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QH”) Designation: D 5314 — 92 <!

Standard Guide for
Soil Gas Monitoring in the Vadose Zone

This standard is issued under the fixed designation D 5314; 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 epsilonej indicates an editorial change since the last revision or reapproval.

€' Note—Paragraph 1.9 was added editorially October 1998.

1. Scope acceptable risk. Use of this guide for purposes of risk assess-

1.1 This guide covers information pertaining to a broadMent is wholly the responsibility of the user _
spectrum of practices and applications of soil atmosphere 1.7 The values stated in either inch-pound or Sl units are to
sampling, including sample recovery and handling, samplé’e regarded separat'ely as t_he standard. The values given in
analysis, data interpretation, and data reporting. This guide cap@rentheses are for information only.
increase the awareness of soil gas monitoring practitioners 1.8 This standard does not purport to address all of the
concerning important aspects of the behavior of the soil-wateiSafety problems, if any, associated with its use. It is the
gas-contaminant system in which this monitoring is performedreSponsibility of the user of this standard to establish appro-
as well as inform them of the variety of available techniques ofriate safety and health practices and determine the applica-
each aspect of the practice. Appropriate applications of soil gakility of regulatory limitations prior to use. . _
monitoring are identified, as are the purposes of the various 1.9 This guide offers an organized collection of information
applications. Emphasis is placed on soil gas contaminarl & series of options and does not recommend a specific
determinations in certain application examples. course of action. This document cannot replace education or

1.2 This guide suggests a variety of approaches useful tgxperience and should be use(_j in conjunction with profess_lonal
successfully monitor vadose zone contaminants with instrudidgment. Not all aspects of this guide may be applicable in all
tions that offer direction to those who generate and use soil ggdrcumstances. This ASTM standard is not intended to repre-
data. sent or replace the standard of care by which the adequacy of

1.3 This guide does not recommend a standard practice @ 9iven professional service must be judged, nor should this
follow in all cases nor does it recommend definite courses oflocument be applied without consideration of a project’s many
action. The success of any one soil gas monitoring methodolnique aspects. The word “Standard” in the title of this
ogy is strongly dependent upon the environment in which it islocument means only that the document has been approved
applied. through the ASTM consensus process.

1.4 Concerns of 'pra.c'titioner liability or protection from O 5 Referenced Documents
release from such liability, or both, are not addressed by this
guide. 2.1 ASTM Standards: _ _

1.5 This guide is organized into the following sections and D 653 Terminology Relating to Soil, Rock, and Contained
subsections that address specific segments of the practice of Fluids®

monitoring soil gas: D 1356 Terrr_nnology Relating to Atmospheric Sampling
Section and Analysié
4 Summary of Practice D 1357 Practice for Planning the Sampling of the Ambient
4.1 Basic principles, including partitioning theory, migration and em- Atmospheré
placement processes, and contaminant degradation D 1452 Practice for Soil Investigation and Sampling by
4.7 Summary Procedure X
5 Significance and Use Auger Borlng§
6 Approach and Procedure D 1605 Practices for Sampling Atmospheres for Analysis of
6.1 Sampling Methodology
6.5 Sample Handling and Transport Gases and yap&s . . .
6.6 Analysis of Soil Gas Samples D 1914 Practice for Conversion Units and Factors Relating
6.7 Data Interpretation to Atmospheric Ana|y5%
7 Reporting

D 2652 Terminology Relating to Activated Carlfon
1.6 This guide does not purport to set standard levels of D 2820 Test Method for CThrough G Hydrocarbons in
the Atmosphere by Gas Chromatography

1 This guide is under the jurisdiction of ASTM Committee D-18 on Soil and ————————————
Rock and is the direct responsibility of Subcommittee D18.21 on Ground Water and 2 Annual Book of ASTM Standardgol 04.08.

Vadose Zone Investigations. 2 Annual Book of ASTM Standardgol 11.03.
Current edition approved Nov. 15, 1992. Published January 1993. 4 Annual Book of ASTM Standardgol 15.01.
Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States. D O c u m ents
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D 3249 Practice for General Ambient Air Analyzer Proce-is effective to free and open gaseous flow and exchange, such
dures porosity generally being macroporosity.

D 3416 Test Method for Total Hydrocarbons, Methane, and 3.1.6 liquid phase—contaminant residing as a liquid in
Carbon Monoxide (Gas Chromatographic Method) in thevadose zone pore space, often referred to as “free product.”

Atmospheré 3.1.7 macroporosity—large intergranular porosity with

D 3584 Practice for Indexing Papers and Reports on Soilarge pore throats, including soil cracks, moldic porosity,
and Rock for Engineering Purposes animal burrows and other significant void space.

D 3614 Guide for Laboratories Engaged in Sampling and 3.1.8 microporosity—intragranular porosity and micro-
Analysis of Atmospheres and Emissiéns scopic intergranular porosity with submicroscopic pore throats.

D 3670 Guide for Determination of Precision and Bias of 3.1.9 occluded vapor phasecondition of contaminant resi-
Methods of Committee D-22 dence in which volatilized contaminants occur in porosity that

D 3686 Practice for Sampling Atmospheres to Collect Or-is ineffective to free and open gaseous flow and exchange, such
ganic Compound Vapors (Activated Charcoal Tube Ad-porosity generally being microporosity; frequently termed
sorption Method) dead-end pore space.

D 3687 Practice for Analysis of Organic Compound Vapors 3.1.10 partitioning—the act of movement of contaminants
Collected by the Activated Charcoal Tube Adsorptionfrom one soil residence phase to another.

Method? 3.1.11 soil gas—vadose zone atmosphere.

D 4220 Practices for Preserving and Transporting Soil 3.1.12 solute phase-a condition of contaminant residence
Sample$ in which contaminants are dissolved in ground water in either

D 4490 Practice for Measuring the Concentration of Toxicthe saturated or the vadose zone.

Gases or Vapors Using Detector Tubes 3.1.13 sorbed phase-a condition of contaminant residence

D 4597 Practice for Sampling Workplace Atmospheres tan which contaminants are adsorbed onto the surface of soil
Collect Organic Gases or Vapors with Activated Charcoalparticles or absorbed by soil organic matter.

Diffusional Sampler 3.1.14 vadose zone-the hydrogeological region extending
D 4696 Guide for Pore-Liquid Sampling from the Vadosefrom the soil surface to the top of the principal water table.
Zone 4. Summary of Guid
D 4700 Guide for Soil Core Sampling from the Vadose ™ y ot uide
Zoné 4.1 Soil gas monitoring in the vadose zone is a method used
D 5088 Practice for the Decontamination of Field Equip-t0 directly measure characteristics of the soil atmosphere that
ment Used at Non Radioactive Waste Stes are frequently utilized as an indirect indicator of processes
E 177 Practice for Use of the Terms Precision and Bias iPccurring in and below a sampling horizon. Soil gas monitor-
ASTM Test Method® ing is used as a method to suggest the presence, composition,

