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FOREWORD

The movement toward resource recovery programs as a means of solid waste
disposal has led to the estahlishment of incineration as a major disposal
option. Since the early 1970s, many incinerator facilities utilizing various
energy recovery technologies have been designed and placed into operation.
While their success at achieving efficient energy recovery has been quite
variable, all facilities have had to deal with one common obstacle:
controlling the emissions of toxic compounds into the surrounding environment.

This report deals specifically with the problem of tetrachlorodibenzo-p-
dioxin (TCDD) and tetrachlorodibenzofuran (TCDF) emissions from incinerator
facilities. The test program upon which this report is based was conducted by

SYSTECH Corporation, Xenia, thio, for the U.S. EPA Office of Solid Waste under
Contract No. 68-N1-6071. ‘




ABSTRACT

This report presents the results of a test program conducted by SYSTECH
Corporation for the United States Environmental Protection Agency Office of
Solid Waste (EPA/OSW) to investigate the emissions of tetrachlorodibenzo-p-
dioxins (TCDDs) and tetrachlorodibenzofurans (TCDFs) from three different
refuse burning resource recovery facilities.

A comprehensgive program of sampling, data collection, analysis, and
dispersion modelling was performed. Samples collected and analyzed included
solid and 11quid process streams as well as flue gas samples collected by SASS
and Modified Method S trains. Analysis was performed employing both packed
column and capillary column GC/HRMS.

Th~ major conclusions of this program indicated that the emission rates
from three different test facilities for TCDDs and TCDFs ranged from
10-9 g/sec to 10-7 g/sec and 10~8 g/sec to 10-6 g/sec, respectively.
The emission rates of TCDDs were analyzed by the EPA PTMAX dispersion model to
determine maximum 1-hr expected ground level concentrations. The results of
this analysis indicated concentrations on the order of 10-13 g/m3 to
10-1? g/m3, The results of packed column and capillary column GGC/HRMS
analysis showed that packed column analysis provides a useful “"worst case”
assessment of the amounts of 2,3,7,8 {somers present. Capillary column
analyges indicated a wide distributfon of isomers reporting for both TCDDs
and TCDFs. The analysis of other process samples strongly suggest the need
for further study of TCDD and TCDF emissions from municipal refuse combustion
facilittes.

This report was submitted in fulfillment of Contract No. 68-01-6071,
Work Assignment No. 18, by SYSTECH Corporation under the sponsorship of
the U.S. EPA/OSW. This report covers the period from April 14, 1981 to
March 31, 1982.

iv

B e




i P NI oA

CONTENTS

FOreword o o ¢ & o o 6 6 ot b et e e e e e e e e e e e e e e e e 114
ADBETACE 4 ¢ 4 ¢ 4 o 4 4 4t b e e et e e e e e e e . iv
FIBUres & & & v v o 6 i e ittt e e e e e e e e e e e e e e e vi
Tables . & o o o 4 4 e et et e e e e s e e e e e e e o o o vii
Acknowledgments « « o « o o 4 o o o o o o o o o o » s o o 4 e 25 B

Lo Introduction o o e o o o o o o o o o o s o o o o » o o . 1
Background . . ¢ v 4ttt h e e e e e s e e e e e 1
Program objective . . . & . . . 4t ¢ 4 e b e 4 0 o . 1 iF
Program participants . . . . v ¢ ¢ o o o o o o s o o 2 B
Program outline « ¢ ¢ & & 4 4 o o o o o o o o o o o o 2

Summary of results . . . . ¢ ¢ 4 4 4 4 b 4 s b o e 17
2. Tesz Tacility Descriptions . « « v o o o o o o o o o« o o » 19
Process descriptions . . « « ¢ v ¢ o o o o o o s & o 19
System performance . . . . 4 ¢ ¢ 4 4 b s 0 b 0 0 o o 23
3. Trace Organic DALA ¢ & &+ « ¢ ¢ « o o & o o o o o o o o o o 29
Stack emfissfons . . . & & . 4 i v b 4 e b e e e e s 29
Combustion air samples . . . ¢ ¢ & ¢ v ¢ ¢ & o o & 34
Other 8amples « v ¢ ¢ v ¢ 4 4 4 o o o o o o s o o o o 37
4. Dispersion Modelfng .« « &+ v « ¢ ¢ v o« v o o 4 o o o o o . 41
Introduction . ¢ ¢ & & 4 4 4t o b e e s e e e e e s 41
PTMAX fnput data . . & ¢ v 4 ¢ v ¢ ¢ o o o s o o o o 41
PTMAX results . . & ¢ 4 ¢ v ¢ ¢ ¢ o o o o o o o o o » 41
S¢ Conclusions « o« ¢ v ¢ 4 ¢ 4 4 4 e b e b b s e s e e e . 45
Introduction .« ¢ ¢ ¢ v ¢ 4 4 ¢ ¢ o e o o s 0 o s o o 45
Stack emfs8ions . . . 4 4 4 e e bt 4 4 b b e e e e s . 45
Combustion air samples . . ¢ « « ¢ ¢« o ¢ o ¢ o o o » 48
Other 8amples « ¢ ¢ ¢ o o ¢ o o ¢ o o o o o o o o o o 48
Dispersion modelfng « . 4 « ¢ o ¢ « o = o ¢ o o o s o 49

e e b, S 0 3

Refel‘ences........‘.............-.....- 51
Appendices ;

A. Stack sampling methods « & o &+ « &+ ¢ o o o o o o o o o o » 53
B. Analytical methods &+ & & & & 4 ¢ o o o o o o o o o o o o » 79
Co TesSt data =« o o ¢ o o s o o o ¢ o o o o o s o o o o o o 91




Numbeg

10

11

FIGURES

Modified Method S train « o v v v & 4 ¢ 0 o o o o 4
Schematic of sorbent trap . « o o o o o . . . « o .
SASS Train schem$t1c D T T
XAD-2 gorbent trap module . + + » o . . . . . . e e
Resin collection system . « « o o o & & o « o o o .
Combustion air sampler . . . . . . . . « . . .. .

Three-dimensional drawing of incineration/heat
recovery module at Facility A . . . . . . . . . .

Cross section of incineration/heat recovery system
at Facility B it v v v 4 v 4 v 4 4 e e e e e u

Cross section of boiler at Facility C . . . . . . .

TCDF emission rates as a function of waste oil feed
rates at Facility B . . . v & ¢ 4 v 4 4 o o o o .

TCDD emission rates as a function of waste oil feed
rates at Facility B . . . ¢ v v ¢ v 4 4o o ¢ o o .

vi

Page

10
11
13

14

19

22

23

46

47




- i TABLES

Number Page

1( 1 Fleld Activittes for Buvironmental Evaluation--

,1‘ Facllitv Perfnrmance mta ® & 84 4 % 8 8 & 8 4 e s “

 §

& 2 Field Activities for Environmental Evaluation--

‘fi Trace Organic Characterization DALA « o v o + o o o o 6

£ v

A ;

> 3 Fuel Propertfes « & « ¢« v & v s o ¢ o 4 ¢« o o o o o s o & 25

;é 4 Refuse Characterfzatfon . . . . . . ¢ v v ¢ v v v v o o 26

% 5 Mass Flow Rates .;. © s e s s 4 s 4 e s s e s e s e s e 26

?’ 6 Process Operations Data . « o v 4 4 « o o o o o o « o o 28

é 7 Comparison of Stack Samples and Sampling Method Blanks

E for TCDD and TCDF Concentratfons .« o o« « o o » o o & & 30

% 8 Emission Rates of TCDD and TCDF (g/sec basis) . « « . . . 32

ﬁ 9 Emission Rates of TCDD and TCDF (g/ton fuel fired

? L+ - 3 - ) 33

ﬁ- 10 Comparison of Packed Column and Capillary Column ]
9 Analyses of Modified Method 5 Stack Samples for

4 2,3,7,8-TCDD and 2,3,7,8=TCDF « « « « « o o o o « « « & 35

2 11 Comparison of Combustion Air Samples and Method Blanks

4 for TCDD and TCDF ConcentratfonNs .« « « o « o o « o & & 36 ;

12 Analysis of Pentacﬁlorophenol (PCP) as Pentachloroanisole
(PCA) in XAD-2 Reésin Samples .« « ¢ ¢ o o o ¢ o o« o o & 37 ;

f" 13 Capillary GC/HRMS Analysis of Waste 011 Samples for ;
= TCDD and TCDF & & v o ¢ « o o o o o o o o o o o o o o o 38 : f
£ 14 Analysis of ESP Ash Samples from Facility C . . . . . . . 39 i
4 ‘
4 15 PTMAX INpUE DAEA o o o v o o o o o o o o o o o o o o o o 42 :
7 16 PTMAX REBULES ¢ ¢ ¢ o & o o o o« o o ¢ o ¢ o o o s o o o 43 |

T




ACKNOWLEDGMENTS

The successful completion of this project required the participation and
cooperation of a number of individuals from the private, scientific, and
government sectors. We are particularly indebted to the plant managers and
personnel at the test faciliiti{es; to Dr. Brenda Kimble, Laboratory for Energy
Related Health Research, University of California, Davis, California; and to
Dr. Michael Gross and his staff at the Midwest Center for Mass Spectrometry,
Department of Chemistry, University of Nebraska, Lincoln, Nebraska. We
would also like to thank Mr. Randy Chrismon and Mr. David Sussman, U.S. EPA
Office of Solid Waste, for their cooperation and support in successfully
completing this project.




20 e T N

B e R B L P L I I R - e e e e e e e s - L

SECTION 1

INTRODUCTION

BACKGROUND

The movement toward resource recovery programs as a means of municipal
refuse disposal has led to the establishment of combustion with energy
recovery as a major disposal option. Since the early 1970's many refuse
combustion facilities using various energy recovery technologies have been
designed and placed into operation. While all facilities have been challenged
by technical and economic problems, in recent years another common obstacle
has emerged: controlling the emissions of toxic compounds into the
surrounding environment.

- Two classes of such compounds which have received considerable recent

3 attention are the tetrachlorodibenzo-p-dioxins (TCDDs) and tetrachlorodibenzo-
furans (TCDFs). Several reports have described the occurrence of TCDDs and
TCDFs in fly ash and flue gases from municipal Incinerators and industrial
heating facilities. 1,2,3 These reports have been met with great
concern, primarily because of the toxicity of specific isomers of these
compounds, especially 2,3,7,8-TCDD and 2,3,7,8-TCDF. 4,5 1n 1979, the U.S.
Environmental Protection Agency (EPA) became involved in an investigation of a
municipal {ncinerator to determine whether TCDDs were being emitted from the
facility. Although this study did not provide conclusive evidence regarding
the emission of TCDDs, it did motivate an interest within the EPA to pursue
more rigorous testing at resource recovery facilities to quantify the

\ emissions of TCDDs and TCDFs.

PROGRAM OBJECTIVE

In 1980, the EPA Office of Solid Waste (OSW) initiated a test program to
investigate the emissions of TCDDs and TCDFs from refuse burning resource
s recovery faciliti{es. This report summarizes the work conducted in this
L program by SYSTECH Corporation for the OSW under EPA Contract No. 68-01-6071.
ﬁ The primary objective of this program was to determine whether TCDDs and TCNFs
E are emitted from refuse combustion facilities. 1If {nitial data indicated that
L these compounds were In fact being emitted, a number of further steps would be A
pursued:

® A suhset of the samples would be analyzed to quantify the most
toxic {somers of these compounds: 2,3,7,8-TCDD and 2,3,7,8-TCDF.
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® The results of the TCDD analyses would be used tc predict maximum
expected ground level concentrations through the application of
computer dispersion modeling techniques.

® A guhset of the fuel, ash, and combustion air samples taken during
the program would be analyzed to provide supporting information for
the emissions results.

In order to accomplish these chjectives, a comprehensive program of
sampling, data collection, analysis, and dispersion wodeling was initiated.
It should be noted that the experimental design employed for this program was
not intended to precisely quantify, in a statistically rigorous manner, the
amounts of TCDDs and TCDFs being emitted from the facilities. Because of the
limited resources and time available for this test program, a definitive test
was beyond the scope of the present level of effort. The test program as
described in this report ‘must therefore he interpreted as a limited
characterization of the average concentrations of TCDDs and TCDFs being
emitted from the facilities during the sampling periods.

PROGRAM PARTICIPANTS

Because of the complexity of this program, a number of participants were
involved in various phases of the evaluations. SYSTECH conducted all field
activities and source sampling required for these evaluations according to
procedures set forth in the document Test Protocol: An Environmental
Assessment of Refuse Thermal Processin Facilities, prepared by SYSTECH under
EPA Contract No. 68-01-6071. SYSTECH was assisted in the preparation of
this protocol and in the performance of trace organic sampling activities by
Dr. Brenda Kimble, Lahoratory for Energy Related Health Research, University
of California, Navis, California. All sample extractions and analyses for
TCDDs and TCDFs were conducted by Dr. Michael Gross, Midwest Center for Mass
Spectrometry, Department of Chemistry, University of Nebraska, Lincoln,
Nebraska. SYSTECH was responsible for the compilation of all test data and
for the presentation of this final report.

PROGRAM OUTLINE

During 1980 and 1981, SYSTECH Corporation conducted testing at three
facilities burning municipal solid waste (MSW) to determine whether TCDDs and
TCDFs were being emitted. These facilities included a small modular ,
incinerator, a field erected refractory wall incinerator, and a stoker fired
waterwall boiler. Since the initial agreement to permlt testing at these
facilities required that they not be referred to by name in any subsequent
reporting, they are descrihed in this report as Facilities A, B, and C. A 4
detalled description of the facilitiee 1s included in Section 2 of this 3
report. The test programs conducted at these facilities are outlined as ;
follows.
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Sampling Program

The emissions at each facility were to be evaluated over 3-day sampling
periods designed under the direction of the EPA/OSW to provide a data base
similar to that which has historically been used by federal regulatory
agencles in establishing regulations and by the air pollution control industry
fn the design of control devices. Facility A, the small modular incinerator,
was evaluated during two 3-day test periods, first while burning refuse
preprocessed by trommeling for size separation and then while burning
as-received refuse. The field erected heat recovery incinerator, Facility B,
was evaluated over one 3-day test period while co-firing refuse and waste oil.
Facility C was evaluated during only two l-day test periods because of system
operation problems. During the first period the boiler was operated on

densified refuse-derived fuel (dRDF) only, and during the second period only
coal was burned. N

Tables 1 and 2 summarize the field activities required for this
environmental evaluation. These activities have been categorized into those
required to document facility performance and those required to characterize
the trace organic composition of the various process streams.

Racility Performance Data——

The activities required to document facility performance were directed
primarily at characterizing mass flow rates, excess air levels, system
temperatures, and particulate emissions. Mass flow rates of fuel and ash were
determined by direct measurements as indicated in Table 1. Mass flow rates of
flue gases were determined from the stoichiometric alr requirements as
determined from the fuel ultimate analysis and from the measured excess air
levels. System temperatures were determined by monitoring thermocouples set
up to record combustion zone and boiler outlet temperatures. Stack
temperatures were nonitored in conjunction with the stack test runs.

Particulate emissions were determined from the performance of Method 5
testing.

Trace Organic Composition :Data——

Table 2 summarizes the field activities pursued to characterize the trace
organic emissions from the facilities. Sampling was conducted to provide
supplementary data on the TCDD and TCDF concentrations of the solid and liquid
process streams as indicated in Table 2. The methods employed in these
activities are outlined in the SYSTECH Test Protocol.b

The major focus of this program was to characterize the stack emissions
of TCDDs and TCDFs. This was accomplished by sampling the stack gases as
{ndicated in Table 2 with Modiffed Method 5 and SASS trains. The SASS trailn
was employed only at Facility A. Detailed procedures for these sampling
activities are included in the aforementioned protocol.6

Modified Method 5 train-—A schematic of the Modified Method 5 train used
in this program is shown in Figure 1. The train is designed for the
collection of particulates and volatile matter from ducts and stacks. A
sample is collected through a glass lined probe and then passed through a
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Figure 1. Modified Method 5 train.
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particulate filter (Reeve Angel 934AR), both heated to 121°C. Vaporous
material conducted through the filter 1is carried by Teflon tubing to a water
cooled XAD-2 gorbent resin trap. This trap {s {llustrated in Figure 2. Cold
water from the impinger ice bath is pumped through the jacket of the trap to
maintain a gas outlet temperature below 20°C. Gas exiting from the resin trap
1s conducted by Teflon tubing into a bank of four ice cooled impingers. The
first impinger in the train coatains 100 mt of glass distilled HPLC grade
water for condensate trapping, the second and third are condensate overflow
reservoirs, and the final impinger contains ~500 grams of silica gel to
prevent the entry of moisture into the pump.

ldentical Modified Method 5 gample trains were operated simultaneously on
the stack at each facility to provide combined daily sample volumes of
approximately 16 o3 (565 scf). The trains were leak checked before and after
each testing period according to the Code of Federal Regulations 40 CFR 60
Appendix A, Reference Methods. Because the trains sampled at a rate of
approximately 28 £/min (1 cfm), a S5-hr sampling program was required to
obtain the 16-m3 sample. This factor, together with the logistical
difficulties of duplicate simultaneous sampling of the same stack,
necessitated a deviation from commonly employed traverse procedures. The
sampling program was conducted by placing the two probes at 90° angles in two
of the stack access ports and traversing each across the stack diameter. This
was accomplished by completely inserting one probe and inserting the other
probe just inside the stack at the beginning of the test run. The probes were
then traversed until their respective penetrations were exchanged at the end
of 5 hours. Standard 40 CFR 60 Method 5 procedures were followed as closely
as possible in all respects.

SASS* train—The SASS train used in this program is shown schematically
in Figure ¥ The SASS is an integrated sampling system deaigned specifically
for the collection of particulates and volatile matter from ducts and stacks.
It contains components for the separate collection of particulates and
vaporous trace organics. Particulates are collected by a bank of three
cyclones and a backup filter all maintained at a constant 205°C. This
temperature control ensures that condensation of water vapors does not occur
{n this section of the train and that size separation cut points are
reproducibly defined. Thé cyclones partition the particulate matter into
three nominal size ranges defined by mean particle diameter: >10 um,

10-3 um, and 3-1 pm. The filter catch represents particles <1 um in
size that are retained on a standard GCelman Type AE 142-mm x 0.016-1in glass
fiber filter.

Vaporous materials and ultrafine particies not collected by the
particulate sampl ing component of the train are cooled to 20°C and passed
through a porous polymer resin bed of XAD-2 sorbent (see Figure 4). Condensate
formed in the cooling process is also passed through the XAD-2 and collected
in a reservoir.

