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ABSTRACT

Experiments were conducted in a 73 kW (250,000 Brw/hr) rotary kiln incinerator simulator to examine
and characrerize emissions from incineration of scrap tire material. The purposes of chis project are to: (1)
generate a profile of rarget analytes for full-scale stack sampling efforts, not to gencrate statistically defensible
emission facrors for the controlled combustion of scrap tire material; and (2) where possible, give insight
into the technical issues and fundamental phenomena related to controlled combustion of scrap tires. Wire-
free crumb rubber sized to < 0.64 cm (< 1/4 in) was combusted at two different feed rates, two different
temperatures, and at three different kiln oxygen concentrations. Along with continuous emissions
monitoring for oxygen (O3), carbon dioxide (CO3), carbon monoxide (CO), nitric oxide (NO), sulfur
dioxide (SO3), and total hydrocarbons (THCs), samples were taken to examine volatile and semi-volatile
organics, polychlorinated p-dibenzodioxins and dibenzofurans (PCDD/PCDF), and metal aerosols. In
addition, a continuous polycyclic aromatic hydrocarbon (PAH) analyzer was used in all the tests. Samples
were analyzed with an emphasis on the 189 hazardous air pollurants (HAPs) listed in the 1990 Clean Air Act
Amendments (CAAA), but other compounds were also identified where possible.

Results indicate that, if burned in a steady-state mode, TDF combustion will result in very low emissions
of CO, THCs, volatile and semi-volatile organics, and PCDD/ PCDF. Metal emissions were also very low,
with the exception of arsenic (As), lead (Pb), and zinc (Zn). Uncontrolled stack concentrations of As and Pb
were 37.16 and 65.96 pg/Nm3, respectively. Uncontrolled Zn emissions were considerably higher, at
35,465 ug/Nm3. Results also indicate that organic emissions can increase significandy when TDF is fired in
a non-steady mode. The continuous PAH analyzer appeared to track transient operation well, and gave
concentration results in the same range as those derived using EPA standard semi-volatile organic sampling
methodologies.

Overall, it appears that, with the exception of zinc, potential emissions from TDF combustion are not
significandy different from emissions from combustion of conventional fossil fuels, when burned in a well-
designed and well-operated combustion device. 1f unacoeprable particulate loading occurs due to zinc

emissions, then the emissions would have to be controlled by an appropriate particulate control device.
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PREFACE

The Control Technology Center (CTC) was established by EPA's Office of Research and Development
(ORD) and Office of Air Quality Planning and Standards (OAQPS) to provide technical assistance to state
and local air pollution control agencies. Three levels of assistance can be accessed through the CTC. First, a
CTC HOTLINE has been established to provide celephone assistance on matters relating to air pollution
control technology. Second, more in-depth engineering assistance can be provided when appropriate.
Third, the CTC can provide technical guidance through publication of technical guidance documents,
development of personal computer software, and presentation of workshops on control technology macters.

The technical guidance projects, such as this one, focus on topics of national or regional interest that are
identified through contact with state and local agencies. In this case, the CTC became interested in

examining pollutants emitted from both the controlled and uncontrolled combustion of scrap tires.

Initial tests were conducted to examine the emissions from a simulated tire fire. These simulated open
burning tests were completed in 1989 and the final repor tided "Characterization of Emissions from the
Simulated Open Burning of Scrap Tires" was published as EPA report EPA-600/2-89-054. In 1991, a
follow-up to the original open burning study was performed, where the previously sampled organic extracts
were subjected to Ames bioassays to determine mutagenic potencies of the extracts, then gas
chromatography/mass spectroscopy (GC/MS) analysis to determine which classes of compounds accounted
for the mutagenic activity. This report was published as EPA report EPA-600/R-92-127 entitled
"Mutagenicity of Emissions from the Simulated Open Burning of Scrap Rubber Tires.”

The CTC has also published report EPA-450/3-91-024 entitled "Burning Tires for Fuel and Tire
Pyrolysis: Air Implications.”" This report was a paper study examining the emissions from the use of scrap
tires as fuel for processes. Altchough data on criteria pollutants (CO, SOy, NOy, and particulates) were
available, lirtle daca were available as to the emission of air toxics, incdluding metals and organics. This study
was funded in order to help close the data gaps uncovered in the paper study, and to give guidance o state

and local air pollution agencies as to which pollutants to measure during sampling tests.
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1. INTRODUCTION

L.1._Scoap Tire Genenation Issucs

Approximately 240 million vehide tires are discarded annually in the United Scaces!. Visble methods for
reclamation exist. Some of the artractive options for use of scrap tires indude buming, cither alone or with
another fuel, such as coal, in a variety of energy-intensive processes, such as cement kilns and uilicy
boilers.234  Another potentially artractive oprion is the use of ground tire macerial a5 s supplement to
asphalt paving marerials. Congress has passed s law, the Intermodal Surface Tansportation Efficiency A
of 1991.> which mandates that up to 20 percent of all federally funded roads in the United Seates include as
much as 9 kg (20 Ib) of rubber derived from scrap tires per 907 kg (1 ton) of asphalt by 1997. In spite of
these efforts, less than 25 percent of the toral amount of discarded tires are re-used or re-processed, and the
remaining 175 million scrap tires are discarded in tandfills, above-ground stockpiles, or illegal dumps. In
addition, these reclamation efforts do litde to affect the estimated 2 billion tires already present in stockpiles.

Many landfills are refusing to accept tires because they present not only disposal but also health-related
problems. After burial, cires often float to the surface and become partially filled with water. Cuuting the
tire in half or in pieces can reduce this tendency. However, it is vety costly to cut or shred tires for
landfilling purposes, and in any event, many sites lack the necessary equipment. Steel-belted radials, which
comprise the majority of the nation's discarded tires, are particularly difficult o cut and/or shred. Ofeen,
they are simply stockpiled or illegally dumped. These stockpiles and dumps can become a breeding ground
for many insects, especially mosquitoes, where water collects in the tires and creates an ideal breeding
habicat. The introduction and spread of several mosquito species has been direcdy scrribuced to the presence

of refuse tires.6
1.2, Tise Fires

The growing incidence of tire fires creates another potential health hazard. More tire stockpiles and
illegal dumps are coming into existence, and with them the occurrence of tire fires. These fires, sometimes
started by arson, generate 2 huge amount of heat, making them extremely difficult to extinguish. Some of
these tire fires have continued for monchs. For example, the Rhinehart tire fire in Winchester, Virginia,
burned for nearly 9 months,” exuding large quantities of potentially harmful compounds. Efforts to idencify
and quantify compounds emitted during tire fires have been successful. Large quantities of volatile organics,
such as benzene, semi-volatile organics, such as polycydic aromatic hydrocarbons (PAHs), and pasticulates



ate released into the atmosphere during tire fires.29 Emissions from simulated open burning of tires were
mutagenic and contained several known carcinogens. 10,11

L3, Tirc Derived Fuel

The potential dangers of air emissions from tire fires, though, don't necessarily mean that controlled
combustion of scrap tires will produce harmful emissions. Tires can be burned whole, or can be shredded or
chipped before burning. Tires that have been processed into smaller pieces are called Tire-Derived Fuel

(TDF). There are three main industries that utilize either whole tires or TDF either as a sole fuel or a fuel
supplement.3 These industries are:

o Electric utilities that use TDF and whole tires as supplemental feed in power generation. One

company is using whole tires as its sole source of fuel in power generation.

Cement manufacturing companies usi-ng tires and TDF to supplement their primary fuel
(usually coal) for firing cement kilns. Some of the companies are using tires or TDF directly in
the kiln, some are using tires or TDF in the precalciner (prior to the kiln).

Pulp and paper companies using tires or TDF as supplemental fuel in their waste-wood products
boilers.

TDF can be additionally processed to remove the steel belts and the metal bead that surrounds the wheel
rim. TDF with the metals removed is termed wire-free, and TDF with the wire remaining is termed wire-in.
TDF can be purchased in a variety of size ranges all the way down to < 0.7 cm (< 0.25 in). TDF that is very
small is termed crumb rubber. TDF has a higher heating value than coal, and contains about as much sulfur

as a medium sulfur coal. Table 1-1 lists a comparative fuel analysis by weight for an average TDF and an
average coal.

Table 1-1. Compararive fuel analysis, by weighe. 12

Composition (perceat) H\zlt::g
Carbon  Hydrogen Onxygen Nitrogen  Sulfur Ash Moisture  kj/kg
TDF 83.87 7.09 217 0.24 1.23 4.78 0.62 7.428
Coal 73.92 _:.85 6.41 1.76 1.59 6.23 5.24 6.226_




1.4, Air Emissions from TDE Combuati

The main environmencal concern of using whole tires or TDF as supplementary fuel is the potential for
increased air emissions. Pollutants of concern include criteria pollurants (CO, SO 2, NO,, and particulates),
metals, and unburned organics. Tide I1I of the 1990 Clean Air Act Amendments (CAAA) includes a list of
189 Hazardous Air Pollutants (HAPs) of concemn.!* These indude volatile organic species such as bensene,
polycydic aromatic hydrocarbons (PAHs) such as benzo(a)pyrene, metal species such as lead, and several
individual compounds such as polychlorinated p-dibenzodioxins and polychlorinated dibenzofurans
(PCDD/PCDF).

Past ficld data have shown that, for the most part, emissions of most criveria pollurants are reduced when
2 fraction of the fuel input is replaced with tires or TDF.34 This includes SO ; (which drops if the primary
fuel is a high sulfur eastern coal), and NO, (since tires have very little fuel nitrogen). Uncontrolled
emissions of particulates have generally increased slighely. In some cases the ash characreristics changed such
that the particulate control devices worked better, and overall particulate emissions were reduced, especially
for systems containing electrostatic precipitators (ESPs). Emissions data for other pollutants, however, are

either very limited or non-existent.

LS. Proiect Obiecti

A significant data gap exists in the database of HAPs that can be formed from combustion of tires or
TDF. This makes it difficulc for state and local air pollution agencies to grant air quality permis allowing a
facility to supplement its fuel with tires or TDF, since stack sampling is quite expensive, especially when a
list of target analytes does not exist. It was for this reason that the CTC funded this particular project. The
purposes of this project are to: (1) generate a profile of targer analytes for full-scale stack sampling effores,
not to generate seatistically defensible emission factors for the controlled combustion of scrap tire material;
and (2) where possible, give insight into the technical issues and fundamental phenomena related to
concrolled combustion of scrap tires.

There are several issues that are of concern with the use of TDF in combustion devices:

* The effect on products of incomplete combustion (PICs) of the mode of tire feeding (e.g., whole
tires vs. shredded tires).

* The potential for the formation of classes of air toxics not normally found in the stacks of the
combustion devices while burning conventional fuels.



¢ The impacx of TDF-generated particulate on operation of existing particulate control devices.
* Porential for operational problems due to differences in feed characteristics.
* Potential operational problems due to differences in the residues that are generated.

This project will accempt to address the first two issues listed above. As much as possible, the last three
issues will be eliminated from the scope of the project by: 1) utilizing a very uniform feed so as to enable as
close to steady-state operation as possible; and 2) to use a grade of TDF that will not generate significant
residue.



2, EXPERIMENTAL
2.1, Experi 1 Eaui

A single laboratory-scale combustor was used to perform all the tests, and the tests were performed in as
wide a range of operating conditions as possible, to simulate the process conditions in a variety of
combustion units. In addition, it was decided that the scrap tire material be co-fired with natural gas as the
primary fuel, rather than coal or wood waste. By using natural gas as the primary fuel, it was hoped that the
effect of the TDF could be isolated, rather than adding the additional experimental complications inherent
with burning an additional heterogencous fuel like coal or wood.

2.1.1. Roracy Kiln Ingi Simul

The tests were all performed in the EPA's rotary kiln incinerator simulator (RKIS), located in the EPA's
Environmental Research Center in Research Triangle Park, NC. The EPA RKIS has been described in
detail previously'4:15. It has been established that the 73 kW (250,000 Bew/hr) pilot-scale simulator exhibits
the salient features of full-scale units with thermal ratings 20 to 40 times larger. The simulator matches the
volumetric heat release, gas-phase residence time, and temperature profile of many full-scale hazardous waste
incineration units, and yet is flexible enough to allow parametric testing. A schematic drawing of the
simulacor is presented in Figure 2-1. A small afverburner (43.8 k'W; 150,000 Bru/hr) mounced at the base of
the secondary combustion chamber served to esablish near-isothermal operating conditions throughout the
unit. Sample ports are located at various locations.

The effiuent from the RKIS is ducted into a dedicated flue gas cleaning system (FGCS) consisting of a
1.1 MW (4,000,000 Bru/hr) afterburner, followed by a spray quench, baghouse, and wer scrubber. The
presence of the FGCS enables extremely flexible operation of EPA's research combustors such as the RKIS
without venting pollutants into the atmosphere..

Measurements made on the RKIS are not intended to be directly extrapolated to full-scale unies. It is,
for example, vepy difficult to scale up some of the important gas-phase mixing phenomena from the
simulator, where, for instance, stratification is not a significant factor, to a full scale unit, where stratification
is known to be significant’é. In addition, there are significant differences berween kilns and other
combustion devices, and this study does not address those issues, although some of the information from
this study can be applied to other types of combustors, particularly those that burn TDF in che suspension
phase. The purpose of the simulator is to individually examine the fundamental phenomena that occur in
full-scale units, and to gain an understanding of the qualicative trends that would be found in a full-scale
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rotary kiln. In no way should it be inferred that the concentrations of pollutants from this apparatus would
be the same as those from full-scale unics. '

To Flue Gas Cleaning System——*

Secondary Combustion Chamber

Sample Ports

Afterbumer

e
]

pred Feeder

A
Main Bumer l l

AN 7\ /

Kiln Section  Transition Section
Figure 2-1. Rotary kiln incinerator simulator.

2.1.2. Tire Derived Fuel (TDF)

TDF, consisting of wire-free crumb rubber, sized < 0.64 cm (< 0.25 in), was introduced into the kiln via
a vibrating feeder. This feeder (shown in Figure 2-2) consists of an AccuRate screw feeder (model # 604),
which dropped 2 controlled amount of tire material into a suinless steel tube connected to 2 vibrator (Dyna-
Slide model # S0496). The stainless steel tube was inserted through a water jacketed annular tube so that
the oudet to the feeder tube lied over the centerline of the kiln's internal recess chamber. Industrial grade
nitrogen (N2) was purged through the feeder to cool and provide an inert atmosphere to prevent the in-

transic TDF from combusting or pyrolizing. The feeder enabled feed rates ranging from 0 to 2 kg/hr to be
continuously fed into the RKIS.



The TDF material underwent a proximate and ultimace analysis, as well as an analysis for metals, the
resules of which are tabulated in Table 2-1. TDF conuins significant amounts of zinc (Zn), since Zn is
extensively used in the tire manufacruring process.

213, Samolins Eaui

Gases were monitored with continuous emission monitors (CEMs) o measure oxygen (O3), carbon
dioxide (CO3), carbon monoxide (CO), nitric oxide (NO), and total hydrocarbons (THC) both before and
after the secondary combustion chamber (SCC), as well as sulfur dioxide (SO3) at the SCC exit. In
addidion, a continuous photoelectric polycydic aromatic hydrocarbon (PAH) analyzer sampled the gases at
the stack exit. Table 2-2 lists the gas analyzers used in this study. Figure 2-3 illustrates the sampling
locations used for this study.

Water Screw
Jacket Vibrator Feeder

Feeding Tube l

-
H

' ~——
Y’

Nitrogen Purge
Figure 2.2. TDF feeder.



Table 2-1. Proximate and ultimate analyses of TDF.
Ui'timte An_lylu

Moisture 0.84 %
Carbon 76.02 %
Hydrogen 7.23%
Kjeldahl Nitrogen 0.34 %
Sulfur 1.75%
Total Halogens (calculaced 0.31 %
as chlorine)
Ash 7.20%
Proximate Analysis
Moisture 0.84 %
Volatile Marter 65.52 %
Ash 7.20%
Fixed Carbon 26.44 %
Metals
Cadmium <5 ppm
Chromium <5 ppm
iron 295 ppm
Lead 51 ppm
Zinc 2.14%
Heating Value 7,666 k)/kg




Table 2-2. Continuous emission monitors

Analyte Method Analyzer
(67) paramagnetic Beckman 755, 75SR
co non-dispersive infrared Beckman 864
Horiba PIR-2000
CO, non-dispenive infrared Beckman 864, 880
Horiba PIR-2000
NO chemiluminescent TECO 10A
$O;° uleraviolet Teledyne 61 1DAMC-X
TECO 48
Anacon 207
THC flame ionization
PAH

Beckman 402

hotoelectric EcoChem PAS 1000¢

" the SOz analyzers had problems; three different analyzers were tried before reliable operation was
atrained.

Figure 2-3. Location of sample points.



VOC;s were collected by a Volatile Organic Sampling Train (VOST) system!” located a5 shown in
Figure 2-3. For each run where VOCs were measured, VOST tubes were taken sequentially in eriplicare (o
judge reproducibility) and each VOST tube was analyzed separately. VOST samples were analyzed using a
gas chromatograph/mass spectrometer (GC/MS) system to determine the concentration of 59 separate
VOCs, 38 of which are listed under Tide III of the CAAAs!%:19, The majority of these compounds were
cither very near to or below the detection limits of the equipment. The high frequency of concentrations
below the detection limit (BDL) requires that the average concentrations not be reported as precise valucs.
Concentrations below the equipment detection limits should not arbitrarily be assigned the value of zero,
nor should they be given the value of the detection limit. Rather, the actual value likely lies berween the two
extremes. For the purposes of this study, however, if 3 compound was detected at above the detection limit
in one or more of the VOST tubes, then, for averaging purposes, the detection limits were used as the

concentrations for the other VOST rubes. All VOC data are presented in Appendix B, however, if 2 more
detailed treatment is required.

Semi-volatile organics and bulk particulate were collected by isokinetic sampling protocols with a
Modified Method § (MMS5) train20 located as shown in Figure 2-3. The MMS5 procedure did not result in
multiple samples for each run, as was the case with VOST. Rather, a single integrated sample over the
course of the entire run was produced. Collected samples were analyzed using approved analysis

procedures?! for 95 semivolatile organic compounds, 61 of which are listed as hazardous under Tide HI13.
Of che 61 listed compounds, 20 are PAHs.

Metal acrosols were collected by the Multiple Metals Train (MMT),22 with the exception thac the
potassium permanganate (KMnOy) impinger solution (used for collection of mercury (Hg) from the
sample) was omitted. No literature could be found that reported the presence of mercury in tires, and due

to the limited funding for this project, mercury analysis was omitted, which made it unnecessary to
configure the sampling train for mercury sampling.

PCDD and PCDF were sampled using the MMS train with the protocols laid out in EPA Method 232
and analyzed by high resolution gas chromatography/low resolution mass specrometry (HRGC/LRMS),
using a Hewlett-Packard 5890/5970 Gas Chromatography/Mass Selective Detector (GC/MSD) system and
methods that are slight adaptations to EPA Method 23 and RCRA Method 828024, Isotopically labeled
internal standards for each congener dass are incorporated during the extraction and deanup phases of the
analytical procedures to enhance analytical accuracy. For the GC/MSD analyses, the procedures differed
from RCRA Method 8280 only in the number of labeled congeners used to calculate recoveries, i.c.,
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congeners containing the 2,3,7,8 substitution positions are avoided as a safety precaution. An internal
standard was used that consisted of a 13Cj2-labeled congener from each tetra-octa PCDD/PCDF (exaepe for
octa-CDF). The recovery standard 6C3-labeled TCDD is added before injection on the GC. The recovery
must be within 40 and 120 percent to be acoeptable.

214 Dam Acquisition S

All CEMs and thermocouples are connected to 2 microcomputer-based data acquisition system which
allows on-screen visualization of daca, conversion of data to engineering units, and date/time stamping of
daca for later reference. This system, run on an Apple Macintosh 1lcx, uses the Suawberty Tree Workbench
Mac sofcware?S. Al files arc output in tab-delimited ASCII format for lacer manipulation. Data were
logged to disk every 10 sec. for all input channels.

2.2, Experimental Approach
22.1. Exoedi L Desj

A responsc-surface experimental design2é was used to reduce the number of tests required. The primary
variables of interest (both dependent and independent) are listed in Table 2-3. Note also that some variables

are functions of other variables, for example, the feed rate of tires and the gas remperacure inherendy cannot
be cotally separated from the oxygen concentration.

Table 2-3. Prima_rz variables of inverest.
Independent

1) Kiln exit temperature
2) Kiln O3 concentration
3) Tire feed rate
4) Feed mode (batch vs. continuous)
Dependent
1) CO emissions
2) particulate emissions
3) metals emissions
4) PIC emissions (THC, PAH, volatile organics,

semi-volatile oza_nics. and PCDDIPCDEZ
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The test conditions were achieved by varying kiln firing rate, combustion air flow rate, and tire feed rate.
Figure 24 illustrates a scauer plot the experimental design points achieved with respect to the independent
variables No. 1 chrough 3. For the response-surface methodology to be valid, data must be available over the
desired range of values of the independent variables. Variations in independent variable No. 4 (mode of
TDF feeding) were achieved by performing two additional tests: one test where the tires were introduced in
300 g batches spaced 10 min. apart; and one test where the kiln air low rate was ramped up and down every

10 minutes to change the kiln oxygen concentration. Table 24 tabulates the run numbers and their
respective kiln operating conditions.

2.2.2, Experimental Procedures

Since the feeder is water-cooled, it was removed when experiments were not being performed so that the
loss of cooling water would not lead to failure of the water jacket and thermal shock to the kiln's refracrory
from having water being poured on the refractory once cooling water flow was re-established. Another side
effect of the feeder being water cooled was that it provided a heat sink for the hot kiln gases, resulting in
cooler operation than is normally found at the identical fuel and air settings without the feeder presenct. For

this reason, the kiln was run at a higher firing rate with the feeder installed so chat temperatures could be
mainuined.

With the exceptions of Runs No. TB8 and TB9, the following test protocol was used. The kiln was
allowed to come to thermal equilibrium ac a given temperature by setting the main burner and afterburner
to the desired air and fuel flow rates. The main flame was then extinguished, and the tire feeder was
weighed and installed. Once the feeder was installed, the main flame was re-lit, and the desired run settings
wete achieved. On blank runs (with 0 kg/hr TDF feed rate), the feeder was installed as well, and the
nitrogen purge was maintained; however, no TDF was fed. The desired TDF feed rate was dialed into the
feeder control, and the system was allowed to stabilize. Due to the time it took for the TDF to travel down
the feeder tube, it took approximarely 30 minutes from the initiation of TDF feed before the system
subilized. Once steady-state was achieved, sampling was initiated. For runs where no organic or metals
sampling was to be performed, CEMs were operated for 10 minutes, wich the CEM resules being averaged
over the 10 minute run time. For runs where organic or metals sampling was performed, sample duration
was determined by the requirements of the sampling methodology being used, which was determined by the
requirements that a given volume be pulled through the sample train at isokinetic conditions.
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Figure 24. Scatter plot matrix of experimental conditions.