E 260 Practice for Packed Column Gas Chromatography and origin of contaminants in and below the vadose zone.
E 355 Practice for Gas Chromatogaphy Terms and RelatiorAmong other applications, this method is also employed in the

shipg exploration for natural resources, including petroleum, natural
E 594 Practice for Testing Flame lonization Detectors Used@s and precious metals. Soil gas monitoring is a valuable
in Gas Chromatograpfy screening method for detection of volatile organic contami-
E 697 Practice for Use of Electron-Capture Detectors ifants, the most abundan; analytical group of ground-water
Gas Chromatograpfy contaminant compoundd).® o
_ 4.2 Basic Theoretical Principles-The processes indicated
3. Terminology by the soil gas monitoring method are partitioning, migration,
3.1 Definitions of Terms Specific to This Standard: emplacement and degradation. Partitioning represents a group

3.1.1 capillary fringe—the basal region of the vadose zone of processes that control contaminant movement from one
comprising sediments that are saturated, or nearly saturatehysical phase to another, these phases being liquid, free vapor
near the water table, gradually decreasing in water content wittthat is, through-flowing air(2)), occluded vapor (that is,
increasing elevation above the water table. Also see Terminolocally accessible air and trapped §#)), solute and sorbed.

ogy D 653. Migration refers to contaminant movement over distance with
3.1.2 contaminant—substances not normally found in an any vertical, horizontal or temporal component. Emplacement
environment at the observed concentration. refers to establishment of contaminant residence in any phase
3.1.3 emplacement-the establishment of contaminant resi- within any residence opportunity. Degradation is the process
dence in the vadose zone in a particular phase. whereby contaminants are attenuated by oxidation or reduction
3.1.4 free product-liquid phase contaminants released intoin the vadose zone, either through biogenic or abiogenic
the environment. processes. Soil gas monitoring measures the result of the

3.1.5 free vapor phase-a condition of contaminant resi- interaction of these processes in a dynamic equilibrium.
dence in which volatilized contaminants occur in porosity thatMeasurement of these processes in static equilibrium is unre-

alistic.
5 Annual Book of ASTM Standardgol 04.09.
® Annual Book of ASTM Standardgol 14.02. 8 The boldface numbers given in parentheses refer to a list of references at the
7 Annual Book of ASTM Standardéol 14.01. end of the text. Docu ments
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4.3 The following subsections provide detailed informationthe contaminant(s) in the soil atmosphere.
on partitioning, migration, emplacement and degradation. Sub- 4.3.2.2 The effects of temperature upon dissolution equilib-
section 4.4 provides a summary procedure for soil gas samitum are generally insignificant for aliphatic hydrocarbons
pling. Users of this guide who do not wish to study details ofbetween 15 and 50°@), the temperature range from which
partitioning, migration, emplacement and degradation at thisnost soil gas samples are recovered. However, temperature
time may skip to 4.4. effects upon dissolution equilibrium can be significant for other

4.3.1 Partitioning is the initial step by which contaminantscommon families of contaminant compounds within similar
begin to move away from their source. Partitioning occurs intemperature rang€s). These effects must be considered when
water saturated and unsaturated environments. This group pfanning or interpreting the results of a soil gas survey.
processes is complex and difficult to quantify when considered 4.3.2.3 Dissolution equilibrium is altered by changes in
in the vadose zone due to the unique makeup of the vadoseater salinity. Modest decreases in the solubility of contami-
matrix, i.e. air-filled porosity (microporous and macroporous),nants in water are to be expected with increases in salinity of
pore water, free product, solid-phase soil organic matter, clathe solution.
and discrete inorganic soil particles. Important individual 4.3.2.4 The rate of dissolution is strongly dependent upon
processes of partitioning are dissolution, volatilization, air-the partitioning coefficient of the particular contaminant of
water partitioning, soil-water partitioning and soil-air partition- interest and the amount of mixing of the liquid phase and water
ing (3). (3). For example, partitioning of a particular contaminant into

4.3.2 Dissolution is the process whereby volatile contamiground water is accelerated by frequent water level fluctuations
nants move between the liquid phase (free product) and theithin a contaminated capillary fringe. The downstream im-
solute phase (dissolved in water). At equilibrium, the produciplications for subsequent partitioning of the contaminant from
of the mole fraction of a particular compound in the liquid the solute to the vapor phase for eventual soil gas recovery are
phase and the activity coefficient of that compound in the liquidobvious.
phase is equal to the product of the mole fraction of that 4.3.3 Volatilization is the process during which volatile
compound in the solute phase and the activity coefficient ofontaminants move between the liquid phase (free product) or
that compound in the solute phase. This process is more clear§plute phase and a vapor phase, either the free vapor phase or
described by the following expression: the occluded vapor phase or both. Contaminant mixtures can
contain compounds with a considerable range of vapor pres-

XH T = XY ) . . )
sures that can contribute contaminants to the soil atmosphere
where: by volatilization. This atmosphere will exhibit a composition
X-, = the mole fraction of compoundl} in the liquid () similar to that of the parent contaminant but lacking in those
phase (free product), constituents with the lowest vapor pressures. The likelihood of
XW, = the mole fraction of compound)(in the solute (V) the presence of a particular contaminant introduced into the
phase (dissolved in water), soil atmosphere by volatilization can be estimated by consid-
I'Y, = the activity coefficient of compoundl} in the liquid ering the partial pressure of that contaminant in a vapor phase.
(L) phase (free product), and This partial pressure is equal to the product of the mole fraction
', = the activity coefficient of compound)(in the solute  concentration of the subject component in the liquid contami-
(W) phase (dissolved in water). nant solution, the activity coefficient of the subject component

Dissolution equilibrium is therefore influenced by concen-and the vapor pressure of the pure component. This concept is
tration of the subject compound in both the free productmore clearly expressed as follows:
contaminant mixture and water. The most common practical

C . . . o P=XIP° (3)
application of expression (Eq 1) in soil gas monitoring is in
hydrocarbon detection. Simplification of (Eq 1) is achieved by where:
the following: P = the partial pressure of the subject contaminant com-
assume: pound in the vapor phase,
", =1/s, X, = the mole fraction concentration of contaminaljtif
where: the liquid contaminant solution,
S = the solubility of compoundl} in water I', = the activity coefficient of the subject contaminant in
and: the liquid contaminant solution, and
I'“, = 1, acceptable for hydrocarbo(i), P° = the vapor pressure of the pure component.
then: 4.3.3.1 The quantity of contaminant volatilized into a vapor

w . phase and the rate of that process is strongly dependent upon
X =X53 (@ temperature. Rate of volatilization is also controlled by the rate
4.3.2.1 Dissolution equilibrium is impacted by the presenceof transport of contaminant vapors from the liquid phase-vapor
of liquid phase cosolvents, such as gasoline additives, at lophase interface(3). This rate is probably higher when
concentrations in liquid phase mixtures. This change in dissomacroporous flow paths are available for vapor phase trans-
lution equilibrium can enhance the solubility of certain liquid port, and is promoted by a number of driving forces. These are
phase components in water beyond what is indicated bgoncentration gradient, density gradient between soil atmo-
partitioning coefficient data generated in the laboratory. Thissphere and contaminant-saturated soil atmosphere, convection
can have significant impact on downstream concentrations afurrents related to temperature gradientnﬁwmémge
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pumping and introduction of water onto the liquid phase-vapotion of soil organic matter. These variables impact the surface
phase interface. area available to sorptive processes, that is, the storage capacity
4.3.4 Air-water partitioning is the process by which volatile of the soil for contaminants in the sorbed phase, and the pH of
contaminants move between the solute phase and a vaptre sorption environment. Variations in vadose zone pore water
phase, either the free vapor phase or the occluded vapor phasentent directly affect the storage capacity of the soil for
or both. For dilute solutions, air-water partitioning is controlled contaminants in the solute phase. Soil porosity configuration,
by Henry's law, which states that the vapor pressure of grincipally microporosity versus macroporosity, is critical to
volatile compound above a dilute aqueous solution of thathe rate of soil-water partitioning due to the contrast in surface
compound is equal to the product of the Henry’s law constanarea between micropores and macropores and the related
and the mole fraction of that compound in the aqueousstorage capacity of this porosity for both pore water and sorbed

solution. Henry’'s law may be represented as: contaminants.
P = KX (ag) (4) 4.3.6 Soil-air partitioning is the process by which volatile
contaminants move between the sorbed phase and a vapor
where: B , phase, either the free vapor phase or the occluded vapor phase
Pi = vapor pressure of compound) (@bove a dilute o ok | jke soil-water partitioning, this process is underesti-

aqueous solution of), mated in its importance to the recoverability of contaminants

