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INTERNATIONAL
Standard Practice for
Preparation of Airborne Particulate Lead Samples Collected
During Abatement and Construction Activities for
Subsequent Analysis by Atomic Spectrometry '
This standard is issued under the fixed designation E 1741; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope D 4185 Practice for Measurement of Metals in Workplace

1.1 This practice covers the preparation of airborne particu- _Atmosphere by Atomic Absorption Spectrophotomeétry
late samples collected during the abatement of lead hazards for D 4309 Practice for Sample Digestion Using Closed Vessel
lead analysis in and around buildings and structures. Microwave Heating Techn_lque for the Determination of

1.2 This practice describes the digestion procedures for _Total Recoverable Metals in Water
airborne particulate lead samples that are collected on cellulose E 1605 Terminology Relating to Abatement of Hazards
ester membrane filters during abatement and construction from Lead-Based Paint in Buildings and Related Struc-
activities. The practice is intended for use with airborne tures™® _
particulate lead samples that are prepared for subsequent2-2 U.S. Code of Federal Regulatioris: _
analysis by laboratory-based quantitative analytical methods. CFR 1910.1025, Volume 29; OSHA Standard for Lead in

1.3 This practice covers the general considerations for _ Construction
quantitative sample digestion for total recoverable lead in CFR1030.10, Volume 21; U.S. Dept. of Health and Human

airborne particulate using hot plate or microwave heating _ Services Standard ,

techniques. CFR Volume 47, FCC Rule Part 18, Federal Communica-
1.4 The values stated in S units are to be regarded as the tions Commission Standard

standard. .
1.5 The following safety hazards caveat pertains only to thg ’ Termln.ollolgy _ ,

procedure section of this practic®his standard does not  3-1 Definitions—For definitions of terms relating to the

purport to address all of the safety concerns, if any, associateBr€paration of atmospheric samples that are not given here,

with its use. It is the responsibility of the user of this standard'€fer to Terminology D 1129, D 1356, or E 1605.

to establish appropriate safety and health practices and 3-2 Definitions of Terms Specific to This Standard:
determine the applicability of regulatory limitations prior to ~ 3-2-1 batch—a group of field or quality control samples that

use.Specific hazard statements are given in Section 8, 9.3.1.6¢ processed together using the same reagents and equipment.

and 9.3.2.6. ' 3.2.2 digestate—an acidified aqueous solution that results

from digestion of the sample.

2. Referenced Documents 3.2.3 digestion—the sample preparation process which will
2.1 ASTM Standards: solubilize (extract) targeted analytes present in the sample, and
D 1129 Terminology Relating to Water results in an agidified aq_ueous.solution called the digestate.
D 1193 Specification for Reagent Waker 3.2.4 extractlon'—the dlssplufuon of target analytes fro.m a
D 1356 Terminology Relating to Sampling and Analysis of SOlid source matrix into a liquid form. During sample diges-

Atmosphered tion, target analytes are extracted (solubilized) into an acidic

D 3335 Test Method for Concentrations of Lead, Cadmium Solution.

and Cobalt in Paint by Atomic Absorption Spectroscbpy ~ 3-2.5 field blank—a sampling device (filter holder contain-
ing filter) that is handled in the same manner as field samples,

except that no air is drawn through it.

1 This practice is under the jurisdiction of ASTM Committee E-6 on Performance
of Buildings and is the direct responsibility of Subcommittee E06.23 on Lead Paint————————

Abatement. 5 Annual Book of ASTM Standardgol 04.11.
Current edition approved Jan. 10, 2000. Published April 2000. Originally ©ASTM Standards on Lead-Based Paint Abatement in Buildifi, available
published as ES 33 — 94. Last previous edition E 1741 — 95. from ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428.
2 Annual Book of ASTM Standardgol 11.01. 7 Available from Office of the Federal Register, National Archives Records
2 Annual Book of ASTM Standardgol 11.03. Administration, Superintendent of Documents, U.S. Government Printing Office,
4 Annual Book of ASTM Standardgol 06.01. Washington, DC 20401.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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3.2.6 filter holder—a plastic holder that supports the filter 5.2 This practice may be used to prepare samples that have
medium upon which airborne particulate matter is collectedbeen obtained in order to ensure compliance with OSHA
This device is also often referred to as a filtarassette.” permissible exposure limits (PELs) for airborne lead concen-

