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ABSTRACT

This work provides data from pilot-scale measurements of the emissions of specitic air
pollutants from paving asphalt both with and withollt recycled crumb r'ubber ndditives, The methods
used in.this work measured emissions from a stmic layer of asphalt maintained for a period of several
hours near the highest temperature likely to be encountered in a reul paving operation (176°C,
350°F).~·.Allhoughconcentration levels observed for-most species were in most cases near the
detection limits of the analytical methods applied, statistically significant emissions of a variety of
pollutant species were observed. Volatile organic compounds (VOCs) analyses showed significant
amounts of benzene emitted from both types of asphalt studied. An analysis wrgeting 16 polycyclic
aromatic hydrocarbons (PAHs) species of primary interest revealed significant emissions of seven of
the 16 species when the AC I0 asphalt without rubber lests were compared to the facilily blank tests.
The emissions of five of 16 PAH species were significantly higher in the ACIO (hin layer with rubber
tests than in the facility blank tests. The concentration observed, though significant, were close to the
Iimil of detection, Statistically significant emissions of bOlh total particulates and PM 10 were found
from both types of asphall hot-mix material tested.
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PREFACE

The Control Technology Cenler (CTC) was t:'stablished by the U.S. ErwiroOluemal Proteclion
Agency's (EPA's) Office of Research and Development (ORD) and Office of AIr QlwIity Plnnning
and Standards (OAQPS) to provide technical assistance to state and local air pollution control
agencies. Three levels of assistance can. be nccessed through the eTc. First, a eTC HOTLINE has
been established to provide telephone assistance on mallers relaling to air pollution comro) technology.
Second, more in-depth engineering assistance can be provided when appropriate. Third, the eTC can
provide technical guidance through publication of technical guidance documents, development of
personal computer software, and presentation of workshops on control technology matters.

The technical guidance projects, such as this one, focus on topics of national or regional
intereSI lhat are identified Ihrough contact with state and local agencies.
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SECTION I

INTRODUCTION

Paving asphalt is a widely used product with incompletely characterized emissions to the

atmosphere. Approximately 20 million metric tons of asphalt were sold in 1976.1 Asphalt is

primarily composed of "very high molecular weight hydrocarbons." 1 The vast majority of asphalt ~sed

in road paving applications is derived from petroleum refining, although asphalt can also be obtained

from natural deposits. I Asphalt is most often used in paving applications as a "hot-mix" of petroleum­

derived asphalt and aggregate material (crushed stone or gravel).2

Typical elemental analyses of asphalt show the following approximate weight percentages:

carbon, 80-90 percent; hydrogen, 5-11 percent: sulfur, OA-7.3 percent; nitrogen. OA-0.9 percent; and

oxygen. 0.0-2.0 percent.' Among the compounds identified in a soxhlet extract of an asphalt sample

were dibenzothiophene, methyldibenzothiophene, phenanthrene, pyrene. and fluoranthene.3

A previous study attempted to measure pollutant levels in the emissions, known as "blue

smoke:' from an asphalt hot-mix facility using a temporary enclosure to aid sllmpling.2

Concentrations measured (in ppm. vol) were carbon monoxide (3-6 ppmv), C2~C6 hydrocarbons « I

ppmv), hydrogen sulfide « 0.2-1.5 ppmv), methane (2-3 ppmv). nitrogen dioxide (0.05-0.08 ppmv),

and sulfur dioxide « 2 ppmv). Concentrations were also reported for the following organic species

(pgll,OOO m3): pyrene (44-240), benzo(a)anlhracene (5-38), benzo(a)pyrene (3·22), benzo(e)pyrene

(non-detectable - 40). perylene (5~ 16). The particulate matter (PM) was determined to be composed of

aromatics (26 percent), cycloparaffins (40 percent), paraffins (28 percent), and sulfur aromatics



