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QHW Designation: D 5673 — 96

Standard Test Method for
Elements in Water by Inductively Coupled Plasma—Mass
Spectrometry *

This standard is issued under the fixed designation D 5673; 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 epsilone] indicates an editorial change since the last revision or reapproval.

1. Scope TABLE 1 Recommended Analytical Mass and Estimated

. . . . Instrument Detection Limits

1.1 This test method covers the determination of dissolved - — —

H H H ecommende stimated Instrument
elements in ground water, surface water, and drinking water. It Element Analytical Mass Detection Limit, jg/L *
may also be used for the determination of total—recoverabh/iIuminum p- 008
elements in these waters as well as wastevrater. ~ Antimony 121 0.08

1.2 This test method should be used by analysts experiencedenic 75 0.9

in the use of inductively coupled plasma—mass spectrometrgwmm 13; 8-?
(ICP-MS), the interpretation qf spectrgl and matrix interfer- cagmium 111 01
ences and procedures for their correction. Chromium 52 0.07
1.3 Itis the user's responsibility to ensure the validity of thegggsgr p 003
test method for' waters of untested' matrices.  Lead 206, 207, 208 008
1.4 Table 1 lists elements for which the test method appliesylanganese 55 0.1
with recommended masses and typical estimated instrumentgpyodenim » o
detection limits using conventional pneumatic nebulization.sejenium 82 50
Actual working detection limits are sample dependent and, asilver 107 0.05
the sample matrix varies, these detection limits may also vary 2" o 009
In time, other_ elements may b_e added as more informatioQanium 238 0.02
becomes available and as required. Vanadium 51 0.02
Zinc 66 0.2

1.5 This standard does not purport to address all of the
safety concerns. if any. associated with its use. It is the Alnstrument detection limits (30) estimated from seven replicate scans of the
e ! ' . . blank (1 % v/v HNO3) and three replicate integrations of a multi-element standard.
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.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 calibration blank—a volume of water containing the
same acid matrix as the calibration standards (see 11.1).

3.2.2 calibration shock solution-a solution prepared from
the stock standard solution(s) to verify the instrument response
with respect to analyte concentration.

3.2.3 calibration standards-a series of known standard
solutions used by the analyst for calibration of the instrument
(that is, preparation of the analytical curve) (see Section 11).
3.2.4 dissolved—those elements that will pass through a

2. Referenced Documents

2.1 ASTM Standards:

D 1066 Practice for Sampling Stedm

D 1129 Terminology of Terms Relating to Water

D 1192 Specification for Equipment for Sampling Water
and Steam in Closed Condufts

D 1193 Specification for Reagent Water

D 3370 Practices for Sampling Water from Closed Con'0.45-um membrane filter.

duits’ 3.2.5 instrumental detection limitthe concentration
3. Terminology equjvglent to a signal which is equal to three time; the standard
deviation of the blank signal at the selected analytical mass(es).
3.2.6 internal standard—pure analyte(s) added in known
amount(s) to a solution. This is used to measure the relative
instrument response to the other analytes that are components
! This test method is under the jurisdiction of ASTM Committee D-19 on WaterOf the same solution. The internal standards must be analytes
and is the direct responsibility of Subcommittee D19.05 on Inorganic Constituentdhat are not a sample component.

3.1 Definitions—For definitions of other terms used in this
test method, refer to Terminology D 1129.

in Water. 3.2.7 method detection limi-the minimum concentration
Current edition approved Feb. 10, 1996. Published April 1996. : s :
2 EPA Test Method: Determination of Trace Elements in Waters and Wastes bgf %n analyte that can be |dent|f|ed, measureq an(.j reported with
Inductively Coupled Plasma—Mass Spectrometry, Method 200.8. 9 % confidence that the analyte concentration Is greater than

2 Annual Book of ASTM Standardéol 11.01. zero. This confidence level is determined from analysis of a

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.
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sample in a given matrix containing the analyte(s).
3.2.8 quality control reference solutiera solution with the