3.2.7 method (reagent) blarka reagent, without analyte trations?
added, that is analyzed to determine its contribution to the total
blank (background) reading. 6. Apparatus

3.2.8 non-spiked samplea blank filter sample that is 6.1 Hot Plate Digestiort
targeted for addition of analyte but which is not fortified with ~ 6.1.1 Electric Hot Plate suitable for operation at tempera-
all the target analytes before sample preparation. For filtefures up to at least 140°C.
Samp|es, a non_spiked samp|e is equiva|ent to a method 6.1.2 Borosilicate Glass Beakerd 00 to 150 mL Griffin or
(reagent) blank. Analysis results for this sample are used tBhillips beakers with watch glass covers.
correct for background levels in the blank filters used for 6.1.3 Laboratory Thermometemaccurate to nearest 0.1°C,
spiked and spiked duplicate samples. covering the range 0 to 200°C.

3.2.9 reagent blank-a digestate that reflects the maximum 6.2 Microwave Dlggstlorﬁ .
treatment given any one sample within a sample batch, except 621 Laboratory Microwave Heating Systemapable of
that it has no sample placed initially into the digestion vesselqel'vf”ng 57510 1000W of POWET. The unit should be capable
(The same reagents and processing conditions that are appligﬁl_ % power adjustment anl s time adjustmer)t. The oven
to field samples within a batch are also applied to the reage vity should be fluorocarbon-coated and equipped with ex-

blank.) Analysis results from reagent blanks provide informa—h""%St vdent|lat|otn atT2h.8 ""“?t'” for tal’?ld vapor tp;ptectlonltof th?.
tion on the level of potential contamination resulting from onlyunl and operator. The unit must have a rotating or aiternating

laboratory sources that are experienced by samples process%'&ntable’ capable of holding one to twelve digestion vessels, to

within the batch ensure uniform sample heating. Safety interlocks, to shut off

. ) magnetron power output, must be contained in the oven door
3.2.10 reference material (standard reference materag

; iy . ... _opening mechanism.
material of known composition where the lead level is certified P .

by the manufacturer. Note 1—Because of differences among various makes and models of

39211 le set f | satisfactory microwave instruments, no detailed operating instructions can
.2.11 sample set-a group of samples (one or more). be provided. Instead, the analyst should follow the instructions provided

3.2.12 spiked sample and spiked duplicate sampdeblank by the manufacturer of the particular instrument.
filter to which a known amount of analyte is added before 6.2.1.1 The unit must comply with U.S. Dept. of Health and

preparation. Analysis results for these samples are used {Q,nan Services Standards under CFR Part 1030.10, Subparts
provide mformaﬂon on the precision and accuracy of the(C)(l), (C)(2), and (C)(3), for microwave leakage. The unit
overall analysis process. should have FCC-type approval for operations under FCC Rule
Part 18.
6.2.2 Closed Vesselsapable of holding up to 100 mL of
4.1 Particulate matter containing lead, which has beesolution. The vessels must be transparent to microwave energy
collected from air on cellulose ester membrane filters (see Te&nd capable of withstanding internal pressures of 100 psig and
Methods D 4185), is digested in a heated acidic mixture. Théemperatures of 200°C. Each vessel must contain a safety
filter, which contains the collected particulate, may be digeste@ressure relief valve, rupture disc, or be connected to an
on a hot plate (see Test Methods D 4185) or within a speciallgxternal safety relief valve that will prevent possible vessel
designed microwave apparatus (see Practice D 4309). TH&lpture or ejection of the vessel cap.
digestion procedure is meant to prepare the samples for 6.2.3 An apparatus for tightening the vessel system cap to
subsequent analysis by atomic spectroscopic methods, sucht@§ manufacturer’s specified torque.
atomic absorption spectroscopy (see Test Method D 3335) and 6.3 Other Supplies
inductively coupled plasma atomic emission spectrometry. ~ 6.3.1 Class A Volumetric Flasksl0 to 100 mL.

