S
NOTICE: This standard has either been superseded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

QHW Designation: D 5956 — 96

Standard Guide for
Sampling Strategies for Heterogeneous Wastes

This standard is issued under the fixed designation D 5956; 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.

1. Scope helpful when sampling is expensive, hazardous, or difficult.

1.1 This guide is a practical, nonmathematical discussion 2-1.5 correlation n—the mutual relation of two or more
for heterogeneous waste sampling strategies. This guide {8ings. _ _
consistent with the particulate material sampling theory, as 2-1.6 database n—a comprehensive collection of related

well as inferential statistics, and may serve as an introductiof@ta organized for quick access. o

1.2 This guide does not provide comprehensive sampling collection of data generated by the collection and analysis of
procedures, nor does it serve as a guide to any specification./Rore than one physical sample. _
is the responsibility of the user to ensure appropriate proce- 2-1.7 data quality objectives (DQON—DQOs are qualita-
dures are used. tive and quantitative statements derived from the DQO process
1.3 This standard does not purport to address all of thedescribing the decision rules and the uncertainties of the
safety concerns, if any, associated with its use. It is thél€cision(s) within the context of the problem(s).
responsibility of the user of this standard to establish appro- 2-1.8 data quality objective process—a quality manage-
priate safety and health practices and determine the applicaMent tool based on the scientific method and developed by the

bility of regulatory limitations prior to use. U.S. Environmental Protection Agency to facilitate the plan-
ning of environmental data collection activities.

2. Terminology 2.1.8.1 Discussior—The DQO process enables planners to

2.1 Definitions of Terms Specific to This Standard: focus their planning efforts by specifying the use of the data

211 att”bute n—a quahty of Samp]es or a popu|ation_ (the dECiSion), the decision criteria (aCtion |EVE|) and the
2111 Discussion_Homogeneity, heterogeneity, and prac- decision maker’s acceptable decision error rates. The prOdUCtS
tical homogeneity are population attributes. Representativene8§ the DQO process are the DQOs. .
and intersample variance are sample attributes. 2.1.9 heterogeneity n—the condition of the population
2.1.2 characteristic n—a property of items, a sample or under which items of the population are not identical with
population that can be measured, counted, or otherwise of§€Spect to the characteristic of interest.

served. 2.1.10 homogeneity n—the condition of the population
2.1.2.1 Discussior—A characteristic of interest may be the under which all items of the population are identical with
cadmium concentration or ignitability of a population. respect to the characteristic of interest.

2.1.3 componentn—an easily identified item such as a  2.1.10.1Discussior-Homogeneity is a word that has more
large crystal, an agglomerate, rod, container, block, glovethan one meaning. In statistics, a population may be considered

piece of wood, or concrete. homogeneous when it has one distribution (for example, if the
2.1.4 composite sampler—a combination of two or more concentration of lead varies between the different items that
samples. constitute a population and the varying concentrations can be

2.1.4.1 Discussior—When compositing samples to detect described by a single distribution and mean value, then the
hot spots or whenever there may be a reason to determiropulation would be considered homogeneous). A population
which of the component samples that constitute the Composil@ontaining different strata would not have a single distribution
are the source of the detected contaminant, it can be helpful froughout, and in statistics, may be considered to be hetero-
composite only portions of the component samples. Th&eneous. The ternsomogeneityandheterogeneityas used in
remainders of the component samples then can be archived f8#s guide, however, reflect the understanding more common to

future reference and analysis. This approach is particularighemists, geologists, and engineers. The terms are used as
described in the previous definitions and refer to the similarity

or dissimilarity of items that constitute the population. Accord-
1 This guide is under the jurisdiction of ASTM Committee D-34 on Waste ing to this guide, a population that has dissimilar items would

