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DISCLAIMER

This manual has been reviewed by the Environmental Monitoring Systems '
Laboratory - Cincinnati, U.S. Environmental Protection Agency, and approved
for publication. Mention of trade names or commercial products does not
constitute endorsement or recommendation for use.
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FOREWORD

. Environmental measurements are required to determine the quality of
ambient waters and the character of waste effluents. The Environmental

Monitoring Systems Laboratory - Cincinnati (EMSL-Cincinnati) conducts research
to: :

0 Develop and evaluate analytical methods to identify and measure the
concentration of chemical pollutants in drinking waters, surface
waters, groundwaters, wastewaters, sediments, sludges, and solid
wastes.

0 Investigate methods for the identification and measurement of
viruses, bacteria and other microbiological organisms in aqueous
samples and to determine the responses of aquatic organisms to water
quality.

0 Develop and operate a quality assurance program to support the
achievement of data quality objectives in measurements of pollutants
in drinking water, surface water, groundwater, wastewater, sediment
and solid waste.

This EMSL-Cincinnati publication, "Methods for the Determination of
Metals in Environmental Samples" was prepared to gather together under a
single cover a set of 13 laboratory analytical methods for metals in a variety
of sample types. We are pleased to provide this manual and believe that it
‘ will be of considerable value to many public and private laboratories that

wish to determine metals in environmental media for regulatory or other
reasons.

Thomas A. Clark, Director
Environmental Monitoring Systems
Laboratory - Cincinnati




ABSTRACT

Thirteen analytical methods covering 35 analytes which may be present in
a variety of environmental sample types are described in detail. Three of
these methods are sample preparation procedures that require a separate
determinate step found in other methods in this manual or elsewhere. These
methods involve a wide range of analytical instrumentation including
inductively coupled plasma (ICP)/atomic emission spectroscopy (AES), ICP/mass
spectroscopy (MS), atomic absorption (AA) spectroscopy, ion chromatography
(IC), and high performance liquid chromatography (HPLC). Application of these
techniques to a diverse group of sample types is a somewhat unique feature of
this manual. Sample types include waters ranging from drinking water to
marine water as well as industrial and municipal wastewater, groundwater and
Tandfill leachate. Also included are methods that will accommodate biological
tissues, sediments, and soils.
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INTRODUCTION

An integral component of the role of the Environmental Protection Agency
(EPA) in assessing and protecting the quality of the environment is the
provision of means for monitoring environmental quality. In keeping with this
role, EPA develops and disseminates analytical methods for measuring chemical
and physical parameters affecting this most important resource, including
contaminants which may have potential adverse effects upon the health of our
environment. This manual provides 13 analytical methods for 35 analytes which
may be present in a variety of environmental sample types. Three of the
methods are sample preparation procedures that refer to instrumental
techniques in other methods for multi-analyte or single-analyte quantitation.
The remaining 11 analytical methods were written to stand-alone, that is, each
method may be removed from the manual, photocopied, inserted into another
binder, and used without loss of information. Revisions of these methods will
be made available in a similar stand-alone format to facilitate the
replacement of existing methods as new technical developments occur. This
flexibility comes at the cost of some duplication of material, for example,
the definitions of terms section of each method is nearly identical. The
authors believe that the added bulk of the manual is a small price to pay for
the format flexibility.

 An important feature of the methods in this manual is the consistent use
of terminology, and this feature is especially helpful in the quality control
sections where standardized terminology is not yet available. The terms were
carefully selected to be meaningful without extensive definition, and
therefore should be easy to understand and use. The names of authors of the
methods are provided to assist users in obtaining direct telephone support
when required.

GENERAL COMMENTS

The methods in this manual are not intended to be specific for any single
EPA regulation, compliance monitoring program, or specific study. In the
past, manuals have been developed and published that respond to specific
regulations, such as the Safe Drinking Water Act (SDWA) or to special studies
such as the Environmental Monitoring and Assessment Program (EMAP) Near
Coastal Demonstration Project. These methods are, however, available for
incorporation into several regulatory programs due to their applicability to
such diverse sample types. The ICP/AES, ICP/MS and AA methods have been or
will be approved for use in the drinking water and the permit programs. The
methods applticable for use in marine and estuary waters will be available for
use in the Agency's National Estuary Program and subsequent EMAP studies that
may involve the determination of toxic metals in the water column.

The quality assurance sections are uniform and contain minimum
requirements for operating a reliable monitoring program: initial
demonstration of performance, routine analyses of reagent blanks, analyses of
fortified reagent blanks and fortified matrix samples, and analyses of quality
control (QC) samples. Other QC practices are recommended and may be adopted
to meet the particular needs of monitoring programs e.g., analyses of field
reagent blanks, instrument control samples and performance evaluation samples.
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2.

SCOPE _AND APPLICATION

1.1

1.2

1.3

METHOD 200.1
DETERMINATION OF ACID-SOLUBLE METALS

This method can be used to determine acid-soluble metals' in ambient
waters and aqueous wastes. Results from this method may be used to
calculate or estimate the potential impact on aquatic 1ife and water
quality. It is applicable to the analysis of arsenic (As), cadmium
(Cd), chromium (Cr), copper (Cu), and lead (Pb).

This method provides instructions for sample handling, preservation,
and preparation prior to analysis using spectrochemical methods
given in this manual. Specific references are listed in Sect. 11.3
of this method.

This method is designed to be a supplement to approved EPA
spectrophotometric and spectrochemical methods, however, it does not
provide for oxidation state or organometallic speciation. For a
summary and description of the analytical techniques employed, their
estimated instrumental detection limits, definition of terms
specific to each technique, types of interferences encountered,
instrumental requirements, reagents and standards required for
analysis, calibration, general instrumental operating procedures,
instrumental quality control, data calculation and reporting, see
appropriate parts of the methods referenced in Sect. 11.3 of this
method.

SUMMARY OF METHOD

2.1

This method describes procedural instruction for treating an

aqueous sample for determination of acid-soluble metals prior to
either atomic absorption or atomic emission spectrochemical
analysis. The aqueous sample is acidified to a pH of 1.75 + 0.1 and
held for a period of at Teast 16 h before being filtered through a
0.45-pm membrane filter and appropriately processed for analysis.

DEFINITIONS

3.1

Acid-Soluble Metal: That portion of the metal concentration that
will pass through a 0.45-um membrane filter after the solution to

be filtered has been adjusted to within a pH 1.75 * 0.1 and held for
a period of 16 h. '

INTERFERENCES

4.1

Contamination is of primary concern in determining acid-soluble
metals. All sample containers, labware, filtering and sample
processing apparatus should be washed as described in Sect. 8.1.




SAFETY

5.1

Ammonium hydroxide and nitric acid are moderately toxic and
1rr1tat1ng to skin and mucus membranes. Use concentrated reagents
in a hood and if eye or skin contact occurs, flush with large
volumes of water. Always wear safety glasses or a shield for eye
protection when working with these reagents.

APPARATUS

6.1

pH Meter-laboratory or.field model: A wide variety of instruments
are commercially available with various spec1f1cat1ons and optional
equipment. The instrument must be capable of measuring pH to 0.1
units and should be a meter equipped with a comb1nat1on electrode.

Filter funnel and support: Only glass or plastic f11ter1ng
apparatus should be used. The support should be capable of
accepting both the prefilter and fine filter while maintaining a
no-Teak seal between the funnel and support. The Gelman model 4201
or equivalent is acceptable. ‘

Suction flask, 500-mL capacity.

Membrane filter discs: Because the sample solution to be filtered

will be of low pH (1.75 £ 0.1), the filter media may be either a
polyvinyl chloride acrylic .copolymer or mixed esters of cellulose
material. The following 47-mm membrane filters or equivalent are
acceptable. ‘ - '

6.4.1 Fine prefilter: DM-800, 0.8-um (Gelman No.64502)

6.4.2 Fine filter: DM-450, 0.45-pm (Gelman No. 64515) of
HAWP-047, 0.45 pm (Millipore No.'HAWP 047 00)

Sample collection containers: Cubitainer, polyethylene, 1 quart
(0.95L) capacity or equivalent.