4. Summary of Practice

5. Significance and Use

5.1 This practice is to be used for the digestion of airborne cassinelli, M. E. and Eller, P. M., EdNJOSH Manual of Analytical Methogs

particu|ate lead that has been collected during various corh ed.; Methods 7082, 7105, and 7300; National Institute for Occupational Safety
. . . . : nd Health, Cincinnati, OH, 1994. Available from National Institute for Occupa-
struction and renovation practices associated with lead abatéonal Safety and Health, Publications Office, 4676 Columbia Pkwy., Cincinnati, OH

ment and removal in and around buildings and related strucsszzs.
tures. It may also be used to treat samples from other °Environmental Protection Agenc$tandard Operating Procedures for Lead in

workpl nvironments where airborne | i int by Hotplate- or Microwave-Based Acid Digestions by Atomic Absorption or
orkp aCfe € 0 | € th erea tl)O € ea?. S Sl}l.speCted to llIgr:é;iuctively Coupled Plasma Emission Spectromethys. EPA, Research Triangle
present, for example, battery recycling, smelting, firing rangespark, NC, 1991. Available from National Technical Information Services, 5285 Port

etc. Royal Rd., Springfield, VA 22161.
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6.3.2 Class A Pipetsvolumetric and graduated (1 to 10 If solid particulate remains, use 2 mL concentrated nitric acid

mL). and 1 mL 30 % hydrogen peroxide.
6.3.3 Class A Micropipets10 to 1000 pL. 9.2.5 Repeat 9.2.3 and 9.2.4 as necessary until the solution
6.3.4 Powderless Vinyl Gloves is clear.
6.3.5 Tweezers 9.2.6 Cool each beaker to room temperature.
6.3.6 Wash Bottle 9.2.7 Transfer the solutions quantitatively to 10 mL Class A
volumetric flasks and dilute to volume with ASTM Type | or Il
7. Reagents water.

7.1 Calibration Stock Solutior-1000 pug Pb/mL. Commer- 9.3 Microwave Digestion o
cial certified reagent grade nitrate standards; alternatively, 9.3.1 Procedure for Seven to Twelve Vessel Digestions
dlss_olye 1._00 g reggent grade _Pb metal in a minimum VOIUME o1t 4—For fewer than seven samples, see 9.3.2.
of nitric acid and dilute to 1 L with 1 % (v/v) nitric acid. Store

in polyethylene bottles. 9.3.1.1 Perform an instrument power check as outlined in
7.2 Hydrochloric Acid concentrated; reagent grade, specificAppendix X1. _
gravity 1.19 (for microwave digestions). 9.3.1.2 Open the filter holders (cassettes) and transfer the
7.3 Hydrogen Peroxide30 % (v/v); reagent grade (for hot samples (filters + collected particulate) and blanks into clean
plate digestions). vessel.
7.4 Nitric Acid, concentrated; reagent grade, specific gravity nore 5—Foliow the manufacturer's suggested vessel cleaning instruc-
1.42. tions to avoid possible sample contamination. If the sample is to be
7.5 Water, ASTM Type | or Type Il (conforming to Speci- analyzed by inductively coupled plasma (ICP), direct current plasma
fication D 1193). (DCP), or flame atomic absorption spectrophotometry (FAAS), add 3 mL
of concentrated nitric acid and 2 mL of concentrated hydrochloric acid. If
8. Hazards the sample is to be analyzed by graphite furnace atomic absorption