K - :;r;\?elseiggpselgmrgogsr;{gnt for compound) @t a by many soil gas sampling techniques. In vadose zone horizons
X(aq = the mole fraction of the subject contaminant with very low pore water contents, soil-air partitioning can

yield vapor phase contaminant composition that differs from

compound in the aqueous solution. o , N
Care must be exercised in using Henrv's law to a roximatef:ree product composition. In vadose zone horizons with higher
9 y PP ore water content, the responsibility for this compositional

contaminant vapor pressures because of unknowns related RS . . . : o

: . : : .inconsistency is shared, largely with soil-water partitioning. In
the concentration of contaminants in solution and the COntrI(/vet soil conditions, threshold soil water content values exist
bution of other partitioning processes. Some available litera; ’

e pertaning 1o 5ol gas sureying places ampnasis ot CSPPSS S0 TP SeenL o besere ST
Henry's law constant at 25°C and atmospheric pressure astélr?c? cangbe lar eIp attribui/ed to occludgd hase residence
primary controlling factor in determining the suitability of a y 9ely P '

particular volatile contaminant to the soil gas monitoring'A‘.dd'.t'on.al 'mpO”a”F vanab!es are soil clay content, type.an'd
method. Such emphasis may be inappropriate when, f istribution, and soil organic matter content, type and distri-

example, free product is the source of contaminant vapors (gt?utlon. Studies have demonstrated significant impact of sail

when contaminants have not reached ground water. Care m _ani_c matter and_ clay content on volatile organic compound
also be exercised in noting the units in which Henry's lawEMissions from soil¢8). Due to the strong control on vapor

constants are expressed, as these vary from source to sourPBaS€ contaminant content by the soil-air partitioning process,
Volatile but very highly water soluble compounds behaving't Is unreasonable to expect soil contaminants with high affinity

according to Henry's law may not be detectable in soil gad®f Sorption to be efficiently recovered by most soil gas

because of their persistence for residence in the solute phaS8MPIiNg techniques.

(6). 4.4 Migration of contaminants in the vadose zone, that is,
4.3.5 Soil-water partitioning is the process by which volatileunsaturated flow, is highly complex and is controlled by soil
contaminants move between the sorbed phase and the sol@@aracteristics, contaminant composition and contaminant

phase. This process is generally underestimated in its impophase(9). Migration through unsaturated matrix can occur
tance to the success or failure of contaminant recovery by sothrough a variety of diffusion, dispersion and mass transport
gas sampling, especially when utilizing the majority of activemechanisms which behave in a manner unique to saturated
soil gas sampling techniques generally available to fieldlow.
personnef. There is uncertainty with respect to factors con- 4.4.1 A major division in migratory behavior of contami-
trolling soil-water partitioning, creating doubt as to the reli- nants is defined by their solubility or immiscibility in water.
ability of soil sorption data in most applications. Problems withContaminants are often introduced into the soil as liquid
soil sorption data include variability in measurement protocolsmixtures, the components of which immediately begin to
the variable nature of organic matter in soils, the effect ofpartition into other phases upon soil entry. Contaminants that
dissolved organic matter, unusual pH effects and the effect aéstablish soil residence behind a migratory front change in
salinity, among other§3). composition with distance from their point of entry. As
4.3.5.1 The contribution of soil-water partitioning to con- contaminant migration continues, pathways for individual
taminant phase residence equilibria is strongly controlled byomponents can become divergent, such that the composition
sorbed contaminant concentration in soil, soil makeup, vadosef the liquid mixture continues to change as migration pro-
zone pore water content, and soil porosity configurationceeds. Eventually, migration of liquid mixtures may reach
Important variables in soil makeup are the quantity, type andjround water. This can be retarded if the contaminants partition
distribution of clay in soil and the quantity, type and distribu- into other phases before reaching ground water and if contami-
nant vapor is less dense than the uncontaminated soil atmo-
- sphere. Transport of contaminants by downward percolation of
9 See 6.2 for a discussion of active soil gas sampling techniques. meteoric waters and upward movememgmlvﬂg
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accelerate the contact of contaminants with ground watesucceeding data up or down to compensate for observed
When these contaminants do reach ground water, a radicallyhanges. This procedure is also strongly discouraged, because
different set of migration mechanisms begins to govern conthe number of variables affecting observed changes are too
taminant transport via saturated flow. Further divergence ofireat. Moreover, the ability or willingness of most investiga-
contaminant pathways is dependent upon the tendency of eagtrs to determine the most significant effects upon phase
component of the contaminant mixture to float on groundequilibria is insufficient to be of use.

water, become dissolved in ground water or sink 10 an 454 Data sets generated by different soil gas sampling

impermeable layer within the aquifer. Detailed descriptions Oftechniques may not be comparable as a direct result of

these phenomena are available in the litera(@@. differences in efficiency of recovery of contaminants from
4.4.2 The impact of migration processes on soil gas meagpecific phases. Not only can these data sets differ in measured

surement is significant. Although it is impractical to estimatecontaminant concentration, but they can vary substantially in
actual migration mechanisms by modelling prior to most So'lcomposition as well.

gas monitoring efforts, a rudimentary knowledge of site char-

o o . o : 4.6 Degradation of contaminants occurs in the vadose zone
acteristics can guide investigators to realistic interpretations Ottnrou h oxidation or reduction reactions that can be biogenic or
soil gas data expressing unusual or highly variable composi- 9 9

abiogenic in nature. This process can occur both aerobically

tions. More thorough knowledge of relevant site characteris- d bicallv to mitigat taminant levels. D dati
tics, such as the presence or absence of barriers to vertical gpd anaerobically 1o mitigate contaminant leveis. begradation
most often recognized in shallow, permeable soils where

horizontal migration, that is, foundations, buried pavement, ofs

perched ground water, as well as preferential pathways foflavorable conditions exist for oxidation of labile compounds,

contaminant migration, that is, backfill rubble, utility vaults, NOWever other vadose environments can be conducive to

storm sewers or soil cracks, can assist investigators to asse&egradation. Specific environmental conditions are required for
the migration impact on soil gas survey design. degradation processes to occur. For abiogenic degradation,