TABLE 2 Recommended Analytical Isotopes and Additional

Masses That Are Recommended To Be Monitored

certified concentration(s) of the analytes, prepared by an Isotope # Element of Interest
independent laboratory, and used for a verification of the 27 Aluminum
instrument’s calibration. % 123 ﬁggfr‘;’c”y
3.2.9 reagent blank-a volume of water containing the 135,137 Barium
same matrix as the calibration standards, carried through the 9 Berylium
entire analytical procedure. 106, 108, 111, 114 Cadmium
. 52, 53 Chromium
3.2.10 total-recoverable—a term relating to forms of each 59 Cobalt
element that are determinable by the digestion method included 63, 65 Copper
in this procedure (see 12.2). 206, 207, 208 Lead
. . . . . 55 Manganese
3.2.11 tuning solutior—a solution that is used to.dete.rmme 95, 97,98 Molybdenum
acceptable instrument performance prior to calibration and 60 62 Nickel
H 77,82 Selenium
sample analysis. 107" 109 vor
203, 205 Thallium
4. Summary of Test Method 232 Thorium
4.1 This test method describes the multi-element determi- % pranum
nation of trace elements by inductively 'cou'pled plgsmg—_mass 66, 67, 68 Zinc
spectrometry (ICP-MS). Sample material in solution is intro- 83 Krypton
duced by pneumatic nebulization into a radiofrequency plasma 22 ?:ﬁgz:‘;‘r’nm

where energy transfer processes cause desolvation, atomiza-

118

Tin

tion, and ionization. The ions are extracted from the plasma “Isotopes recommended for analytical determination are underlined. These
through a differentially pumped vacuum interface and S€Pamasses were recommended and are reflected in the precision and bias data.
rated on the basis of their mass-to-charge ratio by a quadrupoféemate masses may be used but interferences must be documented.

mass spectrometer. The ions transmitted through the quadru-

pole are detected by a continuous dynode electron multiplier ) .

assembly and the ion information processed by a data handlirfyf! d&ta obtained under such conditions must be corrected by
system. Interferences relating to the technique must be recogi€@suring the signal from another isotope of the interfering
nized and corrected for (see Section 7 on interferences). Su&iément and subtracting the appropriate signal ratio from the
corrections must include compensation for isobaric elementafOtoPe of interest. A record of this correction process should
interferences and interferences from polyatomic ions derive@€ included with the report of the data. It should be noted that
from the plasma gas, reagents, or sample matrix. InstrumentéPCh corregtlons WI!| only be as accurate as the accuracy of the
drift as well as suppressions or enhancements of instrumel‘ﬁOIOpe ratio used in the elemental equation for data calcula-

response caused by the sample matrix must be corrected for §9ns: Relevant isotope ratios and instrument bias factors
the use of internal standardization. should be established prior to the application of any correc-

tions.
5. Significance and Use 6.1.2 Abundance SensitivityAbundance sensitivity is a

5.1 The test method is useful for the determination ofproperty defining the degree to which the wings of a mass peak
element concentrations in many natural waters and wastew&ontribute to adjacent masses. The abundance sensitivity is
ters. It has the capability for the determination of up to 20affected by ion energy and quadrupole operating pressure.
elements. High analysis sensitivity can be achieved for som#ving overlap interferences may result when a small ion peak
elements that are difficult to determine by other techniques. is being measured adjacent to a large one. The potential for

these interferences should be recognized and the spectrometer
6. Interferences resolution adjusted to minimize them.

6.1 Several types of interference effects may contribute to 6.1.3 Isobaric Polyatomic lon Interferenceslisobaric poly-
inaccuracies in the determination of trace elements. Thesatomic ion interferences are caused by ions consisting of more
interferences can be summarized as follows: than one atom that have the same nominal mass-to-charge ratio

6.1.1 Isobaric Elemental Interferenceslsobaric elemental as the isotope of interest, and which cannot be resolved by the
interferences are caused by isotopes of different elementsass spectrometer in use. These ions are commonly formed in
which form singly or doubly charged ions of the same nominalthe plasma or interface system from support gases or sample
mass-to-charge ratio and which cannot be resolved by the massmponents. Most of the common interferences have been
spectrometer in use. All elements determined by this tesidentified, and these are listed in Table 3 together with the
method have, at a minimum, one isotope free of isobarieanethod elements affected. Such interferences must be recog-
elemental interference. Of the analytical isotopes recomnized, and when they cannot be avoided by the selection of an
mended for use with this test method (see Table 2), onhalternative analytical isotope, appropriate corrections must be
molybdenum-98 (ruthenium) and selenium-82 (krypton) havemade to the data. Equations for the correction of data should be
isobaric elemental interferences. If alternative analytical isoestablished at the time of the analytical run sequence as the
topes having higher natural abundance are selected in order pmlyatomic ion interferences will be highly dependent on the
achieve greater sensitivity, an isobaric interference may occusample matrix and chosen instrument conditions.
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TABLE 3 Common Molecular lon Interferences effects), at the point of aerosol formation and transport to the
Background Molecular lons plasma (for example, surface tension), or during excitation and
Molecular lon Mass Element Interference A ionization processes within the plasma itself. High levels of
NH * 15 dissolved solids in the sample may contribute deposits of
OH* 17 material on the extraction, or skimmer cones, or both, reducing
8”3* ;i the effective diameter of the orifices and, therefore, ion
oN* 26 - transmission. Dissolved solids levels not exceeding 0.2 %
co* 28 (w/v) have been recommended to reduce such effects. Internal
szi; ;g standardizgtion_ may be effectively used to compensate for
NO * 30 - many physical interference effects. Internal standards should
NOH * 31 have similar analytical behavior to the elements being deter-
82H*+ 2 mined.
oA + 37 - 6.1.5 Memory Interferences-Memory interferences result
36AMH * 39 when isotopes of elements in a previous sample contribute to
‘;)é;'f ji - the signals measured in a new sample. Memory effec_ts can
COH * a5 Sc result from sample deposition on the sampler and skimmer
ArC*, ArO * 52 cr cones, and from the buildup of sample material in the plasma
ﬁm;* Z;‘ “C/Ifn torch and spray chamber. The site where these effects occur is
AIO * 56 dependent on the element and can be minimized by flushing the
ArOH * 57 system with a rinse blank consisting of HN@+49) in water
122:22’;: e e between samples. The possibility of memory interferences
4o0pr, * 80 Se should be recognized within an analytical run and suitable rinse

