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1. Scope TABLE 1 Suggested Wavelengths and Estimated
Detection Limits #

1.1 This test method covers the determination of dissolved,

total-recoverable, or total elements in drinking water, surface Element Wavelength, nm# ~ EStimated detection fimit

B

water, domestic, or industrial wastewatées. o p——r g‘/‘;
1.2 ltis the user’s responsibility to ensure the validity of the  asenic 193.696 53
test method for waters of untested matrices. Antimony 206.833 32

1.3 Table 1 lists elements for which this test method applies, ZeMium S15.002 93
with recommended wavelengths and typical estimated instru- cagmium 226,502 2
mental detection limits using conventional pneumatic nebuli- Chromium 267.716 7
zation? Actual working detection limits are sample dependent S22 a0 :
and as the sample matrix varies, these detection limits may alsqmrﬁ’p 259.940 7
vary. In time, other elements may be added as more informa- Lead 220.353 42
tion becomes available and as required. Magnesium 279.079 30
. anganese 257.610 2

1.4 This standard does not purport to address all of the ygybdenum 202.030 8
safety concerns, if any, associated with its use. It is the Nickel 231.604 15
responsibility of the user of this standard to establish appro- /"™ ooz "
priate safety and health practices and determine the applica- thaiium 190.864 20
bility of regulatory limitations prior to usef-or specific hazard \Zlanadium ;ig-ggg 2

inc .

statements, see Note 2 and Section 9.
A The wavelengths listed are recommended because of their sensitivity and
overall acceptance. Other wavelengths may be substituted if they can provide the

2. Referenced Documents needed sensitivity and are treated with the same corrective techniques for spectral

2.1 ASTM Standards: interference (see 6.1.1).

. . B The estimated detection limits as shown are taken from Winge, Fassel, et al.*
D 1066 PraCtllce for Samp!mg Steam They are given as a guide for approximate detection limits for the listed wave-
D 1129 Terminology Relating to Watfer lengths. The actual test method instrumental detection limits are sample-

D 1192 Speciﬁcation for Equipment for Samp“ng Water dependent and may vary as the sample matrix varies (see 3.1.4).
and Steam in Closed Conduits
D 1193 Specification for Reagent Watter D 3370 Practices for Sampling Water from Closed Con-
D 2777 Practice for Determination of Precision and Bias of gyt
Applicable Test Methods of Committee D-19 on Water D 4841 Practice for Estimation of Holding Time for Water
Samples Containing Organic and Inorganic Constitients

1 This test method is under the jurisdiction of ASTM Committee D-19 on Water 3. Terminology

and is the direct responsibility of Subcommittee D19.05 on Inorganic Constituents

in Water. 3.1 Definitions of Terms Specific to This Standard:
Current edition approved Dec. 10, 1996. Published February 1997. Originally 3.1.1 calibration blank, r—a volume of water Containing

published as D 1976 — 91. Last previous edition D 1976 — 95. f : ; ;
2The detailed report of EPA Method Study 27, Method 200.7 is available fromthe same acid matrix as the calibration standards (See 11'1)'

the National Technical Information Service, 5285 Port Royal Road, Springfield, VA. 3-]:-2 calibration standards, A-a Se_ries _Of known standard
A summary of the project is available from the U.S. Environmental Protectionsolutions used by the analyst for calibration of the instrument
Agency, Environmental Monitoring and Support Laboratory, Cincinnati, OH. (preparation of the analytical curve) (see 8.11).

®Fishman, M. J. and Friedman, L., “Methods for Determination of Inorganic . . .
Substances in Water and Fluvial Sedimenty’S. Geological Survey Techniques of 3.1.3 dissolved, adj—those elements that will pass throth

Water-Resources InvestigatiorBook 5, Chapter , Open File Report 85-495, 1985, @ 0.45 pm membrane filter.