# Manufactured by the Acurex Corporation/Aerotherm Group, 485 Clyde Ave.,
Mountain View, California, 94042, (415) 964-3200.
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Trace organic material not collected by the XAD-2 resin trap passes into
a bank of four ice-cooled impingers. The first impinger contains 500-m%
HPLC grade H20 to serve as a cold trap. The second and third impingers are
empty for additional Hy0 trapping capacity. The final impinger contains
750 grams of silica gel to prevent the entry of molsture into the pump.

The SASS train was operated on the stack at Faclility A only to collect
a sample volume of 30 standard m3 (1060 scf) at a rate of 4 gcf/min. The
train was operated for a period of approximately 5 hr and was leak checked
before and after the sampling runs. 2 gampling procedures followed are
gpecified in the SYSTECH Test Protocol“ and the SASS Train Manual.’

Combustion air sampliqggprogram—-In order to characterize the alr used in
combustion in terms of its trace organic composition, SYSTECH employed two
sampling methods appropriate for the goals of this program. With the first
method, vaporous trace organics were collected with a sampling train
incorporating an XAD-2 resin ;trap followed by a banl: of impingers for
condensate collection (see Figure 5). Particulates and trace organic
compounds adsorbed to these particles were collected by the second sampling
method on a glass fiber filter with a General Metal Works Hi-Vol sampler (see
Figure 6). These methods were designed at the direction of the EPA/OSW to
collect samples similar to those derived from the Modified Method 5 trains
used in the source sample collection program. Results obtained from the
combustion alr analysis should therefore be directly comparable with those
obtatned from the analysis of facility emissions.

Both sampling systems were placed as near as possible to the forced draft
fan intake of the combustion system. Since the goal of this program was to
characterize the actual combustion air, no attempt was made to eliminate the
entry of recirculated stack gases, plant dust, etc., into the sampling trains.
This approach should not be interpreted as an ambient sampling program
because it was not designed to characterize the environment surrounding the
facilicy.

§52§l%EE_RE§EEEETﬂﬂﬂl%E%_EEEEEE%EE;'F1eld sampling method blanks were
performed In conJunction with each of the test efforts. These blanks
consisted of assembling the sampling trains in the designated sample recovery
areas and sampling room air through a chromatography grade charcoal filter.
Because of the difficulties involved in filtering input air to the Hi-Vol
samples no air was drawn through this combustion air sampling system for
method blanks. At the end of the sampling periods, the trains were
disassembled and samples were recovered as specified in the SYSTECH Test
Protocol.b

The objectives of these method blanks were to provide a reference blank
against which field samples could be compared. If analysis of the blanks
tndicated no significant concentrations of TCDDs and TCDFs, it was assumed
that the trains, XAD-2 resin, solvents, and recovery methods did not introduce
any contaminants into the field samples. 1In the event that the sampling
method blanks did indicate the presence of contaminants, back-up fleld and

FER SRSV
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3 laboratory samples of filters:lXAD-Z resin, and solvents were available for
further analyses.

Analysis Program

A prioritized sample anaIysis program was employed to obtain the maximum
possible amount of information from the samples collected in this program.
All stack samples and sampliné method blanks collected were analyzed for total
TCDDs and total TCDFs. Apuropriate analytical blanks and standards were
fncluded in this analysis. A subset of these samples was then identified for
{somer specific analysis of 2,3,7,8-TCDD and 2,3,7,8-TCDF. When these two
data sets indicated the need for further documentation of results, subsets of
the process stream samples and combustion air samples were designated for
analysis. 1In rhis manner, support samples were analyzed only when the initial
analysis of stack samples indicated the need for further examination.

Sample Preparation—-— ;

Methods of sample preparation are described in Appendix B. In general,
analytical samples were recovered from the field samples either by Soxhlet
extraction or simple solvent extraction. Extraction was followed up by
1iquid ch:omatography employing silica and alumina columns. Samples were
concentrated and stored at —-4°C for analysis. Analytical method blanks were
also carried through the sample preparation phase and subsequently analyzed at
a frequency of 1 per every 5 samples.

Total TCDDs and TCDFs—- .

Samples were analyzed for total TCDDs and total TCDFs by GC/HRMS. A
detailed discussion of this procedure is included in Appendix B. The samples
were analyzed by a Kratos MS-50 ultra-high resolution mass spectrometer
interfaced via a jet separator to a Perkin Elmer Sigma II gas liquid
chromatograph. Packed-column chromatography was used in this analyslis,
permitting the identification of TCDDs and TCDFs as either pre-elutors or co-
elutors of the 2,3,7,8 isomers. For TCDD, the ions of m/z 321.8936 (the most
abundant molecular ion having natural isotopic elemental abundances) aund
n/z 333.9339 (13c-2,3,7,8-TCDD, the internal standard) were observed. The
ion of m/z 319.8965 was also monitored for some of the TCDD analyses. For
the TCDF analyses, a second aliquot of sample was monitored for the internal
standard m/z 333.9339 (13C—2,3,7,8-TCDD) and for m/z 305.8986 (the most
abundant molecular ion having natural isotopic abundances). For some TCDF
analyses, the ion of m/z 303.9016 was also monitored.

RS O Y

Quantification of hoth TCDDs and TCDFs was achieved using the internal
standard ratio method. Throughout the experiment, standard samples containing
2,3,7,8-TCDD or 2,3,7,8-TCDF and 13c-2,3,7,8-TCDD were analyzed. The slopes

E ] of the calihration plots were taken as the averages of the ratios of
;3 (1334 /ng)/ (1322/ng) (1 is the normalized intensity for the designated

: mass) for TCDD and (1334 /0g) /(1306 /ng) for TCDF obtained using the
standard samples. Residues of TCDD or TCDF in actual samples were calculated
by comparing the ratios of intensities of 1322/1334 (for TCDD) and
1306/133%4 (for TCDF) obtained for a given sample with the slope of the
calibration plot. The detection limit was considered to be the respective

15
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value obtained for a intensity of 2.5 x noise level measured at the base
line.

The internal standard (130-2,3,7,8-TCDD) was utilized in the
calculation «f percent tecoveries, and in doing so the absolute intensity
(1334 normalized) was measured and compared with the intensities
(I33A/ng) obtained by injecting standard solutions of the internal
standard. The recovery for TCDF was assumed to be identical to that for
TCDD according to this calculation method.

Isomer Specific TCDD and TCDF Analysig-—

Appropriate dilutions of the samples were made at the time of analysis
and the aliquots fronm the resulting solutfons were used for caplllary column
GC/HRMS. A detailed desgfiption of this procedure 1s included in Appendix B.
A Kratos MS-80 medium resolution mass spectrometer (ultimate resolution
20,000), equipped with a 5 channel multiple peak monitoring (MPM) device was
used. The mass spectrometer was coupled to a Carlo-Erba gas chromatograph.
The gas chromatograph was equipped with an SE-54 fused silica capillary
column (0,25 mm % 30 m) which was coupled directly with the ion source.

For the TCDD analysis, the fons m/z 319.8965, m/z 321.8936 and m/z
533.9339 (136—2,3,7,8—TCDD) were monitored on three channels. The
instrument was tuned using m/z 330.9792 of PFK, and thls ion was used as a
check mass on Channel 4. For the TCDF analysis, m/z 303.9016, m/z 305.8986,
and m/z 333.9339 were moditored on 3 channels of the MPM. The instrument was
tuned using the PFK m/z 304.9824 which was used as a check mass.

The absolute amounts. of each isomer present were calculated by
multiplying the fraction of any given isomer present (either TCDD or TCDF) by
the value of the total concentration (for TCDD or TCDF) determined in the
packed column analyses. The peak height of m/z 322 was used In estimating
the percentage (fractton) of any given isomer present in TGDD analysis.
Similarly, m/z 306 was used for th.s purpose in the TCDF analysis. The
percentage of any given isomer represents the fraction of the isomer in
question (as represented by the peak height of m/z 322 or m/z 306 for TCDD
and TCDF respectively) cohpared with the sum total of all the peak heights
detected. The retention times of the isomers were measured from the point of
injection and normalized to the position of the signal of the internal
standard, 13¢-2,3,7,8-TCDD.

Dispersion Modeling Progrém

The results of the total TCDD analyses of stack samples collected in
this program were analyzed by EPA's PTMAX computer dispersion model. This
model performs an analysis of the maximum short term ground level
concentrations resulting from point source emissions as a function of
atmospheric stability class and wind speed.? The objective of this analysis
was to translate the results from the total TCDD analyses into a data set more
useful 1in interpreting the impact of TCDD emissions on the environment.

il




SUMMARY OF RESULTS

The major conclusions of this program are the following:

4 ® The analytical results of method blanks and analytical controls
attest to the validity of the TCDD and TCDF data obtained in this
test program. :

® The emission rates of TCDDs and TCDFs frow the three test
facilities ranged from 10~9 g/sec to 107 g/sec and ;
10-8 g/sec to 10-6 g/sec, respectively. Because of the !

% limited scope of the testing program, comparisons between the ;

% data obtained at the three test facilities must be made with

1 caution.

FAON

® The emission rates of TCDDs were analyzed by the EPA PTMAX
dispersion model to determine maximum l-hr expected ground level
concentrations. The results of this analysis predicted maximum
ground level concentrations of TCDDs on the order of 10713 to
10-12 g/m3.

® The results of packed column and capillary column analyses of
TCDDs and TCDFs showed that packed column GC/HRMS provides a
useful "worst case” assessment of the amounts of 2,3,7,8 isomers
present.

s
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SECTION 2

Y

=
é TEST FACILITY DESCRIPTIONS
§

PROCESS DESCRIPTIONS

The facilities tested in this program are all continuously operating
combustion systems designed, to recover energy from solid waste either as steam
or hot water. Facility A, the small modular incinerator, consists of four

| 3 25 ton per day (TPD) municipal refuse incinerator units combined with heat
- recovery equipment to produce steam. The fleld erected incinerator and

% recovery system, Facility B, is designed to burn 40 to 50 TPD of municipal
crefuse and waste oil and reclaim available energy as steam. Facility C is
an industrial spreader stoker system which generates high temperature hot
water (HTHW). Facility C burned 50 to 70 TPD of densified refuse derived
fuel (dRDF) or 30- to 35-TPD coal during the test periods. Process
descriptions of these facilities are outlined as follows.

Facilitz A

S € T i i
e g - e ] 6 Y i’ g -

During the tests conducted at Facility A, both as~received and trommeled
3 refuse were burned in the incinerator. Mass flows of refuse into the
3 incinerator were determined by recording the weights of trucks delivering
refuse to the facility and removing that portion of the refuse rejected by
the trommel. Refuse is combusted at Facility A in a two-chambered incinerator
module, shown in the schematic in Figure 7. A multiple hydraulic ram
system pushes the waste down a terraced hearth Into and through the primary
combustion chamber. This chamber is operated at approximately 690°C (1200°F)
E to maintain substoichiometric conditions. The temperature in the secondary
o chambher {s kept between 980°C and 1010°C (1800° and 1850°F) by modulating the
- air into the primary and secondary chambers.

Two rams in the hearth of the primary chamber are cycled to push the
residue forward and to break up clinker formations. A residue removal ram is 4
automatically cycled after several loading cycles. As the residue falls into
the wet sump, it is sprayed with water. After a delay period, the drag chain
1ifts the residue from the sump and deposits it into the residue removal i
i container. The mass flow of residue was determined by recording the weights ;
= of trucks temoving wet residue from the facility and applying the results of
B the residue moisture analysis.

The incinerator system is connected to a water—tube waste heat toiler

with a soot blowing system.: Flue gases from the Incinerator pass through a
heat exchanger system consisting of five banks of vertical water tubes. The

19
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conmbustion gases are drawn slowly through the water—tube heat exchanger by an
aspirator fan and cooled to épproximately 600°F. Saturated 150 psi steam 1is
produced in the heat exchanger. During steam production, a cap at the base of
the dump stack is pneumatically closed, and the flue gases exit through the
boller stack. When the steam demand is reduced or the. boiler system

mal functions, the hot flue gases are automatically discharged from the boller
directly into the dump stack.

Facility B

Facility B congists of a tipping floor, an open storage pit, an overhead
clamshell crane, an incinerator-boiler unit, and a flue gas handling system
(including a cyclone dust collector). The incinerator boller unit 1s shown
i{n schematic in Figure 8. The crane operates by radio control and transfers
refuse from the storage pit to the incinerator feeder. Load cells built into
the tram rail provide a weight measurement of the refuse to be dropped into
the incinerator.

The incinerator feed sy@tem consists of a ram feeder-hopper assembly.
The feeder ram automatically pushes the refuse from the hopper into the
furnace at a rate that is compatible with the furnace capacity. Refuse,
compacted by the ram feeder,; enters the primary furnace chamber through the
charging opening. The refuse {s dried and {gnited on an inclined refractory
hearth located just inside the water—cooled throat. The dried refuse is
forced off this hearth by the successive loading action of the feed ram. An
oil-fired burner is provided in one of the primary furnace gsidewalls about
3 ft from the charging opening to ignite the refuse as it enters the furnace
and to aid {n drying wet refuse (1f required). The burner is equipped with a
continuous gas pilot so that waste o1l may be burned at any time. The primary
combustion chamber is designed to liberate 20 x 106 Btu/hr. This
liberation is equivalent to 2 toms per hour (TPH) of the municipal waste
having a heat content of approximately 5000 Btu/lb.

By the time the refuse has advanced the length of the hearth, it is
dried, ignited, and partially burned. It 1is then pushed off the hearth, and
it tumbles several feet down to the stoker grate. After proceeding down the
stoker grate, the burned-out ash and noncumbustible materials drop off the end
of the grate into a large tank of water which serves to quench and cool the
ash residue. A continuous drag flight conveyor collects the ash residue at
the bottom of the tank and moves it up an elevating incline to the unloading
point. The ash then drops into an open—top container. The mass flow of ash
was measured by recording the weights of containers removed from the facility
and applying the results of the residue molsture analysis.

The gaseous products resulting from the comkuation of the refuse pass
over the bridge wall at the far end of the primary combustion chamber and are
{mmediately forced downward:by an alr-cooled refractory baffle into the
secondary combustfon chamber. Another oil burner is located in the sidewall
of the bridge wall-baffle passage, spaced relatively close to the bridge wall.
While this afterburner is primarily intended as a means of recovering energy
from waste oil, it also serves to achleve complete combustion of the gases

21
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from the primary chamber. The nixed products of combustion from the

primary chamber and the afterburner are detained in the large refractory-lined
secondary combustion chamber for an average of 3 seconds to engure coampletion

of the combustion process and to allow settling out of the large particulate.

From the secondary chamber, the combustion products enter a waste heat
recovery fire tube boiler. The furnace gases, having been cooled to
approximately SO0°F in passing through the waste heat boiler, flow through a
aultiple cyclone dust collector for the removal of fine dust particles. The
dust {s discharged periodically through a damper into an ash container. Flue
gases exiting the dust ccllector next pass through an insulated steel
breeching to an induced draft (ID) fan. The discharge from the ID fan is
connected to the main stack through a short breeching. A second stack, a flue
gas dump stack, 1s located between the secondary combustion chamber and the
botler inlet. This dump stack is utilized when there fs no need to generate
stean or if there {s a maintenance problem in the boiler, air pollution
control, or fan systems. The dump stack has a cap that is held closed during
normal operation and opens when one of the aforementioned situations occur.

s T ARt

Pacllitz C

Facility C has an industrial type spreader stoker fired HTHW generator.
This boiler shown in schematic in Figure 9 was operated during the tests

vhile firing coal or dRDF separately. Fuel {nput was measured by a dump
loader scale located between the bunker and the feed chutes of the stoker.
The waterwall furvnace of this system is fired by a rotograte spreader stoker.
Since the unit generates high temperature hot water, thern is not a separate
econonmizer section. Conbus;ion air is preheated by the exhaust flue gases
through a gas—-to-gas heat exchanger. Particulate euissions are controlled
by a multiclone dust collector and an electrostatic precipitator. The unit
has the capacity to transfer 100 x 106 Btu/hr. However, during the testing
the unit was operated at a nominal 30 x 106 Btu/hr.

SYSTEM PERFORMANCE

In order to characterize the performance of the facilities, samples and
data were collected to describe fuel properties, to quantify mass flow rates
through the units, and to document the performance of the combustfon units.
Details of the procedures employed for this characterization are included in
SYSTECH Test Protocol.f

Fuel Characteristics

Table 3 fllustrates the ultimate analysis and heat content of the fuels
burned at the test facilities. Facility A burned both as-received refuse and
trommeled refuse during the test periods. The trommeled fuel differed from
the as-received refuse primarily in its lower ash content and higher heat 1
content. Facility B co-fired as-received refuse and waste oil during the
tests. The waste oil was primarily fuel oil containing unknown contaminants.
Facility C burned coal and dRDF during separate test periods.

g e = e
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TABLE 3. PUEL PROPERTIES*

Ultimate analysis

Heat
c H . O N Cl S Inerts Moisture content

Test facility %) %) (%) z) %) (¢))] %) %) (Btu/1b)

Facilitz A ;
; As-received . %
1 refuse 27.7 4.4 20,5 0.4 - 0.1 24.5 22.4 4,541 :
] Trommeled y
f refuse 32.2 4.9 .23.7 0.3 -— 0.1 15.0 23.8 5,416
| .
E Pacility B
§ As-received o '

refuse 28.98 3.83 20.35 0.61 0.56 0.16 .20.36 25.1 5,134

Waste oilt 86 12 ; - — -— 0.5 ° —-— <0.2 19,753
: i
% Facility C -
i: dRDF 44,23 5.60 35.99 0.34 -— 0.21 9.65 11.42 7,164
] Coal 79.60 5.14 ' 5.97 1.66 - 0.67 5.54 5.03 13,051
3 * As-fired basts.
E t+ Estimated.

Table 4 summarizes the: results of the refuse characterization for

Facilities A and B. It {s apparent that the trommeled refuse burned at
Facility A is enriched in paper and plastic in comparison with the ag-received
fuel from which it was derived. The as-received refuse burned at both
Pacility A and B were typical of normal municipal refuse composition.

e e
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Mass Flow Rates

RRat K

Table 5 summarizes the mass flow rates of feed, ash, and flue gas
ohserved at the test facilities. The flue gas flow rates were determined from
the fuel ultimate analysis, observed excess air levels, and measured mass flow
rates of feed and ash. An example of the calculation procedure is included 1in
Appendix C. Both the fuel and flue gas mass flow rates were used to quantify
the emission rates of the TCDDs and TCDFs. The mass flow rates for the tests
conducted at Facility A were determined as test period averages, while those
for Facilities B and C were determined as daily averages.
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TABLE!#. REFUSE CHARACTERIZATION*

Weight Percent by Category

TRTRLENS NS SR Uil A Al el

_ " Facility A Facility B
Category Trommeled As-received As-received
Paper 68.5 49.7 44,7
Organic 5.5 10.7 11.7
Wood l.1 0.9 3.1
Iron 5.4 5.9 5.3
Aluainunm 0.9 1.6 1.0
Metals 0.8 0.5 1.4
Glass 2.8 8.8 4.4
Plastic 8.1 6.9 10.4
Textile 5.0 3.3 6.6
Inerts 0.2 0.4 1.5
Fines 1.7 11.3 9.9

* As-fired basis.