times should be used to reduce them. The rinse times necessary
for a particular element should be estimated prior to analysis.

Matrix Molecular lons

Chloride

BEIO 51 v This may be achieved by aspirating a standard containing
35CIOH * 52 cr elements corresponding to ten times the upper end of the linear
37, + . .
372:8H . gi g range for a normal sample analysis period, followed by
Ar 3501+ 75 As analysis of the rinse blank at designated intervals. The length of
Ar27cl 77 Se time required to reduce analyte signals to within a factor of ten

Supree, " of the method detection limit should be noted. Memory
s250p + 49 B interferences may also be assessed within an analytical run by
zzso+ 50 V, Cr using a minimum of three replicate integrations for data
o o v acquisition. If the integrated signal values drop consecutively,
Ardze 72 the analyst should be alerted to the possibility of a memory
Ar 3% * 74 effect, and should examine the analyte concentration in the

Phggpt‘ate a7 previous sample to identify if this was high. If a memory
POH * 28 B interference is suspected, the sample should be re-analyzed
PO, * 63 Cu after a long rinse period.
ArP * 71

GrZLrJ';\JIaI,JI Metals o o 7. Apparatus
AK™ 79 7.1 Inductively Coupled Plasma—Mass Spectrometer

e 8 Instrument capable of scanning the mass range 5 to 250 amu
Tio 62 to 66 Ni, Cu, Zn with a minimum resolution capability of 1 amu peak width at
Zro 106 to 112 Ag, Cd 5 % peak height. Instrument may be fitted with a conventional
Moo 108 to 116 cd or extended dynamic range detection system. See manufactur-
pMethod elements or internal standards affected by molecular ions. ers instruction manual for installation and operation.
Oxide interferences will normally be very small and will only impact the method

elements when present at relatively high concentrations. Some examples of matrix

oxides are listed of which the analyst should be aware. It is recommended that Ti 8. Reagents

and Zr isotopes be monitored if samples are likely to contain high levels of these 8.1 Purity of Reagents—Reagent grade chemicals shall be

elements. Mo is monitored as a method analyte. . . 2 L
used in all tests. Unless otherwise indicated, it is intended that

reagents shall conform to the specifications of the committee

6:1.4 Physical Interfgrences—Physical interferences are as- on ana|ytica| reagents of the American Chemical Socfety’
sociated with the physical processes that govern the transport
of the sample into the plasma, sample conversion processes i
the plasma, and the transmission of ions through the plasma— 4 reagent Chemicals, American Chemical Society Specificatiomerican
mass spectrometer interface. These interferences may resultGhemical Society, Washington, DC. For suggestions on the testing of reagents not
B R isted by the American Chemical Society, sAmalar Standards for Laboratory
dk:ﬁere?ces.between mStrumhent. I’eIS.ponS]:eS for the sample a. emicals BDH Ltd., Poole, Dorset, U.K., and thédnited States Pharmacopeia
the calibration standards. P ysica interferences may OCCUr Ifhg National FormularyU.S. Pharmaceutical Convention, Inc. (USPC), Rockville,