Table 2-4. Run conditions.

. T — e
Run  TDFFeed % TowlFuel KilnO;(%) KinT (°C) SCCT(°C) Other Samplest
_as TDF

TB1" 0.74 7.23 8.28 1009 896 v
TB2® 1.95 16.95 717 1034 924 S
TB3® 2.02 17.14 7.35 1045 962 - V,S§
TB4® 1.81 15.50 8.51 1030 964

TBS® 0.00 0.00 9.23 990 952 A
TB6 2.05 17.30 7.64 1052 979 DM
TB? 0.00 0.00 9.82 959 896 D.M
TBS* 2.31 19.18 6.45 1059 962 V.$
TBY* 1.74 14.97 8.38 1042 918 V.S
TB10 0.00 0.00 7.66 975 824

TB!1 0.00 0.00 3.68 1029 830

TB12 0.00 0.00 571 1022 842

TB13 0.00 0.00 7.62 1001 857

TB14 0.85 . 7.80 7.85 1011 884

TB15 0.85 7.80 3.10 1065 875

TB16 0.85 7.80 5.07 1058 886

TB17 0.85 7.80 7.53 1033 901

TB18 1.70 14.54 5.40 1061 909

TB19 1.70 14.54 3.55 1082 910

TB20 1.70 14.54 8.32 1045 927

TB21 1.70 14.54 4.24 1077 925

TB22 1.70 14.54 6.06 1077 931

TB23 0.00 0.00 5.33 916 860

TB24 0.88 11.99 4.91 939 871

TB25 0.88 11.99 7.59 937 879

TB26 0.88 11.99 3.70 966 872

TB27 1.75 21.41 3.18 975 884

TB28 1.75 21.41 6.39 962 887

T8B29 1.75 21.41 8.23 938 889

TB30 1.75 21.41 5.49 970 887

rganics; M = metals; D = dioxins
* electrical noise problems on the CEM;.

* non-continuous feed tests
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After sampling was completed, the kiln flame was extinguished, the feeder removed and re-weighed, and
the kiln re-lit. Mass feed rates were calculated based on the weight difference berween the feeder ac the
beginning and at the end of the day (induding the mass of TDF added during the day to keep the feeder
full). Feed rates were adjusted by an estimate of the amount of TDF that was found to build up in the
feeder tube during calibration runs.

For Run No. TBS, the procedure above was performed, with the additional operation of changing the
volumetric flow rate of the main burner combustion air back and forth between 140 Nm3/hr (5000 scth)
and 112 Nm3/hr (4000 scfh) every 10 minutes to simulate transient operation. For Run No. TB9, an
atrempe was made to simulate the transient operation that might occur in 2 system feeding whole tires at
periodic intervals rather than feeding TDF continuously. This vest was performed by loading 300 g of TDF
into 2 0.9 L (1 qr) cardboard container and feeding the containers into the kiln every 10 min, by using a
manual charging basket/ramrod feeder as described previously!2:13. Note that isokineticity was not precisely
maintained during the transient tests, due to the constandy changing stack gas volumes.

Particulate samples that were found deposited in the sight ports on the TDF feeder were subjected to X-
Ray Diffraction (XRD) and X-Ray Fluorescence (XRF) analysis to determine composition and speciation of
the metals in the particulate.

15



3. RESULTS

3.1, Conti Emission Maonitor Samol.
3 L1 General Of .

All CEM data were averaged over the course of the run to yield 2 single number. The CEM;s were giving
extremely noisy responses in runs No. TB1 through TBS. This noise problem was traced to the electrical
circuits, and was eliminated in all runs after TB5. For this reason, validity of average responses from many
of the CEM; (especially CO, SO;, PAH) are questionable for runs No. TB1 through TBS. Table 3-1 lists
the average values from the CEMs taken at the kiln exit sample port. Table 3-2 lists the average values from
the CEM:s taken at the exit of the secondary combustion chamber, with the exception of the PAH data,
which were taken at the duct sample port shown in Figure 2-3. Other data of importance, such as kiln and
afterburner firing rates, flow rates of the gascous effluent leaving the kiln and secondary combustion
chamber (SCC), and relevant temperatures, are listed in Table 3-3. In addition, the NO and SO analyzers
were not always behaving as per required Quality Assurance guidelines, due to excessive drift of the responses
between initial pre-run calibration and post-run Quality Control checks.

Of particular note is the fact that THC measurements (both at the kiln exit and the SCC exit) were, fot
all practical purposes (except for Run No. TB9, which will be discussed later), in the range from 0 to 5 ppm,
which is of the same order of magnitude as the resolution of the THC analyzer. In addition, CO
measurements were always (except, again, in the case of Run No. TB9) less than 100 ppm, indicating that
"good” combustion conditions were occurring. This is likely from the steady-state feeding of the TDF,
which burned quite well when fed at a constant rate. Also note that for every run performed at steady-state
conditions, stack CO measurements were on the order of 20 ppm; even those whete no TDF was being
burned. This observation would indicate that the SCC was successfully burning residual CO from the kiln
down 10 a lower limit of approximately 20 ppm. Emissions below this limit were not strainable from the
apparatus given the fact that the afkerburner conditions were fixed for the entire set of runs.

3.12. R ion Analvsis of CO and PAH D

Based on these initial observations, it was decided that THC, boch at the kiln exit and SCC exit, as well
as CO at the SCC exit, would not be appropriate variables co examine with regards to the effect of TDF on
emissions. Data were prepared for a regression analysis, with the dependent variables being the emission
rates of CO at the kiln exit; and the emission rate of PAH at the stack exit. Data used for the regression

analysis are listed in Table 3-4. Note thac only the steady-state tests were used in the regression analysis.
16



Table 3-1. CEM data vaken at kiln exit.

Run 02 CO; CcO NO THC
(%) (%) (ppm) _(ppm) _ __{ppm)
TB1* 8.28 7.33 33 52 3
TB2* 7.17 7.45 36 73 3
TB3* 7.35 7.70 16 58 0
TB4* 8.51 7.14 31 54 1
TB5* 9.23 6.31 44 39 0
TB6 7.64 7.77 20 55 1
TB7 9.82 S.85 17 32 2
TBS+ 6.45 8.38 30 60 1
TB9+ 8.38 7.32 700 53 43
TBIO - 7.66 7.09 30 39 -1
TBI11 3.68 9.34 38 53 0
TBI12 5.71 8.22 36 47 1
TB13 7.62 7.15 35 40 0
TB14 7.85 7.25 35 46 1
TB15 3.10 9.97 42 62 2
TB16 5.07 8.86 40 57 1
TB17 7.53 7.43 35 50 1
TBIS 5.40 8.92 44 62 1
TB19 3.55 10.00 48 64 1
TB20 8.32 7.35 41 54 1
TB21 4.24 9.59 47 64 1
TB22 6.06 8.71 43 62 1
TB23 5.33 8.08 28 56 ]
TB24 491 9.03 50 66 1
TB2S 7.59 7.55 45 64 1
TB26 3.70 9.71 51 65 2
TB27 3.18 10.24 59 68 1
TB28 6.39 8.54 54 66 2
TB29 8.23 7.39 54 58 1
TB30 5.49 8.94 53 68 1
W

+ non-continuous feed tests
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Table 3-2. CEM data taken at SCC exit.

Run 02 CO; co NO THC $O; PAH
(96) (%) (ppm) {ppm) (ppm) (ppm) ___(ng/m3)
TB1* 7.59 8.62 16 49 -2 12 1437
TB2* 5.43 9.44 14 64 -1 81 2278
TB3* 5.62 9.62 12 48 -2 59 2284
TB4* 6.78 9.07 20 62 2 67 3289
TBS® 7.50 8.44 16 52 1 14 1941
TB6 6.06 9.45 15 60 1 51 982
TB? 8.10 7.80 9 42 2 35 429
TB8+ 5.20 10.07 18 58 1 76 1957
TB9+ 8.85 8.11 70 46 6 26 214000
TB10 6.23 8.86 13 28 0 ’ 410
TB11 2.82 10.77 17 36 0 630
TB12 4.49 9.94 16 35 -1 404
TB13 6.17 9.01 16 30 0 . 426
TB14 6.60 8.99 16 35 0 42 767
TB15 2.48 11.18 20 46 0 . 1553
TB16 4.07 10.35 19 44 0 103 1313
TB17 6.28 9.15 17 41 0 106 702
TB18 4.30 10.46 19 50 0 . 1939
TB19 261 11.33 20 50 0 926 2364
TB20 712 9.00 18 45 0 82 1474
TB21 3.20 11.01 20 50 0 74 1937
TB22 5.01 10.18 20 50 0 78 1734
TB23 4.11 9.94 13 32 -1 7 925
TB24 4.40 10.30 19 36 -1 26 1581
TB25 6.85 9.02 18 37 -1 22 618
TB26 3.68 10.60 20 36 0 42 1550
827 347 10.83 20 37 0 108 1787
TB28 5.97 9.68 20 39 0 106 1632
TB29 7.36 8.88 20 36 0 100 1130
TB30 5.39 9.93 19 37 0 84 1551
* clectrical noise pmmems on the CEMs,
+ non-continuous feed tests
analyzer non-operational
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Table 3-3. Bumer information for kiln and SCC.

Run BMain B M;i;;ud Main SCC SCC SCC TDF KinGas SCCGas
urner  Burner Bumer Bumer Burner Firing Firing  Flow Flow
Ait Flow  Flow Rate FiringRate  Air Fud Ru:;g Rate Rate Rate

Rate  (Nm/he) &W)  Flow Flow G&W) GW) (Nm3/hr) (Nmd/br)

(Nm3/hr) Rate  Rate

(Nm3/ (Nm3/

b)) b
TBl  146.82 8.64 91.07 369 343 3723 928 160.36 19632
TB2 161.55 8.75 92.30 369 343 3723 2196 171.75 208.84
TB3  158.55 8.92 94.02 369 343 3723 2250 14897  208.92
TB4 165.48 9.03 95.06 369 343 3723 2050 147.56 215.89
TBS  144.59 9.03 95.18 369 343 3723 000 13683 19420
TB6  165.29 8.95 94.22 369 343 3723 2274 17233 21569
TB7 152.74 8.98 94.63 369 343 3723 000 148.12 202.29
TB8  153.00 8.92 93.94 369 343 3723 2516 137.38 20341
TBY  169.79 9.03 95.02 369 343 3723 1980 177.24  220.16
TB10 135.27 9.15 96.28 369 343 3723 000 13977 18497
TB11  107.60 9.15 96.28 369 343 3723 000 117.81 157.06
TB12 12015 9.15 96.28 369 343 3723 0.00 12822 169.78
TBI13 134.85 9.15 96.28 369 343 3723 0.00 13977 184.53
TB14 148.18 9.15 96.28 369 343 37.23 1042 140.15 197.35
TBIS 115.51 9.1% 96.28 369 343 3723 1042 118.12 164.46
TB16 127.37 9.15 96.28 369 343 3723 1042 12860 176.53
TB17 145.80 9.15 96.28 369 343 3723 1042 14015 19499
TB18 142.24 9.15 96.28 369 343 37.23 1941 140.54 191.09
TB19 129.86 9.15 96.28 369 343 3723 1941 13486 178.71
TB20 165.94 9.15 96.28 369 343 3723 1941 151.88 214.73
TB21 134.62 9.15 96.28 369 343 3723 1941 140.54 18347
TB22 146.03 9.15 96.28 369 343 3723 1941 140.54 194.85
TB23 78.32 5.89 62.06 369 343 3723 0.00 8995 12418
TB24  86.51 5.89 62.06 369 343 3723 1190 9029  132.35
TB2S  98.29 5.89 62.06 369 343 3723 1190 9029 144.13
TB26  81.61 5.89 62.06 369 343 3723 1190 9029 127.43
TB27 9110 5.89 62.06 369 343 3723 2126 90.68 136.89
TB28 106.73 5.89 62.06 369 343 3723 21.26 105.13  152.69
TB29 120.63 5.89 62.06 369 343 3723 21.26 119.84 166.76

TB 102. . 62. . . |
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Table 34. Data used for ion analysis.
Run CO emission  Estimated PAH Estimated
rate (g/hr) co emission rate PAH
emissions  (mg/r)  emissions
_(ng/]) (ng/T)

TB1* 5.33 16.26 0.28 8.54E-04
TB2* 6.34 19.08 0.48 1.44E-03
TB3* 2.36 6.97 0.48 1.42E-03
TB4* 4.51 13.18 0.71 2.07E-03
TBS* 5.99 17.48 0.38 1.11E-03
TB6 3.56 10.50 0.21 6.19E-04
TB?7 2.50 7.34 0.09 2.64E-04
TB8+ 4.01 11.86 0.40 1.18E-03
TB9+ 125.96 368.26 47.11 1.38E-01
TB10 4.13 11.92 0.08 2.31E-04
TB11 4.32 12.46 0.10 2.89E-04
TBI12 445 12.84 0.07 2.02E-04
TB13 4.82 13.91 0.08 2.31E-04
TB14 4.85 13.99 0.15 4.33E-04
TBI1S 4.77 13.76 0.26 7.50E-04
TB16 4,98 14.37 0.23 6.64E-04
TB17 4.84 13.97 0.14 4.04E-04
TBIS8 6.00 17.31 0.37 1.07E-03
TB19 6.27 18.09 0.42 1.21E-03
TB20 6.20 17.89 0.32 9.23E-04
TB21 6.44 18.58 0.36 1.04E-03
TB22 5.98 17.25 0.34 9.81E-04
TB23 2.47 11.06 0.11 4.92E-04
TB24 4.48 20.05 0.21 9.40E-04
TB25 3.99 17.86 0.09 4.03E-04
TB26 4.48 20.05 0.20 8.95E-04
TB27 5.18 23.19 0.24 1.07E-03
TB28 5.62 25.16 0.25 1.12E-03
TB29 6.53 29.23 0.19 8.50E-04
TB30 .52 24.71 0.2 1.03E-03

*  electrical noise problems on the CEMs.

+ non-continuous feed tests - not used in regression analysis

The regression analysis was performed using the SAS statistical software package. Parameters examined
in the regression analysis (and their definitions) are listed in Table 3-5. The RSQUARE option in SAS
procedure REG was used to optain the best firting models using R**2 (multiple R-squared) as a selection
criterion. An attempt was made to model the variation in each of the response variables taken in each of
three forms, namely its actual value, its logarithm, and its reciprocal. The available predictor set initially
consisted of KFEEDPCT, KILNT, KILNO2, and either KILNGAS or KILNFUEL, where use of each form
of the larter was used separately. In addition, all squares and two-factor products of the four predictors were
made available for selection. Once the highest R2 models were obtained in this way, then reciprocals and
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logarithms of KILNO2, KILNT, and either KILNGAS or KILNFUEL were made available for switches
among the predicrors, using the MAXR option, with the goal of obtaining an improved fit (higher R2) while
mainaining the original number of predicrors. The ultimate criterion for choosing a final model was char all
predictors in the model were significant, and no other predictor could be added from within the excluded
list of predictors which atuained significance when added to the model. A significance level of p < 0.01,
indicating the probability level that the partial effect of a predicror is significanty different from zero, was
chosen as the acceptance criterion.

Table 3-5. Parameters examined in rfﬁmcion analysis.

L ]
Parameter Definitiog
Dependeat variables
KFEEDPCT % of kiln fuel as TDF
KILNO2 kiln O3 (%)
KILNT kiln T (°C)
KILNAIR kiln combustion air (Nm3/hr)
KILNFUEL kiln natural gas fuel (Nm3/hs)
KILNGAS kiln exhaust flow rate (Nm3/hr)
Response variables
COEMISFAC CO emissions (ng/] total heat inpur)
PAHEMISFAC PAH ﬂﬂ' n ng mﬂl m m I'gm]

Table 3-6 lists the model predicrors for the regression model. By multiplying the predictor by the value
of the coefficient and summing this total for all coefficients, the predicted value of the result can be derived.
Note that certain models require this total must be exponentiated after being calculated. The simplest
model for COEMISFAC involves only KFEEDPCT and KILNFUEL. This is ateributed to the fact that
COEMISFAC was so reactive every time KILNFUEL underwent a change. The list of KILNGAS values are
relatively noisy by comparison. Model-1 and Model-2 apply almost identically to the prediction of
In(COEMISFAC). Estimated regression coefficients (R2) are shown for each model. p-values associated with
tests of the partial effects of each of the erms in the models were universally £ 0.0001. The best model
based on KILNGAS rather than KILNFUEL provides a direct prediction of COEMISFAC (without

exponentiation) and is characterized below in terms of its estimated coefficients as Model-3. Again, p-values

associated with tests of the partial effects of the individual terms in the model were all £ 0.0001. This model
involves three of the four pre-sclected predictor variables, KILNO2 having no significant effect in the model.
Furthermore, these predictors are specific to the untransformed response, COEMISFAC. By contrast, R2
drops to0 0.9005 when the same predictors are used to predict In(COEMISFAC). The single difficulty with
use of cither Model-1 or Model-2, is that they both seriously underestimate the observed response for Run
TB29.
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Table 3-6. Model predictoss.

i —
Predictor _ Model-1* Model-2* Model-3
COEMISEAC R2 = 0.95189 R2 = 0.95193 R2 = 0.9374
invercept 55.69512 417.507 26.888
KFEEDPCT 0.019876 0.0198886 0.383806
KILNFUEL -14.822410 . .
KILNFUELA2 0.984505 * *
In(KILNFUEL) . 139.523 .
1/KILNFUEL ) 1016.867 .
KILNTA2 . . -8.706E-5
KILNGASA2 . . -4.93807E-3
KILNT x KILNGAS . . 1.210081E-3
PAHEMISFAC R2 = 0.9206 R2 = 0.9778 R2 = 0.9410
In 3.7475E+00 7.1829E+01 -1.3428E-02
KFEEDPCT . -2.8505E-01 -2.2349E-04
KILNO2 . . -3.0193E-04
KILNT . -4.4491E-02 .
KILNGAS . -5.1808E-01 .
KFEEDPCT*2 -1.5930E-03 -1.4292E.-03
KILNO2*KFEEDPCT -1.0619E-02 . .
KILNT*KFEEDPCT . 3.7836E-04 2.5232E-07
KILNT*KILNO2 . -1.0769E-03 .
KILNGAS*KFEEDPCT 1.3552E-03 . .
KILNGAS*KILNO?2 J 8.1143E-03 2.0806E-06
KILNGAS*KILNT -5.5331E-05 3.4782E-04 6.1586E-08
KILNGASA2 . A -3.0212E07
1/KILNGAS -6.2066E+02 -1.7409E+03 .
1I/KILNT . . 1.0991E+01

- model requires exponentiation of result to conver to predicted COEMISFAC and PAHEMISFAC.

A complete list of the residuals, i.e., [observed - fitted], for all 3 models can be found in Table F-2 in

Appendix F. Of course, the residuals shown there for Models 1 and 2 are not acrually the residuals of the
least squares fic. The latter were the basis for the fit in the logarithmic scale; the former were obtained by

exponentiating the predicted logarithms and subtracting the result from the observed.

By varying individual parameters from the model while holding everything else constant, it is possible to

visualize the individual effects of predictors. Figure 3-1 illustrates the effect of TDF feed fraction on
emissions of CO (in ng/)J total heat input), using nominal values of KILNT = 1000 °C, KILNGAS = 140
Nm3/hr, KILNFUEL = 9.1Nm3/hr, and KILNO2 = 79, for each of Models 1 through 3. Notice that
Models 1 and 2 are virtually indistinguishable from each other. Predicted COEMISFAC was insensitive to
kiln temperatures and oxygen concentrations, and did not even exhibit a significant effect of TDF feed rate.
Note that only the steady-state tests were used for all of the regression analysis. The model would oaly
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predict ‘“. ‘“c'. case "." CO emissions from a minimum of 10.3, to a maximum of 18.8 {ng/) total kiln fuel
input] while increasing TDF from 0 % to 20 % of the kiln fuel input. Apparendy, TDF combustion, when
done in a steady-state mode, does not significandy increase CO emissions from those found duri i
gas combustion.
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Figure 3-1. Model predictions: emissions of CO as a function of TDF feed rate;
using KILNT = 1000 °C, KILNGAS=140 Nm3/hr, KILNFUEL=9.1Nm3/hr, and KILNO2 = 7%.

1t was unusually difficult to pinpoint an optimal model for PAHEMISFAC. Of the three forms of PAH
response attempted, linear, logarithmic. and reciprocal, In(PAHEMISFAC) provided the greatest collection
of accepuable alternative models. 1n fact, using SAS proc RSQUARE to examine all possible models, models
were found conuining 5, 6, 7, 8, and 9 predictors, all with R2 > 0.9 and all of whose predictors were
statistically significant at the 0.01 level (p < 0.01). Three predictor variables were shared in common
berween R2 -optimal 5 and 9 term models, namely KILNGAS*KILNT, RKILNGAS, and FEED*2. Based
on use of Mallow's C statistic, the data suggested the 9-term model to be most appropriate. Amongthe 5 -
9 term semi-log models, this is the preferred one, though the background "full” model used to reach this
condlusion was based on only 4 error degrees of freedom, i.c., firting 3 "FULL" model with 19 parameters to
23 daua points. For the sake of comparison, we have induded estimated coefficients and for both the R2

-optimal 5-term (Model-1) and 9-term (Model-2) models for prediction of In(PAHEMISFAC). The partial
effect of each of the terms in the models is significant at the 0.01 level (p £ 0.01).

A complete list of the residuals, i.c., [observed - firted], for all 3 models can be found in Table F-3 in
Appendix F. Of course, the residuals shown there for Models 1 and 2 are not actually the residuals of the
least squares fit. The latter were the basis for the fit in the logarithmic scale; the former were obeained by
exponentiating the predicred logarithms and subtracting the result from the observed. Values shown in the
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following table are these differences multiplied by 10 . As is evident in Table F-3, the shrinkage in absolute
values of residuals is not universal in going from the best 5-term model to the best 9-term model, e.g., TB24
and TB27. Using linear PAHEMISFAC as the response variable, one 7-predictor model, labeled as Model-
3, nearly satisfied all criteria for model selection. The exception was that p 2 0.0180 for the partial effect of
KILNGAS*KILNO?2, whereas the p-values for testing the partial effects of all other predictors were
universally < 0.01 . However, it appears to be an excellent model, sharing four predictors in common with
Model-2, having an acceptable R? 2 0.9410, and having smaller absolute residuals, in general, than cither

Model-1 or Model-2. In addition, the data seemed to "home in" on the model, whereas with
In(PAHEMISFAC) as the response, choice among 5 - 9 predictor models was not easy.