Sample storage bottles: Wide-mouth high—dehsity polyethylene with
polypropylene screw cap closure, 500-mL capacity.

Glassware: Class A volumetric flasks and pipets of various volumes.

For the apparatus and equipment needed for the analytical techn1que
employed, see the specific references.

REAGENTS AND STANDARDS

7.1

Deionized, distilled water: Prepare by passing distilled water
through a mixed bed of cation and anion exchange resins. Use
deionized, distilled water for the preparation of all reagents and

‘as d1]ut1on or rinse water. The purity of this water must be

equivalent to ASTM Type Il reagent water of Specification D 11933,
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7.2 Nitric acid, conc. (sp.gr. 1.41), ultra-high purity grade or
equivalent. Redistilled acid is acceptable.

7.2.1 Nitric acid, (1+1): Add 500 mL conc. HNO, (Sect. 7.2) to
400 mL deionized, distilled water (Sect. §.1) and dilute to
1L.

7.3 Hydrochloric acid, conc. (sp. gr. 1.19).

7.3.1 Hydrochloric acid, (1+1): Add 500 mL conc. HC1 (Sect. 7.3)
to 400 mL deionized, distilled water (Sect. 7.1) and dilute
to 1 L.

7.4 Ammonium Hydroxide, (1+9): Dilute 10 mL conc. ammonium hydroxide,
NH,OH (analytical reagent grade), to 100 mL with deionized,
distilled water (Sect. 7.1).

7.5 Buffer solutions: Two buffer solutions are required, one in the
range of pH 2 and the other at pH 7. These may be prepared or
purchased as commercially available certified solutions. The use
of purchased buffer solutions certified at a pH of 2 and 7 is
recommended.

SAMPLE COLLECTION, PRESERVATION AND STORAGE

8.1 For the determination of acid-soluble metals, contamination and
loss are of prime concern. Dust in the laboratory environment,
impurities in reagents and improperly cleaned Taboratory apparatus
which the sample contacts are all potential sources of
contamination. Sample containers can introduce either positive or
negative errors in the measurement of metals by (a) contributing
contaminants through leaching or surface desorption and/or (b) by
depleting concentration through adsorption. Laboratory glassware,
including the sample collection cubitainer and the polyethylene
sample storage bottle, as well as the filtering apparatus should be
thoroughly washed with detergent and tap water; thoroughly rinsed
with (1+1) nitric acid, tap water, (1+1) hydrochloric acid, tap
water and finally deionized distilled water in that order (See
Notes 1 and 2).

NOTE 1: To remove difficult organic deposits from glassware, a
commercial product, NOCHROMIX, available from Godax Laboratories,
480 Canal Street, New York, New York 10013 may be used. This
product should not be used on plastic containers or filtering
apparatus.

NOTE 2: If it can be documented through an active analytical
quality control program using spiked samples, laboratory control
standards and reagent blanks that certain steps in the cleaning
procedure are not required, those steps may be eliminated from the
procedure.




8.2 At the time of sample collection, the sample cubitainer is rinsed

‘ with the sample solution and the rinse portion discarded. The
cubitainer is then filled with approximately 800 mL of sample,
acidified with 2 mL of (1+1) nitric acid and mixed. For most
.ambient waters the acid addition will lower the pH to near 2, but
not lower than 1.75. The cubitainer is sealed, placed in an ice
chest at 4°C, and returned to the laboratory. Note the date and
time of preservation on the sample tag.

8.3 The sample should not be held more than 3 days at 4°C from the day
of collection before processing is started. The filtrate is
estimated to be stable for 30 days.

9. CALIBRATION AND STANDARDIZATION

9.1 Calibration of pH meter - Because of the wide variety of pH meters
and accessories, detailed operating procedures cannot be
incorporated into this method. Each analyst must be acquainted
with the operation of the system being used and familiar with all
instrument functions. Special attention to care of the combination
electrode is recommended, See Method 150.1 given in EPA
600/4-79-020, March 1983°.

9.2 Each instrument/electrode system must be calibrated at a
minimum of two points, one at or near pH 2, the other at pH 7.
Calibrate according to manufacturer's instructions and measure the
pH of each sample. Using deionized distilled water (Sect. 7.1),
‘ . rinse the electrode system after each pH measurement.

10. QUALITY CONTROL

10.1 The following quality assurance procedures represent 5% of the
analyzed sample load for 20 samples.

10.2 To measure recovery and cross contamination between samples that
may occur, 300 mL of a laboratory control standard containing all
six metals, each at a concentration above 10X its determined method
detection limit (MDL), is transferred to a cleaned cubitainer,
adjusted to a pH range of 1.75 + 0.1 and allowed to stand for a
minimum of 16 h. At a selected point midway through the group of
samples to be analyzed, the control standard is filtered. The
analyzed values should be within the warning Timits of *2 standard

.~ deviations of an established mean value as determined from seven
prior replicate analyses. If an analyzed value was greater than 13
standard deviations from the mean, the analysis was out of control.

10.3 To determine the MDL of each metal, prepare seven aliquots of the
sample matrix of concern, spike the aliquots with each metal to a
concentration of 3 to 5 times its estimated detection Timit and
follow the procedure - "Definition and Procedure for the
Determination of the Method Detection Limit.*




PROCEDURE

11.1 SAMPLE pH ADJUSTMENT - For the determination of acid-soluble
metals, the pH of the sample must be 1.75 + 0.1. Upon receiving the
sample in the laboratory, check the sample tag for proper
preservation and to see that the holding time has not been
exceeded. Allow the sample to come to room temperature, calibrate
the pH meter and measure the pH of the sample in the cubitainer.
Using deionized distilled water (Sect. 7.1), rinse the electrode
system after each pH measurement. Do not wipe the electrode.

11.1.1 If the sample pH is between 1.65 and 1.85, mix the sample
and alTow to stand at room temperature for a minimum of
16 h for required dissolution. At the end of the extraction
_period, measure the pH again to verify that the proper pH
was maintained, and if so, filter according to paragraph
11.2. If pH was not maintained, a new sample should be
requested and more care and time taken in the initial pH
adjustment.

11.1.2 If the sample pH is above 1.85, add (1+1) nitric acid in a
dropwise manner, mix the sample in the cubitainer by
inverting and shaking and redetermine the pH. Continue
adding small increments of the (I+1) nitric acid and mix
until the sample is within the desired pH range. If the
pH should go below 1.65, add (1+9) ammonium hydroxide
(Sect. 7.3) in a dropwise manner until the sample is within
the pHrange of 1.65 to 1.85. Once the pH of the sample is
properly adjusted and thoroughly mixed, set the sample
aside for a minimum of 16 h for the required
dissolution to occur. At the end of the extraction
period, measure the pH again to verify the proper pH was
maintained, and if so, filter according to paragraph 11.2.
If pH.was not maintained, a new sample should be
requested and more care and time taken in the initial pH
adjustment.

11.1.3 If upon receipt the sample has a pH below 1.65, the
sample should be discarded and the collection of a new
sample requested. The sample collection team should be
informed of the reason why the previous sample was
rejected.

11.2 SAMPLE FILTRATION - For determination of acid-soluble metals,
the pH-adjusted sample is filtered through a 0.45-um membrane
filter. To prevent clogging of the filter, the sample is first
passed through a fine prefilter.

11.2.1 Before filtering any sample make certain that the
filtering apparatus (Sects. 6.2 and 6.3), polyethylene
storage bottles (Sect. 6.7) and other necessary glassware
have been cleaned by the procedure described in Sect. 8.1.
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11.2.2

11.2.3

11.2.4

11.2.5

11.2.6

11.2.7

11.2.8

11.3

Insert the filter support of the filtering apparatus through
the proper size rubber stopper and wrap the stopper with

1 in. PTFE laboratory tape to prevent contamination. Secure
the flask in an upright position and place the support in
the neck of the suction flask. Connect the suction flask to
the vacuum line.

Place the membrane filters (Sect. 6.4) on the filter support
in the following order: first the 0.45-um fine filter and
then the 0.8-um prefilter. Assemble the filter funnel: to
the support as recommended by the manufacturer.