the transfer of solution to the nebulizer (for example, viscositymp.
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where such specifications are available. The high sensitivity afolutions in volumetric flasks (see Note 1). Prior to preparing
inductively coupled plasma—mass spectrometry may requirenixed standard solutions, each stock solution needs to be
reagents of higher purity. Stock standard solutions are preparethalyzed separately to determine possible interferences on the
from high-purity metals, oxides, or non-hydroscopic reagenbther analytes or the presence of impurities. Care needs to be
grade salts using Type |, Il, or lll reagent water and ultrapurdaken when preparing the mixed standard solutions to ensure
acids. Other grades may be used provided it is first ascertainddat the elements are compatible and stable.
Ithat th? re?hgent is of SumeItehm gutmy t.o pt('ermlt its use without Note 1—Mixed Calibra_ltion stand_ards will vary, _depending on the
essenlng' € accuracy ol the de erm_ma_'on.' number of elements being determined. Commercially prepared mixed
8.2 Purity of Water—Unless otherwise indicated, reference cajibration standards of appropriate quality may be used. An example of
to water shall be understood to mean reagent water conformingixed calibration standards for 20 elements is as follows:
to Type I, Il, or Il of Specification D 1193. It is the analyst’'s
responsibility to insure that water is free of interferences.

Mixed Standard Solution | Mixed Standard Solution Il

8.3 Argon—High purity grade (99.99 %). Aluminum Manganese Barium
8.4 Hydrochloric Acid (sp gr 1.19)—Concentrated hydro- Anamony Moybdenum Silver
chloric acid (HCI), ultrapure or equivalent. Beryllium Selenium
8.5 Hydrochloric Acid (1+1)—Add one volume of hydro- Cadmium Thallium
chloric acid (sp gr 1.19) to 1 volume of water. Chromium {norium
8.6 Nitric Acid (sp gr 1.42)—Concentrated nitric acid Copper Vanadium
Lead Zinc

(HNOy), ultrapure or equivalent.
8.7 Nitric Acid (1+1)—Add one volume of nitric acid (sp gr ~ Prepare multi-element mixed standard solutions | and Il (1
1.42) to 1 volume of water. mL = 10 pg) by pipeting 1.00 mL of each single element stock
8.8 Nitric Acid (1+49)—Add one volume of nitric acid (sp solution (see Table 4) onto a 100 mL volumetric flask. Add 50
gr 1.42) to 49 volumes of water. mL of HNO4(1+99) and dilute to 100 mL with HNG1 + 99).
8.9 Nitric Acid (1+99)—Add one volume of nitric acid (sp  8.13 Reagent Blank-This solution must contain all the
gr 1.42) to 99 volumes of water. reagents and be the same volume as used in the processing of
8.10 Stock Solutions-Preparation procedures for stock so- the samples. Carry reagent blank through the complete proce-
lutions of each element are listed in Table 4. dure. Reagent blank must contain the same acid concentration
8.11 Ammonium Hydroxidg(sp gr 0.902)—Concentrated in the final solution as the sample solution used for analysis.
ammonium hydroxide (NEDH), ultrapure or equivalent. 8.14 Internal Standards-Internal standards are recom-
8.12 Mixed Standard SolutiorsPrepare mixed standard mended in all analyses to correct for instrument drift and
solutions by combining appropriate volumes of the stockphysical interferences. A list of acceptable internal standards is
provided in Table 5. For full mass range scans use a minimum

TABLE 4 Preparation of Metal Stock Solutions 4 of three internal standards with the use of five suggested. Add

Elementor  Weight, internal standards to blanks, samples and standards in a like
Solvent . .

