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Standard Test Method for
24-Hour Batch-Type Measurement of Volatile Organic
Sorption by Soils and Sediments 1

This standard is issued under the fixed designation D 5285; 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 test method describes a procedure for determining D 2216 Test Method for Laboratory Determination of Water
the sorption affinity of waste solutes by unconsolidated geo- _ (Moisture) Content of Soil and Rock ,
logic material in aqueous suspension, for example, soils, fluvial D 3987 Test Method for Shake Extraction of Solid Waste
sediments, sedimentary deposits, or any other accumulations of _With Water o _
unconsolidated solid particles (for a companion method, for D 4319 Test Method for Distribution Ratios by the Short-
metal solute, see Test Method D 4319). The waste solute may _1erm Batch Method ) )
be derived from a variety of sources such as wells, underdrain D 4410 Terminology of Fluvial Sediment
systems, or laboratory solutions like those produced by was
extraction tests (for example, Test Method D 3987). e L . ,
1.2 This test method is applicable for screening and provid- 3.1 Def|n|t|0ns—F0r_ definitions of terms use_d_ in this test
ing the relative rankings of a large number of samples for theif"€thod, refer to Terminology D 1129. For additional defini-
sorption affinity in aqueous leachate/geomedia suspensionE.O”S .of terms pertaining to soils and fluvial sediments, refer to
This test method may not simulate closely the sorption'€minologies D 653 and D 4410. _
characteristics that would occur in unperturbed geologic set- 3-1.1 solute—chemical species (for example, ion, mol-
tings and under flow conditions. ecules, etc.) in solution. _
1.3 While this test method is intended to be applicable for 3:1.2 sorbate—chemical species sorbed by a sorbent.
all soluble organic constituents, care must be taken with 3-1.3 sorbeni—a solid substance that sorbs the solute from
respect to the stability of the particular constituents and theig@lution (for example, soil, sediment, till, etc.). o
possible losses from solution by such processes as volatiliza- 3-1-4 sorption—depletion of an amount of solute initially
tion or degradation by microbes, light, or hydrolysis. present in solution by a sorbent. _ _
1.4 The values stated in Sl units are to be regarded as the 3-1.5 unconsolidated geologic material (geomeeta
standard. loosely aggregated solid natural material of geologic origin (for
1.5 This standard does not purport to address all of the®x@mple, soil, sediment, till, etc.). ,
safety concerns, if any, associated with its use. It is the 3-2 Definitions of Terms Specific to This Standard:
responsibility of the user of this standard to establish appro- 3:2-1 distribution coefficient, {—the ratio of the concen-

priate safety and health practices and determine the applicalration of solute sorbed on the soil or other geomedia divided
bility of regulatory limitations prior to use. by its concentration in solution. A 24-K, is the analogous

ratio evaluated after 24 h of contact of the solute with the

g Terminology

2. Referenced Documents geomedia.
2.1 ASTM Standards? 3.2.1.1 Discussior—Dissimilar K4 values may be obtained
D 653 Terminology Relating to Soil, Rock, and Containedfor the same solute if different initial solute concentrations are
Fluids used, depending on the sorption behavior of the solute and the
D 1129 Terminology Relating to Water properties of the geomedia (that is, nonlinear sorption curve).

This concentration dependency may be absent where the solute

_— concentrations are sufficiently low. It is absent when the

* This test method is under the jurisdiction of ASTM Committee D34 on Waste Characteristics of the particular solute-sorbent combination
Management and is the direct responsibility of Subcommittee D34.01.06 oryie|d K, values that are independent of the concentration of
Analytical Methods. olute dthat is, linear sorption curve

Current edition approved Nov. 1, 2003. Published January 2004. solute ( IS, 1l S I’p_l. urve) . o

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or ~ 3.2.2 Octanol water partition coefficient, Jg—the distribu-
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTMtion coefficient of an organic compound betwaenctanol and

Standards volume information, refer to the standard’s Document Summary page SRater. It has been found to be useful in predicting other
the ASTM website. !
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constants that describe the distribution of organics between 6.2 It is essential that the geomedia used for measuring
organic carbon-containing media and water and is usually eagyistribution coefficients be free of any chemical species for

to measure experimentally. which the distribution coefficient is to be measured. If it is
3.2.3 sorption affinity—the relative degree of sorption that suspected that the geomedia is contaminated, a procedure
occurs by a geomedia. identical to that described in 9.3.1-9.3.7 should be followed,