4.5 The vadose zone is a highly complex soil-air-water-"€dox potential and soil pH can be rate controlling factors. For

hydrocarbon system with abundant opportunity to store Conl_alodegradatlon, necessary _enwronmental condltlon_s include
. gqe presence of microorganisms capable of adaptation to the

their physical properties and the residence opportunity Iore_gontaminant as substrate, conditions favorable to population

sented fo them along their migratory path. This process ha&creases of these microorganisms and migration pathways for
been described as an in situ chromatographic-like separation GPntaminants to come in contact with these microorganisms.
contaminants(11). Emplacement, or the establishment of Most soils contain naturally occurring populations of various
contaminant residence, is a highly dynamic process. Contamilicroorganisms that can degrade petroleum prod{ts).
nants move from one phase to another as changes occur in bdg@ntaminant biodegradation is known to occur in ground water
chemical and physical equilibria. Important changes impacting13) and in soils(14) prior to contaminant partitioning into a
phase residence change include temporal variations in moistuk&Por phase. Contaminant biodegradation rates for some com-
content, soil temperature and level of microbial activity. pounds are highly variable and are controlled by a number of
4.5.1 One interesting example of disruption in equilibrium kinetic factors influencing the distribution of microorganisms
con.di'tions is the act of sampling soil gas. Many soil gasresponsible for degradation. These include aerobic versus

sampling systems rely on large volume recovery of soil gas t@naerobic environments, contaminant type and temperature
provide a sample that is believed to be representative of the sdit>: 16)
atmosphere in situ. Movement of this soil gas by convective 4.6.1 Degradation rate can approach, equal or periodically
flow through unsaturated soils can cause upward changes gxceed the rate of contaminant emplacement into the vadose
vapor phase contaminant concentration at the expense of othggne, such that contaminants are not detectable by soil gas
phases. monitoring. This mechanism can result in soil gas data which
4.5.2 In natural systems, temporal increases in soil moistur@'e not representative of an underlying contaminated condition
cause gradual increases in solute phase emplacement at )
expense of other phases. It is unrealistic to attempt to charac-4.6.2 Labile contaminants can be degraded to compounds
terize a static soil gas equilibrium in the vadose zone becaugbat may or may not be detectable in soil gas. Aerobic
this equilibrium is never achieved. For this reason, soil gas datdegradation can produce carbon dioxide which can be moni-
sets based on specific contaminant concentrations and genésred as an indirect indicator of the presence of contaminants
ated at different times are usually not comparable for thg18), or organic acids and phenq$3) that are not routinely
absolute values generated by each temporal sampling evemletectable in active whole air soil gas samples. In alternative to
Quialitative comparison of data generated by the same soil gashole air methods, use of an appropriate adsorption medium
method and performed at different times is permissible. Genmay facilitate recovery of such compounds for analysis by
eration of a single data set by reconnaissance soil gas samplidgsorption and gas chromatography-mass spectroscopy.
and subsequent infilling of data to form a single data set i®\naerobic degradation can produce compounds including
strongly discouraged. methane, ethylene, propylene, acetylene, and vinyl chloride
4.5.3 Attempts to compensate for temporal variations irwhich also can be monitored as an indirect indicator of the
phase equilibria have been attempted by collecting samplgzresence of contaminants. Caution must be used in attributing
that approximate replicates at known locations and adjustinglevated levels of these compounds to bi%@jﬂt‘ﬁéﬁtge
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competitive processes can confuse the interpretation of absoenditions. Field contamination and sampling intensity are two
lute concentration values and potential sources. factors affecting representativeness. Bias is a generic concept

4.6.3 Biodegradation of contaminants in the vadose zon€f exactness related to the closeness of agreement between the
can proceed naturally by adaptation of indigenous microbiagverage of one or more test results and an accepted reference
populations to metabolize contaminants as primary substrat¥@lue (see Practice E 177). The precision of a measurement
or by introduction of foreign populations which have beenprocess is a generic concept related to the closeness of
preconditioned to metabolize contaminants of interest. Casegreement between test results obtained under prescribed like
histories demonstrate the absence of certain compounds in sepnditions from the measurement process being evaluated.
gas contaminant suites for which biodegradation has bee@Vverall precision and bias targets for chemical contaminant
named as the responsible procésg, 19, 20) Such cases Mmeasurements can be set at 10 % allowable deviation with
address the attenuation or complete absence of simple aroma8@ % confidence limits. In all of these quality assurance
hydrocarbons, some of which are halogenated, in soil gas. Thictivities one must take into consideration that factors includ-
phenomenon may be controlled by the availability of oxygen a$"g geophysical conditions and definition of sampling volume
has been demonstrated in the labora{ds). Other compound in the vadose zone often have higher variability than analytical
classes can exhibit similar effects. equipment calibration procedures. -

4.6.4 Other processes may share responsibility for the actual 4-7-3 Table 1 provides suggested quantitative limits for data
or apparent absence or attenuation of some contaminants in sgif2/ity objectives. _ _ _
gas sample sets. In some cases where attenuation of contami#- /-4 The planning and preparation step continues with the
nant concentration is attributed to degradation, combinations divaluation of available information already gathered for the
high soil clay, organic matter and pore water content carProject area. These effor_ts g:ulmmate in the selection of an
reduce the recovery efficiency of certain soil gas sampnnjlpl?fopflate $0I| gas monitoring method_and a survey design
techniques for certain contaminants such that contaminafthich best fits the project objectives within budgetary con-
concentrations fall below detection limits. Care must beStraints. Prior to actual field work, investigators must obtain the
exercised in attributing a lack of contaminants in soil gas'€cessary permits and landowner permission for property
samples to degradation. aﬁcelsd%. E)/l/h'en qttsurvey area |st pendg\g ts{alhle, mvestl?ators

. . should obtain written permission to conduct the survey from

4.7 Summary Procedure for Soil Gas SamphAgadose Hoth the buyer and the seller. Moreover, when a soil gas survey

zone monitoring methods have a set of procedures, bot . ;
- . . 1S being performed as a service, no work should proceed on the
general and specific, that must be consistently followed in

order to provide maximum data quality and usefulness. Soi

gas monitoring is no exception, with six primary proceduresconducted_

common to all soil gas monitoring techniques. The procedures ' : .
. ; . ; L 4.7.5 Actual field work consists of recovery of soil gas
are a planning and preparation step including definition of data .
. oo . . . .~ samples. The method selected should be based upon site
quality objectives, the act of sampling soil gas in the field,

handling and transporting the sample, sample analysis, inte?—peclflc factors and dictated by the project objectives. A

pretation of the results of analysis, and preparation of a repos etailed discussion of soil gas sampling methods is provided in

- 1
of findings. 4.7.6 As samples are being recovered, they must be handled

4.7.1 The planning and preparation step begins with thenq transported in such a way as to assure preservation prior to
formulation of project objectives, including purpose of the 5n4)vsis. A detailed discussion of sampling and transport is
survey, appropriate application of the data to be collected ang-5ted in 6.5.
data quality objectives. _ _ 4.7.7 The presence of contaminants is determined through

4.7.2 Data can vary in quality due to sampling methodologyanalysis of the soil gas samples. This step is controlled to a
sample preparation, analytical procedures, laboratory qualitjarge degree by the QA/QC objectives of the survey. A
control, and available documentation. Quality assurance praiscussion of sample analysis is provided as 6.6.
grams include all of the activities necessary to provide mea- 4.7.8 Data interpretation is largely an iterative process of

surement data at a requisite precision and bias (see Pragview of the raw soil gas data out of context, a review of the
tice 1357). Quality assurance objectives for soil gas monitoring

are similar to those for atmospheric air monitoring. The overall
quality assurance objective for measurement data is to ensure

urvey without a fully executed consulting agreement between
he investigator and the client for whom the survey is being