Compound 9 manner. A concentration of 100 ug/L of each internal standard

Al 0.1000 10 mL of HCI (sp gr 1.19) + 2 mL of HNO4(sp gr is recommended.
1.42)
Sbh 0.1000 0.5 mL of HCI (sp gr 1.19) + 2 mL of HNO4(1 + 1) 9. Hazards
As,04 0.1320 1 mL of NH,OH (sp gr 0.902) + 50 mL of H,O o . o .
BaCO, 0.1437 2 mL of HNO(sp gr 1.42) + 10 mL of H,O 9.1 The toxicity or carcinogenicity of each reagent used in
BeSO,4H,0  1.9650 50 mL of H,0, add 1 mL of HNO(sp gr 1.42) this test method has not been precisely defined; however, each
Bi,O4 0.1115 5 mL of HNO4(sp gr 1.42) h ical should b d ial health h d
cd 01000 5 mL of HNOL(1 + 1) chemical should be treated as a potenFla. | ealt azard.
Cro, 0.1923 1 mL of HNO4(sp 1.42) + 10 mL H,0 Adequate precautions should be taken to minimize exposure of
co 0.1000 5 mL of HNO,(1 + 1) personnel to chemicals used in this test method.
Cu 0.1000 5 mL of HNO5(1 + 1)
In 0.1000 10 mL of HNO4(1 + 1) .
PHNO, 0.1599 5 mL of HNO4(L + 1) 10. Sampling
MgO 0.1658 10 mL of HNO;(1 + 1) 10.1 Collect the samples in accordance with the applicable
Mn 0.1000 5 mL of HNO4(1 + 1)
MoO4 0.1500 1 mL of NH,OH (sp gr 0.902) + 10 mL of H,O
Ni 0.1000 5 mL of HNOg(sp gr 1.42) TABLE 5 Internal Standards and Limitations of Use
Sc,0,4 0.1534 5 mL of HNO,(1 + 1) —
Se0, 0.1405 20 mL of H,0 Internal Standard Mass Possible Limitation
Ag 0.1000 5 mL of HNOg(1 + 1) Lithium 6 May be present in samples
Tb,O-, 0.1176 5 mL of HNO4(sp gr 1.42) Scandium A 45 Polyatomic ion interference
TINO4 0.1303 1 mL of HNO4(sp gr 1.42) + 10 mL of H,O Yitrium A 89 May be present in samples
Th(NO,),-4H,0  0.2380 20 mL of H,O Rhodium 103
UO,(NO3),-6H,0 0.2110 20 mL of H,O Indium 4 115 Isobaric interference by Sn
\% 0.1000 5 mL of HNO,(1 + 1) Tarbium A 159
Y,0,4 0.1270 5 mL of HNO4(1 + 1) Holmium 165
Zn 0.1000 5 mL of HNO,(1 + 1) Lutetium 175
Bismuth A 209 May be present in samples

AMetal stock solutions, 1.00 mL = 1000 g of metal. Dissolve the listed weights
of each metal or compound as specified in Table 4, then dilute to 100 mL with
water. The metals may require heat to increase rate of dissolution. Commercially
available standards may be used. Alternate salts or oxides may also be used.

Alnternal standards recommended for use with this test method. It is also
recommended when analyzing a new sample matrix that a scan for the presence
of internal standards be performed.
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standards, Practice D 1066, Specification D 1192, or Practices  TABLE 6 Recommended Elemental Equations for Data

D 3370. Calculation
10.2 Preserve the samples at the time of collection by Element Elemental Equation” Note
immediately adding nitric acid (sp gr 1.42) to adjust the pH to Al (1.000) ¢7C)
: ; ; Sb (1.000) (*?*C)
2. Normally, 2 mL of HNQ(sp gr 1.42) is required per litre of o (L1000) (50 - (3.127) [(7C) - (0.815) 20)] 5
sample. If only dissolved elements are to be determined, filter g, (1.000) (*37C)
the sample through a 0.45-um membrane filter before acidifi- Be (1.000) (iﬁ) . " -
cation (see Note 2). o 8:888; ESZc?_(l'm) (rarenatral o
Note 2—Depending on the manufacturer, some filters have been found g‘: 8-888; Ezzg
to be _contgmlnateq to various degrees W|_th heavy metals. C_are‘ should be b (1:000) (2950) + (1.000) (27C) + (1.000) (2°°C) .
exercised in selecting a source of these filters. A good practice is to wash (1.000) (5C)
the filters first with HNQ(1+99) and then with 50 mL of the sample Mo (1.000) (°3C) - (0.146) (°°C) F
before filtering. Ni (1.000) (°°C)
Se (1.000) (82C) G
11. Calibration and Standardization Ag (1.000) (*°7C)
. . Tl (1.000) (2°5C)
11.1 Calibrate the instrument for the elements chosenovera  Th (1.000) (**2C)
suitable concentration range by atomizing the calibration blank U (1.000) (ijsc) - . -
and mixed standard solutions and recording their concentra- 3 g:ggg; Eseg"(&m) [*°C) - (0.113) (O]
tions and signal intensities. It is recommended that a minimum Kr (1.000) (%)
of three standards and a blank be used for calibration with one  Pd (1.000) (*%%)
of the standards at three to five times the elements’ MDL. It is z;‘ g;gggg Eng)
recommended that the calibration blank and standards be s (1.000) (2°°C) !
matrix matched with the same acid concentration contained in éﬂ (1-8882)(1155%) - (0.016) (***Q) p
the samples. Analyze appropriate reference solutions to vali- TE 8:000) )(J.(sgc))
date the calibration of the instrument before proceeding to the \% (1.000) (®°C) !
Sample analysis. A C = calibration blank subtracted counts at specified mass.
BCorrection for chloride interference with adjustment for Se77. ArCl 75/77 ratio
12. Procedure may be determined from the reagent blank.