3.2.4 test compound constant, k— the distribution coef- with Type IV water substituted for the test solution. If the
ficient between water and a hypothetical geomedia that isoncentration of a chemical in the water after equilibrating for
100 % organic carbon. As such, it is used to convert distribu24 h, compared to the concentration of that chemical in the
tion coefficients measured for one geomedia to another gewolution to be tested, is significant compared to the expected

media with a different organic carbon content. precision of the test method+g %), a different geomedia
should be used. Correcting the measufgdor contaminated
4. Summary of Test Method soil is not recommended since the preexisting contamination

4.1 Distilled water, natural water, waste leachate, or anynay not be adsorbed such that it can equilibrate readily with
aqueous solution containing a known concentration of solute isater.
mixed with a known amount of unconsolidated geologic
material (geomedia) for 24 h. After 24 h, equilibrium between?. Apparatus
the solid and solution phase is presumed to occur. The 7.1 Agitation Equipment-The Rotary Solid Waste Extrac-
concentration of solute remaining in solution is measured. Theor® specified in Test Method D 3987.
remainder is presumed to be adsorbed onto the solid phase.7.2 Containers—Round, wide-mouth glass bottles that can
Given that the mass of solid phase has previously beepe fitted with standard volatile organics analysis (VOA) caps
determined, the distribution coefficient for the specified experi-and are compatible with the rotary extractor.
mental conditions can then be calculated. 7.3 Balance having a minimum capacity of 500 g and a
S sensitivity of £0.05 g, to be used for weighing the geomedia
5. Significance and Use and solute solution. A more sensitive balance may be required
5.1 This test method is intended to allow for a rapid (24-h)for preparing analytical standards.
index K, of a geomedia’s sorption affinity for given chemicals
or leachate constituents. A large number of samples may b& Reagents

analyzed using this test method to determine a comparative g 1 Purity of Reagents-Reagent grade chemicals shall be
ranking of those samples, based on the amount of solute sorbgded in all tests. Unless otherwise indicated, it is intended that
by the geomedia, or by various geomedia or leachate constiti| reagents shall conform to the specifications of the Commit-
ents. The 24-h time period is used to make the test conveniefde on Analytical Reagents of the American Chemical Society,
as well as to minimize microbial degradation, which may be ayhere such specifications are availab®ther grades may be
problem in longer procedures. Whil€, values are directly ysed, provided it is first ascertained that the reagent is of
applicable for screening and comparative ranking purposesyfficiently high purity to permit its use without lessening the
their use in predictive field applications generally requires th%ccuracy of the determination.
assumption thak, be a fixed value. 8.2 Purity of Water— Unless otherwise indicated, refer-
5.2 The 24-h time limit may be sufficient to reach a ences to water shall be understood to mean Type IV reagent
steady-stateky. However, to report this determination as aygter conforming to Specification D 1193.
steady-stateK,, this test method should be conducted for g 3 Sjlica Sane— 20/40 grit sand blasting pure silica sand,
intermediate times (for example, 12, 18, 22 h) to ensure thag pe used for the silica sand blank.
solute concentrations in the solution phase have reached ag 4 Preparation of Analytical Standard Solutians

steady state by 24 h. 8.4.1 Standard Stock SolutiorsPlace approximately 9 to
9.8 mL of methanol into a 10-mL ground-glass, stoppered

6. Interferences - i volumetric flask, and then allow the flask to stand unstoppered
6.1 When solutes of unknown stability are dealt with, whenfs, 5 few minutes or until all methanol-wetted surfaces have

they are either in contact with the geomedia or used as blankgyied. Weight the flask to the nearest 0.1 mg and immediately
care must be taken to ensure that volatilization, hydrolysisgqq a few drops of the test organic to the flask by using a
photodegradation, microbial degradation, oxidation—reductionloo_w_ syringe, and then reweigh. Be sure that the drops fall
or other physicochemical processes are not operating at @rectly into the methanol without contacting the neck of the

significant rate within the time frame of the procedure. Thefiask. Finally, dilute to volume, stopper, and mix by inverting

stability, and hence loss from solution, may affect the outcomene flask several times.