TABLE 5. MASS FLOW RATES*

Mass flow rates

Tyéé fuel Feed Asht Flue gas
Facility Date burned 1b/hr 1b/hr 1b/hr dry  DSCFM
A 09-16-80 Trommeled refuse 3,120 455 56,434 11,840
09-18-80 Trommeled refuse 3,120 455 56,434 11,840
10-22-80 As-received refuse 4,240 1,093 67,706 14,119
4 10-23-80 As-received refuse 4,240 1,093 67,706 14,119
f? B 12-08-80 As-received refuse 2,147 162 41,052 8,514
3 Waste ofl 400
t\ .' m'
. 12-09-80 As-recé(ved refuse 2,000 432 36,983 7,670 i
Waste 0il 313
, 2,313 3
12-10-80 As-received refuse 1,982 776 36,563 7,583 : ¢
Waste oil 326 ‘ B
; 2,308 f : ‘
c 04-01-81  dRDF | 4,615 413 68,030 14,754
04-07-81 Coal 2,731 117 78,920 17,145

* Feed and ash on as-fired basis.
t+ Ash on dry basis.

' 26
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Process Operatfions

Table 6 summarizes the process operations data recorded during the
tests. The excess air levels recorded on this table were used in calculating
enission rates. System temberatures were recorded to provide information
regarding the coambustion processes occurring at the facilities. The
particulate emissions survey was conducted to characterize the performance of
the systems. It should be noted that although particulate emissions from
Facilit{es A and B are relatively high, neither facility is subject to federal
regulation because of their small size. )
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SECTION 3

TRACE ORGANIC DATA

STACK EMISSIONS

The data generated from stack samples collected during this program are
g own in detail in Appendixfc and summarized in this Section. 1In the data
tables the sign < is employed to indicate the instrumental detection limit
when no TCDD or TCDF was actually detected in the sampling train components.
Totals for samples which contained components with no detectable levels of
TCDD or TCD? have been expressed as ranges. The lower ends of the ranges
represent the amounts actually detected in the samples while the upper ends
{nclude the amount actually detected plus the detection limits of those
components {in which none was detected. The concentrations of TCDDs and TCDFs
detected by packed column GG/HRMS in stack samples are first compared to those
observed for e.mpling method blanks. The TCDD and TCDF data are then
presented as emission rates. Finally, the concentrations of 2,3,7,8-TCDD and
2,3,7,8-TCDF as determined by capillary column GC/HRMS are compared to those
{ndicated by the packed column GC/HRMS analyses.

3ampl ing Method Blanks

Table 7 illustrates the concentrations of TCDDs and TCDFs detected by
packed column GC/HRMS in sampling method blanks and stack samrles taken during
this program. Results are preseated in terms of concentrations of total TCDDs
and total TCDFs and in terms of maximum concentrations of 2,3,7,8-TCDD and
2,3,7,8-TCDF. These latter concentrations are termed "maximum” because they
also include isomers of TCDDs and TCDFs which co-elute (are not chromato-
graphically separable from) with the 2,3,7,8 isomers in packed column

analysis.

1t is apparent from Table 7 that the sampling method blanks contained
far less TCDDs and TCDFs than stack samples taken during the same test
periods. In most cases, the amounts of TCDDs and TCDFs in sampling method
blanks raaged from none detected to approximately 5 percent of those detected
in stack samples. The amount of TCDD detected in the blank conducted at
Facility B did represent a significant portion of the amount of ICPD found in
stack samples. However, it is suspected that this blank may have been
{nadvertently contaminated in sampling or during recovery from the sampling
train. Furthermore the recovery operation was performed in the waste oil
analysis lah at Test Facility B, which was heavily contaminated with waste oil
vapors. Since combustion air blanks taken at Facility B and XAD-2 reference
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TARLE 7. COMPARISON OF STACK SAMPLES AND SAMPLING METHOD
BLANKS FOR TCDD AND TCDF CONCENTRATIONS

e ————————————————————————
e ———————

e ——

TCDD TCDF
. Maximum
; Total 2,3,7,8- Total Maximum
% Facflity Sampling . TCDD TCDD TCDF 2,3,7,8-
. sample type Date train (pg/m3) (pg/m3) (pg/m3) TCDF (pg/m3)
v Facility A
: BRlank 09-12-80 SAS3 <30 <30 * *
b Stack 09-16-80 SASS 8,400 %10 3,500 * *
3 Stack 10-23-80 SAS3 1,400 310 17,000 - 6,000
3 Blankt 10-15-80 MMS : <57 <25 <1208 <408
- Stack 09-18-80 MM5 1,160 290 14,000 7,900
Stack 10-22-80 MM5 . 1,300 300 8,360 2,800
Facility B
Blank 12-05-80 MM5 ‘ 1,060 130 160 *97 93 #32
Stack 12-08-80 MM5 4,400 2,700 47,700 24,000
3 Stack 12-09-80 MM5 3,800 1,200 4,500 1,900
2 Stack 12-10-80 s 2,500 1,100 10,900 4,900
Facility C
Blank 02-27-81  MM5 920 370 %10 <120 <53
Stack 04-01-81 MMS 30,000 9,600 312,000 114,000
Stack 04-07-81 MM5 29,500 8,600 247,000 85,000

M

* Samples not analyzed.

+ Concentrations computed from average volume drawn through stack trains
on 9-18-80 and 10-22-80 (4.98 dscm).

§ These figures do not include TCDF measured in the resin which was
determined to be an analytical artifact resulting from carry-over of
column residue from the previous injection.

manks (discuwssed later ia this section) did oot show significant levels of
TCODs and TCOFs, It waa declded wot ta rejett the stack data.

The reamvlies of these method hlanks indicate that, {in general. , no
major portion of the amounts of TCODs pod Vs detected fn stack sanples wan
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be attributed to either the sampling trains or sampling methods. Because only
very small amounts of TCDDs and TCDF8 were found in the blanks, with the
exception of Facility B as noted earlier, the stack sample results have not
been corrected for the contribution of the blanks.

T e oS RN A

Analytical Method Blanks and Standards

‘} During the analysis of samples in this program, method blanks and

X appropriate standards were analyzed during each analysig period. Method
blanks were analyzed at a frequency of 1 per every 5 samples. The results
of these analyses are included in Appendix C with the gtack sample test run
results. No detectable amounts of TCDD or TCDF were found in any of the
method blanks analyzed, with the exception of three instances noted in
Tables 1A and 1B in Appendix C. The amounts of TCDD or TCDF indicated 1in
these instances were either.only slightly above detection limits or else
attributable to column carry-over from previously analyzed samples.

Total TCDDs and TCDFs in Stack Samples

Table 8 presents the results of the total TCDD and TCDF analyses
conducted in this program in terms of g/sec emission rates. There was no
significant difference at a 95 percent confidence level (Student's t-test,
variances not assumed equal) between the emission rates (g/sec) of total TCDDs
and TCDFs observed at Facilfty A and Facility B. Although the emission rates
observed at Facility C appear considerably higher than any of the emission
rates observed at Facilities A or B, insufficient samples were taken to
determine whether this difference was statistically significant. Table 9
1 presents the emission rates on a g/ton fuel fired basis. No significant
4 difference at a 95 percent confidence limit (Student's t-test, variances not
assumed equal) was found between the emigsion rates on a g/ton basis at
Facilities A and B. Again, more samples would be required to determine
whether the emissions observed at Facility C were significantly higher than
thoge at Facilities A snd B. -

An analysis of the data obtained at each facility indicates some v
interesting observations regarding emission rates and fuel type burned. E
] First, there was no significant difference at a 95 percent confidence limit
» (Student's t-test, variances not assumed equal) between TCDD and TCDF
E: emissions measured while burning as-received and then ti smmeled refuse at ;
Facility A. This observation‘indicates that the differences in fuel ‘ E
properties between as-received and trommeled refuse reported in Section 2 are
not reflected in emissions.

The data obtained at Facility B indicate a positive relationship between

the waste oil fraction of the fuel burned and the emissions of TCDFs. Key ' 1
information in interpreting this relationship 1s discussed later in this '
section.

The data collected at Facility C indicate that TCDDs and TCDFs were
emitted during the combustion.of both dRDF and coal. Although more samples
would be required to precisely quantify the amounts emitted, the results of
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the sampling method blanﬁ (see Table 7) analyzed for this test period indicate
that these data are valid. The presence of TCDDs and TCDFs in stack samples
from coal combustion has not been clearly established in previous studies.
One study has indicated the presence of polychlorinated dibenzo- —dioxins
Including TCDDs in emissions from a fossil fuel fired powerhousel, while
another has found no TCDD detected at 1.2 ppt in the stack collected fly ash
of a coal fired powerhouse9. The implications of the results of the present
study are discussed furtﬁer in Section S of this report.

Isomer Ident{fication andiQualification

The complete results of the capillary column GC/HRMS analysis of stack
samples for TCDD and TCDF. isomers are included in Appendix C. Table 10
shows a summary of the data obtained from packed column and capillary column
analyses of selected samples for 2,3,7,8-TCDD and 2,3,7,8~TCDF. The amounts
of 2,3,7,8 isomers reported from packed column analyses have been labeled
"maximum” concentrations because they also include isomers co-eluting with
2,3,7,8 isomers. The capillary column results provide a direct determination
of the actual amounts of 2,3,7,8 isomers presgent.

The packed column anaﬁyses for TCDD showed that an average of about
40 percent of the TCDD collected in the test program could be tentatively
identified as 2,3,7,8-TCDD. Capillary column analyses confirmed that less
than half the 40 percent was actually 2,3,7,8-TCDD, with the remainder being
co-eluters of 2,3,7,8-TCDD. Packed column analyses for TCDF showed that
about 44 percent of the TCDF collected could be tentatively identified as
2,3,7,8-TCDF. Slightly more than half the 44 percent was confirued as
2,3,7,8-TCDF by the capillary column analyses. The remafader was co-eluters
of 2,3,7,8-TCDF. '

COMBUSTION AIR SAMPLES
The complete data set :for combustion air samples is included in detail
in Appendix C. The results of the packed column GC/HRMS analysis for TCDDs

and TCDFs are summarized in Table 11.

XAD-2 Resin System

The results from the va-2 resin sampling system shown in Table 11
indicated that no TCDDs or TCDFs were detected at Facility B at a detection
l1imit less than 10 pg/m3. At Facility C, however, both TCDDs and TCDFs were
detected in the sample také% during the burning of JRDF. During the coal
burning test only a small dmount of TCDD was detecte:, none of which was
tentatively identified as 2,3,7,8-TCDD by packed columa analysis. No TCDFs
were detected during this ﬁést. Both TCDD and TCDF concentrations in
combustion air samples from Facility C were approximately two orders of
magnitude lower than those reported for stack samples. The significance of
these results from the coal burning test are discussed further in Section 5.
No combustifon air samples were taken at Facility A.
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TABLE 11. COMPARISON OF COMBUSTION AIR SAMPLES AND METHOD
BLANKS FOR TCDD AND TCDF CONCENTRATIONS

TCDD TCDF
Sahpling Maximum Maximum
train/ Total 2,3,7,8- Total 2,3,7,8-
¥ Facility sample TCDD TCDD TCDF TCDF
¥ sample type Date ‘type (pg/m3)  (pg/w3)  (pg/n3) (pg/m3)
2:; ¢ Facility B
4 F ‘,_! :
x ¥ Blank 12-05-80 Resin/XAD-2 <10 %5 <28 <14
B { Waste oil -
' + rafuse i
test 12-08-80 Resin/XAD-2 <4 <2 <11 <3.9
i " 12-09~80 Resin/XAD-2 <9 <4 <13 <5.5
i - 12-10-80 Resin/XAD-2 <5 <2 <4.2 <1.3
% Blank 12-07-80* Hi-Vol/filter  <.05 <02 <.09  <.09
: Waste oil
f + refuse .
- test 12-08-80 Hi-Vol/filter .31 .12 .86 48
E; " 12-09-80 Hi-Vol/filter «39 .16 .84 40
E " 12-10-80 Hi-Vol/filter .24 .076 <.48 <.18
Facility C
3 Blank 02-27-81 Resin/XAD-2 <14 <8.6 9.6 <4.9
3 dRDF test 04-01-81 Resin/XAD-2 480 120 1,300 640
3 Coal test 04-07-81 Resin/XAD-2 29 <13 <53 <24
Facility C
Blank 04-01-81t Hi-Vol/filter <.17 <.17 <.17 <.07
dRDF teat 04-01-81 Hi-Vol/filter <.58 <.20 .48 <.13
Coal test 04-07-81 Hi-Vol/filter <.25 <.12 <.12 <.04

;
* Computed from average sample volume (2500 dscm).

t Computed from average sample volume (890 dscm).
Note: Combustion air sampling was not conducted at Facility A.

Hi-Vol System ; .

Table 11 indicates that small concentrations of TCDDs were found in the -
particulate combustion air samples collected at Facility B. These _
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gf concentrations were approximately four orders of magnitude less than the !
E amount of TCDD found in stack samples. The amounts of TCDFs reported for

these samples ranged from none detected to approximately five orders of :
magnitude lower than that ébserved in stack samples.

At Facility C, no TCDD or TCDF was found in the combustion air samples
collected during the coal burning test. During the dRDF burning test, no

TCDD was found, and only a'small amount of TCDF was detected. None of the
TCDF collected was identified as 2,3,7,8-TCD¥.

2 OTHER SAMPLES 1

Resin Samples : ?

Facility A was located adjacent to a wood preservative manufacturing
concern which maintained large stores of pentachlorophenol (PCP) on site.
Because of the implication ‘of chlorophenols as precursors for chlorodioxin
formation, the EPA Project 0Officer directed SYSTECH to obtain an air sample
for PCP analysis. The results of analysis of this sample as the ]
- pentachloroanisole derivatfve of PCP are shown in Table 12. Procedures i
employed for this analysis are included in Appendix C. ;

TARLE 12. ANALYSIé?OF PENTACHLOROPHENOL (PCP) AS PENTACHLORO-
ANISOLE (PCA) IN XAD-2 RESIN SAMPLES

Dry weight Amount . Amount
Sample of the of PCA Detection of PCP
code resin (g)* (ng)t limit (ng) (ng)
PCP-A-Resin - 30 400 4 380
PCP-B-Resin 15 930 22 885
1 PCP-Control- ' 25 250 3 240

Resin§

—_—_——
* Approximate dry welghts are given. '

3 t Amount of PCP wasi@valuated from PCA assuming the
E - derivation of phenol to anisole is 100 percent.

§ PCP-Control-Resin was spiked with 2.85 ng of PCP. This is
approximately 1 percent of the total PCP that was actually
detected in the resin. The remainder of the PCP was
apparently in the resin itself.
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Resin A was an XAD-2 field blank maintained on site at Facility A. The
control resin was an XAD-2 reference blank maintained at SYSTECH's Corporate
Offices. The XAD-2 Resin B was used to collect an air sample at the air
intake to the incinerator. 'The resin was loaded into a sorbent module trap
(see Figure 2), and sampling was conducted for 8.5 hours at a nominal rate of
10 cfm. Applying a correctfon factor for the PCP detected in the control
resin, the concentration of PCP detected in the air sample was approximately
160 pg/dscf, or .05 ppt.

While these data are suggestive of the presence of PCP and possible other
isomers in the combustion air for the incinerator, a far more detailed study

would be required to determine any relationship between these data and
emissions of dioxins.

Waste 011 and Fuel Oifl Samples

Samples of waste oil and fuel ofil collected at Facility B were subjected
to analysis for tetrachlorodibenzo-p-dioxins and tetrachlorodibenzofurans.
Procedures for this work are included in Appendix C. Table 13 presents the
results of capillary column GC/Hkn: analysis of these samples. No detectable
levels of TCDD or TCDF were found in either waste oil or fuel oil samples.

TABLE 13. CAPILLARY GC/HRﬁS ANALYSIS OF WASTE OIL SAMPLES FOR TCDD AND TCDF

Fortifi- é?ncen— Concenf
cation* tration Detection tration Detection
Sample Weight level of TCDD limit of TCDF limit Percent

code () (ng) (ppt)t (ppt) (ppt). (ppt) recovery
Waste ,

ofl 1.0 3.5 - nd§ 330 nd 620 85
Fuel

oil 1.0 3.5 nd 110 nd 160 80

* Samples were fortified with the finternal standard 13c-2,3,7,8-TcDD.
t Parts per trillion.
§ None detected.

The absence of TCDD and' TCDF from these samples Indicates that the
detectinn of these compounds in flue gas samples did not result from
{ncomplete combustion of preexisting TCDDs or TCDFs in the fuel. On the other
hand, these data do not preclude the possibility of precursors in the waste

oi1l and/or fuel oil leading ﬁo formation of TCDDs and ‘TCDFs in the combustion
process. flearly, further study would be required to itest this hypothesis.
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ESP Ash Samples

Table 14 summarizes the results of packed column GC/HRMS analysis of
ESP ash samples from Facility C. It is apparent that TCDD and TCDF
concentrations found in ESP iash collected during the dRDF bucrn were higher
than in that collected during the coal burn test. The significance of this
finding 1s discussed in Section 5 of this report.

i

TABLE 14. ANALY§IS OF ESP ASH SAMPLES FROM FACILITY C*

Tot&l Maximum Total Maximum

TCDD. 2,3,7,8-TCDD  TCDF 2,3,7,8-TCDF

Fuel burned  (ppt) (ppt) (ppt) (ppt)

dRDF 7,300 2,000 154,100 42,700
Coal 600 200 12,300 4,300

m— —

S ———————————
e ——————————

} S * Samples processed by Soxhlet extraction.
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DISPERSION MODELING

INTRODUCTION

The results of the TCDD analyses conducted in this program were used
to predict maximum expected ground level concentrations through the
application of computer dispersion modeling techniques. The program used
was PTMAX, one of six dispersion modeling programs made available through the
U.S. EPA in the Users Network for Applied Modeling of Air Pollution (UNAMAP)
series.B,10 i :

i :
PTMAX assumes that a steady-state Gaussiar plume model is applicable to

determining ground level concentrations. “oncentrations are determined as a ¥

function of wind speed and stability. Six atmospheric stability classes are !

analyzed by PTMAX, ranging from Class 1 (most unstable) to Class 6 (most

stable). The results of PTMiX can be used to identify the combination of wind

speed and stability class that produces the maximum l-hour concentration of a

given pollutant at ground level.