. . € Correction for MoO interference. An additional isobaric elemental correction
12.1 To determine dissolved elements, add 1 mL of concenshould be made if palladium is present.

trated HNQ(sp gr 1.42) to 100 mL of filtered, acid_preserved Pin 0.4} %.v/v HCI, the ba}ckground from CIOH will normally be small. However
sample. Proceed with 12.3, 1 oo, ey be stmated o e eagent bk

12.2 When determining total-recoverable elements, use 1007 sobaric elemental correction for ruthenium.

mL of a well mixed, acid-preserved sample appropriate for the :zsigmg arkgon sugpliebst cort1ltain krypton as an impurity. Selenium is corrected for
eXpeCted level of elements Containing not more than 0.25 (%r” Co):re?t(i:ogrf?;nchlsoliidﬁtrzltlg?férence with adjustment for Cr53. CIO 51/53 ratio
(w/v) total solids. may be determined from the reagent blank.

12.2.1 Transfer the sample to a 125 mL (or larger) beaker or 'J’:’gﬁﬁcpﬁnﬁg;gli’gg’;{gﬁ'}f‘! t?:mp'es-
flask and add 2 mL of HNG{1+1) and 1 mL HCI (1+1) and  «pgyyatomic ion interference. '
heat on a steam bath or hot plate until the volume has been
reduced to near 25 mL, making certain the sample does not
toil. C_:ool the sample,. and If necessary, filter or let in;olublea continuing check on method reference sample recovery, and
o e e o A f calbaton ek standar eyt anlyses as

. ; : : . continuing check on calibration curve (measured values should
ments, proceed with 12.3. This method is suitable for the % of trati
determination of silver in agueous samples containing concenr10t exceedt10 % o co.nc':gn ration). o
trations up to 0.1 mg/L. For the analysis of samples containing 12-4.1 Demonstrate initial, and continuing, method perfor-
higher concentrations of silver, succeeding smaller volumehance every six months by digesting seven spiked reagent
well mixed sample aliquots must be prepared until the analysi¥/ater samples at two through five times estimated detection
solution contains < 0.1 mg/L silver. limit to determine method detection limits (MDL).

12.3 Atomize each solution and record signal’s intensity or 12.4.2 Determine detection limits annually or whenever a
calculated concentration for each mass of interest. Atomize gignificant change in background or instrument response is
rinse blank consisting of HN{Q1+49) in water between expected.
samples.

12.4 Minimum quality control requirements for this method
include: initial demonstration of method performance, moni- where:
toring of internal standard area counts in each sample (area df = studentst value for a 99 % confidence level and with
internal standard should be within 60-125% of area in n-1 degrees of freedont € 3.14 for seven replicates),
calibration blank), analysis of one reagent blank with each set and
of samples as continuing check on sample contaminations = standard deviation of the replicate analyses.

analysis of a quality control sample with each set of samples as

MOL = (1) X (S)



TABLE 7 Regression Equations for Bias and Precision, pg/L, Reagent Water
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Element Applicable Range Bias Overall Precision Single Analyst Precision
Antimony 2.80 to 100 X=0.999C + 0.04 S,=0.013X+0.61 S,=0.022X+0.20
Arsenic 8.00 to 200 X=1.013C + 0.50 S5,=0.031X+2.74 S,=0.007X+2.95
Barium 8.01 to 200 X=1.001C-0.36 S,=0.039X+0.31 S,=0.024X+0.25
Beryllium 2.80 to 100 X=1.056C + 0.32 S,=0.067X+0.55 S,=0.038X+0.11
Cadmium 4.00 to 100 X=1.007C + 0.07 S5,=0.041X+0.19 S,=0.022X+0.10
Chromium 8.00 to 200 X=1.017C+ 0.62 S,=0.066X+ 0.48 S,=0.026X+1.25
Cobalt 0.80 to 101 X=0.977C+0.01 S,=0.28X+0.06 S,=0.027X+0.02
Copper 4.01 to 100 X =1.003C - 0.05 S5,=0.037X+0.64 S,=0.016X+0.51
Lead 4.00 to 100 X=1.043C-0.31 S,=0.064X+1.43 S,=3.42
Manganese 8.00 to 200 X=0.983C + 0.02 S,=0.026X+0.11 S,=0.027X+0.06
Molybdenum 2.80 to 100 X=1.012C+0.20 S5,=0.032X + 0.22 S,=0.021X+0.09
Nickel 4.00 to 100 X=1.000C+0.12 S,=0.051X+0.31 S,=0.017X+ 0.40
Selenium 32.00 to 200 X=1.036C - 0.06 S,=0.051X+3.24 S,=0.061X-0.64
Silver 0.80 to 200 X=0.917C+ 0.26 S5,=0.196X + 0.09 S,=0.053X+0.08
Thallium 2.80 to 100 X=0.984C +0.08 S,=0.035X+ 0.09 S,=0.027X+0.13
Thorium 0.80 to 100 X=1.0913 + 0.08 S,=0.036X+0.13 S,=0.025X+ 0.07
Uranium 0.80 to 100 X=1.026C - 0.02 S,=0.048X + 0.02 S,=0.027X+0.05
Zinc 8.00 to 200 X=1.042C+0.87 S,=0.041X + 2.60 S,=0.030X+1.42
TABLE 8 Regression Equations for Bias and Precision, pg/L, Drinking Water