Management and is the direct responsibility of Subcommittee D34.01 on Samplingya considered heterogeneous regardless of the type of distri-
and Monitoring. buti
ution.
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2.1.11 item n—a distinct part of a population (for example, 2.1.18 sampling n—obtaining a portion of the material
microscopic particles, macroscopic particles, and 20-ft longoncerned.
steel beams). 2.1.19 stratum n—a subgroup of a population separated in
2.1.11.1 Discussior—The termcomponentiefines a subset space or time, or both, from the remainder of the population,
of items. Components are those items that are easily identifidokeing internally consistent with respect to a target constituent
as being different from the remainder of items that constituteor property of interest, and different from adjacent portions of
the population. The identification of components may facilitatethe population.
the stratification and sampling of a highly stratified population 2.1.19.1 Discussior—A landfill may display spatially sepa-
when the presence of the characteristic of interest is correlatagted strata since old cells may contain different wastes than

with a specific component. new cells. A waste pipe may discharge temporally separated
2.1.12 population n—the totality of items or units under strata if night-shift production varies from the day shift. Also,
consideration. a waste may have a contaminant of interest associated with a

2.1.13 practical homogeneityn—the condition of the popu- particular component in the population, such as lead exclu-
lation under which all items of the population are not identical.sively associated with a certain particle size.
For the characteristic of interest, however, the differences 2.1.19.2 Discussior—Highly stratified populations consist
between individual physical samples are not measurable @f such a large number of strata that it is not practical or
significant relative to project objectives. effective to employ conventional sampling approaches, nor
2.1.13.1 Discussior—For practical purposes, the population would the mean concentration of a highly stratified population
is homogeneous. be a useful predictor (that is, the level of uncertainty is too
2.1.14 random n—lack of order or patterns in a population great) for an individual subset that may be subjected to
whose items have an equal probability of occurring. evaluation, handling, storage, treatment, or disposiaghly
2.1.14.1 Discussionr—~The word random is used in two Stratifiedis a relative term used to identify certain types of
different contexts in this guide. In relation to sampling, randomnonrandom heterogeneous populations. Classifying a popula-
means that all items of a population have an equal probabilit}ion according to its level of stratification is relative to the
of being sampled. In relation to the distribution of a populationPersons planning and performing the sampling, their experi-
characteristic, random means that the characteristic has &fce, available equipment, budgets, and sampling objectives.
equal probability of occurring in any and all items of the Under one set of circumstances a population could be consid-
population. ered highly stratified, wh_ile under a _d_ifferent context the same
2.1.15 representative sample—a sample collected in such POPulation may be considered stratified.
a manner that it reflects one or more characteristics of interest 2-1.19.3 Discussior—The termsstratumandstrataare used
(as defined by the project objectives) of a population fromin two different contexts in this guide. In relation to the
which it was collected. population of intereststratumrefers to the actual subgroup of
2.1.15.1 Discussior—A representative sample can iy @  the population (for example, a single truck load of lead-acid
single sample, 2) a set of samples, or3] one or more batteries dumped in the northeast corner of a landfill cell). In
composite samples. relation to samplingstratumor stratarefers to the subgroups
or divisions of the population as assigned by the sampling
team. When assigning sampling strata, the sampling team
should maximize the correlation between the boundaries of the

meanings. The scientist collecting physical samples (for ex?hsygnedlszta_mph?g strata and the fac';ual _S”"tﬂ‘:f that_;ms;[hwnhm
ample, from a landfill, drum, or waste pipe) or analyzing € population. 7o minimiz€ coniusion n this guide, those

samples, considers a sample to be that unit of the popuIr;ttio%tr"’u"’1 assigned by the sampling team will be referred to as

collected and placed in a container. In statistics, a sample igamplmg strata

considered to be a subset of the population, and this subset MaY ionificance and Use

consist of one or more physical samples. To minimize confu=" 9

sion the ternphysical samplés a reference to the sample held 3.1 This guide is suitable for sampling heterogeneous

in a sample container or that portion of the population that igvastes.

subjected to in situ measurements. One or more physical 3.2 The focus of this guidance is on wastes; however, the

samplesdiscrete sampler aliquots are combined to form a approach described in this guide may be applicable to non-

composite sampleThe termsample sizehas more than one waste populations, as well.

