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Note: This method is performance based. The laboratory is permitted to omit any step or modify any
procedure provided that all performance requirementsin this method are met. The laboratory may not
omit any quality control analyses. Theterms"shall,” "must,” and “may not” define proceduresrequired
for producing reliable results. The terms "should" and "may" indicate optional steps that may be
modified or omitted if the laboratory can demonstrate that the modified method produces results
equivalent or superior to results produced by this method.
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Trace Elements in Water, Solids, and Biosolids by Inductively
Coupled Plasma-Atomic Emission Spectrometry

1.0 Scope and Application

1.1 Inductively coupled plasma-atomic emission spectrometry (ICP-AES) is used to determine metals
and some nonmetals in solution. This method is a consolidation of existing methods for water,
wastewater, and solid wastes (References 1-4). For analysis of petroleum products see References
5 and 6. This method is applicable to the following analytes:

Chemical Abstract Services

Analyte Registry Number (CASRN)
Aluminum (Al 7429-90-5
Antimony (Sh) 7440-36-0
Arsenic (A9) 7440-38-2
Barium (Ba) 7440-39-3
Beryllium (Be) 7440-41-7
Boron (B) 7440-42-8
Cadmium (Cd) 7440-43-9
Calcium (Ca) 7440-70-2
Cerium? (Ce) 7440-45-1
Chromium (Cn) 7440-47-3
Cobalt (Co) 7440-48-4
Copper (Cu) 7440-50-8
Iron (Fe) 7439-89-6
Lead (Pb) 7439-92-1
Lithium (Li) 7439-93-2
Magnesium (Mg) 7439-95-4
Manganese (Mn) 7439-96-5
Mercury (Hg) 7439-97-6
Molybdenum (Mo) 7439-98-7
Nickel (Ni) 7440-02-0
Phosphorus P) 7723-14-0
Potassium (K) 7440-09-7
Selenium (Se) 7782-49-2
Silice® (S0, 7631-86-9
Silver (AQ) 7440-22-4
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1.2

1.3

1.4

1.5

1.6

Chemical Abstract Services

Analyte Registry Number (CASRN)
Sodium (Na) 7440-23-5
Strontium (S) 7440-24-6
Thallium (T 7440-28-0
Tin (Sn) 7440-31-5
Titanium (Ti) 7440-32-6
Vanadium V) 7440-62-2
Zinc (Zn) 7440-66-6

&Cerium has been included as a method analyte for correction of potential interelement
spectral interference.
®This method is not suitable for the determination of silicain solids.

To confirm approval of this method for use in compliance monitoring programs [e.g., Clean Water
Act (NPDES) or Safe Drinking Water Act (SDWA)] consult both the appropriate sections of the
Code of Federal Regulation (40 CFR Part 136 Table 1B for NPDES, and Part 141 § 141.23 for
drinking water) and the latest Federal Register announcements.

ICP-AES can be used to determine dissolved anaytes in aqueous samples after suitable filtration
and acid preservation. To reduce potential interferences, dissolved solids should be <0.2% (w/v)
(Section 4.2).

With the exception of silver, where this method is approved for the determination of certain metal
and metalloid contaminants in drinking water, aqueous samples may be analyzed directly by
pneumatic nebulization without acid digestion if the sample has been properly preserved with acid
and has turbidity of <1 NTU at the time of analysis. Thistotal recoverable determination
procedure isreferred to as "direct analysis." However, in the determination of some primary
drinking water metal contaminants, preconcentration of the sample may be required prior to
analysisin order to meet drinking water acceptance performance criteria (Sections 11.2.2 through
11.2.7).

For the determination of total recoverable analytes in agueous, biosolids (municipal sewage
sludge), and solid samples, a digestion/extraction is required prior to analysis when the elements
are not in solution (e.g., soil, dudge, sediment, and agueous samples that may contain particulate
and suspended solids). Aqueous samples containing total suspended solids> 1% (w/v) should be
extracted as a solid type sample.

When determining boron and silica in agueous samples, only plastic, PTFE or quartz |abware
should be used from time of sample collection to completion of analysis. For accurate
determination of boron in solid and sludge samples, only quartz or PTFE beakers should be used
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during acid extraction with immediate transfer of an extract aliquot to a plastic centrifuge tube
following dilution of the extract to volume. When possible, borosilicate glass should be avoided to
prevent contamination of these analytes.

1.7  Silverisonly dightly soluble in the presence of chloride unless thereis a sufficient chloride
concentration to form the soluble chloride complex. Therefore, low recoveries of silver may occur
in samples, fortified sample matrices and even fortified blanks if determined as a dissolved anayte
or by "direct analysis' where the sample has not been processed using the total recoverable mixed
acid digestion. For thisreason it is recommended that samples be digested prior to the
determination of silver. The total recoverable sample digestion procedure given in this method is
suitable for the determination of silver in aqueous samples containing concentrations up to 0.1
mg/L. For the analysis of wastewater samples containing higher concentrations of silver,
succeeding smaller volume, well-mixed aliquots should be prepared until the analysis solution
contains <0.1 mg/L silver. The extraction of solid or sludge samples containing concentrations of
silver >50 mg/kg should be treated in a similar manner.

NOTE: When analyzing samples containing high levels of silver as might occur in the
photographic manufacturing industries, EPA Method 272.1 can be used for silver
determinations. Based on the use of cyanogen iodide (CNI) as a stabilizing agent, Method 272.1
can be used on samples containing up to 4 mg/L of Ag. However, it should be recognized that
CNI is an extremely hazardous and environmentally toxic reagent, and should be used with the
utmost caution.

1.8  Theextraction of tin from solid or Sudge samples should be prepared using aiquots <1 g when
determined sample concentrations exceed 1%.

1.9 Thetotal recoverable sample digestion procedures given in this method will solubilize and hold in
solution only minimal concentrations of barium in the presence of free sulfate. For the analysis of
barium in samples having varying and unknown concentrations of sulfate, analysis should be
completed as soon as possible after sample preparation.

1.10 Thetotd recoverable sample digestion procedure given in this method is not suitable for the
determination of volatile organo-mercury compounds. However, if digestion is not required
(turbidity <1 NTU), the combined concentrations of inorganic and organo-mercury in solution can
be determined by "direct analysis' pneumatic nebulization provided the sample solution is adjusted
to contain the same mixed acid (HNO; + HCI) matrix as the total recoverable calibration standards
and blank solutions.

1.11 Thedetermination of some analytes in biosolids may require the use of an axial ICP. (More
information on this point will be provided by the validation study. Currently, there are known
difficulties in analyzing molybdenum in biosolids with aradia |CP).

1.12 Detection limits and linear ranges for the elements will vary with the wavelength selected, the
spectrometer, and the matrices. Method detection limits (MDLs; 40 CFR 136, Appendix B) and
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1.13

2.0

2.1

2.2

3.0

3.1

minimum levels (MLs) when no interferences are present will be determined for this method
through a validation study. Preliminary MDL values are givenin Table4. The ML for each
analyte can be calculated by multiplying the MDL by 3.18 and rounding to the nearest (2, 5, or 10
X 10") where nisan integer.

Users of the method data should state the data-quality objectives prior to analysis. Users of the
method must document and have on file the required initial demonstration performance data
described in Section 9.2 prior to using the method for analysis.

Summary of Method

An diquot of awell-mixed, homogeneous sample is accurately weighed or measured for sample
processing. For total recoverable analysis of a solid or an agueous sample containing undissolved
material, analytes are solubilized by gentle refluxing with HNO; and HCI. For the total recoverable
analysis of a dudge sample containing <1% total suspended solids, analytes are solubilized by
successive refluxing with HNO, and HCI. For total recoverable analysis of a dudge sample
containing total suspended solids >1% (w/v), analytes are solubilized by refluxing with HNO,,
background organic materials are oxidized with peroxide, and analytes are further solubilized by
refluxing with HCI. After cooling, the sample is made up to volume, mixed and then centrifuged or
allowed to settle overnight prior to analysis. For the determination of dissolved anaytesin a
filtered agueous sample aiquot, or for the "direct analysis' total recoverable determination of
analytesin drinking water where sample turbidity is<1 NTU, the sample is made ready for
analysis by the addition of the appropriate volume of HNO,, and then diluted to a predetermined
volume and mixed before anaysis.

The analysis described in this method involves multi elemental determinations by ICP-AES using
sequential or smultaneous instruments.  The instruments measure characteristic atomic-line
emission spectra by optical spectrometry. Samples are nebulized and the resulting aerosols are
transported to the plasmatorch. Element specific emission spectra are produced by aradio-
frequency inductively coupled plasma. The spectra are dispersed by a grating spectrometer, and
the intensities of the line spectra are monitored at specific wavelengths by a photosensitive device.
Photocurrents from the photosensitive device are processed and controlled by a computer system.
A background correction technique is required to compensate for variable background contribution
to the determination of the analytes. The background must be measured adjacent to an anayte
wavelength during analysis. Interferences must be considered and addressed appropriately as
discussed in Sections 4.0, 7.0, 9.0, and 11.0.

Definitions

Biosolids-A solid, semisolid, or liquid residue (dudge) generated during treatment of
domestic sewage in a treatment works.
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3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

3.10

3.11

3.12

Cdlibration blank—A volume of reagent water acidified with the same acid matrix as the calibration
standards (Section 7.11.1). The calibration blank is a zero standard and is used to calibrate the
| CP instrument.

Calibration standard—-A solution prepared from the dilution of stock standard solutions (Section
7.10). The calibration solutions are used to calibrate the instrument response with respect to
analyte concentration.

Cdlibration verification (CV) solution—-A solution of method analytes, used to evaluate the
performance of the instrument system with respect to a defined set of method criteria (Section
7.12).

Dissolved analyte-The concentration of analyte in an agueous sample that will pass through a 0.45
pm membrane filter assembly prior to sample acidification (Section 8.2).

Field blank—An aliquot of reagent water or other blank matrix that is placed in a sample container
in the laboratory and treated as a samplein al respects, including shipment to the sampling site,
exposure to the sampling site conditions, storage, preservation, and all anaytical procedures
(Section 8.5). Thefield blank is analyzed to determine if method analytes or other interferences are
present in the field environment.

Internal standard—Pure analyte(s) added to a sample, extract, or standard solution in a known
amount(s) and used to measure the relative responses of other method analytes that are components
of the same sample or solution. Theinternal standard must be an analyte that is not a sample
component (Section 11.6).

Linear dynamic range (L DR)—The concentration range over which the instrument response to an
analyteislinear (Section 9.2.3).

Matrix spike (MS) and matrix spike duplicate (M SD)-Two aliquots of the same environmental
sample to which known quantities of the method analytes are added in the laboratory. The MS and
MSD are analyzed exactly like a sample, and their purposeis: to determine whether the sample
matrix contributes bias to the analytical results, and to indicate precision associated with
laboratory procedures. The background concentrations of the analytes in the sample matrix must
be determined in a separate aliquot and the measured values in the MS and MSD corrected for
background concentrations (Section 9.5).

May—This action, activity, or procedural step is neither required nor prohibited.
May not—This action, activity, or procedural step is prohibited.

Method blank—An aliquot of reagent water or other blank matrix that is treated exactly as a sample
including exposure to all glassware, equipment, solvents, reagents, and internal standards that are
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3.13

3.14

3.15

3.16

3.17

3.18

3.19

3.20

3.21

3.22

3.23

used with other samples. The method blank is used to determine if method analytes or other
interferences are present in the laboratory environment, reagents, or apparatus (Section 7.11.2).

Method detection limit (MDL)-The minimum concentration of an analyte that can be identified,
measured, and reported with 99% confidence (Section 9.2.1). The MDL is determined according to
procedures described in 40 CFR Part 136, Appendix B.

Minimum level (ML)-The lowest level at which the entire analytical system gives a recognizable
signal and acceptable calibration point for the analyte. It is equivaent to the concentration of the
lowest calibration standard, assuming that al method-specific sample weights, volumes and
cleanup procedures have been employed.

Must—This action, activity, or procedural step isrequired.

Ongoing precision and recovery standard (OPR)-The OPR test is used to ensure that the
laboratory meets performance criteria during the period that samples are analyzed. It also separates
laboratory performance from method performance on the sample matrix. For agueous samples, the
OPR solution is an aliquot of method blank to which known quantities of the method analytes are
added in the laboratory. For solid samples, the use of clean sand or soil to which known quantities
of the method analytes are added in the laboratory is recommended. The OPR is anayzed in the
same manner as samples (Section 9.7).

Plasma solution—A solution that is used to determine the optimum height above the work coil for
viewing the plasma (Section 7.16).

Reference sample-A solution of method analytes of known concentrations which is used to fortify
an aliquot of method blank or sample matrix (Section 7.13). The reference sampleis obtained
from a source external to the laboratory and different from the source of calibration standards. It
isused to check laboratory and/or instrument performance.

Shall-This action, activity or procedura step is required.
Should-This action, activity, or procedural step is suggested but not required.

Solid sample—For the purpose of this method, a sample taken from material classified as either soil,
sediment or industrial sludge.

Spectral interference check (SIC) solution—A solution of selected method analytes of higher
concentrations which is used to evaluate the procedura routine for correcting known interel ement
spectral interferences with respect to a defined set of method criteria (Sections 7.14 and 9.4).

Standard addition—The addition of a known amount of analyte to the sample in order to determine
the relative response of the detector to an analyte within the sample matrix. The relative response

Draft August 1998



Method 200.7

3.24

3.25

3.26

3.27

4.0

4.1

isthen used to assess either an operative matrix effect or the sample analyte concentration
(Sections 9.5.3.1 and 11.6).

Standard stock solution—A concentrated solution containing one or more method analytes prepared
in the laboratory using assayed reference materials or purchased from a reputable commercia
source (Section 7.9).

Total recoverable analyte-The concentration of analyte determined either by "direct analysis’ of an
unfiltered acid preserved drinking water sample with turbidity of <1 NTU (Section 11.2.1), or by
analysis of the solution extract of adudge, solid, or unfiltered agueous sample following digestion
by refluxing with hot dilute mineral acid(s) as specified in the method (Sections 11.2 through 11.4).