PTMAX has been employed by others to characterize the ground level
concentrations of pollutants emitted by waste burning facilities.’/ This
program {s generally recognized as a useful tool for initial analysis of the
impact of stationary source pollution sources on their surrounding
environment. It must be cautioned, however, that PTMAX assumes a relatively

; uniform tecrain and 1s not applicable when aerodynamic downwash affects the
] plume emitted from the Stack.8,10

PTMAX INPUT DATA

. The input data required by PTMAX consists of the ambient air temperature,
. physical stack height, stack gas temperature, stack gas volume flow rate, and
pollutant emissfon rates {sourcc strength). Table 15 summarfizes the input
data for the PTMAX analyses:.conducted in this program. An ambient temperature
of 20°C (273°K) was assumed for all analyses. The stack heights at each
facility were taken from available engineering drawings. Stack temperatures
represent the average of measurements taken during the sampling periods.

Stack volume flow rates were determined as a theoretical gas flow rate based
on the fuel ultimate analyses and measured stack gas composition data (see
Section 2). The source strengths reported on Table 15 represent the
concentrations of total TCDD and maximum 2,3,7,8~TCDD as determined by packed
column GC/HRMS (see Sectfion 3).
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2 TABLE 15. PTMAX INPUT DATA j

3 _— ;

E Source strength !

4 Ambient Stack Stack Stack (g/sec) i

- air cemp. height temp. flow rate Max 2,3,7,8- :

k- Facility Date (°K):‘ M (°K) (DSCM/sec) TCDD TCDF i

' A 09-16-80 293 10 475 5.598 4.7 x10-8 2,0 x 10-8 ;
09-18-80 293 10 474 5.588 6.0 x 1079 1.6 x 10-9 ;

4 10-22-80  293. 10 481 6.664. 9.0 x 109 2.0 x 109

| 10~23-80 293 10 467 6.664 9.6 x 1079 2.0 x 10~9

1 B 12-08-80 293, 23 492 4.018 1.8 x 1078 1.1 x 10-8

; 12-09-80 293 23 496 3.620 1.4 x 1078 4.2 x 1079

3 12-10-80 293 23 499 3.579 8.9 x10-? 3.8 x 1079

= c 04-01-81 293 27 412 6.963 2.1 x 10~7 6.7 x 108 4

= 04-07-81 293 27 417 8.092 2.4 x 1077 6.9 x 1078

:m
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PTMAX RESULTS
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Table 16 summarizes the results of the PIMAX analyses. The maximum 1-hr
ground level concentrations are shown for total TCDD and maximum 2,3,7,8-TCDD.
Also indicated on this table are the stability classes, wind speeds, plume
heights, and distances of the maximum concentrations from the sources.

No significant differances exist at a 95 percent confidence level !
(Student's t-test, variances not assumed equal) between the ground level
concentrrtions predicted for Facility A and Facility B. Although the
concentratfons for total TCDD and maximum 2,3,7,8-TCDD at Facility C appear to
be 10 and 100 times greater than those reported for Facilities A and B, more
samples would be required to statistically verify this observation.

The results of the PTMAX analyses can be used to determine an average
Ai{lution factor which when multiplied by the source strength in g/sec will %
approximate the maximum ground level concentration. The average dilution .
factors computed for Facility A, B, and € are 3.7 x 10-5, 2.2 x 10-5
and 1.5 x 10-5, 1In general, an approximate maximum ground level
concentration can be determined by multiplying the source strength by 10-5,
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TABLE 16. PTMAX RESULTS

__—=__——:——;'—=———_—_—_—__——_-__—_—_———_———_—_

izoCaste i i

Max {mum Stabil- Distance of

f‘ ground level ity Wind Plume maximum
3 concentration class Speed height concentration
g Facility Date (g/m3) (n/sec) (m) (km)
4 TCDD RESULTS
A 09-16-80 1.94 x 1012 3 10 18.9 .189
09-18-80 2.34 x 10713 3 10 18.9 .189
3 10-22-80  3.03 x 10713 3 10 20.3 204
1 10-23-80 3.35 x 10-13 3 10 20.0 .200
- B 12-08-80  3.89 x 10-13 1 2 59.2 .287
3 12-09-80  3.25 x 10713 1 2 56.8 277
g 12-10-80  2.07 x 10-13 1 2 56.7 .277
4 c 04-01-81  3.47 x 10712 1 2 69.5 .330
3 04-07-81  3.44 x 10-12 1 2.5 65.9 .315
9 MAXIMUM 2,3,7,8-TCDD RESULTS
b - . .
A 09-16-80 7.78 x 10-13 3 10 18.9 .189
3 09-18-80 6.25 x 10714 3 10 18.9 .189
E ] 10-22-80  6.74 x 10-14 3 10 20.3 .204
E ] 10-23-80  6.99 x 10714 3 10 20.0 .200
B 12-08-80  2.38 x 10713 1 2 59.2 .287
12-09-80  9.75 x 10-14 1 2 56.8 277
12-10-80 8.84 x 10-14 1 2 . 56.7 277
c 04-01-81 1.11 x 10712 1 2 69.5 .330
04-07-81 9.99 x 10713 1 2.5 65.9 .315

-__—______________—————_—__—____—_-——__———_—_—__:_——__—___
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SECTION 5

CONCLUSIONS

INTRODUCTION . i

This program focused on the collection of four major areas of data at
three municipal refuse combustion fac!lities: TCDD and TCDF concentrations in
stack gas samples, combustion air samples, and selected process stream
samples; and dispersion modeling of maximum ground level concentrations of
TCDDs. The principal conclusions resulting from this program consist of the
following. ‘

STACK EMISSIONS

Quality Control

The validity of stack gas samples collected in this program was
established by adherence to strict trace organic sampling procedures, outlined
in Appendix A. In addition, sampling method blanks and extensive analytical
controls were analyzed in conjunction with the actual stack samples. The
results of these analyses indicated that no significant portion of the amounts
of TCDDs and TCDFs detected - in stack samples could be attributed to the
sampling procedures or sampling trains. Even though the Modified Method 5
blank at Facility B showed significant levels of TCDDs, the stack data were
not rejected because other ﬁlanks taken at this facility did not show
contamination. The results of the analytical controls detailed in Appendix C
gubstantiate the validity of the stack gas samples. Since the background
levels of TCDDs and TCDFs were extremely low in comparison to stack samples,
no corrections of the stack samples for background concentrations were made.

TCDD and TCDF Stack Emissions

The emission rates of TCDDs determined from stack samples taken in
this program ranged from 6.0 x 10-9 g/sec to 238 x 10-9 g/sec
(1.4 x 10=5 g/ton fuel fired to 63 x 1075 g/ton fuel fired). The
emission rates of TCDFs deter: ined from stack samples ranged from 16 x
10-9 g/sec to 2170 x 10-9 g/sec (5.0 x 10~5 g/ton fuel fired to
530 x 10-5 g/ton fuel fired). The amounts of TCDF emitted ranged from
approximately 2 to 10 times higher than the amounts of TCDD emitted on g/ton
and g/sec basis.

There was no significant difference between the emissions of TCDDs from
Facilities A and B. Emissions of TCDFs also did not differ significantly
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between Facilities A and B.” Although the data from Faclility C seem to

indicate higher emigsion rates than at the other two facilities, insufficient
samples were taken to statistically substantiate this conclusion.

The data derived from the testing at Facility A indicated that there was
no significant difference between TCDD and TCDF emissions during the burning
of as-received or of trommeled refuse. The data obtained during testing at
Facility B suggested that there was a positive relationship between the
enission rates of TCDFs and TCDDs and the feed rate of waste 0il burned during
the tests. Figure 10 illustrates the TCDF data obtained during the testing
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WASTE OIL FEED RATE (g/sec.)

Figure 10. TCDF emisslion rates as a function of waste olil
feed rates at Facility B.
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conducted at Facility B as a function of the waste oil feed rate. Figure 11
f1lustrates the TCDD data as a function of the waste oil feed rate. Although
these data are far from conclusive, they do strongly suggest the need for
further study of TCDF and TCDD emissions from the combustion of waste oils.
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% Figure 11. TCDD emission rates as a function of waste ofl
. feed rates at Facility B.
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The results of the analysls of stack gas samples from Facility C
indicated that nearly equal amounts of TCDDs and TCL¥s were emitted during the
combustion of dRDF and during the combustion of coal. Since the analysis
of method and analytical blanks in conjunction with these stack samples showed
no detectable amounts of TCDDs or TCDFs, there is no imimediate reason to doubt
the validity of the stack sample data. However, i1t should be noted that only
one sample was taken during each of the firiang modes. The statistical
confidence of these data is therefore low. Nevertheless, these data suggest
the need for further study of the emissfons of TCDDs and TCDFs from coal
combustion. Trevious studies have not conclusively established whether TCDDs
in particular are emitted from coal combustion.

T ol i Sl

TCDD and TCDF Isomer Analysis

The data obtained on' TCDD and TCDF isomer composition of stack gas
samples showed that the maximum amounts of TCDDs ard TCDFs identified by
packed column chromatography as the 2,3,7,3 isomers and coelutors averaged
41 and 44 percent, respectively. The amounts confirmed as 2,3,7,8 isomers by
capillary column GC/HRMS were considerably lower, at 13 percent for TCDD and
24 percent for TCDF. In general, it appears that employing packed column
GC/HRMS analysis for the identification of 2,3,7,8 isomers provides a useful
"worst case” assessment of the amounts of these isomers actually present.

The data presented in Appendix C of this report also show that nearly all the
22 TCDD isomers and many of the TCDF isomers were routinely detected at nearly
equal concentrations in samples analyzed by capillary column GC/HRMS.

COMBUSTION AIR SAMPLES

The general conclusions reached from the analysis of combustion air
samples from Facilitifes B and C indicated that in some cases trace amounts of
TCDDs and TCDFs were detected. These amounts were, at most, several orders of
magnitude less than those found in comparable stack samples. Since the
sampling methods employed did not prevent the inclusion of downwash flue gas
into these samples, the TCDDs and TCDFs detected may represent diluted flue
gases rather than ambient air at the facilities.

OTHER SAMPLES

Resin Samgles

The results of the pentachlorophenol (PCP) analysis of the combustion air
sample taken a: Facility A suggest a possible origin for at least part of the
TCDDs detected in stack gas samples. Previous studies have implicated
chlorinated phenols as precursors for chlorodioxin formation by thermal
decomposition.ll This mechanism may have been involved in the emission of
TCDDs from the incineration process. Clearly, more study would be required to
test this hypothesis.




Waste 011 and Fuel 01l

The results of TCDD and TCDF analysis o* waste oil and fuel oil from
Facility B indicated no detectable levels ¢! these compounds. This result
does not, however, rule out the possibility of other unidentified compounds
acting as precursors for TCDD and TCDF foraation. The relationship between

waste oll substitution rate and emissions suggests the need for further study
of waste ofl burning emissions.

Electrostatic Precipitator (ESP) Ash Samples

The samples of ESP ash taken at Facility C showed far greater
concentrations of TCDDs and TCDFs during the dRDF burning test period than
the coal test period. Since an interim period of only 3 days elapsed between
the end of dRDF burning and the collection of the coal firing sample, a
possible explanation for the presence of TCDDs in the coal firing period
sample can be hypothesized. Tetrachlorodibenzo-p-dioxins may have been
entrained on the particulate trapped in the ESP during dRDF combustion. Still
present during the coal combustion test, they could then have been eluted into
the stack samples. This hypothesis could be resolved only by the performance

of more in-depth sampling at the facility after prolonged combustion of coal
only, following a thorough cleaning of the Feor,

DISPERSINN MODELING

The results of the PTMAX dispersion modeling of TC"D emissions from the
three test facilities indicated maximun ground level concentrations on the
order of 10-13 to 10-12 g/m3. The analysis of packed column data for
2,3,7,8 TCDD and coelutors indicated maximum ground level concentrations from
10-14 ¢o 10-12 g/m3. Maximum ground level concentrations of TCDDs

averaged approximately four to five orders of magnitude less than concentra-
tions detected in stack gas samples.
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APPENDIX A

' STACK SAMPLING METHODS

MODIFIED METHOD 5 TRAIN

Because of the complexity of operating and recovering sample from the
Mod{fied Method 5 train, a fletailed procedures manual has been developed to
facilitate field use of this train. This manual includes sections describing

pretest preparations, recovery procedures, sample handling and storage, and
laboratory facilities.

PRETEST PREPARATIONS

The preparation of glassware, filters, glass wool, aluminum foil, and
XAD-2 resin is completed pr}or to departure for the test site. The procedures
for the various preparations are as follows.

Glassware Preparation ;

Each plece of glassware which is 1n contact with the sample is cleaned
according to the following procedure:
1. Wipe off all adhering materials
2. Wash with soap and water
3. Completely submerse in chromic acid for a minimum of 6 hours.
This allows two batches to be cycled during a normal 8-hr
work day.
4. Thoroughly rinse with tap water
5. Rinse with distilled H20
6. Ringse with solvert

7. Seal exposed ends with clean (solvent scrubbed) aluminum foil.

This procedure is performed prior to each new test location or between
specific test conditions.
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Aluminum Foil Preparation .

Aluminum foil is used to cap openings of the glassware after cleaning
and during several stages of the recovery process. Because the foil is used
to prevent entry of potential contaminants, it must be solvent washed.

l. One side of the foll is wiped with a Kimwipe and solvent. Tt
has been found that a large Kimwipe, folded and held with the
sponge clamps, provides adequate scrubbing action. As the
Kimwipe gets dirty, it can be refolded or replaced. The sponge

clamps eliminate contamination from solvent contact with the
persons hands. '

2. After scrubbing, the foil 1s he

1d with the clamps or forceps and
rinsed with solvent.

3. The foil 1s then folded, cleaned sides together, and stored in either
a clean sample jar or wrapped in a large pilece of clean foil.

Various sized pieces of foil are required throughout the recovery
procedure. Cutting several pleces into approximate 2- to 3-in. squares prior

to use may be helpful in respect to recovery time. Large pleces of clean foil
are required to protect each clean filter.

Filter Preparation

Prior to use, all Modified Method

5 particulate filters are solvent
rinsed by the following procedures:

l. Set up a vacuum filtration system ugsing a clean 1-2 flask and
10-in. funnel. The filter frit and gasket are set in the funnel.
This serves as a support for the filters.

2. Up to 25 filters are cleaned at one time using 1 liter of solvent.
The top and bottom 3 filters are discarded.

3. As soon as all the solvent has passed through, the vacuum 1is
shut off. This reduces the amount of "lab air” drawn
through the filters and the potential contaminants it carries.

4.

Each cleaned filter is then sealed in a clean plece of aluminum
foil. :

Glass Wool Preparation

Glass wool 18 used to plug the resin chamber
As {t is iIn direct contact with the sample
cleaned.

section of the sorbent trap.
» the glass wool must bhe thoroughly

56

e e A

ORIV AR o LA 5 B e S s

3
i
]
{

L T



N e it T LN . T

1. Depending on the nunber of test tung, cut a gufficient quantity
of glass wool and place in a cleaned sample jar. A 500-cc jar is
usually sufficient.

2. FExtract the glass wool three times with 300- to 400-~cc portions of

CH3OH:CH2C12 (1:1).. (The volume of gsolvent should be ad justed
accordingly with the quantity of glass wool.)

3. The glass wool may ﬁhen be stored in the sample jar until needed.

Resin Preparation

For each test, approximately 45 grams of XAD-2 sorbent resin is used.
Prior to use it {g prepared according to prescribed EPA Level 1 procedures.

ASSEMBLY/LEAK CHECK

The general configuration of the Modified Method 5 train isg essent{ally
the same as the Standard Method 5 train. The variations in agssembly are as
follows:

l. Vacuum grease may not be used on any surface which has sample
contact. This tncludes the surfaces between the probe nozzle
and the outlet of the No. 3 tmpinger.

Wide Teflon tape 1is stretched over the spherical member of the joint
to obtain leak-free sealsg. This method results in a thin smooth
Teflon layer which seals quite well. A hole ig cut in the center
of the stretched Teflon with a golvent rinsed razor blade.

2. The sorbent trap 1s sftuated between the filter assembly outlet
and the first impinger. A cylindrical support has been constructed
to hold the sorbent trap in a vertical position on the back side of
the oven section of the sample box. It {ig positioned condenser
section down, resin chamber up. Teflon tubing with appropriate
hose adaptors is used to make the connection from the filter
outlet to the condenser inlet and from the resin chamber outlet
to the impinger No. 1 inlet.

3. The arrangement of the impingers and their respective solut{ions
are as follows: : ‘

= Greenburg-Smith 100 mf HPLC H0

No. 1
No. 2 - Modified Greenburg-Smith empty
No. 3 - Modifted Greenburg-Smith empty
No. 4 - Modiffed Greenburg-Smith Silica gel - full
g capacity

t

4. The particulate filter is not preweighed.
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RECOVERY OF THE ORGANIC SAMPLE Fa0M MODIFIED METHOD 5 SAMPLE TRAIN

Philosophy of Sample Recovery

contaminantg. Contamina

t
laboratory atmosphere, improper handling, or the use of improperly cleaned
equipment. The primary methods of reducing potential contamination are:

1. Disassembling one train component at a time.

2. Immediately capping exposed sample contact areas with solvent
rinsed aluminum foil.
3. Wearing two pairs of

gloves (nylon over cotton) while recovering
sample.,

4. Solvent rinsing all tools (tweezers, spatulas
immediately prior to each use.

» Scissors, etc.)
For the purpose of this test,
uncontaminated sample s more impor
material trapped by the train.
No. 3 impinger, it 1g better to
to contaminate the impingep samp
book would then be made explaini
change. Thig philosophy is what
cleaning, Recovery includes recl

1t 18 felt that the recovery of an

tant than the complete recovery of all
For example, if silica gel 1s found in the
elimfnate recovery of the No. 3 impinger than
le with silica gel. A notation in the log

ng the circumstances requiring this procedure

aiming only that part of the sample which
lvent rinses. For example, the Standard

m the probe requires that the
probe be washed and brushed. The recovery of sample from the MM5 probe

requires only a golvent rinse. After the solvent rinse is completed and the
sample properly stored, the probe may then be “cleaned” by brushing.

g and recovery conditions, a log book is
maintained., Daily entries are made b
Figure A-1 15 a summary sheet of data

Sample Recovery Procedures

A schematic of the recbvery procedures is indicated in Figure A-2,

Sanple 3~p--

Particulate sample (3-P) 1includes rinses from:

® probe nozzle
® probe
® cyclone bypass
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Date:
Fuel type:

Sample volume:

Leak Check

Laboratory ‘
Rate: CﬁM
4

Initial meter reading:

Final meter reading:

Solvent used in recovery of:

MM5

3-1-A
3-xX -A
3 -pr -4

Subtotal
3~-1I-8
3-XR -B :
3-pP-B T

Subtotal

TOTAL

CF

CF

L e e PR3

Location:

Combustion
resin system

Field

Rate:

or MMS

Initial meter:

Final meter:

Figure A-1. MM5 organic stack sampling: daily summary.
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Sample
codes:
» Impingers ~ >
1, 2, 3 -
CH30H:CH,Cl, 2000~cc
3-I—» (2) U-tubes ' > » (1:1) ———————» gtorage
' rinse jar
TFE hose from sorbent
> trap outlet to Il — _ ___ ]
rSorbent trap -
»TFE hose to sorbent inlet —m
t» Condenser inlet ‘-— CH30H:CHC1, 500-cc
3-XR— ' ——(1:1) = gtorage
i rinse jar
#>Filter support ‘ -~
t»-Filter housing bot?tom —
» Filter outlet
»Particulate filter —————n
»Top of filter housing —
CH30H:CH2C12 500-cc
3:P —»Cyclone bypass - > (1:1) ™ gstorage
i rinse jar
r»?robe
LNozzle >

Figure A-2. Modified Method 5 sample recovery.
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upper half of filter housing
particulate filter

Procedure~-Weigh in solvent wash bottle. Remove the probe nozzle from
the probe and cap the exposed end of the probe with clean aluminum foil.