Element Applicable Range Bias Overall Precision Single Analyst Precision
Antimony 2.80 to 100 X=0.983C + 0.03 S5,=0.049X+0.19 S,=0.026X+0.08
Arsenic 8.00 to 200 X=0.993C+0.57 S,=0.018X + 2.55 S,=0.031X + 1.65
Barium 8.01 to 200 X=0.995C-0.37 S,=0.045X+0.97 S,=0.040X+0.72
Beryllium 2.80 to 100 X=1.055C + 0.20 S5,=0.057X+0.28 S,=0.016X+0.25
Cadmium 4.00 to 100 X=0.985C +0.10 S,=0.031X + 0.65 S,=0.021X+0.61
Chromium 8.00 to 200 X=0.990C + 1.45 S,=0.015X+2.19 S,=2.18

Cobalt 0.80 to 101 X=0.964C + 0.06 S5,=0.19X +0.32 S,=0.014X+0.30
Copper 4.01 to 100 X=0.976C-0.38 S,=0.063X+0.86 S,=0.029X + 0.86
Lead 4.00 to 100 X=1.032C-0.30 S,=0.015X+ 1.06 S,=0.011X+1.13
Molybdenum 2.80 to 100 X=1.013C + 0.07 S5,=0.037X+0.17 S,=0.035X+0.20
Nickel 4.00 to 100 X=0.953C-0.19 S,=0.046X + 0.56 S,=0.023X+0.91
Selenium 32.00 to 200 X=1.022C+0.14 S,=0.056X+ 2.10 S,=0.040X + 2.15
Thallium 2.80 to 100 X=1.010C + 0.01 S5,=0.040X+0.21 S,=0.039X+ 0.02
Uranium 0.80 to 100 X=1.026C-0.04 S,=0.044X+0.11 S,=0.022X + 0.07
Vanadium 32.00 to 200 X=1.022C +0.30 S,=0.023X+ 1.45 S,=0.023X +1.38

TABLE 9 Regression Equations for Bias and Precision, pg/L, Ground Water

Element Applicable Range Bias Overall Precision Single Analyst Precision
Aluminum 8.00 to 200 X=0.946C + 2.20 S,=0.169X + 6.22 S5,=0.172X+0.75
Arsenic 8.00 to 200 X=0.949C+0.91 S,=0.048X + 4.52 S,=0.059X +4.29
Barium 8.01 to 200 X=1.055C-0.21 S,=0.020X + 2.05 S,=0.014X+2.08
Beryllium 2.80 to 100 X=1.049C + 0.08 S5,=0.084X+0.16 S,=0.043X+0.06
Cadmium 4.00 to 100 X=0.944C+0.11 S,=0.017X+1.09 S,=0.029X+ 0.01
Chromium 8.00 to 200 X=1.026C + 0.89 S,=0.067X+0.68 S,=0.068X - 0.37
Cobalt 0.80 to 101 X=0.989C - 0.01 S,=0.057X+0.09 S,=0.012X+ 0.40
Copper 4.01 to 100 X=0.977C-0.01 S,=0.073X+0.92 S,=0.077X+0.35
Lead 4.00 to 100 X=1.012C+0.15 S,=0.048X + 1.27 S,=1.78