TABLE 1 Suggested Quantitative Limits for Data Quality

. . Objectives
that data of known and acceptable quality are provided. In AT
order to meet these objectives, data quality objectives should  opjeciive Measure Formula Limit
_be deflned_ for data measurements m_s_upport of the soil gas d@&&uracy Laboratory standard _ Standard recovery 90 to 110 %
interpretation. These are comparability, completeness, reprerecision Field replicate Relative standard <20 %
sentativeness, bias and precision. The comparability of the data Loborat e R dle;('am{‘ sord 20
oy . . . <

collected refers to the ability to interpret the results in light of By e e g ’
previous data collection efforts. Completeness refers to theepresentative- Air blank Bias <10%
number of samples collected and analyzed compared to theess Cross confam. blank  Bias <109%

| d ber of samples. Representativeness is a meaSCompIeteness Completion (%) Relative compl. > 90 %
planned num ’ p . p v SS IS - _gs%parability Prof. judgment NA . NA
of the degree to which analytical results reflect true field Documents
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soil gas data in context of other site characteristics and th&emporal designs are especially useful in monitoring the
formulation of conclusions based upon all known information.effectiveness of contaminant remediation efforts.
A discussion of soil gas data interpretation is located in 6.7. 51.2 Soil gas monitoring in the vadose zone is an ideal

4.7.9 Finally, a report of findings is generated in a formatreconnaissance tool and screening technique in most applica-
that is selected to be appropriate to the requirements of the efighns. However, site specific and contaminant specific limita-
users. Section 7 provides options that can be addressed fgns can cause this technique to be unsuccessful in meeting
reporting as well as recommendations of topics that should bgrgject objectives. Caveats exist in all soil gas monitoring
included in all soil gas summations. procedures that can frustrate efforts to successfully apply the
5. Significance and Use method to any application.

5.1 Application of Soil Gas Monitoring- Soil gas monitor- 5.2 L|_m|t<_51t|ons_—Th_e_ most s_l_gmflcant limitation on soil gas
ing is an extremely versatile method in that it can be adapted'0nitoring is the inability to utilize the method as a stand alone
to conform to the requirements of dissimilar industries for at€chnique. Soil gas monitoring does not provide repeatable
wide variety of applications. A number of soil gas techniquesduantitative information over time due primarily to the dy-
have been utilized in the agriculturéd1), petroleum(22, 23) ~ Namic nature of phase equilibria in the vadose zone and
and minerals(24) industries. Certain applications have beenS&condarily to unavoidable inconsistencies in sampling prac-
exercised for well over 50 years. Soil gas monitoring has beeHce- As a result of geologic variability in the vadose zone and
utilized in research efforts, including the monitoring of under-the multitude of unique sampling devices currently being used
ground coal gasification retor{&5). Application to the envi- In the field, quality assurance and quality control protocol,
ronmental industry is comparably recent but very effective as discussed in 6.4, cannot provide the rigor required as in a test
rapid and relatively inexpensive method of detecting volatilemethod. For these reasons, soil gas data in itself cannot be used
contaminants in the vadose zone. Field screening, of which soiP provide definitive answers about the location or absence of
gas monitoring is a basic component, has been demonstratedigried contaminants. Moreover, the success of any soil gas
be effective for selection of suitable and representative samplégonitoring method is strongly dependent upon effects related
for other more costly and definitive monitoring methq@$).  to geologic variation and moisture content in the sampling
Soil gas monitoring is useful to assess the extent of groundiorizon as well as the physical properties of the target
water contamination for certain contaminants and field envicontaminants.
ronments(27). Soil gas monitoring is also a viable method of 5.2.1 False negative results can occur as a direct result of the
monitoring subsurface contaminant discharges from undetincompatibility of a specific procedure with the properties of
ground storage tank&8). New applications of the soil gas the sampling horizon or the target contaminants, or both. Soil
monitoring are periodically developed and published in thegas data cannot be used to establish bulk volume or the
referenced literature. The method may be useful in the study clommerciality of buried petroleum, natural gas, or ore bodies.
unsaturqted ﬂOW' In most Instances, the ”?ethOd can make Useg 5 5 \jith the necessary analytical procedures, soil gas can
of very light-weight, portable and inexpensive tools made fromOe examined for compositional anomalies, a very useful

commonly available materials. Soil_gas monitoring has.becom?echnique for multiple source problems. In some instances,
a widely accepted method for locating subsequent environmen.

tal monitoring and remediation activities such as ground wate ontaminant occurrences are limited to single species (com-
o 9 ) 9 Bounds, mercury, etc.), however more often than not the
monitoring wells, contaminant product recovery wells or

.~ contaminant source is a mixture of organic chemicals that have

2 unique chemical compositional character consisting of both

has made a significant contribution to ground water monitorin T o
and remedial planning on sites that fall under the Comprehes{lorma"y evaluated priority pollutants and nonpriority poliut

sive Environmental Response, Compensation and LiabilityAcf’lnt chemicals that may be overlooked. By identifying and

(CERCLA) (29). This method is highly useful at the initiation o9 gfgp]p;’j'g‘;”f;é’ggg?‘f;”bre“"’r‘:fr/] i%gﬂgrga“tcars't:ﬁi“”fﬁe
of Phase Il environmental assessment action in determining the 9 . . y targeting
ore refractory compounds associated with the contaminant

Elreensdeigsesgfevolatlle organic contamination of real property in eglccurrence. This interpretive method is impossible to model

5.1.1 In any application, soil gas monitoring can be per-for:datr;é?]i?qslﬁg wide application due to variation in methods

formed over a wide range of both spatial and temporal designg. T ) )
Spatial designs include soil gas sampling in profiles or grid 5.2.3 A basic limitation of the tephmque is f[hat dug to the
patterns at a single depth or multiple depths. Multiple depttfase of procurement and use of soil gas sampling devices, there
sampling is particularly useful for contaminant determinationdS @ tendency for inexperienced personnel to oversimplify any
in cases with complex soil type distribution and multiple @nd all aspects of the method. Investigators must consider the
sources. Depth profiling can also be useful in the determinatioxPerience level and technical ability of personnel who acquire
of the most appropriate depth(s) at which to monitor soil gaS'smI gas samples and attempt to interpret the results. Certain
as well as the demonstration of migration and degradatioRrocedural facets are not trivial, as discussed in Section 6. The
processes in the vadose zone. Temporal designs include th@sults of certain techniques tend to be affected by minor
long-term monitoring of the vadose zone for the appearance dfariations in procedure despite apparent adherence to a “Stan-
volatile organic contaminants from known potential sourceglard Operating Procedure.”