Total Solids-The residue left in the vessel after evaporation of liquid from a sample and
subsequent drying in an oven at 103°C to 105°C.

Water sample—For the purpose of this method, a sample taken from one of the following sources:
drinking, surface, ground, storm runoff, industrial or domestic wastewater.

Interferences

Spectral interferences are caused by background emission from continuous or recombination
phenomena, stray light from the line emission of high concentration el ements, overlap of a spectral
line from another element, or unresolved overlap of molecular band spectra.

4.1.1 Background emission and stray light can usually be compensated for by subtracting the
background emission determined by measurement(s) adjacent to the analyte wavelength
peak. Spectral scans of samples or single element solutions in the analyte regions may
indicate not only when aternate wavelengths are desirable because of severe spectra
interference, but aso will show whether the most appropriate estimate of the background
emission is provided by an interpolation from measurements on both sides of the
wavelength peak or by the measured emission on one side or the other. The location(s)
selected for the measurement of background intensity will be determined by the complexity
of the spectrum adjacent to the wavelength peak. The location(s) used for routine
measurement must be free of off-line spectral interference (interelement or molecular) or
adequately corrected to reflect the same change in background intensity as occurs at the
wavelength peak.

4.1.2 Spectral overlaps may be avoided by using an aternate wavelength or can be compensated
for by equations that correct for interelement contributions, which involves measuring the
interfering elements. Some potential on-line spectral interferences observed for the
recommended wavelengths are given in Table 2. When operative and uncorrected, these
interferences will produce false-positive determinations and be reported as anayte
concentrations. The interferences listed are only those that occur between method
analytes. Only interferences of adirect overlap nature that were observed with asingle
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4.1.3

4.1.4

4.1.5

instrument having a working resolution of 0.035 nm arelisted. More extensive
information on interferant effects at various wavelengths and resolutionsis available in
Boumans Tables (Reference 8). Users may apply interelement correction factors
determined on their instruments within tested concentration ranges to compensate (off-line
or on-line) for the effects of interfering elements.

When interelement corrections are applied, there is a need to verify their accuracy by
analyzing spectral interference check solutions as described in Section 7.14. Interelement
corrections will vary for the same emission line among instruments because of differences
in resolution, as determined by the grating plus the entrance and exit dit widths, and by the
order of dispersion. Interelement corrections will also vary depending upon the choice of
background correction points. Selecting a background correction point where an
interfering emission line may appear should be avoided when practical. Interelement
corrections that constitute a major portion of an emission signal may not yield accurate
data. Users should not forget that some samples may contain uncommon el ements that
could contribute spectral interferences (References 7 and 8).

The interference effects must be evaluated for each individual instrument whether
configured as a sequential or simultaneous instrument. For each instrument, intensities
will vary not only with optical resolution but aso with operating conditions (such as
power, viewing height and argon flow rate). When using the recommended wavelengths
givenin Table 1, the analyst is required to determine and document for each wavelength
the effect from the known interferences given in Table 2, and to use a computer routine for
their automatic correction on al analyses. To determine the appropriate location for off-
line background correction, the user must scan the area on either side adjacent to the
wavelength and record the apparent emission intensity from all other method analytes.

This spectral information must be documented and kept on file. The location selected for
background correction must either be free of off-line interelement spectra interference or a
computer routine must be used for automatic correction on all determinations. If a
wavelength other than the recommended wavelength is used, the user must determine and
document both the on-line and off-line spectral interference effect from all method analytes
and provide for automatic correction on al analyses. Tests to determine the spectral
interference must be done using analyte concentrations that will adequately describe the
interference. Normally, 100 mg/L single element solutions are sufficient, however, for
analytes such asiron that may be found at high concentration a more appropriate test
would be to use a concentration near the upper LDR limit. See Section 9.4 for required
spectral interference test criteria

When interelement corrections are not used, either ongoing SIC solutions (Section 7.14)
must be analyzed to verify the absence of interelement spectral interference or a computer
software routine must be employed for comparing the determinative data to limits files for
notifying the analyst when an interfering element is detected in the sample at a
concentration that will produce either an apparent false positive concentration greater than
the analyte MDL, or false negative analyte concentration less than the 99% lower control
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4.2

4.3

4.4

limit of the calibration blank. When the interference accounts for 10% or more of the
analyte concentration, either an aternate wavelength free of interference or another
approved test procedure must be used to complete the analysis. For example, the copper
peak at 213.853 nm could be mistaken for the zinc peak at 213.856 nm in solutions with
high copper and low zinc concentrations. For this example, a spectral scan in the 213.8
nm region would not reveal the misidentification because a single peak near the zinc
location would be observed. The possibility of misidentification of copper for the zinc
peak at 213.856 nm can be identified by measuring the copper at another emission line,
e.g., 324.754 nm. Users should be aware that, depending upon the instrumental resolution,
alternate wavelengths with adequate sensitivity and freedom from interference may not be
available for all matrices. In these circumstances the analyte must be determined using
another approved test procedure.

Physical interferences are effects associated with the sample nebulization and transport processes.
Changesin viscosity and surface tension can cause significant inaccuracies, especialy in samples
containing high dissolved solids or high acid concentrations. If physica interferences are present,
they must be reduced by such means as a high-solids nebulizer, diluting the sample, using a
peristaltic pump, or using an appropriate internal standard element. Another problem that can
occur with high dissolved solidsis salt buildup at the tip of the nebulizer, which affects aerosol
flow rate and causes instrumental drift. This problem can be controlled by a high-solids nebulizer,
wetting the argon prior to nebulization, using a tip washer, or diluting the sample. Also, it has
been reported that better control of the argon flow rates, especialy for the nebulizer, improves
instrument stability and precision; this is accomplished with the use of mass flow controllers.

Chemical interferences include molecular-compound formation, ionization effects, and solute-
vaporization effects. Normally, these effects are not significant with the ICP-AES technique. If
observed, they can be minimized by careful selection of operating conditions (such as incident
power and observation height), by buffering of the sample, by matrix matching, and by standard-
addition procedures. Chemical interferences are highly dependent on matrix type and the specific
analyte element.

Memory interferences result when analytes in a previous sample contribute to the signal's measured
in anew sample. Memory effects can result from sample deposition on the uptake tubing to the
nebulizer, and from the buildup of sample material in the plasmatorch and spray chamber. The
site where these effects occur is dependent on the element and can be minimized by flushing the
system with arinse blank between samples (Section 7.11.1). The possibility of memory
interferences 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 must be estimated prior to
analysis. Thismay be achieved by aspirating a standard containing elements corresponding to
either their LDR or a concentration ten times those usually encountered. The aspiration time
should be the same as a normal sample analysis period, followed by analysis of the rinse blank at
designated intervals. The length of time required to reduce anayte signals to within a factor of two
of the method detection limit, should be noted. Until the required rinse time is established, this
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5.0

5.1

5.2

5.3

5.4

5.5

6.0

method requires arinse period of at least 60 seconds between samples and standards. If a memory
interference is suspected, the sample must be analyzed again after along rinse period.

Safety

The toxicity or carcinogenicity of each reagent used in this method has not been fully established.
Each chemical should be regarded as a potential health hazard and exposure to these compounds
should be as low as reasonably achievable. Each laboratory is responsible for maintaining a
current awareness file of OSHA regulations regarding the safe handling of the chemicals specified
in this method (References 9, 10, 11, and 12). A reference file of material data handling sheets
should also be made available to al personnel involved in the chemical analysis. Specificaly,
concentrated HNO; and HCI present various hazards and are moderately toxic and extremely
irritating to skin and mucus membranes. Use these reagents in a fume hood whenever possible and
if eye or skin contact occurs, flush with large volumes of water. Always wear safety glasses or a
shield for eye protection, protective clothing and observe proper mixing when working with these
reagents.

The acidification of samples containing reactive materials may result in the release of toxic gases,
such as cyanides or sulfides. Acidification and digestion of samples should be done in afume
hood.

All personnel handling environmental samples known to contain or to have been in contact with
human waste should be immunized against known disease causative agents.

The inductively coupled plasma should only be viewed with proper eye protection from the
ultraviolet emissions.

It is the responsibility of the user of this method to comply with relevant disposal and waste
regulations. For guidance, see Sections 14.0 and 15.0.

Equipment and Supplies

NOTE: The mention of trade names or commercial productsin this method is for illustrative
purposes only and does not constitute endor sement or recommendation for use by the EPA.
Equivalent performance may be achievable using apparatus and materials other than those
suggested here. The laboratory is responsible for demonstrating equivalent perfor mance.

6.1

Inductively coupled plasma emission spectrometer:

6.1.1 Computer-controlled emission spectrometer with background-correction capability. The
spectrometer must be capable of meeting and complying with the requirements described
and referenced in Section 2.2.

6.1.2 Radio-frequency generator compliant with FCC regulations.

10
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6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.9

6.10

6.1.3 Argon gas supply—High purity grade (99.99%). When analyses are conducted frequently,
liquid argon is more economical and requires less frequent replacement of tanks than
compressed argon in conventional cylinders.

6.1.4 A variable speed peristaltic pump is required to deliver both standard and sample solutions
to the nebulizer.

6.1.5 (Optional) Massflow controllers to regulate the argon flow rates, especially the agrosol
transport gas, are highly recommended. Their use will provide more exacting control of
reproducible plasma conditions.

Analytical balance, with capability to measure to 0.1 mg, for use in weighing solids, for preparing
standards, and for determining dissolved solids in digests or extracts.

A temperature adjustable hot plate capable of maintaining a temperature of 95°C.

(Optional) A temperature adjustable block digester capable of maintaining a temperature of 95°C
and equipped with 250-mL constricted digestion tubes.

(Optional) A steel cabinet centrifuge with guard bowl, electric timer and brake.
A gravity convection drying oven with thermostatic control capable of maintaining 180°C + 5°C.

(Optional) An air displacement pipetter capable of delivering volumes ranging from 0.1-2500 pL
with an assortment of high quality disposable pipet tips.

Mortar and pestle, ceramic or other nonmetallic material.
Polypropylene sieve, 5-mesh (4 mm opening).

Labware—Prevention of contamination and loss are of prime consideration for determination of
trace levels of elements. Potential contamination sources include improperly cleaned laboratory
apparatus and general contamination within the laboratory environment from dust, etc. A clean
laboratory work area designated for trace element sample handling must be used. Sample
containers can introduce positive and negative errors in the determination of trace e ements by

(2) contributing contaminants through surface desorption or leaching, and (2) depleting element
concentrations through adsorption processes. All reusable labware (glass, quartz, polyethylene,
PTFE, FEP, etc.) should be sufficiently clean for the task objectives. One recommended procedure
found to provide clean labware includes washing with a detergent solution, rinsing with tap water,
soaking for four hours or more in 20% (v/v) HNO; or a mixture of HNO; and HCI (1+2+9),
rinsing with reagent water and storing clean (References 2 and 3). Chromic acid cleaning solutions
must be avoided because chromium is an analyte.
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7.0

7.1

7.2

7.3

6.10.1 Glassware-Volumetric flasks, graduated cylinders, funnels and centrifuge tubes (glass
and/or metal-free plastic).

6.10.2 Assorted calibrated pipettes.

6.10.3 Conica Phillips beakers (Corning 1080-250 or equivalent), 250-mL with 50-mm watch
glasses.

6.10.4 Griffin beakers, 250-mL with 75-mm watch glasses and (optional) 75-mm ribbed watch
glasses.

6.10.5 (Optiona) PTFE and/or quartz Griffin beakers, 250-mL with PTFE covers.

6.10.6 Narrow-mouth storage bottles, FEP (fluorinated ethylene propylene) with screw closure,
125-mL to 1-L capacities.

6.10.7 One-piece stem FEP wash bottle with screw closure, 125-mL capacity.

Reagents and Standards

Reagents may contain elemental impurities which might affect analytical data. Only high-purity
reagents that conform to the American Chemical Society specifications should be used whenever
possible (Reference 13). If the purity of areagent isin question, analyze for contamination. All
acids used for this method must be of ultra high-purity grade or equivalent. Suitable acids are
available from a number of manufacturers. Redistilled acids prepared by sub-boiling distillation
are acceptable.

Hydrochloric acid, concentrated (specific gravity=1.19).

7.2.1 Hydrochloric acid (1+1)-Add 500 mL concentrated HCI to 400 mL reagent water and
diluteto1L.

7.2.2 Hydrochloric acid (1+4)-Add 200 mL concentrated HCI to 400 mL reagent water and
diluteto1L.

7.2.3 Hydrochloric acid (1+20)-Add 10 mL concentrated HCI to 200 mL reagent water.
Nitric acid, concentrated (specific gravity=1.41).

7.3.1 Nitric acid (1+1)-Add 500 mL concentrated HNO, to 400 mL reagent water and dilute to
1L.

7.3.2 Nitric acid (1+2)—-Add 100 mL concentrated HNO, to 200 mL reagent water.
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7.4

7.5

7.6

7.7

7.8

7.9

7.3.3 Nitric acid (1+5)—-Add 50 mL concentrated HNO, to 250 mL reagent water.
7.3.4 Nitric acid (1+9)-Add 10 mL concentrated HNO; to 90 mL reagent water.

Reagent water—All references to water in this method refer to ASTM Type | grade water
(Reference 14).

Ammonium hydroxide, concentrated (specific gravity=0.902).

Tartaric acid-ACS reagent grade.

Hydrogen peroxide-H,0,

7.7.1 Hydrogen peroxide, 50%, stabilized certified reagent grade.

7.7.2 Hydrogen peroxide, 30%, stabilized certified reagent grade.

Clean sand or soil-All references to clean sand or soil in this method refer to sand or soil certified
to be free of the analytes of interest at or above their MDLs or to contain those analytes at certified
levels.

Standard Stock Solutions-Stock standards may be purchased or prepared from ultra-high purity
grade chemicals (99.99-99.999% pure). All compounds must be dried for one hour at 105°C,
unless otherwise specified. It is recommended that stock solutions be stored in FEP bottles.

Replace stock standards when succeeding dilutions for preparation of calibration standards cannot
be verified.

CAUTION:  Many of these chemicals are extremely toxic if inhaled or swallowed (Section 5.1). Wash

hands thoroughly after handling.