Figure 3-2 illustrates the effect of TDF feed rate on PAH emissions (as measured by the PAH analyzer),
in ng/] total hest input, using nominal values of KILNT = 1000 °C, KILNGAS = 140 Nm3/hr, and
KILNO2 = 7%, for each of Models 1 through 3. Notice how Models 2 and 3 are almost indistinguishable
from one anothet. Increasing TDF feed from 0 to 20% increases the predicted PAH emissions from those
of natural gas alone by approximately a factor of 5, from 2 minumum of 1.9E-4 to 2 maximum 1.1E-3 ng/}.

PAH emissions were fairly insensitive to temperature and oxygen over the range of conditions studied,
although incressing TDF feed rates tended to increase PAH emissions for all oxygen levels. A useful

objective for furure TDF combustion studies would be to perform some basic research on TDF pyrolysis
kinetics with special artention being given the transport phenomena in the vicinity of TDF particles.

Overall, supplementing the fuel with TDF tends to increase PAH emissions, bur not dramarically, provided
steady-state operation is maintained.

-3
07T . Modet1

S 1x10° 4
x10 : ...... Modet-2

o 8x10
—— Model-3

6x10™

.
......
.

S 4x1 0-4 _..: ...........................

2

2x10 =

ox10°

4 8 8 10 12 14

\
16 18 20
% Fuel as TDF

Figure 3-2. Model predictions: emissions of PAH as a function of TDF feed rate;
using KILNT = 1000 °C, KILNGAS=140 Nm3/hr, and KILNO2 = 7%.
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Volasile Organic Samal

In general, the volatile organic compounds (VOCs) detected were fairly dose to practical quantication
fevels. A number of compounds identified in combustion samples were not present in the field blanks.
However, several of the compounds found in combustion samples were also present in the field blanks at
similar levels; primarily chloromethane, acetone,

methylene chioride, and benzene. Benzene is 3 common

PIC from combustion in general, and could be artributed to PICs from the natural gas flame found in the
field blanks. However, benzene is also 1 breakdown product of Tenax,

are ubiquitous in laboratory environments. 1In addition,

and acetone and methylene chloride
some samples contained trichloroflucromethane,
which is a chlorofluorocarbon commonly used in air conditioness, Appendix B contains all of the volatile
organic data . Table 3-7 summarizes the results from the volatile organic samples, by averaging the emission
values from all compounds that were present in concentrations greater than the quantitation level on at least
onc VOST wbe. On compounds where one or more VOST tubes had concentrations below the
quantitation level, then the quantitation level was used for averaging. The resules from the
trichloroflucromethane,

acetone and methylene chloride sre considered suspect, and are not reported in
Table 3-7. Standard deviarions are reported in parenthesis.

To evaluare the differences berween conditions with and without TDF, average reported concentrations
from Table 3-7 were divided by the reported concentration for the 0 % TDF case (the natural gas blank),
and any values that resulted in a ratio less than 2.0 for all runs were discarded. The resules from this
alculation are illustrated in Figure 3-3. Although emissions of most compounds during TDF combustion
were not significandy differene from those resulting from natural gas combustion, there were several

significant differcnces. Emissions of chloromethane, benzene, and styrene were consistendy higher while
firing TDF.

Tires contain trace amounts of chlorine, which can apparently combine with other PICs present to form
chloromethane. The absence of other higher molecular weight chlorinared organics suggests that the TDF

chlorine was not initially associated with the organic tire matrix, but was possibly present in the inorganic

parts of the tre. The TDF analysis did not arrempt to determine whether the TDF chlorine was organic or
inorganic, however, there may be chiorinated rubber in tires.

Benzenc emissions were much higher while the RKIS was operaring in a non-steady mode. This appears
to indicate that TDF combustion can produce elevated levels of aromatic PICs when not combusted in a

steady-state mode. Styrene emissions were approximately 3 times higher than those found during natural
gas combustion, regardless of the amount of TDF being bumed. Emissions of carbon disulfide and toluene
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were clevated during the test when TDF was batch fed into the RKIS. These PICs are indicative of fuel-rich
combustion. Xylene levels were also elevated during the batch test.

Interestingly, some PICs were reduced below levels found from natural gas combustion during unsteady
TDF combustion, most notably, 2-methyl propene. Levels of 2-methyl propene increased with the addition
of TDF during steady-state operation, but were reduced during transient operation. It is possible that
during non-steady operation, local fuel-rich zones developed which promoted aromatic ring growth from
substituted alkenes.

Table 3-7. Summary of VOC concentrations (ng/L).

compound TBS TB1 TB3 TBS TB9
0% TDF 7%TDF 17%TDF 199% TDF 15% TDF
(blank) (steady-state)  (steady- (ramp) (batch)
___state)

1,1,1, erichloroethane 0.55(0.04) 0.88(0.33) 1.00(0.34) 0.52(0.01)  0.47 (0.05)
2-methyl propene 2.36(0.92) 5.40 (3.40) 4.38(1.08) 1.70(0.65)  0.50 (0.03)
2-methyl-2-propanol 0.52(0.01)  051(0.03) 4.10(6.20) 0.52(0.01)  0.50(0.03)
benzene 1.65 (0.24) 293(0.91) 2.83(0.80) 17.00(16.11) 47.31(53.91)
bromomethane 0.49 (0.06)  0.51(0.03) 0.58(0.11) 2.82(1.68)  0.83 (0.64)
carbon disulfide 0.52(0.01)  0.81(0.62) 0.52(0.00) 0.52(0.01) 2.04 (2.68)
chlorobenzene 0.52(0.01)  0.51(0.03) 0.52(0.00) 0.52(0.01)  0.48 (0.04)
chloromethane 0.59 (0.11) 1.68 (2.17)  8.81(12.36) 55.03 (28.38) 11.17 (6.67)
ethyl benzene 0.52(0.01)  0.51(0.03) 0.61(0.06) 0.52(0.01) 1.07(0.25)

e 0.52(0.01) 0.67(0.31) 0.56(0.17) 0.52(0.01) 0.50(0.03)

hexane 0.49 (0.06)  0.58 (0.16) 0.55(0.06) 0.52(0.01)  0.51(0.01)
iodomethane 0.52(0.01)  0.51(0.03) 0.52(0.00) 0.54(0.05) 0.50 (0.03)
m,p-xylene 1.52(0.17)  0.98 (0.40) 2.40(0.29) 0.61(0.12) 3.85(1.11)
nonane 0.68 (0.15) 1.72(0.47) 096 (0.40) 0.52 (0.01)  0.59 (0.15)
o-xylene 0.45(0.06)  0.51(0.03) 0.72(0.07) 0.52(0.01) 1.13(0.33)
styrene 0.65 (0.32) 1.85(0.37) 1.62(1.54) 1.62(1.05) 1.69 (0.36)

toluene 0.97 (0. 1.18 (0.6 1.05 (0.24)  0.80 (0.18 2.78 (0.91

In order to compare these quantities to other sources in the real world, it is appropriate to express the
emissions of these various VOC compounds as emission factors in terms of ng/] heat input. There are two
ways to perform the conversion; with or without taking into account the contribution from the natural gas.
Table 3-8 lists the estimated emissions of the same compounds in terms of ng/J, by including both the
natural gas and TDF contributions. Table 3-9 lists the estimated emissions with only taking into account
the TDF conuibution, by dividing the results from Table 3-8 by the fraction of TDF fed (i.c., the blank
concentrations were not subracted out prior to dividing by the TDF fraction). It should be noted that
emissions from a unit that burns 100 % TDF are not likely to be a linear extrapolation from the 10-20 %
levels being co-fired here. There is very little literature on VOC emission factors from conventional

combustion devices burning coal or oil, but there are data for formaldehyde emission factors in the
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licerature.27 Average emission factors for formaldehyde emissions from oil

-fired combustion sources average
around 1.74E-

1 ng/], and for coal, 7.32E-2 ng/J, which are on the same order of magnitude, if not slighdy
higher, than those found during these tests. This finding suggests that VOC emissions from a properly run

facility burning TDF are not significandy different from a properly operated facility burning conventional
fossil fuels.

As an illustration of the differences between emissions from burning TDF in a controlled manner, s
opposed to uncontrolled combustion as is found in 1 tire fire, using data reported from a study examining
emissions from the simulated open burning of scrap tires,? estisnared benzene emissions were approximacly
280 ng/], which is approximately 5 orders of magnitude higher than those found in this study.

Table 3-8. Estimated emissions of VOCs (w !). based on TDF + natural gas.
compound TBS

TB1 TB3 TB8 TBY
0 % TDF 7 % TDF 17% TDF 199% TDF 15 % TDF

1,1,1, trichloroethane 2.24E-04 3.75E-04 4.41E-04 2.24E04 2.17E04

2-methyl propene 9.60E-04 2.30E-03 1.94E03  737E-04 2.33E-04
2-methyl-2-propanol 2.13E-04 2.15E-04 1.81E-03  2.24E-04  2.33E-04
benzene 6.71E-04 1.25E-03 1.25E-03  7.36E03  2.19E-02
bromomethane 2.00E-84 2.15E-04 2.58E-04 1.22E-03  3.82E-04
carbon disulfide 2.13E-04 3.43E-04 2.30E-04  224E-04 9.43E-04
chlorobenzene 2.13E-04 2.15E-04 2.30E-04  2.24E-04  2.20E-04
chloromethane 2.40E-04 7.15E-04 3.90E-03  238E-02  5.16E-03
ethyl benzene 2.13E-04 2.15E-04 2.70E-04  2.24E-04  4.96E-04
heptane 2.13E-04 2.83E-04 248E-04  224E04 2.33E-04
hexane 2.01E-04 2.45E-04 245E-04  2.24E-04 2.36E-04
iodomethane 2.13E-04 2.15E-04 2.30E-04  23SE-04  2.33E-04
m.p-xylene 6.21E-04 4.17E-04 1.06E-03  264E-04 1.78E-03
nonane 2.77E-04 7.29E-04 425E-04 224E-04 2.71E-04
o-xylene 1.85E-04 2.15E-04 3.18E-04  224E-04 S.24E-04
styrenc 2.63E-04 7.85E-04 7.16E04  7.03E-04  7.80E-04

toluene 3.97E-04 3.02E-04 4.64E-04 J48E-04 _1.29FE-03
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Table 3-9. Estimated emissions of VOCs (nﬁll). based on TDF onlz.

compound TB1 TB3 TBS TB9

7 % TDF 17 % TDF 19 % TDF 15 % TDF
(steady-suste) (steady-seate) (amp) {batch)

1,1,1, trichloroethane 5.36E-03 2.59E-03 1.18E-03 1.45E-03
2-methyl propene 3.28E-02 1.14E-02 3.88E-03 1.55E-03
2-methyl-2-propanol 3.07E-03 1.07E-02 1.18E-03 1.55E-03
benzene 1.78E-02 7.3SE-03 3.87E-02 1.46E-01
bromomethane 3.07E-03 1.52E-03 6.42E-03 2.55E-03
carbon disulfide 4.90E-03 1.35E-03 1.18E-03 6.29E-03
chlorobenzene 3.07E-03 1.35E-03 1.18E-03 1.47E-03
chloromethane 1.02E-02 2.29E.02 1.25E-01 3.44E-02
ethyl benzene 3.07E-03 1.59E-03 1.18E-03 3.31E-03
heptane 4.04E-03 1.46E-03 1.18E-03 1.55E-03
hexane 3.51E-03 1.44E-03 1.18E-03 1.57E-03
iodomethane 3.07E-03 1.35E-03 1.24E-03 1.55E-03
m,p-xylene - 5.95E-03 6.23E-03 1.39E-03 1.19E-02
nonane 1.04E-02 2.50E-03 1.18E-03 1.81E-03
o-xylene 3.07E-03 1.87E-03 1.18E-03 3.49E-03
styrene 1.12E-02 4.21E-03 3.70E-03 5.20E-03
toluene 7.1 7E-02 2.725-02 1.83E -02 8. 28E—03
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Figure 3-3. Comparison of VOC emissions between natural gas and TDF combustion.
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MMS Sampling Trai

The complete SVOC analysis resules are found in Appendix C. The results from the semi-volatile
organic compound (SVOC) analyses do not seem to indicate the presence of SVOCs in detectable
concentrations. Trace quantities of phenol were identified in several samples. Several phthalates were
present in two samples. A wide variety of phthalates are used as plasticizers and are common laboratory
contaminants. The presence of these phthalates as contaminants seems more plausible than their being
PICs. However, no phthalates were found in the field blank.

As with the volatile organic analyses, surrogate standards were added to the SVOC samples to assess
method performance. For several samples, achieved recovery values were less than target values, which
indicates possible target loss. Recovery performance data for each sample are included in Appendix C.

For two samples (TB4 - 17 % TDF steady-state and TB9 - 15 % TDF batch), the "less than®
concentrations reported are a factor of ten greater than the remaining results reported. These samples were
taken to provide bioassay analyses, and as such, required TCO and GRAV analyses. These samples therefore
had a larger final extract volume. It is for this reason that no surrogate recovery performance data are given
as well, since the surrogate standards might have generated a false positive response on the bioassays. The
bioassay results will be reported in a different document.

3.3.2. Conrinuous PAH Analyzer

As illustraved in Table 3-2, the PAH analyzer gave readings on all steady-state tests ranging up to 3289
ng/Nm3, which convens into 3.3 pg/Nm3. This concentration is below the method detection level for
individual PAH compounds in the SVOC analysis. Considering that other past experiences with the PAH
analyzer gave good agreement with conventional SVOC analyses,28:29 it can be surmised that the results
reported from the PAH analyzer compare favorably with the PAH concentrations that were actually present
in the stack. At any rate, the PAH analyzer did not give a false positive signal, and, as shown in Figure 34,
tracked Oz and CO; quite well during the ramping test (TB8), in spite of the fact that CO emissions did

not significandy change. This observation suggests that the PAH analyzer is quite sensitive to minor system
disturbances, and may be useful for process control purposes.

Ovenall, it appears that when combusted in a well-operated facility, emissions of SVOCs from TDF
combustion are not significantly different than from natural gas.

30



3.4, PCDD/PCDE Samples

Complete PCDD and PCDF sampling and analytical resuls are found in Appendix D. PCDD/PCDF
samples (Method 23) were collected during only 2 test conditions: TB7 - 0 % TDF (combustion blank) and
TB6 - 17 % TDF steady-state. The results of the PCDD/PCDF analyses indicate that PCDDs and PCDFs
were not detected during these tests. The results from the TB6 - 17 % TDF test reveals that
hexachlorodibenzofuran was present at a concentration essentially equal to the method detection limit.
Similarly, the resules from the combustion background test (TB7 - 0 % TDF) revealed that
tetrachlorodibenzodioxin was present at a concentration also essentially equal to the method detection limit.
The method blank did not detect either of these target analytes.

Since detectable quantities of chloromethane were found in several of the VOC samples, and since
chlorine is present in small quantities in the TDF macerial, it may be possible that higher levels of PCDD
and PCDF might be found from a full-scale combustion system, since it has been shown that a significant
amount of formation of PCDD/PCDF occurs in the particulate control devices at temperatures around 300
°C, although moderate amounts of PCDD/PCDF formation can occur on in-flight particles.3® In these
tests, there was no parriculate control device installed, so concentrations reported here only would represent
those found in the transition duct between the combustor and any particulate control device. At any rate,
though, it would be expected that PCDD/PCDF emissions would be low.

3.5, Metals Samples

Appendix E contains all of the metals emissions data. Metal aerosol samples (MMT) were collecred
during only 2 test conditions: TB7 - 0 % TDF (combustion blank) and TB6 - 17 % TDF steady-state. The
intent was to analyze the front and back halves of the sampling train separately to gain insight into the
distribution of metal acrosols. Unfortunately, the back half sample from the TB6 - 17 % TDF feed test was
damaged during shipment and was not capable of being analyzed. The liquid from this damaged sample
may have also contaminated the front half sample of che TB7 - 0 % TDF feed test (blank), since relacively
high concentrations of lead and zinc were found in this fraction. The presence of these 2 metals may also be
arributable to the fact that the combustion blank was collected after 3 number of TDF tests had been
pesformed, and a hysteresis effect might have occurred. This possibility is supported by the presence of zinc
and lead in the back half fraction of the blank sample, which would not be affected by the damaged sample.
Table 3-10 lists the concentrations of metals and Table 3-11 lists the estimated emissions for the two vests
where sampling occurred. If we repeat the treatment given the VOC emissions by comparing the metal
emissions from these TDF combustion tests to emission factors from coal and oil in the literature, we can

3



examine the emissions of these meral species with a point of reference that is more well understood. Note
that the linear extrapolation based on TDF feed fraction is more likely to be valid for metals than for
organics.

Table 3-10. Stack concentration £H£m3) of metals from TDF combustion.

metal TB7 0% TDF TB6 17 % TDF
(Glank)
antimony 0.18 2.11
arsenic 1.12 37.16
beryllium nd 0.05
cadmium 0.41 1.06
chromium 0.65 3.88
fead 8.05 65.96
manganese 2.82 5.79
nickel 0.71 3.51
selenium 0.83 4.50
zinc 286.94 35465
nd - none detected.

Table 3-11. Estimated metals emissions (nﬁlj) from TDF combustion.

TB? TB6
0% TDF 17 % TDF

(blank) (sveady-state) _

TDFenstunal TDEF TDF. TDEF only
antimony 7.72E-5 n/a 9.05E4 5.32E-3
arsenic 4,.80E4 n/a 1.59E-2 9.35E-2
beryllium nd n/a 2.14E-S 1.26E4
cadmium 1.76E4 n/a 4.54E4 2.67E-3
chromium 2.78E4 n/a 1.66E-3 9.7GE-3
lead 3.45E-3 n/a 2.83E-2 1.66E-1
mangancsc 1.21E-3 n/a 2.48E-3 1.46E-2
nickel 3.0E4 n/a 1.50E-3 8.82E-3
selenium 3.56E4 n/a 1.93E-3 1.14E-2
ging L23E-1 n/a 1521 89.47

n/a - not applicable

The licerature2? reporus the values found in Table 3-12 for emission factors from coal and oil for various
meuls. To derive the average emission factors reported here, uncontrolled values for oil from reference 27
were averaged for both distillate and residual oil, and values for coal from uncontrolled dry bottom utilicy
boilers burning bituminous coal. By comparing Tables 3-11 and 3-12, it is apparent that, with the
exception of zinc, uncontrolled metal emissions from TDF combustion are similar in magnitude to those for
coal and oil. TDF combustion gives high Zn emissions due to the fact that there are high levels of Zn in
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tires, coupled with the facr that Zn is a volatile meral thar tends to be emitted in the flyash as opposed to
remaining in the bottom ash residue.

Table 3-12. Am emission factors for coal- and oil-fired boilers (ﬂzz e—

—  meul il
antimony ‘n’jT %
arsenic 5.00E-03 2.95E-01
':ﬁgum 1.44E-03 3.48E-02
ium 5.64E-03 1.91E-02
chromium 1.49E-02 6.07E-01
lead 7.95E-03 1.36E-01
manganese 8.61E-03 1.28E+00
nickel 3.08E-01 $.00E-01
selc_mum n/a n/s
ZINC
.41 H
nla - not a Vallab n’*
Source: Reference 27
3.6 Pamsiculate Data

Particulate matter (PM) measurements were made from the MMS and MultiMetals trains. PM
measurements are not routinely made from MMS trains as the typical Method $ acetonc front half rinse and
evaporation procedures are not compatible with the sample wreatments leading to organic analyses.
However, the MMS5 sampling was the only particulate collection method common to all tests. The
particulate data reporced here are based on the total mass of particulate collected on the filter as well as the
cyclone located upstream of the filter. All front half rinses were submitted for organic analysis. The
complete PM data are found in Appendix F.

The MultiMeuals train is suitable for decermining rotal particulate loading as the front half acetone rinse
and evaporation step is optional. Particulate values are also reported for the two tests where metals samples
were collected.

Table 3-13 lists the results for the PM measuremenss. The PM measurements listed represent
uncontrolled emissions, such as those found prior to any instalied PM control device. As expected, the PM
emissions duting TDF combustion are higher than those from natural gas combustion. Incerestingly, the
PM results from run TBY (che batch feed run) were significandy higher than for the other runs. The MMS5
filter on this run was blacker than on the other runs.
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3.7, XRD/XRF Results

Afeer each run, there was a significant amount of ash residue deposited on the TDF feeding mechanism.
Samples from runs TB3 and TB6 were collected and analyzed for elemental composition with X-ray
fluorescence spectrometry. For this analysis, the samples were mixed with an organic binder and pressed
into pellets. The samples were first scanned for qualitative characterization. For better accuracy, it is
necessary to set up a quantitative scheme based on the matrix composition. Since the composition was
similar o fly ash, that scheme was applied. Element concentrations determined by this method are reporred
here to two significant figures. Note that some elements identified from the XRF analysis (e.g., zirconium,
aluminum, and silicon) may have originated in the RKIS refractory insulation, and not from the TDF.
Results also confim the high Zn emissions found in the MMT samples. The concentrations for the balance
of the clements detected, in the qualitative scan, are reported to one significant figure. Table 3-14 lists the
resules from the XRF analysis.

Table 3-13. Particulate data.
Run % Total Fuelas  Panticulate Loading

IDE {(mg/Nm?)
TB2 16.95 43.67+*
TB3 17.14 137.24*+
TB4 15.50 95.28++
TB5 0.00 17.37++
TB8+ 19.18 132.95**
TBY+ 14.97 285.46**
TB6 17.30 101.01
TB7 0.00 4.14

+ non-continuous feed tests
*++ based on filter weights from MMS5 or Method 23 samples



Table 3-14. TDF ﬂz ash comEsition (w1 %) as determined bz X-nz fluorescence.
TB

__element B3
aluminum 28 1;?‘
calcium 31 2.9
chromium 0.002 0.01
cobalt 0.005 0:01
copper 0.002 0.0001
iron 0.86 0.83
lead 0.001 0.0009
magnesium 0.86 0.95
nickel 0.007 0.003
phosphorus 0.001 0.0001
potassium 0.58 0.58
silicon 32 32
sodium 0.68 12
strontium 0.002 0.01
sulfur 0.0004 0.0003
titanium 0.15 0.084
zinc 2.4 5.2
M

X-ray diffraction spectrometry (XRD) was also carried out on the two samples to determine the phases of
the major elements. XRD is usually capable of detecting phases down to several percent. The phases
identified in the two samples are listed in the following table. Because of the many factors which influence
XRD reflections, it is mainly of value for qualitative rather than quantitative analysis. In certain cases, where
matrices are similar and sample preparation is controlled, it may be used for quanticative analyses. For this
analysis, the phases are listed in estimated order of decreasing concentration. The XRD spectra for TB3 and |
TB6 can be found in Appendix F. Table 3-15 lists the resules from the XRD analysis.