Do not mix the sample, but carefully decant approximately
50 'mL_of sample from the cubitainer into the filtering
funnel and apply the vacuum. After filtration, break the

vacuum, remove the filtering apparatus, rinse the suction

flask with the filtrate and discard.

Reassemble the filtering apparatus and suction flask,
reapply the vacuum and carefully decant approximately 250 mL
of additional sample into the filtering apparatus.

When filtration is complete, break the vacuum, transfer

the filtrate to a labeled, cleaned, polyethylene storage
bottle (Sect. 6.7) and store until all analyses have been
completed, not to exceed 30 days. The remaining unfiltered
portion of the sample may be discarded.

Before filtering additional samples, discard the filters,
rinse the suction flask and filtering apparatus with copious

- amounts of deionized distilled water (Sect. 7.1), discard

the rinse water and drain away any excess water.

Repeat the above procedure until all samples and qua]ity

-control aliquots have been filtered.

SAMPLE ANALYSES - The level of metal concentration will determine
the analytical method selected to complete the analysis.

11.3.1

Inductively coupled plasma-atomic emission (ICP)
spectrometric analyses - The acid-soluble metals As, Cd, Cr,
Cu and Pb can be analyzed by direct aspiration ICP
spectrometry using the procedure described in Method 200.7
of this manual. To prepare the sample for analyses, pipet
2 mL (1+1) hydrochloric acid into a 50-mL volumetric flask
and dilute to the mark with sample filtrate. This dilution
requires an appropriate factor be applied to the final
calculations. 1In the absence of an established MDL

(Sect. 10.2.1), the following estimated instrumental
detection 1imit for each element should be considered the
limit of analysis.




11.3.2

11.3.3

Estimated Detection Limit

Element ma/L
As 0.03
Cd 0.02
Cr 0.007
Cu 0.003
Pb 0.03

Direct aspiration flame atomic absorption (FLAA) analyses
- The acid-soluble metals Cd, Cr, Cu and Pb can be
analyzed by procedures given in approved FLAA methods
without requiring additional processing of the filtrate
before analysis. Listed below are the method numbers and
estimated instrumental detection Timits, which in the
absence of an established MDL (Sect. 10.2.1), should be
considered the FLAA 1imit of analysis for direct aspiration.
In addition to the individual methods, for the proper
analysis procedure, see parts 9.1 of Section 200.0:
Atomic Absgrption Methods given in EPA 600/4-79-020,
March 1983 .

Method Estimated Detection
Element Number Limit, mg/L
cd 213.1 0.005
Cr 218.1 0.05
Cu 220.1 0.02
Pb 239.1 0.1

Stabilized Temperature Graphite Furnace Atomic Absorption
(STGFAA) ANALYSES - For STGFAA analysis of the acid-soluble
metals As, Cd, Cr, Cu and Pb, an aliquot of the filtrate
must be treated with the appropriate matrix modifiers

before analysis. For proper instrumental STGFAA calibration
and suggested operating conditions see Method 200.9 of this
manual. In the absence of an established MDL

(Sect. 10.2.1), the following estimated STGFAA instrumental
detection 1imit for each element should be considered the
Timit of anaysis.

Estimated Detection Limit

Element pa/l
As 0.9
cd 0.05
Cr 0.2
Cu 1.0

10




12. CALCULATIONS
‘ 12.1 See the appropriate section of the recommended methods of analysis.

12.2 Final results of these calculations should be reported as mg/L acid-
soluble metal. .

13. PRECISION AND RECOVERY

13.1 Precision and recovery data for Cd, Cr, Cu, and Pb by this method
using inductively coupled plasma-atomic emission spectirometric
analyses are given in Table 1. The data are for three levels of
concentration using varying amounts of the same sludge material
spiked into river water. Seven replicate samples were prepared for
each Tevel of concentration. River water controls were subtracted
from each level of spike. The percent recovery calculation is based
on "total-recoverable" analysis of the same samples. Accuracy data
on actual samples cannot be obtained.

13.2 Precision data on the determination of acid-soluble metals by this
method using atomic absorption spectrophotometric analyses are
estimated to be similar to the data in the methods referenced.

14. REFERENCES

1. Water Quality Criteria; Availability of Documents, Federal Register,
‘ Vol. 50, No. 145, July 29, 1985, pp. 30784-30796.

2. Chemical Analysis of Water and Wastes, EPA 600/4-79-020, (Revised,
March 1983), U.S. Environmental Protection Agency, Office of
Research and Development, Environmental Monitoring and Support
Laboratory, Cincinnati, Ohio.

3. Annual Book of ASTM Standards, Part 31, American Society for Testing
-~ and Materials, 1916 Race St., Philadelphia, PA, 19103.

4. Code of Federal Regulations 40, Ch. 1, Pt. 136 Appendix B.
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METHOD 200.2

SAMPLE PREPARATION PROCEDURE FOR SPECTROCHEMICAL DETERMINATION ’
OF TOTAL RECOVERABLE ELEMENTS
1. SCOPE AND APPLICATION

1.1 This method provides sample preparation procedures for the
determination of total recoverable elements in groundwaters, surface
waters, drinking waters, wastewaters, and, with the exception of
silica, sediments, sludges and solid waste samples.

1.2 This method is applicable to the following analytes:

Chemical Abstract Services

Analyte Registry Numbers (CASRN)
Aluminum (A1) 7429-90-5
Antimony (Sb) 7440-36-0
Arsenic (As) 7440-38-2
Boron (B) 7440-42-8
Barium (Ba) 7440-39-3
Beryllium (Be) 7440-41-7
Cadmium (Cd) 7440-43-9
Calcium (Ca) 7440-70-2
Chromium (Cr) 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 (N1) 7440-02-0
Phosphorus  (P) 7723-14-0
Potassium (K) 7440-09-7
Selenium (Se) 7782-49-2
Silica (Si0,) 7631-86-9
Silver (Ag) 7440-22-4
Sodium (Na) 7440-23-5
Strontium (Sr) 7440-24-6
Thallium (T1) 7440-28-0
Thorium (Th) 7440-29-1
Tin (Sn) 7440-31-5
Uranium (V) 7440-61-1
Vanadium (V) 7440-62-2
Zinc (Zn) 7440-66-6
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1.3

1.4

1.5

1.6

1.7

Samples prepared by this method can be analyzed by the following
methods given in this manual: Method 200.7, Determination of Metals
and Trace Elements by Inductively Coupled Plasma-Atomic Emission

‘Spectrometry; Method 200.8, Determination of Trace Elements By

Inductively Coupled Plasma-Mass Spectrometry; and Method 200.9,
Determination of Trace Elements by Stabilized Temperature Graphite
Furnace Atomic Absorption Spectrometry. Also, the direct aspiration
flame atomic absorption methods given in "Methods for Chemical
Analysis of Water and Wastes", EPA 600/4-79-020, March 1983 can be
used for analysis. See the analytical methodology mentioned for
selection of the appropriate method for the determination of a
specific analyte.

This method is applicable to the preparation of drinking water
samples for the determination of metal and metalloid contaminants.
However, it can only be used prior to an approved analytical method
for compliance monitoring when included in the approved method or
when listed as a separately approved method in the Federal Register.
It should be noted that some primary drinking water metal
contaminants require that a 4X preconcentration be used prior to
analysis instead of the 2X preconcentration described in this
method. :

This method is suitable for preparation of aqueous samples
containing silver concentrations up to 0.1 mg/L. For the analysis
of wastewater samples containing higher concentrations of silver,
succeeding smaller volume, well mixed aliquots must be prepared
until the analysis solution contains < 0.1 mg/L silver.

