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FOREWORD

This document is intended to serve as a resource document outlining
recommended sampling, analysis and monitoring procedures for municipal solid
waste combustion facilities. The effort reported here has focused on gathering
information on probable measurement requirements and on available methods that
may meet those requirements. Critical evaluations of alternative methods and
recommendations to fill gaps in available methodology were outside of the scope

of this assignment.

The Arthur D. Little, Inc. effort is part of a major program to develop an
EPA report to Congress on Municipal Waste Combustion. The overall effort is
being directed by Radian Corporation (G. Wilkins, Project Manager). The Arthur
D. Little contribution is being performed under EPA subcontract with Dynamic
Corporation (C. Matkovich, work assignment director). L. D. Johnson is the EPA
work assignment director for the Arthur D. Little effort. Key Arthur D. Little
staff involved in this work are J. C. Harris (to whom comments should be
addressed), D. L. Cerundolo, and K. E. Thrﬁn. The Arthur D. Little reference
numbers for this work are 55464 and 55465,

vii



I. INTRODUCTION

A, OVERVIEW

This report is an assessment of sampling and analysis methods for municipal
waste combustors. The information presented in this report was developed during
a comprehensive, integrated study of municipal waste combustion. An overview of
the findings of this study may be found in the Report to Congress on Municipal
Waste Combustion (EPA/530-SW-87-021A). The Technical volumes issued as part of

the Municipal Waste Combustion Study include:

° Municipal Waste Combustion Study:
Report to Congress EPA/530-SW-87-021A
° Municipal Waste Combustion Study:

Emissions Data Base for Municipal

Waste Combustors EPA/530-SW-87-021B

° Municipal Waste Combustion Study:

Combustion Control of Organic

Emissions EPA/530-SW-87-021C
] Municipal Waste Combustion Study:

Flue Gas Cleaning Technology EPA/530-SW-87-021D
° Municipal Waste Combustion Study:

Costs of Flue Gas Cleaning

Technologies EPA/530-SW-87-021E
e Municipal Waste Combustion Study:
Sampling and Analysis EPA/530-Sw-87-021F

° Municipal Waste Combustion Study:
Assessment of Health Risks
Associated with Exposure to

Municipal Waste Combustion Emissions EPA/530-SW-87-021G



] Municipal Waste Combustion Study:

Characterization of the Municipal

Waste Combustion Industry EPA/530-SW-87-021H
° Municipal Waste Combustion Study:
Recycling of Solid Waste EPA/530-SW-87-0211

B. PURPOSE OF THIS DOCUMENT

The purpose of this document is to provide guidance on sampling and
analysis methods to assist federal, state, and local environmental authorities
in reviewing plans for operations and testing of MSW combustors. The sampling
and analysis procedures outlined here are intended to represent state-of-the-art
methods that may be useful in determining the regulatory compliance status of
MSW incineration facilities and in assessing their environmental impacts. These
same methods may be useful in research and development programs related to MSW

combustion technology, standard setting, etc.
C. SCOPE

This document provides an overview of available state-of-the-art methods
for sampling and analysis to address testing and monitoring of MSW combustors,

For purposes of this report, testing and monitoring are defined as follows:

"testing" means performing periodic sampling and analysis

by EPA-approved or recommended methods to: confirm compliance with any
limits that have been imposed by regulatory agencies as permit conditions;
generate data that may be used as inputs to environmental risk assessments;

and/or support research and development in municipal waste combustion.

"monitoring" means obtaining continuous instrumental measure-
ments of key process parameters and selected pollutants in the

emissions to verify that the facility continues to operate "in control”.



The testing can be expected to focus on several categories of potential

pollutants:

Criteria pollutants: particulates, CO, SOZ’ NOX,

Acid gases: HCl, HF

Trace metals: Cr(III), Cr(VI), Cd, As, Hg, Pb, Be, etc.

Organic pollutants: chlorina =~ dibenzo-p-dioxins, chlorinated

dibenzofurans, and other trace level species that may be indicators of

potential environmental impacts

The parameters for which continuous monitoring may be required during

routine operation or requested as part of special purpose programs include:

temperature
opacity

carbon monoxide
carbon dioxide
oxygen

nitrogen oxides
sulfur oxides
hydrochloric acid
"total hydrocarbon"

performance "indicator" species (e.g., CO)

Procedures for measuring the above parameters in ultimate effluents from

MSW combustion facilities (stack gas, solid residues such as bottom- and

fly-ash, and liquid effluents such as scrubber water) are described in this

report.

Two other aspects of MSW combustor sampling and analysis--measurements

on the MSW feed and measurements on flue gases upstream of air pollution control

devices--are also addressed, but procedures appropriate for these media are



less well developed or defined. In both cases, the principal difficulty is in
obtaining a representative sample. MSW is highly heterogeneous and some
individual items present are so large or bulky as to preclude effective use of
compositing procedures. (See Section IIIE for further discussion). Flue gas
sampling (discussed in Section IIIC) is complicated by uneven flow conditions
and by components (e.g., high particulate material and acid gas loadings) that

clog or corrode conventional sampling equipment.

This document speaks only to issues of MSW combustor source sampling and
analysis. Procedures for assessing ambient air impacts, either by dispersion
modelling or by direct ambient air sampling and analysis in the vicinity of the
facility, are not described. Sampling and analysis of fugitive emissions (e.g.,

from transfer or storage operations) are not covered in this document.

D. USE OF REPORT

It is anticipated that this report will serve as a useful reference point
for MSW combustor owner/operators and for federal, state and local authorities
involved in facility permitting process. The sampling and analysis methods
described and/or recommended here are not to be construed as representing unique
or mandatory requirements for emissions testing or continuous monitoring at MSW
combustion facilities. Inclusion in this report does not mean that a sampling
or analysis method is an official EPA method. The procedures described here
should be reviewed against those in the current Code of Federal Regulations and
in official methods manuals, such as "Test Methods for Evaluating Solid Waste"

(SW-846)(1), before any MSW combustor test program is finalized.



IT. SAMPLING AND ANALYSIS STRATEGIES

A. PURPOSE OF DATA COLLECTION

The principal purpose of generating data from MSW combustér sampling and
analysis is to determine the effects of emissions from a facility on health and
the environment. These data can be used to determine compliance with applicable
criteria or to perform an assessment of the health risk associated with the
emissions. In some cases, the purpose of the sampling and analysis may be
primarily to support research and development in MSW combustion technology. 1In
those instances, there may be a requirement for some types of measurements
(e.g., characterization of waste feed or in-furnace measurements) that are more

extensive than those needed for compliance testing or risk assessment.

Table 1 indicates some examples of the types of compounds for which
measurements have been made in various test programs. Most of these are not
regulated pollutants in stack gas emissions, and inclusion in the Table is not
meant to imply that measurement of these potential pollutants should be
required. However, this document presents methods that would be applicable to
the sampling and analysis of these types of pollutants if such measurement were

determined to be necessary or useful.

In every case, it is essential that critical decision limits for each
parameter be established in specific quantitative terms prior to selection of
sampling and analysis methods. This may require, in many cases, that a
preliminary air quality modelling run be performed in order to calculate what
stack gas concentration corresponds to a specific ambient air quality criteriomn.
This exercise allows calculation of the sampling and analysis method detection

limit that will be necessary to meet the project objectives.

The precision and accuracy criteria for the measurement method will also
depend on the specific uses to be made of the data. It is important to

establish whether it is each of n measurements, or the mean of n measurements,




EXAMPLES OF POLLUTANTS THAT HAVE BEEN OF INTEREST IN RESEARCH AND DEVELOPMENT OR

OTHER SPECTAL PURPOSE PROGRAMS

Benzene

Carbon Tetrachloride
Chloroform
Formaldehyde
Perchloroethylene
Toluene

Volatiles:

Semivolatiles: Benzo(a)pyrene
Chlorobenzenes
Chlorodibenzodioxins
Chlorodibenzofurans
Chlorophenols
Naphthalene
Phenol

TABLE 1

Polychlorinated Biphenyls

Pyrene

Arsenic
Beryllium
Cadmium
Chromium
Copper
Lead
Manganese
Mercury
Nickel
Selenium

Hydrogen Chloride
Hydrogen Fluoride
Sulfur Dioxide

Source: Arthur D. Little, Inc., conversations with regulatory authorities.

A\ Arthur D. Little, Inc.



or the 95% confidence limit around the mean that is to be compared with the

critical decision limit.

The general purposes of collecting data by testing and monitoring of MSW
combustors are discussed below. The specific purposes (and thus the critical

decision limits) must be established on a case-by-case basis.

Criteria Pollutants. The criteria pollutants (particulate material, carbon
monoxide, nitrogen oxides, ozone, and sulfur dioxide) are those species for
which EPA has established primary and/or secondary National Ambient Air Quality
Standards (NAAQS). As the name implies, these standards apply to the cumulative
impact from all sources, not the source-by-source emissions, on ambient air
concentrations. However, it may be necessary to measure emissions of criteria
pollutants from an MSW combustor in order to assess its incremental contribution
to the total ambient level. This is especially likely in the case of new MSW
facilities in areas where current levels are close to or exceed the NAAQS. The
criteria pollutants are also of concern with regard to Prevention of Significant

Deterioration (PSD) determinations.

Acid Gases In addition to SOx (discussed above), hydrochloric acid and a

lesser quantity of hydrogen fluoride are acid gases that can be expected to be
present in MSW combustor off-gases. Although there are not federal EPA
standards relating to HCl emissions from facilities other than hazardous waste
incinerators, many state environmental agencies (e.g., Maine, Massachusetts, New
Jersey, California) consider that acid gas removal from MSW incinerator
effluents represents Best Available Control Technology (BACT). Testing of stack
emissions of HC1l and HF may be required to demonstrate that a degree of acid gas

control consistent with BACT has been achieved.

Trace Metals. Trace metal species, in addition to lead, that may need to
be measured in MSW incinerator effluents include: arsenic, beryllium, cadmium,
chromium, and mercury. In general, air emissions of trace metals from MSW
sources are not currently addressed in EPA regulations, but may be of concern
with regard to potential health effects. In some cases, it may be necessary to

differentiate Cr (III) from Cr (VI) in order to assess the magnitude of health



effects. The metals content of MSW incinerator aqueous effluents (e.g.,
scrubber or quench water) and of solid residues (e.g., bottom ash, fly ash) may
need to be ascertained in order to determine disposal status vis-a-vis NPDES or

RCRA regulations, respectively.

Organic Pollutants. Data on chlorinated dibenzo-p-dioxins and
dibenzofurans in stack gas effluents may be required as inputs to air quality
models in order to estimate whether the risk of exposure to these chemicals from
this source is within the range of acceptability. Permitting authorities may
réquest data on other trace organi -- such as polynuclear aromatic hydrocarbbns
or phenols, in order to perform similar risk calculations. Again, NPDES or RCRA
regulations may require the determination of specific organic chemicals in
aqueous effluents or solid residues, depending on ““e disposal or treatment
alternatives that are to be applied to these streams. Selected organics may

also be measured during MSW combustion research and development as indicators of

the efficiency of the combustion process and/or pollution control devices.

Monitoring. Continuous monitoring of MSW combustor emissions provides a
mechanism for tracking the performance of the system in real time. The
parameters that can be monitored continuously are generally those (e.g.,
temperature, oxygen, carbon monoxide) that indicate the overall combustion
efficiency or those (e.g., opacity, SOx) that indicate air pollution control
device (APCD) performance. These measurements are important for confirming that
a facility is continuing to operate under controlled, steady-state conditions
and is In compliance with specific emissions limitations written into its
operating permits. In addition, the on-line monitor data can serve as an "early
warning system" to detect combustor/APCD system upsets due to mechanical
failures and/or gross changes in waste composition (e.g., very wet waste).

Thus, even if an on-line monitor is not sufficiently accurate or precise for
determining compliance with emissions limitations (e.g., commercially available
opacity meters do not reliably determine particulate matter emissions below 0.03
gr/dscf), data from such an instrument is nevertheless useful as an indicator of

potential upset conditions.



B, SELECTION OF SAMPLING AND ANALYSIS METHODS

Once the uses of the data have been defined and the consequent data quality
objectives have been established, it is possible to make an informed selection

among alternative sampling and analysis (S/A) methods.

The principal criteria to be used in making this selection are the

following:

[ ] regulatory status. Is the S/A method chosen approved by EPA for this

measurement purpose?

)] sensitivity. Has the method been proven to have a detection limit
that is sufficiently low to allow accurate quantification of the
pollutant of interest at concentrations corresponding to the critical

decision limit?

] selectivitz; Will other species that are likely to be present in MSW

combustor effluents interfere in the determination?

. reliability. 1Is the method sufficiently rugged to be applicable in

the hostile .avironment represented by MSW incineration?

It is important to emphasize that these criteria must be applied to the
overall sampling--sample preparation--analysis system, not just to the analysis

method per se.
C. A AND QC OVERVIEW

Quality Assurance (QA) and quality control (QC) are vitally important
components of any sampling and analysis program. QC procedures, including the
analysis of standards, blanks, replicate samples, and spikes, provide on-going

confirmation that the sampling and analysis methods are "in control" and that



the data generated are valid for the intended purpose. QA procedures ensure
that all data, including QC data, are reviewed and that any necessary corrective

actions are instituted in a timely fashion.

In order to ensure the effective implementation of QA/QC functions, it is
necessary that specific quantitative Data Quality Objectives (DQOs) be
established for each measurement. Guidance in developing a QA/QC plan for MSW
combustion testing/monitoring is discussed further in Section VII of this report
and in the EPA report, "Interim Guidelines and Specifications for Preparing

(2)

Quality Assurance Project Plans."

10



IIT. SAMPLING

A. OVERVIEW

Sampling of MSW combustion facilities for purposes of determining
compliance with regulatory limitations or of assessing potential environmental
risks is usually focused primarily on air emissions (stack gas). Solid residues
(bottom ash and fly ash) are also commonly sampled. Some facilities may also

have aqueous effluents from wet scrubbing or ash quenching operations.

Figure 1 shows a generalized schematic of the MSW combustion process, with
sampling points indicated generically, Figures 2, 3, and 4 present,
respectively, schematics of a mass burn, refuse-derived-fuel (RDF), and starved
air MSW incinerator, again with generic identification of sampling locations.
Exact sampling points must be specified on a case-by-case basis for each
facility, taking into account accessibility, temperature and flow conditions,

and operational modes (e.g., batch or continuous discharge of residue).

The critical considerations in selection of a sampling method are: (1) the
representativeness of the sample and (2) compatibility of the sampling procedure

with the intended analytical finish.

To ensure representativeness, emissions samples are usually integrated over
time. A 1-4 hour time-integrated sample is usually taken to smooth out the
perturbations that occur due to the inherent variability of MSW. 1In the case of
stack sampling, it is often possible to accomplish this directly by adjusting
the sampling rate to cover the desired time period. In the case of liquid or
solid residues from MSW combustors, the time integration is usually accomplished
by preparing a composite sample, combining equal-sized aliquots collected at
intervals over the duration of a test. Sampling of solid waste, if requested in
a particular facility test, is usually done by compositing of subsamples, in
accordance with procedures described in SW-846. 1In all cases, the
representativeness of the sampling method can be checked, but not proven, by
acquiring duplicate samples representing the same time period of facility

operation.

11
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Compatibility is a complex issue. Most analytical methods (e.g., GC/MS for
trace organics, AAS for trace metals) cannot be applied directly to the sample
but require extensive sample preparation. Even methods that are inherently
"on-line" procedures (e.g., continuous instrumental monitoring of CO or SOX) may
require sample clean-up to remove particulate material, water vapor, etc. or
other forms of sample conditioning prior to analysis. It is important that the
QAPP (quality assurance project plan) for any MSW combustion sampling and
analysis program contain procedures to assure that no unacceptable losses are

introduced by whatever procedures are required to ensure compatibility.

B SAMPLING METHODS FOR STACK GAS EMISSTIONS

Table 2 lists EPA-approved and/or recommended state-of-the-art stack
sampling methods for various pollutants and/or categories of pollutants. (Note:
Table 2 includes only extractive sampling methods. Continuous monitoring
methods are discussed in Section VI.) Most of these procedures have been
subjected to extensive method development, validation and/or round-robin
collaborative testing. Although they may not all have been validated at MSW
combustion facilities specifically, there is every reason to believe that they

will be directly applicable for the purpose of sampling MSW stack emissions.

In fact, a number of these methods have been employed in recent MSW combustion

(3,4)

sampling and analysis programs and appear to provide reliable data. For
example, Table 3 shows the results obtained in a series of 6 replicate stack gas
emission tests for polychlorinated dioxins and furans at one MSW combustor using
the ASTM sampling and analysis protocol(s) (see below and Appendix B for
description).(6) These data show the precision (relative standard deviation
(RSD)) that can be achieved when sampling and analysis is carried out according
to the recommended methods by experienced personnel (in this case, Radian
Corporation for sampling and Triangle Laboratories for analysis). The RSD
values in the table reflect the combined effects of actual variations in
emissions, sampling variance, and sample preparation/analysis variability for
this test series. RSD’s could be expected to be somewhat higher at lower
PCDD/PCDF emission levels. However, the data indicate that the state-of-the-art

sampling and analysis methods are workable in experienced hands. It should be

16
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Pollutant

Criteria and Conven-

TABLE 2

STACK SAMPLING METHODS

Principle

tional Parameters

Particulate

Sulfur
Oxides

Carbon

Monoxide

Nitrogen
Oxides

Isokinetic collection of a 1 hr.osample
on glass fiber filter at 120+ 14 C.
Train includes: T-controlled probe,

optional cyclones, heated filter,
impingers, flow control and gas volume
metering system.

Visual determination of opacity

Instrumental measurement of opacity
(optical density)

Collection in isopropanol (SO0,) and
hydrogen peroxide (802) impingers of
M5-type train.

Integrated gas bag or direct interface
via air-cooled condenser.

Collection in evacuated flask
containing sulfuric acid and hydrogen
peroxide.

Comment

Designed to meet 0.08 gr/SCF
standard. Probably adequate
down to 0.01 gr/SCF, especially
if sampling period is increased
to 2 hrs.

Not reliable for quantifica-
tion at 0.03 gr/SCF or below.

Low ppm to percent

Water vapor, carbon dioxide
are interferences; need
silica gel, ascarite traps to
remove .

20-1000 ppm

Grab sample (not
time-integrated)

ppm levels

Does not differentiate
NO from NO2

Reference
EPA Meth. 5
EPA Meth. 9

EPA Meth. 6,8

EPA Meth. 10

EPA Meth. 7,7A
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Pollutant

Hydrochloric
Acid

Hydrogen
Fluoride

Trace Metals

General

Lead

Mercury

Arsenic

Beryllium

TABLE 2 (cont.)

STACK (FLUE GAS) SAMPLING METHODS

Principle

Collection in aqueous NaOH impingers in

M5-type train.

Collection on paper or membrane (not
glass fiber) filter and aqueous
impingers in M5-type train.

M5 or SASS train, glass fiber filter
and nitric acid or ammonium persulfate
impingers

Collection on glass fiber filter and

nitric acid impingers in M5-type train.

Collection in iodine monochloride or
acidic permanganate impingers in
M5-type train.

Collection on glass fiber filter and
aqueous impingers in M5-type train.

Collection on millipore AA filter and
aqueous impingers in M5-type train.

Comment
ppm to percent range.

Low ppm range.

pPpb to ppm 1§vels if
is " 0.75 M
of stack gas

Probe must be glass- or
quartz-lined.

ppm levels. Other reagents
also possible.

Probe must be glass or
quartz-lined.

Reference

(18)

EPA Meth. 13B

(18)

EPA Meth. 12

EPA Meth. 101

EPA Meth. 108

EPA Meth. 104



61

Pollutant

Trace Organics

Specific Volatile
organics

Semi-volatile

organics, including
dioxins, furans

Vinyl chloride*

Formaldehyde

Gaseous Hydro-
carbons, total

Gaseous Hydro-
carbons, total

TABLE 2 (cont.)

STACK (FLUE GAS) SAMPLING METHODS

Principle

Collection on Tenax-GC and charcoal at
1 LPM for 20 minutes.

M5 train modified to include XAD-2 trap
for organic collection between filter

and impingers.

5-fold scale up of MM5 system.

Integrated gas bag

Collection on DNPH-coated sorbent or in
aqueous DNPH impingers.

Integrated bag sample or direct

interface

Evacuated stainless steel or aluminum
tank behind chilled condensate trap.

Comment

ppb-ppm levels;multiple
species

ppb-ppm levels; multiple
species

sub-ppb levels for
dioxins/furans if dedicated
sample

0.1-50 ppm

ppm levels

ppm levels

* VOST can also be used for vinyl chloride, but collection and recovery efficiency may be low.

Reference
VOST
MM5
SASS
EPA Meth. 106
(18)
EPA Meth. 18
EPA Meth. 25



TABLE 3

Data from 1986 Test as Saugus Resource Recovery Plant

STACK GAS (Corrected to 12% C02)

Avg conc (n = 6 MM5 runs)

ng/dscm sd rsd
DIOXINS
2,3,7,8 1.73 0.65 38
tetras 32 12 38
pentas 35 12 34
hexas 35 10 30
heptas 30 12 38
octa 37 26 68
Subtotal 169 49 29
monos
dis 1 1 60
tris 12. 5 37
Total 183 51 28
FURANS
2,3,7,8 23 5 23
tetras 182 49 27
pentas 106 n 29
hexas 69 20 29
heptas 36 14 38
octa 18 25 139
Subtotal 411 101 25
monos 1 1 95
dis 31 8 25
tris 136 26 19
Total 579 126 22

GRAND TOTALS, DIOXINS + FURANS

cl4-cis 580 145 25
cl1-ct8 762 169 22

20
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recognized that these procedures require an exceptionally high level of quality
control to ensure that adequate recoveries and detection limits have been

achieved in each instance.

The Method 5 (M5) type train represents the principal method for sampling
of criteria pollutants, acid gases, metals, and semi-volatile organics. The
basic Method 5 train, shown schematically in Figure 5, includes a probe with
buttonhook nozzle and pitot tube, a filter section, an impinger train and a
metering system. The probe and filter sections are maintained at a temperature
of ZSOOF; material recovered from these train components and dried to constant
weight is defined as particulate material. For quantification or chemical

analysis of particulate material, the sampling must be done isokinetically

(i.e., gas velocity into the probe equals the gas velocity within the stack).

As noted in Table 2, the M5 train is used with minor modifications to
determine many inorganic species, such as sulfur oxides or trace metals. These
modifications do not involve substantial changes in train geometry but relate to
the use of: glass- or quartz probe liners; special filter media; or selective
reagents in the M5 impingers. For example, use of a glass lined probe, glass
fiber filter and 0.1 N nitric acid in the impingers of a standard M5 train
provides good collection efficiency for most trace metals. To quantify heavy
metals in the stack emissions, the probe catch, filter and/or impinger solutions
are digested as described in Section IV G and analyzed as described in Section V

D.

For sampling of semivolatile organics in stack emissions,‘a more
significant modification of the standard M5 train is required. The Modified
Method 5 (MM3) train (SW-846 method 0010), shown in Figure 6, incorporates a
condenser/cooler section and a module filled with a solid adsorbent between the
exit of the filter and the entrance to the first impinger. The adsorbent

(7.,8) to give good

recommended is Amberlite XAD-2, which has been shown
collection efficiency for vapor phase organic compounds with boiling points
above about 100°C. This category, "semivolatile" organics, includes many
species that are of potential interest for risk assessment (Table 1), including

chlorobenzenes, chlorophenols, polycyclic aromatic hydrocarbons, and chlorinated
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dibenzodioxins/furans. The MM5 train is recommended for sampling of
dioxins/furans in MSW combustion effluents in the joint ASME/EPA Environmental

(3 (See Appendix B.) The MM5 approach has

Standards Workshop draft Protocol.
also been used by other agencies involved in sampling for dioxins/furans,
including the New York State Department of Environmental Conservation (9) and
Environment Canada (10). There are some differences in configuration between
the MM5 train designs currently in use; these may produce somewhat different
distribution of collected pollutants across the train components (i.e.,
different fractional collection on filter vs. sorbent vs. condensate). However,

all contain the same basic components and should provide comparable overall

collection efficiencies.

The MM5 train, like the M5 train, is used to sample isokinetically. Also,
as with the M5, a variety of impinger reagents can be used for selective

collection of species such as trace metals (Table 2).

The Source Assessment Sampling System (SASS) (SW-846 method 0020) is an
alternative to the MM5 train. The SASS, shown schematically in Figure 7, is
essentially a fivefold scale-up of the MM5 system. Use of SASS is recommended
when calculations indicate that the sampling flow rate of the M5/MM5 train
(0.75-1.0 cu. ft. per min.) would not collect a sufficient quantity of pollutant
in a reasonable time period to meet data quality objectives for detection
limits. Note that the design criteria for the SASS train cyclones are based on
a constant sampling rate, not on a variable rate as used in true isokinetic
sampling. The SASS may therefore be most suitable for sampling semi-volatile
organics and trace metals that are present in the stack as vapor phase
materials. The variation from isokineticity may introduce errors when the SASS
is used to collect particulate material; however, the variations and any
resultant errors are generally small compared to other sources of variance in an

MSW combustor sampling and analysis program.