Table 3-15. TDF ﬂz ash oomEition as determined bz X-ray diffraction.

name formula JCPDS No. present in TB3 present in TB6
‘ sample sample
cristobalite SiO2 39-1425 X X
quarz $iO2 33-1161 X X
willemire Zn38i04 37-1496 X X
anhydrite CaSOy4 37-1496 X X
mullite Alﬂsh Ou 15-776 X .
i l 'Eﬁ EI - Q .

Selected traces from the CEMs during the TB8 test, where the kiln combustion air was ramped up and
down, are shown in Figures 3-4 through 3-8. Notice how the O3 and CO; traces (Figures 34 and 3-5)
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oscillate in a sinusoidal manner to mirror the changes in the combustion air. The fact that the response time
(= 2 5) for the PAH analyzer was considerably faster than the response time for the CO analyzer (= 30 5).
coupled with the fact that the PAH analyzer (see Figure 3-6) was considerably more sensitive o minor
system disturbances during periods of "good” combustion than the CO analyzer (see Figure 3-7 and 3-8),
suggests that the PAH analyzer might prove to be an effective monitor for process control purposes. These
dara seem to suggest that pyrolysis at the surface of the TDF particies is one of the rate controlling steps for
TDF combustion. Although the TDF was not burning in suspension phase, the low feed rates that were
used during these tests resulted in a Rirly dispersed bed of burning TDF partides scartered around the
recessed chamber of the kiln. As such, it may be a valid assumption that individual TDF particles were
buming with lictle or no influence from nearby TDF particles. The transport of the pyrolysis products away
from the TDF particles, coupled with some boundary layer resistance, appear to significantly affect the
emission of PICs from TDF combustion. By ramping the combustion air up and down, it appears that the
boundary layer surrounding the TDF particles is subjected to some transient disturbances, possibly de-
stabilizing the flame front chat is in place at the outside of the particle’s boundary layer. This phenomenon
migh result in increased PIC emissions.
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Figure 3-4. Kiln O, and CO; traces during run TBS.
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Figure 3-6. PAH analyzer trace during run TB8.

37

v

200



1 v v v v

50 160 s ‘ 150 '
Time (min)

O

Figure 3-7. Kiln CO traces during run TB8.
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Figure 3-8. Stack CO traces during run TBS.
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Selected traces from the CEMs during the TB9 test, where batches of TDF were fed at discreet incervals,
are shown in Figures 3-9 through 3-13. The batch tests resulted in very high transient emissions followed by
periods of essentially background emission levels. Notice how the kiln O3 (see Figure 3-9), initially at
approximately 10 %, plummets to approximately 1 % during the batch introduction of TDF. Even the
post-SCC stack O3 (see Figure 3-10) is reduced to just over 2 % during the transients. The PAH analyzer
(sce Figure 3-11) measured a high (214,000 ng/m3) average concentration on the TB9 batch test, which was
not found on the corresponding MM5 train samples for SVOCs. However, since the transient events
resulting from batch feeding of TDF were very short relative to the total sampling time, the required
isokinetic sampling protocols may have resulted in an insufficient sample being pulled into the MMS5 train.
These results are qualicatively similar to results seen from earlier batch feed tests on this same facility while
burning polyethylene pipe,!4 where non-isokinetic sampling procedures and larger sampling volumes were
required to produce detectable quantities of individual compounds. Note also how the PAH analyzer
(Figure 3-11) tracks the CO traces (Figures 3-12 and 3-13) very well. As mentioned carlier, the CO
analyzer is an acceprable diagnostic for "poor” combustion conditions, but cannot effectively differentiate
between different levels of "good” combustion.

These data suggest that buming TDF in batches, which roughly approximates feeding of whole tires, has
the potential to form significant transient emissions. This phenomena could be exacerbated in a system chat
exhibits significant vertical gas-phase stratification, or operates at low excess air levels, such as cement kilns.
The size of the facility, however, will certainly impact the intensity of transient emissions resulting from
batch charging of tires or TDF, since for an extremely large facility, a constant stream of whole tires may
roughly approximate steady-state operation. Even so, the potential for generation of large transiencs should
not be ignored. '

These two transient experiments highlight the limitations of using CO as a surrogate indicator of
combustor performance. While CO is high during periods of "poor” combustion, as is evidenced during the
batch feed tests, CO does not give a good indication of de-tuned combustor performance during periods of
relatively "good" combustion. In other words, the CO analyzer is effective as a diagnostic of “poor”
combustion, but cannot differentiate berween "good” and "great” combustion.
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40



7000000

T

'°°°°°: jlnll

v T v 1 A B Saaamn ammn v —p

0 50 100 " 150 "%
Time (min)
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Figure 3-12. Kiln CO traces during run TBY.
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Figure 3-13. Stack CO traces during run TB9.
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4. CONCLUSIONS

A scries of experiments were performed on a bench-scale rocary kiln incineracor simulacor (RKIS) facilicy
to examine HAPs from combustion of TDF. Both steady-state and transient testing was performed so that
an evaluation of continuous vs. incremental TDF feeding could be achieved. Samples were analyzed
continuously by CEM for O3, CO, CO;, NO, THC;s, SO3, and PAHs. VOST, MMS, Method 23, and
MMT samples were collected to analyze for VOCs, SVOCs, PCDD/PCDF, and menal acrosols, respectively.
X-ray diffraction and X-ray fluorescence techniques were used to identify species in the fly ash. A regression
analysis was completed on the CEM dat 1o examine pollutant emission trends.

Several VOCs were identified, particularly chloromethane, benzene, and styrene. The concentrations of
those VOCs was affected by the amount and mode of TDF feeding. Emissions of benzene, in particular, are
particularly sensitive to transient upsets of the combustion process. Comparison of calculated emission
factors to chose found in the literature for conventional fossil fuel combustion indicate that VOC emissions
from TDF combustion are comparable to those from coal and oil combustion.

No significant amounts of SVOCs were identified. The PAH analyzer indicated PAH concentrations on
the same order as the detection level of the SYOC analytical methods, with the exception of the test where
TDF was batch fed to the RKIS facility. The PAH analyzer indicated considerably higher transient
concentrations of PAHs during batch feeding, however, these elevated PAH levels were not detected with
the MM5 samples. It is possible that the short duration of the transients, coupled with the mandatory
isokinetic sampling protocols, prevented sufficient amounts of pollutants from being sampled.

Emission levels of PCDD and PCDF were found to be similar in magnitude to the combustion blank
which consisted of a natural gas flame. Those congeners of PCDD and PCDF identified in all samples were
on the same order of magnitude as the method detection level.

Elevated levels of arsenic, lead, and zinc were found in the stack gas. Zinc was present in significant
concentrations. Analysis of the fly ash residue indicate that the majority of the particulate matrer was SiO3,
AlgSi2013, and Zn3S5i04. Comparison of calculated emission factors from TDF combustion to those found
in the literature for conventional fossil fuel combustion suggests chat, with the exception of sinc, the
magnitudes of metal emissions are similar to coal and oil, alchough the distributions are significandy
different, especially with respect to emissions of mercury and selenium, which are significandy higher from

coal combustion.
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The PAH analyzer tracked transicnt kiln operation during periods of "good” combustion more
effectively than the CO analyzer, and with a faster response. It may be significandy more effective than CO
for process control applications due to its sensitivity. Regression analysis of PAH analyzer measurements
indicated that an approximately five-fold increase (over natural gas emissions) in PAH emissions occurs
while increasing the TDF fuel inpur fraction from 0 to 20%.

Regression analysis of CO emissions from the steady-state tests did not find a significant correlation wich
kiln operating conditions. A slight increase in CO emissions with increasing TDF feed rate was found.

The resules suggest that burning TDF in batches, such as during the feeding of whole tires, has the
potential to form significant transient emissions. This phenomenon could be exacerbated in a system that
exhibits significant vertical gas-phase stratification, or operates at low excess air levels, such as cement kilns.
The size of the facility, however, will certainly impact the intensity of transient emissions resulting from
batch charging of tires or TDF, since for an extremely large facility, a constant stream of whole tires may
roughly approximate steady-state operation. Even so, the potential for generation of large transients should

not be ignored, especially in smaller facilities.

Data gaps still exist, since this limited study was performed on a small combustor, under controlled
conditions. The following issues might be addressed in future research.

* The effect of TDF particle size and feeding mode on HAP emissions should be investigated-more
fully. This study was done using a single TDF particle size, and included only limited testing on
differenc feeding modes.

* Emissions of HAPs from combustion of wire-in TDF should be investigated. It would be
logical to assume that emissions of metals from combustion of wire-in TDF may be significandy
different than from TDF that has had the wire removed. Combustion temperature would likely
affect metals emissions significantly, since the partitioning of metals between the bottom ash

residue and the fly ash would change.

* Characeeristics of other TDF-generated residues, such as borrom ash, should be investigated,
especially in regards to leachability of metals, and slag composition and quality.

¢ Emissions of HAPs from co-firing of TDF with other solid fuels, such as coal, biomass-derived
fuels, municipal solid waste, or refuse-derived fuel should be investigated.
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o The characteristics of TDF-generated flyash should be investigated more fully, including the
particle size distributions and speciation of the metals, especially as a funcxion of hal nx;
sulfur which might be presenc duc © co-firing of other fuels. et

e Some basic research, on a very small scale, should be performed, to examine the chemistry of
TDF pyrolysis and combustion. N

e Tests on other types of facilities (such as a vertically-fired unit) should be performed. Studies
examining TDF combustion in suspension vs. bed-bumning phases should be performed.

Overall, it appears that, with the exception of zinc, potential emissions from TDF combustion are not
significandy different from emissions from combustion of conventional fossil fuels, when burned in a well
designed and well-operated combustion device. 1f unacceptable particulate loading occurs due to zinc

emissions, then the emissions would have to be controlled by an appropriate particulate control device.
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APPENDIX A. QA/QC EVALUATION REPORT

This project was performed under the Level 11l Quality Assurance Project Plan entided
"Combustion of Scrap Tires in a Rotary Kiln", and assigned QTRAK #86016/111. Al cricical
measurements met the data quality objectives satisfactorily. Certain non-critical measurements, such
as NO and 5O; did not meer data quality objectives. However, the QA goals of the project were
met.

A1, Volatike Organic Samal

In general, the volatile organic compounds detected were fairly close to practical quantitation
levels. A number of the compounds identified in combustion samples were not present in the field
blanks. However, several of the compounds found in combustion samples were also present in the
field blanks at similar levels; primarily chloromethane, acetone, and methylene chloride. Acetone
and methylene chloride are ubiquitous in laboratory environments. Each VOST tube was
individually QC checked 50 as to ensure that species measured would indeed originate in the stack.
No tube conuained more than 10 ng of any compound. The VOST tube QC checks did not
indicate inherent contamination at these levels. Therefore, the results from these compounds should
be considered somewhat suspect. All analytical method performance criteria were met during
analysis of these samples. Appendix B conuins all of the VOC dau, including surrogate compound
recovery.

A2, Semi-Volarile Orzanic Samal

The results from the semi-volatile organic compound (SVOC) analyses do not seem to indicate
the presence of SVOCs in significant concentrations. Trace quantities of phenol were identified in
several samples. Several phthalates were present in two samples. A wide variety of phthalates are
used as plasticizers and are common laboratory contaminants. The presence of these phehalates as
contaminants seems more plausible than their being PICs. However, no phthalates were found in
the field blank.

As with the volatile organic analyses, surrogate standards were added to the SYOC samples to
assess method performance. For several samples, achieved recovery values were less chan target



values. It is possible that targes were lost on these samples. Recovery performance dara for each
sample, as well as isokinetic sampling information, are induded in Appendix C.

For two samples (20% TDF steady-state and 209% TDF batch), the "less than” concentrations
reported are s factor of ten greater than the remaining results reported. These samples were taken to
provide bioassay analyses, and as such, required TCO and GRAYV analyses. These samples therefore
had a larger final extract volume. It is for chis reason that no surrogate recovery performance data are
given as well, since the surrogate standards might have generated a false positive response on the
bioassays.

Al PCDD/PCDF Samples

PCDD/PCDF samples (Mcthod 23) were collected during only 2 test conditions: 0 % TDF
(combustion blank) and 20% TDF steady-state. The results of the PCDD/PCDF analyses indicate
that PCDDs and PCDFs were not detected during these tests. The results from the 20% TDF test
reveals that hexachlorodibenzofuran was present at a concentration essentially equal to the method
detection limit. Similarly, the results from the combustion background test (no TDF) revealed that
tetrachlorodibenzodioxin was present at a concentration also essentially equal to the method
detection limit. The method blank did not detect either of these target analytes. Appendix D
contains all of the data regarding the PCDD/PCDF analyses, including isokinetic sampling
information and surrogate standard recovery information.

A4, Metals Samples

Merals samples (Method 29) were also only collected during only 2 test conditions: 0 % TDF
{combustion blank) and 2096 TDF steady-state. The intent was to analyze the front and back halves
of the sampling train separacely to gain insight into the distribution of metal aerosols.
Unforrunately, the back half sample from the 20% TDF feed test was damaged during shipment and
was not capable of being analyzed. The liquid from this damaged sample may have also
contaminated the front half sample of the 09 TDF feed test (blank), since relatively high
concentrations of lead and zinc were found in this fraction. The presence of these 2 metals may also
be atrributable to the fact that the combustion blank was collected after a number of TDF tests had
been performed, and a hysteresis effect mighe have occurred. This possibility is supported by the
presence of zinc and lead in the back half fraction of the blank sample, which was not affected by the
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damaged sample. Appendix E concains all of the dara regarding the metals analyses, incdluding
surrogate compound recovery and isokinetic sampling information.

A5, QCER for CEM Dasa

A 3-point ﬂﬁbﬂﬁonmpetformedonudzCBMdaily. The data collected for each test were
validated by post-test 2ero and span checks, The results of post-test CEM zero and span checks are
presented in Table A-1. The overall accuracy, precision, and completeness data quality indicator
(DQI) levels achieved along with respective DQI goals for each CEM measurement are presented in
Table A-2. As Tables A-1 and A-2 indicate, difficulties were encountered with the NO and SO
measurements. Excessive drift was encountered during many of the tests performed. Fortunately,

these were not critical measurements, and the lack of daca for these measurements does not
compromise the quality of this study.

AS._Genenl QA loformation

Appendix F contains other analytical data, indluding a summary of all extractive sampling, dates
of individual runs, and the XRD spectra. Isokinetic variation is based on a single point location
sampling relative to the highest velocity traverse point esublished during the pre-test velocity
traverse. The highest velocity location was selected to maximize collected sample volumes. With the
exception of the test performed on 5/11/93, all test samples were collecred within scceprance of
method isokinetic variation limits. The pretest velocity raverses, along with determined moisture
levels, were also used to derive volumetric seack flows.
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Date
5/13/93

5117193
5/18/193
5/19/93
5120193
5121193
5125/93
5126193
5127193

Table A-1. Rotary Kila Tire Bura CEM Operation Summary

%) 25 Spaa 147 [FS(%) M0 Span 15| [FSppm 2000 Spam 71
2 Zeto 02 Span 02 Zero CO2 Span Zero CO Spea
%Biss Mess. %Biss %Biss Mass. %Bias eas. %Biss Meas. %Bias
Kiln 0.0 0.0 15.0 1.2 0.0 0.0 15.2 1.0 -2 RN nz 0.2
Stack 0.0 0.0 143 16 0.0 0.0 15.2 1.0 1 0.1 714 0.1
Kiln 0.0 0.0 15.0 1.2 0.0 0.0 15.1 0.5 5 0.3 712 0.1
Stack 0.0 0.0 14.8 04 0.0 0.0 14.9 15 5 0.3 714 0.1
Kiln 0.0 0.0 14.7 00 0.0 0.0 15.0 0.0 2 1.1 740 14
Stac 0.0 0.0 14.7 00 0.1 0.4 15.3 L5 5 0.3 719 03
Kiin 0.4 1.4 15.1 16 0.1 0.3 15.2 1.0 6 0.3 At 03
Seack 0.0 0.2 14.9 08 0.1 0.6 15.2 1.0 6 03 723 05
Kiln 0.0 0.1 14.7 0.0 0.0 0.0 15.1 0.5 9 0.5 il 04
Seack 0.0 0.2 14.7 00 0.0 AL 15.2 1.0 2 01 720 04
Kiln 0.0 0.0 14.8 04 0.0 0.0 15.1 05 5 03 721 04
Seack 0.1 0.2 14.7 00 0.0 0.1 15.1 (15 3 0.2 722 0.5
Kiln 0.1 0.6 14.8 04 0.0 -2 15.4 20 26 13 745 1.6
Seack 0.1 0.5 14.3 Lo 0.1 0.3 15.2 1.0 2 0.1 720 0.4
Kila 0.1 0.2 14.9 038 0.0 0.2 15.2 1.0 11 0.6 728 08
Seack 0.0 0.2 14.7 0.0 0.0 0.2 15.1 05 0 0.0 718 03
Kiln 0.) 0.6 14.8 04 0.0 0.1 15.2 1.0 16 08 729 0.8
Seack 0.1 0.3 14.8 04 0.0 0.0 15.2 1.0 5 0.3 715 0.1
Aversges | 0.1 02 148 05 06 01 152 08 65 04 7220 04
Sed Dev 0.1 0.2 0.0 0.1 77 8.5
02 CO2 CO NO THC sO2
verage Biso (%) 04 ns 0.4 5.2 0.4 34
recisicn (%RSD) 14 0.7 1.2 85 5.1 177
N/A = Not Applicable
N/P = Not Performed (Continued)

N/U « Not Used
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Date
513193

5117193
5/18/93
519193
5/20/93
5/21193
5125193
5126193
5/27193

Kiln
Stack
Kiln
Seack
Kiin
Seack
Kiln
Stack
Kiln
Suack
Kiln
Stack
Kiln
Seack
Kiln
Stack
Kiln
Stack

Averages
Sed Dev

Table A-1. Rotary Kiln Tire Burn CEM Operation Summary (continued)

S pp 750 Span zsiﬂ Sppm 500 Span mﬂ Sppm 1000 Span 134
O Zero - NO Span HC Zero THC Spaa 2 Zere $O2 Span
%Biss Mess. %Bine ess. %Biss Mess. %Bias %Bias Mess. %Bias

8 32 265 48 N/U N/A N/U NIA

-1 1.4 250 -2 -3 0.6 115 1.2 60 6.0 215 3
4 L6 286 13.2 N/U N/A N/U NI/A

15 6.0 272 76 N/U N/A N/U NI/A 2 22 214 30
2 10.0 260 28 .2 0.4 104 -1

-2 R 276 9.2 1 0.2 110 0.2 e I.4 158 Y
4 1.6 220 132 N/U N/A  N/U NI/A

15 6.0 302 19.6 N/U N/A NU N/A 3 3.2 130 -S4
3 1.2 257 1.6 1] 0.0 9 -0

6 24 294 16.4 0 0.0 9% B 25 25 207 23
0 0.0 265 43 S [ 105 8

0 0.0 240 2 0 0.0 108 0.2 2 32 222 38
[ 1 24 234 0 2 0.4 109 0.0

8 32 281 1.2 0 0.0 106 NIXY 40 40 N/P N/A
9 36 2% 0 N/U N/A N/U N/A

3 1.2 280 10.8 N/U N/A N/U N/A 70 70 N/P N/A
13 5.2 238 -h0 N/U N/A N/U NI/A

-2 -0.R 234 i NIU N/IA N/U NI/A 18 15 165 1.9
63 6 261.3 77 0.4 0.} 1058 0.7 2.9 34 187.3 34
69 22.2 1.5 5.4 329 33.2




Table A-2. Daa ﬂuahz indicator results for CEM measurements.
Completeness

Accuracy * Precision @
—Meas. Goal Achiev. # Goal Achiev. Goal Achiev.
02 <3 0.4 <10 1.4 > 90 100
CO; <3 0.5 <10 0.7 > 90 100
CO <3 0.4 <10 1.2 >90 100
NO <3 5.2 <10 8.5 >90 11
THC <3 0.3 <10 5.1 >90 100
< > <10 17. > 44
* Accuracy ex as percent bias from e of measurement range.

