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Standard Practice for
Preparation of Soil Samples by Hotplate Digestion for
Subsequent Lead Analysis *

This standard is issued under the fixed designation E 1726; 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 3.1.1 batch—a group of field or quality control (QC)

1.1 This practice covers drying, homogenization, and acidsamples_ that are processed together using the same reagents
digestion of soil samples and associated quality control (QC{nd equipment. o _
samples using a hot plate type method for the determination of 3-1.2 digestate—an acidified aqueous solution that results
lead using laboratory atomic spectrometry analysis techniqud&om digestion of the sample. _ _
such as Inductively Coupled Plasma Atomic Emission Spec- 3-1.3 digestior—the sample preparation process that will
trometry (ICP-AES), Flame Atomic Absorption Spectrometry5°|Ub'|'Z_e (extrac_t)_ 'gargeted analytes present in the sample and
(FAAS), and Graphite Furnace Atomic Absorption Spectrom-reSU“S in an acidified agueous solution called the digestate.

etry (GFAAS). Discussion:Digestion is a form of extraction (see 3.1.5).
1.2 This practice is based on U.S. EPA Sws4e 3.1.4 duplicate sample-a second portion of a homogenized
Method 3050. sample carried through sample digestion. Analysis results for

1.3 This practice contains notes that are explanatory and afB€Se samples are used to provide information on the precision
not part of the mandatory requirements of this standard. ~ ©f the homogenization process.

1.4 The values stated in Sl units are to be regarded as the 3:1.5 extraction—the dissolution of target analytes from a
standard. The inch-pound units given in parentheses are f&olid matrixinto a liquid form. During sample digestion, target
information only. analytes are extracted (solubilized) into an acid solution.

1.5 This standard does not purport to address all of the 3.1.6 non-spiked samplea portion of a homogenized
safety concerns, if any, associated with its use. It is the@mple that is targeted for addition of analyte but that is not
responsibility of the user of this standard to establish appro_fortn‘led (splk_ed) with lead before sample preparation. Analysis
priate safety and health practices and determine the applica_feSU”S for this sample are used to correct for background levels

bility of regulatory limitations prior to use. in soiII that are used for the spiked and spiked duplicate

samples.

2. Referenced Documents 3.1.7 reagent blank—a digestate that reflects the maximum
2.1 ASTM Standards: treatment given any one sample within a batch of samples,
D 1193 Specification for Reagent Waker except that it has no sample initially placed into the digestion
2.2 U.S. Government Analytical Method: vessel. (The same reagents and processing conditions which
U.S. EPA SW 846 Test Methods for Evaluating Solid Wasteare applied to field samples within a batch are also applied to

Physical/Chemical Methods the reagent blank.piscussion:Analysis results from reagent
2.3 Other Standards: blanks provide information on the level of potential contami-
ISO Guide 30 Terms and Definitions Used in Connectionnation experienced by samples processed within the batch.

with Reference Materiafs 3.1.8 certified reference materiatreference material ac-
companied by a certificate, one or more of whose property

3. Terminology values are certified by a procedure which establishes its
3.1 Definitions: traceability to an accurate realization of the unit in which the

property values are expressed; each certified value is accom-
plished by an uncertainty at a stated level of confidence (ISO
*This practice is under the jurisdiction of ASTM Committee EO06 on Perfor- Guide 30).
?;:figgiﬂgﬁgs and is the direct responsibility of Subcommittee E06.23onLead 3 1 g spiked sample-a portion of a single homogenized
Current edition approved March 10, 2001. Published April 2001. Originally Sample to which the same knpwn amount of ana.lyte is added
published as E 1726 — 95. Previous edition E 1726 — 95. (spiked) before sample digestidniscussion:Analysis results
2 Annual Book of ASTM Standardgol 11.01. for these samples are used to provide information on accuracy

3 Available from Superintendent of Documents, U.S. Government Printing e -
Ofice, Washington, DC 20402. and precision of the overall analysis process.