The operation of both the MM5 and the SASS train is described in reference
11. Note that each of these stack sampling trains generates multiple components
for subsequent sample preparation and analysis (Sections IV and V). Note also

that, while the MS5-type approach can be modified to meet a number of sampling
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objectives (particulate material, trace metals, semi-volatile organics, acid
gases), it is generally recommended that one not attempt to meet more than one
(or two) of these goals with a single stack sample. In theory, for example, one
could run a MMS5 train, dry the probe wash and filter to constant weight for
weighing of particulate material, then split the particulate catch--digesting
one-half for trace metal determination and extracting the other half for
semi-volatile organic analysis. 1In practice, such an approach is likely to
result in sample losses and in unnecessarily high limits of detection for
particular pollutants.

(12)

The Volatile Organic Sampling Train (VOST) was developed to sample
organic vapors that are too volatile for efficient collection in the MM5 or
SASS. This includes most organics with boiling points of about 100°C or lower.
This includes a number of species that may be of interest such as carbon
tetrachloride, benzene and vinyl chloride. A schematic of the VOST is shown in
Figure 8. As shown, the VOST system includes a probe, glass wool roughing
filter, a gas cooling/condensing section, and two solid adsorbent tubes in
series. The first tube contains 1.6g of Tenax-GC® sorbent and the second
contains 1.0g of Tenax backed up by 1.0g of charcoal. The VOST is used to
collect a series of 20L stack gas samples at a flow rate of 1 LPM through 5
successive pairs of fresh traps. After sampling, the tubes are sealed and
returned to the laboratory for thermal desorption and analysis of volatiles by
GC/MS (Section V). A protocol for use of VOST has been published by EPA(13) and
is also available in SW-846 as method 0030(1).

(12)

The VOST system has been extensively validated in the laboratory and

(14). In addition, EPA has sponsored the

applied successfully in the field
development and testing of a series of VOST audit cylinders, containing known
mixtures of volatile organics, that are available to regulatory agencies as

checks on overall VOST sampling and analysis performance by users of the system

c SAMPLING METHODS FOR_FLUE GAS

The methods described in Section B, above, are also applicable to sampling

of flue gases upstream of air pollution control devices (APCDs). However, flue
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gas is typically hotter, wetter, dirtier (higher particulate loadings, higher
levels of condensable organics) and more corrosive than stack gas. Thus
modifications are frequently required to adapt stack gas methods to flue gas

sampling. For example:

° When the flue gas temperature is in excess of about SOOOC, a
water-cooled jacket must be placed around the outside of the heated

probe.

° The flow conditions wit. the flue and difficulty in accessing
sampling points may preclude isokinetic sampling and/or traversing of
the duct. A preliminary velocity traverse will usually allow
selection of a fixed sampling point of "average" velocity that is away
from the walls of the flue. The probe can then be located at this
position and the sampling rate adjusted to be as close to isokinetic

as practical.

o High loadings of particulate material and/or condensable organics may
cause frequent interruptions of sampling for replacement of filters to
avoid excessive pressure drops across the train. Use of a roughing
filter (in-flue) or insertion of a cyclone component upstream of the
M5-type filter may be necessary to allow reasonably convenient

continuity of sampling.

° Glass, quartz, or Teflon liners may be required to protect all

stainless steel surfaces from corrosion.

The principal reason for sampling the flue upstream of the APCD is to allow
assessment of control device removal efficiency. An alternative approach is to
sample and analyze the material collected in the device, rather than the flue
gas challenge concentration, and compare this to the quantity emitted in the

stack gas. The efficiency can then be estimated as:

Q
collected x 100

Q

E(s) = Q

+ .
collected emitted
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where Q concentration in fly ash x rate of fly ash collection

collected
in APCD

Qemitted - concentration in stack gas x volume flow rate of stack
gas

This "mass balance" is probably comparable in uncertainty to that based on
direct flue gas measurements for "major" pollutants in MSW combustion, such as
particulate material or acid gases. It cannot be recommended for trace level

pollutants such as individual metals or organics,

D. SAMPLING METHODS FOR SOLID AND LIQUID EFFLUENTS

(1)

The methods specified in SW-846 and in "Sampling and Analysis for

(15)

Hazardous Waste Combustion (First Edition)" are generally directly
applicable to MSW combustor solid and liquid effluents. Table 4 summarizes the
relevant methods. In addition, EPA is currently in the process of developing

specific recommendations for sampling MSW combustor ash.

For both liquid and solid effluents, the sampling strategy will depend on
whether the stream is generated continuously (as in once-through scrubber water)
or in a batch process (as in a fabric filter). In the former case, composite
samples are generated by collecting equal-sized aliquots at regular time
intervals over the course of the test run (e.g., from a tap on a discharge line
(liquid) or from a conveyor (solid).) In the latter case, composite samples are
prepared from subsamples from statistically selected points that represent the

horizontal (area) and vertical (depth) extent of the batch.

Particular problems may be encountered in sampling MSW combustor bottom
ash, which may include bulky items such as metal containers. This issue should
be specifically addressed in the samp’ing and analysis plan for each test. It
must be recognized that any decision to "sample around" such bulky objects could
compromise the overall validity of the data collected, unless it could be

established that they are negligible sources of the compounds to be determined.
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Stream

Liquids in pipelines.

Liquids in sumps, tanks,
or open drain.

Wet or dry ash on
conveyors or in bins,

Dry fine ash on conveyors,
in bins or piles.

Wet ash in bins or
piles.

*
Reference 1

TABLE 4

*
SAMPLING METHODS FOR SOLID AND LIQUID EFFLUENTS

Principle

Attach TFE line to tap. Flush

container with fresh sample, then
f£ill.

Glass or TFE beaker on rod.

Stainless steel trowel or lab
scoop. Obtain random sample below
surface level.

Tube within a tube, rotated to
align slots for sampling.

Section of tube cut in half
lengthwise. 1Insert into waste and
withdraw.

Method

Tap

Dipper

Scoop

Thief

Trier



E. SAMPLING METHODS FOR WASTE FEED

This stream is grossly inhomogeneous. None of the sampling techniques

1) is directly applicable to

promulgated for hazardous waste sampling (SW-846)
MSW as-received at a mass-burn combustion facility. (Some refuse-derived-fuel
(RDF) processes may produce a waste stream that is sufficiently homogeneous and

finely divided to be amenable to scoop or trier/thief sampling.)

Researchers have chosen one of two approaches towards sampling MSW:

)(16)

stratified random sampling at the source (socio-economic demography or by

subjectively-modified random sampling at the repository, be it an incinerator or
a landfill(17’18’19>. For purposes of evaluating the performance of an MSW
combustor, or of understanding the relationship between emissions and waste feed

characteristics, the latter is the preferred approach.

Procedures used for sampling and testing of refuse, and the resulting
variability in measurements of properties of MSW, have been summarized by
Hasselriis (20). Based on this review, it is recommended that 3 to 10 samples
of MSW should be collected over at least a 2 week sampling period. The smallest
sample should be 1 "unit" of MSW (i.e., one trash bag or barrel of domestic
waste at the source; one truck hopper load or crane bucket load at an MSW
combustor plant. Cone and quarter procedures can be applied to reduce the unit
to a manageable sample size (80-130 kg); this sample can then be shredded to
achieve a reasonably homogeneous material for analysis. As an example, the MSW
sample processing protocol reported by Bell(ls) is included in Appendix A. If
any element of subjective sampling is imposed (e.g., exclusion of bulky items or
hospital wastes) this must, at a minimum, be explicitly noted and an estimate of

the quantity of rejected material be provided.
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The EPA, Department of Energy(DOE), and American Society for Testing of
Materials (ASTM) have been collaborating in the development of protocols for RDF
sampling, including sampling accuracy, bias, and reproducibility estimates. A
draft procedure has been approved by an ASTM subcommittee and is awaiting ballot
approval by the main E-38 Committee on Resource Recovery. This protocol should
be a useful resource for designing waste sampling plans for MSW combustors in

general.
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IV. SAMPLE PREPARATION PROCEDURES

A. OVERVIEW

The sample preparation procedures for use on MSW combustor samples involve
a number of steps. In the field, the collected samples must be transferred to
appropriate, clean containers (generally glass or TFE for organic analysis :nd
high-density linear polyethylene f. inorganic analysis) and appropriately
preserved and stored. In the laboratory, the sample must be converted (via
digestion, extraction, etc.) into a matrix which is compatible with the final
analysis methods needed. Table 5-presents a summary of the sample preparation
procedures that will commonly be required for MSW combustor samples. This table
indicates how samples collected by procedures in Section III are converted to

forms amenable to analysis by procedures in Section V.

In some cases (e.g., analysis of chloride in caustic impinger solutions)
the sample preparation may be minimal (e.g., diluting an aliquot to a known
volume). In other cases (e.g., analysis of dioxins/furans in an MM5 stack gas
sample) the procedures may be complex, requiring extraction of multiple

components, concentration and clean-up of extracts.

The use of surrogate or standard addition methods is strongly recommended
as a QC check on any losses in the sample preparation steps. For this purpose,

the additions should be made to the sample prior to any sample preparation.

B, REPRESENTATIVE ALIQUOT FROM FIELD SAMPLES

Combination and preparation of representative aliquots of collected samples
is appropriate for all MSW combustor solid and liquid effluent samples. The
collected sample is homogenized prior to withdrawal of aliquots for analysis.
Individual aliquots are composited to form a single sample (or replicate QC
samples) for subsequent preparation and analysis procedures. Table 6 summarizes

these procedures.
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MSW
Combustor

Stream

Stack Gas

Sample
Type

M5, MM5 or
SASS

- probe wash
- filter

- probe wash

- filter

- impinger
solutions

- probe wash

- filter

- sorbent
module

- condensate

VOST
- sorbent
cartridges

- condensate

TABLE 5

SUMMARY OF SAMPLE PREPARATION METHODS

For

Analysis

of

Particulate

Metals

Semivolatile
organics

Semivolatile
organics

Volatile
organics

Volatile
organics

Preparation
Procedure

Dry to constant weight

Standard addition to
split samples. Digest
in acidic oxidizing
medium

Add surrogate. Soxhlet
extract with CH,C1 .
Concentrate. Clean-up
as necessary

Add surrogate
Liquid-liquid

extract at pH 2 and
pH 11 with CH C12
Concentrate, Elean-up
as necessary

Spike with internal
standard. Thermally
desorb onto analytical
trap. Desorb this trap
into GC/MS.

Spike with internal
standard. Purge onto
analytical trap.
into GC/MS.

Cross References

*

Desorb

Sampling

111

I11

111

111

I11

III

Prep

IV G

IV C-F

IV C-F

Analysis

VD

VD

VD

VD

VD
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MSW
Combustor

. Stream

Flue Gas

Bottom Ash
and
Fly Ash

Liquid
Effluents

Sample
Type

M5, MM5, SASS
VOST

Composite
Grab

Composite
Grab

TABLE 5

SUMMARY OF SAMPLE PREPARATION METHODS (cont.)

Cross References

*

For
Analysis Preparation
of Procedure Sampling
(same as for stack gas) III C
Metals Standard addition to IIT D
split samples. Digest
in acidic medium in
Parr bomb.
Semi-volatile Add surrogate. Soxhlet III D
organics extract with CH 012'
Concentrate, Cfean-up
as necessary.
Metals Standard addition to IITI D
split samples. Digest
in acidic, oxidizing
medium.
Volatile Spike with internal III D
Organics standard. Purge onto
analytical trap. Desorb
into GC/MS.
Semivolatile Add surrogate. Liquid III D
Organics liquid extract at pH 2

and pH 11 with CH,C1,.
Concentrate. Clean-up as
necessary.

Prep

IV G

IV C-F

IV G

IV G

IV C-F

Analysis

vD

VD

vD

vD

vD
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MSW
Combustor

Stream

Waste
Feed

* .

Cross references are to sections of this document.
*
Reference:

Also see SW-846 method 8240,

Sample
Type

Composite
Grab

TABLE 5

SUMMARY OF SAMPLE PREPARATION METHODS (cont.)

For
Analysis
of

Metals

Semivolatile
Organics

*%
Volatile
Organics

Miller, N.C., R.W. James and W.R. Dicl

*
Cross References

Preparation

Procedure Sampling Prep Analysis
Grind or mill to II1 E
reduce particle size.
Take subsamples.

IV G VD

Same as for ash
samples. IV C-F VD

Spike with internal
standard. Dilute in
reagent water or poly-
ethylene glycol in purge
cell. Purge, trap and
desorb into GC/MS.

vD

n, "Evaulated Methodology for the Analysis
of Residual Waste," Report prepared under EPA Contract No. 68-02-1685 (December 1980).
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Physical

Form

Aqueous

Sludges/
Slurries

Solids

SUMMARY OF PROCEDURES FOR COMPOSITING SAMPLES

Homogenizing

Shake well and pour
aliquot

NOTE: For volatiles analysis, composite just prior to analysis
by adding aliquots from multiple VOA bottles to purge

cell.

Stir or shake well; use
dipper to take > 3
portions.

Grind, if necessary, to
reduce particle size (20
mesh screen) using agate
or alumina equipment;
riffle through steel or
aluminum riffler.

Compositing

Combine aliquots in

clean container and

shake to mix well.

Combine aliquots in
clean container and
stir or shake to
mix.

Combine aliquots,
cone-blend three

times, roll-blend,
cone and quarter.

Minimum Quantity
of Composited Sample

1 L (semi-volatile
organics)
1 L (metals)

5 mL (volatile
organics)

100 mL (semi-vol
organics)
100 g (metals)

50 g (organics)
100 g (metals)



Samples of stack (flue) gas collected with an extractive sampling train
(M5, MMS, SASS or VOST) already represent time-averaged sample collections. In
effect, the sampling approach has composited the gas on a time-weighted basis.
It is generally inappropriate to further composite such samples. However, in
some cases where ultra-low levels of detection are required (e.g., dioxin/furan
analysis), it may be necessary to pool the entire extracts from muitiple

sampling runs.

C. RECOVERY METHODS

The specific sampling methods listed in Table 2 contain explicit procedures
for the physical recovery of samples from the train. However, they do not
necessarily specify procedures for monitoring the chemical recovery achieved in
the sample preparation process. There are two basic approaches that can be used
for this purpose: (1) addition to each sample of surrogate compounds, which are
chemically similar to the species of interest but not expected to be present in
the sample (e.g., for GC/MS analyses, stable isotope-labelled analogs of the
target compounds); or (2) standard addition (spiking) of the target species

themselves to selected split samples,

The spiking levels used in each instance are selected after consideration
of the target detection level for each analyte and the expected concentration of
the species in the sample. For MSW incinerator effluent samples, it is
generally desirable to select spiking levels that correspond to 2 to 10 times
the target detection limit or to 2 to 4 times the critical decision limit. The

level chosen should be explicitly stated in the QAPP for each test program.

For example, assume that the critical decision limit for a semi-volatile organic
pollutant (e.g., 2, 3, 7, 8-teterachlorodibenzodioxin, TCDD) is 1 ng/m3 in stack
gas, and a 5 m3 sample of stack gas is to be collected using the MM5 train. An

appropriate level of surrogate (e.g., 13C -2, 3, 7, 8-TCDD) to be spiked into

12
the MM5 train components prior to extraction can be calculated as:

4 x1 ng/m3 X 5 m3 = 20 ng surrogate
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Assuming that the organic extract is concentrated to a final volume of 1.0 ml,
and that 5 pL are injected into the GC/MS system, this spiking level would yield
100 pg of surrogate on-column if recovery through the sample preparation steps
were 100%, and 50-pg on column if recovery were only 50%. It must be coniirmed
by analysis of calibration solutions that these levels are within the analytical
detection limit of the GC/MS system. Recovery of 60% or higher can be

(21)

expected if the laboratory procedures are under control.

D EXTRACTION METHODS

Solvent extraction with methylene chloride is the procedure most broadly
used to prepare samples for organic analysis. In the case of stack sampling
trains, several separate extractions (of probe wash and filter, sorbent trap,
and of condensate) will be required. It is general practice to combine these
extracts prior to analysis so that a single value is obtained for the stack gas
concentration of each species. This approach allows lower detection limits to
be achieved. Further, there is no intrinsic advantage to differentiating
between material collected in the "particulate" (front half) vs "vapor" (back
half) portions of the train, since these catches do not necessarily indicate the

particulate/vapor distribution present in the stack(4’22’23).

Liquid-liquid extraction, using a manual, separatory funnel method or a
continuous extractor, applies to: (1) spent scrubber water or other waste water
effluent from the MSW combustor and (2) aqueous condensate collected from the
stack gas effluent in the MM5 or SASS trains. The volumes of sample/extracting
solvent and any necessary pH adjustment of the sample should be as specified in
EPA Method 625 if the purpose of data collection is NPDES compliance
determination. In the case of stack gas condensate, these parameters can be

scaled down to accommodate the actual quantity of sample collected.

Soxhlet extraction applies to: (1) solid effluents from the MSW combustor
and (2) probe wash, filter and sorbent components of the MM5 or SASS trains.
Quantities of sample and extraction solvent should be as specified in Method
PO24 b (Sampling and Analysis for Hazardous Waste Combustion)(ls) or Method 3540
(su-846) . (L)
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Some very wet ash samples or sludges may require alternative extraction
15
(13) Also,

solid or slurry samples that are not suitable for direct introduction to the

procedures (e.g., homogenization, Methods P022 a,b or PO024 a,c).

purge cell of a purge-and-trap apparatus may require a micro-extraction (e.g.,
Methods P022b, P024c)(15) prior to determination of volatiles.

1f the MSW combustor test program includes evaluation of solid residues
vis-a-vis the RCRA hazardous waste characteristics, a separate sample of the
solid material must be extracted by the EP (Method 1310, SW-846) or the new TCLP
(Fed. Reg. Vol. 51, No. 114, June 13, 1986), when promulgated as a final method.

E. DRYING AND CONCENTRATING OF EXTRACTS

Unless an alternative procedure is specified in a particular analytical
procedure, solvent extracts should be passed through a short column of anhydrous
sodium sulfate into a Kuderna-Danish evaporative concentrator apparatus. In
most cases, rapid concentration to a final extract volume of 1-10 mL will
provide adequate detection limits without unacceptable losses of semi-volatile

organic species.

F, SAMPLE CLEAN-UP

For some samples, the level of interfering compounds is sufficiently high
to preclude successful analysis for the species of interest. For such samples,
one or more clean-up steps must be included in the sample preparation procedures
Because of the wide variation in sample matrices and in the physical/chemical
properties of the species that may be sought, no single method or set of methods
can be recommended for MSW combustor samples. This is one of the reasons why
use of surrogate spiking of MSW combustor samples is strongly recommended
(Section IV C). If it can be demonstrated that recovery and detectability of
the surrogate are adequate, then no clean-up steps are necessary. However, if
interferences overload the analytical column or detector and the surrogate is
not detectable, clean-up will be required. This must be established empirically

for each project. The QAPP should specify the criteria for acceptable surrogate
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recovery/detectability and corrective actions to be taken if the criteria are
not met,

Some analysis methods (e.g., Methods 8010-8250, SW—846(1)

) specify that
silica gel, Florisil or alumina column clean-up be applied. In some cases three
or more sequential clean-up steps may be required. For example, the ASME

(5)

methodology for analysis of dioxins and furans specifies sequential passage
of the concentrated sample extract through 1) a combination column containing
silica gel and acid and base-modified silica gel, 2) a basic alumina column, 3)
a PX21 carbon/celite 545 column and 4) a silica/diol column. Such an extensive
clean-up is usually not necessary unless the critical decision limit is in the
ng/mg3 range. However, using at least one column clean-up step (silica gel,
alumina) may significantly improve detection limits when critical concentrations

are in the pg/m3 range.

G, DIGESTION

The preparation method for all samples requiring metals analysis includes a
digestion step. Its purpose is to convert all of the metal-containing species

into inorganic form.

For most sample types, an acidic, oxidizing medium is specified for
digestion. Solid samples can be digested using HF and HNO3 in a Parr bomb.

Solutions can be digested using HNO3 and H202(24). In some instances, repeated

digestion using HNO3 alone(l) may give adequate recovery. For mercury in solid
materials, Method 105 (40 CFR Part 61) calls for aqua regia digestion followed

by potassium permanganate oxidation.

A relatively new development is the use of microwave energy, rather than a
conventional hot plate, for acid digestiors. This reduces the time and acid

quantity required for complete digestion(za).
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V. ANALYSTS PROCEDURES

A, OVERVTIEW

The overall strategy for analyzing samples from MSW combustion must reflect

the multiple possible purposes of data collection discussed in Section II A.

When the purpose of the data collection is to determine compliance with a
specific regulation concerning air, water, or solid effluents (or their
disposal) it is essential that the analysis method used be one recognized by the

appropriate agency. These include, but are not necessarily limited to:

EPA NSPS Methods 1-5 40 CFR Part 60
EPA NESHAPS Methods 101-108 40 CFR Part 61
EPA Clean Water Act Methods 40 CFR Part 136
601-612; 624, 625; 1624, 1625;

200.7

EPA RCRA Methods SW-846

7040-7951; 8010-8310

One exception to the above generalization relates to measurement of
criteria pollutants in combustor effluents. The EPA NAAQS methods for criteria
pollutants are ambient air monitoring methods that are suitable for source
monitoring only with modifications (gas conditioning; dilution). However, there
are NSPS methods applicable to direct measurement of criteria pollutants in

combustion sources.

Even when the purpose of data collection is to provide input for more
general environmental assessment, or risk assessment, rather than regulatory
compliance, the above EPA-approved methods are frequently useful. 1In
particular, the nearly-identical GC/MS-based methods designed for determination
of priority pollutants (624, 625; 1624, 1625) or Hazardous Substance List (HSL)
compounds (RCRA 8240, 8250, 8270) have wide applicability for organic analysis.
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The corresponding procedures for metals analysis by atomic absorbtion
spectroscopy (AAS) or inductively coupled plasma spectroscopy (ICP) are also
directly applicable to MSW combustor samples.

For some assessment purposes, official federal EPA methods may be
inappropriate or unavailable. In these cases, methods promulgated by ASTM and
ASME should be used if available. For example, there is at present no official
method for determination of dioxin/furan congeners that applies specifically to
MSW stack emission sample analysis. However, a procedure developed to supnort a
joint ASME-EPA project on MSW comt  -ion is recommended (5). In addition,
SW-846 method 8280 may be used for homolog-specific analysis.

Similarly, there are presently no official methods suitable for screening
MSW combustor samples to identify and/or quantify other pollutants that may be
present as a result of incomplete combustion. Research in this area is underway
as well. The selection of appropriate analysis methods for such pollutants must
be established on a case-by-case. Part C of this section provides some

preliminary suggestions.

Potentially useful methods for direct analysis of selected species in MSW
combustor effluents using continuous instrumental monitors will be discussed in

Section VI of the report.

B._ _PROXTMATE ANALYSTIS

"Proximate analysis" is a term used in "Sampling and Analysis for Hazardous

(13 to describe procedures for determining the

Waste Combustion (First Edition)"
approximate (gross) composition of hazardous waste. The methods recommended for

that purpose include:

$ moisture, solid and ash determination
elemental analysis (%C, N, S, P, F, Cl, Br, I)
total organic carbon

total organic halogen
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heating value

viscosity

These methods are applicable to MSW.

c SCREENING ANALYSTS

As noted above, screening analysis is intended to identify and/or quantify
species that are present in a sample and are of potential concern with regard to
effects on health and/or environment but were not specifically pre-selected for
analysis (see Section D, Directed Analysis). There are no official procedures
for screening analysis. 1In practice, the approach that has most commonly been
used in research and development programs involving waste combustion has been as

follows.

For organic species, perform full-mass range scanning (e.g., 40-500 amu)-
under appropriate GC/MS conditions (usually capillary column and E1 ionization).
In most cases, the GC/MS conditions specified in EPA methods 624/1624/8240 for
volatiles and in EPA methods 625/1625/8250/8270 for semivolatiles will be
applicable to screening analysis of MSW combustor samples. In addition to
providing data for directed analysis, the results of these analyses can be used
to identify unknown or unexpected compounds by comparison to a library of
reference spectra or by spectral interpretation. A typical criterion for
screening analysis is to attempt to identify the 20 most intense unknown peaks
or those peaks whose intensity exceeds 10% of the internal standard intensity

(whichever is the lesser number of unknowns).

For inorganic species, ICP analysis can be used to screen for about 20-23
metals that are known or suspected to be of environmental concern. Alternative
approaches sometimes recommended to address a broader range of elements include:
X-ray fluorescence, neutron activation analysis, particle-iniluced X-ray
emission, and spark source mass spectrometrv. All of these are multielement
methods and require minimal sample preparation. However, the instrumentation

required is expensive and not widely available. Also, the methods are more
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amenable to qualitative screening than to quantification unless standards and

samples are carefully matched to eliminate sample matrix effects.

It is probable that screening analysis is more likely to be requested for
MSW combustor air emission samples than for liquid or solid effluents. These
methods can be applied to samples of MSW combustor stack gas collected with the
MMS, SASS or VOST (volatile organics only) after suitable sample preparation
techniques have been applied. They should also apply to liquid or solid

effluent samples zfter sample preparation.