such as underground storage tanks and solid waste landfills.5.2.4 Atmospheric air contamination is B@éum%
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corrected by simple device-oriented field practice. Many samreader due to the variation in site specific factors. As many as
pling systems recover very large volumes of “soil gas” thatone hundred unique soil gas sampling systems exist that arise
may actually represent a mixture of soil gas and atmospherifrom variations or combinations, or both, of the many facets
air. This mixing occurs through the introduction of ambient airdescribed in this guide. Some systems are highly versatile for
adjacent to the sampling device and through macroporousumerous applications. Others are functional for more limited
pathways in the soil which are far from the sampling deviceor specific applications. Informed investigators must assume
Some environmental investigators avoid the impact of thighe responsibility of selecting the technique most appropriate to
problem by reasoning that contaminant quantities in the soil arthe subject application, whether that technique is commercially
so great that they are detected despite atmospheric mixing. Fawailable from contractors or equipment suppliers, or reliant
qualitative approaches with non-rigorous quality assurancedpon the ingenuity of the investigator in the field utilizing
quality control (QA/QC) objectives this mixing problem can be commonly available materials. Success in choosing an appro-
insignificant. For detection of compounds that exhibit onlypriate sampling device or an entire sampling system is depen-
marginal partitioning preference for the free vapor phase, thelent upon the investigator’s level of understanding of vadose
mixing problem can be a fatal flaw in procedure. Moreover,zone processes, contaminant properties and appropriate appli-
contaminant concentration and composition investigations cagability of the soil gas method.

be rendered useless by variations in the magnitude of mixingat g 1 1 The application of any of these methods must be

various sample locations and depths in a survey area. controlled by strict adherence to a standard operating proce-
5.3 Comments on Limitations of Soil Gas MonitoRRg  gyre. Occasional deviations as dictated by unusual field con-

Many investigators believe that soil gas monitoring is not anyitions should be recorded in the project field notebook.

effective vadose zone monitoring method for certain volatileinaqyertent minor deviations in field procedure can result in

organic applications, in certain geographic regions or duringnisinterpretation of the data acquired.

certain seasons of the year, or both. The applicability of soil gas 6.2 Sampling SystemsSix basic sampling systems exist

monitoring is controlled by physical and chemical proloerties‘These are based upon the collection of soil gas by a whole-air

and processes in the subsurface and not by factors that are ; . ;
i OF sorbent method in an active or passive approach, or upon the
obvious at or above the surface. For example, one common

. o ; R . ._principle of collection of a soil or water sample for subsequent
misconception is that soil gas monitoring is not effective during . ; .
: . . sampling of a contained headspace atmosphere. Contained
the winter season. The impacts upon soil gas measurement 9 . ; .
. atmosphere methods do not yield samples representative of in
elevated soil pore water content, reduced vadose zone tempera:
. ; -situ vadose zone atmospheres.
ture and the presence of frost, typical of numerous regions in . )
winter, are obvious for many facets of most soil gas monitoring 6-2-1 Whole-air methods sample the soil atmosphere as a
methods. Modification of standard operating procedure, sucfixture of gases, including contaminant and noncontaminant

as an increase in sampling depth, or selection of another soffPors. Sorbent methods sample contaminants adsorbed onto a
gas monitoring method altogether can minimize the negativ&e!léction medium exposed to a whole-air sample stream.
impacts of seasonal field conditions. It is important to under#\Ctiveé methods are those that obtain a soil gas sample by
stand that the responsibility for success or failure in soil ga®0sitioning a sampling device in the subsurface and the
monitoring can reside as much in the planning phase of gylthdrgwal of soll atmqsphere through the device from the.
survey, including the method chosen, as in factors controlling@MPling horizon. Passive methods are those that obtain a soil
the chemical and physical processes at work in the subsurfacg®S Sample by placing a collection device in the soil or on the
Even with apparently ideal field conditions and with a carefullySOil surface, and allowing the atmosphere within the device to
planned survey, soil gas monitoring can succeed or fail due t5°Me into composmor_]al equmk_)num with the sqll atmosphere.
unknown factors controlling contaminant migration and em-FoUr Of the six basic sampling systems arise from these
placement. Soil gas monitoring is no different than any othePPProaches, namely the whole air-active approach, the sorbed
measurement method, in that investigators must maximiz&ontaminants-active approach, the whole air-passive approach,
effort in planning and implementation of procedure to maxi-and the sorbed contaminants-passive approach. Two additional

mize the likelihood of success. systems exist that are based respectively upon the collection of
a soil or water sample for subsequent sampling of a small
6. Approach volume headspace atmosphere.