When using this method for determination of boron and silica in
aqueous samples, "only plastic or quartz labware should be used from
the time of sample collection to the completion of the analysis.
For accurate determinations of boron in solid sample extracts at
concentrations below 100 mg/Kg, only quartz beakers should be used
in the digestion with the immediate transfer of an extract aliquot
to a plastic centrifuge tube following dilution of the digestate to
volume. For these determinations, borosilicate glass must not be
used in order to avoid sample contamination of these analytes from
the glass. -

This method will solubilize and hold in solution only minimal
concentrations of barium, as barium sulfate. In addition, the
stability of solubilized barium is greatly affected when free
sulfate is available in solution. The concentration of barium that
will remain in solution decreases as the free sulfate concentration
increases. [For example, when a 100 mL aliquot of drinking water
containing 60 mg/L sulfate was fortified with 5 mg of BaSO, salt
(equivalent to 59 mg/L Ba in the 2X analysis solution) only 33 mg/L
Ba was initially solubilized using the procedure given in Sect.
11.2. Upon standing one week, the barium concentration decreased to
12 mg/L. When 100 mL of deionized distilled water was fortified, the
entire 5 mg of BaSO, was solubilized and remained in solution over
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2.

the same time period.] For more accurate determinations of barium
in samples having varying and unknown concentrations of sulfate,
samples should be analyzed as soon as possible after preparation is
completed.

SUMMARY OF METHOD

2.1

Solid and aqueous samples are prepared in a similar manner for
analysis. Metals and toxic elements are extracted from either solid
samples or the solid phase portion of aqueous samples by refluxing
the sample for 30 min in a mixture of nitric and hydrochloric acids.
After extraction, the solubilized analytes are diluted to specified
volumes with ASTM type I water. Diluted samples are to be analyzed
by mass and/or atomic spectrometry methods as soon as possible after
preparation. ' -

DEFINITIONS

3.1

TOTAL RECOVERABLE - The concentration of analyte determined to be in
either a solid sample or an unfiltered aqueous sample following
treatment by refluxing with hot dilute mineral acid.

INTERFERENCES

4.1

4.2

4.3

In sample preparation, contamination is of prime concern. The work
area, including bench top and fume hood, should be periodically
cleaned in order to eliminate environmental contamination.

Chemical interferences are matrix dependent and cannot be documented
previous to analysis.

Boron and silica from the glassware will grow into the sample
solution during and following sample processing. - For critical
determinations of boron and silica, only quartz and/or plastic
Tabware should be used. When quartz beakers are not available for
digestion of solid sampies, to reduce boron contamination,
immediately transfer an aliquot of the diluted digestate to a
plastic centrifuge tube for storage until time of analysis. A series
of laboratory reagent blanks can be used to monitor and indicate the
contamination effect.

SAFETY

5.1

5.2

A11 personnel handling environmental samples known to contain or to
have been in contact with human waste should be immunized against
known disease causative agents.

Material safety data sheets for all chemical reagents should be
available to and understood by all personnel using this method.
Specifically, concentrated hydrochloric acid and concentrated nitric
acid are moderately toxic and extremely irritating to skin and mucus
membranes. Use these reagents in a hood whenever possible and if
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6.

eye or skin contact occurs, flush with Targe volumes of water.
Always wear safety glasses or_a shield for eye protection when
working with these reagents.®> '

APPARATUS AND EQUIPMENT

6.1

6.2

LABWARE - For determination of trace levels of elements,
contamination and Toss are of prime consideration. Potential
contamination sources include improperly cleaned taboratory
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 elements by (1) contributing contaminants . through surface
desorption or Teaching, (2) depleting element concerntrations through
adsorption processes. Al1 reusable 1abware (glass, quartz,
polyethylene, Teflon, etc.), including the sample container, should
be cleaned prior to use. Labware should be soaked overnight and
thoroughly washed with Taboratory-grade detergent and water, rinsed
with water, and soaked for four hours in a mixture of dilute nitric
and hydrochloric acid (1+2+9), followed by rinsing with water, ASTM
type I water and oven drying.

NOTE: Chromic acid must not be used for c]eanjng glassware.

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

6.1.2 Assorted calibrated pipettes.
6.1.3 Conical Phillips beakers, 250-mL with 50-mm watch glasses.
Griffin beakers, 250-mL with 75-mm watch glasses.

Teflon and/or quartz beakers, 250-mL with Teflon covers
(optional).

6.1.4 Wash bottle - One piece stem, Teflon FEP bottle with Tefzel
ETFE screw closure, 125-mL capacity.

SAMPLE PROCESSING EQUIPMENT

6.2.1 Hot plate: Ceramic top, graduated dial 90°C to 450°C
(Corning PC100 or equivalent).

6.2.2 Single pan balance:. Balance capable of weighing to the
nearest 0.01 g.

6.2.3 Analytical balance: Balance capable of weighing to the
: nearest 0.0001 g.




6.2.4 Centrifuge: Steel cabinet with guard bowl, electric timer
and brake. (International Centrifuge, Universal Model UV or
equivalent.)

6.2.5 Drying oven: Gravity convection oven, with thermostatic
control capable of maintaining 180°C % 5°C.

7. REAGENTS AND CONSUMABLE MATERIALS

7.1

7.2

Reagents may contain elemental impurities which might affect
analytical data. High-purity reagents should be used whenever
possible. All acids used for this method must be of ultra high-
purity grade.

7.1.1 Nitric acid, concentrated (sp.gr. 1.41).

7.1.2 Nitric acid (1+1) - Add 500 mL conc. nitric acid to 400 mL of
ASTM type I water and dilute to 1 L.

7.1.3 Hydrochloric acid, concentrated (sp.gr. 1.19).

7.1.4 Hydrochloric acid (1+1) - Add 500 mL conc. hydrochloric acid
to 400 mL of ASTM type I water and dilute to 1 L.

7.1.5 Hydrochloric acid (1+4) - Add 200 mL conc. hydrochioric acid
to 400 mL of ASTM type I water and dilute to 1 L.

WATER - For all sample preparation and dilutions, ASTM type I water
(ASTM D1193)° is required. Suitable water may be prepared by
passing distilled water through a mixed bed of anion and cation
exchange resins.

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE

8.1

8.2

For determination of total recoverable elements in aqueous samples,
acidify with (1+1) nitric acid at the time of collection to pH <2
normally, 3 mL of (1+1) nitric acid per Titer of sample is
sufficient for most ambient and drinking water samples). The sample
should not be filtered prior to analysis.

NOTE: Samples that cannot be acid preserved at the time of
collection because of sampling limitations or transport
restrictions, should be acidified with nitric acid to a pH <2 upon

‘receipt in the laboratory. Following acidification, the sample

should be held for 16 h before withdrawing an aliquot for sample
processing. .

Solid samples usually require no preservation prior to analysis
other than storage at 4°C.
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9. CALIBRATION AND STANDARDIZATION

. 9.1 Not applicable. Follow instructions given in the analytical method
selected.

10. QUALITY CONTROL

10.1 Each laboratory determining total recoverable elements is required
to operate a formal quality control (QC) program. The minimum
requirements of a QC program consist of an initial demonstration of
laboratory capability, and the analysis of laboratory reagent
blanks, fortified blanks and quality control samples as a continuing
check on performance. The laboratory is required to maintain
performance records that define the quality of data generated.

10.2 Specific instructions on accomplishing the described aspects of the
QC program are discussed in the analytical methods (Sect. 1.3).

11. PROCEDURE
11.1 Sample Preparation - Aqueous Samples

For determination of total recoverable elements in water or
wastewater, take a 100 mL (+ 1 mL) aliquot from a well mixed, acid
preserved sample containing not more than 0.25% (w/v) total solids
and transfer to a 250-mL Griffin beaker. (If total solids are
greater than 0.25% reduce the size of the aliquot by a proportionate

‘ amount.) Add 2 mL of (1+1) nitric acid and 1 mL of (1+1)
hydrochloric acid. Heat on a hot plate at 85°C until the volume has
been reduced to approximately 20 mL, ensuring that the sample does
not boil. (A spare beaker containing approximately 20 mL of water
can be used as a gauge).

NOTE: For proper heating adjust the temperature control of the
hot plate such that an uncovered beaker containing 50 mL of
water located in the center of the hot plate can be maintained
at a temperature no higher than 85°C. Evaporation time for

100 mL of sample at 85°C is approximately two hours with the
rate of evaporation rapidly increasing as the sample volume
approaches 20 mL.