D DIRECTED ANALYSIS

As noted in the overview to this Section, analysis methods are available
for most species that are likely to be pre-selected as targets for analysis in
MSW incineration. Table 6 lists suitable analysis methods for organics and
metals that may be of concern. Specific methods for distinguishing between
species such as Cr (VI) and Cr (III), suitable for use with combustion effluent
samples, based on selective extraction of Cr (VI) by an alkaline reagent, are
under development and in the process of validation by EPA’s Emission Measurement
Branch at Research Triangle Park, North Carolina(zs). In addition, SW-846 lists
methods both for Cr(VI) and for total chrome; these methods are potentially
applicable to MSW combustor samples providing that suitable procedures for

solubilization of the chromium are applied.

Note that, for organic analysis, Tablg 7 lists only the GC/MS alternatives.
Methods that use GC or HPLC with detection principals less specific than MS
(e.g., flame ionization (FID) or electron capture (ECD) detection for GC,
ultraviolet (UV) or refractive index (RI) for HPLC) are less likely to be useful
for MSW combustion samples, because of the variety and quantity of potentially

interfering substances likely to be present.
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9%

Species

Volatile Organics

Semivolatile Organics

Dioxins/Furans

Metals

TABLE 7

ANALYSTS METHODS FOR TRACE ORGANICS AND TRACE METALS,
APPLICABLE TO MSW COMBUSTOR SAMPLES

Method

Packed column GC/MS; full mass range
scanning 20-260 amu.

Capillary column GC/MS; full mass range
scanning 40-500 amu.

Capillary column GC/MS; selected ion
monitoring.

Flame (high levels) or furnace (low
levels) AAS.

Inductively coupled plasma spectroscopy
(not for mercury, lead, arsenic)

Reference

1, 15



VI, CONTINUQUS MONITORING METHODS

A, QVERVIEW

Continuous monitoring systems include in situ measurements, in which a
sensor is mounted directly in a stack or flue, and extractive methods, in which
a sample of stack or flue gas is pumped through an interface to the measuring
device. In situ monitoring offers the advantage that no alteration in flue gas
composition is introduced by the sve<~em. Conversely, however, an in situ s=nsor
must be physically resistant to st. conditions (temperature, moisture,
particulate matter) and be chemically selective (blind to potential
interferents). An extractive approach is amenable to gas sample conditioning to
remove substances that might interfere with the desired measurement or damage
the instrument. It also allows instruments to be placed in a sheltered location
where maintenance and calibration are more convenient. However, this approach
provides opportunity for loss of target species in transfer lines and in

components of the gas conditioning system.

Many continuous monitors are based on rather sophisticated chemical
analysis principles. Manufacturers have made considerable efforts to
"ruggedize" the commercially available systems so that they are capable of
unattended operation for periods of days to weeks and can be
maintained/calibrated by plant operating personnel. Despite these advances, it
is vital that a rigorous QA/QC program be established for continuous monitors to
ensure that misleading data are not recorded and that operating problems are not

overlooked.

B. SAMPLE CONDITIONING

An extractive sampling system interface typically includes the following

components:
® probe
. coarse filter
° transfer lines
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L J pump
] moisture removal system

™ fine filter

The probe must be located at a point in the stack or flue that allows a
representative sample to be withdrawn. A multi-port probe may be useful in this
regard. Depending on stack or flue temperature and corrosivity, materials of
construction may be stainless steel or ceramic. The coarse filter, usually
located in-stack to minimize effects of condensation, is typically sintered
metal or ceramic, depending on temperature. Ceramic is more resistant to high
temperature corrosion effects but also more susceptible to cracking. Plugging of
the probe and/or coarse filter can be a severe problem, especially when . .npling
flue gas upstream of particulate control devices. Backflushing the system
regularly with clean carrier gas may help but frequent replacement of the

in-stack filter will probably still be required.

The transfer lines must be constructed of inert materials that are
resistant to corrosion.and do not absorb the species to be measured; ceramic
(probe) and Teflon0 are materials of choice for most applications. Stainless
steel would be an alternative if the stack or flue gas is not highly corrosive.
The pump must also be constructed of, or coated with, inert material such as
Teflon®. Especially when samples are to be monitored for organics, any
potential contamination of the sample with lubricants must be avoided.

Diaphragm or bellows pumps can meet this constraint.

Moisture removal can be accomplished in several ways: adsorption (e.g.,
silica gel); condensation; dilution to below dew point; membrane permeation
system. Issues that must be addressed in selection of the drier component
include: adequate capacity for water removal given the moisture content of the
stack or flue gas; and minimal coincident losses of target species along with
the water. A condensation approach, for erample, may lead to unacceptable

losses of acid gases such as HCl and SOx.

The fine particulate filter is usually located close to the analyzer inlet.

It usually must achieve virtually complete removal of all particles larger than
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1 micron. When sampling flue gases, these filters require replacement whenever

the pressure drop across the filter approaches the limit of pumping capacity.

C. MONITORS FOR INORGANICS

The following is based on information provided by instrument suppliers and

by references 26 and 27.

Continuous temperature measurements in combustor flue or stack gases are
generally accomplished by using type J, K, or RT thermocouples. The
thermocouples must be shielded from radiation and protected against mechanical
damage and corrosion by shielding inside a ceramic or metal protection tube or

in a thermowell.

Continuous monitoring of particulate material is generally accomplished

using an in situ opacity meter. Typically, these devices measure changes in-
optical density, OD (percent transmittance), due to scattering and/or adsorption
of light by particles in the stock. The OD reading obtained depends not only on
the mass loading of particulates that are present, but also on their size
distribution, the particle shape, particle composition, the system’s
temperature, the presence or absence of water droplets and the configuration of
the stack. The lack of measurement specificity may render opacity monitors less
reliable at MSW combustors than at other stationary sources, as waste feeds at
MSW locations are highly variable, probably causing emission levels and
compositions to vary over time as well. Also, commercially available opacity
meters for stack monitoring may be uncertain by a factor of two or more at

particulate loadings below 0.03 gr/SCF.

Extractive sampling, rather than in situ monitoring, is most commonly used
for inorganic gases, although in situ monitors are available for CO, CO,, O,,
NOX, and SOx. Typically, the detection of pollutant species of concern is
accomplished using one of the detection principles identified in the descriptive
information presented below. There is relatively little history of application

of these instruments to MSW combuster stack gas and, especially, flue gas.
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NDUV) analyzers employ much the same philosophy
as uu ctne analyzers based on NDIR absorbtion, only in this instance, the light

source emits in the ultraviolet or visible regions of the spectrum and a

reference cell is generally not used. Typically, a reference wavelength in a
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region where the pollutant species of interest has minimal absorptive capacity

is generated and quantitation is completed by differential analysis.

An important advantage of the NDUV analyzers is that water vapor is not an -
interference, as water does not absorb light in the ultraviolet region of the
spectrum. As is the case with most extractive monitoring techniques, however,
particulates which will absorb or scatter generated light must be removed from

the sampled gas stream.

Pol:rographic Analyzers

Numerous pollutant species of potential interest at MSW combustors may be
measured continuously using polarographic analyzers. Polarographic analyzers
operate on the principle of selective diffusion and chemical reaction of a
pollutant species of interest which induces a current flow that is measured
electronically. The sensing device intrinsic to the operation of all

polarographic analyzers is commonly called the electrochemical transducer.

In operation, the pollutant species of interest enters the transducer
through a selective, semi-permeable membrane. Once in the transducer, the
pollutant is oxidized or reduced by reaction with an electrolyte solution which
induces a current flow. The induced current flow is proportional to the
concentration of the pollutant species in the gas stream. The selectivity of
electochemical transducers is dependent upon the selection of membrane

materials, electrolyte, and sensing electrode chemistry or composition.

The polarcgraphic analyzers offer several advantages over other analyzers,
including multi-pollutant capability by switching transducer, fast response and
simplicity of operation. Principle disadvantages of this technique are that
transducers must be replaced or rejuvenated periodically, and the instrument
must be frequently calibrated because the response of the transducer does

deteriorate as the electrolyte solution is consumed.
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Electrocatalytic Analyzers

Electrocatalytic analyzers are currently available for oxygen
determination. This type of instrumental determination is based on the
principle that current flow is induced when two solutions containing similar
materials at differing concentrations are brought into contact. Thus, by having
two cells, one a reference and the other the unknown, separated by a porous
zirconium oxide barrier (acting as both an electrolyte and catalyst), an
electron current flow can be promo- 4., measured, and related directly to ov:-gen

content.

Paramagnetic Oxygen Analyzers

Oxygen content may also be determined using a paramagnetic analyzer.
Detection in a paramagnetic analyzer utilizes the fact that oxygen molecules

(and the molecules of a few other compounds) are attracted by a magnetic field.

Two different philosophies of paramagnetic detection are commonly used in
instrumentation. One, called thermomagnetic or magnetic wind instruments are
based on the principle that the magnetic attraction of oxygen decreases as
temperature increases. The second, called magneto-dynamac, uses the

paramagnetic attraction of oxygen to swing a specialty torsion balance.

Chemiluminescence

Certain inorganic pollutants, most notably nitrous oxide and ozone, may
also be detected using analyzers based on chemiluminescence. Within this type
of instrumentation, the pollutant species of interest is mixed with a second
reactant to generate light. Ideally, the generated spectrum of light produced
is specific only to the pollutant of interest, but more commonly, optical means
are used to isolate and quantitate the intensity of specific wavelength. By
measuring the intensity of the generated light, a direct estimate of the

concentration of pollutant species present in the gas sample may be obtained.

Information of currently available instrumentation for inorganic pollutant

species in MSW combuster exhausts are presented in Tables 8 through l4.
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TABLE 8

Continuous Analyzers for Carbon Monoxide

Detection

Principle Ranges Interferences Comments Examples
|Nondispersive |0-50 PPM |Water Vapor and [In-situ or remote; |Anarad, Inc. |
jInfrared ]0-100 PPM |Particulates; other |Water Vapor and |Dynatron |
| ]0-200 PPM | species with similar|Particulates should |Horiba |
| |0-1000 PPM |infrared absorbance |be removed; corro- |Infrared Ind. |
| |0-5000 PPM |characteristics |sive gases may etch |Rosemont (Beckman) |
| ]O-1 % | |optics | Servomex |
| |0-5 % | | |Siemens |
I I I I | |
I | | I | I
I I I I I I
| I I I I I
|Polarographic {0-50 PPM |Unsaturated Hydro- |Requires sample |Energetics Science |
| (Electrochemical) {0-100 PPM |carbons and ammonia |conditioning to |Interscan |
| ]0-250 PPM | |remove particulate |Neotronics |
| |0-500 PPM land reduce tempera- |Sensidyne ]
| [0-999 PPM | ture | |
I |
| |
I [
I I
I I

j0-4 %

I
I
!
|
I
I
I

I
I
I
|
I




TABLE 9

Continuous Analyzers for Carbon Dioxide

%S

10-4 %

Detection

Principle Ranges Interferences Comments Examples
|Nondispersive j0-10 PPM |Water Vapor and JIn-situ or remote; |Anarad, Inc. |
| Infrared {0-100 PPM |Particulates; other |Water Vapor and | Dynatron |
| }0-500 PPM | species with similar|Particulates should |Horiba |
| {0-2500 jinfrared absorbance |be removed; corro- |Infrared Ind. |
| |0-5000 PPM |characteristics |sive gases may etch [Rosemont (Beckman) |
| j0-0.5 % | Joptics | Servomex |
] |0-2.5 % | | |Siemens |
| |0-5 % | | |Syconex Corp. |
| [0-20 % I | I I
| 10-100 % | | |
I I I I I
|Polarographic {0-50 PPM |Unsaturated Hydro- |Requires sample Sensidyne |
| (Electrochemical) {0-100 PPM |carbons and ammonia jconditioning to |
| ]0-250 PPM | |remove particulate |
| 10-500 PPM |and reduce tempera- |
| |0-999 PPM | ture |
| |
| I
I I
I |
I !

I
I
I I
I I I
| | I
I I I
I I I
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TABLE 10

Continuous Analyzers for Oxygen

Detection

Principle Ranges Interferences Comments Examples
}Polarographic [|0-1 % | |Gas must be cooled |Horiba |
| (Electrochemical) jO-5 % | |and particulate re- |MSA |
| {0-10 ¢ | |moved |Neutronics |
| [0-25 % | | | Servomex |
, [0-35 % I I I I
| |0-100 % I I | I
[ I | I I I
| | | | I I
I | | | I I
I | ! | | I
| Electrocatalytic |0-10 % | {Good for high tem- |Anarad, Inc. ]
| |]0-22 & | |perature application|Dynatron |
| ] | | |Lynn Products |
| I I I |MSA I
| | | ] | Servomex |
| [ ( i |Westinghouse |
I I | | I I
I | I I I I
| I | I I !
| I | I | I
| Paramagnetic [0-1 8 | | [Horiba |
| |0-5 % | | |Rosemont (Beckman) |
| ]0-2.5 % | { |Siemens |
| 10-10 % | I I I
| 10-25 % | | I
I 10-50 3 I | I
{ [ ! I
I I J I
I I | I
I | I I

I
|
I
I
I
I
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TABLE 11

Continuous Analyzers for Sulfur Dioxide

(0-100 PPM |
|

Detection
Principle Ranges Interferences Comments Examples
|Nondispersive 10-500 PPM |Water Vapor and |In-situ or remote; |Anarad, Inc. |
|Infrared ]0-2000 PPM |Particulates; other |Water Vapor and |Dynatron |
| ]0-10000 PPM | species with similar|Particulates should |Infrared Ind. j
| ]0-1 % [infrared absorbance |be removed; corro- |Rosemont (Beckman) |
| ]0-5 |characteristics |sive gases may etch [Siemens )
| ]O- 10 | |optics; Generally |Syconex Corp. i
| ]0-30 % | |selected for percent| |
| J]0-100 % ] |applications { i
| I I I | I
| I I ! I I
[Nondispersive ]0-50 PPM | | fAnarad, Inc. |
jUltraviolet |0-100 PPM | | |Teco |
] [0-500 PPM | | | |
|0-1000 PPM | [ ]
|0-5000 PPM | | |
I I I I
! ! I I
I I | I
I I ! I
I | I I
| Interscan |
(Electrochemical) |0-10 PPM |Mercaptans, Hydrogen| |
|0-50 PPM |Sulfide, Ammonia ) |
| !
I !
I I
I |
I I
| I
I I

|
|
|
I
|
|
I
jPolarographic |0-5 PPM |[Methyl and Ethyl
|
I
|
|
!
I
|
|
I

I
I I
I I
I |
I I
I |
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TABLE 12

Continuous Analyzers for Nitrogen Oxides

Detection

Principle Ranges Interferences Comments Examples
|Nondispersive -500 PPM |Water Vapor and |Water Vapor and |Horiba

|Infrared -2000 PPM |Particulates; other |Particulates should |Rosemont (Beckman)

| (for NO only)
|

0
0
0-10000 PPM
0-2 %

0

|species with similar|be removed; corro-

|infrared absorbance |sive gases may etch

|characteristics

|optics

|Siemens
|Syconex Corp.

I

|
|
I
I
I
I
|
I
I
|

|0-10000 PPM
[

|

I I

| |

I I

I I
|Nondispersive 0-50 PPM | [Anarad Inc
|Ultraviolet | T
| (for NO2 only) | |
I I I
| I I
| I |
I | | |
|Polarographic 0-25 PPM [Methyl Mercaptan, |Requires sample |Energetics Science
| (Electrochemical) 0-50 PPM |Ammonia, Nitrogen |conditioning to |Interscan
| (for NO only) 0-250 PPM |Dioxide, Sulfur |remove particulate |
| |Dioxide jand reduce tempera- |
| | | ture |
| I I I
I | I I
I I I I
[Chemiluminescent {0-2.5 PPM |Possible Ammonia, |Need to dry and |Monitor Labs
| |0-10 PPM |Carbon Dioxide, and |remove particulates |Rosemont (Beckman)
| jO-25 PPM |Water |from sample |Thermo Electron
| [0-100 PPM | | |
| |0-1000 PPM
| [0-2500 PPM
I
I
I

i
—— e . — e — — — — — — — —— — — — — — —— ——— ——— — — — — —— — —— —— —
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TABLE 13

Continuous Analyzers for Hydrochloric Acid

Detection

Principle Ranges Interferences Comments Examples
|Nondispersive ] |Water Vapor and |In-situ or remote; |Flakt |
|Infrared | |Particulates; other |Water Vapor and |Syconex Corp |
| | |species with similar|Particulates should |Teco |
( | jinfrared absorbance |be removed; corro- | |
| | |characteristics |sive gases may etch | |
| | | loptics | |
I I | ! I I
I I I I | |
| I I I I |
! I ! | I {
| I I I I I
|Polarographic }0-5 PPM |Chlorine gas, Methyl|Requires sample [Interscan |
| (Electrochemical) }0-10 PPM |and Ethyl mercaptan, |conditioning to | |
| {0-20 PPM |Hydrogen Sulfide, |remove particulate | |
[ {0-50 PPM |Ammonia, Nitric Ox- |and reduce tempera- | |
| 10-200 PPM |ide, Hydrogen Cyan- |ture | |
! I I
I I I
| I I
| | |
I I I

{ide, and Sulfur Di-
| oxide

I
I
I




TABLE 14

Continuous Analyzers for Hydrogen Cyanide

66 .

Detection

Principle Ranges Interferences Comments Examples
|Polarographic |0-5 PPM |Chlorine gas, Methyl|Requires sample |Interscan ]
| (Electrochemical) |0-10 PPM |and Ethyl mercaptan, |conditioning to | |
| |]0-20 PPM |Hydrogen Sulfide, jremove particulate | |
{0-50 PPM |Ammonia, Nitric Ox- |and reduce tempera- | |
| {ide, Hydrochloric |ture | |
|acid, and Sulfur Di-| | |
joxide | |
I |
I |
| |

I
I
I |

| I |
I I I I
I } | !
I | | I




D. MONITORS FOR ORGANICS

Total hydrocarbons (or total non-methane hydrocarbons) at ppm to percent
levels in stack gases can be monitored continuously with a flame ionization
detector (FID) or infrared (IR) detector. These detectors are relatively rugged
and are quite sensitive to hydrocarbons. The response factor is generally lower
for organics that incorporate functional groups such as haiides, hydroxyl,

carbonyl, carboxylate.

The photoionization detector (PID) is applicable to many of these organic
categories, but experience with this detector as a continuous monitor is more
limited. There is some evidence that maintenance is more of an issue with PID

than with FID or IR instruments.

The electron capture detector (ECD), which has high sensitivity and
selectivity for halogenated organics under laboratory conditions, is not rugged
enough for routine continuous monitoring in the field. Also, because these
detectors contain radioactive materials, NRC permitting regulations govern their
installation and use. The Hall detector, also specific for halogenated species,

has been used at hazardous waste incineration sites, but with difficulty.

Catalytic combustion (hot wire) and thermal conductivity detectors are also
used for continuous monitoring of organics. However, most commercially
available instruments based on these principles are generally designed for
percent level concentrations corresponding to explosive limits of combustible
gases and vapors. A few low-level instruments suitable for MSW combustion

monitoring are available, however,

Monitoring of specific organic compounds, rather than total organics,
requires that chromatographic separation be accomplished prior to detection,
Instrumental monitors that interface a gas chromatograph to an FID or PID are
commercially available. These operate in a semi-continuous basis, since the
chromatographic separation imposes a cycle time of (typically) 5-30 minutes

between measurements.. The GC/FID or GC/PID analyzers are vulnerable to false
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positive interferences because the retention time is an imperfect means of

compound identification.

Instruments based on more selective detection principles (e.g., GC/MS or
GC/FTIR) are beyond the present state-of-the-art for stack monitoring, except in
research installations. Instruments using these detectors may be sufficiently
expensive to install and demanding to operate that they are not suitable for
routine continuous monitoring. Most require, for example, more stringent
control of temperature, humidity and power supply than is likely to be practical

at ~n operating MSW plant.

E INDICATOR OR SURROGATE MONITORING

A conceptual ideal for continuous monitoring of MSW combustors would be a
inexpensive, rugged, and simple instrument that provides continuous measurement
of a surrogate parameter indicative of total system performance. Identification
of a suitable surrogate parameter, which can be reliably correlated with
emissions of any and all pollutants of potential concern, is one of the
objectives of on-going research in MSW combustion technology. At the present
time, the carbon monoxide level in the air emissions is generally regarded as
the best available surrogate for chemically-based monitoring of overall
combustion efficiency. Monitoring of combustion temperature is also relied on
as an indicator that the process is in control. Methods for monitoring these

indicator parameters are discussed in Section VI C.

F, SPECTIAL QA/QC CONSIDERATTIONS

All of the general provisions that will be discussed in Section VII apply
to continuous monitoring. A rfew special considerations are worth noting,

however.

First, calibration with zero and span gases should be performed on the
system as a whole, not just on the analyzer/detector itself. This may, however,

be literally impossible for in situ monitors; generating a stack or flue full of

calibration gas of known composition is not a realistic approach. In the case
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of extractive monitoring systems, provision should be made to allow introduction
of calibration gas at, or just behind, the probe. This approach to "total
system" calibration has been incorporated into all of the federally referenced
continuous monitoring methodologies that are currently applicable to stationary

sources.,

The EPA has also established guidelines for instrumentation that is used to
continuously monitor sulfur dioxide, nitrogen oxides, carbon dioxide, oxygen,
and carbon monoxide emissions from stationary sources. These guidelines fall
into two categories including both  strumental design criteria and performance

specifications.

Instrumental design criteria establish minimum acceptable levels for items
such as instrumental response time, interference rejection ratios and ranges.
Performance specifications are established to assure that the developed data is
accurate and precise. Specifications for calibration drift and the relative
accuracy of calibration, as well as requirements for duration of unattended
operation are established. Specific criteria applicable to monitors used to
measure CO, CO,, 0,, NOX, and SOx are provided in Title 40 Code of Federal

Regulations, Part 60.13 and Appendix A and B.

Second, QA/QC procedures for continuous monitoring methods must take into
account the fact that operating personnel may have had minimal training and
experience with chemical measurements and analytical instrumentation. The
procedures must, therefore, place minimum reliance on operator judgment and be
as explicit and simple as possible concerning QC criteria and corrective

actions.

Third, the question of data reduction and data maintenance for continuous
monitor output deserves special consideration. A continuous monitor, in one
sense, generates an infinite numbev of data points on pollutant concentration
vs. time. It must be determined in advance whether daily, weekly, monthly, etc.
data are to be archived and/or reported. Are running averages desired?

Commercially available data loggers are able to conduct these functions once
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decisions are made with respect to these parameters. How should/must short-term

excursions from average values be recorded/reported?

G POTENTIAL FOR PROCESS CONTROL

The acquisition of continuous monitoring data affords opportunities for
process control, either by operator intervention or by use of automatic feedback
loops. In current MSW combustion practice operator intervention is the more
common response mode, but newer facilities are moving toward more automated

systems.

Catastrophic failure of the system (e.g., plugging of nozzles in a dry
scrubber or breakage of a fabric filter) is generally readily detectable by
operators even in the absence of continuous monitoring data. Temperature and,
secondarily, oxygen data from continuous monitors can be (and are) used to
adjust process operating parameters such as MSW feed rate or over/underfire air

supply to the incinerator.

Use of chemical monitoring data for process control is more complicated,
both in theory and in practice. In general, the relationship of MSW combustion
operating conditions to the emission rates of pollutants, especially trace
organics, is not well enough understood to allow systematic process control in

response to monitoring data.
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VII UALITY ASSURANCE AND QUALITY CONTROL

A, OVERVIEW

A vital part of any sampling and analysis program is the provision for
procedures which maintain the quality of the data obtained throughout the
sampling and analysis exercise. These procedures, termed quality assurance and
quality control (QA/QC), serve to (a) document the quality (i.e., accuracy,
precision, completeness, representativeness and comparability) of generated
data; (b) maintain the quality of data within predetermined control limits for
specific sampling and analysis procedures; and (c) provide guidelines for
corrective actions if QC data indicate that a particular procedure is out of

control.

The following definitions, which represent interdependent activities, serve
to differentiate between the complementary activities of quality assurance and

quality control.

° Quality Assurance (QA) activities addresses the delegation of program
responsibilities to appropriate individuals, documentation, data
review, and audits. The objective of the QA procedures is to allow an

assessment of the reliability of the data.

e Quality Control (QC) activities address the maintenance of facilities,
equipment, personnel training, sample integrity, chemical analysis
methods, and production and review of QC data. QC procedures are used
continuously during a sampling and analysis program to maintain the
quality of data within control limits. QC data should be evaluated
immediately by the analysts; if the QC data fall outside a set of
specified control limits, corrective actions, as specified in the work

plan, must be taken.
In this section, specific QA/QC procedures are described. For an individual

sampling and anaiysis program, these procedures and/or others may be selected to

reach the goal of obtaining high-quality data. At a minimum, the procedures
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which are selected must be consistent with the standard overating procedures
and/or good laboratory practices of the sampling crew and analytical laboratory

involved.

The following discussion of QA/QC procedures is based upon a guidelines
document(z) issued by the Office of Monitoring Systems and Quality Assurance of
the EPA Office of Research and Development. This document, QAMS 005/80,
entitled "Interim Guidelines and Specifications for Preparing Quality Assurance
Project Plans," and the references cited therein provide an extensive resource
in selecting appropriate QA/QC procedures for sampling and analysis efforts.

The QAMS-005/80 document identifies sixteen essential elements of a QA Project
Plan (QAPP). These elements are listed in Table 15 and described briefly in the
following discussion. A QAPP of some kind would generally be required for most

sampling and analysis efforts.