4 Available from ANSI, 11 W 429 St., 13" Floor, New York, NY 10036.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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4. Summary of Practice standard brass sieves to alleviate possible lead contamination of the soil

. . . . . amples from contact with lead solder common to brass sieves.
4.1 Arepresentative soil sample is dried and homogenlzecf, P

and then digested (in a batch mode with other samples) on a hot6.1.7 Thermometersred alcohol, that cover a range from 0
plate using nitric acid and hydrogen peroxide. The digestate i® 110°C.

diluted for final volume prior to lead measurement. 6.2 Glassware and Supplies
6.2.1 Borosilicate Glassware-Volumetric flasks with stop-
5. Significance and Use pers, 100 mL; Griffin beakers, 100, 150 or 250 mL; watch

5.1 There is a need to monitor the lead content in anéglasses sized to cover Griffin beakers.

o ; . 6.2.2 Plastic Glovespowderless.
around buildings and related structures in order to determine S i
the potential lead hazard. Hence, effective and efficient meth- 6.2.3 Air-Tight Sample Containefs1 L (1 qt) or 4 L (1 gal)

; : . e-sealable plastic bags, or plastic 50 mL centrifuge tubes.
ods are required for the preparation of soil samples fof ) .
determination of their lead content. 6.2.4 Volumetric Flasks—Class A, 100 mL and other sizes

5.2 This practice may be used for the digestion of soil@S needed to make dilutions of sample digests or lead standards

samples that are collected during various construction anHSed for fortification of spiked samples.
renovation activities associated with lead abatement in an R t
around buildings and related structures. The practice is also’ eagents
suitable for the digestion of soil samples for lead analyses 7.1 Purity of Reagents-Reagent grade chemicals shall be
collected from other locations, such as near roads and steéfed in this practice. Unless otherwise indicated, all reagents
structures. shall conform to the specifications for the Committee on
5.3 This practice is intended to be used to prepare samplédnalytical Reagents of the American Chemical Society, where
that have been collected for hazard assessment purposes. Such specifications are availabl©ther grades shall not be
5.4 This practice is not capable of determining lead boundised unless it is first ascertained that the reagent is of
within matrices, such as silica, that are not soluble in nitricsufficiently high purity to permit its use without lessening
acid. accuracy of the determination.
5.5 This practice includes drying and homogenization steps 7-2 Nitric Acid—Concentrated, suitable for atomic spec-
in order to help assure that reported lead results are represeifometry analysis, such as spectroscopic grade.
tative of the sample and are independent of potential differ- 7.3 Hydrogen Peroxide30 % (w/w), suitable for atomic
ences in soil moisture levels among different sampling locaspectrometry analysis such as spectroscopic grade.

tions or changing weather conditions. 7.4 Acetone reagent, spectroscopic grade.
7.5 Water—Unless otherwise indicated, references to water
6. Apparatus shall mean reagent water as defined by Type | of Specification

D 1193. (ASTM Type | Water: minimum resistance of 16.7
megohm-cm, or equivalent.)

7.6 Calibration Stock Solution100 pg/mL of lead (Pb) in
dilute nitric acid.

6.1 Equipmertt

6.1.1 Analytical Balancecapable of accurately determining
the mass to the nearest 0.001 g.

6.1.2 Drying Oven capable of maintaining a temperature of
100 to 120°C.

6.1.3 Electric Hot Plate capable of maintaining a tempera-
ture of 80 to 100°C as measured with a thermometer placed 8.1 Sample Pre-Treatment
into a beaker or flask filled with water sitting on the hot plate 8.1.1 Treat each sample in a processing batch equally.
head. When required to reduce the presence of hot spots in the8.1.2 If possible before removal, break up the soil sample
electrical hot plate, placa 2 to 2.5 cm(0.75 to 1 in.) thick within the original containers containing the samples (see Note
aluminum plate on the burner head. 3).

6.1.4 Grinding Apparatus-Mortar and pestle (porcelain or  Nore 3—This will not be possible for wet soil samples.

aggtf)S, ﬁ/lhigr[:)epri;)e?ti(t,)rzr vrcilt);lerDrggbsable Plastic Tipsizes 8.1.3 Label an amd—cleaped 100, 150, or .250 mL _anﬁn

needed to make reagent additions, and spiking standards (s% aker (or other. vessel suitable for oven drying .Of 50|Is.that

Note 1). will not contaminate the sample with lead) W'Ith a h|gh

temperature wax pen or any other marker that will be visible

Note 1—In general, the following sizes should be readily available: after exposure to the drying oven.