(6 percent). 2 Asphalt emissions were also discussed in a recent EPA repon (0 Congress,~ An

evaluation of available literature shows a lock of emissions data for specific pollutants measured in

such a way that emissions from asphalt paving could be estimated, Thus, the sleering commillce of

the U.S. Environmel'lt<ll Protection Agency's (EPA's) Control Technology Center (eTC) sponsored .;

research project examining emissions from paving asphalt. This study was performed under conlract

to the EPA's Air and Energy Engineering Research Laboratory (AEERL) by Acurex Environmental

Corpofil;lion, The work was conducted through the guidance of an EPA-approved Quality Assurance

(QA) Test Plan (AEERL QA Category III); .

2



SECTION 2

OBJECTIVES

The objective of this work was to provide quantitative data on the emissions of specific

pollutants from paving asphalt. In addition, because paving asphalts with recycled crumb rubber

additives are now beginning to be used, as required by the Imermodal Surface Transportation

Efficiency Act.5 This project also compared the emissions of asphalt with and without this additive.

Crumb rubber is defined as "scrap tire rubber that has been processed to particle sizes usually less than

9.5 0101:,4 The acquired data are intended to provide insight into the possible health effects of human

exposure to asphalt emissions as well as to assess the contribution of asphalt emissions to ozone

non-attainment. This report will also provide baseline data to which the emissions from other

modified asphall products can be compared.

This work was performed at EPA's Environmental Research Center (ERC) in Research

Triangle Park. Ne, by Acure,;. Environment~l. Samples of paving asphalts provided were heated in a

specially designed vessel, described in Section 3, within the Open Burning Simulation Test Facility.

Testing included two types of asphalt-an AC 10 grade asphalt hOI-mix, and an AC I0 grade asphalt

hOI-mix with a crumb rubber additive. The engineering proper1ies of the asphalt grades are well

defined in the literature,l Sampling was performed for a wide range of volatile and semiyolatile

organics, total PM. NO, S02' CO, Oz. CO2, and particulate-phase lead. A list of specific PAH species

were specifically targeted due to their demonstrated carcinogenicity in animals.

3



The concentrotion data for all analytes were converted to emission rate:\ expressed on a per

tIme and per surface area basis. These rates were calculated from the volumes sampled by e"ch train.

the volumes of air flowing into the test facility, the measured mass or concentration of analytc, the

surface area of Ihe asphalt healing vessel, and the dUr::llion of the sampling period as follows:

Emission rale ::: (01 X f x t x u)/(v x s x t)

where:

m ::: mass of analyte

. f == flow rate into facility

I == time period of sampling

u == unit conversion factor, as appropriate

v = volume of air sampled

s = surface area of vessel

Alternately,

Emission rate =(c x f x t x u)/(s x t)

where:

c = measured concentration of analyte

f ::: flow rate into facility

[ ::: time period of sampling

u ::: unit conversion factor, as appropriale

5 ::: surface area of vessel

4



SECTION 3

APPROACH

3.1 SUMMARY OF EXPERIMENTAL APPROACH

The project. consisted of a replicate study to collect and qualitatively und quantitatively

characterize organic and inorganic emissions from a pilot~scale simulation of the asphalt paving

processes. Although it was recognized that asphalt experiences a variety of temperature conditions

during a paving process, the EPA and Acurex Environmental investigators believed that it was

impractical to simulate this tempemture profile in an experimental situation. Simulation of the

physical agitation undergone by an asphalt hot-mix material during the course of its application by

automated road construction equipment was also judged to be well beyond the resources available for

this pilot-scale project. Therefore, it was decided that a measurement of emissions from a static layer

of asphalt, maintained for a period of several hours near the highest temperature likely to be

encountered in a real paving operation. would provide a realistic basis for the estimation of emissions

from an asphalt process. A thin layer of asphalt was heated in a stamless steel vessel within a test

facility specifically designed to simulate emissions from area sources. Sampling was conducted within

the facility through medium volume PM IO heads for semivolatile organics and particulate-phase lead.