B. TITILE PAGE AND TABLE OF CONTENTS

These elements are self-explanatory. The title page should indicate
individuals with QA responsibility for the sampling and analysis efforts.
Approval signatures should be required prior to the start of the sampling and
analysis efforts. The Table of Contents should include a distribution list for

the QAPP.

c PROJECT DESCRIPTION

A general description of the project, including the experimental design,
and intended use of data should be provided. The description may be brief but
should have sufficient detail to allow the individuals responsible for review
and approval, of the QAPP to perform their task. Flow diagrams, tables and
charts should be included, as appropriate. A schedule, with anticipated start

and completion dates, should also be specified.
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10.

11.

12.

13.

14.

15.

16.

Source:

TABLE 15

ESSENTIAL ELEMENTS OF A QA PROJECT PLAN

Title Page

Table of Con- nts

Project Description

Project Organization and Responsibility
QA Objectives

Sampling Procedures

Sample Custody

Calibration Procedures and Frequency
Analytical Procedures

Data Reduction, Validation, and Reporting
Internal Quality Control Checks
Performance and System Audits
Preventive Maintenance

Specific Routine Procedures Used to Asses Data Precision,
Accuracy and Completeness

Corrective Action

Quality Assurance Reports to Management

U.S. Environmental Protection Agency/Office of Monitoring Systems and
Quality Assurance, Office of Research and Development, Washington,
D.C., "Interim Guidelines and Specifications for Preparing Quality
Assurance Project Plans," QAMS-005/80 (December 29, 1980)
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D, PROJECT ORGANTIZATION AND RESPONSIBILITY

A table or chart which shows the project organization and line authority
should be included. An example project organization chart is shown in Figure 9.
Key individuals who are responsible for ensuring the collection of valid
measurement data and the routine assessment of measurement systems for precision
and accuracy should be identified; the responsibilities of each individual
should also be delineated. It should be noted that the QA coordinator should be
organizationally independent of the project organization so that the risk nf

conflict of interest may be minim. 1.

E. QUALITY ASSURANCE OBJECTIVES

For each major measurement system, numerical QA objectives for accuracy,
precision and completeness should be established. These objectives may be
generally based on previous experience in applying comparable procedures to
similar sample matrices as well as on the requirements of the program. The QA
objectives for precision, accuracy and completeness should be summarized in a

table or chart; an example of a summary table is shown in Table 16.

All measurements should be made such that results are representative of the
media (e.g., waste feed, stack emissions) and conditions being measured. Any
factors considered within the experimental design to ensure representativeness

should be described.
All data should be calculated and reported in units consistent with other
organizations reporting similar data to allow for comparability of data bases

among organizations. Units for all measurement parameters should be specified.

K SAMPLING PROCEDURES

A detailed description of all sampling procedures to be used is an integral
part of any QAPP. Where applicable, the following information should be

included:

° Description of techniques or guidelines used to select sampling sites.
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TABLE 16

SUMMARY OF ESTIMATED PRECISION, ACCURACY,
AND COMPLETENESS OBJECTIVES?

Parameter Precisionb Accuraczb Completeness”
Flue gas dioxin/furans + 50-100 100
(Modified Method 5)
Ash dioxins/furans + 50-100 160
Velocity/volumetric flow rate + + 20 100
(EPA Method 1 & 2)
Fixed gases/molecular weight + lOf + 20° 100
(Modified EPA Method 3)
Moisture (EPA Method 4) + 20d + lOd 100
Flue gas SO2 (continuous monitor) + 20f + 20° 100
Flue gas temperature + 10°F + 20°F 100
{(thermocouple)
Ash (NAA) ND ND 100
Particulate Mass + 10 + 12 100
Flue gas HCl (IC Analysis) + 10 + 10 100
Flue Gas Lead/Cadmium (AA/AAF, NAA) ND ND 100
Flue Gas Chromium/Nickel (AA/AAF, + 10 + 10 100

NAA, Colorimetry)

iAll objectives are expressed in terms of percent (%).

Precision and accuracy estimiated based on results of EPA collaborative tests.
Valid data percentage of total tests conducted.
dRelative error (%) derived from audit analyses, where

Measured Value - Actual Value
Actual Value

Percent = x 100%

®Coefficient of variation (CV) determined from daily analysis of a control
sample where

Standard Deviation

v Mean

x 100%

fPercent difference for duplicate analyses, where

First Value - Second Value

- 0
Percent 0.5 (First + Second Values)x 100%
ND = not determined for this method
Source: "Revised Sampling and Analytical Plan for the Marion County Solid

Waste-to-Energy Facility Boiler Outlet Salem Oregon," EPA Contract No.
68-02-4338, DCN: 86-222-124-02-05, September 16, 1986.
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. Specific sampling procedures to be used (by reference in the case of
standard procedures and by actual description of the entire procedure

in the case of nonstandard procedures).

. Charts, flow diagrams, or tables delineating sampling program
operations.
° A description of containers, procedures, reagents, etc., used for

sample collection, preservation, transport, and storage.

® Special conditions for the preparation of sampling equipment and
containers to avoid sample contamination (e.g., containers for
organics should be solvent-rinsed; containers for trace metals should

be acid-rinsed).

° Sample preservation methods and holding times.

° Time considerations for shipping samples promptly to the laboratory.

. Sample preparation (e.g., concentration, dilution, cleanup
techniques).

] Forms, notebooks, and procedures to be used to record sample history,

sampling conditions, and analysis to be performed.

G. SAMPLE CUSTODY

It is essential that adequate chain-of-custody procedures be established
for each project. The following sample custody procedures should be addressed

in the QA Project Plans:

70



Field Sampling Operations:

. Documentation of procedures for preparation of reagents or supplies
which become an integral part of the sample (e.g., filters and

absorbing reagents).

° Procedures and forms for recording the exact location and specific

consideration associated with sample acquisition.

° Documentation of specific sample preservation method

. Pre-prepared sample labels containing all information necessary for

effective sample tracking.

) Standardized field tracking reporting forms to establish sample

custody in the field prior to shipment.

Laboratory Operations:

[ Identification of the person responsible to act as sample custodian at
the laboratory facility who is authorized to sign for incoming field
samples, obtain documents of shipment (e.g., bill of lading number of
mail receipt), and verify the data entered into the sample custody

records.

. Provision for a laboratory sample custody log consisting of serially

numbered standard lab-tracking report sheets.

] Specification of laboratory sample custody procedures for sample

handling, storage, and dispersement for analysis.

H. CALTBRATION PROCEDURES AND FREQUENCY

For each critical measurement parameter, including all critical pollutant

measurement systems, the following information should be included:
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° Calibration procedures and information.

° Applicable standard operating procedure (SOP) or written description

of the calibration procedure(s) to be used.

. Frequency planned for recalibration.

.

Y Calibration standards to be used and their source(s), including

traceability procedures and verification of purity procedures.

L ANALYTICAL PROCEDURES

For each critical measurement parameter, the applicable standard operating
procedure (SOP) should be referenced or a written description of the analytical
procedure(s) to be used provided. Officially approved EPA procedures should be

used when available and if applicable.

I DATA REDUCTION, VALIDATION, AND REPORTING

For each critical measurement parameter, the following items should be

briefly addressed:

. The data reduction scheme planned on collected data.

° All equations used to calculate the concentration or value of the

measured parameter and the reporting units.

] The principal procedures that will be used to validate data integrity

during collecting, transferring (if applicable), and reporting of

data.
° The methods used to identify and treat outliers.
. The data flow or reporting scheme from collection of raw data through

storage and validation of results. A flowchart will usually be

needed.
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° Key individuals who will handle the data in this reporting scheme.
(1f this has already been described under project organization and

responsibilities, it need not be repeated here.)

K. INTERNAL QUALITY CONTROL CHECKS

This section presents guidelines for the number and frequency of replicate
and spiked QC samples and calibration standards to be used, including
concentration of surrogate or spike compounds to be added to designated QC
samples. The QA plan should document the objectives for number, type, and

frequency of QC samples.

Quality control samples are analyzed in the same way as field samples and
interspersed with the field samples for analysis. The results of analyzing the
QC samples are used to document the validity of data and to control the quality
of data within predetermined tolerance limits. QC samples include blank

samples, analytical replicates, and spiked samples.

Blank Samples

These samples are analyzed to assess possible contamination from the field
and/or laboratory, so that corrective measures may be taken, if necessary.

Blank samples include:

. Field Blanks--These blank samples are exposed to field and sampling
conditions and analyzed to assess possible contamination from the
field (a minimum of one for each type of sample to be collected and

analyzed).
) Method Blanks--These blank samples are prepared in the laboratory and

are analyzed to assess possible laboratory contamination (a minimum of

one for each lot of samples analyzed).
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. Reagent and Solvent Blanks--These blanks are prepared in the
laboratory and analyzed to determine the background of each of the
reagents or solvents used in an analysis (a minimum of one for each

new lot number of solvent or reagent used).

Replicate Samples

These samples are analyzed in order to establish control and assess the

precision of the analytical methodology. Replicate samples include:

. Field Replicates - These samples are collected in the field and
analyzed in order to assess the reproducibility of the sampling
program (a minimum of one for each sampling event per sample type and

measurement parameter),

e Laboratory Replicates - These replicate samples are prepared in the
laboratory in order to assess the reproducibility of the laboratory

procedures used (a minimum of one for each lot of samples analyzed).

In addition, replicate analyses of specific samples may be undertaken by the
analyst to check on the validity of any anomalous results. Such results could
be the result of instrument or data system malfunction, operator error,
laboratory contamination, etc. Repeat analyses of the sample in question and a
previous "normal" sample will serve to indicate which of the possible problems

is, in fact, present.

Spiked Samples

Samples may be spiked with one or more selected surrogate compounds prior
to extraction and analysis. "Surrogate" compounds are defined as species that
are chemically similar to the compounds being determined but that are not
expected to be present in the samples (e.g., when GC/MS is the analytical method
to be used, stable-isotope labelled analogs of the compounds sought are

excellent surrogates). The data on surrogate concentrations are used to
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calculate surrogate compound recovery from each sample as one measure of the
accuracy (bias) of the sample preparation and analysis procedures. To the
extent that an analytical method (e.g., GC/MS) is consistent with use of
surrogates, this procedure allows recovery to be estimated for every sample at
trivial incremental cost to the testing. In some cases, e.g., trace metals,
GC/ECD analyses, it may be difficult to select an appropriate surrogate compound
that will mimic the behavior of the species sought but not lead to positive

interferences in the analysis.

In addition to use of surrogate spiking (if possible), selected samples
should be spiked with target analytes at a predetermined concentration level(s).
This requires that each of the selected samples be carried through the entire
sample preparation and analysis procedure twice, once unspiked and once spiked.
Also, spiked blank samples for each measurement parameter should be analyzed in
order to assess the inherent acctracy (bias) of the analytical method. To ensure
that the per cent recovery of the spike can be determined with a reasonable
degree of confidence, the spiking level should be at least 2-3 times the
critical decision level (see Section II.A) and at least as high as the level
expected in the unspiked sample. Depending on the concentration of analyte in
the unspiked sample, these data may provide an estimate of the recovery of the
species of interest from the sample matrix.For difficult sample matrices,

multiple spiking levels may be used (method of standard additioms).

L. PERFO CE AND SYSTEM AUDIT

Each QAPP should describe the internal performance evaluation and technical
systems audits which are planned to monitor the capability and performance of

the system(s) to be used for obtaining critical measurements.

The technical systems audit consists of an evaluation of all components of
the critical measurement systems to determine their proper selection and use.
This audit includes a careful evaluation of both field and laboratory quality
control procedures. Systems audits are normally performed before or shortly

after systems are operational; however, such audits should be performed on a
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regularly scheduled basis during the lifetime of the project of continuing

operation. The on-site technical systems audit may be a requirement for formal

laboratory certification programs.

After systems are operational and generating data, performance evaluation
audits are conducted periodically, as appropriate, to determine the bias of the
critical measurement system (s) or component parts thereof. The plan should
include a schedule for conducting performance audits for each critical
measurement parameter, including a performance audit for all measurement
sistems, should the nature of the work require that a performance audit be done.
As part of the performance audit process, laboratories may be required to

participate in the analysis of performance evaluation samples.

M. PREVENTIVE MAINTENANCE

The QA project plan for a trial burn should itemize the procedures for
preventive maintenance that are relevant to the sampling analysis and efforts
required in the project. For example, the following types of preventive

maintenance items should be considered and addressed in the QA Project Plan:

. A schedule of important preventive maintenance tasks that must be

carried out to minimize downtime of the critical measurement systems.

* A list of any critical spare parts that should be on hand to minimize

downtime.

N. SPECIFIC ROUTINE PROCEDURES USED TO ASSESS DATA PRECISION, ACCURACY, AND

COMPLETENESS

The data quality indicators (e.g., precision, bias, completeness, and
method detection limit (MDL)) should be routinely assessed for all critical
measurement parameters. Specific procedures to assess precision, bias,
completeness, and MDL on a routine basis should be described in each QA Project
Plan, as applicable to the measurement parameter and the system being measured.
The QA Project Plan should also contain and discuss any statistical or

mathematical methods used to evaluate the measurement data.
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0. CORRECTIVE ACTION

Corrective action procedures include the following elements and must be

described for each project:

) The predetermined limits for data acceptability beyond which

corrective action is required.

] Procedures for corrective action.

° For each critical measurement system, identify the individual
responsible for initiating the corrective action and also the
individual responsible for approving the corrective action, if

necessary.

Corrective actions may also be initiated as a result of other QA activities,

inecluding:
° Performance evaluation audits.
0 Technical systems audits.
o Laboratory/interfield comparison studies.

A formal corrective action program is difficult to define for these QA

activities in advance and may be defined as the need arises.

If long-term corrective action is necessary to eliminate the cause of
nonconformance, the following closed-loop corrective action system may be used.
As appropriate, the sample coordinator, analysis coordinator or the program
manager, ensures that each of these steps is followed:

1. The problem is defined.

2. Responsibility for investigating the problem is assigned.
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3. The cause of the problem is investigated and determined.

4, A corrective action to eliminate the problem is determined.

5. Responsibility for implementing the corrective action is assigned and
accepted.

6. The effectiveness of the corrective action is established and the

correction implemented.

7. The fact that the corrective action has eliminated the problem is

verified and documented.

) QUALITY ASSURANCE REPORTS TO MANAGEMENT
QA Project Plans should provide a mechanism for periodic reporting to
Management on the performance of critical measurement systems and data quality.

As a minimum, these reports should include:

' Changes to the QA Project Plan, if any.

° Limitations or constraints on the use or applicability of the data, if
any.

° Quality programs, quality accomplishments, and status of corrective
actioms.

. Results of QA systems and/or performance evaluation audits.

[ 3 Assessments of data quality in terms of precision, bias, completeness,

representativeness, and comparability.

) Quality-related training.
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The final report for each project must include a separate QA section that
documents the QA/QC activities that lend support to the credence of the data and

the validity of the conclusions.
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APPENDIX A

*
Equipment and Procedures Used in Milwaukee Sampling Program

Qverview

During the twelve-month period beginning August 3, 1959, one collection a
week was made from each sample area. The material picked up included all
garbage, ashes, combustible and n~—combustible rubbish produced by the res .:ents

of the sample area.

A special City crew collected the material and separated it during
collection into three categories: ashes, combustibles, and noncombustibles.
Total weight, volume, density and moisture content determinations were made on
each of the three categories. The percent that each component contributed to
the total sample was then calculated. In addition to these physical tests,
certain chemical analyses were made on the combustible and ash portions. The
chemical tests included analyses for hydrogen, nitrogen, carbon, lipids,
potassium, and phosphorus. Subsequent calculations for percent liquid content

and C/N were also made. All tests were performed on each individual sample.

Equipment:

1. A dump truck was outfitted with a specially constructed bed to provide
separate compartments for the ash, noncombustibles, and combustibles
portions of the combined refuse. An Allis-Chalmers forage harvester (shredder)
complete with necessary appurtenances including a loading platform, a 25
horsepower electric motor, a discha:ige spout, and all required safety

devices was used.

*
Adapted from Reference 16.
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2. Six 1 1/2 cubic yard steel bins complete with castors and a removable end.

3. A battery-operated fork lift.

A 1000 pound net-capacity platform scale rebuilt to provide an accuracy of

~

0.1 pounds.
6. Three 55 gallon drums.
7. A gram laboratory scale.
8. A forced air drying oven.
9. A Wiley Mill.
10. A sand splitter.
11. Eleven drying pans.
12. A hand tamp.
13. A Parr oxygen-bomb calorimeter,
14. Air-tight sample cans.

Sampling Procedure:

1. Collected refuse from appropriate sampling area. Separated material during
collection into three separate components, ashes, noncombustibles, and

combustibles.

2. Trucked material to central testing point. A corner of one of the cities

incinerator buildings was used as this locationm.
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Broke open the combustible packages and removed the unburnable items. All
combustible material was placed in the proper movable bin and all

non-combustibles were thrown into their respective truck compartment.

Processing of combustibles.

a. All movable bins containing combustible refuse were weighed
and volume measurements were taken prior to running the material

through the shredder.

b. The material was processed through the shredder four times.
Two movable bins were placed under the discharge spout to halve the
material each time it went through the machine. By halving the refuse
four times the samples was reduced to one-sixteenth of its original

size.

c. The remaining material was quartered by a shovel, retaining about

enough to fill a gallon container.

d. Weight measurements were taken of all the combustible refuse prior to
disposal to determine the moisture lost during the shredding

operation. :

e. The sample was transferred from the gallon container to a drying pan

and placed in the oven.

f. Weight measurements pertinent to moisture content calculations were
recorded.
g. A sand splitter was used to quarter the sample after it was processed

through a Wiley Mill where it was reduced to a maximum size of one

millimeter. The size of the final quarter was about 100 grams.

h. Fifty grams of this were sent for certain chemical analyses and the

other 50 grams were returned to the drying oven. It was necessary to
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redry the material to eliminate moisture added during the grinding

process.

i. The calorimeter test was performed and the information recorded.

Processing of Noncombustibles

a. Noncombustibles were placed in the proper metal bins, weighed, and the

volume determined.

b. This material was stored in an empty bin and separated periodically
into three separate components - cans, bottles. and miscellaneous
noncombustibles. Data were recorded to enable calculation of the
percent of total weight and volume represented by each component. The

material was then thrown away.

c. Once a week a grab sample was taken from the material produced by one
classification. This sample was taken from a different area each

week, thereby each area was tested once every 10 weeks.

d. This sample was placed in a drying pan and then put into the oven.
e. Weight measurements pertinent to moisture content calculations were
recorded.

Processing of Ashes

a. Ashes were placed in the proper bin, weighed and volume measurements

were taken.

b. The ashes were quartered by shovel, retaining approximately a pint of
material.
c. The pint sample was placed in an air-tight container and stored until

all such ash samples for the week were placed therein.
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At the end of the week the sample container was emptied and the lumps

were reduced with a hand tamp.

The material was quartered with the sand splitter, retaining about 2

pounds.

A moisture content was made by use of the drying oven and the

pertinent weight measurements were recorded.

The dried ash was reduced to a weight of about 400 grams with the sand

splitter.

Half of this was sent to Purdue for further analyses and half was

returned to the drying oven.

After a second drying period, a calorimeter test was performed.
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APPENDIX B

ASME-EPA DRAFT ENVIRONMENTAL STANDARDS
PROTOCOLS FOR SAMPLING AND ANALYSIS OF

PCDD/PCDF .  .SW COMBUSTOR EFFLUENTS
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STANBARD PROTOODL. POR RECORDINC
FORNACE OPERATING DATA BURING SAMPLINC POR
TRACE ENISSIONS OF CHLORINATED ORCANIC CvPrOUWRS
IS OEACY FRON SOLLS WARTE COMBUSTION FLANTS

MDBCTIoN

The informstion ea furmece epsrstion which should bde gathered duriag
ts for tisce emlgsions of chlerimsted ergenic compauads 1s svamsrised fa
folleving dets fera. It will be meted that actusl veluas while sespling
usdervey 1a the fers of copies of actusl otrip charts s the prefsrabdle
a of reperting opesating infecmstion.

Whete design taformetioa 1o rvequasted, it sheuld be characterletic eof
asl eperation st the tiee of yeor when sespling fs actuslly belng done.
paricon betveen the expected sad actusl values duting csapling fo » guide
te whather the systen was eparatiang mermsily wvhile it vas befang sswpled.
the comparisca suggests ths systea may met have bean spessting sermslly
fag ssmpling, 1t mey be difficult te atilised the data.

1t will slso be moted that some of the vequired l(aformstion 1o to be
ilected se mearly ceatliaueusly es pesaible duriag ssmpliag. This s se »s
permit detection eof cheages, iatended osnd insdvertest, vhich may bave
:utved during saspling. Tha eccurrence or absence of sny auch changes s &

:tor in iaterprating the results of the ssapling.

Recording the essential laformetion shell bagia ot lesst thrae hours
(ore sampiing 16 begun snd bs coutimued for ot lesst sa hour after saapling
terainated.

The folloviag form 1o latended te accompany reperts sa seurce saspling
refuse-to—snergy fecilities.

CECROUMB IRPOAMATION

S ————— ettt gt

Name snd sddrsas of the facility:

’ Neme sad telephose nusmber of plant geners] mansger or other persca te
contact regatdiag smission ssepling progras:

}. Nesme snd talephone sumber of salssion sswpling tesm msnager:

DRAF

Mame sad telephone sumber of persoca responsidie for laborstosy smalyels
of ssuplas:

[
5. Nams onéd telephone nunber of metaorological monitoriag statioa serviciag
the lecality of the plont:
[
6. Desigaation of the combustion trainm actuslly ssmpled:
[
7. Daste of calssien saspling:
Tima vhen sempliag starced:
Ties whea saspliag terminsted:
FACILITY pescmirvios
8. Type of zefuss processiag system (e.g., mase—burn, refuse derived fual)s
9. Deacribe refuse prepscatios msthod, if sppropriste: )
10. Type of fursace (a.g., weterwall, relractory-wall, hybrid):
Is suxilisry fuel vegulerly fired! If so, what fuell
11. Design hest release rate (MBtu/hr):
12. Deaign stess production tate sad conditioma; 1be/nr @
°r, paig, ssd (1f satursted) I queltty.
13. Peed properties for which uait vas deaigned:
- Range of hesting valuss to Beu/dd
- Range of swlsture conteats to wt X
- Range of assh conteats to wt X
1A. Plesse provide s cross-sectionsl diagrse of the facility, prelersbly to

scels, showing the apstisl relationship between the major eclements of the

“h - ciinrna fand avatsm ta the arata’ the grale
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and r1esldue removal eyetenm; shape of the furnace; primary snd secondery
conbustion sir potts; the boiler ond fte flue ges posssges; soot blowere]
asjor heat transfer sutfaces; scomomizer; sir prehester (1t appropriste);
ofr pollution comtrel system; fnduced draft fan; ond astach. ladicate
locetions of tempersiuse and pressure detecters slee.

Decscription of the grate system:

Supplier:

Type (e.g., reciprocsting, reller, traveliag, vetary):

- Bunber of step sections (i€ spprepriste)s

- Grate arss (ll’) (or equivalent):

Description of the boiler:

- Supplier:

- Furnace volume (lt,)l

- Fitebon dimenciocas (ft): L U] ]

- Xiad of soot bdlewsrs:

- Soot blowing schedule (sppreximste times):

Type of comsbustion (e.g., excess sir, starved six)s

Overfize snd underfire sir distributieas

- Describe design snd typs of sll airx portet

- Describs how tetal combustion aicr snd air distribeutien fs contrelled

- Verify thet air distribution systems sre opersting as designed:

20.

2’.

0.

Type of draft:
Rov i dvslt segulated:

Description of solié waste {esding and stoking system:

DRAF

Nov io feeding r1uce contrelled?

Fsequancy snd length of feed reas stroka:

Describes tha everall plant control systes logic (e.g., what seasusremsats

sre weed oo the bacis for coatsolliag Ciziag ratet):

Sceck helight (ft):
Stack dismetar ot top (ft):

Type of sir polluties comtrel systes:

1f electrestatic precipiteter:

Rapping frequency:

Specific collectioca ares m’/nooo ACIM):

Design tempearastura st falet (°F):

Nunber of fndependent bus sactiocas:

hich fndependent bus sectiocas ware ia service during emission

ssnpling?

Deaige particulate losding at fslet:

1f febric filcere

Fabric type

grains/dect
st eutlet: grains/doct
Welght Veave Pinleh

Bag clesaing method snd frequency:

Adv-to~cloth rstio (ACI'N/M’):
Besign pressure drop ecross begs (ls., ¥.C.):
Design gos tempersturs st fnlet (°F):

Totsl number of bags:
»




 UkA

- Actual sumber of bage ia sarvice at time of sampling!