Cover the beaker with a watch glass and reflux for 30 min. Slight
boiling may occur but vigorous boiling should be avoided. Allow to
cool and quantitatively transfer to either a 50-mL volumetric flask
or a '50-mL class A stoppered graduated cylinder. Dilute to volume
with ASTM type I water and mix. Centrifuge the sample or allow to
stand overnight to separate insoluble material. The sample is now
ready for analysis by either inductively coupled plasma-atomic
emission spectrometry or direct aspiration flame and stabilized
temperature graphite furnace atomic absorption spectroscopy

(Sect. 1.3). For analyses by inductively coupled plasma-mass
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spectrometry, pipette 20 mL of the prepared solution into a 50-mL
volumetric flask, dilute to volume with ASTM type I water and mix.
(Internal standards are added at the time of 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.

11.2 Sample Preparation - Solid Samples

For determination of total recoverable elements in solid samples
(sludge, soils, and sediments), mix the sample thoroughly to achieve
homogeneity and weigh accurately a 1.0 + 0.01 g portion of the
sample. Transfer to a 250-mL Phillips beaker. Add 4 mL (1+1)
nitric acid and 10 mL (14+4) hydrochloric acid. Cover with a watch
glass. Heat the sample on a hot plate and gently reflux for 30 min.
Very slight boiling may occur, however vigorous boiling must be
avoided to prevent the loss of HC1-H,0 azeotrope.

NOTE: For proper heating adjust the temperature control of the
hot plate such than an uncovered Griffin beaker containing 50 mL
of water located in the center of the hot plate can be
maintained at a temperature approximately but no higher than
85°C.

Allow the sample to cool and quantitatively transfer to a 100-mL
volumetric flask. Dilute to volume with ASTM type I water and mix.
Centrifuge the sample or allow to stand overnight to separate
insoluble material. The sample is now ready for analysis by either
inductively coupled plasma-atomic emission spectrometry or direct
aspiration flame and stabilized temperature graphite furnace atomic
absorption spectroscopy (Sect. 1.3). For analysis by inductively
coupled plasma-mass spectrometry, pipette 10 mL into a 50-mL
volumetric flask, dilute to volume with ASTM type I water and mix.
(Internal standards .are added at the time of 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.

NOTE: Determine the percent solids in the sample for use in
calculations and for reporting data on a dry weight basis. To
determine the dry weight transfer a separate, uniform 1 gram
aliquot to an evaporating dish and dry to a constant weight at
103°-105°C.

11.3 Sample Analysis - Use an analytical method Tlisted in Sect. 1.3.
12. CALCULATIONS

12.1 Not applicable. Discussed in analytical methods Tisted in
Sect. 1.3.
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13.

14.

PRECISION AND ACCURACY

13.1 Not applicable. Available data included in analytical methods

1.

listed in Sect. 1.3.: :
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METHOD 200.3
SAMPLE PREPARATION PROCEDURE FOR SPECTROCHEMICAL DETERMINATION
OF TOTAL RECOVERABLE ELEMENTS IN BIOLOGICAL TISSUES
1. SCOPE AND APPLICATION
1.1 This method provides sample preparation procedures for the
determination of total recoverable elements in biological tissue

samples.

1.2 This method is applicable to the following elements:

Chemical Abstract Services

Analyte Registry Numbers (CASRN)
Aluminum (A1) 7429-90-5
Antimony (Sb) 7440-36-0
Arsenic (As) 7440-38-2
Barium (Ba) 7440-39-3
Beryl11ium (Be) 7440-41-7
Cadmium (Cd) 7440-43-9
Calcium (Ca) 7440-70-2
Chromium (Cr) 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 (N1) 7440-02-0
Phosphorus  (P) 7723-14-0
Potassium (K) 7440-09-7
Selenium (Se) 7782-49-2
Silver (Ag) 7440-22-4
Sodium (Na) 7440-23-5
Strontium (Sr) 7440-24-6
Thallium (T1) 7440-28-0
Thorium (Th) 7440-29-1
Uranium (V) 7440-61-1
Vanadium (V) 7440-62-2
Zinc (Zn) 7440-66-6

1.3 Samples prepared by this method can be analyzed by inductively
coupled plasma-atomic emission spectrometry (ICP-AES) Method 200.7,
"Determination of Metals and Trace Elements by Inductively Coupled
Plasma-Atomic Emission Spectrometry," inductively coupled plasma-
mass spectrometry (ICP-MS) Method 200.8, "Determination of Metals
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and Trace Elements by Inductively Coupled Plasma-Mass Spectrometry,"
and stabilized temperature platform graphite furnace atomic

‘ absorption (STGFAA), Method 200.9, "Determination of Trace Elements
by Stabilized Temperature Graphite Furnace Atomic Absorption
Spectrometry". See analytical methods mentioned for selection of
the appropriate method for determination of a specific analyte.

2.  SUMMARY OF METHOD

2.1 Up to 5 g of a frozen tissue sample is transferred to a 125 mL
flask. The tissue is digested with nitric acid, hydrogen peroxide
and heat. This digestion results in a clear solution that is then
analyzed by mass or atomic spectrometry methods. The determined
metal concentration is reported in microgram/gram. (pg/g) wet tissue
weight.

3. DEFINITIONS

3.1 TOTAL RECOVERABLE - The concentration of analyte determined to be in
either a solid sample or an unfiltered aqueous sample following
treatment by refluxing with hot dilute mineral acid.

3.2 LABORATORY REAGENT BLANK (LRB) - A solution of reagents that is
treated exactly as a sample including exposure to all glassware and
equipment that are used with other samples. The LRB is used to
determine if method analytes or other interferences are present in
the laboratory environment, reagents, or apparatus.

‘ 4.  INTERFERENCES

4.1 Chromium contamination of biological samples from the use of
~ stainless steel has been reported.” Use of special cutting
imp]ements and dissecting board made from materials that are not of
interest is recommended. Knife blades made of titanium with Teflon
handles have been successfully used.

4.2 In sample preparation, contamination is of prime concern. The work
area, including bench top and fume hood, should be periodically
cleaned in order to eliminate environmental contamination.

4.3 Chemical interferences are matrix dependent and cannot be predicted.
5.  SAFETY
5.1 AN personnel handling environmental samples known to contain or to

have been in contact with human waste should be immunized against
known disease causative agents.

5.2 Material safety data sheets for all chemical reagents-shou]d be

‘ available to and understood by all personnel using this method.
Concentrated nitric and hydrochloric acids are moderately toxic and
extremely irritating to skin and mucus membranes. Hydrogen peroxide
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is a strong oxidizing reagent. Use these reagents in a 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 when working with these reagents.

6. APPARATUS AND EQUIPMENT

6.1 LABWARE - For determination of trace levels of elements,
contamination and loss are of prime consideration. Potential
contamination sources include improperly cleaned laboratory
apparatus and general contamination within the laboratory
environment from dust, etc. A clean Taboratory work area designated
for trace element sample handling must be used. Sample containers
can introduce positive and negative errors in the determination of
trace elements by contributing contaminants through surface
desorption/leaching, or depleting element concentrations through
adsorption processes. A1l reusable labware (glass, quartz,
polyethylene, Teflon, etc.), including the sample container, should -
be cleaned prior to use or shown to be contaminant free. Labware
should be soaked overnight and thoroughly washed with Taboratory-
grade detergent and water, rinsed with water, and soaked for four
hours in a mixture of dilute nitric and hydrochloric acid (1+2+9),
followed by rinsing with water, ASTM type I water and oven drying.

NOTE: Chromic acid must not be used for cleaning glassware.

6.1.1 Glassware - Volumetric flasks, graduated cylinders and 125-mL
Erlenmeyer flasks. .

6.1.2 Assorted calibrated pipettes.

6.1.3 Wash bottle - One piece stem, Teflon FEP bottle with Tefzel
ETFE screw closure, 125-mL capacity.

6.2 SAMPLE PROCESSING EQUIPMENT

6.2.1 Balance - Analytical, capable of accurately weighing to
0.1 mg.

6.2.2 Hot Plate -~ (Corning PC100 or equivalent). An oscillating
hot plate will aid in sample digestion.

6.3 TISSUE DISSECTING EQUIPMENT
6.3.1. Dissecting Board: Polyethylene or other inert, nonmetallic
material, any non-wetting, easy-to-clean or disposable

surface is suitable. Adhesive backed Teflon or plastic
film may be convenient to use.