6.1 Sampling Methodology-Soil gas sampling methodol-  6.2.2 Whole Air-Active Approach-This method of soil gas
ogy has evolved over time and through practice in severatample collection involves the forced movement of bulk soil
industries. The equipment with which to perform this monitor-atmosphere from the sampling horizon to a collection or
ing technique is highly varied, although it may be categorizeccontaminant device through a probe or other similar apparatus
into basic types (see 6.2.2). The literature provides numeroud0, 34) Contained samples of soil atmosphere are then
discussions about the design of some of this equipifi€nt30, transported to a laboratory for analysis, or the sampling device
31, 32, 33) The selection of a soil gas sampling methodis directly coupled to an analytical system. Whole air-active
involves consideration of three primary issues. These are theampling is best suited to soil gas monitoring efforts where
type of sampling system, the methodology of application ofcontaminant concentrations are expected to be high and the
that sampling system and the rigor of the field QA/QCvadose zone is highly permeable to vapor. Probes exist that
protocol. Each of these issues is discussed in this guidemust utilize pre-existing holes or that can penetrate the vadose
however, no single method or procedure is recommended to ttone by driven means. These devices c@@cwﬁ@hmd
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light-weight for low cost mobilization(35), or they can be but to a collection device designed to extract and trap sample
affixed to vehicle mounted drills or hammers useful for larger,stream contaminants by adsorpti¢40, 41) This system is
more complex surveys at a higher cost of mobilization. Thewell suited to sites where the soil may be highly permeable to
whole air-active technique can be combined with other monivapor and where the contaminant concentration may be lower
toring methods such as soil monitoring for engineering purthan required for successful whole-air surveys. Sorbent devices
poses(36) in some survey environments. The success of thisre designed to concentrate the components of interest and
practice can be highly site-specific. remove some of the soil gas components known to interfere
6.2.2.1 Ground probes can be of small to large internawith sample analysis.
volume. The development of sampling devices with smaller 6.2.3.1 Contaminant trapping is accomplished by use of an
internal volumes equating to smaller purge volumes is adsorbent collection medium such as charcoal or a carbonized
significant improvement, providing samples which are moremolecular sieve adsorbe@®3, 44) as well as porous polymers,
representative of soil atmosphere, and a greater ease eflica gel and activated alumin@0). This approach is espe-
equipment decontamination between usages. Sample size caially amenable to the detection of nonpolar volatile organic
vary from a few millilitres to many tens of litres depending compounds. Organic compounds that are reactive, oxygenated
upon the sample rate through the probe, the vapor storags are gaseous at room temperature are either not adsorbed by
capacity of the soil and the ability of the soil to deliver vapor or are not efficiently desorbe@2) from charcoal. Sorbent
to a probe under vacuum. collection devices are commercially available or can be spe-
6.2.2.2 The success of the active approach is stronglgially prepared with an appropriate sorbent material that
dependent upon soil clay, organic matter and moisture contentoncentrates desired compounds for future analysis. Colori-
Driven probes tend to destroy natural soil permeability aroundnetric detector tubes are available which will provide an
the body of the probe due to soil compaction concurrent withindication of the presence of target compounds at the time of
insertion. This can be a severe limitation in moist, heavy claysampling. These devices are limited in application by the high
soils. In very dry, cemented soils, driven probes can createoncentration requirements for many compounds and the
radial fractures that can enhance soil permeability to vapocompound-specific nature of these tubes.
concurrent with insertion. These fractures can communicate 6.2.3.2 The effectiveness of the sorbed contaminants-active
atmospheric air with soil atmosphere, a |Im|t|ng factor for approach can be limited by h|gh vadose zone C|ay and water
obtaining representative, large-volume soil gas samples. Theontent, reducing the ability of the soil to transmit vapor
effect can be so severe as to lower recovered contaminafiirough the sorbent trap. Commercially available sorbent traps
concentrations in the soill gas Sample below the limits Ofcome with information Suggesting maximum, minimum and
analytical detection. This is especially true for highly sorptivegptimum sampling rate through the trap. Soil characteristics
or water soluble compounds, or both. Some investigators havgan limit flow rate to a point below the minimum recom-
attributed the poor recoveries of these compounds exclusivelyyended rate, affecting the performance of the trap and the
to other processes, that is, degrada({@h, 37) reproducibility of adjacent samples. Interaction of the sorption
6.2.2.3 Methods requiring a pre-existing hole for probemedia with target compounds during desorption in the labora-
insertion(38) made with a commercially available “slam bar” tory can form artifacts, restricting the interpretive value of the
can provide supportable contaminant data where contaminadata. Some sorption media are prone to irreversible adsorption
concentrations and soil permeability to vapor are high, how{see Definitions D 2652). Some may be affected by high soil
ever the act of making a hole with a “slam bar” and subsequergas relative humidity. Humidity greater than 60 % (very
removal of the “slam bar” can encourage soil contaminantommon for soil gas) can reduce the adsorptive capacity of
venting and lower sample representativeness. Insertion of thactivated charcoal to 50 % for some chemicals. Presence of
sampling probe into this hole further degrades representativesondensed water in the sample tube will indicate a suspect
ness by additional venting of contaminants as the probsample (see Practice D 3686). Anticipation of these problems is
displaces the atmosphere in the hole upon insertion. Purging eécommended for all sorbent techniques, and a thorough
the probe prior to sampling under conditions of low soil quality control plan should be designed and implemented as is
permeability and low contaminant concentration may lowerdiscussed in 6.4 of this guide.
contaminant levels below the limits of analytical detection. 6.2.3.3 Special sample preparation is required for samples
Methods requiring a pre-existing hole for probe insertion areadsorbed onto a trapping medium. This preparation step
not recommended for soil gas sampling from soils with highconsists of the thermal or solvent desorption of the contami-
clay and moisture contents. nants from the trapping medium. Proper practice will promote
6.2.2.4 Excellent discussions of numerous whole air-activeneeded accuracy and precision in the determination of con-
sampling systems may be found in the literat(8, 21, 37, taminant concentrations above specified values (see Practice
39). Investigators must consider the caveats and limitations ob 3687).
the whole air-active approach when selecting a certain method 6.2.4 Whole Air-Passive ApproaehThis method of soil
for a specific application. gas sample collection involves the entry of bulk soil atmo-
6.2.3 Sorbed Contaminants-Active Approaefihe sorbed sphere or soil atmosphere components from a near-surface
contaminants-active method of soil gas sample collection alssampling horizon to a collection or containment device through
involves the forced movement of bulk soil atmosphere from thea flux chamber or other similar apparat(30). Enclosure
sampling horizon through a probe or other similar apparatugjevices sample vaporous emissions fro@b@mﬁéﬁfse
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area capped by a chamber. The volume of the chamber exposure efficiency can be determined.
continuously swept by injection of a gas of known composi- 6.2.5.1 The sorbed contaminants-passive approach can be
tion, and the resultant carrier gas-contaminant mixture igmployed in a wide range of geological conditions. Frozen
collected for analysis. The rate of emission or “flux” of ground and high water saturation may not limit the ability of
contaminants can be calculated if flow rate of injected gas anthe monitors to collect contaminan{46), although the com-
contaminant concentration in the sample are determined.  position of the contaminant suite may be impacted by related
6.2.4.1 The whole air-passive approach is useful to somalterations in partitioning equilibria.
very specific applications. This method may be used, for 6.2.5.2 The sorbed contaminants-passive approach depends
example, to monitor contaminant emissions from soil or wateupon the ability of contaminants to move through the vadose
to assess the health hazard risk of such emissions to the genezahe to the passive collection device. Numerous adsorption
public. Determination of the extent of contamination by media can be used to collect contaminants (see 6.2.4). The
volatile organic compounds has been performed with wholg@rinciple of passive-sorbent monitors relies on adsorbent
air-passive devices, however the application of other types afeduction of the equilibrium concentration of contaminants
systems is far more common. around the monitor over time, therefore creating a concentra-
6.2.4.2 Akey to successful operation of a whole air-passivéion sink, that is, a continuous state of disequilibrium, in the
system is that the system is able to recover volatile compound4cinity of the monitor. This can encourage continued migra-
as they are emitted from the vadose zone. The effects dfon of contaminants toward the monitor when conditions for
changes in barometric pressure, soil temperature and sdiPhtaminant partitioning into the vapor phase are favorable.
moisture content are not quantifiable from site to site due to sitMigration of contaminants in the vadose zone toward a
specific variables controlling vapor phase contaminant migraPassive-sorbent device is strongly controlled by vadose zone
tion and the rate of contaminant partitioning into the vaporcharacter and the chemical and physical properties of the
phase. The presence of contaminants or naturally occurringubject contaminants. Contaminants may move from a few feet
organic matter floating on surface water may impact the rate g thousands of feet, or not at all.
entry of certain vapor phase contaminants into the chamber. 6.2.5.3 Many investigators attribute the principle mecha-
6.2.4.3 The whole air-passive method is limited in applica-1iS™M of contaminant migration to a passive-sorbent device to
tion primarily due to the great degree of dilution of contami- diffusion, that is, the movement of organic vapor or gas
nants in the sample stream by injected gas. This can decrea@@lecules from a region of high concentration to a region of
method sensitivity by lowering contaminant concentrations tdoW concentration as described by Fick's law (see Practice
levels below the detection limits of the analysis methodD 4597)- Fick's law of diffusion states that for a constant
chosen. Further decrease in method sensitivity results from tHgPncentration gradient, the mass of material transferred to the
fact that soil gas contaminant concentrations are generall§@MPling layer can be expressed as:
lower at the surface than even at nominal depths. Soil charac- M = {DA(C - C)t}/L (5)
teristics such as high water saturation, soil cements, clay
content and organic matter content will negatively impact wher_e:

results of these systems by restricting the rate of contaminan! ~ mass of the me}tenal,rnﬁ/g,.
flux to the chamber. = diffusion coefficient, cri/min,

» o ) . . _ . A = cross sectional area of diffusion cavitie(s),Tm
6.2.4.4 Additional limitations exist. Certain devices limit | = length of diffusion path, cm,
flux rates into the chamber due to aspects of design. SoiC = concentration at face of sampler, ngftm
macroporosity such as desiccation cracks extending beyond the, = concentration at adsorbing layer surface, ngicand
collecting device will vent soil vapors to the atmosphere thatt = exposure time, min.
will not be collected by flux chambers unless monitoring 6.2.5.4 The cross sectional area of a diffusion cavity, the
locations are biased to include these features. length of the diffusion path and the quantitf ¢ C,) are