1-5 mL adjustable, 1000, 500, 250, and 100 L. 8.1.4 Transfer the entire soil sample to the labeled Griffin
6.1.6 Sieves4.7 mm (U.S. Standard No. 4), 1.9 mm (No. beaker. Cover with a watch glass (tip to one side to permit

10), and 500 pum (No. 35), plastic or stainless steel (see Note 2).

When sieves containing soldered joints are used, then all solder

joints shall be Coateq with epoxy resm p-rlor tq L-Ise .tO p-rOteC >Reagent Chemicals, American Chemical Society Specificatiymerican

samples from pOtemlal lead contamination originating In theChemical Society, Washington, DC. For suggestions on the testing of reagents not

solder. Visually inspect prior to use for the presence of bar@sted by the American Chemical Society, sdaalar Standards for Laboratory
metal. Chemicals BDH Ltd., Poole, Dorset, U.K., and thénited States Pharmacopeia
and National FormularyU.S. Pharmaceutical Convention, Inc. (USPC), Rockville,
Note 2—Stainless steel or plastic sieves must be used instead of theD.

8. Sample Preparation Procedure
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moisture removal), and place in a drying oven for a minimummaterial to the previous sample material that passed through
of 6 h at atemperature of 11&= 10°C (see Note 4). the sieve. Discard any retained material. Clean the sieve

N . ) . . between samples by tapping or using forced air or other dry

ote 4—If the received soil sample is excessively large, then any . . .

attempts to sub-sample prior to drying and sieving are likely to cause biadN€thod to prevent cross-contamination. Perform this step in a

If possible, use a larger beaker to contain the entire sample. If not, then ud@cation well removed from the samples in process.

multiple beakers followed by re-combining after drying. Samples that 8.1.11 Label acid-cleaned 100, 150, or 250 mL Griffin

cake or plug the sieve require additional drying. Soil samples should ndbeakers and watch glasses for performing the digestion of each

cake or exhibit packing characteristic of moisture, but should flow freelysojl sample and associated QC samples.

through the sieve (see 8.1.6) when broken apart. 8.1.12 Transfer sieved portion to a labeled Griffin beaker
8.1.5 Using tongs, remove the beakers containing th@nd place in a drying oven overnight or for a minimum of 12

samples and allow them to cool to room temperature. h, or to constant mass at a temperature of ¥100°C (see
8.1.6 Don a pair of plastic gloves and push the soil sampléNote 9). Remove from oven and allow to cool to room

through a clean 4.7 mm sieve (U.S. Standard No. 4) to removiemperature.

any.large objects ,Or root material, or both. Discard mate'tlal Note 9—Constant mass for this procedure is defined as a less than

retained on the sieve (see Notes 5 and 6). Clean the sie\g| o4 change in mass for repeated measurements (a minimum of two)

between samples by tapping or using forced air or other dryaken over a minimumfaa 1 hinterval.

meth.od to prevent cross-contamination. P_erform this step ina 8.1.13 Store the dried, homogenized, and sieved soil

location well removed from other sample; in process and in 28amples inside new labeled air-tight sample containers.

area where soil dust will not contaminate the laboratory g, Sample Digestian

operations such as in front of a fume hood. 8.2.1 Turn or roll the sample container repeatedly for about

Note 5—If the samples do not appear to contain any large objects od min. Determine the mass of each dried homogenized sample
root material, it is not necessary to perform this step with the 4.7 mmto the nearest 0.001 g and transfer a.0.10 g portion of the
sieve. sample to a labeled Griffin beaker. Record the mass of each

Note 6—In order to minimize small particle size soil losses, this stepsample. For sample portions targeted for spiking, add the
should not be performed inside a fume hood. appropriate volume of a lead standard stock to the beaker (see

8.1.7 Don a pair of plastic gloves and push the soil sampléote 10). In the absence of other information, add 500 pg of
through a clean 2 mm sieve (U.S. Standard No. 10) to removtead to each beaker containing sample portions targeted for
coarse material (see Note 6). Discard material retained on tigpikes and spike duplicates (5 mL of 100 ug/mL of Pb stock
sieve. Clean the sieve between samples by tapping or usirgplution).
forced air O.r other d,ry method _to prevent cross-contamination. Note 10—The appropriate volume will be dependent on the anticipated
Perform Fh|5 step In a |QCat'0n well removecj from O_therlead level in the targeted sample split. The optimum spike addition is one
samples in process, and in an area where soil dust will naghich will double the amount of lead in the targeted sample split.
contaminate the laboratory operations, such as in front of a g 5 5 Aqd 10 mL of 1:1 nitric acid:water to each beaker,

fume hood. ently swirl to mix, and cover with a watch glass. Gently heat

or other appropriate homogenization apparatus such as |gjjing Monitor the temperature by having a thermometer

shatter-box or mixer mill. Clean the grinding apparatus bejngige a heaker or flask containing a small volume of water on
tween samples to prevent cross-contamination betweefe pot plate.