p. 659-671. 3.1.4 instrumental detection limit, -athe concentration
Winge, R. K., Fassel, V. A., Peterson, V. J. and Floyd, M. A.,“ Inductively B B ;
Coupled Plasma-Atomic Emission Spectroscopyy"Atlas of Spectral Information, e.quwalent toa Slgnal’ du.e t_O the analyte'.that IS equal to _three
Elsevier Science Publishing Co., Inc., New York, NY, 1985. times the standard deviation of a series of ten replicate
5 Annual Book of ASTM Standardsol 11.01. measures of a reagent blank signal at the same wavelength.
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3.1.5 reagent blank, Aa volume of water containing the ground contribution from stray light from line emission of high
same matrix as the calibration standards, carried through theoncentration elements.
entire analytical procedure. 6.1.1.1 The effects described in 6.1.1 can be compensated
3.1.6 total, n—the concentration determined on an unfil- for by utilizing a computer correction of the raw data, requiring
tered sample following vigorous digestion (see 12.3). the monitoring and measurement of the interfering element.
3.1.7 total-recoverable, adj-a term relating to forms of The second effect may require selection of an alternate wave-
each element that are determinable by the digestion methddngth. The third and fourth effects can usually be compensated
that is included in this procedure (see 12.2). for by a background correction adjacent to the analyte line.
3.2 Definitions—For definitions of other terms used in this  §.1.1.2 Table 2 lists some interference effects for the rec-
test method, refer to Terminology D 1129. ommended wavelengths given in Table 1. The data in Table 2
are intended for use only as a rudimentary guide for the
4. Summary of Test Method indication of potential spectral interferences. For this purpose,
4.1 Elements are determined, either sequentially or simullinear relations between concentration and intensity for the
taneously, by inductively-coupled argon plasma optical emisanalytes and the interferents can be assumed.
sion spectroscopy. 6.1.1.3 Only those interferents listed in Table 2 were inves-
4.2 A background correction technique may be used taigated. The blank spaces in Table 2 indicate that measurable
compensate for variable background contribution from highinterferences were not observed for the interferent concentra-
concentrations of major and trace elements. tions listed in Table 3. Generally, interferences were considered
o as discernible if the interferent produced interference peaks or
5. Significance and Use background shifts that corresponded to 2 to 5 % of the peaks
5.1 This test method is useful for the determination ofgenerated by the analyte concentrations also listed in Table 3.
element concentrations in many natural waters and wastewa-6.1.2 Physical interferences are generally considered to be
ters. It has the capability for the simultaneous determination oéffects associated with the sample nebulization and transport
up to 20 elements. High analysis sensitivity can be achieved fasrocesses. Such properties as change in viscosity and surface
some elements that are difficult to determine by other techtension can cause significant inaccuracies, especially in
niques. samples that may contain high dissolved solids or acid con-
centrations, or both. The use of a peristaltic pump may lessen
6. Interferences these interferences. If these types of interferences are opera-
6.1 Several types of interference effects may contribute téive, they must be reduced by dilution of these samples or
inaccuracies in the determination of trace elements. Thesatilization of standard addition techniques, or both.
interferences can be summarized as follows: 6.1.2.1 Salt buildup at the tip of the nebulizer is another
6.1.1 Spectral interferences can be categorized)asver-  problem that can occur from high dissolved solids. This salt
lap of a spectral line from another elemen®) (unresolved buildup affects aerosol flow rate that can cause instrumental
overlap of molecular band spectr8) packground contribution drift. To control this problem, wet the argon prior to nebuliza-
from continuous or recombination phenomena; afjdb@ck-  tion, use a tip washer, or dilute the sample.

TABLE 2 Analyte Concentration Equivalents, mg/L, Arising from Interferents at the 100 mg/L Level

Interferent

Analyte Wavelength, nm

Al Ca Cr Cu Fe Mg Mn Ni Ti \%
Aluminum 308.215 . 0.21 . 1.4
Antimony 206.833 0.47 . 29 0.08 . 0.25 0.45
Arsenic 193.696 1.3 . 0.44 . 11
Barium 455.403 . .
Beryllium 313.042 . . 0.04 0.05
Boron 249.773 0.04 . 0.32
Cadmium 226.502 . 0.03 0.02
Calcium 317.933 . 0.08 0.01 0.01 0.04 . 0.03 0.03
Chromium 267.716 . 0.003 . 0.04 0.04
Cobalt 228.616 . 0.03 0.005 0.03 0.15
Copper 324.754 . 0.003 0.05 0.02
Iron 259.940 . 0.12 0.12
Lead 220.353 0.17 .
Magnesium 279.079 0.02 0.11 0.13 0.002 0.25 . 0.07 0.12
Manganese 257.610 0.005 . 0.01 0.002 .
Molybdenum 202.030 0.05 0.03 . .
Nickel 231.604 . .
Selenium 196.026 0.23 0.09 .
Silicon 288.158 0.07 . 0.01
Sodium 588.995 . 0.08
Thallium 190.864 0.30
Vanadium 292.402 0.05 0.005 0.02
Zinc 213.856 0.14 0.29 .