6.3.2 Forceps: Plastic, Teflon or Teflon coated.
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6.3.3 Surgical Blades: Disposable stainless steel with stainless
steel or plastic handle (Sect. 4.1).

6.3.4 Scissors: Stainless steel.

6.3.5 Plastic bags with watertight seal, metal free.

6.3.6 Label tape: Self-adhesive, vinyl coated marking tape,
solvent resistant, usable for temperatures from +121°C
to -23°C.

6.3.7 Polyvinyl chloride or rubber gloves, talc-free.

REAGENTS AND CONSUMABLE MATERIALS

7.1

7.2

Reagents may contain elemental impurities which might affect
analytical data. High-purity reagents should be used whenever
possible. Al1 acids used for this method must be of ultra high-
purity grade.

7.1.1 Nitric acid, concentrated (sp.gr. 1.41).

7.1.2 Hydrochloric acid, concentrated (sp.gr. 1.19).

7.1.3 Hydrogen peroxide (30%)

WATER - For all sample preparation and dilutions, ASTM type I water

(ASTM D1193) is required. Suitable water may be prepared by passing

distilled water through a mixed bed of anion and cation exchange
resins.

SAMPLE COLLECTION, PRESERVATION AND STORAGE

8.1

8.2

8.3

8.4

Appropriate individual tissue samples should be taken soon after
collection and must be taken prior to freezingz. If dissection of
the tissue cannot be performed immediately after collection, it
should be placed in a plastic bag (Sect. 6.3.5), sea]ed and placed
on ice or refrigerated at approximately 4°C.

Prior to dissection, the tissue should be rinsed with metal-free
water and blotted dry. Dissection should be performed within

24 hours of collection. Each individual tissue sample should also
be rinsed with metal-free water, blotted dry, and frozen at <-20°C
(dry ice).

Tissue samples of up to 5 g should be taken using a special
implement (Sect 4.1) and handled with plastic forceps
(Sect. 6.3. 2)

A maximum holding time for frozen samples has not been determined.




10.

11.

CALIBRATION AND STANDARDIZATION

9.1 Not applicable. Follow instructions given in the analytical method
selected.

QUALITY CONTROL

10.1 Each Tlaboratory determining total recoverable elements is required
to operate a formal quality control (QC) program. The minimum
requirements of a QC program consist of an initial demonstration of
laboratory capability and analysis of laboratory reagent blanks and
fortified blanks and samples as a continuing check on performance.
The laboratory is required to maintain performance records that
define the quality of data generated.

10.2 Specific instructions on accomplishing the described aspects of the
QC program are discussed in the analytical methods.

PROCEDURE

11.1 Sample Preparation - Place up to a 5 g subsample of frozen tissue
into a 125-mL erlenmeyer flask. Any sample spiking solutions should
be added at this time and allowed to be in contact with the sample
prior to addition of acid.

11.2 Add 10 mL of concentrated nitric acid and warm on a hot plate until
the tissue is solubilized. Gentle swirling the samples or use of an
oscillating hot plate will aid in this process. x

11.3 Increase temperature to near boiling until the solution begins to
turn brown. Cool sample, add an additional 5 mL of concentrated
nitric acid and return to the hot plate until the solution once
again begins to turn brown.

11.4 Cool sample, add an additional 2 mL of concentrated nitric acid,
return to the hot plate and reduce the volume to 5-10 mL. Cool
sample, add 2 mL of 30% hydrogen peroxide, return sample to the hot
plate and reduce the volume to 5-10 mL.

11.5 Repeat Sect. 11.4 until the solution is clear or until a total of
10 mL of peroxide has been added. NOTE: A laboratory reagent blank
is especially critical in this procedure because the procedure
concentrates any reagent contaminants.

11.6 Cool the sample, add 2 mL of concentrated hydrochloric acid, return
to the hot plate and reduce the volume to 5 mL.

11.7 Allow the sample to cool and quantitatively transfer to a 100-mL
volumetric flask. Dilute to volume with ASTM type I water, mix, and
allow any insoluble material to separate. The sample is now ready
for analysis by either ICP-AES or STGFAA. For analysis by ICP-MS an
additional dilution (1+4) is required.
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11.8 Sample Analysis - Use one of the analytical methods listed in

. - Sect. 1.3.

12. CALCULATIONS

12.1 Not applicable. Discussed in analytical methods listed in Sect.
1.3.

13. PRECISION AND ACCURACY ‘ ,
13.1 Not applicable. Available data included in analytical methods
1isted in Sect. 1.3. o '
14. REFERENCES -
1. Versieck, J., and F. Barbier, "Sample Contamination as A Source of

Error in Trace-Element Analysis of Biological Samples," Talanta,
Vol. 29, pp. 973-984, 1982.

2.  Ney, J. J., and M. G. Martin, "Influences of Prefreezing on Heavy
Metal Concentrations in Bluegill Sunfish," Water Res., Vol. 19,
No. 7, pp. 905-907, 1985. ‘

3. "The Pilot National Environmental Specimen Bank," NBS Special
Publication 656, U. S. Department of Commerce, August, 1983.

Preservation and Storage for Data Bank on Trace Elements in Human

4. Koirtyohann, S. R., and H. C. Hopps, "Sample Selection, Collection,
‘ Tissue," Federation .Proceed'ings, Vo]. 40, No. 8, June, 1981.
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METHOD 200.7

DETERMINATION OF METALS AND TRACE ELEMENTS
BY INDUCTIVELY COUPLED PLASMA-ATOMIC EMISSION SPECTROMETRY

SCOPE_AND APPLICATION

1.1

1.2

1.3

1.4

This method provides procedures for determination of dissolved
elements in ground waters, surface waters, and drinking water
supplies. It may also be used for determination of total
recoverable element concentrations in these waters and wastewaters

-and, with the exception of silica, in sediments, sludges and solid

waste samples.

Dissolved elements are determined after suitable filtration and acid
preservation. Acid digestion procedures are required prior to the
determination of total recoverable elements. To reduce potential
interferences, dissolved solids should be < 0.2% (w/v),

(Sect. 4.1.2).

Estuarine water may be analyzed by this method, however, matrix
matched standards or the method of standard addition (Sect. 9.8)
must be used following sample preparation (Sect. 11.2.2). Prepared
samples may require dilution prior to analysis to avoid physical
interferences (Sect. 4.1.2) and problematic operation of the sample
introduction system.

This method is app]icab]é to the following analytes:

Chemical Abstract Services

Analyte Registry Numbers (CASRN)
Aluminum (A1) 7429-90-5
Antimony (Sb) . 7440-36-0
Arsenic (As) 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
Chromium (Cr) 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) 7439-93-1
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
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1.5

1.6

1.7

Phosphorus  (P) 7723-14-

4-0
Potassium (K) 7440-09-7
Selenium (Se) - 7782-49-2
Silica (Si10,) 7631-86-9
Silver (Aqg) 7440-22-4
Sodium (Na) 7440-23-5
Strontium (Sr) 7440-24-6
Thallium - (T1) 7440-28-0
Tin (Sn) 7440-31-5
Vanadium (V) 7440-62-2
Zinc (In) 7440-66-6

‘Listed in Table 1 are the recommended wavelengths for these analytes

along with adjacent locations for background correction. Also
listed in Table 1 are typical instrument detection limits (IDLs
Sect. 3.3) determined using reagent acid ASTM type I water and
conventional pneumatic nebulization sample introduction into the
plasma. These IDLs are intended as a guide and may vary for each
laboratory depending on instrumentation and selected operating
conditions. Wavelengths and background correction locations other
than those recommended may be substituted if they provide the needed
sensitivity and are properly corrected for interelement spectra]
interferences.

