlgh solids or acid concentrations. These

TABLE 2 Analyte Concentration Equivalents Arising from Interferents at the 1000 mg/L Level

Wave- Interferent, mg/L
Analyte lengths,
nm Aluminum  Chromium Copper Iron Nickel Antimony Tin Uranium Vanadium

Aluminum 308.22 0.0044 0.0199
Aluminum 237.21 -0.0022 -0.0084 0.0350
Barium 493.41
Beryllium 313.04 0.0013
Boron 249.68 0.0015
Cadmium 226.50 0.0002 -0.0004
Calcium 317.93 -0.0018
Calcium 393.37 0.0002
Chromium 267.72 0.0025 0.0018
Chromium 298.92 0.0560
Cobalt 228.62 0.0001 0.0001
Copper 324.75
Iron 259.94 0.0001 -0.0001 -0.0002
Iron 271.44 0.0039 -0.0015 0.0220
Lead 220.35 -0.0012 -0.0028 0.0002 0.0006 0.0016
Lithium 670.78 0.0003
Magnesium 279.55
Magnesium 293.65 -0.0270 —-0.1390 0.0350
Manganese 257.61 0.0002
Nickel 231.60 -0.0002 0.0003 0.0001 0.0003
Nickel 341.48 0.0027
Phosphorus 178.29 0.0002 -0.0079 0.0120 0.0004 0.0044
Potassium 766.49 0.0010 -0.0005 0.0014
Silver 328.07 0.0003
Sodium 330.29 0.0035 -0.0220 -0.0145 -0.1580
Sodium 588.99 0.0006 0.0017 0.0002
Strontium 421.55
Thorium 283.73 0.0007 0.0005 0.0049 0.0500
Titanium 334.94 0.0003
Vanadium 292.40 -0.0029 -0.0014
Zinc 213.85 0.0034 0.0001 0.0038
Zirconium 339.20 -0.0003 -0.0002 -0.0005
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effects are reduced by a tenfold dilution of the sample and thenay be needed if a second, less sensitive emission line is used
use of a peristaltic pump in conjunction with a high-solidsto extend the linear range of one or more elements. Although

nebulizer. not specifically required, some typical standard combinations
are given below when using the specific analytical wavelengths
7. Apparatus listed in Table 1.

7.1 SpectrometerAn inductively coupled plasma emission  8.4.1 Mixed Standard Solutior+Aluminum, barium, chro-
spectrometer with a spectral bandpass of 0.05 nm or less mium, copper, iron, potassium, magnesium, manganese,
required. The spectrometer may be of the simultaneous multiickel, and sodium.
element or sequential scanning type. The spectrometer may be8.4.2 Mixed Standard Solution H-Beryllium, calcium,
of the air path, inert gas path, or vacuum type, with spectralithium, silver, strontium, thorium, titanium, vanadium, and
lines selected appropriately for use with the specific instruzirconium.
ment. Either an analog or digital readout system may be used. 8.4.3 Mixed Standard Solution H-Boron, cadmium, co-

balt, lead, phosphorus, and zinc.
8. Reagents 8.4.4 Single Element StandatdA single element standard

8.1 Purity of Reagents-Chemicals used in the preparation solution is suggested for uranium due to the high probability of
of the standards must be of ultrahigh purity grade. Chemicalspectral interference with other elements.
used in the preparation of the samples shall conform to the 8.5 Interference Check SampielThe interference check
specifications of the Committee on Analytical Reagents of thesample is prepared from single element stock standard solu-
American Chemical Sociefywhere such specifications are tions to contain elements and concentrations appropriate to the
available. sample type.

8.2 Purity of Water—References to water shall be under- 8.6 Calibration Blank—The calibration blank is prepared
stood to mean reagent water conforming to Specificatiorby adding one volume of nitric acid (specific gravity 1.42) to
D 1193, Type I. nine volumes of distilled-deionized water. Prepare a sufficient

8.3 Stock Solutions-Standard stock solutions may be pur- quantity to be used for flushing the system between standards
chased or prepared from ultrahigh purity grade metals or metalnd samples.
salts (Method 6010, SW-846). The choice of materials to be 8.7 Reagent Blank-The reagent blank must contain all of
used to stock standard preparation must involve the ability ofhe reagents and in the same volumes as used in the processing
the resulting solution to remain stable for long periods of timeof the samples. The reagent blank must be carried through the
in a dilute nitric acid matrix. All salts must be driedrfd h at  complete procedure and contain the same acid concentration in
105°C unless otherwise specified. Stock solutions shoulthe final solution as the sample solution used for analysis.
contain approximately 1 000 to 10 000 mg/L of the elementof 8.8 Nitric Acid (sp gr 1.42)—Concentrated nitric acid
interest. (HNOy).