# Based on ovenll absolute value average of zero and span checks.
@ Expressed as percent relative standard deviation

A6



APPENDIX B. VOLATILE ORGANIC SAMPLING DATA
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Lp: 9:5:“ b\¢ CeopY-

VOLATILE ORGANIC SAMPLING RESULTS SUMMARY

Source Description: Ratary Kiln Test Date: 4-29-93
Test Number  VOST-i Sampling Run No. TE1-VOST
Condition 10 % Tiras Operator KT
Location Exbaust Duct Exhaust Duct Flow Unknown DSCFM
Sample 1D S0/CCSe AF15/759 100/CCS 99/89
Volume Collected {(Liters) 19,192 21.58s% 19,745 19,285
Detectible Compounus 11 -] 11 17
ng/L ng/L ng/L ng/L

dichlorodifluoromethane < 0,52 < 0,486 < 0,52 0,82
chloromethane 0.54 < 0.4 4,93 0.80
Z-Methylpropene §.2 2.82 2.2 7.24
vinyl chloride < 0,82 < 0.46 < 0.52 < 0.%2
bromomethane < 0,52 < 0.46 < 0,52 70,92
chloroethane < Q.82 £ 0.456 T 0.82 T 0.82
trichlorofluoromathane < 0.52 < 0.46 < 0,92 < 0.92
{,1-dichloroethene < 0,52 < 0.46 10,852 7 Q.82
Carbon Disulfide 0,82 < 0.48 1.73 < 0.52
iodomethane < 0,92 < 0.456 < 0.4‘ < Q.52
ficetone 1.44 1.86 1. 1.06
Vinyl Acetate - 0,82 { Q.46 < 0.52 L oGeSe
methylen2 chloride 15,85 25.38 29.85 I1.96
trans~1,2-dichloroethene RS B i Q Q.44 0,52 L 082
Z2-Methyl-2-Fropanol w82 0.44 < 0,52 0,92
Hexane .52 1.4k < 0,52 0. 81
i.1-dizhloroethare R < 0.4 20,82 v E2
Z-Butanonc 0,82 0,48 LWL ED S E2
chiiorctorm D 2 L 0,86 .22 D%
1ty 1=trichldroethant 0,57 « {148 O.B87 2T
carbon tetrachloride - .82 < (046 0eT2 Lol
hoenzene RS | CoR,3T .20 d,.l¢
i,2-dichicroethang B T 10,66 e, 92 L ED
Ffluorobencene (2 1 0.46 S22 - L CT
Z,S5-Dimethyl-T-Haxene .57 0,46 0,87 L
I-Chloro=2=-Methyisrorane T Es TQ.48 v B2 et
Herptane _ 4,88 W Uede . P
tﬁx:F‘cruevhene 3 Z2 © G.de 52
1.2-4 loroprosonie w.E2 SV .22
sibrom .h.iane Col . G.de I
1.4 F cx aﬁe G.500 < (i kS

i X 0, a3k

LT adn el
B-2
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YOLATILE ORGANIC SAMPLING RESULTS sumMmary VOST-{ ~- FAGE 2

ng/L na/L ng/L ng/L

1,1,Z=trichloroethane < 0.52 < 0,48 < 0.52 < 0.%2
Eromoacetone < 0,52 < 0,46 < 0.52 < 0.52
tetrachloroethene < G52 048 < Q.52 < Q.52
Z2-Hexanone < 0,52 < 0,46 < 0.52 < 0.52
dibromochloromethane < 0,52 < 0,48 < 0.52 < 0.52
1,2-dibromocthane < 0,52 < 0,46 < 0.52 < 0.52
chlorobenzene - { 0,52 < 0,46 < 0.52 < 0.52
1,1,1,2~Tetrachlorocthane < 0,52 {0,468 < 0.52 < 0.52
ethyl benzene < 0.52 <G48 < 0.%2 < 0,52
m,p-uylene 0,94 Q.69 Q.73 1.56
Nonane 1.94 1.16 1,53 2.2
o-xzylene < 0.52 1 0.46 < 0,52 < .52
Styrene 2.0 2.25 1.74 1.39
bromoform SRRV e 10,48 < 0.32 < 0,52
Cumene <0052 < 0,46 < 0.52 4 0,92
1,2,3-Trichloropropane < 0,92 < 0,486 < 0.32 £ 0,82
1,1,2,2-tetrachloroethane < 0,92 < .86 < 0.52 < 0,952
1,4-Dichlaoro~2-butene {0,852 < 0. 44 < 0.952 < 0.82
Fentachloroethane “ 0,92 < 0,46 < 0,52 < 0.352
1,3-Dichloraobenzene < 0,52 < 0.464 < 0.52 < 0.52
1,4-Dichlorobenzene <0,32 < Q.46 < 0.32 < 0.52
1,2-Dichlorcbenzene T 0.52 < 0,44 < 0,952 < 0.52
i,2-Dibromo-3-chloropropane < 0,52 < 0,46 < 0.52 < 0.52
Master Index 2046 2047 2048 2049
Surrcgate Compounds Recovery % A % %

dé~Fenzene ito 100 104 98
d4-1,2-dichloroethane i0? 105 - 108 - 108
d8-toluene 94 106 97 102
4-bromoflucrobonzene 104 101 104 110




VOLATILE ORGANIC SAMPLING RESULTS SUMMARY

Source Description: Rotary Kiln Test Date: 5-13-93
Test Number  VOST-2 Sampling Run No. TB2-V0ST
Condition 20 % Tires Operator RT
Location Exhaust Duct Exhaust Duct Flow 121.6 DSCFM
Sample 1D S912/570 CCB&/S6 3807108
Volume Collected (Liters) 19.16 19.172 19.359
Detectible Compounds 13 14 17
ng/L ng/L ng/L
dichlorodifluoromethane < 0,52 < 0,852 0.82
chloromethane 2.56 0,83 23.09
2-Methylpropene S.61 3.61 J.91
vinyl chloride < 0.952 < 0.52 < 0.52
bromomethane < 0.592 < 0,32 0.71%
chloroethane < 0.52 < 0.52 < ©,352
trichlorofluoromethane < 0.952 < 0.92 < 0,52
1,1-dichloroethene < 0.92 < 0.52 < 0.82
Carbon Disulfide < 0.52 < 0.92 < 0.52
iodomethane < 0.5 < 0,92 4 0.52
Acetone 1. 60 1.60 10,23
Vinyl Acetate < 0. < 0.52 < 0,52
methylene chloride 11. 9‘ B81.06 .57.78
trans-1,2-dichlorcetihone < .82 < R.52 < 0,52
2-Methyl-2-Propanci i Q.52 < 0,52 11.26
Hexane < 0,52 .. 0,62 -4 0,52
i, t-dichloroethane £ 0,52 Sa.52 0 2 oo.s2
Z-Butanone 10,82 L 0.92 < G.E2
chloroform L 0.ST To.52 < G,S2
1,1,1-trichloroethane . 0,91 0,71 . 1.37
carban tetrachlornde <0082 L 0,52 L0,
benzene 1.6 .53
1,Z-dichloroethane ©oD.3Z L 0.52
¥ luorcbenzene <052 0,952
2,3-Dimethyl-I-Herene L 0.S2 C0.52
Z-Chloro=Z-Metiyleropan: T 0,82 0,852
Heptane .45 G,7%
»ichlorcethene < 0,52 <00, 52
1,2=-dichloropropane R je 4 0.52
dibrosometiiane AN 0,82
1.4-Dicxane 0,82
sreacdichloreme thane .23
crs-l.I-dichlarcpromen: L EZ
3= “ntwv.-;- BT L o &z
{ MR T AT ‘. i ‘: <

MILT L. mthi o e Le D e -

' fro
t::r o:‘::-tadblo copY.




VOLATILE ORGANIC SAMPLING RESULTS SUMMARY VOST-2 -- FAGE 2

ng/L ng/L ng/L

1,1,2=trichloroethane < 0.952 < 0.52 < 0.52
EBromoacetone < 0,52 < 0.32 < 0.52
tetrachloroethene < 0.52 < 0.52 < 0,52
Z-Hexanone < 0,52 < 0.52 < 0.52
dibromochloromethane < 0.52 < 0.52 < 0,82
1,2-dibromoethane < 0.32 < 0.52 < 0.52
chlorobenzene < 0,52 < 0.52 < Q.82
1,1,1,2-Tetrachloroethane < 0.52 { 0.52 < 0.52
ethyl benzene 0.58 0. 48 0.57
m,p-iylene 2.58 2.55 2,06
Nonane 0.79 1.42 0.67
o-xylene 0.71 0.79 0.66
Styrene 0.97 3.38 0.51
bromoform < 0,52 < 0.352 < 0.52
Cumene { 0,82 < 0,52 < 0.32
1,2,3-Trichloropropane < 0,92 < 0.52 L 0,52
1,1,2,2-tetrachloroethane { 0.52 < 0.32 < 0,52
1,4-Dichloro-2-butene < 0.52 < 0.32 < 0,52
Fentachloroethane < 0,52 < 0.52 < 0,52
1,3-Dichlorobenzene < 0.52 { 0.52 < 0,52
1,4-Dichlorobenzene < 0.52 < 0.52 { 0.52
1,2-Dichlorobenzene { 0.52 < 0.52 < 0.52
1,2-Dibromo~3-chloropropane < 0,32 < 0.52 < 0.52
Master Indey 2054 2055 2056
Surrogate Compounds Recovery % % %

d&-Benzene 108 104 107
d4-1,2-dichloroethane 107 97 103
d8-tcluene 2 94 6
4-bromofluorcbenzene 107 98 36
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VOLATILE ORGANIC SAMFLING RESULTS SUMMARY

duced |
ﬁ:ﬂﬁ&ﬁﬁbdfﬁg

0

Source Description: Rotary Kiln Teost Date: S-~18-93
Test Number vosST-3 Sampling Run No. TB3I-VOST
Condition No Tires Operator RY, JEE
Location Exhaust Duct Exhaust Duct Flow 173.6 DSCFM
Sample ID 700710 165/02 5317108
Volume Collected (Liters) 19.229 19,145 19.037
Detectible Compounds i1 12 9
ng/L ng/L ng/L

dichlorodi fluoromethane < 0.52 < 0.92 < 0.52
chloromethane { 0.52 0,72 < 0.53
2-Methylpropene 2.48 3.21 1.38
vinyl chloride < 0.32 < 0.52 < 0.53
bromomethane { 0.52 0.42 { G.S53
chloroethane < 0.52 < 0,52 < 0,53
trichlorofluoromethane 0.44 < 0.952 < 0.53
1,1-dichlioroethene < 0,52 < 0.92 < 0.53
Carbon Disulfide < 0.852 < 0.52 < 0.53
iodomethane < 0.82 < 0.52 < 0.53
Acetone 2.6t Z.12 2.5%
Vinyl Acetate < 0.52 < 0.52 € 0,53
methylene chloride 184.0% 43.49 20.76
trans-§,2~dichloroethene {0,952 < 0,52 < 0.53
2-Methyl-2-Fropanal < 0,52 T 0.52 . 0.5
Hexane . W 0.52 0.4% S 0.ST
t,1-dictlorocthane « (.92 G.92 0,832
2-Futarcne 0.2 (.52 .57
chlorcg'cr;r_ . C‘- 5: !:!.S: :‘-53
1,4, 1-trichloroetnane Q, 80 UL 32 G5
carbon tetrachloride ¥ 0.52 S 0.52
berzene i1.38 1.70
1,2-dichlorocethane 0.52 2,57
Fluorobenzere .22 e, (1.5
2.5-Dimethyli~I~He:ene 0,52 .53
Z=Chlorc-2-Methylpropane ( 4,82 0.53
Heptane C CLE2 1,93
trichlorcgshiene C L. SZ 3,592
tea=dichizrcorceane - e2
d.bromomothane o LI
t.6=T1zuane - ez
rrersicht Tt o e LG ED

LU LEe SR s nE f oz



VOLATILE ORGANIC SAMFLING RESULTS SUMMARY

VaST-I -- FAGE 2

- ——

ng/t ng/L ng/L

Iy1,2~trichloroethane < (.52  0.%2 < 0.5
Bromoacetone < 0,52 < 0.%2 < 0,853
tetrachloroethene < Q.52 < 0.52 « 0,83
2-Hexanone < 0.52 < 0,52 < 0.9%
dibromochloromethane < 0.52 < 0.52 < Q.53
1,2-dibromoethane < 0.52 < 0.352 < 0.383
chlorobenzene < 0.52 < 0,82 < (.53
1,1,1,2-Tetrachloroethane < 0.92 < 0.52 . 0.33
ethyl benzene < 0.82 < 0.352 <~ .53
m,p-xylene 1.61 1.63 1.23
Nonane 0.83 0.54 Q.67
o-xylene 0.42 0.52 0,42
Styrene .49 0.44 1.01
bromoform {0,352 < 0.%52 o0, B3
Cumene < 0.%52  0.52 .53
1,2,3~Trichloroprapane < 0.52 < 0.52 LQ.Es
1,1,2,2-tetrachloroethane < 0,52 < 0,52 R
1,4~Dichlora-2-butene < 0.52 < 0.352 ~ 0.53
Fentachloroethane < 0.52 < 0.52 < 0,83
1,3-Dichlorcbenzene < 0.52 < 0.52 0,53
1,4-Dichlorobenzene < Q.52 < 0.52 {0,853
1,2-Dichlorcbenzene < 0.52 < 0.52 < 0.53
1,2-Dibromo~3~chloropropane < 0.52 < 0,52 < 0.83
Master Index 2057 2058 2062
Surrogate Compounds Recovery r % %

d&-Benzene 1085° 104 g6
g4-1,2-dichloroethane 88 99 38
d8-toluene 88 b Li]
4-bromofluorobenzenre 106 100 102

B-7



VOLATILE ORGANIC SAMPLING RESULTS SUMMARY

Source Description: FRotary Kiln Test Date: 3S-21-G3

Test Number VOST-4 Sampling Run No. TBR4-VOST

Condition Ramping (20 % Tires) Operator JEE

Location Exhaust Duct Exhaust Duct Flow 141.5 DSCFM

Sample ID 535/757 1017186 13/26

Volume Collected (Liters) 19.47 19.271 19,202

Detectible Compounds G 1! )
ng/L ng/L

dichlorodifluoromethane < 0.5! < 0.82

chloromethane 22.30 70,02

2-Methyipropene 0.96 2.13

vinyl chloride T 0.51 { ¢.52

bromomethane 1.00 .14

chlorosthane < 0.51 < 0.52

trichlorofluoromethane < 0,51 < 0.5

1, 1~dichloroethene < 0.51 < Q.92

Carbon Disul fide < 0.51 < 0.52

iodomethane < 0,51 0. 69

Acetone 4,45 S.16

Vinyl Acetate < 0.951 0.52

methylene chloride 14,20 1i.75

trane-1,7-dichloroethene < 0.51 < 0,82

2-Methyl-2-Propanol 1 0.91 352

He:xane . 0.3t

1.1-tichloroethane oGSl

2-Butancne S0, T

chloroform .51

1,4, 1-trichlcroethane ~ 0,81

carbon tetrachloride L 0.5

benzene 8. 16

iyc-dichloroethane S 0.9l

Flucrcter.zena < .51

2,5-Dimethyi-3-He:ene Sl S1

2=~Chloro-I-Methiyinrcpane G, Sl

Heptans DEPRG

trichlorcellene e

P amUlIN L OroRruEang .ot

dLiromeine ek @.58

1e6-bio ¢ TLEL

Leomodo bl oo LD

Sie=t - LTt

B-8




VOLATILE ORGANIC SAMFLUING RESULTS SumMMARY

VOST-4 -- pAGE 2

ng/L ng/L ng/L

1,1,2~trichloroethane < 0.51 < 0.%2 0.52
Eromoacetone < 0.351 < 0.32 < 0.52
tetrachloroethene < 0.51 < 0.32 Q.52
2-Hexanone < 0.51 < .52 < 0,582
dibromochloromethane < 0.5 < 0,52 { Q.52
1,2-dibromoethane < 0.5 < 0.52 < 0.82
chlorobenzene < 0.51 < 0,52 { 0.92
1,1,1,2-Tetrachloroethane < 0.91 < 0.52 < 0,82
ethyl benzene < 0.5t < 0.352 « 0.52
m,p-xylene 0.50 0.74 G.59
Nonane < 0,58 < .82 < 0.%2
o-xylene < 0.51 { 0.52 0.52
Styrene 2.61 1.74 < 0.52
bromoform < 0.88 < 0.52 Q.52
Cumene < 0.51 < 90,52 < 0,82
1,2,3~Trichloropropane < 0,31 < 0.52 1 0.582
1,1,2,2~tetrachloroethane < 0.51 < 0.%2 < 0,52
1,4-Dichloro-2-butene < 0.51 < 0.82 0.52
Fentachlorcethane < 0.%51 < 0.52 v 0.82
1,3~Dichlorchenzene { 0.51 < 0.92 < 0.82
1,4=-Dichlorotenzens < 0.51 { 0.52 < 0,82
1,2-Dichlorobenzene < 0.51 < 0.52 < 0,82
1, 2=-Dibromo~3-chloroprofane < 0.58 < 0.52 « 0.82
Master Index 2064 2043 2066
Surrogate Compounds Recowery % % %

dé-Benzene 89 59 3
d4-1,2~dichlorcethane 107 100 109
d8-toluene 89 83 &7
4-bromoflucrobenzene 101 106 100

B-9

e e e .



VOLATILE ORGANIC SAMPLING RESULTS SUMMARY

Source Description: Rotary Kiln Test Date: $5-28-93
Test Number V0OST-3 Sampling Run No. TBS—VOST
Condition Batch (20 % Tiros) Oparator JEB
Location Exhaust Duct Exlhaust Duct Flow 174.2 DSCFM
Sample ID 467/142 A100/36 522/340
Volume Collected (Liters) 19.188 21.183 19.062
Detectiblc Compounds 13 it 13
ng/L ng/L ng/L
dichliorodifluoromethane < 0,82 { 0.47 < 0.352
chloromethane 18.81 6.49 8.20
2=Methylpropene < 0.952 < 0.47 < 0,52
vinyl chloride < 0.52 < 0.47 < 0.52
brosomethane 1.57 < 0.47 0.44
chloroethane < 0,92 < 0.47 < 0.52
trichlorofluocromethane < 0,52 < Q0,47 0.73
1,1-dichlcroethene < 0,52 < 0,47 < 0,92
Carbon Disulfide 8,13 < 0.47 { 0.52
icdomethane < 0.52 < 0.47 < 0,52
Acetone 7.74 7.4 9.88
Vinyl Acetate ‘ L~ 0.52 w 0,47 < G, 82
methylena chloride 0. 39 P ig.587
trang-~1,i-d:chicroectione o7 i
LM e - i
5 AT &5.5% Z6.94
2,32 .47 D 0.52
B Sl L 0,52 .47 0,852
2,30 syl =-Heneng 1 (.52 .47 ;0,52
2=Chirs~I-Methyipropane ~ 082 0,47 20,52
Heptars G52 G.47 D 0.32
grichior Loihene - RS Pheiny .47 < Q.T3
1, 2=cichiioropropane SV L. &7 S G.S2
GibrcoLrl Lo X 70 .47 S 52
1,4-0:3 0 e ©oel 0z .47 .52
Dromsdin T Tan s Pl lanane hIo 1T .52
[38 ¥ A IR S IT SNV LTl ST .52
L T P RS LLE t vLS2
LS SURTI N Y .7
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VOLATILE ORGANIC SAMPLING RESULTS SUMMARY VOST-5 -- PAGE 2

ng/L ng/L ng/L

1,1,2-trichloroethane < 0.52 < 0.47 < 0.582
Bromscacetone < 0.%2 < 0.47 < 0,52
tetrachlorosthene < 0.92 < 0.47 < 0.52
2-Hexanone < 0.52 < 0.47 < 0.92
dibromochloromcthane < 0.52 < 0.47 < 0.%82
1,2-dibromoethane < 0.52 < 0.47 < 0.92
chlorabenzene 0.44 < 0.47 < 0.952
1,1,1,2-Tetrachlaroethane < 0.52 < 0.47 < 0.52
ethyl benzene 1.06 0.683 1.33
a,p-xylene 3.65 2.86 S5.05
Nonane < 0.82 0.48 0.78
o-xylene 1.08 0.83 1.49
Styrene .91 1.27 1.688
bromofors < 0.%2 < 0.47 < 0.82
Cusene < 0.32 < 0.47 < 0,52
1,2,3~Trichloropropane < 0.%2 < 0.47 < 0.52
1,1,242-tetrachloroethane < 0,52 < 0.47 < Q.82
1,4-Dichloro-2-butene < 0.52 < 0.47 < 0.52
Pentachloroethane < 0.52 < 0.47 < 0.32
1,3-Dichlorobenzens < 0.352 < 0.87 < 0.92
1,4~-Dichlorocbenzene < 0.52 < 0.47 < 0.52
1,2-Dichlorobenzens < 0.52 < 0.47 < 0.32
1,2-Dibromo-3~chloropropane < 0.52 < 0.47 < 0.52
Master Index 2067 20468 20469
Surrogate Compounds Recovery x 4 %

dé-Banzene 84 63 82
d4-1,2-dichloroethane 99 114 106
d8-toluene 86 84 84
4-bronofluorabenzene 107 108 112
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TIRE BURN

Acurex~-RTP Laboratory Results

EPA Method 8240 / VOST Matrix

Hewlett Packard $890 GC / $971 NSD; 30m x Q.53u DB-624 fused silica capillary
Tekmar LSC-2000 w/Carbotrap/Carbosieve SIII.