Nozzle--Rinse the interlor surfaces of the nozzle with solvent being
careful not to rinse over the exterior surfaces. It is suggested that solvent
be introduced through both ends of the nozzle to ensure adequate rinsing of
all interior surfaces. Recap the ends of the nozzle with clean aluminum foil.

Probe (requires 2 people)~-Hold the outlet end of the probe over the
sample recovery funnel and elevate the nozzle end slightly. Introduce a
stream of solvent {ntc the nozzle end while rotating the probe slowly.
Continue to rotate through ghree to four rotations while rinsing with
approximately 100 to 200 cc of solvent.

(Note: The probe interior 1s NOT brushed as in the Standard Method 5
procedure. Recap ends with clean aluminum foil.)

Cyclone Bypass—-Remove cyclone bypass and cap upper half of filter
housing with clean aluminum foil. Introduce approximately 10 to 20 cc of
solvent into the cyclone bypass and rotate and agitate to contact all interior
surfaces. Repeat this procedure three times.

Filter and Upper Half of Housing (2 people)-—-Disconnect and disassemble
the filter housing and with cleaned tweezers and spatula carefully fold the
particulate filter inward until it will fit into the sample bottle easily.

Set aside the lower helf of the filter housing and the frit in the clean area.
Rinse the Interior of the upber half of the filter housing by directing the
solvent stream near the edge of the bell and rinsing down and out the neck.
Care should bhe taken not to get too near the lip and contaminate the sample hy
washing down the exterfor of the bell. Ringe around the bell three times.

Set aside in clean area on clean aluminum foil.

Rinse down the sample récovery funnel and cap the sample bottle.
Reweigh the solvent wash bottle.

Sample 3-XR--
Resin sample (3-XR) bottle contains rinses from:

filter frit

lower half of filter housing
U-connector

modified impinger inlet connector
TFE connecting tube

resin trap/condenser

Frit—Pick up the frit with cleaned tweezers and carefully remove TFE
tape from around edges. Discard tape. Rinse frit into sample recovery




I

funnel. Rinse with approxihately 50 cc of scivent.

. Set frit aside in clean
area on clean aluminum foil.

Lower Half Filter Housing--Rinse in same manner as upper half and set
aside In clean area on cledn aluminum foil.

U-tube Connector—-Discbnnect and rinse b
(10 to 20 cc), rotating and rockin
surfaces. Repeat three times.

y partially filling with solvent
g to ensure solvent contact on all interior

Oven Outlet Connector—?Rinse t
solvent. To ensure complete rinsin
solvent from both ends of the plece

he interior surfaces of the connector with
g it will be necessary to introduce the
- Use approximately 50 cc of solvent.

TFE Connector
20 cc of solvent u
surfaces.

8--Disconnect and rinse three times with approximately 10 to
sing a rocking motion to ensure contact with all 1inner

Resin Trap/Condenser-—Remov

e the glass wool plug from the end of the
regin chamber wit

solvent rinsed tweezers and place it directly Into the
sample container, being careful not to lose any of the resin.

Invert the resin trap over the sample recovery funnel and rinse through
the condenser, the frit, and out the resin chamber into the sample container.
The condenser section of the trap should be filled with solvent with a
vigorous spraying action and then allowed to drain through the frit and resin
chamber approximately four to five times. Use 200 to 300 cc of solvent.

Set the condenser aside in the clean area and allow to dry.
Rinse down funnel and close sample bottle.
Reweigh solvent squirt bottle.

Sample 3-I--
Impinger sample bhottle (3-1-1,2,3,) contains rinses and condensate from:

resin trap outlet connector
impinger No. 1

U-tube connector .

impinger No. 2 ‘

U=-tube connector

impinger No. 3

Weigh solvent squirt hottle.

As t-tubes are disconnected, they can be taken directly to sample
recovery hood and rinsed three times with approximately 5 to 10 cc of the
solvent mixture.
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Disconnected impingers are immediately capped off with clean aluminum

foll, weighed to determine weight gain, and placed in the sample recovery
hood.

Without disconnecting the lmpinger stem from the bottom, pour out the
impinger contents through the side arm into the sample bottle, Rinse three
times with 20- to 30-cc portions of solvent by squirting the solvent down the
center tube into the impinger. Agitate the solvent so that it splashes over
the outer surface of the inner tube and completely rins. over the 1inner
gsurfaces of the lmpinger hottom. Pour the solvent rinses out through the
side arm and into the sample bottle. The lmpingers can now be recapped until
train is reassembled for the next run.

Rinse down funnel with solvent into sample bottle. Welgh squirt bottle.

SAMPLE HANDLING

As charted in Figure A-2, samples are stored in either 500- or 2000~cc
storage jars. Each jar is labeled with the appropriate sample code, site
location, date, recovery time, and initials of recovery team members.* The
volume level of the sample is then marked on the storage jar. To protect the
samples from photochenical degradation, each sample jar is completely wrapped
in aluminum foil. This foil does not have to be solvent cleaned. After
wrapping, the storage jar.is relaheled, as before. A tamper-proof seal {s
then applied to each bottle to assure sample integrity during transport.

LAR REQUIREMENTS

General physical requirements for the lab include:

® explosion proof hood - 4 to 6 ft wide
® laminar flow hood - hepa filtered air
® 6 to 12 ft of bench top work area

Ideally, the lab should be a positive pressure clean room environment,
free from any sources of volatile or particulate organics.

All sample recovery work 1is done under the hood. The work area of the
hood should be cleaned and covered with clean room sheeting. Various types of
support equipment are used to aid in sample recovery. These include:

® Stainless steel tray to serve as a solvent catch basin
when rinsing items not included in the sample recovery scheme.

® A ring stand and a large ring to support the funnel over
the sample jar.

* Each leg of the Modified Method 5 1s identified by either an A or B at the
end of the label information. Sample blanks are tdentified by the word
BLANK following the label sequence on the sample log only (see Appendix E).
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® Two Teflon wash bottles - one which contains a known mass of
solvent and is used exclusively for sample recovery and another
one used for various solvent rinses outside the sample recovery
scheme.

® Clean foil to rest glassware on during recovery procedure.
® Tweezers, spatula, sponge clamp, etc.

The workbench surface {s also wiped down with solvent and covered with
clean room sheeting.

SOURCE ASSESSMENT SAMPLING SYSTEM TRAIN

Because of the complexity of operating and recovering sample from the
Source Assessment Sampling System (SASS) train, a detalled procedures manual
has been developed to facilitate field use of this train. This manual
includes sections describing pretest preparations, recovery procedures, sample
handling and storage, and laboratory facilities.

PRETEST PREPARATIONS
The preparation of glassware, filters, aluminum foi{l, and the SASS train
components 1s completed prior to departure for the test site. The procedures

for the various preparations are as follows:

Aluminum Foil Preparation

Aluminum foil 1s used to cap openings of the glassware after cleaning
and during several stages of the recovery process. Because the foll 1s used
to prevent entry of potential contaminants, it must be solvent washed.

l. Omne side of the foll 18 wiped with a Kimwipe and solvent. It has
been found that a large Kimwipe, folded and held with the sponge
clamps, provides adequate scrubbing action. As the Kimwipe gets
dirty, it can be refolded or replaced. The sponge clamps eliminate
contamination from solvent contact with the persons hands.

After scrubbing, tﬁe foil is held with the clamps or forceps and
rinsed with solvent.

N
.

3. The foll 1s then folded, cleaned sides together, and stored in either
a clean sample jar or wrapped in a large plece of clean foil.

Various sized pleces of foll are required throughout the recovery
procedure. Cutting several pieces 1into approximate 2- to 3-in. squares prior
to use may be helpful in respect to recovery time. Large pleces of clean
foil are required to protect each clean filter.
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‘f Filter Preparaztion

e Prior to use, all SASS particulate filters are solvent rinsed by the
following procedures:

1. Set up a vacuum filtration system using a clean 1-2 flask and
10-in. funnel. The filter frit and gasket are set in the funnel.

This serves as a support for the filters.

2. Up to 25 filters are cleaned at one time using 1 liter of solvent.
The top and bottom 3 filters are discarded.

RG]

3. As soon as all the solvent has passed through, the vacuum 1is shut
off. This reduces the amount of "lab air” drawn through the filters
and the potentlal contaminants it carries.

4. Each cleaned filter 1s then sealed in a clean piece of aluminum
foil.

Resin

For each test approximately 150 grams of XAD-2 sorbent resin is used.
Prior to use it is prepared according to prescrihed EPA Level 1 procedures

Cheesecloth

Cheesecloth is used for sample recovery from the organic module

condenser unit. The cheesecloth 1is prepared according to the following
procedures:

1. Cut several pleces of cheesecloth into approximate 4-in. squares.
The quantity is dependent upon the number of tests - assume
2 pleces per test.

2. Place the pleces into a clean 2000-cc storage jar.

3. Extract the cheesecloth three times by shaking it in the container
with 1 liter of solvent (1:1, CH30H:CH2Cly). The volume of
solvent and storage jar may be adjusted accordingly with the amount
of cheesecloth beipg extracted.

;- 4. After extraction, the solvent is decanted off and the cheesecloth is
3 stored in the storage jar until needed.

éi SASS Train Passivation*

All metal and glass surfaces in the sampling train that come in contact
with the sample are passivated by a 30-min standing contact with 15 p-rcent

* This sectfon is adapted from IERL/RTP Procedures Manual:Level 1
Environmental Assessment, 2d ed., EPA Publication No. 600/F-78-201.
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volume for volume (v/v) aqueous nitric acid. A stiff anylon brush or hard
Teflon scraper is used teo aid in cleaning encrusted materials from the
surfaces if necessary. The parts are initially agitated to remove trapped air
bubbles, rinsed with tap H70, and then rinsed with distilled water. They are
then rerinsed by spraying thoroughly with solvent (1:1, CH30H:CH)Cl9)

(taking care of all surfaces) and allowed to dry.

Passivation should be carried out inftially (as stated above) and
thea every 6 months when the frequency of tests is one per month or less, and
monthly for testing in excess of one per week. If the tests are more frequent
or of longer duration, passivation should be conducted more frequently. If
corrosion has occurred, the corrosion should be removed and the passivation
repeated. The passivation and rinse solutions should be replaced after every
fourth use or should be discarded weekly.

Storase Jars

For each SASS train run, three 2000~-cc and five 500-cc glass storage
jars with Teflon lined lids are used. Each jar 1is cleaned prior to use
according to the following procedure:

1. Fill sample containers with concentrated chromic acid solution
and soak overnight.

2. Rinse éontainers thoroughly with distilled water.
3. Rinse containers three times with HPLC grade water.
4. Rinse containers three times with CHyClp:CH30H (1:1).
S Place Teflon linea 1ids (previously cleaned with

(1:1 CHpCl1:CH30H) on cooled contalners and store

in shipping contatners.

NOTE: All solvents are of distilled in-glass grade
(nanograde) or better.

Reagents

For each SASS train run, the following quantities of reagents are used:
3 liters of solveét (1:1, CH30H:CH2Cl9)
1 liter of HPLC HéO
150 grams of XAD-2 sorbent resin

2.5 kg of 3 to 8 mesh indicating silica gel
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Asgembly/Leak Check

The Acurex Corporatidn/Aerotherm Division Source Assessment Sampling
System Operating and Service Manual provides a detailed description for set up
and leak checking the SASS train. The following procedures are adaptations to
accommodate the special priecautions required for trace organic sampling.

Before each component 1is assembled, it is thoroughly rinsed with solvent.
Gloves should be worn when handling sample surfaces of the various components.
The train is completely assembled and leak checked in the laboratory. For
transportation to the stack, the train is disassembled into four units:

(1) the filter/cyclone assembly, (2) the organic module with both stainless
steel (SS) braided hoses attached, (3) the impingers, and (4) the probe and
nozzle. All openings are ‘capped with clean aluminum foil. Transporting the
train in this manner reduces handling of the various components on the stack,
reduces the potential of contamination, and facilitates leak checking on the

stack. i

Table A-1 lists the ﬁools necessary for SASS train assembly. The

following components are wrapped with Teflon tape to aid in leak checking and
disassembly. ‘

] The 1ip of each ‘cyclone collection cup.
° The threads on the No. 3 cyclone.
L] Tape around the circumference of either the front or back half of

the filter housing beyond the area where the O-ring is seated.
This aids in separating the filter housing after sampling.

TABLE A-1. TOOL REQUIREMENT FOR SASS TRAIN

Wrenches K Screw drivers

(1) 3/8 in. to 7/16 in. - 1/8 in. slot

(2) 3/4 in. to 7/8 in. " 3/8 in. slot

(1) 5/8 in. to 9/16 in. No. 0 Phillips

(2) 11/8 in. to 1 1/16 in. No. 2 Phillips

(1) 1 3/8 in. to 1 7/16 in.

(1) 1 in. ‘ Miscellaneous

(1) 13/16 in. :

(1) 11/16 in. : 3/8 in. nut driver
(1) 1/2 in. Combination pliers

(1) 5/8 in., long handle . Hex key set




To facilitate the leak check, the following procedures are employed.

1. To obtain leak~tight seals, several of the O-rings and gaskets

require periodiec replacement. Table A-2 18 the recommended
replacement schedule.

TABLE A-2. SASS TRAiN, O-RING/GASKET INVENTORY/REPLACEMENT SCHEDULE

Date Replacement schedule
As required by:
After Per visual ingpection
passivation run or leak check
Impinger
Cap (175-306911-02—2-234V) X
Fitting seal : X
(175-307125—2-1163)
Filter assembly - X X
(175-306910-03—2—162V
Organic module
5 1/2 {in. (175-300082-02—1—161V) X X
5 1/4 1n, (175-300084-0342—160V) X X
3 3/4 {n, (175-300083-02—2-154V) X X
Gasket (7233-079-1) K X
Cyclones !
No. 1. 6 1/2~in. cap : X : X
(175-300207—01f2—16OV) ‘
4~in, collection ‘bowl seal X X
(7079-217-02) : '
No. 2. 3 1/2-1in. cap X X
(175-300262—01-2-153V)
4-in. collection bowl seal X X
(7079~217-02)
No. 3 Upper slip ring X X
(1 3/8 in. x 1 3/4 {n. x 1/16 in.)
(7233-040-02) -
Lower slip ring X X
(L.18 in. x 1 3/4 {n. x 1/16 in.)
(7233-033-04)
Upper cap gasket X X
(1.43 in., x 1,63 in. x 1/16 in.)
(175-300071-02)
Collection bowl seal X X
(1.09 in. x 1.63 4n. x 1/16 {n.)
(7233-033-03)
_
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2. The organic module tends to be a major leak source. To

this, Teflon tape is used in four ar
of the sorbent trap and arouad the t
putting on the ring clamps.

rectify
eas, around the top flange
hree outer seals prior to

RECOVERY OF THE ORGANIC SAMPLE FROM SASS TRAIN

Philosophy of Sample Recovery

Recovery of the SASS sam

ple should be accomplished with minimal exposure
of sample and sample contact

surfaces to potential contaminants.
Contamination may result from excessive exposure to the laboratory atmosphere,

{mproper handling, or the use of improperly cleaned equipment. The primary
methods of reducing potenttal contamination are: ‘

1. Disassembling one train component at a time.

2. TImmediately capping ex

posed sample contact areas with solvent
rinsed aluminum foil.

3. Wearing two pairs of gloves (nylon over cotton) while recovering
sample.

4. Solvert rinsing all tools (tweezers

» 8patulas, scissors, etc.)
immediately prior to each use.

5. Preliminary cleaning and routine maintenance of laboratory surfaces.

For the purpose of this test, it 18 felt that the recovery of an
uncontaminated sample 1is more important than the complete recovery of all
material collected by the train. For example, {f sflica gel 18 found in the
No. 3 i{mpinger it is better to eliminate recovery of the No. 3 impinger than
to contaminate the impinger sample with silica gel. A notation in the log
hook would then bhe made explaining the circumstances requiring this procedure
change. This philosophy is what separates the recovery procedure from
cleaning. Recovery includes!reclaiming only that part of the sample which
will wash out through repeated solvent rinses. For example, standard

stack sampling procedures for recovering the sample from the probe require
that the probe be washed and hrushed. The recovery of sample from the SASS
probe requires only a solvent rinse. After the solvent rinse {s completed and
the sample properly stored, the probe may then be "cleaned" by brushing.

For notation of various ‘operating and recovery conditions, a log book
is maintained. Daily entries are made by the stack and recovery teams.
Figure A-3 i{s a summary sheet, of data pertinent to normal SASS sampling and
recovery work. Besides that .information, the log book is used to note any
unusual circumstances which may occur during operation or sample recovery.

General Recovery Procedures

® Prior to the first rinse and after the final r

inse in the recovery
of each sample the weight of the solvent wash

bottle is recorded.
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Date:
Fuel type:

Sample volume:

Leak% Check
Laboratory ;
Rate: CFM
——

Initial meter reading:

Final meter reading:

Solvent used in recovery of:

SASS
21 - 1,2,3
2 ¢D -
2 XR
2 PF .
2 - 1¢ —
2 =3¢ e
2 - 10C
2 PR :

TOTAL

Figure A-3. SASS‘organic stack sampling:

A i S

CF

CF
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Location:

SASS

————

Field

Rate:

CsM

Initial meter: CF

Final meter:

- CF

daily summary.
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® As a component is d(sassembled, it 18 either rinsed immediately,

capped with clean aluminum foll, or set under the laminar flow
hood. ‘

Vf ® Remove all Teflon tape, gaskets, and O-rings prior to sample
i recovery and rinsing. Thesge items are removed using clean tools.