. . . spectrophotometry (GFAAS), add 5 mL of concentrated nitric acid. Install
8.1 Hot plate digestions must be conducted in a fume hood safety pressure relief valve and cap on the vessel and seal to the

in order to prevent fumes from contaminating laboratory air. manufacturer's recommended torque. Attach a vent tube if required by the
8.2 In hot plate digestions, the applied power (and thereforganufacturer’s operating instructions.

tempera'.[ure) should'be increased slowly to. prevent spatterl_ng. 9.3.1.3 Repeat 9.3.1.2 until the turntable contains twelve
8.3 Mlcrowave, units should be operate_d in accordance withyegqs 1t is recommended that a reagent blank be digested and

t_he manufa(_:turers_recommended operating and saf_ety preca!afﬁalyzed along with the samples (see Table 1). If less than

tions. Warning—Itis not recommended to place a miCrowave ,.\ue samples are to be digested, fill the remaining vessels

unit in a fume hood, where it is surrounded by acid fume%ith an equal volume of acid mixture (either 3 mL HN®2
which can cause corrosion of the equipment. Acid fumesinsid?m_ HCl or 5 mL HNO, depending on the instrumental

the oven cavity should be air swept away from the cavity t0 &, \vtical method). It is critical to the procedure that each

hood. tC(Ijo_sed vescsjels use_(ilh|r;hmlcrowivetdlge,stlons should d%ssel contains an equal volume of acid. This is necessary to
operated in accordance wi e manufacturer’s recommen sure uniform heating of all vessel solutions.

operating and safety instructions.)

9. Procedure

TABLE 1 Quality Control Samples
9.1 Laboratory Records-Record all reagent sources (lot

. . QC Samples Definition Frequency
numbers) used for sample preparation in a laboratory note — o~ T — - |
book. Record any inadvertent deviations, unusual events, d\ﬁtoﬁ_spif:d oample AS:;pléts:e?;rrgin; Ty i of one per
observations during sample preparation. Use these records to with other samples. Should ~ batch.
supplement analytical data concerning lead when reporting the reflect the maximum
fnal reSUItS treatment given any one
! ’ . . sample within the batch

9.2 Hot Plate Digestion Reagent blank ASTM Type | or Il Water— One per batch.
9.2.1 Open the filter holders (cassettes) and transfer the Digest as a sample with
les (filters + collected particulate) and blanks to clean 2adiion of a1 feagents.
samples ( liters + collected particula e) a anks 10 clea Should reflect the maximum
beakers. treatment given any one
9.2.2 Add 3 mL concentrated nitric acid and 1 mL 30 % __ sample within the batch.
. . Spiked sample A blank filter fortified with all ~ One per 20 samples,
hydmgen perOX|de and cover with a watch glass. the target analytes before minimum of one per
. . preparation. batch.
Nore 2—Start method (reagent) blanks at this point. Spiked duplicate A blank filter fortified with all  One per 20 samples,
9.2.3 Heat on a hot plate at 140°C (85 to 100°C initially) sample the target analytes before - minimum of one per
. . preparation (for filters, batch.
until the volume is reduced to about 0.5 mL. duplicates cannot be
. . L obtained in the field).
Note 3—A lower temperature should be applied during the initial Reference material A material of known One per batch.
stages of the digestion to prevent spattering of the beaker contents. (standard reference  composition where the
material) analyte levels are certified by

9.2.4 Rinse the watch glass and baker walls with 3 to 5 mL
of 10 % nitric acid. Allow the solution to evaporate to 0.5 mL.

the manufacturer.
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9.3.1.4 Turn the microwave instrument exhaust on to thecaution to prevent any rapid outgassing of vapor or liquid, or
maximum fan speed. Activate the turntable so that it is rotatingyoth, that may cause acid burns on the exposed skin of the
or alternating 360°. operator.)