6.2.5 Sorbed Contaminants-Passive Approaehhis impossible to accurately measure for soil gas contaminants
method of soil gas sample collection involves the passivénteracting with a passive-sorbent sampler. There is some
movement of contaminants in soil to a sorbent collectiondebate as to whether passive samplers measure flux or total
device over time. Passive samplers that have been applied e@ntaminant concentratiq@2) in the vicinity of the trap. Due
sampling soil gases of environmental concern include occupde the fact that the mass of the material transferred to the
tional health volatile organic compound monitgest) and a  sampler by diffusion, a key measurement, cannot be deter-
sampler originally developed for detecting the presence ofined, the debate will no doubt continue. It is reasonable to
hydrocarbons in petroleum explorati¢d3, 46) Both devices assume that a combination of processes is responsible for
use charcoal as a sorbent; the former as a flat film and the lattépntaminant migration to sorbent traps, including diffusion,
coated on a wire. Passive samplers are housed in containers dispersion and mass transfer. All migration processes are
to several inches in diameter, depending upon the design. Théypacted by partitioning equilibria.
are placed open end down in holes that are usually less than 56.2.5.5 Ambient air represents an atmospheric contaminant
ft (1.5 m) deep, that are then backfill¢82). These monitors concentration sink that encourages a strong vertical vector of
are generally left in place from two to ten days, althoughcontaminant migration. This prevailing upward movement of
certain passive collectors can be left in place for a period of 3@ontaminants from sources at depth results in contaminant
days or more for certain applications. For at least one devicesoncentration gradients throughout theD/%slﬂ ménfy
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sorbed contaminants-passive method makes use of this cofhe equipment required is simple and readily available. Some
taminant flux (see 6.2.4) to collect long-term, nondisruptivecommonly used augers are not suitable for soil sampling in
samples of volatile contaminants. The method can collecsupport of subsequent headspace atmosphere sampling due to
contaminants which are compositionally representative of theoil disturbance. Depths of auger investigations are limited by
contaminant mixture favoring the vapor phase. The quantity ofround water conditions, soil characteristics and the equipment
volatile organic compounds trapped by these devices is praised (see Practice D 1452). Suitable procedures for some
portional to the concentration gradients of contaminantsnethods are described in the literatydy, 48) Current soil
present near the collection device and the affinity of thepreservation practice may not apply (see Practice D 4220).

contaminant(s) for the collection medium. 6.2.6.2 Limitations and special procedures exist for the
6.2.5.6 As with active sampling protocols, specific issuesapplication of soil sampling for subsequent headspace gas
exist affecting the function and calibration of passive monitorsanalysis. Filling head space with solvent can support a subse-
Soil gas, even in the drier climates, will be at a relatively highquent solvent extraction procedure. Some investigators mini-
humidity condition. This humidity can affect the collection mize the effects of devolatilization by rapidly recovering small
efficiency of the adsorbent media. In soils of low permeability,soil core plugs with polypropylene syringes which have been
contaminants commonly move very slowly. This can create anodified to accommodate recovery of soil plugs. Investigators
condition of near-zero contaminant concentration in the soilslso attempt to maximize partitioning of contaminants into the
immediately adjacent to the monitor if the sorptive potential ofvapor phase by adding buffering solutions or sodium sulphate
the monitor is higher than that of the soil. When soil contami-and phosphoric acid to the vial prior to sealing, in order to shift
nant concentrations are rapidly depleted, that is, as the result tie activity coefficients of the subject contaminants to favor the
invasion of the sampling horizon by meteoric water, thevapor phase. Aqueous suspensions of solvent slurries of soil
passive monitor can source contaminants back to the soil. can be ineffective for the determination of high molecular
6.2.5.7 The sorbed contaminant-passive approach to soil g&¢éeight labile compounds. Their persistence in soil is the result
monitoring is not immune to the migration, emplacement anc®f physical entrapment in soil microporosif49). Recovery
degradation factors affecting all soil gas monitoring tech-efficiency of contaminants in soil headspace can be greatly
niques. It is not possible to measure the efficiency of passiveenhanced by pulverization of the s¢#0)in a ball mill or other
sorbent monitoring devices because the bulk volume of soil gasimilar apparatus. The method is biased toward recovery of
affected by the sorbent trap cannot be measured. Care must g@ntaminants in the sorbed, solute and occluded phases in situ
taken not to contaminate the sorbent samples during install&lue to the loss of pore space gas in preference to contaminants
tion or by backfilling with contaminated soil. Such care is adsorbed onto the soil particles or trapped in soil micropores.
comparable to potential problems for any measurement methddontaminant degradation, especially biodegradation, in the
in which a contaminated layer is penetrated. container is encouraged by the creation of an aerobic, moist
6.2.6 Soil Sampling for Subsequent Headspace Atmosphef@vironment during sample handling and transport prior to
or Extraction Sampling-This method examines contaminants 2nalysis. However, a simple method to minimize the effects of
that are present in a headspace atmosphere above a contaifpigfieégradation can be achle:/ed' by storing samples, when
soil sample. Note well that this headspace atmosphere is nSCessary, at approximately 4°C in the dark.
true soil gas (see 3.1.11), but is an artificial atmosphere formed 6.2.6.3 Acid extraction of volatile organic compounds is
above a potential contaminant source, that is, the soil sampl&/idely used in geochemical exploration for petroleum and
Contained atmosphere methods do not yield samples represdiatural gas. Soil samples are placed in a closed vessel, heated
tative of in situ vadose zone atmospheres. Headspace atm@nd evacuated to remove vapor phase contaminants. The
spheres differ from in situ vadose zone atmospheres in tha@&ddition of acid to the evacuated chamber causes release of
|arge percentages of vapor phase and moderate percentageé’l}gjﬂrocarbOnS believed to be bound to the soils by carbonates
solute and sorbed phase contaminants can be lost in the act@2). Hydrocarbons are determined by analysis of resulting
soil sampling. This method is not generally recommended fovessel atmospheres. Refinements to this method have been
a broad spectrum of cases due to numerous limitations arfdeveloped (48), however the method is designed not to
caveats. In comparison to other methods described in thidetermine compounds in the vapor, sorbed, or solute phases.
guide, soil sampling for subsequent headspace atmosphere Mgthod sensitivity is therefore greatly reduced.
extraction sampling can be a relatively poor method for 6.2.7 Soil Pore Liquid Headspace Gas Approaein the
determining many of the more volatile contaminants. Headvadose zone, soil gas monitoring can be accomplished in
space atmospheres contain residual sorbed and solute phasembination with soil pore liquid sampling through the use of
contaminants that have partitioned to the vapor phase in tha suction lysimeter, a pan lysimeter or a free drainage glass
contained environment; most headspace approaches are rédeck sampler. The suction lysimeter installed in the vadose
sonably efficient in recovery of some fraction of sorbed andzone is most commonly employed for this purpose. Temporally
solute phase contaminants. Contaminants in these phasesdasigned surveys are ideally suited to this method.
situ are recovered from a headspace after they have partitionede.2.7.1 After a lysimeter has been installed for some period
into the vapor phase. Recovery efficiency of contaminants irbf time, initial aliquots of vapor sampled from a soil pore liquid
the vapor phase in situ ranges from moderate to poor. sampler will be in compositional equilibrium with solute phase
6.2.6.1 Important criteria exist to consider when selecting a&ontaminants when pore liquid tensions are within the operat-
device that will provide suitable samples (see Guide D 4700)ing range of the lysimeter and if pore siz@mmgmss
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