A See Table 3 for concentrations used.
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TABLE 3 Interferent and Analyte Elemental Concentrations ~ “ Types |, Il, and Ill reagent water, and ultrapure acids. Other
Analytes mg/L Interferents mg/L grades may be used, provided it is first ascertained that the
Al 10 Al 1000 reagent is of sufficient purity to permit its use without lessening

As 10 Ca 1000 the accuracy of the determination.
. 1 o o 8.2 Purity of Water—Unless otherwise indicated, reference
Be 1 Fe 1000 to water shall be understood to mean reagent water conforming
Ca 1 Mg 1000 to Type I, 1l, or Ill of Specification D 1193. It is the analyst’'s
o 1 o o responsibility to assure that water is free of interferences.
cr 1 Ti 200 8.3 Aqua Regia—Mix three parts hydrochloric acid (sp gr
Cu 1 v 200 1.19) and one part concentrated nitric acid (sp gr 1.42) just
e ! before use.
g 1
Z'; 13 Note 2—Exercise caution when mixing this reagent.
Ni 10 8.4 Argon—Welding grade equivalent or better.
o e 8.5 Hydrochloric Acid (sp gr 1.19)—Concentrated hydro-
Se 10 chloric acid, ultrapure or equivalent.
Si 1 8.6 Hydrochloric Acid(1 + 1)—Add 1 vol of hydrochloric
v 1 acid (sp gr 1.19) to 1 vol of water.
zn 10 8.7 Nitric Acid (sp gr 1.42)—Concentrated nitric acid,
A This table indicates concentrations used for interference measurements in ultrapure or eqmvalent-
Table 2. 8.8 Nitric Acid (1 + 1)—Add 1 vol of nitric acid (sp gr 1.42)

to 1 vol of water.

Note 1—Periodic inspection and cleaning of the nebulizer and torch 8-9 Nitric Acid (1 +499)—Add 1 vol of nitric acid (sp gr
components are highly recommended. 1.42) to 499 vol of water. _ _
6.1.2.2 Reports indicate that better control of the argon ﬂowea?:.hl(()alzgglr(]t isso:iings;;wP;'Z%?éajlon of stock solutions for
rate improves instrument performance. This control of the : T : . .
b P 8.11 Mixed Calibration Standard SolutiorsPrepare mixed

argon flow rate can be accomplished with the use of mass flow ==~ - e .
controllers. calibration standard solutions by combining appropriate vol-

6.1.3 Chemical interferences are characterized by molecul €S of the St_OCk splutions in volumetric flasks (See_ Note 3).
compound formation, ionization effects, and solute vaporizal rior to preparing mixed standards, each stock solution should

tion effects. Normally these effects are not pronounced with th(?e analyzed separately to detgrmine possible spectral interfer-
ICP technique; however, if observed, they can be minimized b nce or the presence of impurities. Care should be taken when

careful selection of operating conditions (incident power,°T€Paring the mixed standards to ensure the elements are

plasma observation position, and so forth), by buffering thecompatible and stable.

sample, by matrix matching, and by standard addition proce-
dures. These types of interferences can be highly dependent on TABLE 4 Preparation of Metal Stock Solutions 48

matrix type and the specific analyte. Element (Compound) Weight, g Solvent

Al 0.1000 HCI (1 + 1)

7. Apparatus Sh 0.1000 Agqua regia
. . . ()

7.1 See the manufacturer's instruction manual for installa- £ oo X\galj:rr;goi: g NaOH
tion and operation of inductively-coupled argon plasma spec- HaBO, 0.5716 Water
trometers. cd 0.1000 HNO4(sp gr 1.42)

cr 0.1000 HCI (1 + 1)
; Co 0.1000 HNO4(1 + 1)
8. Reagents and Materials cu 0.1000 HNOL(1 + 1)

8.1 Purity of Reagents-Reagent grade chemicals shall be Fe 0.1000 HNO4(sp gr 1.42)

used in all tests. Unless otherwise indicated, it is intended that 1> PO Hivsrin
. pe . . . 3
reagents shall conform to the specifications of the Committee  wun 0.1000 HNO4(1 + 1)
on Analytical Reagents of the American Chemical Sofiety Ni 0.1000 HNO,(sp gr 1.42)
The high sensitivity of inductively-coupled argon plasma ~ (iFd=¥°0 o20es eer
. . . . . 2 4 .
atomic emission spectrometry may require reagents of higher  aqg 0.1000 HNOS(sp gr 1.42)
purity. Stock standard solutions are prepared from high purity TINOso 8-2383 Watoer( )
. - . NH,VO, .2297 HNO,(1 + 1,
metals, oxides, or nonhydroscopic reagent grade salts using 0.1000 HNOL(L + 1)

A Metal stock solutions, 1.00 mL = 100 ug of metal. Dissolve the listed weights

6 . . . . L ) of each compound or metal in 20 mL of specified solvent and dilute to 1 L. The
Reagent Chemicals, American Chemical Society Specificatidmerican metals may require heat to increase rate of dissolution.