of this procedure if the aforementioned reactions are signifi-

cant. The compatibility of the test method and the solute of

Interest may _be assessed by de'_[ermmmg the dlﬁerencesﬁbe“ Diamondstone, B. T., Burke, R. W., and Gardner, E. L., “Improved Leach

tween the initial solute concentration (see 9.3.3) and the silicRieasurements on Solid WasteStandardization Newa/l 10, No. 6, June 1982,

sand blank concentration of the solute (see 9.3.7). If thispp-428—33- . _ ' _ o _

difference is significant compared to the expected precision of _Reagent Chemicals, American Chemical Society Specifications,” Am. Chemi-
. cal Soc., Washington, DC. For suggestions on the testing of reagents not listed by

the test method, thgd value generated may be unreliable andthe American Chemical Society, see “Analar Standards for Laboratory U.K.

thus must be evaluated carefully. Chemicals,” BDH Ltd., Poole, Dorset, and the “United States Pharmacopeia.”
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8.4.2 Transfer the  stock  solution into a A~ Mm 100 )
polytetrafluoroethylene-sealed screw-cap vial. Store, with 100—- W

minimal headspace, at approximately 4°C.

8.4.3 All standard stock solutions must be replaced after Onewhere:: air-dry geomedia mass
month, or sooner, if a comparison with check standardst — mass of oven-dried geémedia desired. and
indicates a change of concentration greater than 5 %. W = moisture percent in air-dried geomedié.

8.4.4 When ready to prepare secondary standard solutions, g 2 Selection of a Geomedia: Solution Ratio
stabilize the temperature of the vial containing the standard 9.2 1 The geomedia to solution ratios used for sorption

stock solutions. When the temperatures of the stock solutiongydies will depend on the distribution coefficietf and the
and containers have been stabilized, transfer into a knowps|ative degree of sorption desired. The first step in selection of
amount of pure water using a 25-pL syringe. Keep they geomedia to solution ratio for a test solute is to estimate the

headspace as small as possible. _ . value of the test compound constamt,{ from the water
8.4.5 Aqueous standards and squyons stored with hea%olubility (S ppm) of the test compound, or from the value of
space are not stable and should be discarded after 1 h. jts n-octanol/water partition coefficienk(,). The relationship

8.5 Preparation of Test Solutions for Sorption Studies between th&,. andSor K., andK,,, for various hydrophobic
8.5.1 Solutions used as the test fluid for sorption studiegompounds has been reported by Hassett, t al.
may be actual environmental samples, laboratory or field loa K. = 3.95-062 | 2
leachates, or laboratory-prepared solutions. The following 09 Foc = 5 /62 logs (ppm &
rocedure is recommended if laboratory-prepared solutions are
5sed as the test fluid. YR 10g Ko, = 0.088+0.909 logK,, ®)
8.5.2 Place 990 mL of Type IV water into a 1000-mL clean 9.2.2 Sorption constant values{) can be adjusted for the
amber glass bottle, and then seal with an open-top screw-cafganic carbon content of the geomedia by using the percent
with polytetrafluoroethylene-lined septum. Inject known Organic carbon to predict the geomedia. Therefore, the
amounts of the pure test components into each bottle usingiBdividual values of thé<, can be calculated if the respective
100-pL syringe. (Prepare at least two different concentratioff€rcent organic carbon content of the geomedia is known:

levels.) Then mix by inverting the bottle several times. The Ko Kqe X % OC 4
actual test concentration should be determined by gas chro- d~ 7100 “
matographic analysis. 9.2.3 The selection of an appropriate ratio can be based on

8.5.3 When the sorption coefficients for weakly ad;orbing_a plot of 1R (whereR = g soil/g water) versuk, (estimated)
organics are to be measured, the best results are obtained usfag fixed percents of solute desired to be sorbed:

test fluids that are as concentrated as possible. However,
. L . ) 1 Wo
experience has shown that it is very difficult to dissolve many 5= [(W ) - 1] X Ky (5)
nonpolar organics at concentrations approaching their pub- S
lished solubilities. Concentrations that are approximately one-
half of the published solubilities seem to be a reasonablewhere:

compromise between the need for concentrated solutions an#de = weight of total solute initially in the aqueous solu-
the practicality of preparing them. tion, and

W, = weight of solute adsorbed.
9. Procedure Examples of ranges df (up to 25) and water/geomedia

ratios (up to 30) are shown in Fig. 1. For detailed procedures,

9.1 Preparation of Materials to be Used as Sorbents " . . .
9.1.1 Samples of sorbents such as soils, clays, or s;edimer]rt%fer to "Batch-Type Adsorption Studies: Conceptual Guide-

are spread out on a flat surface, no more than 2 to 3-cm dee INes and Experimental Procedures” (Roy, et &l.).