® Empty the collected éample into the storage Jar prior to rinsing the
component, :

® Fach sample contact surface {3 rinsed a aminimum of three times.

vﬁ ® Care should be taken not to contaminate the sample with washings
from the exterior surface of a component .

® Ringe the funnel as the final step before capping the sample jar.

: ® Reassemble each component as soon as possible and cap exposed
openings with clean foil.

.y

(Note: The probe interior ié NOT brushed. Recap ends with clean aluminum
foil.) ;

Sample Recovery Procedures

A schematic of the reco#ery procedures is indicated in Figure A-4.
Sample 2-PR
Contains rinses from !

® probe nozzle
® probe

Procedure:

l. Remove the probe nozzle from the probe and cap the exposed end of the
probe with clean aluminum foil.

2. Rinse the interior surfaces of the nozzle with solvent being careful .
not to rinse over the exterior surfaces. It {ig suggested that
solvent be introducedlthrough both ends of the nozzle to ensure
adequate rinsing of all finterior surfaces. Recap the ends of the
nozzle with clean aluminum foil.

3. Hold the outlet end of the probe over the sample recovery funnel and
elevate the nozzle end slightly. Introduce a4 stream of solvent 1into
the nozzle end while rotating the probe slowly. Continue to rotate

4 through three to four rotations while rinsing with approximately 100
) to 200 ce¢ of solvent.




Codes:

~ Impingers 1,2,3,

2-1-1,2,3,-»{ (2) Teflon (TFE) connectors

2-CD =

2-XR =i

Stainless Steel braided hose
(I-1 to crganic module)
- Collected condensate

— Condensate collection cup

~ Resin

Resin trap

Organic module

Stainless Steél hraided hose
Back of filtef housing

—Filter frit

- Particulate filter(s)

2-PF ————»{ Front of filter housing

L Qutlet of No. 3 cyclone

No. 3 cyclone °
2-1¢ —{
Outlet of No. 2 cyclone

No. 2 cyclone °
2-3c _.[ —
Outlet of No. 2 cyclone

2-10C ———[ No. 1 cyclone k

Probe
2 -PR ——{
Probe nozzle
Figure A-4. SASS train
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—» CH30H:CHaClg — 2000-cc
rinse storage
jar

2000-cc
]—*CH:;OH: CH2Cly — sgtorage

rinse jar

2000-cc
—> CH30H:CH2Clp — gtorage
rinse jar
500-cc
—» CH30H:CHClyg ~——— storage
rinse jar
N 500-cc
I—CH30H:CH2Clp —— gtorage
- rinse jar

500-cc
]—-»CH3OH:CH2012 ——— gtorage

rinse jar

500~-cc
}—>cHujon:cHycly) — storage
rinse jar

500-cc
]—’CH30H: CH9Clp — gtorage

rinse jar

sample recovery.
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Samgle 2-10C

Contains sample and rinses from the No. 1 cyclone.

Procedure:

W l. Remove the collection cup.
2. PFmpty contents and rinse three times.

3. Rinse up to the lip, being careful not to get too near the lip !
and contaninate the sample by washing down the exterior of the
Cupe.

4. Remove the cyclone top (outlet) and set aside.

5. Rinse the cyclone by introducing solvent through the 1inlet as
well as through the top. Rinse a minimum of three times.

%‘ 6. Approximately 200 mi of solvent should be used.

# Sanple 2-3C

4 ¢
Contains sample and rinses from ﬁ

® No. 2 cyclone’

® Outlet of No..1l cyclone

Procedure:

l. Ringe the outlet of the No. 1 cyclone by introducing solvent
through the outlet stem and then across the inner surface.

2. Recover the sample and rinse the No. 2 cyclone using the
procedure outlined for the No. 1 cyclone.,

3. The solvent volume should be approximately 250 mf.
Sample 2-1C

Contains sample and rinses from

® No. 2 cyclone;outlet
® No. 3 cyclone-
Procedure:
l. Follow the procedure as outlined for the No. 1 and 2 cyclones.

2. The solvent volume should be approximately 150 mf.
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Samgle 2-PF

Contains sample and tinses from
® No. 3 cyclene outlet

® Filter housigg front

® Particulate fllter(s)

Procedure:

. Rinse the No. 3 cyclone outlet as outlined previously,

L 2. Disassemble the filter housing.

T
w
P

Using cleaned tweezers and spatula
particulate filter {nward until it
sample jar.

» carefully fold the
will easily fit into the

4. Ringe the front half of the ftlter ho

using by directing the :
sol

vent strean near the edge of the housing and out the inlet.
5. Approximately 150 m% of solvent is used.
Sample 2-XR

Contains sample and ringes from

RO B L

® Filter frit

® Back of filter housiag

® SS braided hose

| ® Organic module
® Resin trap
® Resin

Procedure:

e B stameti

Remuve the fiiter frit using clean tweezers or sponge clanmps.

2. Hold 1t over the funnel and thoroughly rinse with solvent from
both sfdes.

3. Rinse the back of the filter hou

sing following the same
procedure as for the front half,

naies A mten
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1.

11.

Sample 2-CD

Rinse out the SS braided hose by introducing solvent

alternately from both ends. Rotate and rock the hose to ensure
solvent contact on all interior surfaces.

Remove the resin trap.

Empty the resin into the sample jar and rinse the interior
surfaces of the resin trap.

Lift out the condenser unit. Place in solvent cleaned SS
beaker of appropriate si{ze. Recover rinsing in this beaker.

Using the sponge clamps and clean cheesecloth, wipe down the
walls of the condenser. This function requires two people; one
person wipes while the other adds solvent to the area being
recovered.

Rinse the inner walls of the organic module into the cleaned
SS beaker. If sample appears to be sdhered to the walls, wipe
it out using clean cheesecloth and sponge clamps.

Add all used pieces of cheesecloth to the sample.

Approximately 800 mf of solvent will be used.

Contains sample and rinses fron

® Condensate collect cup

® Teflon hose (from collect cup to jar)

® Collected condensate

Procedure:

1.

Use the jar  in which the ccndensate was collected for the sample
storage jar.

Drain any rgmaintng condensate from the cup to the jar.
Determine aﬁd record the volume of collected condensate.

Leave the TFE drain hose attached to fhe cup.

Rinse the condensate collection cup. Rinse the cup walls
only--do not rinse across the flange. Allow enough solvent to

rinse the cup as well as the TFE drain hose.

Approximately 125 mf of solvent will be used.
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Sample 2-I-1,2.3 i

Contains sample and rinses from
® No. 1, 2, and 3 impingers

® Two TFE impinger connections (those which connect the
No. 1 and 2 and the No. 2 and 3 impingers)

® SS brafided hose
Procedure:
1. Rinse the braided hose as outlined in sample 2-XR.
2. Disconnect and remove the impinger connections.
3. Rinse the connectors by partially filling with solvent
(10 to 20 m&) and rotating and rocking to ensure solvent
contact with.all interior surfaces.

4. Record the weight of the impingers.

5. Remove the cap and empty the impinger contents into the sample '
jar.

6. Do not rinse the interior surface of the cap.

7. Rinse the interior of the impinger stem by introducing solvent
through the fnlet and then rinse the exterior of the stem.

8. Rinse the impingers by {ntroducing solvent from the top and
rotating the impinger to ensure solvent contact with all

interior surfaces.
9. Approximately 600 mf of solvent is required.
SAMPLE HANDLING

As charted in Figure A-4, samples are stored in either 500- or 2000-cc
storage jars. Fach jar isJLabeled with the appropriate sample code, site
location, date, recovery ti@e, and initials of recovery team members.* The
: volume level of the sample {s then marked on the storage jar. To protect the
3 samples from photochemical degradation, each sample jar is completely wrapped
in aluminum foil. This foll does not have to be solvent cleaned. After
wrapping, the storage jar is relabeled, as before. A tamper-proof seal is
then applied to each bhottle to assure sample integrity during transport.

* Sample blanks are identified by the word Blank following the label
sequence on the sample log only.
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14 LABORATORY REQUIREMENTS

General physical requirements for the laboratory include:
£ ® explosion proof hood - 4~ to 6-ft wide

K ® laminar flow hood - hepa filtered air

® 6 to 12 ft of bench top work area

Ideally, the laboratory should be a positive pressure clean room
environment, free from any sources of volatile or particulate organics.

All sample recovery work is done under the hood. The work area of the
hood should be cleaned and covered with clean room sheeting. Various types
of support equipment are used to aid 1in sample recovery. These include:

® Stalnless steel tray to serve as a solvent catch basin
when rinsing items not {ncluded in the sample recovery scheme.

® A ring stand and a large ring to support the Ffunnel over
the sample jar.

® Two Teflon wash bottles, one which contains a known amount
of solvent and .is used exclusively for sample recovery and
another one used for various solvent rinses outside the sample
recovery scheme,

® (lean foil to rest glassware on during recovery procedure.
® Tweezers, spatula, sponge clamp, etc.

The workbench surface is alsc wined down with solvent and covered with
clean room sheeting.
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This report is a description of the extraction, clean-up, and analysis
of samples collected from large combustion sources, such as municipal
1ncinerators, for the possible occurrence of tetrachlorodibenzodioxins (TCDD)
and tetrachlorodibenzofurans (TCDF). <The samples received for analysis
included particle filters,; fly ash, condensates, cyclone solvents, probe
rinses, and resins. Until such time as the extractions were carried out, the
samples were stored at room temperature in the ansgence of light. The TODDs
and TCDFs were extracted either in a Soxhlet extractor or by simple solvent
extraction procedures, depending on the matrix, before being subjected to a
base wash followed by an acid wash. Column chromatography was performed on
the samples as a final clean-up step.
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The analyses were carried out using packed column GC/HRMS and capillary
column GC/HRMS methods. Packed column GC/HRMS was utilized for the
determinat{on of total concentration of TCDD and TCDF whereas the 1isomer
specific analyses of thosefsamples designated by SYSTECH in consultation with
the EPA were performed by capillary column GC/HRMS.

EXTRACTION PROCEDURES

[mpingers

The {mpinger samples contained two layers: HPLC water and organic,
presumably, methylene chloride. The entire sample was spilked with
Fo 3c-2,3,7,8-TcDD (internal standard) and stirred for 1 hour with a magnetic
stirrer in order to allow the internal standard to partition between water and
the organic layers. The water was then separated from the organic layevr and
extracted three times with hexane (1:1, v/v). Essentially, all the TCDD and
TCDF should have heen retained in the organic layer.

Cao

The organic layer (methylene chloride) was removed by distillat{on in a
distillatisn apparatus equipped with 30 cm Vigreux column. After the
methylene chloride was removed, hexane was added, and the distillation process

—

* Appendix B wag prepared verbatim from test reports obtained by SYSTECH
from Dr. Michael Gross, University of Nebraska.

81

7y 5o

Preceding pagesblank




PRI 41 U1 P s st Ry ek e 1

T O Ty TR R - L T, i0 et

was cr-~tinued further until a final volume of approximately 5 ml of hexane
remained. The hexane remaining was combined with the previous hexane
extract, and the combined extracts were transferred to a separatory funrel
(250 ml). More hexane was added to make a final volume of 75 ml. Then the
extract was washed twice with IF KOH; once with water (15 ml); twice witn
concentrated sulfuric acid (15 ml each washing); and finally, twice with
water (15 ml each washing). The hexane layer was then concentrated and
submitted to silica and alumina chromatography (described later).

Particle Filters

The particle filters arrived in a solvent, presumably methylene chloride.
A known amount of 13C—2,3,7,8—TCDD was added to the filter and the liquid
portion of each sample. The samples (including the filter) were then poured
into Soxhlet thimbles, and the solvent was collected In a beaker below the
thimble. The filter that was retained in the thimble was extracted with
benzene for 3 days. The benzene extract was evaporated under a stream of dry
nitrogen and finally replaced with hexane.

In order to replace the original methylene chloride with hexane, a
distillation was carried ‘out as described earlier for impingers. The hexane
extracts were combined and made up to a volume of 75 ml with more hexane in a
separatory funnel. The resulting solution was extracted twice with 1F KOH and
then washed with water (25 ml each washing). Repeated extractions were done
with concentrated sulfuric acid (15 ml each extraction), and finally the
sample was rinsed with water (15 ml). As a final clean-up step, the samples
were concentrated and submitted to silica and alumina chromatography.

Resins

The resin samples were received in methylene chloride/.:ethanol (1:1)
mixed solutions. The solutions were splked with a known weight of the
internal standard (13C-2,},7,8—TCDD) and transferred to glass columns
(2.5 cm x 30 em). The nmethylene chloride/methanol mixture was drained off,
and the column was left to dry (1 hour). Subsequently, diethyl ether was
added and allowed to equilibrate with the resin for approximately 10 to
20 minutes. Sufficient volume (10 ml/gram of resin) of diethyl ether was
passed through the column, and the eluate was collected.

The original methylene chloride/methanol mixture was removed by
distillatfon and replaced by hexane as described earlier for impingers. The
resulting hexane extract was combined with the ether eluate, and the solvents
were evaporated under a stream of dry nitrogen.

The sample (in hexane) was then transferred to a separatory funnel
(250 ml), and more hexane was added to increase the volume to 75 ml. The
hexane layer was extracted twice with 1F KOH and washed with water (25 ml).
Several extractions were done with concentrated sulfuric acid (15 ml each
extraction), and the hexane layer was finally rinsed twice with water (15 ml
each washing). The solution was then concentrated and chromatographed on
silica followed by alumina columns.
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Cyclones, Condensates, and Probe Rinses

Cyclones, condensates, and probe rinse samples were each spiked with the
internal standard 13C—2,3_,7,8--TCDD. The solvents were replaced with hexane
by distillation as previously described.

repeatedly extracted with_éoncentrated sulfuric acid (15 ml each extraction)
followed by rinsing with water (15 ml). The extracts were concentrated and
submitted to sf{lica and alumina chromatography.

LIQUID CHROMATOGRAPHY CLEAN-UP

Silica Chromatography

wool. The silica was capped with 1/4 cnm anhydrous sodium sulfate to remove
water and then wetted with hexane. The sanple, dissolved in 1 ml of hexane,
was transferred to the column. TCDD and TCDF were eluted with 3 ml of

20 percent (v/v) benzene in hexane. All the eluate was collected in a 2-oz
jar and concentrated to l:ml. Additional hexane was added, and the sample
was again evaporated to 1 ml to reduce the proportion of benzene.

Alumina Chromatography

Alumina was washed by:saturating with methylene chloride, removing
excess solvent, then activating at 165°C for 24 hours. A column was prepared

in the same manner ag the 'silica column above. The -column was cooled to room
temperature in a desiccator before use. .

Hexane was used to wet the column before transferring the sample. The
jar was rinsed with 1 ml of hexane which was transferred to the column. The
alumina was eluted with two 3-ml portions of pesticide grade CCl;, then with
4 ml of CH2Cly. These solvents were used to rinse the jar before being
transferred to the column.T The methylene chloride fraction was collected and
concentrated under nitrogen- while replacing the volatile CH2Cly with hexane.
All other fractions were discarded.

List of Materials Used in Sample Extraction

Acetone, OmniSolv, MCB

Benzene, OmniSolv, MCB

Carbon tetrachloride,'Omnisolv, MCRB

Ethyl alcohol, OmniSolv, MCR

Hexane, mmniSolv, MCB, non UV

Methylene chloride, OmniSolv, MCR

Sulfuric acid, concentrated, analytical reagent, Mallinckrodt
Water, distilled in glass :

Potassium hydroxide, analytical grade, Mallinckrodt

Sodium sulfate (anhydfous), analytical grade, Fisher
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Sodium carbonate (anhydrous), analytical grade, Fisher

Aluninum oxide, neutral, activity grade I, Woelm Pharma

Silica gel, 60 to 200 mesh, reagent grade, Baker Chemical Company
Dry nitrogen (boil-off from liquid N2)

All OmniSolv line solvents are distilled in glass, suitable for
chromatography and residue analysis.

TOTAL TCDD AND TCDF ANALYSES BY PACKED COLUMN GC/HRMS

The sample extracts to be analyzed were kept 1in centrifuge tubes in a
freezer at -4°C. At the time of analysis, the inside of the tubes were washed
with hexane or isooctane (épproximately 100 ul was used). Subsequently, the
solvent was allowed to evaporate to approximately half of its original volume.
The remainder wag accurately measured with a graduated Hamilton syringe, a
@ajor portion (approximately 3/4) returned to the centr{fuge tube, and the
amount remaining 1in the syringe was used for GC/HRMS analysis,

Mass Spectrometer -

A Kratos MS-50 ultra-high resolution Mass spectromecer was used for this

analysis (ultimate resolution, 210,000). The Mass spectrometer was interfaced
via a fet separator to a Perkin Elmer Sigma-II gas liquid chromatograph. For
the second bhatch of samples, a multiple peak monitoring (MPM) accessory was
used which enahled us to monitor three ions on three channels. For the first
batch of samples, two ions were monitored using the peak matching accessory.
The data acquisition was accomplished with a Nicolet Model 1170 signal
averaging computer.

Gas Chromatography

A glass column (6 ft x 1/4 in. 0.D.) containing HNU Permabhond methyl
silicone coated with 0.6 percent poly S~179 (HNU Systems, Inc.) was used in
the analysis, Typical operating conditions of the 8as chromatograph were:
helium flow rate of 25 nl/min, injector 275°C, and column temperature program
(inittal at 250°C and programmed at 10°C/min to 275°C and held at the final
temperature until TCDD or TCDF had eluted). The GC/HRMS 1interface was a
simple glass lined stainless steel capillary which was coupled to a glass Jjet
separator. The interface was held at a temperature of 150°C. Signals for the
pre-eluters were collected starting at 3.4 and 3.5 minutes for TCDD and TCDF
respectively. For the isomers which coelute with 2,3,7,8-TCDD, the respective
values were 4.7 and 4.8 minutes. It should be noted that these values
correspond with the times at which the signal averaging commenced (the
beginning of the peak) and do not represent the actual retention times (peak
width at 10 percent height 1s approximately 40 seconds).

Mass Spectrometric Conditions

The electron impact source was used at 70 eV ionizing energy and an
accelerating voltage of 8 KV. The Source was set up at 260°C., The instrument
was tuned to a resolving power of 10,000 (10 percent valley definition).
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For the analysis of TCDD and TCDF in samples from Batch 1, two ions were
monitored using the peak matching accessory. For TCDD, the ions of
m/z 321.8936 (the most abundant molecular ion having natural isotopic
elemental abundances) and m/z 333.9339 (13C—2,3,7,8-TCDD, internal standard)
were observed. The internal standard ion along with the most abundant
molecular ion having natural isotopic abundances (m/z 305.3986) were monitored
1n the TCDF analysis. This was carried out for a separate injection.