Specific instrumental operating conditions are given in Table 4.
However, because of the differences between various makes and models
of spectrometers, the analyst should follow the instrument
manufacturer's instructions and if possible, approximate the
recommended conditions given (Table 4).

When using this method for determination of boron and silica in
aqueous samples, only plastic, Teflon or quartz labware should be
used from time of sample collection to completion of analysis. For
accurate determinations of boron in solid sample extracts at
concentrations below 100 mg/kg, only quartz beakers should be used
in the digestion with immediate transfer of an extract aliquot to a
plastic centrifuge tube following dilution of the digestate to
volume. For these determinations, borosilicate glass must not be
used in order to avoid sample contamination of these analytes from
the glass.

This method is applicable to analysis of drinking water for the
determination of primary and secondary contaminant metals. However,
it can only be used for compliance monitoring of a drinking water
contaminant when listed in the Federal Register as an approved
method and laboratory performance data meet the required method
detection 1imit (MDL) or practical quantification limit (PQL)
established by the Office of Ground Water and Drinking Water. A1l
drinking water samples must be pretreated with acid prior to
analysis. When pneumatic nebulization is used for these
determinations, certain analytes require 4X preconcentrat1on pr1or
to analysis instead of the 2X preconcentration procedure given in
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Sect. 11.2.1 of this method. Analytes requiring 4X preconcentration
are noted in the Federal Register at the time the method is
promulgated.

This method is suitable for 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 sample preparation procedures given in Sects. 11.2 and 11.3 will
solubilize and hold in solution only minimal concentrations of
barium, as barium sulfate. In addition, the stability of
solubilized barium is greatly affected when free sulfate is
available in solution. The concentration of barium that will remain
in solution decreases as the free sulfate concentration increases.
[For example, when a 100 mL aliquot of drinking water containing

60 mg/L sulfate was fortified with 5 mg of BaSO, salt (equivalent to
59 mg/L Ba in the 2X analysis solution) only 33 mg/L Ba was
initially solubilized using the procedure given Sect. 11.2.1. Upon
standing one week, the barium concentration decreased to 12 mg/L.
When 100 mL of deionized distilled water was fortified, the entire

5 mg of BaSO, was solubilized and remained in solution over the same
time period.] For more accurate determinations of barium in samples
having varying and unknown concentrations of sulfate, samples should
be analyzed as soon as possible after sample preparation is
completed.

With the exception of estuarine waters, once the samples have been
collected, approximately 20 samples including the mandatory quality
control samples can be analyzed using this method during a 1.5 work
day period.

2.  SUMMARY OF METHOD

2.1 This method describes a technique for simultaneous or sequential
muitielement determination of metals and trace elements in solution.
The basis of the method is the measurement of atomic emission by an
optical spectrometric technique. Samples are nebulized and the
aerosol that is produced is transported to the plasma torch where
desolvation and excitation occur. Characteristic atomic-Tine
emission spectra are produced by a radio-frequency inductively
coupled plasma (ICP). The spectra are dispersed by a grating
spectrometer, and line intensities are monitored by a photosensitive
device (e.g. photomultiplier tube or diode array). 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. Background must be measured adjacent to analyte
lines on samples during analysis. The position selected for the
background intensity measurement, on either or both sides of the
analytical Tine, will be determined by the complexity of the
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spectrum adjacent to the analyte line. The position used must
either be free of spectral interference or adequately corrected to
reflect the same change in background intensity as occurs at the
analyte wavelength measured. Background correction is not required
in cases of line broadening where a background correction
measurement would actually degrade the ana]ytica] result. The
possibility of additional interferences named in Sect. 4.1 (and
tests for their presence as described in Sect. 4.2) should also be
recognized and appropriate corrections made.

DEFINITIONS

3.1

DISSOLVED - The concentration of analyte that will pass through a
0.45-um membrane filter assembly, prior to sample acidification.

TOTAL RECOVERABLE - The concentration of an analyte determined in an
unfiltered sample following treatment by refluxing with hot, dilute
mineral acid.

INSTRUMENTAL DETECTION LIMIT (IDL) - The concentration equivalent to
the analyte signal which is equal to three times the standard
deviation of a series of ten replicate measurements of a reagent
blank signal at the same wavelength.

METHOD DETECTION LIMIT (MDL) - The minimum concentration of an
analyte that can be identified, measured and reported with 99%

confidence that the analyte concentration is greater than zero
(Sect. 10.2.2).

LINEAR DYNAMIC RANGE (LDR) - The concentration range over which the
analytical curve remains linear (Sect. 10.2.3).

METHOD OF STANDARD ADDITION - The standard addition technique
involves the use of the unknown and the unknown plus a known amount
of standard (Sect. 9. 8 1).

LABORATORY REAGENT BLANK (LRB) (preparation blank) - An aliquot of
reagent water that is treated exactly as a sample including exposure
to all glassware, equipment, reagents, and acids that are used with
other samples. The LRB is used to determine if method analytes or
other interferences are present in the laboratory environment, the
reagents or apparatus (Sects. 7.5.2 and 10.3.1).

CALIBRATION BLANK - A volume of ASTM type I water acidified with the
same acid matrix as in the calibration standards. The calibration
bilank is a zero standard and is used to calibrate the ICP instrument
(Sect. 7.5.1).

STOCK STANDARD SOLUTION - A concentrated solution containing one
analyte prepared in the laboratory using assayed reference materials
or purchased from a reputable commercial source (Sect. 7.3). Stock
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standard solutions are used to prepare calibration solutions and
other needed analyte solutions.

CALIBRATION STANDARD (CAL) - A solution prepared from the dilution
of stock standard solutions. The CAL solutions are used to
calibrate the instrument response with respect to analyte
concentration (Sect. 7.4).

LABORATORY PERFORMANCE CHECK SOLUTION (LPC) - A solution of method
analytes, used to evaluate the performance of the instrument system
with respect to a defined set of method criteria (Sects. 7.8 and
9.6).

PLASMA SOLUTION - A solution that is used to determine the optimum
height above the work coil for viewing the plasma (Sects. 7.6 and
9.3.3).

TUNING SOLUTION - A solution which is used to determine acceptable
instrument performance prior to calibration and sample analyses
(Sects. 7.7 and 9.4).

SPECTRAL INTERFERENCE CHECK SOLUTION (SIC) - A solution of selected
method analytes of higher level concentrations which is used to
evaluate the procedural routine for correcting known interelement
spectral interferences with respect to a defined set of method
criteria (Sects. 7.9 and 9.7).

LABORATORY FORTIFIED BLANK (LFB) - An aliquot of reagent water to
which known quantities of the method analytes are added in the
laboratory. The LFB is analyzed exactly like a sample, and its
purpose is to determine whether method performance is within
acceptable control 1imits (Sects. 7.11 and 10.3.2).

LABORATORY FORTIFIED SAMPLE MATRIX (LFM) - An aliquot of an
environmental sample to which known quantities of the method
analytes are added in the Taboratory. The LFM is analyzed exactly
1ike a sample, and its purpose is to determine whether the sample
matrix contributes bias to the analytical results. The background
concentrations of the analytes in the sample matrix must be
determined in a separate aliquot and the measured values in the LFM
corrected for the concentrations found (Sect. 10.4).

FIELD DUPLICATES (FD1 AND FD2) - Two separate samples collected at
the same time and place under identical circumstances and treated
exactly the same throughout field and Taboratory procedures.
Analyses of FD1 and FD2 give a measure of the precision associated
with sample collection, preservation, and storage, as well as with
Taboratory procedure.

QUALITY CONTROL SAMPLE (QCS) - A solution of method analytes of
known concentrations which is used to fortify an aliquot of LRB
matrix. The QCS is obtained from a source external to the
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laboratory, and is used to check 1aboratory performance (Sects. 7.12

‘ and 10.2.4).