P, . .
and allowed to air dry for 7 days or until constant weight (a 9.24 .In theory, s_orpnon_ stud|es_ can .be performed at any
change of less than 5 % per 24-h period) is achievedn@to geomedia/water ratio, but in practice it is recommended that

oven dry the samples. the geomedia/water ratio selected fall within the range of 20 to

s 80 % sorption of the compound.
9.1.2 After the sample has air dried, it is passed through & 9.2.5 Many of the volatile organic-soil combinations of

2-mm screen sieve. Large aggregates are to be crushed W'th(?H{erest result in ark, value so low that Fig. 1 is not

gggg(ljnget;?esample by using a clean mortar and a rUbber;')articularly useful. In this case, it is recommended that a water

. . . . . i i f2 ical | limit.
9.1.3 Mix the sieved material until the sample is homoge-to geomedia ratio (1) of 2 be used as a practical lower limit

neous. Use a riffle splitter, or other unbiased splitting proce
dure, to obtain subsamples of appropriate size. 5Hassett, J. J., Banwart, W. L., and Griffin, R. A. “Correlation of Compound
. : operties with Sorption Characteristics of Non-Polar Organic Compounds by Soils
9.1.4 Remov_e th_e SUbsamples and determine the mmstuE d Sediments,Concepts and Limitations, Environment and Solid Waste; Charac-
content of the air-dried Sample (refer to Test Method D 2216)terization Treatment and DisposaChapter 15, Eds. C. W. Francis and S. I.
9.1.5 Determine the mass of the geomedia sample, correctéderbach, Butterworth Publishers, Woburn, MA, 1983, pp. 161-178.

; ; ; T i ®Roy, W. R., Krapac, I. G., Chou, S. F. J., and Griffin, R. A., “Batch Type
for moisture content. Determination of the air dry soil massAdsorption Procedures for Estimating Soil Attenuation of Chemicale¢hnical

]?(qllljlvalent to the desired mass of oven-dried soil is made &gesource DocumenEPA/530-SW-87-006 (NTIS No. PB87146-155), Washington,
ollows: DC, 1986.
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directly from the container by removing the samples through
the septum with a syringe.

9.3.6 Analyze the aqueous supernatant for the volatile
organic constituents of interest. Consult U.S. EPA Test Meth-
ods 8010, 8020, and 8240 for detailed analysis procedures for
volatile solutes’.

9.3.7 Each geomedia sample is to be subjected to the
procedure in three or more replicates of at least two different
concentrations. Blanks handled exactly as described above
(steps given in 9.3.1-9.3.6), except that silica sand is used in
place of the geomedia, are required for each solute solution, or
dilution thereof, each time a series of geomedia is analyzed.

10. Calculation

1/R, water/geomedia

10.1 Calculate the distribution coefficient as follows:
(A — B)Ms
o= Tme ©
where:
A = initial concentration of the solute defined as the
final concentration in the retained sample (9.3.3) in
g/mL,
B = final concentration of the solute after 24 h in contact
. with the geomedia in g/mL,
o d _ _ Ms = mass of solute solution in g,
FIG. 1 Relatlonsh|p Between the Water/Geomedia Ratios and K, Mm = mass of geomedia expressed on an oven-dried basis
at Various Percents of Solute Adsorbed .
in g, and
Kq = distribution coefficient.
9.3 Reaction Container Filling 11. Report

9.3.1 Pre-weigh a reaction container (such as a 125-mL 11.1 Mark theK, value clearly as a nonequilibrium 24-h
amber glass serum bottle), a polytetrafluoroethylene—facegis,[ribution coefficient

septum a?d .algmizum seal(,j_an_d theﬁ place an appropriate 11.2 Report both the initial solute concentratidnig 10.1)
amount of air-dried geomedia into the reaction container, 4 ihe final solute concentratioB (n 10.1).
Weigh the geomedia, bottle, polytetrafluoroethylene-faced sep- 11.3 Report the final solute concentration for each blank. If

tum, and all_Jmmum sea}l combmauon, and calculate the we|gr‘g blank differs from the concentration of the retained solution
of geomedia (oven-dried basis) to the nearest 0.1 g. ThB more than 10 %, repeat the procedure

amount of geomedia used depends on the geomedia/solutio 11.4 Report the mass of geomedidifn in 10.1), mass of

ratio estmated preVIqust. ) , . solution Ms in 10.1), and room temperature at which the
9.3.2 Fill the container with the solute solution. The filling oytraction was conducted.