9.3.1.5 Forinstruments delivering a measured power of 575 9.3.2.7 Detach the vent tubing and remove the vessels from
to 635 W, program the instrument time for 50 min and thethe turntable.

power to 100 %. For instruments with a measured power of g 3 5 g Open the vessels and filter or centrifuge the samples
635 to 700 W, program the instrument time for 30 min and tf\]ﬁr 526 LP g ples,

0 100 %. Inst ts deliveri ter than 700 f required, to remove any silicates or other insoluble material.
power 10 0. mstruments defivering greater than ransfer the samples to 10 mL Class A volumetric flasks and

must be opgrated at reduced powers in order to reduce trbering to volume with ASTM Type | or Il water. The diluted
sample heating rates. Depress the start key and allow the

sample mixtures to heat for the programmed time period. samples are now ready for analysis. Further dilution may be

. . X necessary to ensure that the measurement of lead concentration
9.3.1.6 At the end of the digestion period, remove the y

) . is within the instrumental dynamic range.
vessels from the microwave and allow the sample solutions to
cool to room temperature. Shake the vessels to mix the samp
solutions and vent to atmosphere any gas pressure that may
present in the vessels\Warning—Shake the vessels with ~ 10.1 Quality Control Samples-Quality control samples to

caution to prevent any rapid outgassing of vapor or liquid, obe processed with each batch of samples are summarized in

both, that may cause acid burns of the exposed skin of th&able 1.

@. Quality Assurance

operator.) _ 10.1.1 Reagent Blanks-Carry reagent blanks (water and
9.3.1.7 Detach the vent tubing and remove the vessekagents) throughout the entire sample preparation and analyti-
assembly from the turntable. cal process to determine if the samples are being contaminated

9.3.1.8 Transfer the contents of each vessel to 10 mlfrom laboratory activities. Process reagent blanks according to
volumetric flasks (Class A) and bring to volume with ASTM the frequency listed in Table 1.

Type I'or Il water. 'I"hg diluted solutions are now reagy fo_r 10.1.2 Non-Spiked Samples, Spiked Samples, and Spiked
analysis. Further dilution of samples may be required inpnjicate Samples-Process these samples on a routine basis
instances where the lead loadings on digested filters are vegy ogtimate method accuracy on the sample batch, expressed as
high. percent recovery relative to the true spiked value. Since filter
Note 6—Prior to dilution, it may be necessary to filter or centrifuge Samples cannot be split uniformly, blank filters are used for
digested samples that contain silicates or other insoluble materials.  non-spiked, spiked, and spiked duplicate samples. The brand or
type of filter should be the same as that used for collection of
amples. Field personnel should submit a sufficient number of
lank filters to the laboratory to permit generation of these QC

9.3.2 Procedure for One to Six Vessel Digestions
9.3.2.1 Perform an instrument power check as outlined i

Appendix X2. les at the f listed in Table 1
9.3.2.2 Transfer the samples to clean vessels as discussed’ i P.es atthe frequency fisted in a_ . .
10.3.1.2. 10.1.3 Standard Reference MateriadlsProcess certified

9.3.2.3 Repeat 9.3.2.2 until the turntable contains six evenlyiandard reference materials (SRMs) on a routine basis to

spaced vessels. A reagent blank is to be digested along with tki§t€rmine an estimate of method accuracy on the sample batch,
samples. If fewer than six samples are to be digested figxpressed as percent recovery relative to the certified value.

remaining vessels with the appropriate acid mixture (5 mLIncorporate SRMs into each analytical batch according to the
HNO, or 3 mL HNQ; +2 mL HCI). It is critical that each frequency listed in Table 1. Use an SRM that has a matrix
vessel contains an equal volume of acid to ensure uniforrgimilar or identical to dust with a certified lead concentration
heating of all vessel solutions. level. Place a known quantity of the SRM onto a blank filter
9.3.2.4 Turn the microwave instrument exhaust on to théNd process along with the other samples. The brand or type of
maximum fan speed. Activate the turntable so that it is rotating/ltér used should be the same as that used for sample
or alternating 360°. collection. Field personnel should submit sufficient numbers of
9.3.2.5 For instruments with a measured power of 575 tdlank filters to the laboratory to generate these QC samples.