meaning and may mean different things to the scientist and the 3.3 Sections 4-9 describe a guide for the sampling of

statistician. To avoid confusion, terms such as sample mass beterogeneous waste according to project objectives. Appendix

sample volume and number of samples are used instead &fl describes an application of the guide to heterogeneous

sample size. wastes. The user is strongly advised to read Annex A1l prior to
2.1.17 sample variancen—a measure of the dispersion of a reading and employing Sections 4-9 of this guide.

set of results. Variance is the sum of the squares of the 3.4 Annex Al contains an introductory discussion of het-

individual deviations from the sample mean divided by oneerogeneity, stratification, and the relationship of samples and

less than the number of results involved. It may be expressegopulations.

ass’ = X(x — X(n — 1. 3.5 This guide is intended forthosewhD@@gﬁﬁ@imsr
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2.1.16 sample n—a portion of material that is taken for
testing or for record purposes.
2.1.16.1Discussior—Sample is a term with numerous
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implement sampling and analytical plans for the characterizacharacteristics become less useful in predicting composition or
tion of heterogeneous wastes. properties of individual portions of the population. In this latter

. o1 case, when possible, it is advantageous to sample the individual

4. Sampling Difficulties strata separately, and if an overall average of a population

4.1 There are numerous difficulties that can complicatecharacteristic is needed, it can be calculated mathematically

efforts to sample a population. These difficulties can beusing the weighted averages of the sampling stratum means

classified into four general categories: (7).
4.1.1 Population access problems making it difficult to
sample all or portions of the population; 5. Stratification

4.1.2 Sample collection difficulties due to physical proper- 51 Strata can be thought of as different portions of a
ties of the population (for example, unwieldy large items orpopulation, which may be separated in time or space with each
high viscosity); _ _ . portion having internally similar concentrations or properties,

4.1.3 Planning difficulties caused by insufficient knowledge\yhich are different from adjacent portions of the population
regarding population size, heterogeneity of the contaminant ofnat is, concentrations/properties are correlated with space,

interest, or item size, or a combination thereof; and, time, component, or source). Fig. 1 is a graphical depiction of
4.1.4 Budget problems that prevent implementation of &jifferent types of strata.
workable, but too costly, sampling design. 5.1.1 A landfill may display spatially separated strata since

4.2 The difficulties included in the first three categories arep|q cells may contain different wastes than new cells (stratifi-
a function of the physical properties of the population beingcation over space);
sampled. The last sampling difficulty category is a function of 51 2 A waste pipe may discharge temporally separated
budget restraints that dictate a less-costly sampling approadirata if night-shift production varies from the day shift
that often results in a reduced number of samples and a reduc?ﬁratification over time);
certainty in the estimates of population characteristics. Budget 5 1 3 | ead-acid batteries will constitute a strata separate
restraints can make it difficult to balance costs with the levelgyom commingled soil if lead is the characteristic of interest
of confidence needed in decision making. These difficultiegstratification by component); and,
may be resolved by changing the objectives or sampling/ 5.1 .4 Drums from an inorganic process may constitute a
analytical plans since population attributes or physical propergifferent strata from those co-disposed drums generated by an
ties of the population can seldom be altered. Documents OBrganic process (a subtype of stratification by component
DQOs discuss a process for balancing budgets with needggdferred to as stratification by source).
levels of confidence. 5.2 Different strata often are generated by different pro-
4.3 Population access and sample collection difiiculties;esses or a significant variant of the same process. The different
often are obvious, and therefore, more likely either to begrigins of the strata usually result in a different concentration
addressed or the resulting limitations well-documented. A fieltjistribution and mean concentration.
notebook is likely to describe difficulties in collecting large 5 3 Highly stratified populations, a type of nonrandom
items or the fact that the center of a waste pile could not b?\eterogeneous populations, have so many strata that they
accessed. _ _ _ _ become difficult to sample and characterize. Classifying a
4.4 Population size, heterogeneity, and item size have gopylation according to its level of stratification is a relative
substantial impact on sampling. The cost and difficulty ofissye pertaining to the persons planning and performing the
accurately sampling a popula_ltion us_ually is correlated with t_h%ampling, their experience, available equipment, and budgets.
knowledge of these population attributes and characteristicyyighly stratified populations are such that it is not practical or
The least understood population attribute is heterogeneity oiffective to employ conventional sampling approaches to
the characteristic of interest. If heterogeneity is not _kn_OW”generate a representative database, nor would the mean con-
through process knowledge, then some level of preliminargentration of a highly stratified population be a useful predictor
sampling or field analysis is often required prior to sampling(that is, the level of uncertainty is too great) for an individual

design. _ . . subset that may be subjected to evaluation, handling, storage,
4.5 Sampling of any population may be difficult. However, yreatment, or disposal.