Typical stock solution preparation procedures follow for 1-L quantities (Equations 1 and 2), but
for the purpose of pollution prevention, the analyst is encouraged to prepare smaller quantities
when possible. Concentrations are calculated based upon the weight of the pure e ement or upon
the weight of the compound multiplied by the fraction of the anayte in the compound.
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Equation 1
From pure element,
m
C=—
V
where:
C=concentration (mg/L)
m=mass (mg)
V=volume (L)

Equation 2
From pure compound,
m* O¢
C=——
\Y4
where:
C=concentration (mg/L)
M= mass (Mg)
V=volume (L)

g=gravimetric factor (the weight fraction of the analyte in the compound)

7.9.1

7.9.2

7.9.3

7.9.4

Aluminum solution, stock, 1 mL = 1000 pg Al-Dissolve 1.000 g of aluminum metal,
weighed accurately to at least four significant figures, in an acid mixture of 4.0 mL of
(1+1) HCl and 1 mL of concentrated HNO, in a beaker. Warm beaker slowly to effect
solution. When dissolution is complete, transfer solution quantitatively to a 1-L flask, add
an additional 10.0 mL of (1+1) HCI and dilute to volume with reagent water.

Antimony solution, stock, 1 mL = 1000 pg Sh-Dissolve 1.000 g of antimony powder,
weighed accurately to at least four significant figures, in 20.0 mL (1+1) HNO; and 10.0
mL concentrated HCl. Add 100 mL reagent water and 1.50 g tartaric acid. Warm
solution dightly to effect complete dissolution. Cool solution and add reagent water to
volumein al-L volumetric flask.

Arsenic solution, stock, 1 mL = 1000 pg As-Dissolve 1.320 g of As,O; (Asfraction =
0.7574), weighed accurately to at least four significant figures, in 100 mL of reagent water
containing 10.0 mL concentrated NH,OH. Warm the solution gently to effect dissolution.
Acidify the solution with 20.0 mL concentrated HNO, and dilute to volume in a 1-L
volumetric flask with reagent water.

Barium solution, stock, 1 mL = 1000 pg Ba—Dissolve 1.437 g BaCO, (Bafraction =
0.6960), weighed accurately to at least four significant figures, in 150 mL (1+2) HNO,
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with heating and stirring to de-gas and dissolve compound. Let solution cool and dilute
with reagent water in 1-L volumetric flask.

7.9.5 Beryllium solution, stock, 1 mL = 1000 pg Be-DO NOT DRY. Dissolve 19.66 g
BeSO,+4H.,0 (Be fraction = 0.0509), weighed accurately to at least four significant
figures, in reagent water, add 10.0 mL concentrated HNO,, and dilute to volumein a 1-L
volumetric flask with reagent water.

7.9.6 Boron solution, stock, 1 mL = 1000 pg B-DO NOT DRY. Dissolve 5.716 g anhydrous
H,BO; (B fraction = 0.1749), weighed accurately to at least four significant figures, in
reagent water and dilute in a 1-L volumetric flask with reagent water. Transfer
immediately after mixing to a clean FEP bottle to minimize any leaching of boron from the
glass volumetric container. Use of a non-glass volumetric flask is recommended to avoid
boron contamination from glassware.

7.9.7 Cadmium solution, stock, 1 mL = 1000 pg Cd-Dissolve 1.000 g Cd metal, acid cleaned
with (1+9) HNO,, weighed accurately to at least four significant figures, in 50 mL (1+1)
HNO; with heating to effect dissolution. Let solution cool and dilute with reagent water in
al-L volumetric flask.

7.9.8 Cacium solution, stock, 1 mL = 1000 pg Ca—Suspend 2.498 g CaCO, (Cafraction =
0.4005), dried at 180°C for one hour before weighing, weighed accurately to at least four
significant figures, in reagent water and dissolve cautiously with a minimum amount of
(1+1) HNO,. Add 10.0 mL concentrated HNO, and dilute to volume in a 1-L volumetric
flask with reagent water.

7.9.9 Cerium solution, stock, 1 mL = 1000 pg Ce-Make a dlurry of 1.228 g CeO, (Ce fraction =
0.8141), weighed accurately to at least four significant figures, in 100 mL concentrated
HNO; and evaporate to dryness. Make another durry of the residue in 20 mL H,O, add 50
mL concentrated HNO,, with heat and stirring add 60 mL 50% H,O, drop-wisein 1 mL
increments allowing periods of gtirring between the 1 mL additions. Boil off excess H,0,
before diluting to volume in a1-L volumetric flask with reagent water.

7.9.10 Chromium solution, stock, 1 mL = 1000 pg Cr-Dissolve 1.923 g CrO, (Cr fraction =
0.5200), weighed accurately to at least four significant figures, in 120 mL (1+5) HNO,.
When solution is complete, dilute to volumein al L volumetric flask with reagent water.

7.9.11 Cobalt solution, stock, 1 mL = 1000 pug Co-Dissolve 1.000 g Co metal, acid cleaned with
(1+9) HNO,, weighed accurately to at least four significant figures, in 50.0 mL (1+1)
HNO,. Let solution cool and dilute to volume in a 1-L volumetric flask with reagent
water.

7.9.12 Copper solution, stock, 1 mL = 1000 pg Cu-Dissolve 1.000 g Cu metal, acid cleaned with
(1+9) HNO,, weighed accurately to at least four significant figures, in 50.0 mL (1+1)
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HNO; with heating to effect dissolution. Let solution cool and dilutein a1-L volumetric
flask with reagent water.

7.9.13 Iron solution, stock, 1 mL = 1000 pg Fe-Dissolve 1.000 g Fe metal, acid cleaned with
(1+1) HCI, weighed accurately to four significant figures, in 100 mL (1+1) HCI with
heating to effect dissolution. Let solution cool and dilute with reagent water in a 1-L
volumetric flask.

7.9.14 Lead solution, stock, 1 mL = 1000 pg Pb-Dissolve 1.599 g Pb(NO,), (Pb fraction =
0.6256), weighed accurately to at least four significant figures, in a minimum amount of
(1+1) HNO;. Add 20.0 mL (1+1) HNO, and dilute to volume in a 1-L volumetric flask
with reagent water.

7.9.15 Lithium solution, stock, 1 mL = 1000 pg Li-Dissolve 5.324 g Li,CO; (Li fraction =
0.1878), weighed accurately to at least four significant figures, in a minimum amount of
(1+1) HCI and dilute to volume in a 1-L volumetric flask with reagent water.

7.9.16 Magnesium solution, stock, 1 mL = 1000 pg Mg-Dissolve 1.000 g cleanly polished Mg
ribbon, accurately weighed to at least four significant figures, in slowly added 5.0 mL
(1+1) HCl (CAUTION: reaction isvigorous). Add 20.0 mL (1+1) HNO; and dilute to
volumein a 1-L volumetric flask with reagent water.

7.9.17 Manganese solution, stock, 1 mL = 1000 pg Mn-Dissolve 1.000 g of manganese metal,
weighed accurately to at least four significant figures, in 50 mL (1+1) HNO; and dilute to
volumein a 1-L volumetric flask with reagent water.

7.9.18 Mercury solution, stock, 1 mL = 1000 ug Hg—DO NOT DRY. CAUTION: highly toxic
element. Dissolve 1.354 g HgCl, (Hg fraction = 0.7388) in reagent water. Add 50.0 mL
concentrated HNO; and dilute to volumein 1-L volumetric flask with reagent water.

7.9.19 Molybdenum solution, stock, 1 mL = 1000 pg Mo-Dissolve 1.500 g MoO; (Mo fraction =
0.6666), weighed accurately to at least four significant figures, in a mixture of 100 mL
reagent water and 10.0 mL concentrated NH,OH, heating to effect dissolution. Let
solution cool and dilute with reagent water in a 1-L volumetric flask.

7.9.20 Nickel solution, stock, 1 mL = 1000 pg Ni—Dissolve 1.000 g of nickel metal, weighed
accurately to at least four significant figures, in 20.0 mL hot concentrated HNO;, cool, and
diluteto volumein a 1-L volumetric flask with reagent water.

7.9.21 Phosphorus solution, stock, 1 mL = 1000 pg P-Dissolve 3.745 g NH ,H,PO, (P fraction =
0.2696), weighed accurately to at least four significant figures, in 200 mL reagent water
and dilute to volumein a 1-L volumetric flask with reagent water.
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7.9.22 Potassium solution, stock, 1 mL = 1000 pg K-Dissolve 1.907 g KCI (K fraction =
0.5244) dried at 110°C, weighed accurately to at least four significant figures, in reagent
water, add 20 mL (1+1) HCI and dilute to volume in a 1-L volumetric flask with reagent
water.

7.9.23 Selenium solution, stock, 1 mL = 1000 pg Se-Dissolve 1.405 g SeO, (Se fraction =
0.7116), weighed accurately to at least four significant figures, in 200 mL reagent water
and dilute to volumein a 1-L volumetric flask with reagent water.

7.9.24 Silica solution, stock, 1 mL = 1000 pg SiO,~DO NOT DRY. Dissolve 2.964 g
(NH,),SiF, weighed accurately to at least four significant figures, in 200 mL (1+20) HCI
with heating at 85°C to effect dissolution. Let solution cool and dilute to volume in a 1-L
volumetric flask with reagent water.

7.9.25 Silver solution, stock, 1 mL = 1000 pg Ag-Dissolve 1.000 g Ag metal, weighed accurately
to at least four significant figures, in 80 mL (1+1) HNO; with heating to effect dissolution.
Let solution cool and dilute with reagent water in a 1-L volumetric flask. Store solution in
amber bottle or wrap bottle completely with aluminum foil to protect solution from light.

7.9.26 Sodium solution, stock, 1 mL = 1000 pg Na-Dissolve 2.542 g NaCl (Nafraction =
0.3934), weighed accurately to at least four significant figures, in reagent water. Add 10.0
mL concentrated HNO; and dilute to volumein a 1-L volumetric flask with reagent water.

7.9.27 Strontium solution, stock, 1 mL = 1000 pg Sr-Dissolve 1.685 g SrCO; (Sr fraction =
0.5935), weighed accurately to at least four significant figures, in 200 mL reagent water
with drop-wise addition of 100 mL (1+1) HCI. Dilute to volumein a1-L volumetric flask
with reagent water.

7.9.28 Thallium solution, stock, 1 mL = 1000 pg TI-Dissolve 1.303 g TINO; (T fraction =
0.7672), weighed accurately to at least four significant figures, in reagent water. Add 10.0
mL concentrated HNO; and dilute to volume in a 1-L volumetric flask with reagent water.

7.9.29 Tin solution, stock, 1 mL = 1000 pg Sr+Dissolve 1.000 g Sn shot, weighed accurately to
at least four significant figures, in an acid mixture of 10.0 mL concentrated HCI and 2.0
mL (1+1) HNO, with heating to effect dissolution. Let solution cool, add 200 mL
concentrated HCl, and dilute to volume in a 1-L volumetric flask with reagent water.

7.9.30 Titanium solution, stock, 1 mL = 1000 pg Ti—-DO NOT DRY. Dissolve 6.138 g
(NH,),TiO(C,0,),#H,0 (Ti fraction = 0.1629), weighed accurately to at least four
significant figures, in 100 mL reagent water. Dilute to volume in a 1-L volumetric flask
with reagent water.

7.9.31 Vanadium solution, stock, 1 mL = 1000 pg V-Dissolve 1.000 g V metal, acid cleaned
with (1+9) HNO,, weighed accurately to at least four significant figures, in 50 mL (1+1)
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7.10

HNO; with heating to effect dissolution. Let solution cool and dilute with reagent water to
volumein al-L volumetric flask.

7.9.32 Yttrium solution, stock 1 mL = 1000 pg Y-Dissolve 1.270 g Y ,0; (Y fraction = 0.7875),
weighed accurately to at least four significant figures, in 50 mL (1+1) HNO;, heating to
effect dissolution. Cool and dilute to volumein a 1-L volumetric flask with reagent water.

7.9.33 Zinc solution, stock, 1 mL = 1000 pg Zn-Dissolve 1.000 g Zn metal, acid cleaned with
(1+9) HNO,, weighed accurately to at least four significant figures, in 50 mL (1+1) HNO,
with heating to effect dissolution. Let solution cool and dilute with reagent water to
volumein a 1-L volumetric flask.

Mixed calibration standard solutions—or the analysis of total recoverable digested samples,
prepare mixed calibration standard solutions by combining appropriate volumes of the stock
solutions in 500 mL volumetric flasks containing 20 mL (1+1) HNO; and 20 mL (1+1) HCI and
dilute to volume with reagent water. Prior to preparing the mixed standards, each stock solution
should be analyzed separately to determine possible spectral interferences or the presence of
impurities. Care should be taken when preparing the mixed standards to ensure that the elements
are compatible and stable together. To minimize the opportunity for contamination by the
containers, it is recommended that the mixed-standard solutions be transferred to acid-cleaned,
never-used FEP fluorocarbon bottles for storage. Fresh mixed standards should be prepared, as
needed, with the realization that concentrations can change on aging. Calibration standards not
prepared from primary standards must be initially verified using a certified reference solution. For
the recommended wavelengths listed in Table 1, some typica calibration standard combinations are
givenin Table 3.

NOTE: If the addition of silver to the recommended mixed-acid calibration standard resultsin
aninitial precipitation, add 15 mL of reagent water and warm the flask until the solution clears.
For this acid combination, the silver concentration should be limited to 0.5 mg/L.

7.11

Blanks-Three types of blanks are required for the analysis. The calibration blank isused in
establishing the analytica curve, the method blank is used to assess possible contamination from
the sample preparation procedure, and arinse blank is used to flush the sample uptake system and
nebulizer between standards, check solutions, and samples to reduce memory interferences.

7.11.1 The calibration and rinse blanks are prepared by acidifying reagent water to the same
concentrations of the acids as used for the standards. The blanks should be stored
separately in FEP bottles.