Chemical Society, Washington, DC. For suggestions on the testing of reagents nots \where water is used as the solvent, acidify with 10 mL of HNO(sp gr 1.42)
listed by the American Chemical Society, sdealar Standards for Laboratory  and dilute to 1 L. See Section 8 for concentration of acids. Commercially available
Chemicals BDH Ltd., Poole, Dorset, U.K., and thenited States Pharmacopeia standards may be used. Alternative salts or oxides may also be used.

and National FormularyU.S. Pharmaceutical Convention, Inc. (USPC), Rockville, € Add 2 mL of HNO, (sp gr 1.42) and dilute to 1 L.

MD. P Add 1 mL of HNOg(sp gr 1.42) and dilute to 1 L.
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Note 3—Mixed calibration standards will vary depending on the 12.2.1 Transfer the sample to a beaker and add 2 mL of
number of elements being determined. An example of mixed calibratiorHN03(1 +1) and 10 mL of HCI (1 + 1) and heat on a steam
standards for the simultaneous determination of 20 elements is as f0"°WEjath or hot plate until the volume has been reduced to near 25

Mixed Standard Solution I—manganese, beryllium, cadmium, lead, and zinc mL making certain the sample does not boil. Cool the sample
Mixed Standard Solution Il—copper, vanadium, iron, and cobalt - . . . .
Mixed Standard Solution lll—molybdenum, arsenic, and selenium and if necessary filter or let insoluble material settle to avoid
Mixed Standard Solution IV—aluminum, chromium, and nickel clogging of the nebulizer. Adjust to the original sample
Mixed Standard Solution V—antimony, boron, magnesium, silver, and thal volume. To determine total-recoverable elements, proceed with

lium
. . 12.4.
8.12 Reagent Blank-This must contain all the reagents and 12.3 When determining total elements, choose a volume of

be the same volume as used in the processing of the sampleg. iveq ~ acid-preserved sample appropriate for the ex-
The reagent blank must be carried through the completgected level of elements.

procedure and contain the same acid concentration in the final 15 3 1 Transfer the sample to a beaker. Add 3 mL of

solution as the sample solution used for analysis. HNO4(sp gr 1.42). Place the beaker on a hot plate and
cautiously evaporate to near dryness, making certain that the
. _ . _sample does not boil and that no area of the bottom of the
9.1 The toxicity or carcinogenicity of each reagent used inyegker is allowed to go dry. Cool the beaker and add 5 mL of
this test method has not been precisely defined; however, eanQ3(sp gr 1.42). Cover the beaker with a watch glass and
chemical should be treated as a potential health hazargetyrn it to the hot plate. Increase the temperature of the hot
Adequate precautions should be taken to minimize personnjate so a gentle reflux action occurs. Continue heating, adding
exposure to chemicals used in this procedure. additional acid as necessary, until the digestion is complete
. (generally indicated when the digestate is light in color or does
10. Sampling not change in appearance with continued refluxing). Again,
10.1 Collect the samples in accordance with Practicevaporate to near dryness and cool the beaker. Add 10 mL of
D 1066 or D 3370 or Specification D 1192, as applicable. ~ HCI (1 + 1) and 15 mL of water per 100 mL of final solution
10.2 Preserve the samples by immediately adding nitric acidnd warm the beaker gently for 15 min to dissolve any
to adjust the pH to 2 at the time of collection. Normally, 2 mL precipitate or residue resulting from evaporation. Allow the
of HNO; is required per litre of sample. If only dissolved sample to cool, wash the beaker walls and watch glass with
elements are to be determined, filter the sample through water, and if necessary, filter or let insoluble material settle to
0.45-um membrane filter before acidification (see Note 4). Thewoid clogging the nebulizer. Adjust to the original sample
holding time for the sample may be calculated in accordancgolume. To determine total elements, proceed with 12.4.
with Practice D 4841. 12.4 Atomize each solution to record its emission intensity

Note 4—Depending on the manufacturer, some filters have been foun@' concentration. A sample rinse of HNQ + 499) is recom-
to be contaminated to various degrees with heavy metals. Care should feended between samples.
exercised in selecting a source for these filters. It is good practice to wasf lculati
. . . o . . . on
the filters with dilute nitric acid and a small portion of the sample before 3. Calculatio

9. Hazards

filtering. 13.1 Subtract reagent blanks (see 8.12) from all samples.
o o This subtraction is particularly important for digested samples
11. Calibration and Standardization requiring large quantities of acids to complete the digestion.