with all other variables being the same, nonrandom heteroge- _ - o .
neous populations are usually more difficult to sample. The Note 1—An example of a highly stratified population is a landfill, a

increased difficulty in sampling nonrandom heterogeneouggndldate for remediation, that is cqntammateq ywth the. pure and very
viscous Aroclor 1260 and with solutions containing varying concentra-

pODUIat'OnS is due to the ?X'Stence of unidentified or numerou§ons of Aroclor 1260. (Aroclor 1260 is viscous and can exist as globules
strata, or both. If the existence of strata are not considereg the pure Aroclor.) The detected concentration of Aroclors in analytical
when sampling a nonrandom heterogeneous population, th#bsamples would reflect a highly stratified population if some samples
resulting data will average the measured characteristics of the@ntained globules of pure 1260, while other samples contained soils that
individual strata over the entire population. If the differentcame in contact with solvents containing varying concentrations of 1260.
strata are relatively similar in composition, then the mea_H—thly nonrandom heterogeneous populations have numerous strata, each

- . - f which contain different distributions of contaminants or item sizes, or
characteristic of the population may be a good predictor foﬁoth, such that an average value for the population would not be useful in

portions of the population and will often allow the project- yregicting the composition or properties of individual portions of the
specific objectives to be achieved. As the difference in comwaste (that is, statistically speaking, the variance and standard error of the
position between different strata increases, average populatiomean will be large). Documents
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FIG. 1 Types of Stratified Heterogeneous Wastes

A second and more visually obvious example of a highly stratifiedsuch that the different components are represented in the
popu_lation Wpuld be a landfill that is fiII_ed with unconfinet_J sIudgg, chosen sample size. Even when components have similar
building debris, laboratory packs, automobile parts, and contained liquidg, jynosition, however, stratification and use of separate sam-
glrtgtathe constituent of interest having different concentrations in ea\chp"ng strategies by component may be useful when the different
) i i i ) components are so physically different that they cannot all be

5.4 Certain populations do not display any obvious temporagammed with the same technique.
or spatial stratification, yet the distribution of the target 543 A primary objective for employing a stratified sam-
characteristic is excessively erratic. For these populations B"ng strategy is to improve the precision of population
may be helpful to _con_sider stratification (_)f the population byparameters such as population means by dividing the popula-
component. Stratification by component is applied to populagion into homogeneous strata. The precision of the population
tions that contain easily identifiable items, such as larggarameters will increase as the sampling strata boundaries,
crystals or agglomerates, rods, blocks, gloves, pieces of woodpgsen by the sampling team, more closely overlay the actual
or concrete. Separating a population into sampling Strat?hysical strata that exist within the population.
according to components is useful when a specific kind o ) ] -
component is distributed within the population and when & Sampling of Highly Stratified Heterogeneous Wastes
characteristic of interest is correlated with the component. 6.1 Sections 6-9 focus on the sampling of highly stratified
Stratification by source (for example, organic process waste/astes, a type of heterogeneous waste. It is strongly advised
drums versus inorganic process waste drums) is a type dhat Annex Al be read and studied prior to the use of this guide.
component stratification. Stratification by component is anAnnex Al discusses heterogeneity and the relationship be-
important mechanism for understanding the properties ofween samples and populations.
component-heterogeneous populations and for designing ap-6.2 Nonrandom heterogeneous wastes contain two or more
propriate sampling and analytical efforts. strata. Stratification of a waste does not always complicate the

