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Standard Practice for
Acid-Extraction of Elements from Sediments Using Closed
Vessel Microwave Heating *

This standard is issued under the fixed designation D 5258; 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 1193 Specification for Reagent Water

1.1 This practice covers the digestion of soils and sediments D 3974 Practices for Extraction of Trace Elements from

for subsequent determination of acid-extractable concentra- _ Sediment

tions of certain elements by such techniques as atomic absorp-z'2 nge of Federal Regulation.s: @
tion and atomic emission spectroscopy. CFR Title 21, Part 1030, and Title 47, Part*18

1.1.1 Concentrations of.arsenlc, c_adm|um, copper, lead, Summary of Practices
magnesium, manganese, nickel, and zinc can be extracted from

the preceding materials. Other elements may be determined3-1 The chemical portion of this practice involves acid
using this practice. digestion to dissociate the elements not interstitially bound in

ilicate lattices.

B2 The sample is digested with nitric acid in a closed
uoropolymer vessel using microwave heating to an internal
essure of 100 psi (6.89 10° dynes/cm).

3.3 This practice provides a sample suitable for analysis by
omic absorption or emission spectrophotometry.

1.2 The analytical sample is arbitrarily defined as that which®
passes a 10-mesh (approximately 2-mm openings) screen aﬁ
is prepared according to Practice D 3974. )

1.3 Actual element quantitation can be accomplished b)?
following the various test methods under other appropriateat
ASTM standards for element(s) of interest.

1.4 The detection limit and linear concentration range fors  Significance and Use
egch element is deper_1dent on the atomic absorption or €MIS°4 1 Partial extraction of soils and sediments can provide
sion spectrophotometric te_chnlque_ employed and may be foun|(r}l1formation on the availability of elements to leeching, water
in the manual accompanying the instrument used. . . -

. . . . guahty changes, or other site conditions.

1.5 Before select_lng a d|gestlpn technique, the user shou_l 4.2 Rapid heating, in combination with temperatures in

consult the appropriate quantitation standard(s) for any speci

. . . ; cess of the atmospheric boiling point of nitric acid, reduces
analytical considerations, and Practice D 3974 for any speci ample preparation gr reaction ti?n%s
preparatory considerations. y

. _ 4.3 Little or no acids are lost to boiling or evaporation in the
1.6 The extent of extraction of elements from soils andg|psed digestion vessel so additional portions of acid may not

sediments by this method is dependent upon the physical angh required. Increased blank corrections from trace impurities
mineralogic characteristics of the prepared sample. in acid are minimized.

1.7 The values stated in both inch-pound and Sl units are to
be regarded separately as the standard. The values given 5n Interferences
parentheses are for information only. 5.1 No interferences to the digestion of soils and sediments
1.8 This standard does not purport to address all of theysing microwave heating have been observed.
safety concerns, if any, associated with its use. It is the 52 precautions should be exercised to avoid those interfer-
responsibility of the user of this standard to establish appro-ences normally associated with the final determination of

priate safety and health practices and determine the applicaglements using atomic absorption or emission spectroscopy.
bility of regulatory limitations prior to usef-or specific hazard

statements, see Section 8. 6. Apparatus

6.1 Microwave Heating SystemA laboratory microwave
heating system capable of delivering a minimum of 570 W of
2.1 ASTM Standards: microwave energy. The system should be capable of 1%

2. Referenced Documents

1 This practice is under the jurisdiction of ASTM Committee D-19 on Water and 2 Annual Book of ASTM Standardéol 11.01.

is the direct responsibility of Subcommittee D19.07 on Sediments, Geomorphology, *Annual Book of ASTM Standardgl 11.02.

and Open-Channel Flow. 4 Available from Superintendent of Documents, U.S. Government Printing
Current edition approved June 15, 1992. Published October 1992. Office, Washington, DC 20402.
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TABLE 1 Recovery Data for Six Digestions of NIST River Sediment (SRM 1645) A

Element Amount Present (ug/g) Amount Recovered Number of Digestions Standard Deviation Bias (u1g/g)
(Hg/g)
Arsenic 66 (not cert.) 72 6 4 6
Cadmium 10.2 + 1.5 12 6 5 0
Copper 109 =19 121 6 2 12
Lead 714 * 28 726 6 8 12
Magnesium 7400 =+ 200 7200 6 70 200
Manganese 785 * 97 750 6 10 35
Nickel 458 = 2.9 49 6 1 3
Zinc 1720 =+ 170 1720 6 10 0