11.1 Calibrate the instrument over a suitable concentration 13.2 If dilutions are required, apply the appropriate dilution
range for the elements chosen by atomizing the calibratiofactor to sample values.
blank and mixed standard solutions and recording their con- 13.3 Report results in the calibration concentration units.
centrations and signal intensities. Because the precision a%. Precision and Bias’
bias for this test method was obtained using a two-point . _ )
calibration, it is recommended that the instrument be calibrated 14-1 The precision and bias data for this test method are
using this procedure as outlined in the test method. MultipleP2sed on an interlaboratory study conducted by the U.S.
point calibration standards may be used, but it is the user5nvironmental Protection Agenéy. _
responsibility to ensure the validity of the test method. Regard- 14-2 The test design of the study meets the requirements of
less of the calibration procedure used, appropriate QC i§ractice D 2777 —86 for elements listed in this test method.
required to verify the calibration curve at the anticipatedBa””m'Calc'“_m* lithium, potas§|um,5|l|ca, and sodium did r_10t
concentration range(s) before proceeding to the sample ana|91_eet the rgquwements of Practice D 2777 — 86 and are outlined
sis. It is recommended that the calibration blank and standart] APPendix X1.

be matrix matched with the same acid concentration contained 14-2-1 The test design is based on a form of the analysis of
in the samples. variance applying the approach and methods of the Youden

Unit block design. In the Youden nonreplicate approach to
12. Procedure determining the precision and bias of the analytical method,

12.1 To determine dissolved elements proceed with 12.4 pairs of samples of similar but different concentrations are

12.2 When determining total-recoverable elements, choose

a volume of a well mixed, aC|d'preserved Sample appropriate 7 Supporting data are available from ASTM Headquarters. Request RR:D-19-
for the expected level of elements. 1144,
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analyzed. The key in the Youden approach is to estimatgyhere:
precision from analyses of Youden pairs rather than throughX = mean recovery of the element,
replicate analyses. In the referenced study, five Youden pairs of = intercept,
spike materials were prepared. Six water types were includedd = slope, and

= concentration level of the element.

Only the data from reagent water and surface water ar "
presented here. Each water type was spiked with three of the 14.2.4 The precision of the test method has been related to

five Youden pairs with the exception of reagent water, whichthe overall and single analyst variation of the test method.
was Sp|ked with all five Youden pairs_ Each water Samp'e Wagquanons used to summarize precision data over concentration

prepared for analysis by both a total and a total-recoverablfP" €ach water type/digestion type/element were:
S=d+exX

digestion procedure. A total of twelve laboratories participated

in the study.
14.2.2 Type Il water was specified for this round robin.
14.2.3 Twenty-seven different elements were included in the
study and individual measurements of precision and bias were
developed for each. Bias was related to mean recovery of thavhere:
analyte. The equation used to summarize accuracy data ovehb = Single analyst standard deviation,
concentration for each water type/digestion type/element Wasg = intercept, and

= slope.
X=a+bxC

where:
S = overall standard deviation, and

S=f+gxX

The results for reagent water and surface water for these

equations are presented in Tables 5-9.
14.2.5 These data may not apply to waters of other matrices;
therefore, it is the responsibility of the analyst to ensure the

TABLE 5 Regression Equations for Bias and Precision, pg/L, Reagent Water versus Surface Water
(Aluminum, Antimony, Arsenic, Beryllium)

Note 1—X = mean recoveryC = true value for the concentration.
Water Type Aluminum Antimony Arsenic Beryllium
Total Digestion
Applicable concentration range (83 to 1434) (411 to 1406) (83 to 943) (17 to 76)
Reagent water, hard
Single-analyst precision S, = 0.05X + 3.72 S, = 0.23X-50.17 S, = 0.07X + 8.28 S, = 0.02X + 0.18
Overall precision S, = 0.07X + 9.34 S, = 0.21X-24.02 S, = 0.11X + 2.96 S, = 0.02X + 0.91
Bias X = 0.91C + 6.62 X = 0.74C + 2.27 X = 1.03C-12.03 X = 1.02C-1.92
Surface water, hard
Single-analyst precision S, = 0.00X + 40.75 S, = 0.11X-0.14 S, = 0.05X + 7.79 S, = 0.00X + 0.85
Overall precision S, = 0.10X + 67.23 S, = 0.07X + 35.71 S, = 0.10X + 10.55 S, = 0.09X-0.47
Bias X = 0.98C + 90.54 X = 0.88C-55.19 X = 1.00C - 16.02 X = 1.00C-0.89
Total-Recoverable Digestion
Applicable concentration range (83 to 1434) (411 to 1406) (83 to 943) (17 to 76)
Reagent water, soft
Single-analyst precision S, = 0.05X + 25.05 S, = 0.06X + 7.85 S, = 0.07X + 6.12 S, = 0.04X + 0.14
Overall precision S, = 0.10X + 28.72 S, = 0.05X + 20.10 S, = 012X + 2.99 S, = 0.07X-0.47
Bias X = 0.93C + 28.40 X = 0.92C - 22.46 X = 1.01C-2.08 X = 1.03C-0.73
Reagent water, soft
Single-analyst precision S, = 0.01X + 34.72 S, = 0.06X + 0.97 S, = 0.05X + 9.29 S, = 0.02X + 0.43
Overall precision S = 0.10X + 74.75 S, = 0.07X + 14.28 S, = 011X + 1.82 S, = 0.01X + 154
Bias X = 1.02C + 40.42 X = 0.95C - 34.50 X = 1.06C-7.00 X = 1.04C-2.08