5.4.1 Component strata are not necessarily separated in tinsampling process; at times, could simplify sampling. Highly
or space but are usually intermixed and the properties ostratified populations, however, contain such a large number of
composition of the individual components are the basis obtrata that they become difficult to sample and characterize.
stratification. For example, automobile batteries that are mixetlse of the wordhighly and the classification of wastes
in an unrelated waste would be a component that coulédccording to their level of stratification is a relative issue
constitute an individual strata if lead was a target characteristipertaining to the persons planning and performing the sam-
If one were to sequester the batteries, they would have pling, their experience, available equipment, budgets, and
consistent distribution that was different from the rest of theobjectives. Highly stratified wastes are such that it is not
waste. practical or effective to employ conventional sampling ap-

5.4.2 There is usually no purpose in stratifying by compo-proaches, nor would the mean concentration of a highly
nent if different components have similar concentrations of thestratified waste be a useful predictor (that is, the level of
target characteristic or if the components are small enoughncertainty is too great) for an individualmuméﬂt)s
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subjected to evaluation, handling, storage, treatment, or disdvisable to perform limited sampling to confirm the determi-
posal. nation. The characterization process is greatly simplified once
6.3 Astructured approach to sampling planning, such as tha determination has been made that the waste has similar
DQO process, is a useful approach for the sampling of alcomposition or properties across the various item sizes. The
wastes regardless of their level of heterogeneity. The first stegampling and subsequent analysis can be performed on items
in characterizing any heterogeneous waste is to gather dhat are readily amenable to the sampling and analytical
available information, such as the need for waste samplingprocess, and the resulting data can be used to characterize the
objectives of waste sampling; pertinent regulations, consenwaste in its entirety.
orders, and liabilities; sampling, shipping, laboratory, health, 7.3 |t is important to periodically verify the assumption that
and safety issues; generation, handling, treatment, and storagfe different-sized items are composed of materials having the
of the waste; existing analytical data and exacting details 08ame concentration levels and distributions of the contaminant
how it was generated; and treatment and disposal alternativess interest. This verification is especially important when there
This information will be used in the planning of the sampling are any changes to the waste generation, storage, treatment, or
and analytical effort. disposal processes. Similarity of composition between items
6.4 If enough information is available, the planning processhas to be verified for each characteristic of interest. The effect
may uncover the existence of stratification that may prevendf different-sized items also must be considered when measur-

achievement of objectives. If information is lacking, a prelimi- ing properties, such as the leachability of waste components.
nary sampling/analytical effort may identify and evaluate

variability. It is not cost-effective to characterize highly strati- 8. Strata of Similar-Sized Items and Different
fied waste by conventional methods, which becomes apparent Composition

during the planning process. 8.1 Stratification d | . h
6.5 Sections 7-9 consider approaches that lessen the impact™: ratification due only to composition or property (that

of stratification and allow for more cost-effective sampling. IS, there is a correlation of co_mposition or property Wi_th timg,
Some of these approaches require changes in objectives, wa ce, or component) by de_f|n|t|on necessitates that item sizes
handling or disposal methods, and some require compromise ,'l be b(ior']sstent across dlflgerent strata. The strata Irgay .be
but all approaches require the above types of information. §eparad emn splgce, tt;]mez %r. 3(; colmpf[ontent or sou.rce.l' etnhtlfy—
6.6 Heterogeneity is a necessary condition for the existenck'd and sampiing the individual strata may simplify 1€
of strata. Wastes can be heterogeneous in particle size or ﬁvaracterlzatlon Process. An example of this waste type Is a
composition, or both, allowing for the existence of the follow- ong-term accumulat_|on of wastewater sludge prgduced by the
ing: processing of materials havmg different composition, through
6.6.1 Strata of different-sized items of similar composition,[N€ Same waste-generation process (that is, batch-processing

6.6.2 Strata of similar-sized items of different composition,that res_u_lts in waste having uniform item size but different
composition from batch to batch).

and,
6.6.3 Strata of different-sized items and different composi- 8.2 Wastes having uniform item size and different compo-
tion. sition or properties can be sampled using the same strategy as
described for waste containing strata having different compo-
7. Strata of Different-Sized Items With Similar sition and different item size (see Section 9).
Composition