4,  INTERFERENCES

4.1 Several types of interference effects may contribute to inaccuracies
in the determination of an analyte by ICP-AES. They can be
summarized as follows:

4.1.1 Spectral interferences - Can be categorized as (1) overlap of
a spectral line from another element; (2) unresolved overlap
of molecular band spectra; (3) background contribution from
continuous or recombination phenomena; and (4) background
contribution from stray_ light from the line emission of high
concentration elements.' The first of these effects can be
compensated by utilizing a computer correction of raw data,
requ1r1ng monitoring and measurement of the interfering
element. The second effect may require selection of an
alternative wavelength. The third and fourth effects can
usually be compensated by a background correction adjacent to
the analyte line.

Given in Table 3 is a listing of the interelement spectral
interferences that can occur between method analytes when
using the recommended wavelengths and locations for back-
ground corrections listed in Table 1. Table 3 is not a
compliete listing of all possible interelement interferences;
‘ ‘ however, those not included are interferences from elements
either not readily solubilized by the sample preparation
procedures described in this method or from elements rare in
nature. The correction factors .listed in Table 3 indicate
the magnitude of the interference. The factors were
experimentally determined at EMSL-Cincinnati using an
instrument with a specified wavelength dispersion of 0.53
nm/mm and a spectral bandpass resolution of 0.036 nm in the
first order. The factors have been rounded to the tenth-
thousand place or reported to one significant number. The
1isting is presented as a guide for users of this method for
determining interelement interference effects. The reader is
cautioned that other ana]yt1ca1 systems may exhibit somewhat
different levels of interference than those shown in Table 3
and that the interference effects must be evaluated for each
individual instrumental system. : :

The correction factors given in Table 3 were determined by
analyzing single etement solutions of each interfering
element. The concentration of each single element solution
was within the LDR of that element. For most elements a
100 mg/L solution was used with the numerical value of most
correction factors being confirmed by analyzing lesser

" dilutions of the single element solution. Because Ca, Fe, Mg
and Na can normally be present at concentrations in excess of
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4.1.2

100 mg/L, the interferences attributed to these elements were
determined at concentrations near their linear limits. The
criteria for Tisting a spectral interference was an apparent
analyte concentration from the interfering single element
solution that was outside the 95% confidence interval
estimates for the determined MDL 1imits* of the analyte using
the 2x preconcentration procedure described in Sect. 11.2.1
(See Table 2). The correction factor was calculated by
dividing the blank subtracted apparent analyte concentration
by the determined concentration of the interfering element.

Positive values in Table 3 are interferences that occur on
the wavelength peaks, while negative values indicate an
interference at the location used for background correction.
In practice, during analysis, the correction factor is used
to calculate the apparent concentration from interfering
element and is then subtracted from the instrumental analyte
concentration to determine the net, or sample analyte
concentration (while positive values are subtracted, negative
values are actually added). Without these corrections when
interference effects are present, either false positive or
false negative determinations will result. Also, the
reliability of an applied correction depends on the variance
surrounding the measurement of the interfering element. As
the concentration of the interfering element increases, the
variance increases; this is reflected in the calculated
apparent analyte concentration. Extreme caution should be
exercised when reporting analyte concentrations where the
apparent analyte concentration from an interfering element
accounts for 90% of the measured analyte concentration. Once
a routine procedure for correcting interelement spectral
interferences has been established, it should be periodically
tested to evaluate its operational effectiveness and
continued reliability (Sect. 7.9).

Physical interferences - Are generally considered to be
effects associated with the sample nebulization and
transport processes. Such properties as change in viscosity
and surface tension can cause significant inaccuracies
especially in samples which may contain high dissolved solids
and/or high acid concentrations. The use of a peristaltic
pump may lessen these interferences. If these types of
interferences are operative, they must be reduced by sample
dilution and/or utilization of standard addition techniques
(Sect. 9.8). Another problem which can occur from high
dissolved solids is salt buildup at the tip of the nebulizer.
This affects aerosol flow rate causing instrumental drift.
Wetting the argon prior to nebulization, use of a tip washer,
or sample diTution have been used to control this problem.
Also, it has been reported that better control of the argon
flow rate improves instrument performance. This is
accomplished with the use of mass flow controllers.
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4.1.3 Chemical Interferences - Are characterized by molecular
‘ compound formation, ionization effects and solute vaporiza-

‘ : tion effects. Normally these effects are not pronounced
with the ICP technique, however, if observed they can be
minimized by careful selection of operating conditions (i.e.,
incident power, observation position, etc.), by buffering the
sample, matrix matching, or standard addition procedures.
These types of interferences can be highly dependent on
matrix type and the specific analyte element.

4.1.4 Memory interferences - Result when analytes in a previous
sample contribute to the signals measured in a current
* sample. - Memory effects can result from sample deposition on
the uptake tubing to the nebulizer or from build-up of sample
material in the plasma torch and spray chamber. The site
where these effects occur is dependent on the element and can
be minimized by flushing the system with a rinse blank
. between samples (Sect. 7.5.3). 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 should be
estimated prior to analysis. This may be achieved by
aspirating a standard containing elements corresponding to
either their LDRs or concentrations 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
. S required to reduce analyte signals to within a factor of two
of the method detection 1imit should be noted. Until the
required rinse time is established, this method recommends a
rinse period of 60 sec between samples and standards. If a
memory interference is suspected, the sample should be
reanalyzed after a long rinse period.

4.2 The occurrence of interferences described in Sects. 4.1.1, 4.1.2 and
4.1.3 are primarily attributed to the sample matrix. If an
interference caused by a particular sample matrix is known, in many
cases it can be circumvented. However, when the nature of the
sample is unknown, tests as outlined in Sects. 4.2.1 through 4.2.4
can be used to ensure the analyst that neither positive nor negative
interference effects are operative on any of the analyte elements
‘thereby distorting the accuracy of the reported values.

4.2.1 Serial dilution - If the analyte concentration is
sufficiently high (minimally a factor of 10X the MDL after
dilution), an analysis of a dilution should agree within 10%
of the original determination or within an established
acceptable control 1imit.> If not, a chemical or physical
interference effect should be suspected.

4.2.2 Analyte addition - A post digestion analyte addition added at
a minimum level of 20X the MDL (maximum 100X) to the original
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determination should be recovered to within 90% to 110% or

within an established control limit. If not, a matrix effect
should be suspected. The use of a standard addition analysis ‘
procedure can usually compensate for this effect. CAUTION:

The standard addition technique does not detect coincident
spectral overlap. If suspected, use of computerized

compensation, an alternative wavelength, or comparison with

an alternative method is recommended (Sect. 4.2.3).

4.2.3 Comparison with alternative method of analysis - When
investigating a sample matrix, comparison tests may be
performed with other analytical techniques, such as atomic
absorption spectrometry, ICP-mass spectrometry, or other
approved methodology.

4.2.4 MWavelength scanning of analyte line region - If the appro-
priate equipment is available, wavelength scanning can be
performed to detect potential spectral interferences.

5.  SAFETY

5.1

5.2

5.3

5.4

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 file of OSHA regulations regarding the safe
handling of chemicals specified in this method ®°. A reference

file of material data handling sheets should also be made available ‘
to all personnel involved in the chemical analysis. Specifically,
concentrated nitric and hydrochloric acids are moderately toxic and
extremely irritating to skin and mucus membranes. Use these
reagents in a 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 when working with these
reagents. |

Analytical plasma sources emit radiofrequency radiation and intense
UV radiation. Suitable precautions should be taken to protect
personnel from such hazards.

Al11 personnel handling environmental samples known to contain or to
have been in contact with human waste should be immunized against
known disease causative agents.

Precautions should also be taken to minimize potential hazards.
Basic good housekeeping and safety practices such as the use of
rubber or plastic gloves and safety glasses during cleaning of
Tabware are highly recommended.

6. APPARATUS AND EQUIPMENT

6.1

ANALYTICAL INSTRUMENTATION
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‘ "~ 6.1.1 The ICP instrument may be a simultaneous or sequential
, spectrometer system that uses ionized argon gas as the
plasma. However, the system and processing of background
corrected signals must be computer controlled. The
instrument must be capable of meeting and complying with the
requirements and description of the technique given in Sect.
2.1 of the method. In particular, it is the responsibility
of the analyst to investigate the spectral interferen