7.11.2 The method blank is reagent water that is carried through the same entire preparation
scheme as the samples including sample digestion, when applicable. When the method
blank is analyzed, it will contain all the reagents in the same volumes as the samples.
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7.12 Cdibration verification (CV) solution—The CV solution is used to verify instrument performance
during analysis. It should be prepared in the same acid mixture as the calibration standards by
combining method analytes at appropriate concentrations. Silver must be limited to <0.5 mg/L;
while potassium and phosphorus, because of higher MDLSs, and silica, because of potential
contamination, should be at concentrations of 10 mg/L. For other anaytes a concentration of 2
mg/L isrecommended. The CV solution should be prepared from the same standard stock
solutions used to prepare the calibration standards and stored in an FEP bottle. Agency programs
may specify or request that additional CV solutions be prepared at specified concentrations in
order to meet particular program needs.

7.13 Reference sample-Anaysis of areference sampleisrequired for initia and periodic verification of
calibration standards or stock standard solutions in order to verify instrument performance. The
reference sample must be abtained from an outside source different from the standard stock
solutions and prepared in the same acid mixture as the calibration standards. The concentration of
the analytes in the reference sample solution should be >1 mg/L, except silver, which must be
limited to a concentration of 0.5 mg/L for solution stability. The reference sample solution should
be stored in a FEP bottle and analyzed as needed to meet data-quality needs. A fresh solution
should be prepared quarterly or more frequently as needed. Alternatively, the reference sample may
be a standard or certified reference material traceable to the National Institute of Standards and
Technology.

7.14  Spectra interference check (SIC) solutions-SIC solutions containing (a) 300 mg/L Fe; (b) 200
mg/L Al; (c) 50 mg/L Ba; (d) 50 mg/L Be; (€) 50 mg/L Cd; (f) 50 mg/L Ce; (g) 50 mg/L Co;
(h) 50 mg/L Cr; (1) 50 mg/L Cu; (j) 50 mg/L Mn; (k) 50 mg/L Mo; (1) 50 mg/L Ni; (m) 50 mg/L
Sn; (n) 50 mg/L SIO,; (0) 50 mg/L Ti; (p) 50 mg/L Tl and (q) 50 mg/L V should be prepared in
the same acid mixture as the calibration standards and stored in FEP bottles. These solutions can
be used to periodically verify apartid list of the on-line (and possible off-line) interelement
spectral correction factors for the recommended wavelengths given in Table 1. Other solutions
could achieve the same objective aswell. Multielement SIC solutions may be prepared and
substituted for the single element solutions provided an analyte is not subject to interference from
more than one interferant in the solution (Reference 3).

NOTE: If wavelengths other than those recommended in Table 1 are used, solutions other than
those above (a through q) may be required.

7.15 Plasmasolution-The plasma solution is used for determining the optimum viewing height of the
plasma above the work coil prior to using the method (Section 10.2). The solution is prepared by
adding a5 mL aliquot from each of the stock standard solutions of arsenic, lead, selenium, and
thallium to a mixture of 20 mL (1+1) HNO; and 20 mL (1+1) HCI and diluting to 500 mL with
reagent water. Storein a FEP bottle.
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8.0

8.1

Sample Collection, Preservation, and Storage

Prior to the collection of an aqueous sample, consideration should be given to the type of data
required, (i.e., dissolved or total recoverable), so that appropriate preservation and pretreatment
steps can be taken. The pH of all agueous samples must be tested immediately prior to
withdrawing an aliquot for processing or "direct analysis' to ensure the sample has been properly
preserved. If properly acid preserved, the sample can be held up to six months before anaysis.

NOTE: Do not dip pH paper or a pH meter into the sample; remove a small aliquot with a
clean pipette and test the aliguot.

8.2

8.3

For the determination of the dissolved elements, a sample must be filtered through a 0.45 pm pore
diameter membrane filter at the time of collection or as soon thereafter as practically possible.
(Glass or plagtic filtering apparatus is recommended to avoid possible contamination. Only plastic
apparatus should be used when the determinations of boron and silica are critical). Use aportion
of the filtered sample to rinse the filter flask, discard this portion and collect the required volume of
filtrate. Acidify the filtrate with (1+1) HNO; to pH <2 immediately following filtration.

For the determination of total recoverable elements in agueous samples, samples are not filtered,
but acidified with (1+1) HNO; to pH <2 (normally, 3 mL of (1+1) acid per liter of sampleis
sufficient for most ambient and drinking water samples). Preservation may be done at the time of
collection. However, to avoid the hazards of strong acidsin the field, transport restrictions, and
possible contamination, it is recommended that samples be returned to the laboratory within two
weeks of collection and acid preserved upon receipt in the laboratory. Following acidification, the
sample should be mixed, held for 16 hours, and then verified to be pH <2 just prior to withdrawing
an aliquot for processing or "direct analysis." If, for some reason such as high alkalinity, the
sample pH is verified to be >2, more acid must be added, and the sample held for 16 hours until
verified to be pH <2.

NOTE: When the nature of the sample is either unknown or is known to be hazardous,
acidification should be done in a fume hood.

8.4

8.5

8.6

Solid samples require no preservation prior to analysis other than storage at 4°C. Thereisno
established holding time limitation for solid samples.

A field blank should be prepared and analyzed as required by the data user. Use the same
conditions (i.e., container, filtration and preservation) as used in sample collection.

If atotal solids determination is required, then a separate aliquot should be collected following the
procedure given in Section 8.0 of Appendix A.
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9.0 Quality Assurance/Quality Control

9.1 Each laboratory that uses this method is required to operate aformal quality assurance program
(Reference 24). The minimum requirements of this program consist of an initial demonstration of
laboratory capability, analysis of samples spiked with analyte(s) of interest to evaluate and
document data quality, and analysis of standards and blanks as tests of continued performance.
Laboratory performance is compared to established performance criteriato determine that results
of the analysis meet the performance characteristics of the method.

9.1.1 Theanayst shall make an initial demonstration of the ability to generate acceptable
accuracy and precision with this method. This ahility is established as described in
Section 9.2.

9.1.2 Inrecognition of advances that are occurring in analytical technology, the analyst is
permitted to exercise certain options to eliminate interferences or lower the costs of
measurements. These options include alternate digestion, preconcentration, cleanup
procedures, and changesin instrumentation. Alternate determinative techniques, such as
the substitution of a colorimetric technique or changes that degrade method performance,
are not allowed. If an analytical technique other than the techniques specified in this
method is used, then that technique must have a specificity equal to or better than the
specificity of the techniques in this method for the analytes of interest.

9.1.2.1 Each time the method is modified, the analyst is required to repeat the
procedure in Section 9.2. If the change will affect the detection limit of
the method, the laboratory is required to demonstrate that the MDL
(40 CFR Part 136, Appendix B) is lower than the MDL for that analytein
this method, or one-third the regulatory compliance level, whichever is
higher. If the change will affect calibration, the analyst must recalibrate
the instrument according to Section 10.0.

9.1.2.2 The laboratory is required to maintain records of modifications made to
this method. These records include the following, at a minimum:

91221 The names, titles, addresses, and tel ephone numbers of the
analyst(s) who performed the analyses and modification, and of
the quality control officer who witnessed and will verify the
analyses and modification.

9.1.2.2.2 A listing of analytes measured, by name and CAS Registry
number.

9.1.2.2.3 A narrative stating the reason(s) for the modification(s).
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9.1.2.24 Results from al quality control (QC) tests comparing the
modified method to this method, including:

(@)
(b)
(©
(d)
(€
(f)
(9)

Method detection limit

Calibration

Calibration verification

Initial precision and recovery

Ongoing precision and recovery

Analysis of blanks

Matrix spike and matrix spike duplicate analyses

9.1.2.25 Data that will alow an independent reviewer to validate each
determination by tracing the instrument output (peak height, area,
or other signal) to the final result. These data are to include,
where possible:

(@
(b)
(©
(d)
(€
(f)
(9)
(h)
(1)
0)

(k)
()

(m)
(n)

(0)
(P)

(@

Sample numbers and other identifiers
Digestion/preparation or extraction dates

Analysis dates and times

Analysis sequence/run chronology

Sample weight or volume

V olume before the extraction/concentration step
Volume after each extraction/concentration step

Final volume before analysis

Injection volume

Dilution data, differentiating between dilution of asample
or extract

Instrument and operating conditions (make, mode,
revision, modifications)

Sample introduction system (ultrasonic nebulizer, flow
injection system, etc.)

Preconcentration system

Operating conditions (background corrections,
temperature program, flow rates, etc.)

Detector (type, operating conditions, etc.)

Mass spectra, printer tapes, and other recordings of raw
data

Quantitation reports, data system outputs, and other data
to link raw data to results reported

9.1.3 Andyses of blanks are required to demonstrate freedom from contamination. Section 9.6
describes the required types, procedures, and criteriafor analysis of blanks.
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9.1.4

9.1.5

9.1.6

9.1.7

Analyses of MS and MSD samples are required to demonstrate the accuracy and precision
of the method and to monitor for matrix interferences (Section 9.5). When results of these
spikes indicate atypical method performance for samples, an alternative extraction or
cleanup technique must be used to bring method performance within acceptable limits. If
method performance cannot be brought within the limits given in this method, the result
may not be reported for regulatory compliance purposes.

The laboratory shall, on an ongoing basis, demonstrate through calibration verification
(Section 9.3) and through analysis of the OPR standard (Section 9.7) that the analytical
system is meeting the performance criteria.

The laboratory shall maintain records to define the quality of data that are generated.
Development of accuracy statements is described in Sections 9.1.6 and 9.8.6.

All samples must be associated with an acceptable OPR, MS/MSD, IPR, and
uncontaminated blanks.

9.2  Initia demonstration of laboratory capability.

9.2.1

9.2.2

Method detection limit—To establish the ability to detect the anayte(s) of interest, the
analyst shall determine the MDL for each analyte according to the procedure in 40 CFR
136, Appendix B using the apparatus, reagents, and standards that will be used in the
practice of this method. The laboratory must produce an MDL that is less than or equal to
the MDL specified in Section 1.11 or one-third the regulatory compliance limit, whichever
isgreater. MDLs must be determined when a new operator begins work or whenever a
change in instrument hardware or operating conditions is made that may affect the MDL.
MDLs must be determined for solids with clean sand or soil matrix if solid or dudge
samples are to be run and/or with a reagent water matrix if aqueous samples are to be run.

Initial precision and recovery (IPR)—To establish the ability to generate acceptable
precision and recovery, the analyst shall perform the following operations.

9.2.2.1 Spike four aliquots of reagent water (for aqueous samples) or clean sand
or soil (for solid and dudge samples) with the analyte(s) of interest at one
to five timesthe ML. Analyze the four aliquots according to the
procedures in Section 11.0. This test must use the containers, labware,
and reagents that will be used with samples and all digestion, extraction,
and concentrations steps.

9.2.2.2 Using the results of the four analyses, compute the average percent
recovery (X) for the analyte(s) in each aliquot and the standard deviation
of the recovery (s) for each analyte.
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9.3

9.2.3

9.24

9.2.2.3 For each analyte, compare s and X with the corresponding limits for IPR
in (Table 5- to be determined in validation study). If sand X for al
analyte(s) meet the acceptance criteria, system performance is acceptable
and analysis of blanks and samples may begin. If, however, any
individual s exceeds the precision limit or any individual X falls outside
the range for accuracy, system performance is unacceptable for that
analyte. Correct the problem and repeat the test.

Linear dynamic range (LDR)—The upper limit of the LDR must be established for each
wavelength used. It must be determined from alinear calibration prepared in the normal
manner using the established analytical operating procedure for the instrument. The LDR
should be determined by analyzing successively higher standard concentrations of the
analyte until the observed analyte concentration is no more than 10% below the stated
concentration of the standard. LDRs must be documented and kept on file. The LDR
which may be used for the analysis of samples should be judged by the analyst from the
resulting data. Calculated sample analyte concentrations that are greater than 90% of the
determined upper LDR limit must be diluted and analyzed again. The LDRs should be
verified annually or whenever, in the judgement of the analyst, a change in analytica
performance caused by either a change in instrument hardware or operating conditions
would dictate they should be redetermined.

Reference sample-\When beginning the use of this method, quarterly, and as needed to
meet data quality requirements, the analyst must verify the calibration standards and
acceptable instrument performance with the preparation and analysis of areference sample
(Section 7.13). To verify the calibration standards, the determined mean concentration
from three analyses of the reference sample must be within +5% of the stated reference
sample value. If the reference sample is not within the required limits, an immediate
second analysis of the reference sample is recommended to confirm unacceptable
performance. If both the calibration standards and acceptable instrument performance
cannot be verified, the source of the problem must be identified and corrected before
proceeding with further analyses.

Cdlibration verification—A laboratory must analyze a CV solution (Section 7.12) and a caibration
blank (Section 7.11.1) immediately following daily calibration, after every 10th sample (or more
frequently, if required) and at the end of the sample run. The analysis data of the calibration blank
and CV solution must be kept on file with the sample analyses data.

9.3.1

9.3.2

The result of the calibration blank should be less than the analyte ML or one-third the
regulatory compliance level, whichever is greater.

Analysis of the CV solution immediately following calibration must verify that the
instrument is within performance criteria to be determined by the validation study (Table
5).
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9.4

9.3.3 If the calibration cannot be verified within the specified limits, both the CV solution and
the calibration blank should be analyzed again. If the second anaysis of the CV solution
or the calibration blank confirm calibration to be outside the limits, sample analysis must
be discontinued, the cause determined, corrected, and/or the instrument recalibrated. All
samples following the last acceptable CV solution must be analyzed again.

Spectral interference check (SIC) solution—For al determinations the laboratory must periodically
verify the interelement spectral interference correction routine by analyzing SIC solutions (Section
7.14).

9.4.1 For interferences from iron and aluminum, only those correction factors (positive or
negative) which, when multiplied by 100, exceed the analyte ML, or one-third the
regulatory compliance, whichever is greater, or fall below the lower limit for the
calibration blank, need be tested on adaily basis. The lower calibration blank control limit
is determined by subtracting the ML, or one-third the regulatory compliance limit,
whichever is greater, from zero.

9.4.2 For the other interfering elements, only those correction factors (positive or negative) when
multiplied by 10 to calculate apparent analyte concentrations that exceed the analyte ML,
or one-third the regulatory compliance, whichever is greater, or fall below the lower limit
for the calibration blank, need be tested on a daily basis.