- Range ta preseurs drep acvoes bage dusing testing:

wnich flue gas compomante sre vegulsrly asssutedl Indicate locstion of

DRAFT

Construction debris

Known hszsrdous weste

scaltor? TEST BATA
Inst rumant Unit Served 31. Baremetric preseure st start of test (ia. Wg):
Moded = _ Locetfos 3y Inis Moaltes
32. Precipitstion over saves days prior to test (in.) by day:
Oxygesn . ———————————
33. Relstive humidity at start of teet:
Catbon Monoxide
34. Teupersture of combustios sis sfter sny air hestars (°F):
Mydrocarboas
Uadectire Overfire
Othas (Speacify)
35. Tempesstuses of cosbustion sir st 1alets te ferced dralt laa (°F):
Is flue gas opacity regularly moaitered?
Oaderfise Overlice
Descriptioa of existiag tempersture moaitsrs:
36. Cosbustion air flow rates (ACPM preferable) or pressute tf flow s mot
Locatioas: svailable -~ fnclude ostrip chart vecord 1f available or record msssure-
ments on fadicetors st 13 misute imtervals st & miaimua:
Type of temparature detecter(s)s
Undeciire Overtise
Nanulacturer aad sodel mumber:
37. Solid wvasste firiag tate over test period (sttsch etrip chart secerd if
Dete of most receat calibratiesat svailable; §f wnot available, give total gquaantity of waste fized over
sanpling period sad meximua snd mininus firing vates):
Time constants of in-pleat wsasuring devices (prassuse gouges, flus geo
sonitors, thermocouples)t
ladicete method of determining ficiag rate [losd cell, crane coust, ram
Whet e the voluatary shutdewm schedule for routine maintensnce of the cycle, other (specity)):
process trais beimg saupled?
Dates of the sost secest shutdowm fer youtine maimtemance ao‘ type of 38. Auniliary fuel tiring zate over test period (attsch strip chart recerd if
available; £f mot avellabls, give totsl quantity of waste fired ever
salatensnce perlormed? ssspling period snd maxisus snd alaimua fising rates):
Typas of vefuse soraslly sccepted at the facility (plesse iadicate source
of i1his inlormation):
39. If eoot blowing occurs duriang ssmpliag period, give timss and durstion:
Apprortmsce Pescemtoge
Restdential .
AO0. Ffurnace tesperstures:

Commercisl/institutionsl

lodustrial

- Deslign temperstures and locations: °F,

- Attach pummary record of furnace temperstule messurements duslog



Wi o

- Attach strip chatt Tecerd of temparsture at top of furmsce, fa fremt
of scresa tubes ~ over the sampling petied (if records ste aveilabdle
for sere than ene fo-plant thermoceuple, faclude than and specify

thair lecstiess)

41, Flus gss smalysis:

- Attech strip chart rececds fer comcestrations of the follewing flwe
gse tomstituents, msasured eover the sampling peried: carboa
soaexids, carbea dienide, Suygea, nitreges exide, sulfur dioxide,
total hydtecarbens, water vaper, and flus gas flew

- Attach strip chart recerd for Lfe—etack epecity sver the sampling

42. 1Imclude a copy of tha eperster's leg for the peried of the test.
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SAHPLING FOR THE DETERMINATION OF CNLORINATED
ORGANIC CONPOVNDS 1IN STACK EMISSIONS

.

PRINCIPLE AND APPLICADELITY

Prtaciple: Stack gases thet may contein chlortaated
erganic ceapounds are vithdrswa frem the steck usiag @
ssmpling trata. The snslyts fs collected tn the sampling
tesla. The cempounds of interest are detormsined by
solvent entraction follewad by gae chremstegraphy/mass
spectrescepy (GCC/u8).

Applicability: This methed lo spplicable for the deter-
aination of chlorinsted srgenic conpounds la steck enmia-
aloens. The ssapling train 1o se designed that enly the
total smeunt of esch chlevrinatad ssgaanic conpovad La the
atack snfgsions may be detorained. Te dsate, ae otudies
have beeon parfersed te dencanstrsta that the parciculsate
sand/er gasesus chlerinsted arganic coanpounde collectead in
ssparate paxts of the saspliag traia sccurstely dascribes
the sctual pazcitien of ssch fa the stach calssiens. 1If
sapacrate peste of the saspling trala are saslysed separ-
ataly, the date should be Lacluded and oo anoted as i
Section 2 below. The sampliang shall be conducted by
cespatant perseanncl ecuparienced with this test precedure
snd cogaizant of facricacies of the speration of the
prescribad ssmpling trela sad coastralats of the asnslyti-
csl techniquas for chlertuated erganic cospounds, sepsct-
ally PCBBs sad PCBRe.

conpounds of
resie or o

Bote: This mathed saovacs thet all of the
tntesent ste collocted elchar oa the XAD-2
wpetrass ssapliang tsein componsnts. Slmce the ssthed at
the present tiss bas ast deca velldetad 1a the presesce of
sl]l che other coumpoanaants preseat (EC1, high ergaaic 1esd)
ia the steck sstssioen, 1t 18 recoamended that spptopriace
qualtey sentrel (QC) steaps be eaploysd wati) such valide-
tiea heo desa completad. Thase QC steps nay faclude the
wee of & bachup vasia trap or the sddition of & reprecen-
tative ladeled standard (distinguishedle fron the faternal
ctandard wsed feoc quantitetion) te the filtar snd/exr the
34D-2 ta the £fleld prier to the stert of ssnpling. These
steps wil) previde inlersstien on pessible breakthgough of
the compounds of Laterent.

REPORTABILITY

Recognizing thst modificatioan of the method sy be required
for specific spplicaticms, the finel report of & test where

chonges ate sada shall fuclude:
(2) the

(1) the exact msodftfication;

rotionsle for the sodiltication; and (3) em cotimale ol

the elflect the modificetion will produce om the datas.

Al

|
DRAF |
RANCE OF NINIMUM BRTECTABLE STACK CAS CONCENTRATION '

The conge of the sanslytical mechod asy ae expsnded ceossldar-
ably through concentrstion and/er dilution. The totsl method
seasitivicy Lo alee highly dependent oa the volume of steck
8ss csmpled sud the detection l1ait of the saslytical flateh.
The user shall detecrnineg for thelr oystem the mianiaue detact-
able stack gas coacestrstton ler the chlortunted ecganic com-
pounds of interest. The minmlaus detectghla atack gee comcem-
tcoation should geserslly be ta the ag/a (nsnogram/cuble
sstetr) or louar rsage.

JuTsAFERRNCES

Ocgonic compouands other thsa the compeunds of fntarast mey
faterfore with the snelysts. Appropriste ssaple cleasn-up
steps shall be porformed. Threugh sl) stoges of anmple
hendling sad enalyste, cave should do takon to avoild coatsct
of samples sad estrects with syathetic arganic saterisles other
than pelytetsaflvecethylone (1PE®). Adheotives should met be
weed teo hold TIFE® limesa o 'ids (but, 1t neceanary, appre-
priate blanke auet be rua: .ad lubcicoting sad sasling
gresses must not be uwsed os the ssnpling tretn.

PRECISION AMD ACCURACY

Precision and sccurscy messurements have not yet been nade on
PCDD ond PCODF wetang thie method. These messurements are
needed. QBowever, recevery eofffcliencions for source.s mples
splhed with cospovands have ranged fcom 70 o ItOl..',

SANPLING RUNS, TINE, AND VOLUME

6.1 Sampling Ruas: The nvaber of ssupling runs muet be
sufficient to previde sinteal otatistical data and te ne
cease shall ba lese thas thsee (I).

6.2 Ssmpling Tina: The ssspliag time wust be of gutfficliest
Jeugth te provide coversge of the avesage operatiang cenditions
ot the seurce. HRNeowsvar, this shell aet be leee than thres

heurs (3).
6.3 Sassple Volume: The ssspling volume must be aulfticient to

previde the requiread smoual of ssslyte to meet both the NOL of
the smnslycical finlsh and the allowable stack cntontons. It
msy be cealculated using the folleving formuls:

Ssaple Volume ~ 4 5 1%2 x 1%2 =

D=

The snalytical MDL in ng
Pescent (X) of the ssmple required per anslyticsl flanteh
Tua

A =
|
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D = The allowveble steck eamlselons (n.l.’)
Ezsemple: A = 0.030 mng; B = 10X; C = 30X; gnd D = | -|I-’

sv - 0.05 x 138 & 1%% x)eia

7. APPARATUS

Sesmpling Traia: The train coensiste of moszle, probe, hested
particulate filiter, snd serbent nedule felloved by four impliagere
(rig. 1). Previsien is mesde for the sddftiva of (1) o cyclone 1a
the hasted filter box when tasting seurces caitting high cencan-
trstioas of particulates amsttar, (2) & lacrge vater trap betvesa the
hested f1ltar and the sorbent medule for stock gasas with high
moisture content, and ()) sdditieons) tapingers felleving the
sorbent medule. 1l emne of the options s wtilised, the eptien
used shell be detotiled Iin the sopert. Ths treins may be coastrvet-
ed by asdaptisn of an BPA Methed 3 trsian. Descripticns of the
ssmpling trala conpencats ate caniained in the lelloving sectiicasn.

7.1.1 Mozsle

The nossle shall be nade to the ospecifificotions of EPA Meathed
S. The sexsle masy be wade of nickel plated stelnlses steal,
quarts, of borosilicsate glasse.

7.1.2 Psobs

The probe shall ba lined of made of YFE®, beroailicate, er
quarts gloess. The linar or probe ontends past the retatafag sut
fato the stech. A tempersture controlled jacket prevideas protec-
tion of the liner of prede. The limer or preobe shall be esguipped
with a cosmecting fittiag that is copeble of fecrmiang & leak-fges,
vacuus-tight coanection withoul sesling greases.

7.1.) Ssmple Traasfer Limes

The sample troansler lines, 1f needed, shall be heat traced,
heavy walled TFE® (1.3 ca (1/3 ta.} 0.D. 5 0.3 ca (1/8 ta.| well)
with coamecting fittings that sre cspable of (orming lesk-frae,
vacuun-tight coanections wvithout weing sesling greases. Tto.lll.
ahould be ss shoft ss pessible sand sust be sainteined ot 120°C.

7.0.4 PFPileter Holder

Borosilicste glsse, with o glass frit filter support aad o
gloes-to-glass sasl or TPE® gasket. A rubber gasket shall mec be
used. The holder desigs shall proevide o positive sesl agatinmee
leskage from the outside or around the fileesr. The holder ohall
be sttached ismadiately 8t the outlet ol the probe {or cyclome, 1f

used) .
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The cycleas shall be constructed of boroceilicate glase with
coanecting fittings that are copable of fermiang lesk-free,
vacuun-tight coamactions witheut uveing sealing gressss.

7.0.6 QRilter Mestfag Systesms

The heatliag syotem sust be capabls of satstaeining s tenperra-
ture sreund tg. ttdeear ’ol‘ct (ead ¢; .ome, {f weed) ducing sampl-
fag of 1208147°C (2402237F). & tesperatuge gouge cspable of
sessuriag tasperature te withia 3%C (3.4%7) ehall be tastalled oo
that the teapsrature srouand the filter helder can be reguleted sad
sonistored during saspling.

7.0.7 B8eolid Sesbent Medule

Amberlite XAD-2® yesia (RAD-2), cealinad ian & crep, shall be
used as the serbent. The serbent aedule ohsll be wada of glcos
with connscting fitttags that aze able te flors lesk-icres, vecuue-~
tight senls withoul ves of scsleat gresdan (Pigs. 2 and 3). The
EAD-2 trep must be in & vertical pesitiean. [t is preceded by o
cofl-typa condonser, slee oriented verticelly, with clrculsatiag
cold wateg: GCao snteviag the serbent asdule sust be nsintsleed at
€207C (487F). Gas tosperature sholl be asnicored by & therse-
couple placed olther at the falec or oxic of the serbdaant crep.
The sosbent Deod must be fisnly packed sad securad g2 place ts
preveat settitng or chemacling during sssple collection. Gsouad
glase cops (or equivalesnt) sust be previded te seal) the socrbinkt-
€i1lled trep both prier te oaad fslleving sespling. ALl sorbent
modules awst by salntained Lla the vertical pesition during sumpl-
img.

7.1.8 lapismgere

Four et sere fepiungers with ceanscting fittings able te lore
lesk-fres, vacwuan-tight seals without seaslant gresses vhen cca-
ascted tegether, shall be weed. ALl faptagers ase of the
Grecssburg-Saith dastiga sedifted by teplaciang the tip with 1.3 ca
(172 sn.) 1D glace zube extending to 1.) ca (1/2 ta.) trem tha
bettom of the flask.

7.1.9 HNetariag System

The meteriag syotenm shall cemstat of & vacwun gsuge, s leak-
free pusp, thezmometers capsble of messuring tesparstuse te withis
3%c (~5%F), & dry ges meter with 2 perceant sccurscy st the
requited ssupling rste, and relatead aquipsecat, or equivsasleat.

7.1.10 Bsrometsr

Mercury, smeroid, or other baromelers caspable of messuring
stmospheric pressurs (o withia 2.5 lig (0.) 1a. Rg) shall be used. :

43.2 cm
(17 in.)

10.8 cm
(8 /2 ia)

E%

— —0.0. 4.7 cm

(2 174 In))

DR
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Pig. 3 Asceptable Sorhent Medule Desigs 2

7.2 Ssmple Racovery, Supplice, sund Equipmesat [)[?lx
7.2.3 Eround Gloes Copy or Hgusug Blased Alusianue Poll

To cap off adsocrbent tube and the other ponple-enposed pos-
tloces of the tesin. If TFE® octev coanectioms ste used, Chesn TFE®
sctaw caps shall be uweed.

7.2.2 Jgfles FEP® Maeh Bottla
Three 300 o), Nelgene Ne. 0023439, eor equivalent.

7.2.)3

Jauert bristle bhruash with stsfialess vteel cod-handle of sutti-
clent leagth that 18 cespatible with the liner or prodes sad treaa-
tez lime.

7.2.4 Pllter Sterege Contsiners

Sesled fi)ter holder or preclesned, wide-south amber glase
contalasce with IFE®-11aed screw caps or wrappad iu henane tinsed
sluajisue feotl.

7.2.5 DBslance

Triple besm, Ohous sodel 73505, er equivalent.

7.2.6 Aluanisus Feil

Sesvy duty, hezane-rinsed.
7.2.7 Preclegnad Nets]l Can
Te recever wsed silica gal.

7.2.8 Preclesnsd Crsdusted Cylisdey, s.g., 250 wl

230 ), with 2 al grasduscions, berocsilicete glass.

7.2.9 Liquid Sample Stovrsge Comtaimers

Precleaned asnber glass bottles ot clesr glase botilas wrappe:
in epaqus material, I L, with TFE®-210ed screw caps.

8. NEAGENTS

8.1 Ssepling
8.1.) Filter -- Fibecglase Reeve-Angel 934 AN or Equivalaest

Prior to use ian the field, eosch lot of filtere shall be sub-
jected to preclesning end e quality coacrol (QC) comtealastion
chack to confire thet there are mo contsslnants present that wi}
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terlace with the snslysis of snalyte at the tsrget detection
sits.

11 performed, (iltec preclesaing shall cometst of Soxmhlet
trsction, 1a batchen met te oncesd 30 filtecs, vwith the sol-
mt(s) co be appliied to the field cssnplee. As o QC chech, the
itsocting selvent(s) shsll be oubjected te the ssume coacestss-
ea, cloesnup snd snalysis precedurss te be used for the fleld
mples. The beckgreusd ot blask velue obsarved shall be cen-
isted te & per (ilter basie ond shall be cercacted lor say
iftearences La concontration facter between the (C chack (c’QC)
14 the actusl sasple saslysis preceduss (Cl.).

&
Blask value par {filcexr =

where:

C? = laitiasl volume of extracting sclvent
Piesl Velume of cencentzatad extsact

The quasaticative critearion for scceptable filker qualficy will
apend oa the detection limft criceris established for the field
sapliag sad saslysis pregrem- Filtese that give & bachgrouvad or
lank signel per (flCac grester thaa or equal so the target detec~
ten Jialt for the snalyte(s) of concera shall be rejoctad for
teld use. MNote thet scceptance criteris for filter clesslliasse
apands mot caly ea the taherent datection limit of tha asslyels
,ethed but sine en tha expected (1ald semple volune snd ea the
iestzed limit of detactien ia the ssapled straas.

1f the t1ltace 4o not pass the QC check, they shall ba re-
,mtrscted and the sslveat enttscts re-asnslysed uatil sa acceptably

iow backgreuad level (s schiaved.

Amberitite XAD~2 Reein

'.'.2 P~ e e

The cleenup procedure may be carsisd out 1a s glamt Soxhlet
sstrector, which will contaln sncugh Amberiice XAD-2® reeta
[XAD-2) for several samplisg treps. Am sll glaes thisble 35-90 ma
20 x 150 ma deep (top te f51t) contalalng on exirs coarse tete Lo
usad for axiraction of 14D-2. The frit is recassed 10-13 ma sbeve
s trenclatad ring ot the bottoa of the thinble to factilicate
The IAD-2 aust be carelully retsined in the extracter
lug snd statnless steal acraea stince [ 14
Thie process tavolves sequentisl

drainegs.
cup with & glass woel »p
tlosts oo methylens chloride.
excrsction ia the follewing order.

Solvent Procedure

Intttal yinse with |} L “20 tos ) cycle,

DRAF

Neter Eatzrect wich llo for 8 &y

Nethyl slcobhel Extrect far 22 ar

Nethyleone caleride Enkract for 22 N¢

Hexane Butract for 22 &t

The XAD-2 must be dried by cas of che following techaiques.

(a) Aftax evelustion of several methods of removiag restdusl
selvent, s fluldised-bed techuique has proves to ba the fastest
and most selisble drying methed.

A sluple column with suttable vetatners ae showa fa PFig. &
will serve 8s & sstistactory coelusa. A 10.2 co (A ta.) diameter
Pysex pipe 8.6 & (2 fc. loag) will hold all of the XAD-2 frea the
Sexhlet exntractes, with sufficlient space for tlutdtiatag the bded
while goneratiag & wmialsuas IAD-2 losd ot the exit of the columa.

The gae used to remove the solvent 1a the key to preserviag
the clesnliness of the XAD-2. Liquid alctrogen froa s regular
cesmarcial Liquid altrogen cyplindar has routinely provea te be »
feliable sousce of large voluaes of gae lrae lroa orgealc ceataai-
nants. The liquid altregea cyliandesr s connected to the coluan by
s length of precleaned 0.93 ca (3/8 1a.) coppar tubiag, collad to
Ppess through & hest sesucce. Ap nitrogea 1s dled frem the cplin-
der, 1t 18 vaperised in the heat source ead pasaes thiough the
colunn. A coaveanieat heat source 16 & vwates bath hestad frem o
sktesn line. The fins) .t‘lo.o- temperaturs should enly da wars 10
the touch and met over A0°C. Buperleace hae showa that sbout 500
8 ol X4AP-21 mey bo dried overnight consusting a full 160 L cylinder
of liquid aitzegen.

As 8 secend chetce, high purtcy tank allrogean @sy be ueed o
dry the ZAD~-2. The high purity sitrogen must firetr be pessed
through s bed of activated chascosl approximstely 130 ol ia
velume. With eithar type of dsying method, the rste of flow
sheuld geatly sgitate the bead. Rucessive (luldation may csvsae the
pacticles te bresk up.

(b) As aa slterssce, §f the mitrogen process 1s not avellsble, the
140-2 wmay 2. dried s & vacuua oven, 1{ the temperature asever
excesds 20°C. -

The XAD-2, evea (f purtchased clean, must be cheched for both
nethyloas chleride ond hexane restduen, plus normal blanks belore
use. .

IAD-2 cleaned snd drslad ss prescribded
sbove 1s suitables for femsediate use Lo the (1eld, provided 1t
pesses the QC contaminstion check deoscribed in (d), belov. Bow-
sracleaned dry XAD-2 @sy devealop umacceptable levels of

{c) Storage of Clesn XAD-2:
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If preclesned XAD-2 (o wot te be veed fescdiotely, At shall bde
stored uwader distilled-in-gless wethanel. No more them twe weesbhs
ptlor teo iattiation of f8ald ssmpling, the excess vethonel ehsil
be decontead; the 1AD-2 shsll be weohed with ¢ sansll veluame of
wethylene chloride snd dried with cleasa attregean ss dasccidad 1o
(b) adeve. An sliguet shall them be taken for the QC contanine-
tiea check descridad 2a (d), belew.

I the otored XAD-2 fslle the QC check, it mey be reclecmed by
tepesting the final twe ateps of the extraction sequance sbeve:
ssquential methylene chloride ond henane extraction. The §C
contanisstion chack shall be repestead after the IAP-2 i@ reclessad
sad dried.

(4) QC Centeninstion Chack: The EAD-2, whether purchssed, “pre-
claaned”, or cleaned ass deocribed sbove, shall be subjected to o
QC check te cealirm the sboence of sny coentssinsnte that sight
couse fjsterfarences in the subsequeat saalyets of field sessples.
Aa slfquet of XAD-2, eqeivalent in eize te one f1ald ssmpling tube
charge, shall be takes te charactorise s single batch of 14D-2.

The XAD-2 aliguet shall be sudjected te the same exntrsction,
concentragtion, clesnup, sad ssalytical precedure(s) as 1o (are) te
be applted to the field sonples. The gquantitstive critesias for
sccoptable 14P-2 quality ‘1] depond on the detection limic cxt-
teris cstabdlished for tih ' Leld sanpling asnd snslysis pregesa.
IA9-2 which yielde s bachyreuad or blank signel greater thas or
equal te that correspendiag te ona-half the MDL fer the saslyte(s)
of concecn shall be rojacted far f1eld vea. Note thet the sccept-
ence liait for RAD-2 cleasslincas dapends anet enly o tha laherest
detectieon lialt of the amalyticel wethed but slse on the onpectad
field ssaple velune snd oan the desized Jintt of detectfios s the
sanpled stresn.

8.1.3 Glass Weel

Cleaned by therough rinmeing, f.0., sequential inuecrsion i
three sliquete of hensae, dried in o 110°C oven, sand stoted ia s
hexsne-wsohad gless jar with IPE®-1lined sctav cap.

0.1.4 !_._(_.!

Defonised, thea glass-distilled, snd stored 1p hexasne-rinsed
gless contoluere with TIE®-11ned acrew coaps.

8.1.3 Silfce Cel

Judicasting type, 6-16 meoh. 1If previcwsly wused, dry ot 173¢3¢
for 2 hr. Daw sflice gel may be vsed a8 received.

8.1.6 Crushed lce

Plesce crushed ice ia ths water beath sround the impingers
decriang ssapling.

-§23-
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SAMPLE RECOVERY REAGENTS

DRAFT

Peasticide qualicty, Burdick and Jacksoa “Dietilled In Glase ™ ox
tvaleat, stosed in exiginel contsinmase. A blaak aust bde
eened by the snsiytical detaction mathod.

Rexane

Pastictide quality, Burdick and Jeckson “Distilled jo Class” or
valeat, stored fa erigtlasl coataimers. A Dlask must be
‘aoned by ths snslyticsl detectien mathed.
, baoCEDuURE

Sectioms 10.3.1.2 sad 10.).1.) shall ba done ian the
labozstery.

Cavtional

.1 Sasaplins

1.1 Preteat Prepscatios

Al) trsin components shall be maintsinad sad calibrated
cordiag to the precedure deecribed ia APTID-0376 valese otharwise

scified bharetin.

Veigh seversl 200 te 300 g percions of stlics gel 1a sic-tight
atolnets to the mestest 0.5 g. NRecerd the tactal veight of the
itce geal plus cantsliamer, on easch coatsinar. Ao am sltersetive,
e sllfca gel may bes weighad disectly 1n Lis lmpluger or ssapling
dder just prier te tsela ssseably. -

Check filters visually sgatast light for frregulssities snd
swe or pinhele leske. Pack the filtecs flat fa & pseclesansd
,ss8 coantsines of wrapped hexsne-sinsed sluninua foil.

Preliminary Deteraimstions

Select the sampling site sad the sinisus suaber of ssapling
sinte sccosdiag te BPA Method ). Detersine the stack pressuse,
rmpersture, and the reage of velocity hesds usiag EPA Nathed 2,

{ is secossended that & lesk-check of the piltat Jtues (osee RPA
sthod 2, Bec. 3.1) be performed. Detecrailue the moistuze comient
stang EPA Approxiastioa Hethod 4 or tte slternatives for Che
urpose of sakiag tsohinetic sanpling sate-settiags. Determine

he stock gas dry mclacular weight, ss described tn EPA Nathod 2,
3.6; 1t tntagrated EPA Hethod ) ssmpling 1o veed for molecu-
determination, che fategrotad bog sample ohall be taken
and for the same totel leagth of ctme es, the

ec .
st welght
feultasncously with,
fA Hethod 4 eempling.

DRAE]

Selact s moszle alse besead on the renge of velocity hasds
such that 1t 16 aet mecessary to change the nozsle ofse tn .-i.:
to mainteia feoskinetic sampling rates. Busing the rua, do anst
change the asasle sise. Basure that the proper dlll.(;-clol
pressuse .lu’. s chosen for the rsage of velocity heads
sncountesed (oae Sectien 2.2 of APA Nethod 2).

Select & suitable probe length such thst all traverse polate
cen be ssapled. Plor lacge stacks, conslder senpliag lroa epposite
sides of the stack te ssduce tha length of probes.

Selact & total ssapling tisme greater then or squsl to the
sininun total sanpling clue specified 1a che (est precedures for
the spacific tadustry such thet (1) the ssnpliag time per pelant s
set lass than 2 ala., sad (2) the saaple veluae tshen (correctead
teo standerd comditions) will enceed the required wintnus tetsl gas
ssaple velume dateruined 1o Sectien 6.3. The latter 1o based ean
an appteniaste sverage sampliag csete.