TABLE 6 Regression Equations for Bias and Precision, pg/L, Reagent Water versus Surface Water
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(Boron, Cadmium, Chromium, Cobalt)

Note 1—X = mean recoveryC = true value for the concentration.

Water Type

Boron

Cadmium

Chromium

Cobalt

Total Digestion
Applicable concentration range

Reagent water, hard
Single-analyst precision
Overall precision
Bias
Surface water, hard
Single-analyst precision
Overall precision
Bias

Total-Recoverable Digestion
Applicable concentration range
Reagent water, soft
Single-analyst precision
Overall precision
Bias
Reagent water, soft
Single-analyst precision
Overall precision
Bias

(330 to 1179)

S, = -0.02X + 62.67

S = —0.02X + 75.99
X = 0.97C - 39.09

S, = 0.02X + 73.05
S, = 0.11X + 38.83
X = 0.94C + 0.99

(330 to 1179)
S, = 0.05X + 53.98

S, = 0.07X + 73.55
X = 1.10C-77.26

S, = —0.02X + 62.90

S, = 0.06X + 32.16
X = 1.07C-2.83

(18 to 776)

S, = 0.02X + 1.49
S, = 0.07X + 1.40
X = 0.98C + 0.20

S, = 0.04X + 0.23
S, = 0.08X + 1.94
X = 1.00C + 0.28

(18 to 776)

S, = 0.03X + 1.07
S, = 0.05X + 1.36
X = 1.01C + 0.45

= 0.03X + 0.18
= 0.09X + 0.17
X = 1.02C-0.58

SO
Si

(25 to 470)

S, = 0.01X + 3.74
S, = 0.02X + 472
X = 0.98C-0.96

S, = 0.01X + 2.83
S, = 0.07X + 277
X = 0.98C + 2.18

(25 to 470)

S, = 0.04X + 356
S, = 0.07X + 255
X = 1.01C-1.85

S, = 0.02X + 5.18
S, = 0.05X + 6.83
X = 0.98C + 0.30

(58 to 843)

S, = 0.04X + 1.17
S, = 0.06X + 0.21
X = 0.93C-4.34

S, = 0.03X + 1.45
S, = 0.03X-4.30
X = 0.94C-2.97

(58 to 843)

S, = 0.05X-0.22
S, = 0.06X + 2.29
X = 093C-1.01

= 0.02X + 4.80
S, = 0.05X + 4.89
X = 0.93C-0.28

o

TABLE 7 Regression Equations for Bias and Precision, pg/L, Reagent Water versus Surface Water

(Copper, Iron, Lead, Magnesium)

Note 1—X = mean recoveryC = true value for the concentration.

Water Type Copper Iron Lead Magnesium
Total Digestion
Applicable concentration range (17 to 189) (74 to 2340) (85 to 943) (73 to 4623)

Reagent water, hard
Single-analyst precision
Overall precision
Bias
Surface water, hard
Single-analyst precision
Overall precision
Bias

Total-Recoverable Digestion

Applicable concentration range

Reagent water, soft
Single-analyst precision
Overall precision

Bias

Reagent water, soft
Single-analyst precision
Overall precision

Bias

S, = 0.02X + 2.02
S, = 0.02X + 3.66
X = 0.94C-1.23

S, = 0.00X + 4.40
S, = 0.04X + 381
X = 0.98C-1.56

(17 to 189)

S, = 0.03X + 1.73
S, = 0.05X + 2.55
X = 0.98C - 4.68

S, = 0.01X + 4.43
S, = 0.03X + 4.95
X = 0.98C-1.38

S, = 0.04X + 234
S, = 0.04X + 17.09
= 0.99C- 11.50

S, = 011X + 3.13
S, = 0.14X + 26.28
X = 0.98C + 34.94

(74 to 2340)
S, = 0.08X + 1052

S, = 0.10X + 13.84
X = 1.03C-3.35

S, = 0.01X + 53.15
S, = 0.05X + 51.00
X = 1.01C + 10.13

S, = 0.03X + 456
S, = 0.01X + 18.87
X = 0.97C-3.09

S, = 0.02X + 7.44

(85 to 943)