PQL = Practical Quantitation Limit

K/D = ¥Not Destectaed

J = Detected €< PQL

N/A = Not Applicable

Sample Type vOST VOST VOST - vosT
Master Index 2053 2054 2085 2056
Sample ID 7017335 §12/570 cCc86/56 380/108
Sample Collected (Liters) ———————— 19.16 19.172 19.359
Collection Date ——————— 05/13/93 05/13/93 05/13/93
Analysis Date 06/08/93 06/08/93 06/08/93 06/08/93 PQL
ng ng/L ng/L ng/L ng/(x)L
dichloreodifluoromethane ND uD 0.82 10
chloromethane $6.5 2.6 0.8 23.0% 10
2-Methylpropene ND 5.6 3.6 e 10
vinyl chloride ND ND " ND 10
bromomsethane uD ND XD 0.7 10
chloroethane ND ND D ND 10
trichloroflucromsthane ND ND ] ND 10
1,1-dichlorocsthene ND ND ND ND 10
Carbon Disulfide ND ND "D ND 10
iodomethane ND ND ND ND 10
Acetone 21.3 1.6 1.6 10.23 10
Vinyl Acetats ND ND N0 ND 10
ssthylens chloride 143.0 11.9 81.1 57.78 10
trans-1,2~dichlorocethene ND ND "D ND 10
2-Methyl-2-Propancl D ND nD 11.26 10
- Hexane ND ND 0.6 ND 10
1,1-dichloroethane ND ND XD ND 10
2-Butanone ND ND ND ND 10
chloroform ¥D ND ND ND 10
1,1,1~trichloroethane . . ND 0.9 0.7 1.37 10
carbon tetrachloride - ND ND "D ND 10
benzene N 23.3 2.0 3.8 3 10
1,2-dichloroethane ND ND o] ND 10
Fluorobenzene ND ND ND ND 10
2,5-Dimethyl-3-Hexene ND ND ND ND 10
2-Chloro~2-Kethylpropane ND ND »D ND 10
Heptane ND 0.% 0.8 D.46 10
trichloroethene ND ND WD ND 10
1,2-dichloropropans ‘ND ND WD ND 10
dibromomathane ND ND ] ND 10
1,4-Dioxane ND ND ND ND 10
bromodichloromethane ND ND ND ND 10
cis-1,3~dichlorepropens ND ND ND ND 10
4~Methyl-2-Pentanone ND ND ND 0.62 10
toluens ND 0.82 1.29 1.04 10
trans~-1, 3-dichloropropene ND ND ND ND 10
1,1,2~-trichlorocethane ND ND ND ND 10
Bromoacetone ND ND ND ND 10



tetrachloroethene ND (1] ND ND 10
2-Hexanone ND ) N ND 10
dibromochloromethane ND "D D ND 10
1,2-dibromosthane ND ) nD ND 10
chlorobensene ND w0 ND ] 10
1,1,1,2-Tetrachloroethane ND np N> ND 10
ethyl bensene ND 0.58 0.68 0.%7 10
o, p-xylene ND 2.88 2.%% 2.06 10
Nonane ) 0.79 1.42 0.67 10
o-xylens ND 0.71 0.7 0.66 10
Styrene xp 0.97 3.38 0.51 10
bromoform D 1) nD ] 10
Cusene D )] D D 10
1,2,3-Trichloropropane ND [ ) N> " 10
1,1,2,2-tetrachlorosthane ND ] ND D 10
1,4-Dichloro~-2-butene xD ] N ND 10
Pentachlorosthane ND »D »D ND 10
1,3~Dichlorcbenzene ] ] -] ] 10
1,4~Dichlorcbenzene ND " ) ] 10
1,2-Dichlorobenszene ND ] ND ND 10
1,2-Dibromo~-3-chloropropane ND [, ] w L] 10
Naster Index 083 208¢ - 2058 2086
Surrogate Compounds Recovery ] s ] .
dé-Banszens 91 108 104 107
dé4-1,2-dichlorosthane 153 107 97 103
ds-toluans 100 92 { 1) 96
4-bromofluorobensene 94 107 %8 96

mlr-tm
Lotus 1- File Name:

: \EXCEL\RPT\TBSH2.
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TIRE BURN

Acurex—RTP Laboratory Results
EPA Method 8240 / VOST Matrix

Hewlett Packard $890 GC / 5971 MSD; 30m x 0.53u DB-624 fused silica capillary
Tekmar LSC-2000 w/Carbotrap/Carbosieve SIII.
PQL = Practical Quantitation Limit

N/D = Not Detected
J = Detected @< PQL
N/A = Not Applicable

Sample Type VOST VOST VOST
Master Index 2057 2058 2062
Sample ID 700/10 165/102 $31/108
Sample Collected (Liters) 19.229 19.145 19.037
Collection Date 05/18/93 05/18/93 05/18/93
Analysis Date 06/08/93 06/08/93 06/09/93
ng/L ng/L ng/L
dichlorodifluoromethane ND ND ND
chloromathane ND 0.7 RD
2-Mathylpropene 2.5 3.2 1.4
vinyl chloride ND ND ND
bromomethane ND 0.4 ND
chloroethane ND ND ND
trichlorofluoromethane 0.4 ND ND
1,1-dichloroethene ND ND ND
Carbon Disulfide ND ND ND
iodomethane ND ND ND
Acetone 2.6 3.1 2.6
vinyl Acetate ND ND ND
méthylene chloride 184.1 43.5 20.8
trans-1,2~dichlorcethene ND ND ND
2-Methyl~-2-Propancl ND ND ND
Hexane ND 0.4 ND
1,1=dichloroesthane ND ND ND
2-Butanone ND ND ND
chloroform ND ND ND
1,1,1-trichloroethane 0.6 ND ND
carbon tetrachloride ND ND ND
benzene 1.9 1.4 1.7
1,2-dichloroethane ND ND ND
Fluorobenzene ND ND ND -
2,5~-Dimethyl-3-Hexene ND ND ND
2-Chloro-2~Methylpropane ND ND ND
Heptane ND ND ND
trichloroethene ND ND ND
1,2-dichloropropane ND ND ND
dibromomethane ND ND ND
1,4-Dioxane ND ND ND
bromodichloromethane ND ND ND
cis-1,3~dichloropropens ND ND ND
4-Methyl-2-Pentanone ND ND ND
toluene 1.37 0.85 0.7
trans-1,3-dichloropropene ND ND ND
1,1,2-trichloroethane ND ND ND
Bromoacetone ND ND ND

B-14

—— S R AR S EPEE GSes AR e SmE Seem e e

VOST
2063
365/76
06/09/93 PQL
ng ng/(x)L
ND 10
26.85 10
ND 10
ND 10
ND 10
ND 10
ND 10
ND 10
ND 10
ND 10
73.49 10
ND 10
1119.42 10
ND 10
ND 10
ND 10
ND 10
ND 10
ND 10
ND 10
ND 10
23.64 10
ND 10
ND 10
ND 10
ND 10
ND 10
ND 10
ND 10
KD 10
ND 10
ND 10
ND 10
ND 10
ND 10
ND 10
ND 10
ND 10



tetrachloroethene ND ND ND
2~-Hexanone ND ND ND
dibromochloromethane ND ND ND
1,2-dibromoethane ND ND ND
chlorobenzene ND ND ND
1,1,1,2-Tetrachloroethane ND ND ND
ethyl benzene ND ND ND
m, p-xylene 1.61 1.63 1.33
Nonane 0.83 0.54 0.67
o-xylene 0.42 0.52 0.42
Styrens 0.49 0.44 1.01
bromoforwm ND ND ND
cumene ND ND ND
1,2,3-~Trichloropropane ND ND ND
1,1,2,2~-tstrachloroethane ND ND ND
1,4~-Dichloro~-2-butene ND ND ND
Pentachloroethane ND ND ND
1,3-Dichlorobenzene ND ND ND
1,4-Dichlorobenzene ND ND ND
1,.2-Dichlorobenzene ND ND ND
1,2-Dibromo~3-chloropropane ND KD ND
Master Index 2057 2088 2062
Surrogate Compounds Recovery L] ) R
dé-Benzene 105 104 96
d4-1,2~-dichloroethane 88 99 98
d8-toluene 88 96 95
4~bromofluorobenzene 106 100 102

Laboratory Manager
EL\RPT\TBSH3.XLS

B-15

ND 10
ND 10
ND 10
ND 10
ND 10
ND 10
ND 10
ND 10
ND 10
ND 10
ND 10
ND 10
ND 10
ND 10
ND 10
ND 10
ND 10
ND 10
ND 10
ND 10
ND 10
2063

)

9%

124

92

101

Date




APPENDIX C. SEMI-VOLATILE ORGANIC SAMPLING DATA



ISOKINETIC SAMPLING FIELD DATA

Source Description: Rotary Kiln Date: 5-11-93
Teet Number MMS-1 Stack Diam. 8.25 ~ Apbient Temp. 80 :F
Condition 20 %X Tires Pitot Cp 0.84 Barom. Press. 29.81 "Hg
Location Exhanst Duct Nozzle Diam. 0.623 ° Static Press. -3.3 "H20
Operator RT Meter Y 1.014 Est. Moisture 12.0 %
Run No. TB1-MM5 Meter dHe 1.91 Est. Oxygen 7.5%
Start Time 1434 Stop Time 1704 Est. 002 7.5%
Pnt. Clock dap "dH Gas Meter Temperatures, °F Meter T, °F Vac.
# Time “H20 “H20 Cubic Ft. Stack Oven Imp. In Qut “Hg
0 1434 1.80 711.582 595 220 68 104 96 9.0
1 1457 1.60 729.000 587 220 94 124 102 8.0
2 1520 1.70 746.000 599 220 80 128 112 9.0
3 1540 1.70 761.000 587 220 76 126 106 9.0
4 1606 1.70 781.000 594 220 76 122 100 9.0
5 1631 1.70 800.000 595 220 84 122 104 9.6
6 1704 1.60 824.217 590 220 80 126 106 10.0
Average 1.69 594 220 80 122 104
Total Volume Metered, Vm 112.635 Cubic Ft. Measured 02  7.20
Total Sampling Time, o 150 minutes Measured CO2 7.40
Moisture Collected A . NA grams Measured H20 12.0
Average Stack Gas Velocity, v 13.5 ft/sec. Molecular Wt 28.1
Exhaust Duct Flow 149.0 SCFPM 131.1 DSCPM
Gas Volume Collected: 105.302 DSCF 2.9818 DSCH L~
Average Sampling Rate 0.702 DSCFM, 1.612 ACFM =z==2=3> (66.9 X Ieckinetic

Note: Average velocity based on preliminary traverse. Single point isgkinetic saspling
was conducted at highest-velocity traverse point.

C2



RT

Exhaust Duct Flow 131.1 DSCFM

66.9 X

Test Date: 5-11-93

Sampling Ruin No. TB1-MMS
Operator

Volume Collected 2.8818 DSCM
Isokinetic

Exhaust Duct
1434
1704

20 X Tires

m5-1

Test Number
Condition

Start Time
Stop Time

ISCKINETIC SAMPLING RESULTS SIMMARY
Location

Source Description: Rotary Kiln

-

TARGET ANALYTE
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- € DO N o0 D =D %

4-DICHLOROBENZENE

mmmzLLML

27 | BIS(2-CHLOROETHCXY )METHANE

28 | 1,2,4-TRICHLOROBENZENE

30 |

35 | N-NITROSO-DI-N-BUTYLAMINE

2-METHYLPHENOL
18 | N-NITROSO-DI-N-PROPYLAMINE

19 | 4-NITROSO-MORPHOLINE
20 | 2-METHY],-BENZENAMINE

22 3

26 | 2,4-DIMETHYLPHENOL
32 | 2,6-DICHLORCEHENOL

33 | HEXACHLOROBUTADIENE

34 |

23 | NITROBENZENE

24 | 1-NITROSO-PIPERDINE
25 | ISOPHORONE

31 | 4-CHLOROANILINE
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ISCKINETIC SAMPLING RESULTS SIMMARY
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{ 3,3 -DIMETHOXYBENZIDINE
»3° ~DICHLOROBENZIDINE

1]
)
)
L]
L]
1
A
)
1
[l
1
1
(]

69 | N-(4-ETHOXYPHENYL)-ACETAMINE

4 | TARGET ANALYTE
'3, 4- TRICHLOROPHENOL
2 CHLORONAPHTHALENE
i 2-NTTROANILINE
DIMETHYL, PHATHALATE
. 6-DINITROTOLUENE
“NITROANILINE
2, 4-DINITROTOLUENE
PENTACHLOROEENZENE
57 | DIBENZOFURAN
5,6-
60 ! 2,3,4,6-
NE
62 ! DIETHYL PHATHALATE

59 | 4-
61 | 2-

91

92

23

94

96

97 |
98

101

102 | 3-
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MM5-1

ISOKINETIC SAMPLING RESULTS SIMMARY

TARGET ANALYTE

1
]
1
1
1
¥
fan.
+

103 | INDENO[1,2,3-cd]PYRENE
104 | DIBENZ[a,h]ANTHRACENE

105 | BENZO{ghi JPERYLENE

#

193-39-5
53-70-3
191-24-2

mece f v ve crem -

-

- o

£
£y

Ll I e 4

288293

munvnonbvl
A T R X T ——

fRB88BT

e P B2y O By e

cens p ro s cm e -

IIIII

SURROGATE STANDARDS

~~ L antan ]
25323
0} 4rgrgrn
SERRER
N Nl Nt st gt st
b e rm v, ce -

2-FLUOROPHENOL(ACID SUR)

D5-PHENOL(ACID SOR)

2,4, 6-TRIBROMOPHENOL ( ACIDSUR)

D14-TERPHENYL(B/N SUR)

2-FLUOROBIPHENYL(B/N SUR)

D5-NITROBENZENE(B/N SUR)

ctee 4 ceccnernmnan

+

———————

+

"
-+

CAS# = CHEM ABSTRACT NURMEER.

ATC

AIR TOXIC COMPOUND.

-

IDL = IRSTRUMENT DETECTION LEVEL.
ND = NOT DETECTED.

J = DETECTED AT LESS THAN THE INSTRUMENT DETECTION LEVEL.

SURROGATE STANDARDS = COMPOUNDS SPIKED INTO THE SAMPLE PRIOR TO

EXTRACTION IN ORDER TO DETERMINE EXTRACTION EFFICENCY.

ACID SUR = ACID SURROGATE COMPOUND,SPIKED IN AT 200UG/ML.

B/N SUR = BASE/NEUTRAL SURROGATE COMPOUND,SPIKED IN AT 100UGAML.

PASS OR FAIL.

P/F

C5



ISCKINETIC SAMPLING FIELD DATA

Source Description: Rotary Kiln Date: 5-13-93
Test Number MM5-2 Stack Diam. 8.25 - Anbient Temp. 80 °F
Condition 20 % Tires Pitot Cp 0.84 Barom. Press. 298.92 "Hg
Location Exhaust Duct Nozzle Diam. 0.623 “ Static Press. -3.5 "H20
Operator RT Meter Y 1.014 Est. Moisture 12.0 %
Run No. TB2-MM5 Meter dHe 1.9 Est. Oxygen 7.5%
Start Time 1221 Stop Time 1532 Est. CO2 7.5 %
Pnt. Clock dap di Gas Meter Temperatures, °F Meter T, °F Vac.
#  Time “H20 "H20 Cubic Ft. Stack Oven Inmp. In Out “He
0 1221 2.80 824.517 606 220 11.0
1 1229 2.80 832.000 614 220 98 120 100 13.0
2 1255 2.80 857.000 620 220 87 140 112 13.0
3 1314 2.80 875.000 589 220 76 144 120 15.0
4 1331 2.80 892.000 593 220 70 150 122 15.0
5 1350 2.80 910.000 603 220 66 150 124 15.0
6 1410 2.80 930.000 620 220 65 150 124 16.0
7 1439 2.80 959.000 610 220 66 148 123 16.0
8 1505 2.80 983.000 592 220 58 146 122 16.0
9 1532 2.80 1010.081 621 220 60 146 122 16.0
Average 3.11 607 220 72 144 119
Total Volume Metered, Vm 185.564 Cubic Ft. Measured 02 7.30
Total Sampling Time, ¢ 191 minutes Measured CO2 7.70
Moisture Collected 608.9 grams HMeasured H20 13.4
Average Stack Gas Velocity, v 12.9 ft/sec. Molecular Wt ~ 28.0
Exhaust Duct Flow 140.4 SCFM 121.6 DSCPM
Gas Volume Collectad: 169,242 DSCF 4.7924 DSCM
Average Sampling Rate 0.886 DSCFM, 2.086 ACFM ==z====> 100.9 ¥ Isokinetic

Note: Average velocity based on preliminary traverse.

Single point isgkinetic sampling

was conducted at highest-velocity traverse point.



RT

Exhaust Duct Flow 121.6 DSCIM
Volume Collected 4.7924 DSCM

Teat Date: 5-13-93
Sampling Run No. TB2-MM5
100.9 X

Operator
Isokinetic

20 X Tires
Exhaust Duct
1221

1532

Mm5-2

Test Number
Condition
Location
Start Time
Stop Time

ISOKINETIC SAMPLING RESULTS SIMMARY

Source Description: Rotary Kiln
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Mm15-2

ISOKINETIC SAMPLING RESULTS SUMMARY
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, 6~-DINITROTOLUENE
LINE
4-DINTTROTOLUENE

‘
3

50 |
51
52
54
55
56

13'5'6-

59 | 4-NITROPHENOL

.3 -DICHLOROBENZ IDINE
93 | BENZO(A)ANTHRACENE
94 | '
, 12-DIMETHYLBENZ (A ) ANTHRACEN

4-BROMOPHENYL- PHENYLETHER

PENTACHLOROPHENOL

PENTACHLORONITROBENZENE -

»3 -DIMETHYLBENZIDINE
89 | 2-ACETYLAMINOFLUORENE

75 | N-NITROSODIPHENYLAMINE

TARGET ANALYTE

+3, 4-TRICHLOROPHENOL
2-CHLORONAPHTHALENE
1-CHLORONAPHTHALENE

DI-N-OCTYLPHATHALATE

cmmm e P e cnem -

7
78 |

58 |

90 | BIS(2-ETHYLHEXYL)PHATHALATE

91 | 3,3 -DIMETHOXYBENZIDINE

87 ! BUTYL BENZYL FPHATHALATE

o4
88 |
96
a7 .
98
99
101
102

80 | 2,3,4,6-TETRACHLOROPHENOL
61 | 2-NAPHTHALENAMINE
62 | DIETHYL PHATHALATE
| 4-CHLOROPHENYLPHENYL ETHER
4-NITROANILINE
DIPHENYLAMINE
67 | 4,6-DINITRO-2-
69 | N-(4-ETHOXYPHENYL)-ACETAMINE
85 | N,N-DIMETHYL-AMINCAZOBENZENE

63
64
65
66

79 | DI-N-BOTYLPHATHALATE

68 |

70 |

13

731

74

80 | METHAPYRILENE
81 | DIPHENYLTRIAZENE
8z -

83 | BENZIDINE

92
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ISOKINETIC SAMPLING RESULTS SURMMARY Me5-2
; : .| SAMPLE | : :
: ; {1 MASS ! IDL ! Loading |
# | TARGET ANALYTE H CAS# tATC ! (ug) ) (ug) | (ug/mitd) |
103 ¢ INDENO[1,2,3-0dJPYRENE U 193-395 ! % ! ND ! 11 { <2.30 |
104 | DIBENZ{a.hJANTHRACENE {53703 | % ! ND | 8.4 } <1.75 |
105 | BRNZO[ghi JPERYLENE i19124-2 : x ! N ! 16 | <3.34 |
: ‘ REQUIFED ! ! TOTAL | REOOVERY !
# | SURROGATE STANDARDS | VALUES | P/F | MASS(u@)! % |
----- + +- + —- + +
2 ! 2-FLUOROPHENOL(ACID SUR) ' (21-100) { F | 28.59 | 14.30 |
5 | D5-PHENOL(ACID SUR) ! (10-94) | P ! 28.70 | 14.35 !
21 | D5-NITROBENZRNE(B/N SOR) ' (35-114) | F | 15.05 | 15.05 |
48 | 2-FLUOROBIPHENYL(B/N SUR) | (43-116) ! F ! 13,13 | 13.13 |
72 | 2,4,6-TRIBROMOPHENOL(ACIDSUR) | (10-123) | F | 15.40 | 7.70 !
86 | Di4-TERPHENYL(E/N SUR) ' (33-141) ! F ! 13.18 | 13.18 |

_§

ATC

|
g
:

IDL
ND = NOT DETECTED.
J = DETECTED AT LESS THAN THE INSTRUMENT DETECTION LEVEL.

SURRQGATE STANDARDS = COMPOUNDS SPIKED INTO THE SAMPLE FRIOR TO
EXTRACTION IN ORDER TO DETERMINE EXTRACTION EFFICENCY.

ACID SUR = ACID SURROGATE COMFOUND,SPIKED IN AT ZOOUG/ML.
BN SUR = BASE/NEUTRAL SURROGATE OCMPOUND,SPIKED IN AT 100UG/ML.
P/F = PASS OR FAIL.
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ISOKINETIC SAMPLING FIELD DATA

Source Description: Rotary Kiln Date: 5-17-93
Test Number M#5-3 Stack Diam.  8.25 " Ambient Temp. 80 °F
ngditim 20 X Tires Pitot Cp 0.84 Barom. Press. 29.76 "Hg
Location Exhaust Duct Nozzle Diam. 0.623 “ Static Press. -3.7 "H20
Operator  RT Heter Y 0.974 Est. Moisture 12.0 X
Run No. TB3-M15 Meter dH@ 2.00 Est. (bcygen 7.5%
Start Tise 1116 Stop Time 1547 Eat. 7.5 %
Pnt. Clock dp di Gas Meter Tesperatures, °F Meter T, °F Vac.
# Time "H20 "H20 Cubic Ft. Stack Oven Imp. In Out “He
0 1118 3.50 529.041 675 220 70 92 92 16?6-
1 1140 3.50 550.000 676 220 70 119 101 10.0
2 1212 3.50 584.000 676 220 16 128 114 11.0
3 1308 3.50 641.000 673 220 12 130 120 11.0
4 1349 3.50 685.000 6718 . 220 73 130 120 13.0
5 1438 3.50 736.000 665 220 66 131 120 14.0
6 1512 3.50 7T70.000 664 220 69 131 120 14.0
T 1547 3.50 805.843 662 220 60 131 120 15.0
Average 3.50 671 220 70 124 113
Total Volume Metered, Vm 276.802 Cubic Ft. Measured 02 8.50
_Total Sampling Time, & 269 minutes Measured CO2 7.10
Moisture Collected 754.8 grame Measured H20 11.4
Averagé Stack Gas Velocity, v 145 ft/sec. Molecular Wt 28.2
Exhaust Duct Floss . 148.4 SCFPM 131.5 DSCPM
Gas Volume Collected: 246.692 DSCF 6.9856 DSt
Average Smmpling Rate 0.917 DSCPM, 2.251 ACFM ======> 100.0 % Isokinetic

Note: Average velocity based on preliminary traverse. Single point i ti 1
was conducted at highest-velocity traverse point. po sokinetic sampling

C-10



RT

Exhaust Duct Flow 131.5 DSCFM

100.0 %

Test Date: 5-17-93

Volume Collected 6.9856 DSOM

Sampling Rin No. TEI-MY5
Tsokinetic

Operator

Exhaust Duct
1118

1547

Test Number M5-3
Condition 20 X Tires
TARGET ANALYTE

Location
Start Time
Stop Time

ISOKINETIC SAMPLING RESULTS SIMMARY
Source Description: Rotary Kiln
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PAGE 2

Mm5-3

ISOKINETIC SAMPLING RESULTS S(RMMARY
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ISOKINETIC SAMPLING RESULTS SUMMARY MMS-3 PAGE

: : ' ! SAMPLE ! ! :

: , : { ¢ MASS 1 IDL ! Loading ¢

# ! TARGET ANALYTE : CASH P ATC ¢ (ug) Plug) ! otugrmr3)

103 ! INDENO(1,2,3-cdIPYRENE ! 193-39-5 A S ND ¢110 Y ¢ 15,7

104 | DIBENZLa,h)ANTHRACENE ! S3-70~-3 LI S N ! B8 ¢ 12.0

105 | BENIOLghi JPERYLENE P 191-29-2 % ¢ N | 160 ! <229
H ! REQUIRED ! ! TOTAL | RECOVERY |
# | SURROGATE STANDARDS ! WALLES { P/F Y MASS(ug) ! % :
2 | 2-FLUOROPHENOL (ACID SLR) 7 (21-100) ¢ H H NA H
S | DS-PHENOL(ACID SLR) ! (10-94) H : H NA H
21 | DS-NITROBENZENE(B/N SR) {(35-114) ! : : NA !
48 | 2-FLUCROBIPHENYL(B/N SUR) {(43-118) ¢ H i NA !
72 | 2,4,6-TRIBROMOPHENOL(ACIDSLR) ! (10-123) ¢ H : NB 3
86 | D14-TERPHENYL(B/N SUR) i(33-141) ¢ H H NA H

cASk = O-EM ABSTRACT NUMBER.

ATC = AIR TOXIC COMPOND.

IDL = INSTRUMENT DETECTION LEVEL.