7.1 Wastes having stratification due only to different-sizedd. Strata of Different-Sized Items and Different
items will by definition have the same composition or property Composition

(that is, for compositional characteristics there is no significant g 1 \yastes having excessive stratification due to both

intersample variance and no correlation with space, time, okomhosition/property and item size (that is, particle size and
component) throughout its different strata. The dlfferent-S|ze_ omposition or property, or both, are correlated with time,

items may be separated ir_1 l:spa_ce ?r in r:!mhe.hUnIe_ss .onclef. ace, or component) are usually the most difficult wastes to
attempting to measure particle size for which there Is signifiv 5 5cterize. The difficulty in sampling highly stratified waste
cant intersample variance, this type of population is the.gn result from:

simplest of the highly stratified waste types to characterize. All 9.1.1 Various item sizes and waste consistency that makes
items in these types of wastes usually are generated by the ™~ . . .

same process (for example, the discussion of silver nitrat(§:am|0|'n(‘:J dificult and conventional sampling approaches cost

powder and crystals in Annex Al), which is the reason forpmh'b't've’ . ) ) )
similar composition across all item sizes. These types of 9.1.2 Extraordlna_ry concentration gradients between differ-
wastes, which are compositionally homogeneous and onlﬁnt component.s or innumerable strqta thatllea(_j to such exces-
heterogeneous in item size, are not commonly encountered.SIVe variance in the data, that project objectives cannot be
7.2 The complexity of dealing with these types of wastes i2chieved; and,
in proving that the waste has similar composition across the 9.1.3 Wastes that exhibit the properties in 9.1.1 and 9.1.2.
varying item sizes. This determination can be made by using 9.2 Fig. 2 summarizes an approach to characterizing these
process knowledge or by sampling the different-sized items ttypes of highly stratified wastes. If a waste is highly stratified,
determine if there are significant compositional differences. Itonventional methods of sampling will not allow objectives to
the determination is made using knowledge of the waste, it ibe achieved cost-effectively. To samplD@éﬂ‘mws
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FIG. 2 Approach for the Characterization of Heterogeneous Wastes

highly stratified waste, one must use a nonconventional apdo not contribute significantly to the target characteristic.
proach, such as modification of the sampling, sample prepara- 9.3.1.4 Determine if small items in a stratum represent the
tion, or analytical phase of the process. If after modifying thestratum, as well as large more difficult to sample items. If yes,
sampling and analysis, the objectives still cannot be achievesample the smaller items, and only track the volume/mass
in a cost-effective manner, then the original plan of wastecontribution of the larger items.
handling, treatment, or disposal has to be examined and 9.3.1.5 Determine if the target characteristic is innate or
changed so the waste can be characterized according to neswrface adsorbed. Is the target characteristic surface adsorbed,
and achievable objectives. which would allow the material to be sampled representatively
9.3 Design of the Sampling Approach by wipe sampling? Can large items be wiped and smaller items
9.3.1 The first efforts to resolve the difficulty in character- extracted, leached, or digested? Can waste be stratified accord-
izing a highly stratified waste are focused usually on samplinging to impervious and nonimpervious waste and sampled and
A strategy for designing a sampling plan for such highlyanalyzed accordingly?
stratified waste may include the following five steps: 9.3.1.6 It is essential that all assumptions (that is, any
9.3.1.1 Use a planning process such as the DQO process torrelations) be verified at least by knowledge of the waste,
identify the target characteristics, the population boundariesand preferably confirmed by sampling and analysis.
the statistic of interest, confidence levels, and other critical 9.3.2 All steps taken to optimize sampling should be well-
issues. documented.
9.3.1.2 Determine whether characteristics of interest are 9.3.3 Appendix X1 contains a case study that applies the
correlated with item size, space, time, components, or sourceabove process for optimizing sampling to highly stratified
9.3.1.3 Determine if any waste components or strata can beaste. If optimization of sampling design is not sufficient by
eliminated from consideration during sampling because theitself to allow the project objectives to be D%@illﬁfé‘l’?bs
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