9.4.3 If the correction routine is operating properly, the determined apparent analyte(s)
concentration from analysis of each interference solution (a through g) should fall within a
specific concentration range bracketing the calibration blank. This concentration rangeis
calculated by multiplying the concentration of the interfering element by the value of the
correction factor being tested and dividing by 10. If, after subtraction of the analyte ML,
or one-third the regulatory compliance, whichever is greater, the apparent analyte
concentration is outside (above or below) this range, a change in the correction factor of
more than 10% should be suspected. The cause of the change should be determined and
corrected and the correction factor should be updated.

NOTE: The SIC solution should be analyzed more than once to confirm a change has occurred
with adequate rinse time between solutions and before subsequent analysis of the calibration
blank.

9.4.4 |f the correction factors as tested on a daily basis are found to be within the 10% criteria
for five consecutive days, the required verification frequency of those factorsin
compliance may be extended to aweekly basis. Also, if the nature of the samples analyzed
is such (e.g., finished drinking water) that they do not contain concentrations of the
interfering elements at the 10 mg/L level, daily verification is not required; however, all
interelement spectral correction factors must be verified annually and updated if necessary.
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9.5

9.4.5

9.4.6

9.4.7

All interelement spectral correction factors must be verified whenever there isa changein
instrument operating conditions. Examples of changes requiring rigorous verification of
spectral correction factors are: changes in incident power, changesin nebulizer gas flow
rate, or installation of a new torch injector with a different orifice.

If the instrument does not display negative concentration values, fortify the SIC solutions
with the elements of interest at 1 mg/L and test for analyte recoveries that are below 95%.
In the absence of measurable analyte, over-correction could go undetected because a
negative value could be reported as zero.

For instruments without interelement correction capability or when interelement
corrections are not used, SIC solutions (containing similar concentrations of the major
components in the samples, e.g., >10 mg/L) can serve to verify the absence of effects at
the wavelengths selected. These data must be kept on file with the sample analysis data.

If the SIC solution confirms an operative interference that is >10% of the anayte
concentration, the analyte must be determined using a wavelength and background
correction location free of the interference or by another approved test procedure. Users
are advised that high salt concentrations can cause anayte signal suppressions and confuse
interference tests.

Matrix spike (MS) and matrix spike duplicates (M SD)-To assess the performance of the method
on a given sample matrix, the laboratory must spike, in duplicate, a minimum of 10% (one sample
in 10) of the samples from a given sampling site or, if for compliance monitoring, from a given
discharge. Blanks may not be used for MS/MSD analysis.

9.5.1 The concentration of the MS and MSD shall be determined as follows:

9.5.11 If, asin compliance monitoring, the concentration of analytesin the
sample is being checked against a regulatory concentration limit, the
spiking level shall be at that limit or at 1-5 times the background
concentration of the sample, whichever is greater. (For notes on Ag, Ba,
and Sn see Sections 1.7 and 1.8).

9.5.1.2 If the concentration of analytesin a sampleis not being checked against a
regulatory concentration limit, the spike shall be at 1-5 times the
background concentration.

9.5.1.3 For solid and dudge samples, the concentration added should be expressed
as mg/kg and is calculated for a one gram aliquot by multiplying the
added analyte concentration (mg/L) in solution by the conversion factor
100 (mg/L x 0.1L/0.001kg = 100, Section 12.5). (For notes on Ag, Ba,
and Sn see Sections 1.7 and 1.8).

9.5.2 Assessing spike recovery
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9521

To determine the background concentration (B), analyze one sample
aliquot from each set of 10 samples from each site or discharge according
to the procedure in Section 11. If the expected background concentration
is known from previous experience or other knowledge, the spiking level
may be established a priori.

NOTE: The concentrations of calcium, magnesium, sodium and strontium in environmental
waters, along with iron and aluminum in solids and sludge can vary greatly and are not
necessarily predictable. Major constituents should not be spiked to >25 mg/L so that the
sample matrix is not altered and the analysis is not affected.

9.5.2.2

9.5.2.3

9524

Prepare a standard solution to produce an appropriate concentration in the
sample (Section 9.5.1).

Spike two additional sample aiquots with the spiking solution and analyze
these aliquots as described in Section 11 to determine the concentration
after spiking (A).

Calculate the percent recovery (P) in each aliquot (Equation 3).

where:

Equation 3

P zloo*M
T

P="Percent recovery

A=Measured concentration of analyte after spiking
B=Measured concentration of analyte before spiking
T=True concentration of the spike

9.5.3 Compare the percent recovery with the QC acceptance criteriain Table 5 (to be
determined in validation study).

9.5.3.1

If Pfals outside the designated range for recovery in Table 5, the results
have failed to meet the established performance criteria. If Pis
unacceptable, analyze the OPR standard (Section 9.7). If the OPR is
within established performance criteria (Table 5), the analytical systemis
within specification and the problem can be attributed to interference by
the sample matrix. The data user should be informed that the result for
that analyte in the unfortified sample is suspect due to either the
heterogeneous nature of the sample or matrix effects, and analysis by
method of standard addition or the use of an internal standard(s) (Section
11.6) should be considered.
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9.5.3.2

If the results of both the spike and the OPR test fall outside the acceptance
criteria, the analytical system is judged to be outside specified limits. The
analyst must identify and correct the problem and analyze the sample
batch again.

9.5.4 Assessthe possible need for the method of standard additions (MSA) or internal standard
elements by the following tests. Directions for using MSA or interna standard(s) are
given in Section 11.6.

9.5.5

9541

9.54.2

Analyte addition test: An analyte(s) standard added to a portion of a
prepared sample, or its dilution, should have arecovery of 85% to 115%
of the known value. The analyte(s) addition should produce a minimum
level of 20 times and a maximum level of 100 times the method detection
limit. If the analyte addition is <20% of the sample analyte concentration,
the dilution test described in Section 9.5.4.2 should be used. If recovery
of the analyte(s) is not within the specified limits, a matrix effect should
be suspected, and the associated data flagged accordingly. The method of
additions or the use of an appropriate internal standard element may
provide more accurate data.

Dilution test: If the analyte concentration is sufficiently high (minimally,
afactor of 50 above the instrument detection limit in the original solution
but <90% of the linear limit), an analysis of a 1+4 dilution should agree
(after correction for the fivefold dilution) within £10% of the origina
determination. If not, achemical or physical interference effect should be
suspected and the associated data flagged accordingly. The method of
standard additions or the use of an internal-standard element may provide
more accurate data for samples failing this test.

Recovery for samples should be assessed and records maintained.

9.5.5.1

9.5.5.2

After the analysis of five samples of a given matrix type (river water, lake
water, etc.). For which the analyte(s) pass the testsin Section 9.5.3,
compute the average percent recovery (R) and the standard deviation of
the percent recovery (SR) for the analyte(s). Express the accuracy
assessment as a percent recovery interval fromR - 2SR to R + 2SR for
each matrix. For example, if R=90% and SR = 10% for five anayses of
river water, the accuracy interval is expressed as 70-110%.

Update the accuracy assessment for each metal in each matrix regularly
(e.g., after each five to ten new measurements).

9.5.6 Precision of matrix spike and duplicate

28

Draft August 1998



Method 200.7

9.5.6.1

Relative percent difference between duplicates-Compute the relative
percent difference (RPD) between the MS and M SD results according to
Equation 4 using the concentrations found in the MS and MSD. Do not
use the recoveries calculated in Section 9.5.2 for this calculation because
the RPD is inflated when the background concentration is near the spike
concentration.

where:

Equation 4

(o, - Dz‘)
D1+ D2

RPD = 200*

RPD=Relative percent different
D,=Concentration of the analyte in the MS sample
D,=Concentration of the analyte in the MS sample

9.6 Blanks

9.6.1

9.5.6.2

9.5.6.3

Method blank

9.6.1.1

9.6.1.2

The RPD for the MSMSD pair must not exceed the acceptance criterion
in Table 5 (to be determined in validation study). If the criterion is not
met, the system is judged to be outside accepted limits of performance.
The problem must be identified and corrected, and the analytical batch
must be analyzed again.

Reference material analysis can provide additional interference data. The
analysis of reference samplesis avaluable tool for demonstrating the
ability to perform the method acceptably. Reference materials containing
high concentrations of analytes can provide additiona information on the
performance of the spectral interference correction routine.

Prepare a method blank with each sample batch (samples of the same
matrix started through the sample preparation process (Section 11.0) on
the same 12-hour shift, to a maximum of 20 samples). Analyze the blank
immediately after the OPR is analyzed (Section 9.7) to demonstrate
freedom from contamination.

If the analyte(s) of interest or any potentially interfering substance is
found in the method blank at a concentration equal to or greater than the
ML (Table 4) or 1/3 the regulatory compliance level, whichever is greater,
sample analysis must be halted, the source of the contamination
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9.6.2

9.6.3

9.6.1.3

9.6.1.4

Field blank

9.6.2.1

9.6.2.2

9.6.2.3

9.6.2.4

determined, the samples must be prepared again with a fresh method blank
and OPR and analyzed again.

Alternatively, if a sufficient number of blanks (three minimum) are
analyzed to characterize the nature of a blank, the average concentration
plus two standard deviations must be less than the regulatory compliance
level.

If the result for asingle blank remains above the ML or if the result for
the average concentration plus two standard deviations of three or more
blanks exceeds the regulatory compliance level, results for samples
associated with those blanks may not be reported for regulatory
compliance purposes.

Analyze the field blank(s) shipped with each set of samples (samples
collected from the same site at the same time, to a maximum of

20 samples). Analyze the blank immediately before analyzing the samples
in the batch.

If the analyte(s) of interest or any potentially interfering substance is
found in the field blank at a concentration equal to or greater than the ML
or greater than one-fifth the level in the associated sample, whichever is
greater, results for associated samples may be the result of contamination
and may not be reported for regulatory compliance purposes.

Alternatively, if a sufficient number of field blanks (three minimum) are
analyzed to characterize the nature of the field blank, the average
concentration plus two standard deviations must be less than the
regulatory compliance level or less than one-half the level in the associated
sample, whichever is greater.

If contamination of the field blanks and associated samples is known or
suspected, the laboratory should communicate this to the sampling team
so that the source of contamination can be identified and corrective
measures taken prior to the next sampling event.

Equipment blanks-Before any sampling equipment isused at a given site, it is
recommended that the laboratory or cleaning facility generate equipment blanks to
demonstrate that the sampling equipment is free from contamination. Two types of
equipment blanks are recommended: bottle blanks and sampler check blanks.
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9.6.3.1 Bottle blanks-After undergoing appropriate cleaning procedures (Section
6.1.2), bottles should be subjected to conditions of useto verify the
effectiveness of the cleaning procedures. A representative set of sample
bottles should be filled with reagent water acidified to pH < 2 and allowed
to stand for a minimum of 24 hours. Ideally, the time that the bottles are
allowed to stand should be as close as possible to the actual time that
sample will be in contact with the bottle. After standing, the water should
be analyzed for any signs of contamination. If any bottle shows signs of
contamination, the problem must be identified, the cleaning procedures
corrected or cleaning solutions changed, and al affected bottles cleaned

again.

9.6.3.2 Sampler check blanks-Sampler check blanks are generated in the
laboratory or at the equipment cleaning contractor's facility by processing
reagent water through the sampling devices using the same procedures
that are used in the field.

9.6.3.2.1 Sampler check blanks are generated by filling alarge carboy or
other container with reagent water (Section 7.1) and processing
the reagent water through the equipment using the same
procedures that are used in the field. For example, manual grab
sampler check blanks are collected by directly submerging a
sample bottle into the water, filling the bottle, and capping.
Subsurface sampler check blanks are collected by immersing the
sampler into the water and pumping water into a sample
container. Whatever precautions and equipment are used in the
field should also be used to generate these blanks.

9.6.3.2.2 The sampler check blank should be analyzed using the procedures
in this method. If the target analyte(s) or any potentialy
interfering substance is detected in the blank, the source of
contamination or interference must be identified and the problem
corrected. The equipment should be demonstrated to be free from
contamination before the equipment isused in the field.

9.6.3.2.3 Sampler check blanks should be run on all equipment that will be
used in the field. If, for example, samples are to be collected
using both a grab sampling device and a subsurface sampling
device, a sampler check blank must be run on both pieces of
equipment.

9.7  Ongoing precision and recovery
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10.0

10.1

10.2

9.7.1

9.7.2

9.7.3

9.7.4

9.7.5

9.7.6

For aqueous samples, prepare an OPR sample (laboratory fortified method blank) identical
to the IPR aliquots (Section 9.2.2.1) with each preparation batch (samples of the same
matrix started through the sample preparation process (Section 11.0) on the same 12-hour
shift, to amaximum of 20 samples) by spiking an aliquot of reagent water with the
analyte(s) of interest.

For solid and dudge samples, the use of clean sand or soil fortified asin Section 9.8.1 is
recommended.

Analyze the OPR sample immediately before the method blank and samples from the same
batch.

Compute the percent recovery of each anayte in the OPR sample.

For each andyte, compare the concentration to the limits for ongoing recovery in (Table 5
- to be determined in validation study). If all analyte(s) meet the acceptance criteria,
system performance is acceptable and analysis of blanks and samples may proceed. If,
however, any individua recovery fals outside of the range given, the analytical processes
are not being performed properly for that analyte. Correct the problem, prepare the
sample batch again with fresh OPR and method blank, and reanalyze the QA/QC and
samples.

Add results that pass the specifications in Section 9.8.5 to IPR and previous OPR data for
each analyte in each matrix. Update QC charts to form a graphic representation of
continued laboratory performance. Develop a statement of |aboratory accuracy for each
analyte in each matrix type by calculating the average percent recovery (R) and the
standard deviation of percent recovery (SR). Express the accuracy as arecovery interval
from R-2SR to R+2SR. For example, if R = 95% and SR = 5%, the accuracy is 85-
105%.

Calibration and Standardization

For initial and daily operation, calibrate the instrument according to the instrument manufacturer's
recommended procedures, using mixed calibration standard solutions (Section 7.10) and the
calibration blank (Section 7.11.1). The lowest calibration point (excluding calibration blanks)
must be equal to the ML (Section 1.11).