However, for the analysis of samples from Batch 2, the MPM accessory was
used to acquire data on three channels. Thus, the ions of m/z 319.8965,
m/z 321.8936, and m/z 333.9339 were monitored for TCDD. For TCDF analysis,
a second injection was made, and the ions monitored were m/z 303.9016,
n/z 305.8986, and m/z 333.9339, Complete peak profiles were acquired at an
amplifier bandwidth of 300 Hz by scanning at a frequency of about 2 Hz,
corresponding in each case with a mass range of 200 ppm (0.096 amu). The
output of the mass spectrometer was accumulated over about 75 sweeps per
channel using a Nicolet Model 1170 signal averager. The resulting signals
were submitted to a three-pdint smoothing routine prior to print out on an

X-Y recorder. All the data were acquired as hard coples and also stored on
magnetic tape. 2 )

Calculation of Results

Quantification was achieved using the internal standard ratio method.
Throughout the experiment, standard samples containing 2,3,7,8-TCDD or
2,3,7,8-TCDF and 3C-2,3,7,8-TCDD were analyzed. The slopes of the
calibration plots were taken as the averages of the ratios of (1334/ng)/
(1322/n§) (I is the normalized intensity for the designated mass) for TCDD
and (13 4/ng)/(I306/ng) for TCDF obtained using the standard samples.

Residues of T"CDD or TCDF %n actual samples were calcuylated by comparing
the ratios of intensities of 1322/1334 (for TCDD) and 1306/1334

(for TCDF) obtained for a given sample with the slope of the calibration plot.
The detection limit was considered to be the respective value obtained for an
intensity of 2.5 x noise level measured at the base line.

The internal standard (13C-2,3,7,8-TCDD) was utilized in the
calculation of percent recoveries, and in doing so the absolute intensity
(1334 normalized) was measuféd and compared with the intensities
(1334/ng) obtained by injecting standard solutions of the internal
standard. The recovery for [ TCDF was assumed to be identical to that for TCDD
according to this calculation method.

ISOMER SPECIFIC TCDD AND TCDF ANALYSIS BY CAPILLARY COLUMN GC/HRMS
Appropriate dilutfons of the samples were made with hexane at the time

of analysis, and the aliquots from the resulting solutions were used for
capillary column GC/HRMS,
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Gas Chromatography/Mass Spectrometer

A Kratos MS-80 medium resolution mass spectrometer (ultimate resolution
20,000) equipped with a 5 channel multiple peak monitoring device was used.
The mass spectrometer was coupled to a Carlo-Erba gas chromatograph. The gas
chromatograph was equipped with an SE-54 fused silica capillary column
(0.25 mm x 30m) which was coupled directly with the ion source.

5

Gas Chromatographic Conditions

Typical operating conditions were: helfum with a linear velocity of
~35 cm/sec, injector 250°C, and detector 275°C. Two temperature programs
were utilized in the isomer specific analysis of TCDD and TCDF. For TCDD, the
GC parameters were: column temperature 150°C, 1isothermal for 20 minutes, and
then programmed at 5°/min to 280°C. For TCDF analysis, the conditions were:
column temperature 150°c, {sothermal for 10 minutes, and then programmed at
5%/min to 280°C. A split injection technique was utilized for both types of
analysia. The split ratio was approximately S5:1. ’

Mass Spectrometric Conditions and Multiple Ton Selection

The mass spectrometer was operated in the EI mode (70 eV, 250°C) at

7500 vesolving power. Peak profiles were acquired at an amplifier *andwidth
of 30,000 Hz. Por the TCDD analysis, the fons m/z 319.8965, m/z 321 8936,
and m/z 333.9339 (130-2,3,7,8-TCDD) were monitored on three channels using
the MPM. The instrument was tuned using m/z 330.9792 of PFK, and this ion
was used as a check mass on Channel 4. For the TCDF analysis, m/z 303.9016,
m/z 305.8986, and m/z 333.9339 were monitored on three channels of the MPM.
The instrument was tuned using the PFK m/z 304.9824 which was used as a check

mass. The output of the mass spectrometer was recorded on a 3-pen strip
chart recorder (Linear Model 595).

Calculations of Results

The quantification of the results could have been achieved using the
internal standard "ratio method” as for the data from the packed column
GC/HRMS analysis. We chose hot to do that because the signal for the internal
standard, which serves as a reference point {n this célcu]ation, was often
quite small. Instead, the absolute amounts of each isomer present were
calculated by multiplying the fraction of any given 1isomer present (either
TCDD or TCUF) by the value of the total concentration (for TCDD or TCDF)
determined in the packed column analyses. The peak height of m/z 322 was used
in estimating the percentage (fraction) of any given {somer present in TCDD
analysis. Similarly, m/z 306 was used for this purpose in the TCDF analysis.

‘The percentage of any given {somer represents the fraction of the isomer in

questfon (as represented by ‘the peak height of m/z 322 or m/z 306 for TCDD and

TCDF respectively) compared with the sum total of all the peak heights
detected.

The retention times of Ehe 1somers were measured from the point of
injection and normalized to the position of the signal of the {internal
standard, 13c-2,3,7, 8-TcpD.
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ANALYSIS OF XAD-2 RESIN SAMPLES FOR PENTACHLOROPHENOL (PCP)

Sample Extraction Procedure

Resin samples were made to a slurry with a mixture of dichloromethane
and methanol (1:1), The slurry was then transferred to a glass column (1 in.
by 8 in.), and the dichloromethane/methanol solvent mixture was subsequently
drained off. The resin bed was washed with diethylether (2 ml x 100 ml).

The ether effluent wag concentrated to a final volume of 5 ml before
derivation with diazomethane.

Derivatization of Pentaéhlorophenol

Pentachlorophenol was derivatized to 1its methoxy derivative using
diazomethane before analysis. Diazomethane was prepared using the reaction of
50 percent potassium hydroxide on N-nitrosomethylurea in ether at 0° to 5°C.
An ethereal solution of diazomethane generated was added to the cooled (0° to
5°C) ether effluent, and the resultant mixture was allowed to attain room ‘
temperature over a period of half an hour. Finally, excess diazomethane and
diethylether were removed with dry nitrogen and ceplaced with hexane.

s

Analysis of Pentachlorophenol as Pentachloroanisole by Packed Column GC/HRMS

The sample extracts to be analyzed were kept {n centrifuge tubes in a
freezer at -4°C. At the time of analysis, the inside of the tubes were washed
with hexane or isooctane,(approximately 100 ul was used). Subsequently, the
solvent was allowed to évaporate to approximately half of 1its original volume.
The remainder was accurately measured with a graduated Hamilton syringe, a
ma jor portion (approximagely 3/4) returned to the centrifuge tube, and the
amount remaining in the syringe was used for GC/HRMS analysis,

N
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Mass Spectrometer--

A Kratos MS-50 uitra-high resolution mass spectrometer was used for thig
analysis (ultimate resolution, 210,000). The nass spectrometer was interfaced
via a jet separator to a Perkin Elmer Sigma-IT gas liquid chromatograph. An
MPM accessory was used which enabled us to monitor five ions on five channels.

The data acquisition was dccomplished with a Nicolet Model 1170 signal
averaging computer.

Gas Chromatography--—

A glass column (6 ft x 1/4 in. 0.D.) contailning HNU Permabond methyl
silicone coated with 0.6 percent poly S$-179 (HNU Systems, Inc.) was used in
the analysis. Typical operating conditions of the gas chromatograph were: 5
helium flow rate of 25 ml/min, injector 275°C, and column temperature program ;
(infitial at 150°C and programmed at 10°C/min to 195°C and held at the final
temperature until pentachloroanisole had eluted). The GC/HRMS interface was a
simple glass lined stainless steel capillary which was coupled to a glass jet
separatnr. The interface was held at a temperature of 250°C Typical
retention time was 3.7 minutes for pentachloroanisole (peak width at
1N percent height approximately 50 seconds).
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Mass Spectrometric Condléions--
The electron Impact source was uged at 70 eV lonizing energy and an

accelerating voltage of 8 KV, The source was set up at 260°C. The instrument
was tuned to a resolving power of 5000 (10 percent valley definition).

Three {ons were monitored using the peak matching accesgsory, at
: n/z 279.8597, m/z 281.8568, and m/z 283.8539, The fons at m/z 280, m/z 282,
F W and m/z 284 are the most abundant, the second most abundant, and the third
: most abundant, respectively, molecular fons of pentachloroanisole. the PFK
lons of m/z 280.9824 and 330.9792 were also monitored on twn different
channels of the MPM as check masses. Complete peak profiles were acquired at
an ampliffer bandwidth of 3000 Hz by scanning ac a . frequency of about 2 Hz ,
corresponding in each case with a mass range of 500 ppm. The output of the
mags spectrometer was accunulated over about 75 gweeps per channel using a
Nicolet Model 1170 signal averager. The resulting signals were subnitted to a 3
three~point smoothing routine prior to print out on an X~Y recorder. All the
data were acquired ag hard copies and also stored on magnetic tape.

Calculation of Resul tg—-

Quantification was achieved by comparing the single ion monitoring
response factor for m/z 280 of the standard samples with those of samples.
Throughout the experiment standard samples of pentachloroanisole were
analyzed. The average value for the response factor of m/z 280 obtained from
2 the standards wasg compared with the signal response for m/z 280 from the
o residues of pentachloroanfsole in the samples 1n the quantification. The

The results were validated by comparing the ratios of Intensities of
w/z 282/280 and m/z 284/280 of the samples with respect to values of the

standards. The theoretical values for m/z 282/280 and m/z 284/280 are
0.65 *0,05 and 0.21 #0.05 respectively.

ANALYSTS OF WASTE OIL AND FUEL OIL SAMPLES FOR TCDDs AND TCDFs

3 Sample Pxtraction Procedure.

3 A sample of 1.0¢ of oil was added to a solution of acetonitrile (15 ml) -

3 in water (76 ml) 1in a separatory funnel (250 ml). The resulting solution vas :

2 splked with the Internal standard (13C-2,3,7,8-TCDD) and subsequently '
extracted with hexane (4 ml x 30 ml). The hexane extract was dried with
anhydrous sodium sulfate and concentrated to a final volume of S ml.

Alumina Chromatography i

Alumina was washed by saturating with methylene chloride, removing excess
solvent, then activating at 165°C for 24 hours. After leaving the alumina to
cool to room temperature in a desiccator, 1 column was packed (1 em x 12 cm)
in a similar manner as descrihed for silica chromatography.
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The sample was transferred to the column in hexane (5 ml) and washed
with hexane (50 ml) and carbon tetrachloride (50 m1). These eluents were
discarded. The alumina was' subsequently washed with 25 percent methylene
chloride 1n hexane (50 ml), The methylene chloride/hexane eluent was
collected and concentrated under dry nitrogen while replacing most of the
methylene chloride with hexane,

List of Materials Used in Sample Extractfion

Benzene, OmniSolv, MCR

Carbon tetrachloride, OmniSolv, MCR

Hexane, OmniSolv, MCB, non UV

Methylene chloride, OmniSolv, MCB

Water, distilled in glass

Sodiym sulfate (anhydrous), analytical grade, Fisher

Aluminum oxide, neutral, activity grade I, Woelm Pharma

Silica gel, 60 to 200 mesh, reagent grade, Baker Chemical Company
Dry nitrogen (boil-off From liquid Ny)

All mniSolv line solveﬁts are distilled in glass, suitable for
chromatngraphy and residue analysis.

TCDD and TGDF Analysis by Capillary Column GC/HRMS

Appropriate dilutiong of the samples were made with hexane at the time

of analysis, and the aliquots from the resulting solutiong were used for
capillary column GC/HRM . ‘

Gas Chromatngraphy/Mass Spectrometer

A Kratos MS-80 medium resolutfion Mmass spectrometer (ultimate resolution
20,000) equipped with a five channel MPM device was used. The masg
spectrometer was coupled to a <Carlo-Erba gas chromatograph. the gas

Gas Chromatographic Conditions

Typical operating conditfons were: helfum with a linear velocity of
~35 cm/sec, injector 250°c, and detector 275°C. For TCDD and TCDF the GC
parameters were: column temperature 200°¢ (1n1t{al) and then programmed at
5°/min to 280°¢,

Mass Spectrometric Conditions and Multiple Ion Selection

The mass spectrometer was operated in the EI mode (70 ev, 250°C) at
3000 resolving power. Peak profiles were acquired at an amplifier bandwidth
of 30,000 Hz. For the Tpp analysis, the fons m/z 319.8965, m/z 321.8936, and
m/z 333.9339 (13C—2,3,7,8—TCDD)’were monitored on three channels using the
MPM.  The {nstrument was tuned using m/z 330.9792 of PFK, and this fon was
used as a check mass on Channel- 4. For the TCDF analysis, m/z 303.9016,
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m/z 305.8986, and m/z 333.9339 were monitored on three channels of the MPM,
The inscrument wag tuned using the PFK m/z 304.8924 as a check mass. The
output of the mass spectrometer was recorded on a three-pen strip chart

recorder (Linear Model 595);

Calculation of Resultsg

Quantification was achieved using the internal standard ratio method.
Throughout the experiment, standard samples containing 2,3,7,8-TC D or
2,3,7,8-TCDD and 13C-2,3,7,8—TCDD were analyzed. The slopes of the
calibration plots were taken as the averages of the ratfos of (1334/ng)/
(13 /ng) (I 18 the normalized Intensity for the designated mass) for TCDD
and (13 a/ng)/(I306/ng) for TCDF obtained using the standard samples.

Residues of TCDD or TCDF 1in actual samples were calculated by comparing
the ratios of intensities of 1322/1334 (for TCDD) and 1306/71344
(for TCDF) obtained for a given sample with the slope of the calibratton
plot. The detection limit was considered to be the respective value obtained
for an Intensity of 2.5 x noise level measured at the base line.

The 1internal standard (130—2,3,7,8-TCDD) was utilized in the

calculation of percent recoveries, and in doing so, the ahsolute intensity
(1334 normal{zed) was measured and compared with the Intengitieg
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APPENDIX C

TEST DATA

Appendix C includes a;sample calculation sheet 11lustrating the method

used in computing emission rates of TCDDs and TCDFs in this program. Also
iacluded are Tables C-1 through C-6 which summarize the data obtained on all
stack gas samples, combustion air samples, and associated method blanks. In
these tables the sign < {8 employed to indicate the instrumental detection
limit when no TCDD or TCDF was actually detected fn the sampling train
components. Totals for samples which contained components with no detectable

levels of TCDD or TCDF have been expressed as ranges. The lower ends of the

ranges represent the amounts actually detected in the samples while the upper
ends include the amount actually detected plus the detection 1limits of those

components in which none was de

tected. Finally, Appendix C also includes the
complete set of data submitted to SYSTECH by Dr. Michael Gross. These sheets

are keyed to Tables C-1 thrpugh C-6 by analytical sample numbers.
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SAMPLE CALCULATION SHEET - MODIFIED METHOD 5 DATA

September 18, 1980 - Facility A

1. ANALYTICAL DATA

Sample component Mass of Micropollutants Found
Total Max {mum Total Maximum
TCDD 2,3,7,8-TCDD TCDF 2,3,7,8-TCDF
(p2) (rg) (pg) (pg)
Probe and filter < 180 < 90 720 350
XAD resin 6,700 1,800 88,000 50,000
Impingers * * * *
TOTAL : A, .90 %90 1,845 %45 88,720 50,350

2. SAMPLFE VOLUME

A. Sample dry gas volume at standard conditions

(70 + 530) °R [ v, AH 8
Vm(std) = Pp +
29.92 in Hg Tm °R 13.6 in Hy0/in Hg

Where: Vp(gtd) = dry gas volume at 70°F and 29.92 in Hg

Vi = actual dry gas volume ¢¢i’
Tm = actual temperature {
Py = barometric press-ure (in Hg)
A = pressure drop (iu Hp0)
) = volumetric correction factor
218,432 1.56
Vm(std) = 17.71 —_— 29.96 + .99 = 209.035 SCF
551 13.6

* TIndicates no data available.
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B. Sample water volume at standard conditions

0.0474 ft3

Vu(std) = Vie

mf

Where: Vy(gtd) = water volume at 70°F and 29.92 in. Hg (SCF)

Vie weight of water collected in impingers {(g)

(.0474) (335) = 15.88 SCF

Vu(std)
C. Total sample volume at standard conditions
Ve(std) = Vm(std) t Vu(std)
Where: Vi(grd) = gas volume at 70°F and 29.92 in Hg (SCF)

Ve(std) = 209.035 + 15.88 = 224.914 SCF
MICROPOLLUTANT CONCENTRATION IN SAMPLE

pg pg measured . SCF

— X

m3 224,914 SCF w3 x .02832

Pg g mole TCDD
ppt (TCDD) = —— X X x
m3 1012pg 322g
24,064 air m3

x x 1()12
mole @ 70°F & 29.92 in. Hg 1032

PE g mole TCDF
ppt (TCDF) = — x x x
m3  1012pg 306g
24.094 air m3

x x 1012
mole ® 70°F & 29.92 in. Hg 1032
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g Sample Component Concentration of Micropollutants in Sample

i

i (Total rounded to significant figures only) §

{ Total Maximum Total Max {mum P
TCDD 2,3,7,8-TCDD TCDF 2,3,7,8-TCDF -

R e L= A

pe/m® ppt  pe/n3  ppt  pa/md  ppr  pg/md  ppt

o

Probe and <28 } <14 113 55 j

3 f1lter : j
x XAD resin 1,052 S 283 13,816 7,850 i
- Impingers — — -— ——— :
' TOTAL <1,100 <.082° <290  <.022 14,000 <l.1 7,900 .42 ]

;

1

4. STACK FLOW RATE J

. &

A. Mass of fuel burned in 63.75—hr test %

198,960 1b wet (151,667 1b dry) ;

B. Mass of residue produced
47,175 1b wet (29,013 1b dry)
(1,973 combustihles)

0
L]

Excess alr level (EA) at stack

02 16.2
EA = = = 3,02
«2682 Ny - 0y .26h82(80.4) - 16.2

D.  Stoichiometric air requirement (SA) dry basis

SA = 11.53(C) + 34.34(H) + 4.29(S) - 4.29(0)

Where: € = carbon fraction in fuel (corrected for combustibles lost
in ashn)

H = hydrogen fraction In fuel

g

X

S = oxygen fracttion in fuel k

SA = 11.53(.4104) + 34.34(.0637) + 4.29(.0011) - 4.29(.3114) = 4
5.58 1b alr/1b fuel dry i

5

!
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E. Total dry flue gas mass

AN e b1 R o v, o e

TDFG = Fd (SA) (1 + EA) + (Fd - Rd) - 9 (Fde)

o

It

Where: TDFG = total dry flue gas (1h)

e

Fd = dry fuel (1b)
Rd = dry residue (1b)
FdH2 - hydrogen in dry fuel (1b)
TDFG = 151,667 (5.58) (4.02) + (141,667 - 29,013) - 9 (9662) 1b dry
= 3.443 x 106 1b dry
F. Total wet flue gas mass
TWFG = Fdy o + 9(Fdy ) + (HR) (Fd) (SA) (1 + EA)
2 2 .
Where: TWFG = total water in flue gas (1b)

Fdyyo = moisture in fuel (1b)

HR humidity ratio (1b 120/1b dry air)

TWFG

47,293 + 9(9,662) + (.006) (151,667) (5.58) (4.02)

154.693 x 103 1p

G. Total flue gas (TFG) mass
TFG = TDFG + TWFG
TFG = 3.443 x 106 + 154.693 x 103 = 3.5977 x 106 1b flue gas
H. Total flue gas volume
1) Molecular weight of flue gas
154,693

- e————a 043
3.5977 x 106

Mpw = mass fractfon of water In flue gas

Mpp = mass fraction of dry gas in flue gas = 1 - Mpy = .957
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Flue gas Volume Mass/mole
component  percent (1b/mole)
€0, 3.4 1.496
02 16.2 . 5.184
Ny 80.4 22.512
H0 ——— ——
TOTAL 100.0 29.192
Flue gas
component wet (1b/1h)
oy .049
02 .170
N2 .738
Ho0 .043
TOTAL 1.000

Molecular weight of wet flue gag =

2) Molar volume of wet flue gas at 70°F and 29.92 in Hg

n RT

Ve e—

Where:

Mass fraction Mass fraction

dry (1b/1b) wet (1b/1b)
.0512 <049
1776 <170
<7712 .738
= 0043
1.0000 1.000

Mass fraction Mole fractfon

wet (mole/1b)

V = molar volume

n =1 mole

1.114 x 10-3
5.313 x 10-3
26.357 x 103

2.389 x 10~3

e ————————

35.173 x 103 mole/1b

1

37.173 x 10-3 nole/1b

3
ft
moleyp,

= 28.43 1b/mole

1
1}
1
1
1
i
1
H
4
K

Sa8.