A See Footnote 7 for availability information.

power adjustments @nl s time adjustment. The microwave where such specifications are availab®@ther grades may be

cavity should be fluoropolymer coated and equipped withused provided it is first ascertained that the reagent is of

exhaust ventilation sufficient to provide ten chamber exchangesufficiently high purity to permit its use without lessening the

per minute. The cavity must have a 360° oscillating turntable t@ccuracy of the determination.

ensure even Samp|e heating, and be Capab|e of h0|d|ng diges-7.2 Purity of Water—Unless otherwise indicated, references

tion vessels. Safety interlocks, to shut off magnetron powef0 Water shall be understood to mean reagent water conforming

output, must be contained in the cavity door opening mecha® Type Il of Specification D 1193. _

nism. The system must comply with Department of Health and /-3 Cléaning Solutioa-Mix one volume of technical grade

Human Services Standards under Code of Federal Regulatiofdit'iC acid (sp gr 1.42) with one volume water.

Part 1030.10, Subparts (C) (1), (C) (2), and (C) (3), for 7.4 N_|tr|c Acid (1 + 1)—Mix one volume nitric acid (sp gr

microwave leakage. The system should have Federal Comm&—'42) with one volume water.

nications Commission (FCC) type approval for operations8. Hazards

under FCC Rule Part 18. 8.1 Operate and maintain the microwave system in accor-
6.2 Digestion VesselsA closed fluoropolymer vessel of dance with the manufacturer’'s recommended safety precau-

100-mL capacity. The vessel must be transparent to microwaviéons. Do not operate the microwave system in a fume hood

energy and be capable of withstanding a minimum internayhere it is surrounded by acid fumes that can cause corrosion

pressure of 120 psi (8.27 10° dynes/cm), and a temperature of the equipr_nent. Vent acid fumes generate_d ins_ide the cavi_ty

of 200°C. The vessel must contain a safety pressure relidfom the cavity to a fume hood. Place the digestion vessels in

valve, a rupture disc, or be connected to an external safef§ fume hood to remove vapors released when a vessel is

i ; ; - ~riaopened.
g?htigvslevsestt;agavglnll prevent possible vessel fupture or ejection 8.2 Perform the digestion in accor_dance with the manufac-
turer’'s recommended safety precautions.
6.3 Pressure Control VesselA closed fluoropolymer vessel ]
with a two-ported cap connected to a pressure control devicg: Sampling
and capable of withstanding a minimum internal pressure of 9.1 Collect a sediment sample using an appropriate sam-
120 psi and temperature of 200°C. pling technique.
6.4 Pressure Control Deviee-An externally operated de- _ 9-2 Prepare the sediment sample in accordance with Sec-
vice to control the pressure within the digestion vessels. ThE0ns 10 and 12 of Practice D 3974.
controller must be capable of 1 psi (6.8910"dynes/cni) ~ 10. Vessel Cleaning
adjustments and be equipped with an external pressure relief10.1 The manufacturer's recommended cleaning procedure

valve. may be followed or the procedure in 10.2 through 10.4 may be
6.5 Filtration Apparatus—A gravity filter fitted with What- ~ used.
man No. 43 filter paper, or equivalent. 10.2 Soak the fluoropolymer vessel parts in cleaning solu-

tion at 60°C for 10 min.

10.3 Remove the vessel parts from the cleaning solution and
thoroughly rinse the parts with tap water and then with reagent
water.

7.1 Purity of Reagents-Reagent grade chemicals shall be 10.4 Allow the vessel parts to air-dry or wipe dry using a
used in all tests. Unless otherwise indicated, it is intended thatlean, soft cloth.
all reagents shall conform to the specifications of the commit-

tee on Analytical Reagents of the American Chemical Society;,
%Reagent Chemicals, American Chemical Society Specificatiymsgrican
Chemical Society, Washington, DC. For suggestions on the testing of reagents not
s . . . listed by the American Chemical Society, sAealar Standards for Laboratory
Whatman No. 41 filter paper, available from Whatman Specialty Products, &chemicals BDH Ltd., Poole, Dorset, U.K., and thenited States Pharmacopeia
Just Rd., Fairfield, NJ 07004, has been found suitable for this purpose. and National Formularyl).S. Pharmaceutical Convention, Inc. (USPC), Rockuville,
MD.