1c is vecomaended that the auaber of minutes ssmpled ot aach
pelat be sa fateger of an fnteges plus cne-halfl winute, ta order
teo avelid tise-heaspling erxross.

Clegning Clapewase

A1) gless parte of the traln upstreasa of snd fncliudiang the
sorbant aedules sad the lirst fapiager oshould be clesned os
deacribed 1a Bectien JA of the 1980 fssue of “Manual of Asslytical
Natheodea l’t the Analyeis of Pesticides in Runsns snd Bavirssaental
Ssaples.” Specisl core should de devoted to the removal of gesl-
dual silicens gresse scslants on ground glass coennecticas of used
glassvaze. Theose greses reaiducss should be removed by sesking
seversl houss 1a » chrowic acid clesaing solution prier te toutiag
clesalng a8 desciibed adeve. ‘

Asberlifte XAD-2 Resis Tsep

Use a suffticient smouant (st least 30 gas or 5 ;-nlu’ ol stack
gse te be ssmpled) of cleaned IAD-2 to f11) completaly the glasse
esrbhaat trap which has beon thotoughly clesnad o8 prascribded snd
sinsed with hensne. Pollew the IAD-2 wigh hexencs-rinsed glass
weel sand cap both ondes. Thase caps should mot be reacved watil
she trap is ficted tate the (rala. See Fig. ) tor dacstle.

10.1.1.3

The dinenslioas snd XAD-2 capacity of the sorbent trap, osd the
valuse of gas to be ssaplad, should be varied ss necessary toe
ensure effticlent collection of the specles of taterest. Sose
t1llustrative dats 8te presented fa Tablé |I.

10.1.2 Prepearation of Collection Tisin

During prepststion snd ssscably ol the sampling trsin, heep
all traia opealngs where contasminstlion cam enier covered uatll
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Just prior te ssseably or watil ssmpliag fs sbout to begla. DRA

Coaution: Do mot use scslant gresees in assenbling the trsin.

Place sppreximately 100 gus of woter in eoch of the first two
fupingere with s gradustad cyltader, end leosve the third faplager
espty. Place approxtmstely 200 to 300 g or more, If mecessary, of
stlice gol fa the last fnpinger. Neigh esch tnpinger (otes

facluded) ond record the welghts oa the fupingers and on the dats
sheet.

Assecable the train ae showa ia Fig. 1.

Place crushed ice in the wvater bath around the Llmpingere.

10.1.3 Lesk Check Procedurss

10.1.3.1 1lmftipl Lesk Chechk

The train, tncluding the probe, vill be lesk checked prier te
belng fncerted fute the stack sfter the sanpling trata hes besa
sssenbled. Tura on and set (1f spplicable) the hasting/cecling
systen(s) te coel the ssaple gue yat resasinm at & tempesature
suffficlient teo aveid condensatioen (n the ‘rob. snd comnactiag line
te the ft1ret faplager (spproxtimetely 120°C). Allew tlime leor the
teuperstute to stsbilise. Lesk check the traia ot the ssepling
site by plugging the nosxle with o TPE® plug and pellifng o 300 sa
g (12 ta. Ng) vecuum. A lolkn.o’tnt. ta excees of AR of the
average ssnpliag tate or 0.0037 s /ata (0.02 clm) whichever 1o

less, s uwnaccaptoble. Ssaupling sust cease (f pressure duriag
senpling enceeds the lesk check pressvre.

The fellewiag lo-tzchoct l-ctru:tlo- for the sempling train
desccibed 1a APTID-0376" sad APTD-0381 snay be helpful. Start the
pusp with bypsees valve fully epen and coarse sdjust valve coa-
pletely clesed. Portially epen the cearse sdjuet valve snd elovwly
close the bypses valva wntil 300 as Hg (12 fa. Ng) vecuus is
tesched. Do met teverse the divection of the bypase valve. This
will cause water te back up fute the probe. It 380 sa Bg (12 im.
Bg) 1o exceeded during the tast, elther leak check at this higher

vecuua of ond the leak check ses describad delow snd start the test
evers.

When the lesk check s completed, first slowly remove the TFR®
plug trem the Lalet to the probe thea famedlstely tura ofl the

vacuun pusp. This preveants the veter in the inpingers froa belag
ferced backvaird fato the probde.

10.1.3.2 Leesk Checks Duriang s Test

A lesk check shall be perforsed before and sfter a2 chaage of
port duting 8 test. A leak check shall be performed dafore ond

sfter & cesponent (e.g-, filter o1 optional water kmockout trap)
1e changed during & test.

~16-
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Such leak checks shall be performed sccordiag to the procedurs
ives 1a Sectiean 10.1.3.1 of this method exncept that 1t shall bde
1rlermed ot 8 vecuwua equal o ar grester then the highest valus
scorded up teo that polat ia Che test It che lcuh’.. sote lo
sund te be no graster thas 0.00037 o' /ain (0.02 fc /uin) or AL of
e average saapling zste (uhichaver (s amaller) the vesults sre
:captable. 1, hovwever, a higher Loaskage rate 18 observed, the
sates shall etthart (1) cecerd the leskage rate sad then corvece
e velume of gso ssapled since tha last lesk chack ss shows in
sction §0.1.3.4 of thie methed, ot (2) veld the test.

3.4.3.3 Post-Test Leask Chack

A leak check 1s msndstory at the end of s test. This lesk
heck shall be pesformed ia sccesdsace with the precedure glven tn
sction 00.1.3.1 exceapt that 4t shall be coaducted at & vacuue
qusl to eor greater thaa the highast value recerded during the

st. It the l’ll... sate 1o found te be se grester than 0.0003)
/ata (0.02 tc"/eta) er 43 of the sversge ssmpling rate (which-
ver is sasllar), the results are sccaptable. If, houvevar, ¢
fgher laskage rste Ls ebdsscved, the tester shall afthers (i)
ecord the leakage rate sed covtrect the velums 8¢ gss ssapled
face the lasst lesk chock s shews fa Seccien 10.1.3.4 of this

ethod, or (1) veid the test.

0.1.3.4

The aquation glvan fa Section 11.3 of chie mechod for calcu-
attag ¥V (s5d), the coessectad veluns of gas ssapled, cam bes used
8 wgltten unless the leaksge tete obsarvad durilag say lesk checlh
10ter the stast of & tast encesded L, the maniaus scceptsble
ieskage vate (see defiaitiens belov). 1If sn observed leskage rais
inceedes L _, thes ceplace V_ 18 the squation 1 Saction 11.) with

the lollo‘la. espressioa:
iv_ -1 aw,-Lye, _ .
8 el 1 a 4 L' L‘) O'I

¥ = Volume of gos sanpled oo messured by tha dry gss
setar (deact).

L = Maxisuas ’ccoptubll leskage rate squal to 0.0003) -’I.t..
. (0.02 fx”/uim) or Al of the avesage ssnpliag vots,
whichever 1s sealler.

L - Lsakogc xasc observed during the post-test lesk check,
n Jein (te /mia).

L, =~ Leskage rote observed durfag the leak check perfogmed
ptigt to the "1 th” lask check (1 = 1,2,)...a), ' /aln

o " lmtn).

Vil |

L - '..'l‘l. time faterval beiwveen two succeassive laak chache
[}
‘I"I.‘I‘ with the flatersvel botw h oand
een the fteat aad sec

@ =« Ssmpling tiee Intarval betveaa ¢
he last
sand the end of the tess, sian. cof (8 €h) doak chect

Substitute oaly for these laskages (L‘ or L ) which enceeded L
’ L

ltgis Opsrstion

Buriag the sampliag tua, » ssapling rate withian 102 of the
selaceed ssapling rate shall be meintained. Data will be con-
sldesad accapiable 1 sendinges sre recorded ac least evary 3 ates.
ond set nore thas 10X of the poiant resdings ate ia encess of ¢10%
sad the averasge el the potlat vesdinge 1e wichia ¢102. Bucrlag the
sun, 18 it becenes wecesssry te chaage any eystenm component ia sny
poct of the traie, o lesk check sust be posrferned prier te
Testarxting.

10.1.3.3

Tor ssch ruam, record the dats required oa the date sheates. Aa
exsaple 1o showa fa Pig. 4. Be sure te record the infcial dry gas
Beter reasdiang. Recerd the dry gas metear teadings st the baginmaing
:-: o:‘ sl easch sempliag time lacrement snd when ssapliag 1

slted.

Yo begin senpliag, reacve the nozsle cap, verif 1t -
able) that the probe snd sorbaamt amodule t..'.lllul.,c:l(l::':::'
tess are werkiag sad st tesapersture aad that the probe fo prepeacly
pecicioncd. Pesitien the probe at the saupling peiat. lamedi-
stely stast the pusp sad sdjust the flov sate.

1€ the steck 19 uvadar sigantficant sub-anbient presoure (height
of iapiager sten), take care to close tha coeree sdjust valve
betese Ltmsesting the ptobe idate the steck to avoid weter becking
fate the probe. If mscessary, the pusp ey be turaed en with the
costss sdjust valve closed.

Buring the test ctua, wake pariodic sdjustments to keep the
proba teupotsture ot the proper valve. 4dd wmore ice end, 1f
aecessary, salt te the ice bath. Also, periodically check the
leval anéd sare ol the nsnonetar sad meintaln the Ltempessture of
serbeat medule st or lass than 20°C but adeve 0%C.

1f the pressure drop across the train becomes high saocugh to
sake the sampliang rete diflicult to msiatain, the test ruam shall
be termiasnted vanless the replacing of the tilter corcects the
problea. Lt che fllcar 1o replaced, a lask check shall je
pecfocmed.

At the and of the essmpile tun, turn off the puesp, ceamove the
probs sad cnoszslse trom the etack, and recaord the tinal 41y gas
seter resdiang. Petloim the post test leak check.*
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10.2 Bemple Becovery

Preper clessup procedure bagins ae socon as the probe is

MPINOEN
TEMPERATURE,
M4

|

..§ :g fesnoved frea the stack at the end of the ssupliag period.
° .
c : :“ g Uhen the probde cam be osfety handled, vipe off all enterasl
- ;'f é perticeuleote mstter sear the tip of the probde. MRemove the probde
|4 < frem tha tsale and clese off boath eands vwith hexsne-cinsed aslusinua
o = foetl. Besl off the inlet te the tratn with o ground gless cap eor
. i bensae-trinsed aluniave foil.
. I
[ ;E‘ Ysensfer the probe and tapinger sescably to the clesnup ores.
Lt > e This ares should be clesn snd enclesed so that the chances of
« le® contominsting or lesing the ssaple will be winimised. HNe smoking
65 g“ﬁ ghall be sllewed.
of
-é - Inepect the train prier te ond during disassenbly and note sny
'__ 35 "!.A sbeereal conditions, e.g5., brokes filtacs, coloer of the fampingear
£ E,_ ; liquid, etc. Tsest the ssaplas ss lellowe:
5 10.2.1 Comgteimes Wo. )
9:5 Either seal the ands of the filter helder or carefully resmeve
H :;:‘ the filter frem the filter helder sad plsce 1t 1a its fdentified
i - container. Uose s psir of preclesned twesesers te hondle the
a2 Lol filcex. If ¢ 10 necesasncry to fold the filier, do 00 such thet
1 the porticulate cake fs taside the fold. Carelully trsnsfer te
“} P the container sny porticulete mastter sad/er f1lter fibere which
A9 sdhece teo the filcer holder gosket, by wotlng & dry faert bristie
g - brush snd/er o sharp-edged blade. Seal the contslumer.
z % (-
H s; - 10.2.2 Sorbeat MNodules
- 5
P Remeve the sesbeat module frem the train asnd cap 1t ofl.
o
iviz.} 10.2.3 Cyclese Cetch

Il the optionsl cycleae is used, quontitstively recover the
perticulate inte o sanple container and cop.

10.2.4 Ssmple Container Wo. 2

tvg), nd

Quentitstively racover saterial deposited ta the nostle,
prebe, tronster llae, the front half of the filter holder, sad the
cyclona, 1f weed, fixat by brushiug and then by saqueantially
rinelng with scetone and then hansne three times coch snd sdd alld
these vinsee teo Contalner No. 2. Mark level of liquid ea coes-
tefimaer. -

DESMED | ACTUAL

(24
oK)

CLOCK TRME [GAS METER FIADNNG | VELOCITYOMMCE PRESSURE

10.2.3 Sample Coatalner No. 3

Rinse the back halfl of the filter holder, the commecting line
betveen the filter and the condenser sad the condenser (1 wolng
the separsts cosdenser-s0rbent trap) threeo tises sach with scetone

P00l O e W BPM
Pnet o1 BT Ngd

S AMPLING
-

v

!

PONT
NUMOER

TRAVERSE
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xane collecting sll vinses fn Contatmer 3. If usiang the [ 4 = Baremetric pressute st the ssapling it "]
sltes, am Ng

ed condensar-cerbheat tssp, the sinse of the coadensar shall (ta. 4g).

foreed in the labesatery siter temoval of the XAD-2. If the

ol weter kamocheut Crsp has been eaployed, 1t shall be r = Absolut

4 améd recorded and fts contents placed ta Coatslaer ) sloag ® ute stack ges pressure, am Mg (fu. Ug).

e cinsas of 1. MNimse 1t theoe times cach with acetone ? = Stasaderd abdsel

mene. MNark level of liquid ea coatslaer. * atd ug). absslute pressure, J60 an Mg (29.92 te.

L Costajaer Me: 4 . = ldeal gas comstagr, 0.06236 e ¥g-a'/°k-g-mole
21.8) . - -1b-

imove the first impinger. VWipe off the outslde of the ( ia. Ng-te'/72-1b-mele).

jet te Tsweve excessive vater and other asterisl, veigh (sten T = Abesoluts o 4 ° °

lad), and secord the weight on dotas sheet. Pour the ceatente - . voersge 4ry 8es meter tempersture X (7B).

inases ditectly fnte Contstaer Ne. 4. Rianee the isplager T = Absolute a . ° °

sttaslly thres tines with scetone, sad hexsne. Nack level eof . versge stack gas temperature K (T8).

| oa contetner. Tote = Scendard sbsolute tempersture, 2913°x (48°%r).

) Sample Comtalmer No. 3 LT = Tetsl mass of liquid collected In fmplagers sand
silica | W

smove the second .aad third luplngers, vipe the cutside te 8¢

s ancesnive water sand other debris, waigh (stea included) asad v - Yolume of

¢ welght oa data ohast. BRapty the centants and viasas inte a dcn“:dcl).'.. ssapl. . massured by dry gos meter,

tnar No. 5. Rimse each with distilled Bl wster three tiase.

leve) of liquid en centsimar. V.(.(‘) = Volums of gos ssnple measured by the dry gas meter

tead
8 Stilics Gel Contalae cossactad to standard coeaditlons, deca (dect).

emove the last lapinger, wipe the outside to resave excessive V(eed) - ::::::‘:“:::::‘:::°'.:: :::‘3" ssmple corrected to
and sther debris, weigh (stem tacluded), snd vecord weight * °

ts ohset. Place the silica gal tate tca narked contalaer. v = Stack gse velocity, cslculatad by cosbustloa calcu-
latien, n/sec (tt/sec).

CALCULATIONS
) § = Meter bou correaction factor.

erry out caslculations, retalaing ag leaat ene excrs declsal
e beyond that of the scquized data. Rouand oft figures slter AR ® Average pressucre differentiasl scrose the orifice

calculations. neter, am l’o (ia. I,o).

Nomenclaturs [ = TJetal ssapliag tine, nin.
e Total weight of chlorinsted organic compounds ia 13.6 = Specific gravity of mercury.
. stsck gse ssaple, ng.

60 = Sac/uin.
- Comnceantration of chlarinated orgaaic compounds ia

[ .(act.go-. ugl/e ™, C.tl:‘t.‘ to stendard coaditions 100 = Comversiea to perceat.
of 20°C, 760 ma Ng (637F, 29.92 4. Ug) em dry
basis. 1.2 Average Dry GCas Meter Ysaperature and Aversge Orifice

. 2 2 Pressuce Dsop

\ « Cross-sectionsl srea of nozzsle, o (fL7).

* Ses dste sheot (Fig. 3).

’ ~ Water vepor ia the gas stream, propostion by volumse.

ve

Percent of leokinetic ssapling.

1ev ueteht of wster, 18 g/g-male (18



vy

11.3 Dsy Cse Volume

Correct the semple voleae messured by the dry gas meter to
standend conditiens [20%C, 760 am ug (88¢F, 29.92 ta. NC)) by

B B
v (otd) =¥y Tard Toer P06 " %1% Tear t e m
- Y v T
- otd -

wuherte!?

l. - 0.383% ®K/un Ng fer metric unite

e 17.63 ®0/ts. g for Baglish units

51.4 VYolume eof Vater Vaperk
BT sa

Voised) w288y, e}
v TN 2 "ic

wvhera!

kK, = 0.0013 e¥/ml for wetelc waite

- 0.0A22 lt’l-l tor Snglish watite

1).3 |Melgtuys Conteat
'.(ot‘)

- 4 )
we "]o;‘) + '.(.t

tress asseune the
1f liquid droplets ave preseat ia the gae o

etrasm to be sstuveted sand wee o peychtometric chart to ebtain sn
sppronimstics of the aslotuse percentage.

11.6 Percent leskiastic Samplisg

o !‘ Il‘ % + ('- l-) ('!.I + pn/ l @
'e “ .vl 'l ‘l

wheve:

L 0.003454 om Hg - n’l-l ~ %K for matric waits

- 0.002649 ia Bg - te2/e) - °8 fer Euglish saite

1.2

Datermine the concentration of chlerinated ovganic conpounds
e the stach gas esccogding to Bquation 3.

~23-

Lx]
(]
L]

£y - 350 te?sa?
12. QUALITY AssURaNCE (QA) PaocEDURES

The posttive fdentification and quastificstion of epacifie
conpounde fa thie ssscssnent of stattonsry conventionsl combustlion
sources 19 highly dependent on the fategrity of the ssoples
tecelved snd the precistion and sccureacy of oll onslyticel prece-
dures cuployad. The QA precedures dasciibed ta this section vere
designed to meniter the perfernsace of the scupling matheds sud co

previde Lnlacrsatisn te tehe cocceoctive acticans I probleme ate
oboserved.

Tiald Blanks

The f1eld blanks should be osubuitted ss part of the ssnples
collected ot sach particular testing slta. Theos blanke should
consiot of matarials that sra wsed for aunmple colloction sad
stersge and acre enpected te he hondled with exactly the ssae
pteceduze 88 ssch ssaple medlua.

Bleak Trais

For esch serles of test Tuns, 6ct up s blaonk troln in o ssaner
fdenticel to cthat deocribad above, But with the prode tnlet capped
uith hensne-rinsed sluninee foll snd the enit end of the last
fapinger copped with o groeund glase cop. Allow the trsla to
Tenatis ssscndled for s peried equtvalent te one teet tua. Recover
the blsak ssuple as deocribed in Sac. 2.2.
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Scope and Applicability of Method

The analytical procedures described here are applicable for the
rmination of polychiorinated dibeazo-p-dioxing (PCOD) and dibenzo-
m (PCOF) in stack effluents from combustion processes. These methods
also applicable to residual cosbustion products such as bottom and
ipitator ash. The sethods gnuntcd eatail addition of isotopically-
led internal standards to all samples ia kaown quantities, extraction
he sample with appropriste organic solveats, preliminary fractionation
cleanup of the extracts using a sequence of liquid chromatography
mns, and analysis of the processed entract for PCDD and using
led gas chromatography - sass scctn-try (GC-1s). Variows
ormance criteria are specified herein which the analytical data
satisfy for quality assurance purposes. These represent minimum
eria which must be incorporated into any progrem ia which PCOD
PCDF are dstermined ia combustion product samples.

The method presented here does not yield definitive information on
concentration of individual PCDD/PCDF (somers, except for 2,3,7,.8-
achlorodibenzo-p-dioxin (VCOD) ana 2,3,7,8-Vetrachlarodibenzoluran
f). Rather, #t is designed to indicate the total concentration of
{somers of several chlorinated classes of PCDD/PCDF (that is, total
a-, penta-, hexa-, hepta-, and octachlorinated dibenzo-p-dionins and
nzofurans). Of the 75 separate PCDD and 135 PCOF {somers, there

22 1CDD, 38 TCDF, 14 PeCDD, 28 PoCDF, 10 HxCOD, )6 HxCOF, 2 HpCDOD,
COF, ) OCDD and | OCOF.2

The analytical method presented herein is intended to be applicable
determining PCDD/PCDF preseat in combustion products at the ppt to
level, but the sensitivity which can uitimetely be achieved for »

n sasple will depend upon the types and concentrations of other chemical
ounds in the sample.

The method described here must be implemented by or under the -
rvision of chemists with experience ia handling supertoxic materfals
analyses should only be performed in rigorously controlled, limited
ss laboratories. TUhe quantitation of PCOD/PCOF should be accomplished
by analysts experienced ia utilizing capillary-column gas chromatography-
spectrometry to accomplish quantitation of chlorocarbons and simtlar
ounds at very low concentration.

far from complete.

0, JY

The toxicological data which are available for the PCOD m;l PCOF are
That s, the toaicological properties of all of

the (somers comprising the 75 possible PCOD and 135 possible PCOF are
not presently known. However, & considersble body of toxicolagical

data enfists for 2,3,7,8-TC00 which fadicates that, in certain animal
species, this compound is lethal at extraordinarily Yow does and causes
8 wide range of systemic affects, including hepatic disorders, carcinoma

and birth defects.

While much less data 1s available regarding the

toxicelogy of 2,),7,8-1CDF, sufficient dats s svaflable to form the
basis for the beliet that 2,3,7,8-TCOF s simllar in fts toxicological
properties to 2,),7,8-VC00. Relatively little {s known sbout the tont-
cology of the higher chlorinated PCOD and PCDF (that 15, penta through
octachlorinated PCDO/PCOF), although there is some data to suggest that
certain penta-, hexa-, and hepta- PCOD/PCOF isomers are hazardous. Ia
view of the extraordimary tonicity of 2,3,7,8-1CDD and in view of the
exceptional biological activity of this compound (on the basis of enzywe

induction assays

and of compounds having similar molecular structures,

extensive precautions sre required to preclude exposure to personnsl

during hand)

ond analysis of msterials containing these compounds and to

preveat contasination of the laboratory. Specific safety and handliag
procedures which are recommsnded are given in the Appendix to this protocol.

The abbreviations which sre used to designate chlorinated dibenzo-p-
dionins and dibenzofurans throughout this document are as follows:

PCOD - Any or all o( the 75 possible chlorimated dibenzo-p-dioxin {somers
PCOF - Any or all of the 135 possible chlorinated dibenzofuran isamers

TCOD - Any or all of the 22 possible tetrachlorinated dibenzo-p-dioxin isomers
TCDF - Any or all of the 138 possible tetrachlorinated dibenzofuran isomers
PeCDD - Any or all of the 14 possible pentachlorinated dibenzo-p-dioxia {somers
PeCDF - Any or all of the 28 possible pentachlorinated dibenzofuran isomers
HaCDO - Any or all of the 10 possible hexachlorinated dibenzo-p-dioxin {somers
HXCDF - Any or all of the 16 possible hexachlorinated dibensofuran fsomers
HpCOD - Any or all of the 2 possible heptachlorinated dibenzo-p-dfoxin isomers
HpCOF - Any or all of the 4 possible hq;uchlorluted dibenzofuran fsomers
0CDD - Octachlovodibanzo-p-dioxin

OCDF - Octachlorodidbenzofuran

Specific ’Isoners- - Any of the abbreviations cited above may be converted to
designate & spectfic isomer by indicating the exact positions {(carbon atoms)
where chlorines are localted within the molecule. For example, 2,3,7,8-1CD0

refers to only one of the 22 possible T1CDO fsomers - that fsomer which Is
chiorinated in the 2,3,7,8 positions of the dibenzo p-dioxin ring structure.
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Reageats and Chemicals

The fallowing reageats and chemicals are appropriate for use in these
rocedures. |a al) cases, equivalent materials from other suppliers
ay also be used. ’

2.1 Potassium Hydroxide, Anhydrous, Granular Sodium Sulfate and
ulfuric Acid (alV Reagent Grade): J. 1. Baker Chemical Co. or Fishar
clentific Co. The granular sodium sulfate 1s purified prlor to use
iy placing a beaker containing the sodlum sulfate in 3 400°C ovea for
our hours, than resoving the beaker and allowing 1t to conl in & desiccator.
tore the purifted sodfum sulfate in & bottle equipped with & Teflon-
ined screw cop.

2.2 Hexane, Methylane Chloride, Benzene, Methanol, Toluese,
iscoctana: “Distilled in Glass™ Burdick and Jackson.

2.3 Tridecane (Reageat Grade): Sigma Chealcal Co.

2.4 Basic Alumina (Activity Grade ), 100 - 200 mesh): ICH
Pharmaceutfcals. Ilmmsdiately prior o use, the slumina Is activated by
heating for st least 16 hours at 600°C in & muffle furnace and thea
aliowed to coo)l ia a desiccater for at least 30 mainutes prior te use.
Store pre-conditionsd aluming in a desiccator.