. 21.8 ft3 in g
moleyy °R

R

T = (70 + 460) °R
P = 29.92 in Hg

(21.8) (530)
Vs

= 386 ft3/molejy flue gas
29.92

3) Total flue gas volume

Ve TFG . __ 386 fe3
Ib/mole)p, moleyy flue gas

3.5977 x 106

x 386 = 48.847 x 106 scF
28.43

I. PFlue gas flow rate

Volume
Flow rate —Tim_e-
48.847 x 105 Scr hr
- - x
63.75 hr 60 min

= 12,770 SCFM
= 361.62 SCMM

J. Micropollutant emission rates

sec w3 1012, 60 sec
g g 60 gec 60 min 63.75 hr

- x x x
ton fuel fired sec min hr (198 960

W) tons fuel fired
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Emissfon Rate of Micropollutants

(Rounded to significant figures only)

Max {mum
Total TCDD 2,3,7,8-TCDD
g/ton g/ton
g/sec fired g/sec fired

6.0 x 10~9 1.4 x 10-5

1.6 x 10-9 3.7 x 10-6

Maximum
Total TCDF 2,3,7,8-TCDF
g/ton g/ton
g/sec fired g/sec fired

7.8 x 1078 1.8 x 10-4

4.4 x 10-8 1.0 x 10-4
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i Table 5.
3 % SAS #2 TCDD
1 h Isomer No. Retention Time % Estimated Weight in
% ? in Minutes by the peak height picograms
e 1 of m/z 322
.}. b
L 0/02 35.48 3.6 390
4 '% D/05 35.75 12.2 1320 .
3 b/06 35.97 10.2 1100 '1
,é. D/09 36.53 16.5 1780
! 0/10 36.62 8.8 950
: i o/ 36.78 10.4 1120
1 0/13 37.07 7.2 780
0/15 37.28 1.3 1200 :
0/16 37.38 13.8 1490 : ’
0/19 37.78 5.8 630
Detection Limit 18Qpg
Total TCDD  10760pg
i
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SAS #5 TCDD

Isomer Mo. Retention Time % Estimated Weight 1n {
in Minytes by the peak height picograms
of m/z 322
Q\\\
0703 35.55 1.9 130
D705 35.78 6.5 435
D/07

36.05 2.8 190

36.57 7.5 500 i
36.65

D/09
b/10

7.3

490
b/12

37.03

7.

6.9

3.3 220
3.5 235

-_— "

Detection Limit 45pg
Total TCDD 6685pg

460
0/20

b/21

37.98
38.28
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Table 7.
SAS #11 TCoD ;
”‘l
Isomer ng. Retention Time X Estimated Weight in
in Minutes by the peak height picograms
of m/z 322
/05 35.77 9.8 2660 1
0/07 36.05 2.7 730 ‘ _
0/09 36.57 8.1 2195
0/i0 36.68 9.2 2490 :
o/n 36.82 7.9 2140 '-:
0/13 37.07 8.3 2250 ;
4
0/15 37.33 21.6 " 5850 .
D/16 37.43 4.9 4040
0/18 37.62 9.4 2550
0/19 37.82 2.3 620
D720 38.03 2.7 730 )
. i
0/21 38.35 2.5 680 . ;
Detection Limft 430pg » ]
: ;
" Total TCDD 26935pg %
L
i i
3 :
127 ;
|
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Table 8.
4 SAS 112 Teop
E Isomer ¥o. Retentfon Time % Estimated Weight in
3 fn Minutes by the peak height picograms
of m/z 322
0/02 35.43 0.9 260
0/04 35.67 5.4 1460
4 0/06 35.93 3.8 1030
D/08 36.42 5.7 1540
. 0/09 .58 12.) 3270
3 b/10 36.68 5.4 1460
; o/ 36.77 4 Mo
4 b/12 36.96 7.6 2050
- ] 0/14 37.22 16.9 4560
0/15 37.30 12.5 3375
0/16 37.37 8.9 2400
0/17 37.50 6.0 1620
0/18 37.68 4.4 1190
0/20 37.92 2.8 755
0/21 38.27 2.5 675
) -4 Detection Limit 215pg ;

Total TCOD  26755pq

e 8 AV D NS A e o S -
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Table 9.
SAS 922 TCDO
E 4 Isomer Mo, Retention Time 1 Estimated Weight in
2 in Ninutes by the peak hetght picograms
of w/z 322
: 0/02 35.47 2.7 700
0/05 35.72 2.4 5560
0/07 36.00 7.0 1820
. | 0/09 36.52 12.4 3220
= 0/10 %.62 1.5 1950 '
2 o/ 3%.80 7.2 1870
on2 37.03 6.2 1610
k /15 3.28 13.9 3610
: 0/16 37.58 12.9 3350
ony 37.55 5.5 1430
19 37.75 2.8 73

Detection Limit 220pg
Total TCDD 25850pg
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Table 10,
SAS #31 TCOD
Isomer No. Retention Time % Estimated Weight in
tn Minutes by the peak height pfcograms
of m/z2 322
0/03 35.50 10.7 125 '
D705 35.73 18.0 210
D/0€ 35.97 5.7 70
D709 36.50 16.0 185
0/10 36.62 6.7 80
o1 37.75 7.4 860
D/12 37.03 6.5 75
0/15 37.27 16.0 185
D/16 37.38 12.6 150

—\\

Detection Limit § pg
Total TCOD  1940pg
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Table 11.
SAS #32 TCDD ;
: Isomer No. Retention Time % Estimated Weight in
3 in Minutes by the peak height picograms
3 of m/z 322
D/03 35.52 2.3 3290
D/05 35.77 15.7 22440
0/07 36.05 5.3 7570 - 1
1 D/09 36.55 17.8 25440 ?
i‘ b/10 36.70 9.3 13290
- o/M 36.82 8.9 12720
: 0/13 37.08 5.7 8150
DS 37.32 1.3 16150
/16 37.40 10.6 15150
4 0/17 37.60 6.0 8580
i 0/19 37.82 4.2 6000
: 0/20 38.03 1.1 1570
/21 38.33 1.1 1570

Detection Limit 85 pg
Total TCDD 141,920pg
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Table 12.
SAS #39 TCDD

Isomer No. Retention Time % Estimated Weight in

in Minutes by the peak height picograms

of m/z 322

0701 35.33 1.9 19990
D704 35.60 16.5 27720
D/06 35.88 6.8 11420
D/08 36.42 15.5 26040
D/09 36.52 10.3 17300
D/10 36.67 7.7 12940
0712 36.93 3.6 6050
D/13 37.10 10.5 17640
D/14 37.25 10.0 16800
D/16 37.38 3.6 6050
0/17 37.58 2.7 4540

Detection Limit 1925pg

Total TCOD  166,490pg
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Table 15,

b - SAS #2 TCOF

3 Isomer NO. Kel~ntion Time % Estimated Weight in

in [Mautes by the peak height picograms
of m/z 3%

F/04 25.90 4.8 2880
F/05 26.00 ; 9.3 5580
F/06 26.05 4.3 2580
F/707 26,20 - 3.9 2340
Fr09 26.47 8.3 4980
F/n 26.62 3.9 2340
FNnez 26.75 9.8 5880
F/13 26.90 140 8460
F/15 27.10 - 7.9 4740
F/16 27.27 4.3 2580
Nz 27.43 16.3 9720
F/19 27.80 ) 6.6 3960
F/20 27.93 5.8 3480

Detection Limi¢ 95pg

Total TCpF 59,520pg
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Table 16.
SAS #5 TCDF

Isomer NO. Retention Time % Estimated Weight in

in Minutes by the peak height picograms

of m/z 306

F/04 25.93 7.6 6690
FN0 26.58 4.4 3870
F/2 26.73 4.6 4050
F/13 26.88 14.7 12940
F/15 27.08 7.6 6690
F/16 27.28 4.2 3695
FN7 27.43 29.6 26050
F/19 27.77 9.5 8360
F720 27.93 9.9 8710

Detection Limit 100pg

Total TCOF 81,055pg
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Table 17.
. . SAS #31 TCDF
Isomer NO. Retention Time % Estimated Weight in
in Minutes by the peak height picograms
. of m/z 306
F/03 25.83 2.7 3375
F/C4 25.95 1.9 2375
F/05 26.03 1.5 1875
F/07 26.20 0.9 n2s
F/09 26.47 2.1 2625
i F/M 26.60 3.7 4625
] F2 26.73 2.9 3625
E FN3 26.87 25.8 32250
4 F/15 27.08 9.4 11750
/16 2.2 9.0 11250
F17 27.43 24.4 30500
FN19 21.717 7.2 9000
F/20 27.90 8.6 10750

Detection Limit 150pg
Total TCOF 125,125pg
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Table 18.
SAS 12 TCOF

Isomer No. Retention Time % Estimated Weight in

in Minutes by the peak height picograms

of m/z 306

F/04 25,90 3.3 8580
F/10 26.57 4.8 12480
F/1 26.67 6.4 16640
F/13 26.83 271 70460
F/15 27.05 7.5 19500
F/16 27.23 5.9 15340
FN7 27.40 28.6 74360
F/19 27;55 8.8 22880
F/20 27.90 7.2 18720

Detection Limit 2990pg
Tctal TCOF 258,960pg
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Table 19,

SAS #22 1CDF

Isomer No. Retention Time % Estimated Weight in
in Minutes by the peak height picograms
. of m/z 306
F/03 25.80 3.5 3920
F/04 25.93 3.3 3690
F/09 26.43 2.6 2910
F/10 26.57 4.6 5150
F/1 26.68 10.5 11760
FN3 26.87 24.4 27320
F/15 27.07 5.3 5930
F/16 27.27 4.9 5480
FN7? 27.38 2§.7 29900
F/19 27.95 7.1 7950
F720 6.5 7280

27.88

Detection Limit 1485p9
111,290pg

Total TCDF
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Table 20,
SAS #31 TCOF
Isomer No. Retention Time X Estimated Weight {n
in Minutes by the peak height picograms i
of m/z 306 : :
F/07 26.15 6.4 650 E
F/08 26.38 9.6 970 i
F/10 26.52 7.6 770 3
i
F/M 26.65 5.7 575 3
,;
F/13 26.82 18.5 1870 P
] F/14 27.00 8.3 840 ?
F/16 27.18 5.1 515
: F/17 27.37 21,7 2190
3 F/18 27.70 8.3 840
F/20 27.83 8.3 840
Detection Limit 480pg
Total TCOF 10, 060pg
‘j_
. 4
! )
i :
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Table 21.
Isomer No. Retention Time % Estimated Weight 1in
in Minutes by the peak height picograms
of m/z 306
F/02 25,73 2.9 106430
F/03 . 25.85 4.8 176160
F/04 25.95 3.6 132120
F/07 26.15 2.8 102760
F/08 26.33 5.2 190840
F/09 '26.50 5.1 187170
F/N 26.63 7.3 267910
FN12 26.73 18,4 675280
F/14 26,97 7.3 267910
F/16 27.18 8.8 322960
FN7 27.37 20.2 741340
F/18 27.70 9.0 330300
F/20 27.83 3.9 143130

Detection Limit 16515pg
Total TCDF 3,644, 310pg
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Table 22.

K R

SAS #39 TCOF

Isomer No. Retention Time % Estimated Weight in
in Minutes by the peak height picograms
: of m/z 306
F/01 25.45 1.1 15600
F/02 25.70 2.3 32620
F/03 25.83 8.0 113460
F/04 25.96 6.1 86510
F/05 25.98 3.2 45380
F/06 26.08 5.9 83675
F/08 26.33 7.7 109200
F/09 26.48 3.3 46800
F/1 26.63 4.9 £9490
F/12 26.77 20.9 296410
F/14 26.98 6.1 86510
FN6 27.18 8.4 119130
FN7 27.38 10.7 151750
8 51.61 R g8y
F/20 27.33 4.5 63820

Detection Limit 5320pg
Total TCDF 1,418.215pg
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ﬁ Table 24. Percentage Distribution of TCDD Isomers

¢
i
{
i
;
!
i

Percent Estimated by the Peak Height of m/z 322

Isomer No. NLR-10/23/80 NLR-10/23/80
1900 GS/HB ~ 2CD 1900 GS/HB-2XR

AN

/01 22.6 20.1

s

D/04 3.2 12.5

D/06 12.2 8.0

0707 . 4.2 3.6

T 3 L

D/08 11.9 14.5
D709 5.9 7.5

D/10 5.7 10.1

[ 0/12 5.4 4.0

D/14 9.9 6.1

0/15 6.5 7.1 ]
3.9 2.2

D/18 3.4 2.8

D/20 1.4

i
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Table 25.
NLR - 10/23/80 - 1900 GS/HB-2CD
Isomer No. Retention Time Percent Estimated Weight in
in Minytes by the Peak Hefght Picograms
of m/z 322
D/01 34.83 22.6 1290
D/04 35.10 8.2 470
D/06 35.40 12,2 695
D/07 35.53 4.2 240
Ds08 35.90 11.9 680
b/09 36.00 5.9 335
0/10 36.13 5.7 325
0/12 36.40 5.4 305
D/14 36.67 9.9 565
0/15 36.75 6.5 370
36.95 3.9 220
0/18 37.12 3.4 190

Total TCDD - 5685 picograms
Detectfon Llnit-lzo‘picograms
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Table 26.
NLR - 10/23/80 - 1900 GS/HB-2XR !
Isomer No. Retention Time Percent Estimated Weight in »
in Minutes by the Peak Height Picograms
of m/z 312
b/01 34.87 20.1 " 5970
D/04 35,13 12.5 3710
0/06 35.40 8.0 2375
v/07 35.58 3.6 1070
D708 35.93 14.5 4305
D/09 36.03 7.5 2225
D/10 36.17 10.1 3000
0/12 36.43 4.0 1190
D/14 36.58 6.1 1810
D/15 36.77 7.1 2110
- 36.93 2.2 655
D/18 37.17 2.8 830
D/20 37.42 1.4 415

Total TCDD - 29665 picograms
Detection Limit - 240 picograms
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Table 28. Percentage Distribution of TCDF Isomers
1 Percent Estimated by the Peak Height of m/z 306
Isomer No. NLR - 10/23/80 NLR - 10/23/80
1900 GS/HB - 2CD 1900 GS/HB - 2XR
. F/01 2.0 2.8
1 F/02 2.3 3.2
E F/03 9.2 _ 12.1
1 F/05 | 3.9 4.9
f F/06 4.5 3.8
: F/07 6.9
F/08 9.5
F/09 3.0 6.7
F/10 2.6 4.4
F/N 7.1
F/12 4.8 5.3
F/13 14.1 15.7
F/15 4.4 3.1
2.2 2.1
F/16 3.4 3.7
“Nn7 15.1 14.8
} FN19 5.1 3.7
. F/20 3.9 4.3
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Table 29.

NLR - 10/23/80 - 1900 GS/HB-2CD

Isomer No. Retention Time Percent Estimated Weight in

in Minutes by the Peak Height Picograms

of m/z 360

24,38 2.0 1520
F/701 24.75 2.3 1750
F/02 25.00 3.1 2360
F/03 25.10 9.2 7005 -
F/05 25.27 3.9 2970
F/06 25.37 4.5 3425
F/08 25.60 9.5 7235
F/09 25.67 3.0 2285
F/l0 25.78 2.6 1980
F/11 25.90 7.1 5410
F/12 25.98 4.8 3655
FN3 26.07 14 4 10740
F/15 26.27 4.4 3350

26.38 2.2 1675
F/16 26.45 3.4 2590
F/17 26.63 15.1 11500
F/19 26.97 5.1 3885
F/20 t27.12 3.9 2970

Total TCDF - 75975 picograms

Detection Limit - 330 picograms
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Table 30
NLR - 10/23/80 - 1900 GS/HB-2XR
Isomer No. Retention Time Percent Estimated Weight in
" in Minutes by the Peak Height Picograms
of m/z 306

24.40 2.8 5455
F/01 2477 3.2 6235
: F/02 25,03 2.9 5650
E F/03 25.13 12.1 23570
E - F/05 25.23 4.9 9545
, F/G6 25.35 3.8 7400
¥ F/07 25.42 6.9 13440
5 F/09 25.67 6.7 13050
! F/10 25.82 4.4 8570
: F/12 25.95 5.3 10325
; FN3 26.08 15.7 30585
‘ F/15 26.30 3.1 6040
i 26.40 2.1 4090
1 F/16 26.47 3.7 7205
. F7 . 26.65 14.8 28830
: FN9 i 27.00 3.7 7208
: F/20 27.13 4.3 8375

Total TCDF - 195570 picograms
Detection Limit -IOZOVpicograms
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