samples by rinsing with water and drying. When any material
is retained from 8.1.9, delay cleaning until this retained,iic acid, replace the watch glass, and reflux for 30 min
material for the sample is re-ground as described in 8.1.10. Aithout boiling.

acetone rinse will facilitate drying (see Note 7). 8.2.4 Allow the sample to cool, add 5 mL of concentrated

Note 7—Acetone should not be used on sieves since it can damagsitric acid, replace the watch glass, and reflux for 30 min
epoxy coatings which may be present to seal lead solder joints. without boiling. (This is a repeat of 8.2.3 to ensure complete

; idation.)
8.1.9 Place the ground up sample on a clean 500 pum sief! .
(U.S. Standard No. 35). Use a stainless steel spoon to hel 8.2.5 Remove the .Watd: glass and_ ﬁ”ow kt)h('al' SOIUt'?ﬂ to
move material around until no more sample will pass throug vaporate to approximately 5 mL without boiling, while

the sieve. Do not discard the retained material (see Note 8 naintaining a covering of solution over the bottom of thg
Return any retained material for one more grinding as de=- eaker_. When removing watch glas_ses, care must be exercised
scribed in 8.1.8 to avoid losses by rinsing them with a minimum amount of

water (rinsed into the sample beaker) and avoiding contami-
Note 8—A second re-grinding step is included for retained material tonation by placing them upside down on new clean laboratory
avoid ina_dvertent loss _of _Iarger pieces of material that can remain as fvipes. During this step, minimize the activity in the hood area
result of inadequate grinding. and increase the separation between beakers. Allow the sample
8.1.10 Place the ground up retained sample material back do cool after evaporation to approximately 5 mL.
the clean U.S. Standard No. 35 (500 pum sieve) (see Note 6). 8.2.6 After the sample has cooled, add 2 mL of water and 3
Using a stainless steel spoon, help move material around untihL of 30 % hydrogen peroxide. Cover the beaker with a watch
no more sample will pass through the sieve, adding the passeglass and return the covered beaker to the hot plate for

8.2.3 Allow the sample to cool, add 5 mL of concentrated
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warming and to start the peroxide reaction. Care must be taken 9.1.3.1 To mix the dried, sieved, and homogenized soll
during heating to ensure that losses do not occur due teample stored inside the air-tight sample containers, turn or roll
excessively vigorous effervescence. Heat until effervescendde container repeatedly for about one min.
subsides and cool the beaker. 9.1.3.2 To split the homogenized soil sample stored inside
8.2.7 Continue to add 30 % hydrogen peroxide in 1 mLthe sample container, transfer the entire homogenized soil
aliquots with warming until the effervescence is minimal or sample to a flat dry acid cleaned glass or plastic plate. (Use of
until the general sample appearance is unchanged. Do not adchew piece of plastic wrap or wax paper between the plate and
more than a total of 10 mL of 30 % hydrogen peroxide even ifsample will help reduce cross-contamination.) Form the soil
effervescence has not been reduced to a minimal level. into a conical pile using a clean plastic spoon and flatten the
8.2.8 Remove the watch glass and continue heating thgile to a uniform thickness and diameter by pressing down the
acid-peroxide digestate carefully until the volume has beempex of the pile. Divide the flattened pile into quarters using a
reduced to approximately 5 mL. Follow the same precautionglastic spoon. Using the spoon, scoop two opposite quarters of
for sample evaporation as outlined in 8.2.5. the sample to be spiked into separate labeled sample contain-
8.2.9 Allow the digestates to cool, rinse the beaker wallsers. Scoop the third quarter for the non-spiked sample into a
and bottom of the watch glass with water, and quantitativelyseparate labeled sample container and store the fourth quarter
transfer to a 100 mL volumetric flask. Dilute to volume with in another labeled sample container for permanent storage (if
water. needed).
8.2.10 Remove any particulate in the digestate by filtration, 9 1 3.3 To alleviate cross-contamination, discard the piece
by centrifugation, or by allowing the sample to settle prior to ¢ plastic wrap or wax paper (if used) and clean the glass plate

instrumental measurement. The diluted digestate solution coRgith acetone and a laboratory wipe following each sample. Do
tains approximately 5% (v/v) nitric acid. Use this level of ot clean plastic plates with acetone.