635 W, program the instrument time for 30 min and 75% 10.2 Laboratory Records-In a laboratory notebook, record
power. For instruments with a measured power of 635 to 70@!l reagent sources (and lot numbers) used for sample prepa-
W, program the instrument time for 25 min and 75 % power.ration. Also, record sample receipt information, including
Instruments delivering greater than 700 W must be operated &ubmitter, number and type of samples, and so on. Record any
further reduced powers so that the sample heating rates are rioadvertent deviations, unusual occurrences, or observations in
excessive. Depress the start key and allow the sample mixturégal time, as samples are processed. Use these records to add
to heat for the programmed time period. supplemental data when reporting results.

9.3.2.6 At the e.nd of the digestion period, remove the Note 7—Laboratory notebooks must be bound with pre-numbered
vessels from the microwave and allow the sample- solutions tBages, and all entries must be made in ink. Any entry errors must be
cool to room temperature. Shake the vessels to mix the sampigrected by using a single line through the incorrect entry, accompanied
solutions, and vent to atmosphere any gas pressure that may e the initials of the person making the entry, and the date of the
present in the vesselsWarning—Shake the vessels with correction.
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11. Keywords

11.1 airborne particulate; digestion; hot plate; lead; micro-
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APPENDIXES
(Nonmandatory Information)

X1. POWER CHECK AT 100 % INSTRUMENT POWER

X1.1 Procedure: X1.1.8 When the heating cycle is complete, immediately
remove the beaker from the cavity, thoroughly stir the water to
ensure even heat distribution, and measure the final tempera-
ture (T;) to the nearest 0.1°C.

X1.1.9 Calculate the delivered power, W, as follows:

X1.1.1 Remove from the instrument cavity the turntable,
drive lug, and all vessels.

X1.1.2 Adjust the instrument cavity exhaust to minimum air

flow.
X1.1.3 Program the instrument for 4 min time and 100 % Power= AT X [(K X G, X M)] (X1.1)
power. where:
X1.1.4 Transfer 2000= 2 mL of room temperature (19 to AT = T;- T, where:
25°C) water ind a 2 L polypropylene beaker. ? = f”)t'c_ﬂ l\Nat?f t?mperatl#re, °CC, and
P _ . = initial water temperature, °C.
X1.1.5 Measure and record the initial water temperattpe ( KI _ 4.2, the conversion factor for thermochemical calo-

to the nearest 0.1°C. ries to Watts,

X1.1.6 Place the beaker in the right front corner of the C, = 1.0, the heat capacity for water in cafgleg?,
instrument cavity (facing the front of the instrument). M = mass of water, g, and
X1.1.7 Heat the water for the programmed time. t = time, s.

X2. POWER CHECK AT 75 % INSTRUMENT POWER

X2.1 Procedure: X2.1.5 Measure and record the initial water temperattipe (
to the nearest 0.1°C.
X2.1.6 Place the beaker in the right front corner of the

) ) ) L _instrument cavity (facing the front of the instrument).
X2.1.2 Adjust the instrument cavity exhaust to minimum air X2.1.7 Heat the water for the programmed time

flow. _ o X2.1.8 When the heating cycle is complete, immediately
X2.1.3 Program the instrument for 4 min time and 75 %remove the beaker from the cavity, thoroughly stir the water to

X2.1.1 Remove from the instrument cavity the turntable,
drive lug and all vessels.

power. ensure even heat distribution, and measure the final tempera-
X2.1.4 Transfer 2000- 2 mL of room temperature water ture (T;) to the nearest 0.1°C.
(19 to 25°C) watern a 2 Lpolypropylene beaker. X2.1.9 Calculate the delivered power according to Eq X1.1.
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