S, = 0.05X + 4.18
S, = 0.10X + 3.09
X = 0.99C + 11.21

S, = 0.02X + 6.38
S, = 0.06X + 8.77
X = 0.98C + 3.92

S, = 0.03X + 0.24
S, = 0.04X + 17.24
X = 1.01C-5.94

= 0.02X + 58.13
S, = 0.10X + 41.28
X = 1.03C + 84.36

»

(73 to 4623)

S, = 0.05X-0.47
S, = 0.08X + 6.78
X = 1.00C-3.61

S, = 0.15X + 0.24
S, = 0.19X + 109.84
X = 0.96C + 104.38

validity of the test method in a particular matrix. Matrix effects emission spectroscopy; simultaneous determination
and potential contamination encountered in this study can be
found in Appendix X2.
15. Keywords
15.1 elements; inductively-coupled argon plasma atomic
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TABLE 8 Regression Equations for Bias and Precision, pg/L, Reagent Water versus Surface Water
(Manganese, Molybdenum, Nickel, Selenium)

Note 1—X = mean recoveryC = true value for the concentration.

Water Type Manganese Molybdenum Nickel Selenium
Total Digestion
Applicable concentration range (17 to 943) (73 to 1094) (43 to 943) (83 to 755)

Reagent water, hard
Single-analyst precision
Overall precision
Bias
Surface water, hard
Single-analyst precision
Overall precision
Bias

Total-Recoverable Digestion
Applicable concentration range
Reagent water, soft
Single-analyst precision
Overall precision
Bias
Reagent water, soft
Single-analyst precision
Overall precision
Bias

S, = 0.02X + 0.50
S, = 0.04X + 0.93
X = 0.97C-1.46

S, = 0.01X + 3.44
S, = 0.03X + 4.69
X = 0.95C + 2.06

(17 to 943)

S, = 0.04X + 0.29
S, = 0.06X + 0.86
X = 0.98C-0.78

S, = 0.04X + 2.90
S, = 0.07X + 5.85
X = 0.97C-0.02

S, = 0.04X + 0.97
S, = 0.08X-1.77
X = 097C-2.93

S, = 0.06X-2.60
S, = 0.09X-2.27
X = 0.96C + 1.30

(73 to 1094)
S, = 0.06X + 058

S, = 0.06X + 6.49
X = 0.99C-6.78

S, = 0.02X + 455
S, = 0.02X + 7.08
X = 1.02C-5.90

S, = 0.00X + 9.15
S, = 0.04X + 6.46
X = 0.98C-2.93

S, = 0.01X + 3.39
S, = 0.03X + 6.43
X = 0.98C + 1.17

(43 0 943)

S, = 0.05X + 1.98
S, = 0.06X + 3.33
X = 1.00C-0.66

S, = 0.04X + 035
S, = 0.05X + 3.29
X = 0.96C + 4.20

S, = 0.04X + 3.82
S, = 0.11X + 13.14
X = 092C-0.48

S, = 0.03X + 7.53

S, = 013X + 15.91

X = 0.91C + 6.31
(83 to 755)

S, = 0.06X + 4.00

S, = 0.14X + 15.64

X = 0.97C + 0.36

S, = 0.05X + 3.05
S, = 0.12X-0.02
X = 0.95C-3.25

TABLE 9 Regression Equations for Bias and Precision, pg/L, Reagent Water versus Surface Water

(Silver, Thallium, Vanadium, Zinc)

NoTe 1—X = mean recoveryC = true value for the concentration.

Water Type Silver Thallium Vanadium Zinc
Total Digestion
Applicable concentration range (17 to 189) (126 to 953) (41 to 1877) (68 to 759)

Reagent water, hard
Single-analyst precision
Overall precision
Bias
Surface water, hard
Single-analyst precision
Overall precision
Bias

Total-Recoverable Digestion
Applicable concentration range
Reagent water, soft
Single-analyst precision
Overall precision
Bias
Reagent water, soft
Single-analyst precision
Overall precision
Bias

S, = 0.22X-2.05
S, = 0.64X-6.71
X = 0.29C + 9.78

S, = 0.16X-0.33
S, = 0.46X-3.07
X = 1.02C-4.12

(17 to 189)