8.4 Multielement Working Calibration Standards 8.9 Nitric Acid, 10 volume %—One volume of concentrated
Multielement working calibration standards are prepared fromnitric acid (specific gravity 1.42) brought to ten volumes with
the single element stock solutions at appropriate concentratiadistilled-deionized water.
levels for each element. Prior to preparing the mixed standards, o o
each stock solution should be analyzed separately to determife Calibration and Standardization
possible spectral interference or the presence of impurities. 9.1 After a warm-up time of at least 30 min, operate the
Care should be taken when preparing each multielemergpectrometer according to the operation manual for the instru-
calibration standard solution that the elements be compatiblment.
and stable. An appropriate amount of concentrated nitric acid is 9.2 Calibrate the instrument by aspirating the blank and
added to stock standard aliquots and final volume brought tetandards. A flush-out time of approximately21to 2 min
100 mL with distilled-deionized water to ensure that the finalshould be allowed between standards, during which a calibra-
nitric acid concentration is 10 volume %. Transfer eachtion blank [10 volume % HN(] is aspirated. The computer
multielement calibration standard solution to a FEP fluorocarestablishes the slope, intercept, and correlation statistics for
bon or new polyethylene bottle for storage. Fresh calibratioreach element. Suggested analytical wavelengths are listed in
standards should be prepared as needed with the realizatidable 1.
that concentration can change with age. Calibration standards9.3 To minimize physical interferences caused by changes
must be initially verified using a quality control sample in sample transport processes (due to variations in sample
monitored weekly for stability. The actual number of calibra-viscosity and concentration), it may be necessary to use a
tion standards needed will be a function of both chemicaperistaltic pump in conjunction with certain nebulizers.
compatibility and the restrictions of the computer system used .
to control the spectrometer. Additional calibration standardsl0- Sample Preparation

10.1 samples that are clear, without solids, and have a pH <5
require no sample pretreatment.

““Reagent Chemicals, American Chemical Society Specifications,” Am. Chemi- 10.2 Samp|es that contain undissolved solids are treated as
cal Soc., Washington, DC. For suggestions on the testing of reagents not listed llows:
the American Chemical Society, see “Reagent Chemicals and Standards,” by Josep ’ . .
Rosin, D. Van Nostrand Co., Inc., New York, NY, and the “United States 10.2.1 Pipette 10 mL of the well-mixed sample to 100 mL

Pharmacopeia.” beaker and add 10 mL of HNGp gr 1.42).
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Note 1—This test method is written for analysis of solutions contain- Note 2—Many waste stream samples will not be homogenous and
ing 10 % (v/v) nitric acid. This test method can be modified to accomodatealuplicate field samples may not fall within established limits. Note this
the use of another mineral acid at a different concentration. The user musttuation in the data report.

determine the operating parameters and precision and bias under the . L.
modified Conditioﬂsl gp P 11.4 Analyze an interference check sample at the beginning

and the end of each sample run or a minimum of twice per
éight hour work shift, whichever is more frequent. This check
sample should contain, in relatively high concentration, those
Blements which are expected to be present at significant levels
in the waste stream samples and which are known interfering
I3pecies (for example, aluminum, iron, chromium, uranium,
vanadium, etc.). All other elements should be present at
relatively low levels in order to assess the quality of interfer-

10.2.2 Heat the sample on a hotplate until the volume ha
been reduced to <2 mL.

10.2.3 Quantitatively transfer the contents of the beaker to
100-mL volumetric flask while filtering undissolved solids
using 2.5 um acid washed cellulose filter paper or equivalen
add 10 mL of HNQ (sp gr 1.42), and dilute to volume with
distilled-deionized water.