Nickel 4.00 to 100 X=1.022C - 0.66 S5,=0.091X+2.03 S,=0.008X +2.75
Selenium 32.00 to 200 X=1.045C-0.83 S,=0.037X+2.97 S,=0.058X+1.02
Thallium 2.80 to 100 X=1.023C - 0.06 S,=0.056X+ 0.04 S,=0.049X - 0.06
Thorium 0.80 to 100 X=1.019C - 0.03 S5,=0.041X+0.13 S,=0.027X+0.04
Uranium 0.80 to 100 X=1.058C - 0.06 S,=0.039X + 0.17 S,=0.028X +0.16
Zinc 8.00 to 200 X=0.962C + 0.07 S,=0.093X + 0.92 S,=0.069X + 1.55

13. Calculation tion factor to sample values.

13.1 Elemental equations recommended for sample data 13-4 Report results in the calibration concentration units.
calculations are listed in Table 6. 14. Precision and Bias

13.2 Reagent blanks should be subtracted as approprlate14.l The precision and bias data for this test method are

(see section 9.13) from the samples. This subtraction i r oint interlaborat thod validati wud
particularly important for digested samples requiring large ased on a joint Interiaboratory method validation -study

quantities of acids to complete the digestion (see Note 3). conducted by the U.S. Environmental Protection Agency and

Note 3—Reagent blank concentrations if the levels can influence the . )
sample results. Supporting data are available from ASTM Headquarters. Request RR:D19-

1157.
13.3 If dilutions were required, apply the appropriate dilu-
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the Association of Official Analytical Chemis¥s. 2.2) and drinking water (0.8 and 1.2), and zinc in drinking
14.2 The test design of the study meets the requirements efater (8).
Practice D 2777 for elements listed in this test method with the 14.2.1 The regression equations are based on the results of
following exceptions. Thorium in drinking water and vana- 13 laboratories for 20 elements tested at six levels, they are
dium in ground and reagent water did not meet the requireeutlined in Table 7, Table 8, and Table 9 for reagent water,
ments of 10.3 in Practice D 2777 and are deleted in the testrinking water, and ground water, respectively.
method. In addition, the following elements did not meet the 14.2.2 Type | water was specified for this round robin.
requirements of 10.5 of Practice D 2777 for the concentration 14.2.3 These data may not apply to waters of other matrices;
levels (in pg/L) tested: Aluminum in reagent (8) and drinking therefore, it is the responsibility of the analyst to ensure the
water (12), antimony in ground water (2.0 and 100), mangavalidity of the test method in a particular matrix.
nese in ground (0.8 and 1.2) and drinking water (1.2), 14.2.4 Itis the user’s responsibility to ensure the validity of
molybdenum in ground water (2.8), silver, in ground (0.8 andprecision and bias outside the joint interlaboratory method
validation study ranges.
©Longbottom, J. E., et al., “Determination of Trace Elements in Water by 15. Keywords

Inductively Coupled Plasma-Mass Spectrometry: Collaborative Studdyrnal of

AOAC, International 771994, pp. 1004—1023. 15.1 elements; mass spectrometry; water

APPENDIX
(Nonmandatory Information)

X1. PRECISION AND BIAS

X1.1 The following regression expressions in Table X1.1and the Association of Official Analytical Chemistsome of
are based on the measured valuXs,S, and Sithat were  which do not meet the requirements of 10.5 of Practice D 2777,
derived from data of the joint interlaboratory method validationas noted in 14.2 of this test method and were therefore are not
study conducted by the U.S. Environmental Protection Agencyncluded in Tables 7-9 in this test method.

TABLE X1.1 Regression Equations for Bias and Precision, ug/L

Element Applicable Range Bias Overall Precision Single Analyst Precision

Reagent Water

Aluminum

(8.00-200)

X=0.992C+1.19

Drinking Water

S,=0.056X+ 2.59

S,=0.042X +1.27

Aluminum (8.00-200) X=0.954C +2.38 S,=7.70 S,=0.013X +6.17
Manganese (8.00-200) X=0.989C + 0.10 S,=0.047X+0.29 S,=0.021X + 0.40
Silver (0.80-200) X=0.888C + 0.09 S;,=0.186X + 0.17 S,=0.164X+0.18
Zinc (8.00-200) X=0.943C+2.54 S;=0.048X +5.27 S,=0.004X + 5.66
Ground Water
Antimony (2.80-100) X=1.003C +0.01 S;=0.059X + 0.04 S,=0.058X +0.02
Manganese (8.00-200) X=0.954C-0.16 S;=0.103X + 0.14 S,=0.025X + 0.09
Molybdenum (2.80-100) X=1.032C - 0.09 S;,=0.55X +0.43 S,=0.042X+0.27
Silver (0.80-200) X=0.858C - 0.00 S;=0.169X + 0.14 S,=0.120X-0.01
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