2.5 Silica (8ia-S11 A.100/200 mesh): Bio-Rad. The following
procedurs is recommended for conditioning the Bio-5i}) A prior to use.
Place an appropriate quantity of 3i0-51) A in 2 30 sm x 300 mm lon
glass tube (the silica gel is held i place by glass wool plugs) which -
is placed in a tube furnace. The glass tube is comnected to 8 pre-
purified nitrogea cyliader, tlwour 'y tcrtes of four traps (stainless
steel tubes, 1.0 ca 0.0. x 10 c» long)®: 1) Trap No. ) - Mixture
comprised of Chromosorh N/AW (60/60 sesh coated with 5% Apiezom L),
Graphite (UCP-1-100), Activated Carboa (50 to 200 mesh) in o 7:1.5:1.5
ratio (Chromosord W/AM, Aplezon L obtalned from Supelco, Inc., Graphite
obtained from Ultracarboa Corporatioa, 100 mesh, V-M-USP; Activated
Carbon obtained from Fisher Scientific Co.); 2) Trap No. 2 - Molecular
Sieve 13 X (60780 mesh), Supelco, Inc.; 3) Trap No. 3 - Carbosfeve S -
(80/100 mesh) obtained from Supelca, Inc.; 4) The Bio-Sil A is heated
tn the tube for 30 minutes ot 180°C while purging with aitrogen (flow
rate 50-100 al/minute), and the tube i3 then removed from the furaace
and allowed to coal to room temperature. MHethanod (175 mi) is then
passed through the tube, followed by 175 sl methylene chloride. The
tube contalning the silica is thea returned to the furnace, the nitrogen
purge §s again established (50-100 ol flow) and the tube {s heated at
50°£ for 10 minutes, then the temperature i3 gradually increased to

Vande auer 25 minutes and maintained st 180°C for 90 minutes. Heating
A = f¢ continued unti) the tube

' Uhi-.

- cools to room tempersture. Finajl
. Y. the silica (s trans(
dry, glass bottle and capped with 3 leflon-lined screw c.;r;:r‘. ::o:a::f“.

2.6 Stlica Ge) Impregnated With §
ulfuric Acid: Conceat
::::JC:...I ::r::‘c.::::d':::tllm g‘llo;SH A (comlltlonede:sr:::‘:rtﬂzwu
¢ and sgitated to mix thoroughly. -
g::e:‘ ;zo—:::c‘nrud with 8 stirring vrod watt) a uniform -igu‘:c I:’:;:uncd.
250, €s gl s stored ta & screw-capped bottle (Tefion-1inad cap).

2.7 Stlice Gel lapregnated with Sodf i
us Hydroxide:
::dro:::: {39 gg is combined with 100 g Bfo-SHl :l(c:ndl:'l.onzzd:‘s.
ser : above) {a a screw capped bottle and agitated to mix throughly
Aggregates are dispersed with a stirring rod vatil a2 uniform sixturs h-

obtained. Yhe NaOH-sf)ica gal
(Teflon-Vined cap). sel I3 stored fa a screw-capped bottle

2.8 Carbon/Celite:

Carbon: AX-21 Cerbon, Anderson oe el .
Celfite 545: Fisher Sclantific Co' opRent €o.. Adrian, Hich. 4922)

Combine AX-2]1 Carbom (10.7 g) with Celite 545 (124 g) in a
250 ol glass bottie fitted with o Yeflon-|{ined cap. A:iute the mixture
to cosbine thoroughly. Store fn the screw-capped bottle.

2.9 Sepralyte Diol (404): Analytiches International

2.10 Nitrogen and Wydrogea (Ultra High Purity): Matheson Sclentific
3. Apparatus and Materials |

Thz following apparatus and waterials are ap)
propriste for use {a these
procedures. lIa 811 cases, equivalent items from oth
choirwalnidl other suppliers mey

3.1 Glassware used in the analytical procedures (including the
Soxhlet apparatus and disposable bottles) is cleaned by rinsing successivel
three times with methanol and !""‘ three times with methylene chloride Y
and finally dryfng it fm » 100°C oven. Bottles cleaned in this manner
are allowed to cool to room tesperature and are then capped using Teflon-
Vined 1ids.. Teflon cap liners are rinsed as jost described but are
allowed to air-dry. More rigorous tieaning of some glassware with
detergent smay be required prior to the solvent rinses, for example, the
glassware eaployed for Soxhlet extraction of samples. ' !
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3.1.1 Sample Vessels: 125 mb and 250 sl flint glass bottles fitted
with screw caps and teflon cap liners, snd glass test Lubes, VWR-Scientific.

3.1.2 Teflon Cap Liners: Scilentific Specialities Service, Inc.

3.1.3 Soxhlet Apparatus: Extraction apparatus, Allihn condenser,
Kimax Brand, American Scientific Products Cat. Mo. €6252-2A.

3.1.4 Gravity Flow Liquid Chromatographic Coluans: Custom
Fabricated (Detafils of the columns are provided in later sections).

3.1.5 Micro-vials (3.0 s): Rellance Glass,

3.2 Capillary Gas Chromatographic Columns: Two different colums are
required (f data on both 2,3,7,8-TC00 and 2,3,7,8-TCOF, as well a3 on
the total PCOD/PCOF by chlorinated class,are desired. The appropriate
columns are: 1) A fused silica column (60 M x 0.25 sm J.D.) coated
with D8-S (0.25 u fils thickness), J § ¥ Sclentific, Inc., Rancho Cordovy,
Calif., 4s utilized to separate each of the seversl tetra-through
octachlorinated CODs and s, 85 8 group, from a)) of the other groups.
While this column does mot resolve all of the {some:s within each
chlorinated group, 1t effectively resolves each of the chlorimated
groups from al) of the other chlorisated groups and therefore provides
data on the total concentration of each (that 1s, tota) tetra-,
penta-, hexa-, hepta- and octs CODs and m This column also
resolves 2,3,7,8-1CDD from a)) of the other 2) ICDD isomers and this
isomer can therefore oe determined quuntitatively {f proper calibration
procedures are applied as described further in a later sectioa. This
column does not complately resolve 2,3,7 ,8-T1CDF from the other YCDF
fsomers, and {f a pesk corresponding ia retention tise to 2,3,7,8-TCOF
is observed in the analysis using this column, thea s portion of the
ssmple extract must be resnalyzed using the second 6C column described
below 1f {somer - specific dats on 2,3,7,8-TCOF {5 desired. 2) A
fused silica colum (30 M x 0.25 wm i.0. ) coated with DB-225 (0.25 &
film thickness), J 8 W Scientific, Inc., Rancho Cordova, Calif., must be
utilized to obtaia quantitative data oa the concentratioa of 2,3,7.8-
TCOF, since this column sdequately resolves 2,3,7,8-1CDF from Lhe other
TCOF isomers.

3.3 salance: Analytical Balance, readibility, 0.0000 g.

3.4 Nitrogen Blowdowm Concentrstion Apparatus: N-Evap Anslytical

Evaporator Hodel 111, Organomation Associates Inc.

3.5 Tube furnace: Lindberg Type 59344,

DR

4. Instrumentation

Gas Chromstograph-Mass Spectrometer-Data System (GC/MS/0S):
fastrument system used to analyre sample extracts for PCOD/PCOF
comprises a gas chromstograph (fitted for capillary columns) coupled
directly or through an enrichment device to s mass spectrometer which is
equipped with a cosputer-based data systes. The individual components
of the GL/MS/DS are described below.

4.1 Gas Chromatograph (6C): The chromstograph must be equipped
with an appropriate injector and pneumatic systeam to permit use of the
specified glass or fused silica caplllary colums. It sust also Incor-
porate an even which can be heated {1 a reproducible, programmed
tesperature cycle. The injector should be configured far splitiess/
split Iajections. The 6C column performance should be verified st the
baginning of each 8 hour work period or at the beginning of each series
of analyses {f more than one set of sasples s analyzed during an 8
hour shift. Extracts of complex combustion products and effluents may
contain numercus organic residues even after application of the exten-
sive prefractionation/cleanup procedures specified in this method.
Thase residues may result fn serious devistion of GC column perfor-
sance snd tharefore, frequent performance checks are desirable. Using
sppropriate calibration mixtures, as described below, tha retention
time windows for sach chlorinated class of CDDs/COFs must be verified.
In addition, the 6L colix :1112ed must be demonstrated to effectively
separate 2,3,7,8-TC00 from a1} other TCOD {somers {f dats on 2,3,7.8-
TCDO alone 15 desired with at least 20% valley definition between the
2,3,7,8- isomer and the other adjacent-eluting TCOD isomers. Typically,
capillary column peak widths {at half-maximum peak height) on the arder
of 5-10 seconds are obtained in the course of these anslyses. An
appropriate 6C t rature program for the snalyses described herein
is discussed in a later section (see Table 1).

The

4.2 Gas Chromtograph-Mass Spectrometer Interface: The GC-MS
faterface can include enrichment devices, such as s glass jet separator
or & silicons mesbrane separator, or the gas chromatograph can be
directly coupled to the mass spectrometer source, if the systea ha
adequate pumping of tae source region. The interface may Inciude s
diverter valve for shunting the column effluent and {solating the
mss spectrometer source. Al) cosponents of the {nterface should be
glass or glass-lined stainless steel. The interface cogponents must be
conpatible with temperatures ia the neighborhood of 250°C, which s the
t roture at which the interface is typically maintained throughout
analyses for PCOD/PCOF. The GC/MS interface must be appropriately
coafigured so that the separation of 2,3,7,.8-TCDD from the other 1COD
fsomers which 1s achieved in the gas chromatographic columm is not
appreciably dezznded. Cold spots and/or active surfaces (adsorption
sites) In the GC/MS interface cam cause peak tatling and peak broadening.
1f the latter are observed, thorough cleaning of the injection port,
fnterface and connecting lines should be accomplished prior to pro-
ceeding. '
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4.3 Mass Spectrometer {MS): The mass spectrometer used for the
inalyses described here is typically a double-focusing seclor or
gquadrupole lus(rugnt equipped with an electron ispact source (70 ev),
mintained at 250°C, and a standard electron multiplier detector.

If possible, it I3 desirable to have both low and high resolution
capability with the mass spectromeler used, since confirmation of
data oblained by low resolution NS using Aigh resolution MS {3 sometimes
desirsble. Alternativaly, s combination of mass spectromelers can be
used for Shis purpose. The static resolution of the instrument must
be maintained at & minimum of 1:500 (with o 103 valley batwaen adjsceat
masses) (€ operating in the low resolution NS muds, and & minimum
resolution of 1:10,000 §s destrable for operation in the high resolution
wode. The mass spectromster must alss be conligured for rapid computer-
controlled selected-ion sonitoring in both high and Yow resolution
operating modas. At & mninimm, two fon-masses charactaristic of sach
class of chlarinated dionins should be anattored, and these are two
fons in the molecular loa {satopic cluster. 1t (s desiradle for
increased confidence ia the data to 2also moaitor the fragmeat lons
arising from the loss of COC) from the molecular fon. I order to accosplish
the requisite rapid sultiple loa monitoring sequence during the time
pericd defined by a typically capﬂhr{ chromatographic pesk (tha base
of the chromatographic peak s typically 15-20 sacends in width), the
fo)lowing MS parformance paramstars are typically required (assuming
» 4-ion monitoring sequence for sach class of PCOO/PCOF): dwell Lime/
fon-sass, =100 msec.; mintaum susber of data points/chromatographic

ek, 7 . The mass scala of the mass spectrometar {s calibrated usiag
ﬁgh boiling parfluoroherosens and/or some other suitable mass standard
depanding upon the requirameats of the GC-NS-0S system utilized. The
sctus) procedures utilized feor calibration of the mass scale will be
unique 10 the particular mass spectrometer being employed. A Vst of
the appropriate foas te be monitored la the PCOD/PCDF analyses described
herein is preseated in a later sactioa (see Tadle 1).

4.4 Data System: A dedicated computer-based dats systea, capable
of providing the data described abova, i3 esployed Lo control the vapid
selected-ion monitoring sequence and to scquire the data. Soth digita)
dsta (peak aress or pesk heights) as well as peak profiles {dls h{: of
intensities of ion-masses moaftared 23 2 function of time) should
acquired during the analyses, and displayed by the dats system. This
raw data {mass cbrmtognui should be provided in the report of the data.

§. Calibration Standards

A recosmended set of calibration standards to be used in the analyses
described herein is presented below. Stock standard solut fons of the
various PCDD and PCOF isomers and mixtures thereof are prcu(cd in a
glovebox, using welghed quantitfes of the authentic isomers.” These
stock solulfons are contained in appropriste volumetric flasks and are
stored tightly stoppered, in & refrigerator. Alilquols of the stock
standards are removed for direct use or for subsequent serlal dilutions
to prepare working standards. These standards must be checked regulariy

+ - ¢..mant resoanse factors for them over o period of

VLK
time) to ensure that solvent evaporation or other lasses have not occurred

which would alter the standard coacentration. Ya osmende
standard solutions are as follows. € several rec ¢

5.1 Standard Mixture A: Prepare a stock soluti
followiag tsotopically-lshelled PCOD and PLOF in i::o:::::‘::ngh:“
Indicated concentrations: 2.5ag./)%%C,,-2,3,7,8-1C00 2.5ag/ud07C1, -
zo’.’u"'w. i?”d‘.cll"ozn D‘.'..-“lml ZSGQI;‘L"C"-),L),‘J..-
HxCOF, 25ag/ul'®C,,-0CD0, and 25ng/yl'*C,4-0CDF. Port fons of this
tsomar mixture are added to all samples prior to analyses and serve
83 iInternal standards for wse ia quantitatioa. flecavery of these

standards Is also used to guage the overall off) o
procedures. Junge efficacy of tha amalytical

o §.2 Standard B: Prepare & stock solution contatning 1.0 ag of
Cl4-2,3,7,8-1CD0/4L of §sooctane. This standard cam be colnjected

tf desired, along with aliquots of the fisal sample extract to reliably

estimite the recevery of the °(,,-2,3,7,8-1CO0 surrogate standard.

§.3 Stendard Mixture C: Prepare a stock solution connh;tng
100 ag/ul of isooctsne af each of the following PCOD and PCOF:
2,3.7,8-TC0F; 2,3,7,8-1C00; 1,3,4,6,8-PeCOF, 2,3,4,6,.7-PeCOF; 1.2,4.7.9-

. PeC00; 1,2,3.8,9-Pol0D; §,2,3,4,6,8-HxCDF; 2,3,4,6,7,8-HxCOF; 1,2,1,4,6.8-

HxCDO, 1,2,3,4,6,7-HxC00; 1,2,3,4,6,7,8-HpCOF; 1,2,3,4,7,8,9-HpCDf ;
1,2.3,4,6,7,8-1pC00; 1,2,3,4,6,).9-HpC00; OCDF: and OCOD. This ${3omer
mixture {s used to define the ’u chrosstographic retention time
{atervals or windows for esch of the penta-, haxa-, hepta-, and
octachlorinated groups of PCOD and PCOF.  Each patr of isomers of a given
chlorinated class which is Visted hera corresponds to the first and
Jast aluting {somers of that class on the 08-S cagfllary GC column
(except for TEDD smd YCOF). in sddition, this isomer mixture s used
to determing GC-M5 response factors for represeatative isomers of gach
of the penta-, hexa-, hepta-, and ectachlorinated graups of PCO0 and
'tnfi The later data are uiad s quantitating the analytes {n unkacwa
sanples.

6.4 Steadard Mixture D: Prepare a stock solution contaiain
S0 pg/wl of isococtams of each of the following TCOD tsomers: I.g.i,l-
TCob; V,2,3,7-1C00; 1,2,3,9-VCDD; 2,3,7,8-TC00; and 1,2,8,9-TC00. Two of the
fsomers {a this sixture are used (o define the gas chromatographic
reteation time window for TCODs (1,3,6,8-1C00 (s the first elubing VCOD

b. Some of the PCDD/PCDF {somer standards recommended for this method
are available from Camhridge isotope Laborastories, Cambridge, Massachusetts.
Other PCDD/PCOF standards are avaflable from the Breha Laboratory, Wright
State Unfversity, Dayton, Ohio, from the U.S. EPA Standard Repository
at Research Yriangle Park, North Caraline and possibly from other Vaboratories
ot sll af the indicated tsotopically-labelled PCOO/PCOF internal standards
recommended here are presently avaifsble ta quantities sufficient for
widespread distridbutlon, but these are expected to be available in the near
future. :
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isomer and 1,2,.8,9-1CD0 is the Vast eluting Y(DD isomer on the B8-S

G column). The remaining isomers serve Lo demonstrate that the 2,3.7.8-
TCUD isomer is resalved from the other nearest eluting 1CDD isomers,

and that the column therefore yields quantitative data for the 2,3,7,.8-

1CDD jsomer alane.

5.5 Standard Mixture E: Prepare a stock solution containing 50 pg/ul
of fsooctane of each of the following TCOF fsomers: 1,3,6,8-1C0F; 2,3,4,8-
TCOF; 2,3,7,8-1CDF, 2,1,4,7-TCOF; and 1,2,8,9-1(0F. 1his {somer mixture
is used to define the TCOF gas chromatographic retention time window
(V,3.6,8- and 1,2,8,9-1CDF are the first and last eluting 1COFs on the
08-5 capillary column) and to demonstrate that 2,3,2,8-1C0F is uniquely
resolved (rom the adjacent-eluting VCDF isomers.

6. Procedures for Addition of Internal Standards and Extraction of Samples

Both lijquid and solid samples will be obtained for PCDO/PCOF
snalyses as a result of the application of an appropriate stack
sampling procedure. Samples
resulting from the sampling train will include the following (these
will be provided to the analytical laboratory as separate samples in
the form indicated): 1) particulate filter and particulates thereon;
2) particulates from the cyclone ({f used); 3) combined aqueous solutions
from the impingers; 4) the intact XAD-resin cartridge and the resin
therein; S) combined aqueous rinse (1f used) solutions from rinses of
the noz2le, probe, filter holder, cyclone (if used), impingers, and
all connecting lines; 6) combined acetone rinse solutions from rinses
of the nozzie, probe, filter holder, cyclone (if used), impingers, and
all connecting lines; 7) combined hexane rinse solutions from rinses
of the noazle, probe, filter, cyclone (if used), impingers, and all
connecting lines. In addition, samples of bottom ash, precipitator
ash, incinerator feed materials or fuel, quench liquids, and materials
from effluent control devices may also be provided for analyses.

1n general, the volumes of all Viquid samples received for analyses
are mezsured and recorded, and where appropriate, solid samples or
aliquots thereof are weighed. Any samples which are homogeneous (as
for example, 2 single Viquid phase sample or a3 solid which can be
thoroughly mixed) can be split prior to analyses, if desired, provided
that this will still permit the attainment of the desired detection
limits for the analytes of interest. Samples such as particulates from
the sampling train which are generally collected in relatively small

quantity, are preferably analyzed in total.

6.1 Organic tiquid Samples (Acetone and Hexane Solutions) Comb i e
the acetone and hexane rinse solution and concentrale to a volume of about
1-5 ml using the nitrogen blowdown apparatus (2 stream of dry nitrogen)

-9

while neating the sample gentl U‘\I‘\r I
) y on & water beth, R
:t’ul'c'h contained the original solutions three‘u‘nes :'::: :::I‘I’“;:::on
'“n:::n:oa::.:d:r::::: lo“t.:m con:::!rned solutions and mmsmu“s
. $ residue will ligely ¢
:?::h‘::rc removad in the rinses of the trayn proze f:.:'f.:.f::m?:f“
residue (along with three rinses of the fins) sample ;essel)

i the Soxhlet apparatus with
83 described uM::.Sol:d ;.;‘:l\:.::?cr 4nd particuletes, and proceed

add 6.2 Aqueous llquidsw
ma
ixtome l"::::;“::‘u?:::::t{ ::s:::b::o:op:jnl;y-hbeled internal standard
s2m0) ariter) to t

sple (or an a)iquot thereof ) in 8 screw-capped ho't.:l:q:::::d,u:?:!‘n‘a

Teflon-lined cap. Add

spiked aqueous sawmple, szﬁ":»'..";::{nfs:n:’ iiate on yeiine to the
period of three hours. A)loy the vesiel to
organic layers Separate, then transfer the
sample bottle. Repeat the hexane utuctlo:

traction. Proceed wit i
described bopo” h the sample fractionat

Pla 6.3 .:»olid Samples
Ce a glass extraction thimble and ibi
' and 1 g of silica gel and
zn:s:‘m: :::o.the Soxhlet apparatus, charge the azpln'(‘us‘u‘l‘::gl::
retatning the ’“f:.H::‘oIo:n:'h:uri :emve the toluene and discard“::e
. esired, retain i p
::.::ei:el:'r.tl::ctground contamination. For extr:c:?;;‘:? :a’r:'i':u:::ume
e sample in the thimble onto the bed of precleaned uffé.

gel {) ca. thick), and top with
from the initial Soxhlet flunin;h:r:::;tln::‘.ud 3i 1 eol retained

thimble. Charge the Soxhlet
with toluene and ref)
::'::::s;n::::r :::r:cuov'\. c!lou the Soxhlet to :;o{orr:u‘:::'r:eo'
. vansfer it to another sample vess. 1
:?e cltn:;p::.:u:o::u ?; ;ppro;iutely 40 a) by usingeu;e ﬁ(::::;\:;ale
Owdown scribed earlier. ¢ i
tion and cleanup procedures described be'l-::.nd MILh the sanple fractions-

7. Procedures for Cleanup and Fractionation of Sample Extracts

The following column chromatographi
are used in the order given, althgugl'\) n;ts:?l":a;'::n-up g ures
general, the silica and alumina column pracedures "erequlred.
Binimum requirement. Acceptable alternative Cleanup fﬁméd"ed
used provided that they are demonstrated to e”e(llve‘l)y ::u‘:;::tm

In

to be &
ay be
2
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epresentative set of the analytes of interest. The column chromato-
raphic procedures listed here have been demonstrated to be effective

or a mixture consisting of ),2,1,4-1C0D, 2,3,7,.8-§CDD, 2,3,6,8-1C0F,
.2,4,8-T1C0F, 2,3,7,8-100F, V,2,3,7,8-PeCDD, 1,2,4,7,B-PeCDF, 1,2,3,4,7,8-
xC00, 1,2,4,6,0.9-0xCOF, 1,2,3.4,6,),08-HpC00, 1,2,3,4,6,8,9-HpCDF,

CDO and OCOF

An extract abtained as described in the foregoing sections s
oncentrated to & volume of abaul | ml using the nitrogea blowdown
pparatus, and this Is transferred quantitatively (with rinsings) to
he combination silica gel coluan described below.

7.1 Combination Silica Gel Column: Pack one end of 2 glass
:olumn (20 smn. 0.0. x 230 am in leng(h) with glass wool (precleaned)
ind add, in sequence, | g silica gel, 2 g base-modified sidica gel),
| g stlica gel, 4 g acld-modified sidica gel, and ) g silica gel.
(Silica gel and modified silica ge) are prepared as described in the
Reagents sections of this protocol.) Preelute the columa with 30 wb
hexane and discard the eluate. Add the ssmple extract ia 5 sl of hexane
to the column along with two additional § m) rinses. Elute the column
with an sdditional 90 sl of hexane and retain the entire sluate.
Concentrate this solution to a voiums of about | al.

7.2 Basic Alumina Column: Cut off a 10 sl disposable Pasteur
glass pipette at the 4 wh graduation mark and pack the lower section with
glass woo) (precleaned ) and 3 g of Moelm basic alumina (prepared as
described in the Reagent section of this protocol). Traasfer the
concentrated extract from the combination sidica column ta the top of
the column and elute the column sequentially with 15 i of hexane,
10 sl of BX methylene chiaride-in-hexane and 1S m. of 503 methylers
chloride-ian-hexane, discarding the first two eluate fractions and
retaining the third eluste fraction. Concentrate the latter fraction
to about 0.5 sl using the nitrogen blowdown apparstus described earlier.