The calibration line should include a calibration blank and a high standard near the upper limit of
the linear dynamic range. The lowest calibration standard must contain the analyte(s) of interest at
the ML. Replicates of the blank and highest standard provide an optimal distribution of calibration
standards to minimize the confidence band for a straight-line calibration in a response region with
uniform variance (Reference 20).

10.3 Cdculate the response factor (RF) of the analytes for each of the standards (Equation 5).
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Equation 5
R

RF =%
Cx

where:
R=Peak height or area
C,=Concentration of standard x

10.3.1 Cdculate the mean response factor (RF,,), the standard deviation of the RF,, and the
relative standard deviation (RSD) of the mean (Equation 6).

Equation 6

RSD =100*
Fm
where:
RSD=Relative standard deviation of the mean
SD=Standard deviation of the RF,,
RF.=the mean response factor

10.3.2 Pearformance criteria for the calibration will be set after the validation of the method.

11.0 Procedure

11.1 Aqueous sample preparation (Dissolved analytes)—For the determination of dissolved anaytesin
ground, drinking and surface waters, pipet an aliquot (>20 mL) of the filtered, acid preserved
sample into a 50-mL polypropylene centrifuge tube. Add an appropriate volume of (1+1) HNO; to
adjust the acid concentration of the aliquot to approximate a 1% (v/v) HNO; solution (e.g., add 0.4
mL (1+1) HNO, to a20 mL aliquot of sample). Cap the tube and mix. The sampleis now ready
for analysis. Allowance for sample dilution should be made in the calculations (Section 12). If
mercury isto be determined, a separate aliquot must be additionally acidified to contain 1% (v/v)
HCI to match the signal response of mercury in the calibration standard and reduce memory
interference effects.

NOTE: If a precipitate is formed during acidification, transport, or storage, the sample aliquot
must be treated using the procedure described in Sections 11.2.2 through 11.2.7 prior to
analysis.
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11.2 Aqueous Sample Preparation—Total Recoverable Analytes

11.2.1 For the "direct analysis' of total recoverable analytes in drinking water samples containing
turbidity <1 NTU, treat an unfiltered, acid preserved sample aliquot using the sample
preparation procedure described in Section 11.1 while making allowance for sample
dilution in the data calculation (Section 12.0). For the determination of total recoverable
analytesin al other agueous samples or for preconcentrating drinking water samples prior
to analysis, follow the procedure given in Sections 11.2.2 through 11.2.7.

11.2.2 For the determination of total recoverable analytes in aqueous samples of >1 NTU
turbidity, transfer a 100 mL (x1 mL) aliquot from awell mixed, acid preserved sampleto
a250-mL Griffin beaker. (When necessary, smaller sample aliquot volumes may be used).

NOTE: If the sample contains undissolved solids >1%, a well mixed, acid preserved aliquot
containing no more than 1 g particulate material should be cautiously evaporated to near 10 mL
and extracted using the acid-mixture procedure described in Sections 11.3.3 through 11.3.6.

11.2.3 Add 2 mL (1+1) HNO, and 1.0 mL of (1+1) HCI to the beaker containing the measured
volume of sample. Place the beaker on the hot plate for solution evaporation. The hot
plate should be located in a fume hood and previoudy adjusted to provide evaporation at a
temperature of approximately but no higher than 85°C. (See the following note). The
beaker should be covered with an elevated watch glass or other necessary steps should be
taken to prevent sample contamination from the fume hood environment.

NOTE: For proper heating, adjust the temperature control of the hot plate such that an
uncovered Griffin beaker containing 50 mL of water placed in the center of the hot plate can be
maintained at a temperature approximately but no higher than 85°C. (Once the beaker is
covered with a watch glass, the temperature of the water will rise to approximately 95°C).

11.2.4 Reduce the volume of the sample aiquot to about 20 mL by gentle heating at 85°C. DO
NOT BOIL. This step takes about two hours for a 100 mL aliquot with the rate of
evaporation rapidly increasing as the sample volume approaches 20 mL. (A spare beaker
containing 20 mL of water can be used as a gauge).

11.2.5 Cover the lip of the beaker with awatch glass to reduce additional evaporation and gently
reflux the sample for 30 minutes. (Slight boiling may occur, but vigorous boiling must be
avoided to prevent loss of the HCI-H,O azeotrope).

11.2.6 Allow the beaker to cool. Quantitatively transfer the sample solution to a 50-ml
volumetric flask, dilute to volume with reagent water, stopper and mix.

11.2.7 Allow any undissolved material to settle overnight, or centrifuge a portion of the prepared
sample until clear. (If after centrifuging or standing overnight, the sample contains
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suspended solids that would clog the nebulizer, a portion of the sample may be filtered for
their removal prior to analysis. However, care should be exercised to avoid potential
contamination from filtration). The sampleis now ready for analysis. Because the effects
of various matrices on the stability of diluted samples cannot be characterized, all analyses
should be performed as soon as possible after the completed preparation.

11.3 Solid sample preparation-Tota recoverable analytes

11.3.1 For the determination of total recoverable analytes in solid samples, mix the sample
thoroughly and transfer a portion to a tared weighing dish. For samples with <35%
estimated moisture, a 20 g portion is sufficient. For samples with estimated moisture
>35%, alarger aliquot 50-100 g isrequired. Dry the sample to a constant weight at 60°C.
The sampleisdried at 60°C to prevent the loss of mercury and other possible volatile
metallic compounds, to facilitate sieving, and to ready the sample for grinding.

11.3.2 To achieve homogeneity, sieve the dried sample using a 5-mesh polypropylene sieve and
grind in amortar and pestle. (The sieve, mortar and pestle should be cleaned between
samples). From the dried, ground material weigh accurately arepresentative 1.0 + 0.01 g
aliquot (W) of the sample and transfer to a 250-ml Phillips beaker for acid extraction
(Sections 1.6, 1.7, 1.8, and 1.9).

11.3.3 To the beaker, add 4 mL of (1+1) HNO, and 10 mL of (1+4) HCI. Cover thelip of the
beaker with awatch glass. Place the beaker on a hot plate for reflux extraction of the
analytes. The hot plate should be located in afume hood and previoudy adjusted to
provide areflux temperature of approximately 95°C (See the following note).

NOTE: For proper heating, adjust the temperature control of the hot plate such that an
uncovered Griffin beaker containing 50 mL of water placed in the center of the hot plate can be
maintained at a temperature approximately but no higher than 85°C. (Once the beaker is
covered with a watch glass the temperature of the water will rise to approximately 95°C). Also,
a block digester capable of maintaining a temperature of 95°C and equipped with 250 mL
constricted volumetric digestion tubes may be substituted for the hot plate and conical beakersin
the extraction step.

11.3.4 Heat the sample and gently reflux for 30 minutes. Very dight boiling may occur, but
vigorous boiling must be avoided to prevent loss of the HCI-H,O azeotrope. Some
solution evaporation will occur (3-4 mL).

11.3.5 Allow the sample to cool and quantitatively transfer the extract to a 100-ml volumetric
flask. Dilute to volume with reagent water, stopper and mix.

11.3.6 Allow the sample extract solution to stand overnight to separate insoluble material or
centrifuge a portion of the sample solution until clear. (If after centrifuging or standing
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11.4

overnight, the extract solution contains suspended solids that would clog the nebulizer, a
portion of the extract solution may be filtered for their removal prior to anaysis.
However, care should be exercised to avoid potential contamination from filtration). The
sample extract is now ready for analysis. Because the effects of various matrices on the
stability of diluted samples cannot be characterized, al analyses should be performed as
soon as possible after the completed preparation.

11.3.7 Determine the total solids content of the sample using the procedure in Appendix A.

Sludge sample preparation—Total recoverable anaytes

NOTE: It may be possible to use the solids digestion (Section 11.3) for sludge samples,
depending on the composition of the sludge sample and the analyte(s) of interest. Under this
performance-based method, it is admissible to change the digestion technique as long as all
quality control and assurance tests meet the criteria published in Tables 4 and 5. This method
has been validated using the sludge sample digestion in Section 11.4 of this method, and it works
for all the analytes listed in Section 1.1.

11.4.1 Determination of total recoverable anaytesin sludge samples containing total suspended
solids >1% (w/v).

11411

11.4.1.2

11.4.1.3

Mix the sample thoroughly and transfer a portion to a tared weighing dish.
For samples with <35% estimated moisture a 20 g portion is sufficient.
For samples with estimated moisture >35% a larger aliquot of 50-100 g is
required. Dry the sample to a constant weight at 60°C. The sampleis
dried at 60°C to prevent the loss of mercury and other possible volatile
metallic compounds, to facilitate sieving, and to ready the sample for
grinding.

To achieve homogeneity, sieve the dried sample using a 5-mesh
polypropylene sieve and grind in amortar and pestle. (The sieve, mortar
and pestle should be cleaned between samples). From the dried, ground
material weigh accurately a representative 1.0 + 0.01 g aliquot (W) of the
sample and transfer to a 250-mL Phillips beaker for acid extraction
(Sections 1.6, 1.7, 1.8, and 1.9).

Add 10 mL of (1+1) HNO, to the beaker and cover the lip of the beaker
with awatch glass. Place the beaker on a hot plate and reflux the sample
for 10 minutes. Remove the sample from the hot plate and alow to cool.
Add 5 mL of concentrated HNO; to the beaker, replace the watch glass,
place on a hot plate, and reflux for 30 minutes. Repeat this last step once.
Remove the beaker from the hot plate and alow the sample to cool. Add
2 mL of reagent water and 3 mL of 30% H,0O,. Place the beaker on a hot
plate and heat the sample until a gentle effervescence is observed. Once
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the reaction has subsided, additional 1 mL aiquots of the 30% H,0,
should be added until no effervescence is observed, but to no more than a
total of 10 mL. Add 2 mL concentrated HC| and 10 mL of reagent water
to the sample, cover with awatch glass and reflux for 15 minutes.

11.4.1.4 Cool the sample and dilute to 100 mL with reagent water. Any remaining
solid material should be alowed to settle, or an aliquot of the final sample
volume may be centrifuged.

11.4.1.5 Determine the total solids content of the sample using the procedure in
Appendix A.

11.4.2 Determination of total recoverable analytesin sludge samples containing total suspended
solids < 1% (w/v).

11.4.2.1 Transfer 100 mL of well-mixed sample to a 250-ml Griffin beaker.

11.4.2.2 Add 3 mL of concentrated HNO, and place the beaker on a hot plate.
Heat the sample and cautiously evaporate to avolume of 5 mL. If the
sample contains large amounts of dissolved solids, adjust this volume
upwards to prevent the sample from going to dryness. Remove the besker
from the hot plate and alow the sampleto cool. Add 3 mL of
concentrated HNO,, cover with awatch glass and gently reflux the sample
until the sample is completely digested or no further changesin
appearance occur, adding additional aliquots of acid if necessary to
prevent the sample from going to dryness. Then remove the watch glass
and reduce the sample volume to 3 mL, again adjusting upwards if
necessary.

11.4.2.3 Cool the besker, then add 10 mL of reagent water and 4 mL of (1+1) HCI
to the sample and reflux for 15 minutes. Cool the sample and dilute to
100 mL with reagent water. Any remaining solid material should be
allowed to settle, or an diquot of the final sample volume may be
centrifuged.

11.4.2.4 Determine the total solids content of the sample using the procedure in
Appendix A.

11.5 Sampleanaysis

11.5.1 Prior to daily calibration of the instrument, inspect the sample introduction system
including the nebulizer, torch, injector tube and uptake tubing for salt deposits, dirt and
debris that would restrict solution flow and affect instrument performance. Clean the
system when needed or on adaily basis.
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11.5.2 Configure the instrument system.

11521

11.5.2.2

11.5.2.3

11.5.24

Specific wavelengths are listed in Table 1. Other wavelengths may be
substituted if they can provide the needed sensitivity and are corrected for
spectral interference. However, because of the difference among various
makes and models of spectrometers, specific instrument operating
conditions cannot be given. The instrument and operating conditions
utilized for determination must be capable of providing data of acceptable
quality to the program and data user. The analyst should follow the
instructions provided by the instrument manufacturer unless other
conditions provide similar or better performance for atask. Operating
conditions for agueous solutions usually vary from 1100-1200 watts
forward power, 15-16 mm viewing height, 15-19 L/min. argon coolant
flow, 0.6-1 L/min. argon aerosol flow, 1-1.8 mL/min. sample pumping
rate with a one minute preflush time and measurement time near 1 s per
wavelength peak (for sequentia instruments) and near 10 s per sample
(for simultaneous instruments). Use of the Cu/Mn intengity ratio at
324.754 nm and 257.610 nm (by adjusting the argon aerosol flow) has
been recommended as a way to achieve repeatable interference correction
factors (Reference 17).

Prior to using this method, optimize the plasma operating conditions. The
following procedure is recommended for vertically configured plasmas.
The purpose of plasma optimization is to provide a maximum signal-to-
background ratio for the least sensitive element in the analytical array.
The use of amass flow controller to regulate the nebulizer gas flow rate
greetly facilitates the procedure.

Ignite the plasma and select an appropriate incident rf power with
minimum reflected power. Allow the instrument to become thermally
stable before beginning. This usually requires at least 30 to 60 minutes of
operation. While aspirating the 1000 pg/mL solution of yttrium

(Section 7.9.32), follow the instrument manufacturer's instructions and
adjust the aerosol carrier gas flow rate through the nebulizer so a
definitive blue emission region of the plasma extends approximately from
5-20 mm above the top of the work coil (Reference 18). Record the
nebulizer gas flow rate or pressure setting for future reference.