ND = NOT DETECTED.
J*LETECTEDATLE%TWW“-EIBBTRJENTETECTI(NLM-‘

SURROGATE STANDARDS = COMPOUNDS SPIKED INTO THE SAMPLE FRIOR TO
EXTRACTION IN ORDER TO DETERMINE EXTRACTION EFFICENCY.

ACID SR = ACID SURROGATE COMPOUND,SPIKED IN AT 200UG/ML. o
B/N SUR = BASE/NEUTRAL SURROGATE COMPOUND,SPIKED IN AT 100UG/ML.
P/F = POSS OR FAIL. _
NA = NOT APPLICABLE; mvssmmmms
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ISOKINETIC SAMPLING FIELD DATA

Source Description: Rotary Kiln

Date: 5-18-93
Test Nomber MM5-4 Stack Diam. 8.25 Ambient Temp. 80 °F
Condition HNo Tires Pitot Cp 0.84 Barom. Press. 29.66 "Hg
Location Exhaust Duct Nozzle Diam. 0.623 " Static Press. -3.5 "H20
Operator RT, JEB Meter Y 0.974 Est. Moisture 12.0 %
Run No. TB4-115 Meter dH@ 2.00 Est. Oxygen 7.5 %
Start Time 1130 Stop Time 1431 Est. C02 7.5%
Pat. Clock dp di Gas Meter Temperatures, °F Meter T, °F  Vac.
# Time “H20 “H20 Cubic Ft. Stack Oven Imp. In Out "Hg
0 1130 3.50 806.138 596 220 56 21 91 14.0
1 1159 3.80 836.000 595 220 68 120 102 14.0
2 1218 3.80 857.000 596 220 70 127 110 14.0
3 1241 3.80 885.000 598 220 60 131 115 14.0
4 1256 3.80 898.000 597 220 60 130 116 13.0
5 1318 3.80 922.000 595 220 60 130 117 13.0
6 1338 3.80 944,000 590 220 56 130 117 13.0
7T 1358 3.80 965.000 591 220 59 131 118 13.0
8 1415 3.80 984,000 604 220 60 131 118 13.0
9 1431 1001.188
Average 3.77 - 596 220 61 125 112
Total Volume Metered, Vm 195.050 Cubic Ft. Measured 02 9.30
Total Sampling Time, ¢ 181 winutes Measured C02 6.30
Moisture Collected 617.3 grams Measured H20 13.0
Average Stack Gas Velocity, v 18.2 ft/sec. Molecular Wt 27.9
Exhaust Duct Flow 199.5 SCPM 173.6 DSCFM
Gas Volume Collected: 173.557 DSCF = 4.9146 DSCM .
Average Sampling Rate 0.959 DSCFM, 2.243 ACFM =z====> 89.7 X Isckinetic

Note: Average velocity based on preliminary traverse. Single point isckinetic sampling
was conducted at highest-velocity traverse point. '
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146 DSCYM
89.7 %

KT, JEB

Exhaust Duct Flow 173.6 DSCPM

Test Date: 5-18-93
Volume Collected 4.9

Sampling Run No. TB4-MMS
Isckinetic

Operator

No Tires
Exhaust,
1130
1431

M54

Test Number
Condition

Stop Time

Start Time

ISORKINETIC SAMPLING RESULTS SIMMARY
Location

Source Description: Rotary Kiln
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g R T R R LR T e L E LR L L]

]

eR, 89 ~0 O © O N NG om
RN% , INE2RR, 5, B, 85,587, 8 FELERIC-BEET EYEOTEET SETER
000“00&Q00.0“0.00"000"00001“00010”0“90000000000“111"

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

16 Nog® 9 47152364455 50919508 917965333

ﬁ P I R R R L R L R R RS R R R R L R L L LR L Rl St d Lok i Attt

o]
P20 RRRRRRERRRRRRRRRRRERRRRRCRREER0RRR200002RR0RRRRERRS

g L i R T R A L L T R R L L T R P T R P L L LR R b

% % N W W W M N R % »* »* * * * * * W * * * % * #* % %X ® % * %M
B R E e E e e P R S NN e E . N PR R EE T C S S E RS NS R P T R NS S T e, A LR PR R R T e T ST SR A SE ST e e -
i @

M NXD o [ 1] ! & M inlcl o (=] ~ [—] N
%71‘.. 294_4.4282247. I eN _saesﬂ.zsn.b.s.-l?.ﬂ.—ﬂ‘ﬂlan«w.s. ) W
[ (O A 52&} 71_923-45~..-2..%4.0-.3910—_14.”8..
e BT+ Il el ) L B - X"+ %.7-.‘... O (e~ & | 00 1 = [ N - 2 UL 1] M
Bisenggiingnggsii8gingadasiliigiiggdasiagnalianlasad

P Re A R r R e r Ce S T CE N E R R CE e EP T R R B R T e e S e e AR e ET T T e ce CE r T EE S T P E, P, e A e E. S e B e - -

8 @ m
2
il littet, il
; i it Wmmwmm : mm . m mm mmm m.mmmmpmmm mmmmm
fiisd LR LG B L it B L
Se%s9 AR RS EATEEREEREE FL RS SERRERBRRSNERE SRS

C-16



ISOKINETIC SAMPLING RESULTS SIMMARY Mi5-4 PAGE 3

' ' : | SAMPLE | : i

' ! ! ! MASS | IDL ! '

# | TARGET ANALYTE ! Cas® L ATC ! (ug) ) (ug) i (ueMI) |

- + + —-—— + + e 2

103 | INDENO[1,2,3-cd)PYRENE ! 193-39-5 ! x | N 111 ! <224 |

104 | DIBENZ(a,h)ANTHRACENE 153-70-3 | x { ND | 8.4 | <1.71 |

105 | BENZO{ghi)PERYLENE 1191-24-2 | « ¢ N ! 16 | <326 |
: ! REQUIRED ! ' TOTAL | RECOVERY |
# | SURROGATE STANDARDS ! VALUES | P/F | MASS(ug): % _‘
2 | 2-FLUOROPHENOL(ACID SUR) ' (21-100) | P ! 134,81 | 67.46 !
5 | D5-PHENOL(ACID SUR) ! (10-94) | P { 134.75 | 67.38 |
21 | D5-NITROBENZENE(B/N SUR) 1 (35-114) | P | 58.82 | S58.82 |
48 | 2-FLUORCBIPHENYL(B/N SUR) ! (43-116) | P ! 51.27 | 5121 |
72 | 2,4,6-TRIBROMCPHENOL(ACIDSUR) | (10-123) | P | 67.28 | 33.64 |
86 | D14~TERPHENYL(B/N SUR) 1 (33-141) ! P | 58.79 | 56.79 !

CAS# = CHEM ABSTRACT NUMBER.

ATC = AIR TOXIC COMPOUND.

IDL = INSTRUMENT DETECTION LEVEL.

ND = NOT DETECTED.

J = DETECTED AT LESS THAN THE INSTRWMENT DETECTION LEVEL.

SURROGATE STANDARDS = COMPOUNDS SPIKED INTO THE SAMPLE PRIOR TO
EXTRACTION IN ORDER TO DETERMINE EXTRACTION EFFICENCY.

ACID SUR = ACID SURROGATE COMPOUND,SPIKED IN AT 2000G/ML.
B/N SUR = BASE/NEUTRAL SURRCGATE COMPOUND,SPIKED IN AT 100UG/ML.
P/F = PASS OR FAIL.
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ISORINETIC SAMPLING FIELD DATA

Source Description: Rotary Kiln Date: 5-21-93
Tost Nmber M15-D Stack Diam. 8.26 - Ambient Temp. 80 °F
Condition Reaping (20%X) Pitot Cp 0.84 Barom. Presa. 29.70 "Hg
Loocation Exhaust Duct Nozzle Diam. 0.623 " Static Press. -3.1 "H20
Operator JEB Meter Y 1.014 Est. Moisture 12.0 X
Run No. 85-M5 Meter dH@ 1.91 Est. Oxygen 7.5%
Start Time 1140 Stop Time 1440 ‘Est. Q02 7.5 %
Pnt. Clock dp di Gas Meter Temperatures, °F Meter T, *F  Vac.
# Time “H20 "H20 Cubic Ft. Stack Oven Ixp. In Qut “Ha
0 1140 3.50 423.179 629 220 59 98 79 12.4
1 1200 3.50 437.600 630 220 60 108 82 12.8
2 1215 3.50 453.200 636 220 62 124 92 12.6
3 1230 3.50 468.600 634 220 68 131 100 13.5
4 1245 3.50 484.700 637 220 65 134 104 12.8
5 1300 3.50 500.500 640 220 64 135 106 13.0
6 1315 3.50 516.200 641 220 63 135 108 13.3
7 1330 3.50 532,000 643 220 58 137 109 13.5
8 1345 3.50 547.700 641 220 58 138 110 14.3
8 1400 3.50 564.100 642 220 64 139 110 14.4
10 1420 3.50 584.700 843 220 58 138 111 14.7
11 1440 6§05.643
Average J.50 638 220 62 129 101
Total Volume Metered, Ve 182.464 Cubic Ft. Measured 02 6.40
Total Sampling Time, o 180 minutes Measured C02 8.40
Moisture Collected 585.9 granms Measured H20 13.1
Average Stack Gas Velocity, v 15.4 ft/sec. Molecular Wt 28.1
Exhaust Duct Flow 162.9 SCPM 141.5 DSCPM
Gas Volume Collected: 170.053 DSCF 4.8154 DSQY
Average Sampling Rate 0.945 DSCAYM, 2,297 ACFM ====z==> 96.6 X Isokinetic

Note:

Average velocity based on preliminary traverse.
was conducted at highest-velocity traverse point.

- C-18
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.5 DSCPM

JEB
Volume Collected 4.8154 DSCM

96.6 X

TBS-1%

Test Date: 5-21-83
Sampling R No.
Exhauat Duct Flow 141

Operator

Isckinetic

Ramping (20 % Tires)
Exhaust Duct
1140

1440

MM5-5

Test Number
Condition

Start Time
Stop Time

ISORINETIC SAMPLING RESULTS SIMMARY
Location

Source Description: Rotary Kiln
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PAGE 2

m15-5

ISCKINETIC SAMPLING RESULTS SUMMARY
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Mms-5

ISCKINETIC SAMPLING RESULTS SIRMARY
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DIBENZ[a, h JANTHRACENE

105 | BENZO[ghi JPERYLENR

103 | INDENO[1,2,3-cd]PYRENE

104

cooe o

1 RECOVERY
3

TOTAL
MASS(ug)

mm- o

B

VALUES | P/F

SURROGATE STANDARDS

vore § mm e e e -m - §

G LR
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1444M1
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-
828358
T st N St St

b —~ccrncacewe 4

CAS# = CHEM ABSTRACT NOMBER.

AIR TOXIC CQMPOUND.
IDL = INSTRUMENT DETECTION LEVEL.

ND = NOT DETECTED.

ATC

J = DETECTED AT LESS THAN THE INSTRMENT DETECTION LEVEL.

SURROGATE STANDARDS = COMPOUNDS SPIKED INTO THE SAMPLE PRIOR TO

EXTRACTION IN ORDER TO DETERMINE EXTRACTION EFFICENCY.

ACID SUR =
B/ SUR
P/F

ACID SURROGATE CCMPO(ND,SPIKED IN AT 2000G/ML.

BASE/NEUTRAL SURROGATE . COMPOURND, SPIKED IN AT 100UGML.

PASS OR FAIL.
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ISOKINETIC SAMPLING FIELD DATA

Source Description: Rotary Kiln Date: 5-25-93
Test Number Mi5-6 Stack Diam. 8.25 Axmbient Temp. 80 °F
Condition Batch (20%) Pitot Cp 0.84 Barom. Press. 29.95 "Hg
Location Exhaust Duct Nozzle Diam. 0.623 ~ Static Press. -4.1 "H20
Operator  JEB Meter Y 1.014 Est. Moisture 12.0 %
Run No.  TBE-M¥S Meter dH@ 1.91 Rst. Quygen 7.5%
Start Time 1253 Stop Time 1600 Est. 002 7.5%
Pnt. Clock &P dH Gas Meter Temperatures, °F Meter T, °F Vac.
¥ Tie "H20 "H20 Cubic Ft. Stack Oven Imp. In Out ‘'Hg
0 1253 4.20 607.046 617 220 57 91 88 12.1
1 1313 4.20 628.900 676 220 65 130 98 13.2
2 1328 4.20 645.800 651 220 68 141 107 17.8
3 1343 4.20 663.200 693 220 65 148 114 18.0
4 1358 680.454 .
5 1413 4.20 681.191 684 220 61 122 114 11.6
6 1428 4.20 698.600 634 220 65 147 116 12.0
7 1443 4.20 715.700 627 220 68 148 118 12.7
8 1500 4.20 735.200 619 220 65 151 121 14.4
9 1515 4.20 752.400 669 220 62 152 122 15.5
10 1530 4.20 769.500 720 220 65 154 124 17.0
11 1545 4.20 786.900 672 220 63 155 124 18.0
12 1800 803.996
Average 4.20 - 666 220 64 140 113
Total Volume Metered, Vm 196.213 Cubic Ft. Measured 02 8.40
Total Sampling Time, 172 minutes Measured CO2 7.30
Moisture Collected 518.1 grams Measured H20 11.1
Average Stack Gas Velocity, v 18.9 ft/sec. Molecular Wt 28.2
Exhaust Duct Flow 195.9 SCMM 174.2 DSCPM
Gas Volume Collected: . 181.029 DSCF 5.1262 DSCH

Average Sampling Rate °1.052 DSCFM, 2.547 ACFM ======> 90.7 % Isckinetic

Note: Average velocity based on preliminary traverse. Single point isckinetic sampling
was conducted at highest-velocity traverse point.
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DetM
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T

Flos 174.2

Volume Collected 5.1262

90

Test Date: 5-25-92
TB6- M5

Saxpling R No.
Operator
Isokinetic

Bdhaust Duct

Batch
Exhaust Duct
1253

1600

Test Number MM5-6
Condition

Start Time

Stop Time

ISOKINETIC SAMPLING RESULTS SIMMARY
Location

Source Description: Rotary Kiln
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MM5-6

ISOKINETIC SAMPLING RESULTS SUMMARY
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ISORINETIC SAMPLING RESULTS SIMMARY M5-6
: ! : | SAMPLE | i H
; ; {1 MASS | IDL | Losding !
# | TARGET ANALYTE \ CASH# P ATC 1 (ug) t(ug) | (ug/M"3)
_____ fmn e m——- — + - 4 + <+ +
103 | INDENO[1,2,3-cd]PYRENE ! 183-39-5 HEE S ND v 110 | < 14.0 )}
104 | DIBENZ[a,h)ANTHRACENE ' 53-70-3 I S ND i B4 T <10.7
105 | BENZO[ghiJPERYLENE ! 191-242 | x i N | 160 | <20.3 |
: ! REQUIRED { | TOTAL ; RECOVERY |
# | SURROGATE STANDARDS ! VALUES | P/F | MASS(ug)! X !
2 ! 2-FLOOROBHENOL(ACID SUR) ¢ (21-100) { T
5 | DS-FHENOL(ACID SUR) i (10-34) | | oM
21 | D5-NITROBENZENE(B/N SUR) V(35-114) | | oo
48 | 2-FLUOROBIPHENYL(B/N SUR) | (43-136) | | PN
72 | 2,4,6-TRIBROMOPHENOL(ACIDSUR) | (10-123) ! | Cooa
86 | D14-TERPHENYL(B/N SUR) '(33-141) ¢ ! PN
+ $m— e ————— $o———— T L B e B +

CAS# = CHEM ABSTRACT NUMBER.

ATC = AIR TOXIC COMPOUND.

IDL = INSTRUMENT DETECTION LEVEL.

ND = NOT DETECTED.

J = DETECTED AT LESS THAN THE INSTRUMENT DETECTION LEVEL.

SURROGATE STANDARDS = COMPOUNDS SPIKED INTO THE SAMPLE PRIOR TO
EXTRACTION IN ORDER TO DETERMINE EXTRACTION EFFICENCY.

ACID SUR = ACID SURRCGATE COMPOUND, SPIKED IN AT 2000G/ML.
B/N SUR = BASE/NEUTRAL SURROGATE OCMPOUND,SPIKED IN AT 100UG/ML.

P/F = PASS GR FAIL.
NA = NOT APPLICABLE; SURROGATES NOT ADDED TO SAMPLE
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ISORINETIC SAMPLING FIELD DATA

Source Description: Rotary Kiln Date: 5-18-83
Test Number M23-1 Stack Diam. 8.25 ~ Amblent Temp. 80 °F
Condition 20 %X Tires Pitot Cp 0.84 Barom. Prees. 29.52 "lg
Location Exhaust Duct Nozxzle Diam. 0.623 " Static Press. -3.6 “H20
Operator RT, JEB Meter Y 1.014 Est. Molsture 12.0%
R No. TB1-M23 Meter dHR 1.91 Est.. Oxygen 7.5%
Start Time 1150 Stop Time 1520 Est. 002 7.5 %
Pnt. Clock dP di Gas Meter Teaperatures, °F Moter T, °F Vac.
# Time "H20 “H20 Cubic Ft. Stack Oven Imp. In Out “He
0 1150 2.80 26.185 626 220 63 98 88 1.0
1 1208 2.70 36.000 101 91 8.0
2 1215 3.00 101 91 10.0
3 1230 3.00 56.000 628 220 63 130 102 10.5
4 1250 3.00 74.000 827 220 83 136 110 10.5
5 1305 3.00 80.000 628 220 87 138 112 10.5
6 1320 3.00 105.000 629 220 70 140 114 11.0
7 1340 3.00 125.000 628 220 62 140 115 11.0
8 1400 3.00 145.000 627 220 65 140 116 11.0
9 1420 3.00 185.000 626 220 68 141 118 11.0
10 1435 3.00 180.000 627 220 58 142 118 11.5
11 1454 3.00 198.000 626 220 58 142 117 11.0
12 1520 227.663 627 220 92 142 117 11.0
Average 2.96 621 220 66 130 108
Total Voluwe Metered, Vm 201.478 Cubic Ft. Measured 02 7.80
Total Sampling Time, o 210 minutes Measured 002 7.70
Moisture Collected 653.1 grams "Measured H20 13.3
Average Stack Gas Velocity, v 14.8 ft/sec. Moladular Wt 28.0
Exhaust Duct Flow 156.8 SCFM 136.0 DSCFM
Gas Volume Collected: 185.069 DSCF 5.2406 DS A
Average Sampling Rate 0.881 DSCFM, 2.140 ACFM ==c====> 84.4 X Isckinetic

Note: Average velocity based on preliminary traverse. Single point imckinetic ssmpling
was conducted at highest-velocity traverse point.
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SAPLE:  TB-010x-)

Total Sasple
Yoluee
File Mame (microliters)
Run T8010%01 100
RRF RRf

Labeled Internsl/ Unlabeled Native/
Labeled Recovery Labeled Intermal

100 0.954 0.932
YCOF 1.41 0.846
PeC00 om 1.123
PeCDF 1.160 0.796
HexCOO 0.626 0.99§
HexCOF 1.047 1.005
Hep(0D 0.59$ 0.954
HepCOF 0.%1 9.916
[0 0.436 1437
OC0F 0.4% 1.428

CALIBRATION DATE:  06-17-93

Voluee Voluse
Injected Sanpled
(sicroliters) (n73)
2 $. 344

SANPLE DESCRIPTION: M23-1 20% Tires
OATE REPORTED: 08-08-93
OATE INJECTED: 07-30-93

PROJECT: Tire Coabustion

Theroatical Concentration of Labeled Internal Standards in Saeple

picagrans? Total aat Injected

sicroliter (pg/injection)
100 250 . s00
TCOfF 250 $00
Pel0D 500 1000
PeCOF 500 1000
HexCDD 500 1000
Hex(DF 500 1000-
Hep(DD 500 1000
Hep( DS $00 1000
oone 1000 2000
0CoF 1000 2000

theoratizil Concentiation of Labeled Recovery Standard ia Sasvle

(picagrans/  Total Met lajected
nicioljter) (pg/iniection)

e 250 T 500

Quantiistcn of Labeled Recovery Standard
Ritartiior Tes Ar23 Coynt

Lo 1597 203658
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TOTAL 1C00s

Labeled Iateraal Standard Ouantitation

Reteation Tine Area Coust

R 22,95 1436124
Uslobeled 1CD0 Quantitation |

Peak Retention Tine Ares Count

0 Isoser(s) ToTaLs:

Concentration ¢ Recovery
369.6 13.9
Total Samele Total Sasple
Mass fass Conceatration
(picagrans)  (sancgrass) (ag/M"3)
0.000
0.0 0.0 0.000

D4



TOTAL TCOFs

Labeled Interaal Standard Quantitatioa

Reteation Tise

Run 21.931

Unalabeled TCOF Quantitatios

Peak § Reteation Tise

0 Isower(s)

Area Count

2200038

Ares Count

10TALS:

Concentratioa t Recovery
M. 766
Total Sample

fss fass
(picagrans)  (oanograas)
0.0 0.0

D-5

Total Sesple

Concentration

{og/n°3)

0.000



TOTAL PeC0Os

_abeled futernal Standard Quantitation

Retestion Tine Area Cowat
fva 2.1 22931
Valabeled PeCO0 Ouantitation
Pesk 0 fetention Tise Ares Count
0 1soner(s) TOTALS:
T0TAL PeCOFs

Labeled Intermal Standard Quantitation

Retestion Tiee Ares Count

1 1) 25.738 3482466
Uslabeled PeCOF Ouantitation

Peak ¢ Retention Tise Ares Count

0 Isomer(s) TOTALS:

Concentration t Recovery
192.1 1.2
Total Sasple

Mass Nass
(picagrass)  (mancgrans)
0.0 0.0
Concentration t Recovery
m.s3 7.7
Total Sample

Mass Mass
{picagrans) ( nanograns)
0.9 0.0

D6

Total Sasple
Concentration
(ng/H°3)

0.000

Total Sasple
Concentration
{w/n°3)

0.000



TOTAL HexCODs
Labeled laternal Standard Quantitatien
Reteation Viee Area Count

Rua 3.9 1122368

Uslabeled HexCOD Quaatitation

peak ¢ Retention Tiee Area Couat

0 Isomer(s) 10IML$:

TOTAL HexCOFs

Labeled Internal Stamdard Quastitation

Retention Time Area Count

Run 29.1%2 2076248

Unlabeled HexCOF Quaatitation

peak ¢ Retestion Tise Ares Count
1 30.304 65401

1 Isomer(s) TTOTALS:

Conceatration T Recovery
e75.% 1.8
Total Sasple

Nass nass
(picagrans)  (sancyrons)
0.0 0.0
Concentration % Recovery
(YR} 7.4
Total Samele