7.3 P1-2) Carbon/Celite 545 Column: Take a 9 inch disposable
Pasteur pipelte and cut off 2 0.5 tach section from the constricted tip.
insert a filter paper disk at the top af the tube, 2.5 cm. from the
constriction. Add a sufficient gquantity of PXx-21 Carbon/Celite 545
(Prepared as described in the reagent section of this protocol) to the
tube to form & 2 cm. length of the Carbon-Celite. Insert a glass wool
plug. Preelute the column in sequence with 2 al of 508 benzene-in-ethyl
acetate, | si of S0% methylene chioride-in-cyclohexsne and 2 ml of hexane,
and discard these eluates. Load the extract (in | mb of hexane) from
the alumina column onto the top of the column, along with 1 el hexane
rinse. Flute the column with 2 ml of 50% methylene chloride-in-hexane
and 2 ml of 501 beazene-in-ethyl acetate and discard these eluates.
fnvert the column and reverse elute il with 4 mi of toluene, re!.ainlnq
Concentrate the eluate and transler 1t 1o 2 Reacli-vial

this eluate. : i
Stare extracts in & freezer, shielded from light, prior

for storage.

to GC-MS anadysis. |If desired, still anather column chromatographic

clean-up step can be empl
a5 described belog, aployed prior to concentration of the extract,

7.4 Silica/Dio) Micro Coluan Cleanup:

steps small smounts of After the abave clean-up

highly colared polar ¢
complex samples. These are Temoved, if ...“,::':::‘":; :;: :’:'f;:::;l in

column: Push a small plug of
g1ass wool into & df
f'::::.:::::::)“:‘"‘- foliowed by 3 mm of Seprcly::o:::::y:t;e" )
The column s ;re-:tozl:l'u':::nz:‘ ::: fanaily 3 mm of sodivm "‘7'"‘
. samgl -
1005 hexane and eluted with henane, ““tz‘:’l:';p::nd in 100 b of

8. Procedure for Analysis of Sample Ex
tract i
Chromatography-Mass Spcctro-:t’ry (GC-!L:»)? for bcbosbcor sing Gas

8.1 Sample extracts prepared b
y the procedures d
;::::::g’ou';::g::d b{ fc-:s utilizing the folloui:;c:;:::xn:ﬁ
. 'R 0 5 ul portions of the extract
:zt:a:he “t: :nple extracts are first analyzed using the.g-gng::::?nr
ocu-cm .:‘oatl;:a ::‘:awouztl;sc:m'::g;nnons of total tetra-through '
’ 03,7,0- - 1Ff tetra-¢
in this analysis, then another aliquot of the supleoi: :;:J:::c::‘

& separate run, using t - i
or' 3 e s g the 08-225 calumn to oblain data on the concentration

8.2 Gas Chrosatograph

8.2.1 lnjector: Configured for capilla ] i
Injecifon (snjsctor pitlary column, splllless/splu
! ntur: .pzsoec.ow oa 60 seconds following injection), in)ectar

8.2.2 Carrier gas: Hydrogea, 30 b head pressure.

8.2.3 Capillary Column }: For total tetra- throu
2.3,7,8-1C00, 60 M x 0.25 mm 1.0. fused silica 0B-5; temperarur. 05/ COFs and
grammed (see Table | for temperature program). Capillary Column 2.’“-
for 2,3,7.8-1C0f only, 60 M x 0.25 s !.D. fused siiica DB-225, te
programmed (180°C for ) min., then {ncrease from 180“C to 240°C ¢ §°
hold at 240°C for ! min.)

erature
/sian. ,

8.2.4 [(nterface lemperature: 250°C

8.3 Mass Spectrometer

lonization Mode:

8.3.1 Electron wmpact ()0 ev)



8.3.2 Static Resolution: 1:600 (10X valley) or 1:10,000 depending D‘
upon requiremen: Usually the sample extracts are inilially analyzed
using low resolution HS, then If PCDO/PCOf are detected, it is desirable
to analyze a second portion of the sample extvact using high resolution

NS,

8.3.3 Source Temperature: 250°C

8.3.4 lons Monitored: Computer-Controlled Selected-lon Monitoring,
See Table )} for list of fon masses monitored and time intervals during
which fons characteristic of each class of CDDs and COFs are monitored.

8.4 Calibration Procedures:

8.4.1 Calibrating the MS Mass Scale: Perfluoro Kerosene, decafluoro-
triphenyl phosphine, or any other accepted miass marker compound must be
introduced into the MS, in order to calibrate the mass scale through at
Jeast m/2 500. The procedures specified by the manufacturer for the
particular MS instrument used are to be eaployed for this purpose. The
mass calibration should be rechecked at least at 8 hr. operating intervals.

8.4.2 Table | shows the GC temperature program typically used to
resclve each chlorinated class of PCOD and PCOF from the other chlorinated
classes, and indicates the corresponding tise intervals during which ions
indicative of each chlorinated class are monitored by the MS. This
temperature program and (on monitoring time cycle must be established by
each analyst for the particular instrumentation used by iInjecting aliquots
of Standard Mixtures C, D. and £ (See earlier section of this protocol
for description of these mixtures). [t may be necessary to adjust the
temperature program and {on monftoring cycles slightly based on the
cbservations from analysis of these mixtures. C

8.4.3 Checking GC Column Resolution for 2,3,7,8-TCDD and 2,3,7,8-
1CDF: Utilize the column-resolution 1CDD and TCOF isomer mixtures
(Standard Mixtures D and £, containing 50 pg/ul, respectively of the
appropriate TCOD and VCOF isomers) to verify that 2,3,7,8-1C0D and
2,3,7,8-TCOf are separated from the other TCOD and ICOF isomers,
respectively. A 20X valley or less sust be obtained betwean the mass
chromatographic peak observed for 2,3,7,8-1C0D and sdjacent peaks
arising from other TCDD {somers, and similar separation of 2,3,7,8-1CDF
from other neighboring TCDFs, is required. Standard Mixture 0 is
utilized with the DBS column and Standard Mixture [ with the DB-225
column. Analyze the colusn performance standards using the instrumental
parameters specified in Seclions 8.2 and 8.3, and in Table V. lhe
column performance evaluation must be performed each time a new column
is installed in the gas chromalograph, and at least once during each 8
hour operating period. Providing that the same column is esployed for a
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period of time, its performance can also be gauged by noting the peak
width (at 1/2 peak helight) for 2,3,7,8-1CD0 or for 2.,3,7,8-1COF. 1If
this pesk width s observed to broaden by 20% or more as compared to
the usual width for satisfactory pperation, then the column resolution
1s suspect and must be checked. {f the column resolution s found to
be insufficient to resolve 2,3,7,8-1C0D and 2,3,7,8-1CDF from their
neighboring 1CDD and TLDF isomers, respectively, {as measured on the
two different colums used for resolving these two isomers), then a
oew D8-5 and/or D8-225 GC column must be installed.

DR

8.4.4 Calibration of the GC-MS-0S system to accomplish quantitative
amalysis of 2,3,7,6-TCOD and 2,3,7,8-TCDF, and of the total tetra-
through octa-C0Ds and COFs contained in the sample extract, is accosplished
by analyzing & serfes of at least three werking calibration stondards.
fach of these standards (s prepared to contain the same concentration

each of the stable-{sotopically labelled internal standards used
here (Standard Mixture A) but a different concentration of nmative
PCOD/PCOF (Standard Mixture C). Typically, mixtures will be prepared
80 that the ratlo of native PCOD and PCOF to isotopically-labelled
PCDD and PCOF will be on the order of 0.1, 0.5 and 1.0 {n the three
working calibration mixtures. The actual concentrations of baoth natlve
and isotopically-lsbelled PCOD and PCOF in the working calibrstion
standards will be selected by the analyst on the basis of the concen-
trations to be measured in the actual sample extracts. At the time
when aliguots of each of the standards are injected (and also when
injecting aliquots of actual sample extnctsh 1f desired, an aliquot
of a standard contafining typically V ng of €1,-2,3,7,8-1CDD {Standard B)
can be drawn into the micro syringe containing the calibration solution
described above (or the sample extract) and this {s then co-injected
along with the ssaple extract ia order to obtaia data permitting
calculation of the percent recovery of the '°C,,-2,3,7.8-7C00 intermal
standard. Equatfons for calculating relative response factors from the
calibration data derived from the caltbration standard analyses, and for
calculating the recovery of the 2°C,,-2,3,7,8-TCO0 and the other
isotopically-labelled PCDD and PCOF, and the concentration of native
PCDO and PCOF (n the sample (from the extract snalysis), are summarized
below. In these calculations, as can be seen, 2,3,7,8-1CDD is employed
as the fllustrative mode). However, the calculations for each of the
other native dionins and furans in the sample snalyzed are accomplished
i» an analgous manner. It should be noted that in view of the fact
that stable-isotopically labelled internal standards corresponding to
esach tetra- through octachlorinated class are not used here (owing
to Vimited avallability at this time) the following approach is adopled:
For quantitation of tetrachlorinated dibenzofurans '*C,,-2,3,7,8-TCDF
{3 used as the {aternal standard. For quantitation of tetrachloro-
dibenzo-p-dioxins, 1°C,,-2,3,7,8-1COD is used as the internal standard.
For quantitation of PeCDD, HxCDD, PeCDF, and HxCDF, the corresponding
stable-isotopically labelled HxCDD and HxCOF internal standards are used.
for quantitatfon of HpepD, OCDO, and HpCOF, OCOF, the isotopically-
Vabelled OCOD and OCDF, respectively, are used. Inherent in this
approach is the assumption that the response factors for each of the (somers
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f aach chlorinated class are the same, and In the case of the penta-
d hepta-CODs and CDFs, the assumption is made that the responses for
aese two classes are equivaleat to Lhose for Lhe Lelra-isomers and the

cta-isomers, respectively.

8.4.5 Equations for Calculating Response Factors, Concentration of
23.7,8-TC0D 1a An Unknown Sample, and Raceveries of Iaternal Standards.

quation 1:
Ilf‘ -
whare:

Equation 2:

llllf' -

where:

Response Factor (RRF) for mstive 2,3,7,8-1CDD using
33C,5-2,3,7,8-1C0D as an interaal staadard.

(A.C“IA“C.)
L SIN respoase for 2,3,7,8-71C0D fon at a/z 320 ¢+ 322

= SIN response for °C,,-2,3,7,8-7CD0 {aternal standard
' fom at a2 3R2 .

C“ = Concentration of the taternal standard {(pg./ul.)

¢ - Concentratioa of the 2,3,7,8-1C00 (pg./ul.)

A

Response Factaor (RRF) for*’C\ -2,3,7,8-TCDD, the co-injected
entarnal standard

“lscu" “cscu)
A

js = SIN respoase for '%Cy,-2,3,7,8-TCDO fnternal
standard fon at a/z 32

A__ = SIN response for co-injected *’C1,-2,3,7,8-TCOD external
standard at m/2 328 - 0.009 (SIN response for mative
2,3,7,8-1C0D st m/2 322)

€y, = Conceatration of the internal standard (pg-/ul.)

Ces © Concentration of the external standard (pg./ul.)

O
Equation 3: Calculstion of concentration of mative 2.3.7 8- DRAFI
330,,-2,3,7.8-1C00 as tntermal standara " 0 bieS

Concentration, pg./g. = (Ag) (1 )7(A ) (nar ) ()

where: A. = SIN responsa for 2,3,7,8-TC00 {on at a/x 320 + 322

Ay, © SIM response for the '°C,,-2,3,7.8-1C00
is standard foa ot a/z 332 nternal

l‘ = Amount of intermal standard added to esch sasple (pg.)
W = Neight of s01) or waste in grams
IIF‘ * Ralative respoase factor from Equation |

Equatioa 4: Calculation of £ recovery of 2°C,,-2,3,7,8-1C00 tntarna) standard
% Recovery = 100(A  )(E /(A )1, )(

A, = SIN response for 3°C,;-2,3,7,8-TCDD iat
is fon 1¢ bouse ! st nternal standard

A__ = SIN response for °7C1,-2,3,7,8-TC0D external standsrd
€3 fon at a/z 328 - 0.009 (SIN Response for mative
2,3,7,8-1C00 at a/z 322)

E‘ = Asount of °7C1,-2,3,7,8-1CD0 external standard
co-injected with sample entract (ng.)

: l‘ « Theoretical amount of °C,,;-2,3,7,8-1C0D internal
standard ia fajection ;

Ill" ® fslative rasponse factor from Equation 2

As noted above, procedures similar to these are applied to calculate
anslytical results for all of the othar PCDO/PCDF determined in this method.

8.5 Criteria Which GC-MS Data Must Satisfy for ldentification of
PCDO/PCOF in Samplas Analyzed and Additionsl Details of Calculatios Procedures.

In order to (deatify specific PCDD/PCDF in samples analyzed, the
GC-MS data oblainad must satisfy the following criteria:

8.5.) Mags spectral responses must be observed at both the molecular
and fragment ion masses corresponding to the fons indicative of each
chlorinated class of PCOD/PCOF identified (see Table 1) and intensities
of these fons must saximize essentially simultancously (within ¢+ )
second). In addition, the chromatagraphic retention times observed for
each PCOD/PCOF signal must be corvect relative to the appropriate



stable-isotopically lahelled internal standard and must be consistent
with the retention time windows established for the chlorinated group to
which the particular PCOD/PCOF is assigned. :

8.5.2 The ratio of the intensity of the molecular ion (Ml' signal
to that of the {M12)* signal must be within + 101 of the theoretically
expected ratio (for example, 0.7 in the case of 10N therefore
the acceptable range for this ratio is 0.69 to 0.8Y).

8.5.3 Ihe intensities of the ion signals are considered to be
detectable {f each exceeds the baseline noise by a factor of at least
3:1. The ion intensities are considered to be quantitatively measurable
i cacg :gn intensily exceeds the baseline noise by a factor of at
least 5:1¢.

8.5.4 Ffor reliable detection and quantitation of PCOF it is also
desirable to monitor signals arising from chlorinated dipheayl ethers
which, if present could give rise to fragment {ons yielding lon masses
identical to those monitored as indicators of the PCOF. Accordingly,
in Table ), appropriste chlorinated dipheny) ether masses are specified
which must be monitored simultaneously with the PCOF ion-masses. Only
when the response for the diphenyl ether fon mass is not detected at
the same time the PCUOF ion mass can the signal obtained for an
apparent PCDF be considered unique.

B8.5.5 Measurement of the concentration of the congeners in a
chlarinated class using the methods described herein s based on the
assumption that all of the congeners are ideatical to the calibration
standards employed in terms of their respective chemical and separation
properties and in terms of their respective gas chromatographic and mass
spectrometric responses. Using these assumptions, for example, the
130,,-2,3,2,B-1C0D interna) standard is utilized as the internal
calibration standard for all of the 22 TCDD isomers or congeners.
Furthermore, the concentration of the tota)l 1CDO present in a sample
extract is determineu by calculating, on the basis of the standard
procedure outlined above, the concentration of each 1CDD isomer peak
(or peaks for multiple 1CDD isomers, where these coelute) and these
individual concentralions are subsequently susmed to obtawn the concen-
tration of “total” 1CDOD.

-

i

€ in practice, the analyst can estimate the baseline noise by measuring

the extension of the baseline immediately prior to each of the two mass

chromatographic peaks attributed to a given PCUD or PCOF.  Spurious signals
may arise either from electronic noise or from other organic compounds 1n
the extract. Since it may be desirable to evaluate the )judgement of the

analyst 1n this respect, copies of original mass chromatograms must be
wnc buded 1n the report of analytical results.
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8.6 Frequently, du(lng the analysis of actual sample extracts,

extraneous compounds which are present in the extract (those organic

compounds not completely removed during the clean-up phase of the analysis)

can cause changes in the liquid and gas chromatographic elution characteristics

of the PCOD/PCOF (typically retention times for the PCDO/PCOF are prolonged).

Such extramneous organic compounds, when introduced nto the mass spectro-

meter source may also result in a decrease in the sensitivity of the MS

because of suppression of ilonization, and other affects such as charge

transfer phenomena. The shifts in chromatographic retention times are

usually general shifts, that s, the relative retention times for the

PCOD/PCOF are mot changed, although the entire elution time scale is

prolonged. The analyst's interveation in the GC-MS operating sequence

can correct for the lengthened GL retention times which are sometimes

observed due to the presence of extraneous organics in the sasple

extract. For example, using the program out)ined in Table 1, 1f the

retention time observed for 2,3,7,8-TCOD (which normally {s 19.5 minutes)

is lengthened by 30 seconds or more, appropriate adjustments ia the

prograssing sequence out)ined in Table ) can be made, that is, each

selected {on-monitoring program s delayed by a length of time propor-

tionate to the lengthening of the retention time for the 2,3,7,8-1CDD

fsomer. In the case of fonization suppression, this phenomenon is

inherently counteracted by the internal standard approach. However,

1f loss of sensitivity due to fonization suppression §s severe,

additional clean-up of the sample extract may be vequired in order to

achieve the desired detection Vimits.

9. Quality Assurance/Quality Control

9.1 Quality assurance and quality control are ensured by the following
pravisions: ’

9.1.1 Each sample analyzed is spiked with stable isotopically labelled
internal standards, prior to extraction and analysis. Recoveries
obtained for each of these standards should typically be in the range
from 60-90%. Since these compounds are used as tru: internal standards
however, lower recoveries do not necessarily favalldate the analytical
results for native PCOD/PCDF, but may result in higher detection limits
than are desired.

9.1.2 Processing and analysis of at least one method blank sample
is accomplished for each set of samples (a set being defined as 20 samples
or less).

9.1.3 It is desirable to analyze at least one sample spiked with
representative native PCOD/PCOF for each set of 20 or fewer samples. lhe
result of this analysis provides an indication of the efficacy of the
entire analytical procedure. The results of this analysis will be
cons idered acceptable {f the detected concentration of each of Lhe native

-18-
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:00/PCOF added to the sample s within 508 of the known Concentration.
\n appropriale set of mative isomers to be added here i3 & set such
5 that indicated for Standard Mixture C.)

9.1.4 At least one of the samples analyzed out of each set (of 20
ssples or less) s analyzed in duplicate and tha results of the duplicate
aalysis are (acluded ia the report of data.

9.1.5 Performance evaluation sasples prepared by EPA,or other
aboratories, which contain representative PCOD/PCOF in concentratioas
pproxisating those preseat (a typical ficld samples being analyzed
but unknown to the analyzing lab) should be periodically distributed
o laboratories sccomplishing these amalyses.

9.1.6 Sources af all calibratioa and performance standards used in the
nalyses and the purity of these materfals must be specified (n the data

eport.
). Data Reporting

10.1 Each report of analyses accomplished using the protocol
jescribed herein will typically taclude tables of results which include

ihe follawing:

10.1.1 Complete ideatification of the samples analyzed (sample
susbears and source).

10.1.2 TIhe dates and times at which all analyses were accomplished.
Ihis information should also appear oa sach mass chromatogras iacluded

with the report.
© 10.1.3 Raw mass chromatographic data which consists of the absolute

intensities (based on either peak height or peak ares) of the signals
observed for tha fon-masses monitored (See Table 1).

10.1.4 The calculated ratios of the iatensities of the molecular
jons for all PCDD/PCDF detecied.

-

10.1.% The calculated concentrations of native 2,3,7,8-TCDD and
2,3.2,8-1CDF, and the tota) concentrations of the congeners of each
class of PCOD/PCOF for each sample anslyzed, expressed in nanograms
100 per gram of sample (that is, parts-per-billion) as determined

tone the raw data. If no PCOD/PCDF are detected, the notation “Not
* Wle concentratinne

Uik
{or detection Vimits) are reported.

10.1.6 The same raw and calculated data which ar
[ 4
sctual semples will also be reported for the duplicate :3:;::: ‘:irn“'
method blank analyses, the spiked sanple snalyses and any omr‘m

or perfermance
“&:). ssmples analyzed in conjunction with the actual sample

10.1.7 The recoveries of the internal standards in percaat.

10.1.8 The recoveries of the nati
in parceat. ve PCOD/PCOF from spiked samples

10.1.9 The calibration data, Including response factors calculated
from the three poiat calibration procedure described elsewhere in this
m:o::li lhu.s:u::u th:ozh:e factors have been verified at least
onc ring eac ur per of operation or with cach s
of samplas analyzed must be iacluded. ‘”"“. set

10.1.10 The weight or quantity of the original sample analyzed.

- 10.1.00 Documentation of the source of all PCDD/PCDF standards
used and availsble specifications oa purity.

10.1.12 In addition to the tables described above, each report of
analyses will include al) mess chromatograms obtained for all samples
snalyzed, as well as for all calibration, 6C column performance, and
6C “window® defiaition runs and results of column performance checks.

10.1.13 Any deviations from the procedures described in this protocal
which are applied ia the amalyses of samples will be documented in

- datatl in the amalytical report.

. Typical Bata Indicative of Method Performance - Precision and Accuracy.

11.1 The method described herein has typically been employed to
quantitatively determing 2,3,7,8-1CD0 in combustion product samples at
concentrations 8s low as 10 picograms/gram and as high at 100 ug/qg.
Concentrations of the other PCOD/PCOF which can be detected typlically
fall withia the range of 20 picograms/isomer/gram of sample, to V00
picograms/g of sample. Of course, the limlits of detection which can
be practically achieved are dependenl on the quantity of sample available
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- dth unt :ind ther rler _ orga ‘eshe shicl
present in the sample. With respect to precision, the average deviation
of dats obtained from the analyses of a nusber of aliquots of the same
ssmple containing the 2,3,7,.8-1C00 isomer in the 250-300 ppb range
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ecommended Safely and Hand) ing Procedures in Comnection wilh implesmeat ing
he Analytical Protocal for Determination of PCOD/PCOF in Combustion Products

§. The human foxicology of PCOD/PCOF s mot well defined st present,
ithough the 2,3,7.8-1C0D0 (somer has beem found to be acnegenic,
arcirogenic, and teratogenic (m the course of laboratory enimal
Audfes. The 2,3,7.8-1C0D is & selid et room Lemperature, and has @
elatively low vapor pressure. The solubliliity of this compound im
wier §s ealy about 200 parts-per-trillifoa, but the solubliity fa
rarfous orgenic solvents ramges (rom sbout 0.001% to 0.141. The physical
woperties of the 135 other tetra-threugh octachliorinaed PCDD/PCOF have mot
een well established, although ¢ s presumed that the physical
woperties of these congeners are gaemerally simsilar Co those of the
1.3,7,8-1C00 fsomer. On the basis of the avallsble texicolegicel
wd physical property data for ICOD, this compound, 83 well as the other
oD snd PCOF, should be hendied enly by highly traised perseansi
o are thoroughly versed im the appropriate precedures, and wle
mderstand Lhe assoclated risks.

2. PCDD/PCOF and semples contaiming these sre handled usimg essentialily
the same lechniques as those esployed (e bamdlimg radicective er
infectious materials. ell-veatilated, controlled-access leborateries
sre reguired, snd Vaboratory persomsel eaterimg these laboratories should
«2ar appropriate safety clething, including dispossble coverailis,
shoe covers, gloves, and face and beed sesks. ODurimg amalytical
cperatfons which may give rise to seresols or dusts, perseassl should
wear respirators equipped with sctivated carbor fillers. Eye protectiom
equipsent (preferably full face shields) smwst be worm ot all tises
while working is the amaiytical leboratory with PCDD/PCOF. Variows
types of gloves cea be wsed by persosnsl, depending wpom the amelytical
eperation being accompiished. (Latex gloves are gemerally wutilfzed,
and when handling samples ¢ t ta be particularly hezardous, am
additional set of gloves i3 alse wmra ath the letex gloves
(Sor enample, Playten gloves supplied by Asericem Scleatific Products,
Cet. Ho. 67216). Bench-tops and other work surfaces im the laboratory
should be covered with plastic-backed absorbent paper duriag all
analytical processing. lhea fimely divided semples (dusts, sofls, dry
chemicals) are being precessed, ressval of these from sesple contaimers,
as well) as other operations, facluding weighing, tramsferring, and
mixing with solveats, should all be accosplished within & glove box.
Glove boses, hoods and the effluents from mechenical vacwus pusps and .
gas chromstogrephs on the mass spectrossters should be vented to Lhe
stmosphere preferably ealy after rulng through HEPA particulate
fiiters and vapor-sorbisg cherceal. - )

3. AbL laboretory were, safety clothing and other items potentially
contaminated with PCOD/PCOF in the course of snalyses must be carefully
secured and subjected to prepar dispossl. Mhea feasible, Diquid wastes
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are concentrated, snd the residues sre placed in approved steel [
waste drums Fitted with heavy gauge polyethylene ll:sers. Gless :c.:l. dous
coubustible ftems are compacted using a dediceted trash compactor used
only for hazardous waste saterials and thea placed in the seme type

of disposal drum. Disposal of accumulated wastes s periodically
accompl ished by high tesperature ncimerstios at EPA-approved facilities.

4. Surfaces of laboratory benches, apperatus and olher appropriate
aress should be periodically subjected to surface wipe tests ::l::r
solvent-wetted filter paper which §s them snalyzed to check for PCOD/PCDF
contamination ia Che laboratory. Typically, {f the detecteble lavel
of TCOD or VCOF from such & test is greater tham SOng/e®, this fmdicates
the need (or decontamination of the laboratory. A typical actiom limit
fn tcn: of surface contamination of the other PCOD/PCOF (susmed) (s
500ng/m”. In the event of & spil) within the laboratory, sbsorbest
paper {3 used o wipe wp the spiiled eaterial) and this {s then placed
into & hazerdows waste drum. The contaminmated surface s subsequent iy
cleaned thoroughly by washing with spprepriste solvents {=ethylens
chioride followed by methanol) end laboratory detergents. This fs
repeated until wipe tests indicate that the levels of surface costamination
are below the limits clted,

$. In the ualikely event that analytical persomme) experience skim
contact with PCOD/PCOF or semples containing these, the contemimated
skia area showid femedistely thoroughly scrubbed vsing ®ild sosp
ond water. Persomnsl lavolved im amy such accident should subsequently
be takea to the mearest medical facility, preferably a faciiity whose
staff is kmowledgable in the toxicology ef chierimated hydrocarboms.
Again, dispusal of contamimated clothing is accomplished by placing it
i hazerdous waste drums.

€. [t is desireble that persomnel working in laboratories where
PCOD/PCOF are homdled be glvenm perfodic physical examinalions (at
least yearly). Such esaminatfons should fmclude specialized test;,
such as those for wrimary porphyring snd for certain blood parsmeters
which, besed upon published clinical cbservetions, are appropriste for
perions who may be exposed to PCOD/PCOF. Perlodic facial photographs
to documant the onset of dermatolegic probless are also advisable.
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