S, = 0.15X + 1.35
S, = 0.83X-12.00
X = 0.23C + 13.92

S, = 0.07X + 0.17
S, = 0.08X + 1.45
X = 0.79C + 3.44

S, = 0.00X + 24.72
S, = 0.07X + 25.10
X = 0.93C-16.28

S, = 0.06X-1.59
S, = 0.06X + 3.70
X = 0.90C - 15.59

(126 to 953)
S, = 0.02X + 33.81

= 0.07X + 30.95
X = 0.87C + 12.93

%)

S, = 0.14X-1.80
S, = 0.15X-0.58
X = 0.84C-6.86

S, = 0.03X-0.28
S, = 0.05X + 3.80
X = 0.97C-1.85

S, = 0.02X + 4.71
S, = 0.06X + 3.10
X = 1.00C-2.07

(41 to 1877)

S, = 0.05X + 0.78
S, = 0.06X + 5.41
X = 0.97C-1.32

S, = 0.01X + 1.86
S, = 0.05X + 4.97
X = 0.98C-1.14

S, = 0.00X + 8.29
S, = 0.02X + 1091
X = 0.97C-3.04

S, = -0.00X + 5.17
S, = 0.05X + 7.17
X = 0.98C + 057

(68 to 759)

S, = 0.06X + 2.52
S, = 0.05X + 7.98
X = 1.02C-8.32

= 0.01X + 9.04
S, = 0.00X + 16.57
X = 1.01C-8.67

i)

APPENDIXES
(Nonmandatory Information)

X1. ADDITIONAL TEST ELEMENTS BY INDUCTIVELY-COUPLED ARGON PLASMA
ATOMIC EMISSION SPECTROSCOPY

X1.1 Table X1.1 is provided as a guide for suggested X1.2 Table X1.2 is provided as a guide for preparation of
wavelengths and detection limits. metal stock solutions.
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TABLE X1.1 Suggested Wavelengths and Estimated
Detection Limits

Element Wavelength, nmA Estimated detection limit,
Hg/L®
Barium 455.403 2
Calcium 317.933 10
Lithium 670.784 4
Potassium 766.491 c
Silica 288.158 27
Sodium 588.995 29

A The wavelengths listed are recommended because of their sensitivity and
overall acceptance. Other wavelengths may be substituted if they can provide the
needed sensitivity and are treated with the same corrective techniques for spectral
interference (see 6.1.1).

B The estimated detection limits as shown are taken from Winge, Fassel, et al.
They are given as a guide for approximate detection limits. The actual method
instrumental detection limits are sample dependent and may vary as the sample
matrix varies (see 3.1.4).

€ Highly dependent on operating conditions and plasma position.

TABLE X1.2 Preparation of Metal Stock Solution %

Element (Compound) Weight, g Solvent
BaCl, ¢ 0.1516 HCI (1 + 1)
CaCo,; ° 0.2498 Water + HCI (1 + 1)
Li,CO, 0.1907 HNO4(1 + 1)
KCI 0.5323 Water
Na,SiO5-5H,0 0.3531 Water
NaCl 0.2542 Water

A Metal stock solutions, 1.00 mL = 100 g of metal. Dissolve the listed weights
of each compound or metal in 20 mL of specified solvent and dilute to 1 L. The
metals may require heat to increase rate of dissolution.

B Where water is used as the solvent, acidify with 10 mL of HNO4(sp gr 1.42)
and dilute to 1 L. See Section 8 for concentration of acids. Commercially available
standards may be used. Alternate salts or oxides may also be used.

€ Dry for 1 h at 180°C.

PDry for 1 h at 180°C. Add to approximately 600 mL of water and dissolve
cautiously with a minimum of dilute HCI. Dilute to 1 L with water.

X2. PRECISION AND BIAS

X2.1 Study data sets for potassium, lithium, sodium, X2.4 The following elements have shown some matrix
thallium, and silicon were limited due to either the small effect of practical importance due to water type: aluminum,
number of laboratories reporting data for the element or to amarium, beryllium, boron, cobalt, copper, iron, magnesium,
unusually high percentage of rejected data. Regressiofanganese, nickel, selenium, silver, strontium, vanadium, and
equations and summary statistics for these elements mustinc.
therefore, be used with prudence.

X2.5 Digestion was shown to have an effect on accuracy or

X2.2 Low concentration level data for aluminum, boron, o .
precision or both on some of the elements studied.

and silicon were affected by contamination of the spiking
material from the borosilicate glass ampules used in the study. ) ) o )
Precision and bias for low concentration spikes for these X2-6 High solids or MAK-type nebulization for high
elements were poorer than expected due to this dificulty. ~ dissolved solids samples was less prone to difficulties than
standard, fixed cross-flow or concentric nebulizers.

X2.3 High levels of some elements in specific effluents
made evaluation of data for precision and bias difficult. This
problem was inherent in the study design and selection of real
world effluents.

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.
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