10.3 Oils and oily waste samples can be prepared usingnce corrections.

Standard Practice C 1234. 11.5 Use the background and interference corrected data to
11. Procedure calculate the concentration of each element in the waste stream

111 Aspi h | di q .sample. This calculation, including the dilution factor, is
.1 Aspirate the samples, prepared in accordance W'tﬁerformed by the computer.

Section 10, into the calibrated ICP-AES using the same sample
conditions as used for the calibration procedure. L :
11.2 Analyze instrument check standards (from one of the12' Precision and Bias

working standards), blanks, and a digested internal control 12:1 Table 3 gives typical data for the analysis of a
sample at a 10% frequency or better. The results on thaimulated waste sample used to evaluate the precision and bias.

instrument check standards are to be withii0 %, and the 1he Simulated sample was prepared by spiking 10 volume %
internal control samples are to fall within established limits of {/NOs with the concentration of the elements listed in Table 3.

deviation. If the results exceed these limits, investigate thd "€ Simulated waste sample was prepared and analyzed as a
cause and take corrective action. routine sample at a frequency of one sample per week.

11.3 Take a duplicate sample in the field. Analyze both the 12-2 Results for the analysis of a blind control used to
original sample and the duplicate. Process duplicates throuﬁlValuate the precision in a typical sample matrix are given in
the entire dissolution and analysis procedure at a 10 % frelable 4. A batch of waste material was reserved for processing
quency or better. The results are to fall within established limitS the control, and the control sample was prepared and
of deviation. If the results exceed these limits, investigate th@nalyzed at a frequency of one sample per week.
cause and take corrective action. Duplicate analysis data are a
measure of an analytical and sampling reproducibility; thesd3- Keywords
data are applicable only in situations in which sample homo- 13.1 inductively coupled plasma; mixed waste; mixed
geneity is ensured. waste analysis; spectroscopy; waste treatment

TABLE 3 Estimate of Precision and Bias

Mean

Element n Accepted Value, Concentration Standard % Relativ_e ) Bias Average, ) % Bias
mg/L mg/L ’ Deviation Standard Deviation Accepted Bias/Accepted X 100

Beryllium 39 10.0 9.72 0.682 7.02 -0.280 -2.80
Boron 35 30.0 29.2 1.85 6.33 -0.778 -2.59
Cadmium 34 10.0 9.93 0.608 6.12 -0.066 -0.660
Calcium 39 50.0 52.6 3.26 6.20 2.61 5.22
Cobalt 35 10.0 9.83 0.868 8.83 -0.173 -1.73
Lead 34 10.0 9.62 0.778 8.09 -0.376 -3.76
Phosphorus 34 30.0 30.6 2.94 9.61 0.592 1.97
Silver 39 10.0 9.53 0.653 6.85 -0.473 -4.73
Strontium 39 10.0 9.93 0.585 5.89 -0.066 -0.660
Thorium 39 20.0 19.4 1.34 6.91 -0.628 -3.14
Titanium 39 10.0 10.1 0.674 6.67 0.058 0.580
Vanadium 39 10.0 9.74 0.613 6.29 -0.260 -2.60
Zinc 34 10.0 9.91 0.583 5.88 -0.086 -0.860
Zirconium 39 10.0 10.2 0.684 6.71 0.146 1.46
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TABLE 4 Estimate of Precision (Blind Control)

Mean Concen- % Relative Standard
Element n ) o
tration, mg/L Deviation

Aluminum 19 498.0 2.30
Barium 18 1.52 3.81
Beryllium 19 0.159 7.04
Boron 18 <0.04
Cadmium 18 0.407 62.7
Calcium 18 1390.0 3.86
Chromium 19 4.47 7.62
Cobalt 17 0.224 9.86
Copper 19 25.8 6.49
Iron 19 7610.0 5.46
Lead 19 4.11 15.1
Lithium 18 1.81 4.25
Magnesium 18 89.5 3.09
Manganese 18 20.6 3.67
Nickel 18 25.7 4.43
Phosphorus 17 217 105.0
Potassium 19 369.0 5.32
Silver 17 0.117 19.2
Sodium 19 80.9 2.80
Strontium 18 0.821 6.98
Thorium 19 <2.0
Titanium 19 1.90 6.19
Vanadium 19 0.871 6.14
Zinc 19 49.8 3.63
Zirconium 17 6.79 5.55

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, 100 Barr Harbor Drive, West Conshohocken, PA 19428.