procedure may require sh'aking the geomedia/solution sgmple 11.5 Note and report negati, values when and if they
gently, to drive trapped air from the geomedia, and refilling,ccyr. Substantial negative, values may occur if the geome-
with ~solution to minimize headspace. Place thegis contains the test solute prior to application of the method.

polytetrafluoroethylene-faced septum and aluminum seal or thg i s suspected, test the geomedia with pure water extrac-
VOA cap on the container and invert to ensure that no aikjyng (see 6.2).

bubbles are present. Weigh the filled bottle and calculate the 11 g Where feasible. determine and report the pH of the

weight of solution to the nearest 0.1g. ~ solute solution and sorbent-solute mixture.

9.3.3 Retain a separate reaction container of the initial
solute solution after filling each set of containers to determing 2. Precision and Bias
the initial solute concentration. If the work is completed
quickly and carefully, solute losses from the filling are negli-
gible.

9.3.4 Place the filled reaction container from 9.3.2 on
rotating tumbler and rotate continuously at2® r/min for 24
h. Maintain the temperature at 22 5°C.

9.3.5 After 24 h of tumbling, allow the solutions in the = _ _ ) .
reaction containers to settle for a minimum of 1 h. If the water, _ Test Vieihods for Evaluating Solid Waste,” EPAISW-846, Washington, DC.
in the neck of the bottle is too turbid to sample with a syringe, ® Supporting data have been filed at ASTM Headquarters/Customer Service and
centrifuge for a minimum ©1 h at 3000 r/min. Analyze may be obtained by requesting: RR:PCN:33-000004-56.

12.1 Four laboratories participated in a collaborative study
of this test method. Each laboratory was provided with two soil
samples: 1) the A horizon of a Catlin silt loam to be used as
&he test geomedia an@)(a sample of Ottawa sand to be used
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TABLE 1 Volatile Organics Distribution Coefficients (  K,); Four
Laboratory Tests “
High Low
Laboratory Compound Concentration ~ Concentration
1,1,1-Trichloroethane
1 0.21 0.21
1 0.59 0.98
2 0.50 0.48
3 0.77
3 0.75
3 0.73
4 0.52 1.28
4 1.00 1.02
4 1.00 1.07
0.67 = 0.25 0.84 = 0.41
Toluene
1 0.55 1.11
1 0.65 1.09
2 0.75 0.93
3 1.57 1.73
3 1.41 1.88
3 1.50 2.09
4 1.09 1.17
4 1.19 1.07
4 1.36 1.12
1.12 = 0.38 1.35 = 0.43
Ethyl Benzene
1 1.29 1.57
1 0.67 1.53
2 1.69 1.56
3 3.15 3.80
3 4.00 3.95
3 4.10 3.88
4 1.69 2.65
4 2.60 2.34
4 2.29 2.36
2.39 = 1.19 2.62 = 1.02

A The uncertainty shown is one standard deviation

as a blank. Sorption coefficients were measured for 1,1,1-
trichloroethane, toluene, and ethyl benzene. Each laboratory
prepared two test solutions containing all three chemicals at
approximately one-half and one-fourth of their published

solubilities. The results indicating the precision of the test

method are given in Table 1. Since no acceptable reference
material exists that is suitable for determining the bias of this

procedure for measuring sorption coefficients, no statement on
bias is being made.

12.2 Two laboratories performed the experiments in tripli-
cate, one conducted it in duplicate, and one performed only a
single measurement of each sorption coefficient at each con-
centration. The standard deviation for a single operator, based
on the two laboratories that performed the experiment in
triplicate, averaged 13.9 % for all compounds at both concen-
trations.

12.3 The average standard deviation for all measurements
from all laboratories was 38 %. This test method should be
more precise when applied to less volatile, more strongly
adsorbing compounds. It should also be noted that Table 1
displays a case of nonlinear sorption (see 4.2.1).
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