6.6 Volumetric Flask 100-mL capacity.

7. Reagents
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11. Procedure 11.8 Allow the vessels to cool to room temperature, and
11.1 Determine the power output of the microwave usingthen vent excess pressure from the vessels. Refer to the

the procedure described in the annex to ensure that the urfl@nufacturer’s recommended venting procedure.

meets the minimum power requirement. 11.9 Remove the vessels from the turntable, place in a fume
11.2 Obtan a 1 gportion of the sample prepared in 9.2, hood, and open the vessel.

weighed to the nearest 0.1 mg, and transfer into digestion 11.10 Transfer the contents of the digestion vessel to a

vessels. Include an empty digestion vessel in each set asfiration device and filter. Wash the vessel and filter thoroughly

method blank. with small portions of water. Alternatively, separate the solid
Note 1—The pressure control vessel must camtdi g of sample  and liquid phases by centrifugation.

material. 11.11 Transfer the filtered solution and washes, or centrate,
11.3 Add 20 mL of HNQ (1 + 1) to each sample and blank to @ 100-mL volumetric flask and dilute to volume with water.
digestion vessel.
11.4 Close each digestion vessel according to the manufad2. Precision and Bias

turer's recommended procedures. 12.1 This practice was tested by digesting a single sample

_ 11.5 Place the closed digestion and pressure control vessg), one |aboratory. Table 1 summarizes precision and bias of the

into the instrument turntable and assemble following the zce element analyses conducted on six portions of NIST

manufacturer's suggested procedure. River Sediment (SRM 1645)digested by this practice. All
Note 2—The pressure control vessel has a two-ported cap that i§race element concentrations were determined by flame or

connected to the pressure control device and is assembled into tlgraphite furnace atomic absorption techniques.
turntable differently than the single-ported digestion vessels. Refer to the

manufacturer's suggested procedure. 13. Keywords

11.6 Set the pressure control device to control the digestion 13.1 digestion: microwave: sediments: soils: vessel
vessel pressure at 100 psi (6.8910° dynes/cm). = g ’ ’ ’ :

11.7 Heat the vessels to obtain an internal pressure 100 psi
(6-89 X 10° dynes/crﬁ) and maintain for 30 min. Refer to the “NIST Standard Reference Materials, Office of Standard Reference Materials,
manufacturer’s suggested procedure. U.S. Department of Commerce, Gaithersburg, MD 20899.

ANNEX
(Mandatory Information)

Al. PROCEDURE TO DETERMINE DELIVERED POWER OF MICROWAVE OVEN AT 100 %
INSTRUMENT POWER

Al.1 Remove the turntable, drive lug, and all vessels fromensure even heat distribution, and measure the final
the instrument cavity. temperature, { to the nearest 0.1°C.

Al.2 Adjust the instrument cavity exhaust to minimum A1 9 Calculate the delivered power as follows:
airflow. P (T,—T)x35
Al1.3 Program the instrument for 4 min time and 100 %

ower where:
P : P = delivered power, watts,
Al4 Transfer 2008 2 mL of room temperature (19 to 1+ = final Iwater temperature, °C,
25°C) water into a 2-L polypropylene beaker. Ti = initial water temperature,”® C

and:
Al.5 Measure and record the initial water temperature, T

42X 1.0xM
to the nearest 0.1°C. =22 P

i
Al.6 Place the beaker in the right front corner of the \yhere:
instrument cavity. 4.2 = conversion factor for thermochemical calories to

. watts,
Al.7 Heat the water for the programmed time. 1.0 = heat capacity of water, calories/g per °C,
Al.8 When the heating cycle is complete, immediately M = hmasfs oftyvater, 9, and

remove the beaker from the cavity, thoroughly stir the water to = healing ime, s.
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The American Society for Testing and Materials 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 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, 100 Barr Harbor Drive, West Conshohocken, PA 19428.