. Mass Mass
{picagrans)  (aanograss)
22.6 1.1
2 1.1

D-7

Total Semple
Concentration

(ag/*3)

0.000

Total Sesple
Concontration
(npm3)
0.216

0.216



T0TAL HepCO0s

Labeled Internal Standard Ouantitation

Reteation Tiee Area Count
[y 22.920 1322960
Ualabeled HepC0O Ouantitation
Paatk Reteation Tine Area Count
¢ Isoner(s) TOTALS:
TOTAL HepCOFs

Labeled Internal Standard Quantitation

Retention Time Ares Count

fua 31.93% 2209758
Unlabeled RepCDF Ouantitation

Peak | Reteation im Area Count

0 lsoser(s) ToTALS:

Concentration 3 Recovery
$45.9 4.6
Total Saeple
Nass

(picagrass) { aarograes)
0.0 9.0
Loncentration 3 Recovery
$64.5 56.5
Total Sasple

tass Hass
(picagrass} { nanograas)
0.0 0.0

D-8

Total Sesple
Concentration
{ag/M"3)

Total Sasple
Concentration
(29/K73)

0.000



TOTAL 0CO0s

Labeled Internal Standard Quantitation

Retention Time

Run 35.614

Unlabeled OCOO Quantitation

Peal 4 Retantion Time

0 Isoaer(s)

TOTAL OCOFs

Ares Coust

1808743

Arss Count

TOTALS:

tadbeled Intersal Standard Ouastitation

Retention Tine

Rua 35,616

Unlateled OCOF Quantitation

Pest § Retention Tise

0 Isomer(s)

Area Count

1888743

Area Count

TOTALS:

Concentration

163.4

ass
{picagraas)

Concentration

1063.4
Mass,

(picagrans)

0.0

D-9

% Socovery

$3.2

Total Swmple
Hass
{savagrans)

0.0

3 Recovery

$3.2

Total Sesple
Rass
{ nanograns)

Teta! Semple
Concantration
(m3)

Total Samele
Concentration
{ag/n"3)

0.000



ISORINETIC SAMPLING FIELD DATA

Source Description: Rotary Kiln Date: 5-20-93
Test Number M23-2 Stack Diam. 8.25 - Ambient Temp. 80 °F
Candition No Tires Pitot Cp 0.84 Barom. Preas. 29.55 “Hg
Location Exhaust Duct Rozzle Diam. 0.623 Static Preas. -3.1 "H20
Operator RT, JEB Meter Y 1.014 Est. Moisture 12.0%
Run No. TB2-M23 Meater AN 1.91 Est. Oxygen 17.5%
Start Time 1038 Stop Time 1348 Est. 002 7.5 %
. Pnt. Clock daP di Gas Meter Temperatures, °F Meter T, °F  Vac.
# Time “H20 "H20 Cubic Ft. Stack Oven Imp. In Out “Hg
0 1038 3.20 229.436 580 220 48 90 92 7.8
1 1083 3.20 243.800 582 220 58 116 89 8.6
2 1108 3.20 258.900 584 220 59 125 97 8.4
3 1123 3.20 274.100 584 220 681 128 104 8.4
4 1138 3.20 289.400 586 220 64 132 108 8.4
5 1153 3.20 304.900 596 220 58 134 110 8.5
6 1216 3.20 328.000 602 220 57 134 112 8.5
T 1234 3.20 347.000 600 220 60 135 113 8.7
8 1254 3.20 368.000 604 220 85 135 113 8.8
9 1313 3.20 387.000 600 220 60 1M 113 8.8
10 1330 3.20 404.400 599 220 50 136 114 8.8
11 1348 422.860
Average 3.20 ’ 592 220 58 127 106
Total Volume Metered, Vm 193.424 Cubic Ft. Measured 02 9.80
Total Sampling Time, o 180 minutes Measured 002 5.90
Moisture Collected 539.5 grams Measured H20 11.6
Average Stack Gas Yelocity, v 16.3 ft/sec. Molacular Wt 28.0
Exhaust Duct Flow 178.2 SCFMM 157.%5 DSCFM
Gas Volume Collected: 178.723 DSCF 5.0609 DSCM
Average Sampling Rate ~ 0.941 DSCFM, 2.166 ACFM =3==zz=> 96.1 % Isokinetic

Note: Average velocity based on preliminary traverse. Single point isokinetic esampling
was oonducbed at highest-velocity traverse point.
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SANPLE:  TB-010X-2 CALIBRATION DATE:  04-12-93

Total Sample Voluse Voluse
Voluae Injected Samled
File Mane (microliters) (sicroliters) (w"3)
Run T8010%02 100 H §.061
RRF RRF

Labeled Iaternal/ Unlabeled Natives
Labeled Recovery Labeled Internal

100 0.95¢ 0.932 SAWPLE DESCRIPTION: W23-2 0% Vires.
TCOF 1.411 0.046

PeCOD o.M 11423 DATE REPORTED: 08-09-93

PeCDF 1.100 0.7%

Hex(DO 4.62¢ 0.9% BATE [MJECTED: 47-20-92
HexCOF 1.847 1.005

Nep(O0 0.59% .95 PROJECT: Tire Cosbustion
NepCOF 0.%) 0.91¢

0C00 0.43% 14y

0COF 0.4% 1.428

Theroatical Concantration of Labeled Istersal Standards in Seeple

picagrans/  Totsl Asl Injected

sicroliter {pg/injection)
1¢00 250 500
1COF 250 500
PeCDO 500 1000
PoCDF $00 1000
Hex(00 500 1000
. HeaCOF 500 1000
HepCDO 500 1000
Hep(DF 500 1000
oo 1000 2000
OCOF 1000 2000

Theoretical Concentration of Labeled Recovery Standard in Sasple

(picagrans/  Tota! Ast Injected
picroliter) (p9/injection)

1000 250 T 500

Guantitation of Labeled Recovery Standard
Retentizs Tise Aree Coumt
Ryt pYARTL] 1240202
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T0TAL ICODs

Labeled Intermal Standard Quastitation

Reteation Vise Area Count
M 293 2077458
Valabeled TCOD Quantitation
Peak & Retention Tise Area Count
2 22.997 92060
1 Isoner(s) ToTALS:

Concentration L Recovery
585.3 171
Total Sasple Tota! Sasple
nass Mass Concentration
(picagrans)  (asnograns) (ag/m™3)
238 1.2 0.23
2.8 1.2 0.235
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TOTAL TCOFs

Labeled Intersal Stamdard Quantitation

Reteation liee

Rus 2.5

Uslabeled TCOF Ouaatitation

Peat 4 Reteation Time

0 Isomer(s)

Ares Count

273003

Ares Coust

TOTALS:

Concentration 1 Recovery
521.6 1.2
Tetal Sample

Nass Nass
(picagrans)  (mamograes)
0.0 0.0

D-13

Total Saaple

Concestration

(ag/m"2)

0.000



TOTAL PeCOOs

Labeled Internal Stasdard Quastjtation

Retention Time Arsa Count
Run 26.816 2975238
Ualabeled PeCO0 Quastitation
Peak § fetention Tioe Ares Coumt
© Isover(s) TOIMS:
TOTAL PelOFs

Labeled Internal Standard Quastitation

Reteation Time Area Count

Run 25.7197 4449984
Uslabeled PeCOF Quantitation

Poat 3 Retention Time -ma Count

0 Isoser(s) 10TALS:

Conceatration 3 Recovery
11248 112.8
Total Sasple

flass Hass
{picagrans)  (namogrees)
0.0 0.0
Concentration t Recovery
1087 4 108.7
Total Saaple

Mass fass
(picagraes) {manogress)
0.0 0.0

D-14

Total Sasple

Concentration

{nN3)

Total Seaple
Concentratio
“(wm™3)

0.000



TOTAL MexCDOS
Labeled Interaal Standard Quantitation
Reteation Tise Ares Coust

Run .M 200225

Unlabe)ed HexCOD Ouantitation

Peak § Reteation Tine Area Count
0 Isomer(s) TOTALS:
TOTAL HexCOFs
Labeled Iateraal Standard Guantitatios

Reteation Tine Area Count

Run 29,204 nAM

Unlabeled MexCOF Quantitation

.Pnl ] Retention Tiae Ares Count

0 Isoser(s) TOTALS:

Concentration 2 Recovery
$59.7 .0
Total Sample

Nass Nass
{picagrans)  (manograes)
0.0 0.0
Concestration t Recovery
852.8 [ %)
Tota] Sasple

Nass Rass

(picagrass) ~ (namograss)

0.0

D-15

Total Seeple
Concemtration

{ag/¥"3)

Totsl Sesple
Concentration
(m/m°3)



107AL HeplDDs

Labeled Intermal Standard Cuantitation

Reteation Time Area Count
) 32.98 1269394
Uslabeled HepCOD OQuantitation
Peak Retestion Tiee Area Count
0 Isoner(s) T0TALS:
10T WepCOFs

Labeled Iaterma]l Standard Ouantitation

Reteation Tiee Ares Count
] 32.012 2130218
u-hbnlca HepCOF Ouaatitation
Peak 1 Retention Tine Area Count
0 lsomer(s) TOTALS:

Concentration 3 Recovery
573.4 9.3
Total Sasple

Hass Hass
(picagrans) (nanograns)
0.6 [ X ]
Concentration L Recovery
§95.8 9.6
Total Sample

nass Mass
(picagraes) ( nanograss)
0.0 0.0
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Total Sasele
Comcentration
(ag/"3)

0.000

Total Sasple
Concentration
(wm*3)



TOTAL 0CO0s

Labeled Internal Standatd Ouastitation

Retestion Tine Area Cownt Coacentration % Recovery
e 35.658 1264350 m.s nog-bebw qeoviVento
Unlabeled 0COD Ouantitation Total Sssple Total Sswple
Mass ms Concentration
Peak 8 Retestion Time Ares Coust {eicegrass)  (sanogress) {wem"3)
0 lsomer(s) TOTALS: 0.0 0.0 0.000

TOTAL OCOFs

Labeled Internsl Standard Quantitation

Retestion Tiae Area Count Concentration 2t Recovery
Rus 35.658 1264358 ”m.s 10 G-brlom Q- Cridecioa
Unlabeled OCOF Quantitation - Tota) Sasple Totsl Semsle
: . fass nass Loscentration
Peak 3 Retention Time Area Count (picagrans)  (manograes) (ag/n"3)
0 Isomer(s) T0TALS: 0.0 0.0 0.000
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ISCRINETIC SAMPLING FIELD DATA

Source Description: Rotary Kiln Date: 5-19-83
Test Number MSMM-1 Stack Diam. 8.25 " Ambient Temp. 80 °F
Condition 20 % Tires Pitot Cp 0.84 Barom. Preess. 29.52 "Hg
Location Exhaust Duct Nozzle Diam. 0.623 Static Press. -3.6 "H20
Operator JEB, RT Meter Y 0.974 Est. Moisture 12.0%
Run No. TB1-M5MM Mater dHR 2.00 Est. Oxygen 7.5%
Start Time 1121 Stop Time 1451 Est. CO2 7.5%
Pnt. Clock dP d{ Gas Meter Temperatures, °F Meter T, °F  Vac.
# Time "H20 “H20 Cubic Ft. Stack Oven Inp. In Out “Heg
0 121 2.80 1.466 630 220 56 88 86 5.8
1 1136 2.80 15.000 631 220 62 100 89 5.0
2 1151 2.80 28.000 634 220 61 107 25 5.2
3 1206 2.80 42.000 626 220 65 112 100 5.2
4 1221 2.80 56.000 627 220 63 114 104 5.3
5 1238 2.80 72.000 828 220 60 114 105 5.3
6 1303 2.80 95.000 628 220 61 116 108 5.5
7 1320 2.60 110.000 629 220 63 116 108 6.0
8 1340 2.80 129.000 628 220 68 118 108 6.8
9 1355 2.80 144.000 628 220 60 116 108 6.8
10 1410 2.80 157.000 625 220 62 116 106 7.0
11 1425 2.80 171.000 628 220 85 117 108 7.4
12 1440 2.80 186.000 627 220 57 118 108 1.5
13 1451 2.80 185.812
Average 2.80 628 220 62 112 103
Total Volume Metered, Vm 194.346 Cubic Ft. Measured 02 7.80
Total Sampling Time, o 210 minutes Measured 002 7.70
Moisture Collected 577.6 grams Measured H20 12.3
Average Stack Gas Velocity, v 14.8 ft/sec. Molecular Wt 28.1
Exhaust Duct Flow 156.4 SC™ 137.1 DSCPY
Gas Volume Collected: 175,024 DSCF 4.9561 DSCM
Average Sampling Rate 0.833 DSCFM, 2.004 ACPM ======> B88.5 % Isokinetic

Note: Average velocity based on preliminary traverse. Single point isckinetic saspling
waz conducted at highest-velocity traverse point.
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ISORINETIC SAMPLING RESULTS SUMMARY

Source Description: Rotary Kiln Teat Date: 5-19-83
Test Number M5M-1 Sapling R No. TB1-M5MM
Condition 20 % Tires Operator JiB, RT
Location Exhaust Duct Exhaust Duct Flow 137.1 DOC
Start Time 1121 Volume Collected 175.024 DSCF¥
Stop Time 1451 lsockinetic 88.5 X

--- Front Half --- --- Back Half -—- ~—-= Total --—

ug ug/m"3 g vg/m"3 ug ug/m"3

Areenic 210.00 a7.16 . N A NA
Beryllium 0.30 0.05 NA NA M NA
Cadmium 6.00 1.06 NA NA NA NA
Chromiuve 21.90 3.88 NA N N NA
Nickel 19.85 3.51 7} NA M N
Manganese 32.70 5.79 M NA NA NA
‘Selenive 25.40 4.50 M NA NA NA
Antinony 11.90 2.11 M NA RA M
Lead ar2.7 65.96 NA NA A NA
Zinc 200400 35465 MA NA RA NA

NOTE: Back Half sample lost to ehipping damage.

————————
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1SOKINETIC SAMPLING FIELD DATA

Source Description: Rotary Kiln Date: 5-20-93
Test Number MSM4-Z Stack Diam. g.25 " Ambient Temp. 80 °
Condition No Tires Pitot Cp 0.84 Barom. Press. 29.55 "Hg
Location Exhaust Duct Nozzle Diam. 0.623 Static Press. -3.1 "H20
Operator RT, JEB Meter Y 0.974 Bst. Moisture 12.0 X
Run No. TB2-M5MM Meter d 2.00 Est. Oxygen 7.5 %
Start Time 1038 Stop Time 1348 Est. 002 7.5 %
Pnt. Clock dP di Gas Meter Temperatures, °F Meter T, °F  Vac
# Time “H20 “H20 CQubic Ft. Stack Oven Imp. In Qut “Hg
0 1038 3.10 198.579 580 220 52 90 84 9.2
1 1058 3.10 217.600 584 220 60 105 90 9.4
2 1113 3.10 232.400 585 220 65 111 87 9.4
3 1128 3.10 247.000 586 220 54 114 101 9.4
4 1143 3.10 261.900 587 220 52 115 104 9.3
5 1200 3.10 278.600 598 220 55 115 105 9.2
6 1218 3.10 296.000 602 220 61 116 106 9.2
7 1236 3.10 313.000 600 220 64 117 106 9.6
8 1255 3.10 333.000 604 220 76 117 107 11.0
9 1313 3.10 351.000 600 220 68 118 107 11.0
10 1333 3.10 369.800 600 220 58 118 107 10.8
11 1348 384.593
Average 3.10 593 220 60 112 101
Total Volume Metered, Vm 186.014 Cubic Ft. Measured 02 9.80
Total Sampling Time, o 130 minutes Measured 002 5.90
Moisture Collected 498.1 grams Measured H20 11.2
Average Stack Gae Velocity, v 16.3 ft/sec. Molecular Wt 28.1
Exhaust Duct Flow 177.9 5CPMM 158.0 DSCFM
Gas Volume Collected: 167.901 DSCF 4.7545 DSQM . )
Average Sampling Rate 0.884 DSCFM, 2.027 ACFM ===:z==> 90.0 % Ieokinetic

Note: Average velocity based on preliminary traverse.

Single point isckinetic sampling
was conducted at highest-velocity traverse point. .
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ISOKINETIC SAMPLING RESULTS SUMMARY

Source Description: Rotary Kiln Test Date: 5-20-83

Test Number MSMM-2 Sampling Run No. TE2-M5
Condition No Tires Operator JEB, RT
Location Exhaust Duct BExhaust Duct Flow 158.0 DEC™M
Start Time 1038 Volume Collected 167.9 DSCF
Stop Time 1348 Isckinetic 80.0 X

--- Front Half --- --- Back Half --- ——-- Total ----

ugd ug/m"3 ug ug/m"3 ug ug/m"3

Arsenic 6.05 1.12 <1.00 —-——- ——— -
Beryllium <0.25 ———— <0.25 —- ———- —
Cadmium 0.70 0.13 1.50 0.28 2.20 0.41
Chromium 3.55 0.65 <1.00 ———— 3.55 0.85
Nickel 2.20 0.41 1.66 0.31 3.86 0.71
Manganese 6.00 1.11 9.30 1.72 15.3 2.82
Selenjium <1.00 —— 4.50 0.83 4.50 0.83
Antimony 1.00 0.18 <1.00 -—— 1.00 0.18
Lead 42.0 7.75 1.85 0.30 43.7 8.05
Zinc 1500 216.72 55.4 10.22 1555 286 .94

NOTE: Front Half sample may exhibit some croes-contamination from TBl back half.
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Table F-1. Kiln tire burn runs.

Date _Ryp
4/29/93 TBI
5/11/93 B2
5/13/93 TB3
517193 TB4
518193 TBS
5/19/03 T8
5120193 TB7
5/21/93 TBS
5/25193 TB9
/26193 TBIO
5/26/93 ™
526193 TBI12
5126193 TB13
/26193 TB14
5/26/93 8IS
5/26/93 TB16
526193 TBI17
5/26/93 TBI18
5/26/93 TBI9
5126193 TB20
5/26/93 TB2!
$/26/93 TB22
/27193 TB23
5/27193 TB24
5/27193 TB2S
5/27193 TB26
5/27193 TB27
5127193 TB28
5/27/93 TB29
5[27193 TB30
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Table F-2. Kiln Tire Burns Sampling Summary.

Tire BTU Other Test Run Exhaust
% of Load Condition Date No. DSCFM Sampling Notes
e Stoady 5-18 vosT-3 173.607
5-18 MMS5~-4 17%.607
S5-20 M23-2 157.511
5-20 MEMM-2 157.991
10 Steady 4-29 vOsST=1 Unknown
20 Steady S-11 MMS=-1 131.088
5-13 vOST-2 121.9592
S5=-13 - MMS-2 121.592
§-17 MMS=-3 131.520 TCO/GRAV Analyras
5-19 M2%=-1 136,050
5-1% MSMM~1 137.141
20 ramping 5-21 vosT~4 141,482
S-21 MME-Y 141.482
20 Ratch %5-25 vasT~0o 174. 184
525 MMS—-6 174.184 TCO/BRAV Analyia:
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Table F-3. Kiln Tire Bum Particulate Sum_n:z
Part. Load.

Particulate Volume
MMS-1 (TB2) $/1193 0.13023 2.982 43.67
MMS-2 (TB3) $/13/93 0.65767 4792 137.24
MMS-3 (TB4) 5/17193 0.66563 6.986 95.28
MMS5-4 (TBS) $/18/93 0.08536 4915 17.37
MMS5-5 (TBS) 5121193 0.64017 £.815 132.95
MMS3-6 (TB9) 5125193 1.46328 5.126 285.46
MMT-1 (TB6) 5/19/93 0.5007 4957 101.01
w 0.0197 b" 414
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Table F-4. Residuals from COEMISFAC m n models.

—Rgn _Model-1 __Mede2 _Medal-3
TB6 0.207 0.196 £0.343
TB7 0.163 0.156 -1.714
TB10 £.070 0.068 0.622
TBI1 0.479 0.480 0.735
TBI12 0.854 0.856 0.717
TB13 1.921 1923 2723
TBI14 0.870 0.868 -1.210
TBI15 -1.099 -1.099 0.697
TBI16 0.493 0.493 0933
TB17 0.897 0.897 -1.018
TB18 £0.581 , 0.583 0.828
TB19 0.198 0.196 £0.007
TB20 -0.004 0.006 1.663
TB21 0.688 0.636 0.721
TB22 0.639 0.641 0.610
TB23 -1.698 -1.694 -1.746
TB24 1.381 1.382 1.007
TB25 0.813 £.811 -1.279
TB26 1.381 1.382 2.582
TB27 -2.007 -2.010 0.330
TB28 -0.037 0.040 -1.15%
TB29 4.03% - 4.033 1.7%

w
3.8

<+

g

L ] L
1.0 1.8 2.0 2.8 3.0 3.8
LNCD Predicted

Figure F-1. CO Model 1; Predicted ln(COEMISFAC) vs. measured In(COEMISFAC).
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Figure F-2, CO Model 2; Predicted In(COEMISFAC) vs. measured In(COEMISFAC).
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Figure F-3. CO Model 3; Predicted COEMISFAC vs. measured COEMISFAC.
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Table F-5. Residuals (x 1000) from PAHEMISFAC regression models. -

_Run Model-1 Modd-2 __Modsl-3
TB6 ~1.802 0436 0.367
TB7 0.169 0.138 0.512
TB10 0.340 0.360 0.181
™81 0.218 0.044 £.279
TB12 -0.360 £0.612 027
TB13 0.139 £0.050 0.497
TB14 09523 0.133 0.632
TB1S 0.588 1.040 0.107
TBI16 1.049 1.137 0.243
TB1? £0.525 0318 -1.145
TB18 0.415 0.857 0.810
TB19 0.766 0.444 0.659
TB20 3.105 2,088 1.023
TB21 -1.220 £0.546 0.252
TB22 1.934 -1.106 0.645
823 0.457 0.317 £.945
TB24 0.776 3.357 2.063
TB25 -1.010 -1.937 0.204
TB26 0.670 1.501 0.708
TB27 0.358 -3.030 -1.412
TB28 2.676 0.054 1.046
TB29 -1.076 1.492 0414
TB - -2

-8.8 r
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Figure F-4. PAH Model 1; Prediceed In(PAHEMISFAC) vs. messured In(PAHEMISFAC).
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Figure F-5. PAH Model 2; Predicted In(PAHEMISFAC) vs. measured In(PAHEMISFAC).
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Figure F-6. PAH Model 3; Predicted PAHEMISFAC vs. measured PAHEMISFAC.
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