nitric acid for calibration standards during instrumental mea- 9.1.4 Duplicate Samples-Process duplicate samples on a

surement. routine basis to determine an estimate of homogenization and
9. Quality Assurance analysis precision, expressed as percent relative range. Process

9.1 Quality Control Samples-Quality control samples to duplicate samples according to the frequency listed in Table 1.

process with each batch of samples are summarized in Table 1.9'1'5 Certtlfl_eclj R(e:fsrl\jlznce Matena;l_sPrcl;ce;,s tce:jtlflted r_ef-
9.1.1 Reagent Blanks-Carry reagent blanks (water and eretz_ncet ma]lc ena':hs ((j s)ona :ﬁu ine ?S's toh etermine gn
reagents) throughout the entire sample preparation and analyff—S Imate ot method accuracy on the sample baich, expressed as

cal process to determine if the samples are being contaminat reent recovery relati\_/e to the certifie(_j value. Incorporate
Process method blanks according to the frequency listed i.RMs. into each analytical batch .accordmg to the frequency
Table 1 isted in Table 1. Use a CRM which has a matrix similar or

9.1.2 Non-Spiked Samples, Spiked Samples and Spiked D'lsj_entical to soil with a certified lead cgncentra_tion Ievel._
plicate Samples-Process these samples on a routine basis to 9-2 Laboratory Records-Record all information regarding
estimate method accuracy on the sample batch, expressed (A€ Preparation of samples (both QC samples and those
percent recovery relative to the true spiked value. Choos&ubmitted to the analyst) in a laboratory notebook as described
samples to use for spikes and spike duplicates at random. Aftdelow.
sample pre-treatment (see 8.1) steps are completed, use thre®.2.1 Record all reagent sources (lot numbers) used for
portions of the selected sample (one portion for the non-spikesample preparation in a laboratory notebook. Record any
one portion for the spike, and one portion for the spikeinadvertent deviations, unusual happenings, or observations on
duplicate sample). Proportion the selected samples using tifereal-time basis as samples are processed. Use these records to
splitting procedure listed below. Process spiked samples a@dd supplemental lead data when reporting results.
cording to the frequency listed in Table 1. 9.2.2 Laboratory notebooks shall be bound with pre-

9.1.3 Procedures to Split Samples for Non-Spiked Samplesjumbered pages. All entries on sample data forms and labora-
Spiked Samples, Spiked Duplicate Samples, and Duplicatery notebooks shall be made using ink with a signature and
Samples- Use the following procedure to generate sampledate of entry. Any entry errors shall be corrected by using only
portions: a single line through the incorrect entry (no scratch outs)

TABLE 1 Quality Control (QC) Samples

QC Samples Definition Frequency

Reagent blank Type | Water—Digest as a sample with addition of all reagents. Reflects 1 per 20 samples, a minimum of 1 per batch
the maximum treatment given any one sample within the batch.

Duplicate sample A second portion of a homogenized sample digested in the same batch 1 per 20 samples, a minimum of 1 per batch
as the first portion.

Spiked sample A portion of a homogenized sample is spiked with lead before sample 1 per 20 samples, a minimum of 1 per batch
digestion.

Spiked duplicate sample A portion of the same homogenized sample used for the spiked sample 1 per 20 samples, a minimum of 1 per batch
is spiked with lead before sample digestion.

Certified reference material (standard See section 3.1.8. Use a certified lead level as close as practical to the 1 per batch of samples

reference) appropriate federal, state, or local action level for lead in soil.
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accompanied by the initials of the person making the correctiod0. Keywords

and the date of correction (see Note 11). 10.1 digestion; lead; sample preparation; soils

Note 11—These procedures are important for proper documentation
and traceability of laboratory data.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