After establishing the nebulizer gas flow rate, determine the solution
uptake rate of the nebulizer in mL/min. by aspirating a known volume
calibration blank for a period of at least three minutes. Divide the spent
volume by the aspiration time (in minutes) and record the uptake rate. Set
the peristaltic pump to deliver the uptake rate in a steady even flow.
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11.5.2.5 After horizontally aligning the plasma and/or optically profiling the
spectrometer, use the selected instrument conditions from Sections
11.5.2.3 and 11.5.2.4, and aspirate the plasma solution (Section 7.15),
containing 10 pg/mL each of As, Pb, Seand Tl. Collect intensity data at
the wavelength peak for each analyte at 1 mm intervals from 14-18 mm
above the top of the work coil. Thisregion of the plasmais commonly
referred to as the analytical zone (Reference 19). Repeat the process
using the calibration blank. Determine the net signal to blank intensity
ratio for each analyte for each viewing height setting. Choose the height
for viewing the plasma that provides the largest intensity ratio for the least
sensitive element of the four analytes. If more than one position provides
the same ratio, select the position that provides the highest net intensity for
the least sengitive element or accept a compromise position of the intensity
ratios of all four analytes.

11.5.2.6 The instrument operating condition finally selected as optimum should
provide the lowest reliable method detection limits.

11.5.2.7 If either the instrument operating conditions, such as incident power
and/or nebulizer gas flow rate are changed, or a new torch injector tube
having a different orificei.d. isinstalled, the plasma and plasma viewing
height should be reoptimized.

11.5.2.8 Before daily calibration and after the instrument warmup period, the
nebulizer gas flow must be reset to the determined optimized flow. If a
mass flow controller is being used, it should be reset to the recorded
optimized flow rate. In order to maintain valid spectral interelement
correction routines the nebulizer gas flow rate should be the same from
day-to-day (<2% change). The changein signal intensity with a changein
nebulizer gas flow rate for both "hard" (Pb 220.353 nm) and "soft"
(Cu 324.754) linesisillustrated in Figure 1.

11.5.3 The instrument must be allowed to become thermally stable before calibration and

analyses. Thisusually requires at least 30 to 60 minutes of operation. After instrument
warmup, complete any required optical profiling or aignment particular to the instrument.

11.5.4 Prior to and during the analysis of samples, the laboratory must comply with the required

QA/QC procedures (Section 9). QA/QC data must be generated using the same
instrument operating conditions (Section 11.5) and calibration routine (Section 10) in
effect for sample analysis. The data must be documented and kept on file so that they are
available for review by the data user.
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11.5.5 A perigtaltic pump must be used to introduce &l solutions to the nebulizer. To allow
equilibrium to be reached in the plasma, aspirate all solutions for 30 seconds after reaching
the plasma before beginning integration of the background corrected signal to accumulate
data. When possible, use the average value of replicate integration periods of the signal to
be correlated to the anayte concentration. Flush the system with the rinse blank (Section
7.11.1) for aminimum of 60 seconds (Section 4.4) between all standard or sample
solutions, OPRs, MS, MSD, and check solutions.

11.5.6 Determined sample analyte concentrations that are 90% or more of the upper limit of the
analyte LDR must be diluted with reagent water that has been acidified in the same manner
as calibration blank and analyzed again.

11.5.7 Also, for the interelement spectral interference correction routines to remain valid during
sample analysis, the interferant concentration must not exceed itsLDR. If the interferant
LDR is exceeded, analyte detection limits are raised and determination by another
approved test procedure that is either more sensitive and/or interference freeis
recommended. If another approved method is unavailable, the sample may be diluted with
acidified reagent water and reanayzed.

11.5.8 When it is necessary to assess an operative matrix interference (e.g., signal reduction due
to high dissolved solids), the tests described in Section 9.5.4 and 11.6 are recommended.

11.5.9 Report data as directed in Section 12.0.

11.6 If the method of standard additions (MSA) is used, standards are added at one or more levelsto
portions of a prepared sample. This technique compensates for enhancement or depression of an
analyte signal by amatrix (Reference 21). It will not correct for additive interferences such as
contamination, interelement interferences, or baseline shifts. Thistechniqueisvalid in the linear
range when the interference effect is constant over the range, the added analyte responds the same
as the endogenous analyte, and the signal is corrected for additive interferences. The smplest
version of thistechnique is the single-addition method. This procedure calls for two identical
aliquots of the sample solution to be taken. To thefirst aliquot, a small volume of standard is
added; while to the second aliquot, a volume of acid blank is added equal to the standard addition.
The sample concentration is calculated with Equation 7.
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Equation 7

SV C

Ce =
S (S-S,

Cs=Sample concentration (mg/L)

C =Concentration of the standard solution (mg/L)
S=Sgnal for fortified aliquot

S~=Sgnal for unfortified aliquot

V;=Volume of the standard addition (L)
V,=Volume of the sample aliquot (L) used for MSA

where:

12.0

12.1

12.2

12.3

12.4

For more than one fortified portion of the prepared sample, linear regression analysis can be
applied using a computer or calculator program to obtain the concentration of the sample solution.
An dternative to using the method of standard additions is use of the internal standard technique by
adding one or more elements (not in the samples and verified not to cause an uncorrected
interelement spectra interference) at the same concentration (which is sufficient for optimum
precision) to the prepared samples (blanks and standards) that are affected the same as the analytes
by the sample matrix. Use the ratio of analyte signal to the internal standard signal for calibration
and quantitation.

Data Analysis and Calculations

Sample data should be reported in units of mg/L for aqueous samples and mg/kg dry weight for
solid and dudge samples.

For dissolved agueous analytes (Section 11.1) report the data generated directly from the
instrument with allowance for sample dilution. Do not report analyte concentrations below the
MDL.

For total recoverable aqueous analytes (Section 11.2), multiply solution analyte concentrations by
the dilution factor 0.5, when 100 mL aliquot is used to produce the 50 mL final solution, and
report data as instructed in Section 12.4. If an aliquot volume other than 100 mL is used for
sample preparation, adjust the dilution factor accordingly. Also, account for any additional
dilution of the prepared sample solution needed to complete the determination of analytes exceeding
90% or more of the LDR upper limit. Do not report data below the determined analyte MDL
concentration.

For analytes with MDLs <0.01 mg/L, round the data values to the thousandth place and report
analyte concentrations up to three significant figures. For analytes with MDLs >0.01 mg/L, round
the data values to the hundredth place and report analyte concentrations up to three significant
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figures. Extract concentrations for solids and dudge data should be rounded in a smilar manner
before calculationsin Section 12.5 are performed.

12.5 For total recoverable analytesin solid and sludge samples (Sections 11.3 and 11.4), round the
solution analyte concentrations (mg/L) asinstructed in Section 12.4. Report the data up to three
significant figures as mg/kg dry-weight basis unless specified otherwise by the program or data
user. Calculate the concentration using Equation 8.

Equation 8

C*V*D
S w
where:
C=Sample concentration (mg/kg, dry-weight basis)
C=Concentration in extract (mg/L)
V=Volume of extract (L, 100 mL = 0.1L)
D=Dilution factor (undiluted = 1)
W=Weight of sample aliquot extracted (kg, 1g=0.001kg)

Do not report analyte data below the solids MDL.

12.6 To report percent solids or mg/kg of solid and sludge samples, use the procedure in Appendix A.

12.7 The QC data obtained during the analyses provide an indication of the quality of the sample data
and should be provided with the sample results.

13.0 Method Performance

13.1 MDLsand MLswill be determined in avalidation study. Preliminary MDL values are given in
Table 4. The ML for each analyte can be calculated by multiplying the MDL by 3.18 and
rounding to the number nearest (2, 5, or 10 X 10") where n is a positive or negative integer.

14.0 Pollution Prevention

14.1 Pollution prevention encompasses any technique that reduces or eliminates the quantity or toxicity
of waste at the point of generation. Numerous opportunities for pollution prevention exist in
laboratory operation. The EPA has established a preferred hierarchy of environmental
management techniques that places pollution prevention as the management option of first choice.
Whenever feasible, laboratory personnel should use pollution prevention techniques to address their
waste generation (e.g., Section 7.9). When wastes cannot be feasibly reduced at the source, the
Agency recommends recycling as the next best option.
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14.2

15.0

15.1

16.0

For information about pollution prevention that may be applicable to laboratories and research
institutions, consult “Lessis Better: Laboratory Chemical Management for Waste Reduction,”
available from the American Chemical Society's Department of Government Relations and Science
Policy, 1155 16th Street N.W., Washington, D.C. 20036, (202)872-4477.

Waste Management

The Environmental Protection Agency requires that laboratory waste management practices be
conducted consistent with all applicable rules and regulations. The Agency urges laboratories to
protect the air, water, and land by minimizing and controlling all releases from hoods and bench
operations, complying with the letter and spirit of any sewer discharge permits and regulations, and
by complying with all solid and hazardous waste regulations, particularly the hazardous waste
identification rules and land disposal restrictions. For further information on waste management
consult “ The Waste Management Manual for Laboratory Personnel,” available from the American
Chemical Society at the address listed in the Section 14.2.
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17.0 Tables, Diagrams, Flowcharts, and Validation Data

TABLE 1: WAVELENGTHS, ESTIMATED INSTRUMENT DETECTION
LIMITS, AND RECOMMENDED CALIBRATION

Estimated Detection Calibratef

Wavelength? Limit® to
Analyte (nm) (ug/L) (mg/L)
Aluminum 308.215 45 10
Antimony 206.833 32 5
Arsenic 193.759 53 10
Barium 493.409 2.3 1
Beryllium 313.042 0.27 1
Boron 249.678 57 1
Cadmium 226.502 34 2
Calcium 315.887 30 10
Cerium 413.765 48 2
Chromium 205.552 6.1 5
Cobalt 228.616 7.0 2
Copper 324.754 54 2
Iron 259.940 6.2 10
Lead 220.353 42 10
Lithium 670.784 3.7 5
Magnesium 279.079 30 10
Manganese 257.610 14 2
Mercury 194.227 25 2
Molybdenum 203.844 12 10
Nickel 231.604 15 2
Phosphorus 214914 76 10
Potassium 766.491 700° 20
Selenium 196.090 75 5
Silica(SI0,) 251.611 26° (S0, 10
Silver 328.068 7.0 0.5
Sodium 588.995 29 10
Strontium 421.552 0.77 1
Thallium 190.864 40 5
Tin 189.980 25 4
Titanium 334.941 3.8 10
Vanadium 292.402 7.5 2
Zinc 213.856 1.8 5

#The wavelengths listed are recommended because of their sensitivity and overall acceptability.
Other wavelengths may be substituted if they can provide the needed sensitivity and are trested
with the same corrective techniques for spectral interference (see Section 4.1).
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*These estimated 3-sigma instrumental detection limits are provided only as a guide to instrumental
limits (Reference 16). The method detection limits are sample dependent and may vary asthe
sample matrix varies. Detection limits for solids can be estimated by dividing these values by the
grams extracted per liter, which depends upon the extraction procedure. Divide solution detection
limitsby 10 for 1 g extracted to 100 mL for solid detection limits.

“Suggested concentration for instrument calibration (Reference 2). Other calibration limitsin the
linear ranges may be used.

dCalculated from 2-sigma data (Reference 5).

*Highly dependent on operating conditions and plasma position.

August 1998 Draft 47



Method 200.7

TABLE 2: ON-LINE METHOD INTERELEMENT SPECTRAL INTERFERENCES
ARISING FROM INTERFERANTSAT THE 100 mg/L LEVEL

Wavelength
Analyte (nm) Interferant?
Ag 328.068 Ce, Ti, Mn
Al 308.215 V, Mo, Ce, Mn
As 193.759 V, Al, Co, Fe, Ni
B 249.678 None
Ba 493.409 None
Be 313.042 V, Ce
Ca 315.887 Co, Mo, Ce
Cd 226.502 Ni, Ti, Fe, Ce
Ce 413.765 None
Co 228.616 Ti, Ba, Cd, Ni, Cr, Mo, Ce
Cr 205.552 Be, Mo, Ni
Cu 324.754 Mo, Ti
Fe 259.940 None
Hg 194.227 V, Mo
K 766.491 None
Li 670.784 None
Mg 279.079 Ce
Mn 257.610 Ce
Mo 203.844 Ce
Na 588.995 None
Ni 231.604 Co, Tl
P 214.914 Cu, Mo
Pb 220.353 Co, Al, Ceg, Cu, Ni, Ti, Fe
Sb 206.833 Cr, Mo, Sn, Ti, Ce, Fe
Se 196.099 Fe
SO, 251.611 None
Sn 189.980 Mo, Ti, Fe, Mn, Si
Sr 421.552 None
Tl 190.864 Ti, Mo, Co, Ce, Al, V, Mn
Ti 334.941 None
\Y 292.402 Mo, Ti, Cr, Fe, Ce
Zn 213.856 Ni, Cu, Fe

#These on-line interferences from method analytes and titanium only were observed using an
instrument with 0.035 nm resolution (see Section 4.1.2). Interferant ranked by magnitude of
intensity with the most severe interferant listed first in the row.
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TABLE 3: MIXED STANDARD SOLUTIONS

Solution Analytes

| Ag, As, B, Ba, Ca, Cd, Cu, Mn, Sb, and Se
1 K, Li, Mo, Na, Sr, and Ti

11 Co, P, V, and Ce
AV Al, Cr, Hg, SIO,, Sn, and Zn
\Y Be, Fe, Mg, Ni, Pb, and Tl
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TABLE 4. TOTAL RECOVERABLE METHOD DETECTION LIMITS(MDL)?

MDLs

Analyte Agueous, mg/L" Solids, mg/kg*
Ag 0.002 0.3
Al 0.02 3
As 0.008 2
B¢ 0.003 -
Ba 0.001 0.2
Be 0.0003 0.1
Ca 0.01 2
Cd 0.001 0.2
Ce 0.02 3
Co 0.002 0.4
Cr 0.004 0.8
Cu 0.003 0.5
Fe 0.03° 6
Hg 0.007 2
K 0.3 60
Li 0.001 0.2
Mg 0.02 3
Mn 0.001 0.2
Mo 0.004 1
Na 0.03 6
Ni 0.005 1

P 0.06 12
Pb 0.01 2
Sb 0.008 2
Se 0.02 5
Sio, 0.02 -
Sn 0.007 2
Sr 0.0003 0.1
Tl 0.001 0.2
Ti 0.02 3
\ 0.003 1
Zn 0.002 0.3

#Table will be changed after interlaboratory validation of Method 200.7.

®MDL concentrations are computed for origina matrix with allowance for 2x sample
preconcentration during preparation. Samples were processed in PTFE and diluted in 50-mL
plastic centrifuge tubes.

‘Estimated, calculated from aqueous MDL determinations.
9Boron not reported because of glassware contamination. Silica not determined in solid samples.
°Elevated value due to fume-hood contamination.
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TABLE 5: PERFORMANCE CRITERIA FOR METHOD 200.7 (TO BE DETERMINED
DURING INTERLABORATORY VALIDATION)
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1.0

11

1.2

1.3

1.4

1.5

2.0
2.1

2.3

3.0

3.1

3.2
4.0

4.1

Appendix A: Total Solids in Solid and Semisolid Matrices

Scope and Application

This procedure is applicable to the determination of total solids in such solid and semisolid samples
as soils, sediments, biosolids (municipal sewage dudge) separated from water and wastewater
treatment processes, and sludge cakes from vacuum filtration, centrifugation, or other biosolids
dewatering processes.

This procedure is taken from EPA Method 1684: Total, Fixed, and Volatile Solids in Solid and
Semi-Solid Matrices.

Method detection limits (MDLs) and minimum levels (MLs) have not been formally established for
this draft procedure. These values will be determined during the validation of Method 1684.

This procedure is performance based. The laboratory is permitted to omit any step or modify any
procedure (e.g. to overcome interferences, to lower the cost of measurement), provided that all
performance requirements in this procedure are met. Requirements for establishing equivalency
are given in Section 9.1.2 of Method 200.7.

Each laboratory that uses this procedure must demonstrate the ability to generate acceptable results
using the procedure in Section 9.2.

Summary of Method
Sample aliquots of 25-50 g are dried at 103°C to 105°C to drive off water in the sample.

The mass of total solidsin the sample is determined by comparing the mass of the sample before
and after each drying step.

Definitions

Total Solids-The residue left in the vessal after evaporation of liquid from a sample and
subsequent drying in an oven at 103°C to 105°C.

Additional definitions are given in Sections 3.0 and 18.0 of Method 200.7.
Interferences
Sampling, subsampling, and pipeting multi-phase samples may introduce serious errors (Reference

13.1). Make and keep such samples homogeneous during transfer. Use special handling to ensure
sample integrity when subsampling. Mix small samples with a magnetic stirrer. If visible
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4.2

4.3

4.4

4.5

5.0

5.1

6.0

suspended solids are present, pipet with wide-bore pipets. If part of a sample adheresto the
sample container, intensive homogenization is required to ensure accurate results. When dried,
some samples form a crust that prevents evaporation; specia handling such as extended drying
times are required to deal with this. Avoid using a magnetic stirrer with samples containing
magnetic particles.

The temperature and time of residue drying has an important bearing on results (Reference 1).
Problems such as weight losses due to volatilization of organic matter, and evolution of gases from
heat-induced chemical decomposition, weight gains due to oxidation, and confounding factors like
mechanical occlusion of water and water of crystallization depend on temperature and time of
heating. It is therefore essential that samples be dried at a uniform temperature, and for no longer
than specified. Each sample requires close attention to desiccation after drying. Minimize the time
the desiccator is open because moist air may enter and be absorbed by the samples. Some samples
may be stronger desiccants than those used in the desiccator and may take on water.

Residues dried at 103°C to 105°C may retain some bound water as water of crystallization or as
water occluded in the interstices of crystals. They lose CO, in the conversion of bicarbonate to
carbonate. The residues usualy lose only dight amounts of organic matter by volatilization at this
temperature. Because removal of occluded water is marginal at this temperature, attainment of
constant weight may be very slow.

Results for residues high in oil or grease may be questionable because of the difficulty of drying to
congtant weight in a reasonable time.

The determination of total solidsis subject to negative error due to loss of ammonium carbonate
and volatile organic matter during the drying step at 103°C to 105°C. Carefully observe specified
ignition time and temperature to control losses of volatile inorganic salts if these are a problem.

Safety
Refer to Section 5.0 of Method 200.7 for safety precautions.

Equipment and Supplies

NOTE: Brand names, suppliers, and part numbers are cited for illustrative purposes only. No
endorsement isimplied. Equivalent performance may be achieved using equipment and
materials other than those specified here, but demonstration of equivalent performance that
meets the requirements of this method is the responsibility of the laboratory.

6.1

6.2

6.3

Evaporating Dishes-Dishes of 100-mL capacity. The dishes may be made of porcelain (90-mm
diameter), platinum, or high-silica glass.

Watch glass—Capable of covering the evaporating dishes (Section 6.1).

Steam bath.
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6.4

6.5

6.6

6.7

6.8
6.9
6.10
7.0
7.1

7.2

8.0

8.1

9.0

9.1

Desiccator—Moisture concentration in the desiccator should be monitored by an instrumental
indicator or with a color-indicator desiccant.

Drying oven—Thermostatically-controlled, capable of maintaining a uniform temperature of 103°C
to 105°C throughout the drying chamber.

Analytical balance-Capable of weighing to 0.1 mg for samples having a mass up to 200 g.

Container handling apparatus-Gloves, tongs, or a suitable holder for moving and handling hot
containers after drying.

Bottles-Glass or plastic bottles of a suitable size for sample collection.

Rubber gloves (Optiona).

No. 7 Cork borer (Optional).

Reagents and Standards

Reagent water—Deionized, distilled, or otherwise purified water.

Sodium chloride-potassium hydrogen phthalate standard (NaCl-KHP).

7.2.1 Dissolve 0.10 g sodium chloride (NaCl) in 500 mL reagent water. Mix to dissolve.

7.2.2 Add 0.10 g potassium hydrogen phthalate (KHP) to the NaCl solution (Section 7.2.1) and
mix. If the KHP does not dissolve readily, warm the solution while mixing. Diluteto 1 L
with reagent water. Store at 4°C. Assuming 100% volatility of the acid phthalate ion, this

solution contains 200 mg/L total solids, 81.0 mg/L volatile solids, and 119 mg/L fixed
solids.

Sample Collection, Preservation, and Storage

Use resistant-glass or plastic bottles to collect sample for solids analysis, provided that the material
in suspension does not adhere to container walls. Sampling should be done in accordance with
Reference 13.2. Begin analysis as soon as possible after collection because of the impracticality of
preserving the sample. Refrigerate the sample at 4°C up to the time of analysis to minimize
microbiological decomposition of solids. Preferably do not hold samples more than 24 hours.
Under no circumstances should the sample be held more than seven days. Bring samples to room
temperature before analysis.

Quality Control

Quality control requirements and requirements for performance-based methods are given in Section
9.1 of Method 200.7.
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9.2 Initial demonstration of laboratory capability - Theinitial demonstration of laboratory capability is
used to characterize laboratory performance and method detection limits.

9.2.1 Method detection limit (MDL) - The method detection limit should be established for the
analyte, using diluted NaCl-KHP standard (Section 7.2). To determine MDL values, take
seven replicate aliquots of the diluted NaCl-KHP solution and process each aliquot
through each step of the analytical method. Perform all calculations and report the
concentration values in the appropriate units. MDLs should be determined every year or
whenever a modification to the method or analytical system is made that will affect the
method detection limit.

9.2.2 Initia Precision and Recovery (IPR) - To establish the ability to generate acceptable preci-
sion and accuracy, the analyst shall perform the following operations:
9.2.2.1 Prepare four samples by diluting NaCl-KHP standard (Section 7.2) to 1-5

times the MDL. Using the proceduresin Section 11, analyze these
samples for total solids.
9.2.2.2 Using the results of the four analyses, compute the average percent recov-
ery (x) and the standard deviation (s, Equation 1) of the percent recovery
for total solids.
Equation 1
2 2
o , (AX)
axi-—
S= n
n-1
Where:
n = number of samples
X = % recovery in each sample
s = standard deviation
9.2.2.3 Compare s and x with the corresponding limits for initial precision and
recovery in Table 2 (to be determined in validation study). If sand x meet
the acceptance criteria, system performance is acceptable and analysis of
samples may begin. If, however, s exceeds the precision limit or x falls
outside the range for recovery, system performance is unacceptable. In
this event, correct the problem, and repesat the test.
9.3  Laboratory blanks

9.3.1 Prepare and analyze alaboratory blank initialy (i.e. with the testsin Section 9.2) and with
each analytical batch. The blank must be subjected to the same procedural steps as a
sample, and will consist of approximately 25 g of reagent water.
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9.4

9.5

10.0
10.1

10.2

9.3.2

If material is detected in the blank at a concentration greater than the MDL (Section 1.3),
analysis of samples must be halted until the source of contamination is eliminated and a
new blank shows no evidence of contamination. All samples must be associated with an
uncontaminated laboratory blank before the results may be reported for regulatory compli-
ance purposes.

Ongoing Precision and Recovery

94.1

9.4.2

9.4.3

9.4.4

9.4.5

Prepare an ongoing precision and recovery (OPR) solution identical to the IPR solution
described in Section 9.2.2.1.

An aliquot of the OPR solution must be analyzed with each sample batch (samples started
through the sample preparation process (Section 11) on the same 12-hour shift, to a
maximum of 20 samples).

Compute the percent recovery of total solidsin the OPR sample.

Compare the results to the limits for ongoing recovery in Table 2 (to be determined in
validation study). If the results meet the acceptance criteria, system performanceis
acceptable and analysis of blanks and samples may proceed. If, however, the recovery of
total solids falls outside of the range given, the analytical processes are not being
performed properly. Correct the problem, reprepare the sample batch, and repeat the OPR
test. All samples must be associated with an OPR analysis that passes acceptance criteria
before the sample results can be reported for regulatory compliance purposes.

results that pass the specifications in Section 9.4.4 to IPR and previous OPR data. Update
QC chartsto form a graphic representation of continued laboratory performance. Develop
a statement of laboratory accuracy for each analyte by calculating the average percent
recovery (R) and the standard deviation of percent recovery (SR). Express the accuracy as
arecovery interval from R-2SR to R+2SR. For example, if R=05% and SR=5%, the
accuracy is 85-115%.

Duplicate analyses

951

9.5.2

Ten percent of samples must be analyzed in duplicate. The duplicate analyses must be
performed within the same sample batch (samples whose analysis is started within the
same 12-hour period, to a maximum of 20 samples).

Thetotal solids of the duplicate samples must be within 10%.

Calibration and Standardization

Cdlibrate the analytical balance at 2 mg and 1000 mg using class"S" weights.

Cdlibration shall be within + 10% (i.e. £0.2 mg) at 2 mg and + 0.5% (i.e. +5 mg) at 1000 mg. If
values are not within these limits, recalibrate the balance.
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11.0 Procedure

11.1 Preparation of evaporating dishes-Heat dishes and watch glasses at 103°C to 105°C for 1 hour in
an oven. Cool and store the dried equipment in a desiccator. Weigh each dish and watch glass
prior to use (record combined weight as “W4,").

11.2 Preparation of samples

11.2.1 Fluid samplesf the sample contains enough moisture to flow readily, stir to homogenize,
place a 25 to 50 g sample aliquot on the prepared evaporating dish. If the sasmpleisto be
analyzed in duplicate, the mass of the two aiquots may not differ by more than 10%.
Spread each sample so that it is evenly distributed over the evaporating dish. Evaporate the
samples to dryness on a steam bath. Cover each sample with awatch glass, and weigh
(record weight as “Wgnpe')-

NOTE: Weigh wet samples quickly because wet samples tend to lose weight by evaporation.
Samples should be weighed immediately after aliquots are prepared.

11.2.2 Solid samples-f the sample consists of discrete pieces of solid materia (dewatered
sludge, for example), take cores from each piece with a No. 7 cork borer or pulverize the
entire sample coarsely on a clean surface by hand, using rubber gloves. Placea25t050g
sample aliquot of the pulverized sample on the prepared evaporating dish. If the sampleis
to be analyzed in duplicate, the mass of the two aiquots may not differ by more than 10%.
Spread each sample so that it is evenly distributed over the evaporating dish. Cover each
sample with awatch glass, and weigh (record weight as “Wg,c").

11.3 Dry the samplesat 103°C to 105°C for aminimum of 12 hours, cool to balance temperature in an
individual desiccator containing fresh desiccant, and weigh. Heat the residue again for 1 hour, cool
it to balance temperature in a desiccator, and weigh. Repeat this heating, cooling, desiccating, and
weighing procedure until the weight change is less than 5% or 50 mg, whichever isless. Record
the final weight as“W,y4."

NOTE: Itisimperative that dried samples weighed quickly since residues often are very
hygroscopic and rapidly absorb moisture from the air. Samples must remain in the dessicator
until the analyst is ready to weigh them.

12.0 Data Analysis and Calculations

12.1 Cdculate the % solids or the mg solids’kg sludge for total solids (Equation 2).
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Equation 2

- W
% total solids = V‘C““ﬁ"—v‘;ﬁ“*loo
dish

sample

or

mg total solids W, - W,
kgsludge W

sample

1%1.000,000
V\éish

Where:
W= Weight of dish (mg)
Wampe= Weight of wet sample and dish (mg)
W= Weight of dried residue and dish (mg)

12.2

13.0

13.1

13.2

14.0
14.2
15.0
15.1
16.0

16.1

16.2

Sample results should be reported as % solids or mg/kg to three significant figures. Report results
below the ML as < the ML, or as required by the permitting authority or in the permit.

Method Performance

Method performance (MDL and qudity control acceptance criteria) will be determined during the
multi-lab validation of this method.

Total solids duplicate determinations must agree within 10% to be reported for permitting
purposes. If duplicate samples do not meet this criteria, the problem must be discovered and the
sample must be run over.

Pollution Prevention

Pollution prevention details are given in Section 14 of Method 200.7.
Waste Management

Waste management details are given in Section 15 of Method 200.7.
References

"Standard Methods for the Examination of Water and Wastewater," 18th ed. and later revisions,
American Public Health Association, 1015 15th Street NW, Washington, DC 20005. 1-35:
Section 1090 (Safety), 1992.

U.S. Environmental Protection Agency, 1992. Control of Pathogens and Vector Attraction in
Sewage Sludge. Publ 625/R-92/013. Office of Research and Development, Washington, DC.
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17.0 Tables, Diagrams, Flowcharts, and Validation Data

17.1 Tables containing method requirements for QA/QC will be added after the validation study has
been performed.
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