.
Air samples of volatile organic compounds (YOCs) were removed directly from the facility and

collected in Tedlar bags. A portion of the air within the facility was diverted to an lldjacent sampling

facility via an induced draft duct. A portion of the sample from the induced draft duct was also

monitored for CO2, CO. NO. O2, 502, particulate-bound polycyclic aromatic hydrocarbons (PAHs).
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and lotal hydrocarbons (THCs) by a series of continuous emission monitors (CEMs). The organic

constituents were analyzed both qualitatively and quantitatively using a gas chrornatogr:lph/m,lss

spectrometer (GC/MS). The lead was quantified using a graphite furnace ,Homic absorption method

(GFAA). Hydrogen sulfide was measured using colorimetric Drager tube method. Measured

concentrations for all analytes were related to dilution nir volumes and the surface area of asphalt to

derive emission rales. The EPA's Open Burning Simulation Facility used in Ihis study is described

more fully below.

3.2 ASPHALT MATERIALS

Asphalt cement and the Hot-mix. a~phalt were supplied by commercial vendors. Blythe

Ind'ustries of Haw River, NC, supplied the AC 10 Hot-mix material used in the tests of non-rubber

containing asphalt. Data obtained from Blythe Industries indicated that this Hot-mix contained 5.6

percent total asphalt by weight, of which, 4.3 percent was new asphalt cement and 1.3 percent was the

asphalt cement fraction of the recycled asphalt product (RAP) included in the aggregate. Data

obtained from the manufacturer indicated that this asphalt also contained 0.50 percent of a "non-strip

additive," supplied by Westavaco of Mulberry FL, known as Indulin AS-I. The asphalt test m::Herial

was obtained from a standard production run of a full-scale Hot-mix plant by Acurex Environmentnl

personnel acting under EPA direction.

The asphalt Hot-mix used in the rubber containing materials tests was prepared in several

steps. Asphalt Rubber Systems Corporation, of Riverside, RI, supplied samples of an AC I0 asphalt

cement containing crumb rubber in tightly sealed metal containers similnr in appearance to paint cans.

The manufacturer reported thaI this material consisted of 79 percent AC 10 asphalt, 3 percent extender

oil. and n total of 18 percent rubber (of which 15 percent was derived from auto tires and 3 percent

was 'described as "high-nitro tennis ball scrap").6 Personnel of the C.C. Mangum Corpormion of

Raleigh, NC, familiar with the formulation of asphalt, prepared bench-scale mixtures of the rubber

containing Asphalt Cement, supplied by Asphalt Rubber Systems, with aggregate chosen from C.C.
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Mangum's supply so as to duplicate as closely as possible (hal used :11 Blythe Indumies. This bench-

scale Hot-mix was prepared with a total asphalt cement content of 5.3 percent including 4.6 percent

new asphalt cement and 0.7 percent from the asphalt fraction of the RAP used In the aggregate. The

preparation of this bench-scale Hot-mix was witnessed by EPA and Acurex Environmental personnel.

A pOl1ion of Table I summarizes the composition of the aggregates used in these Hot-mixes.

To minimize off-gassing, all asphalt Hot-mixes were held in tighdy sealed stainless steel

vessels at room temperature. from the time they were obtained frof!" a production run or were mixed

on a bench-scale until the time of testing. Samples of the asphalt materials were submitted to a

commercial laboratory for "ultimate" analyses.

3.3 ANALYSIS OF ASPHALT MATERIAL BEFORE TESTING

An ultimate analysis of the asphalts was performed before testing by a subcontracted

laborat~ry using methodologies best summarized by ASTM methods 3176 and 3172.1 The primary

purpose of this analysis was to.determine the elemental composition of the asphalt cements used

(carbon, nitrogen, oxygen, hydrogen, and sulfur) so that the similarity of the two asphalts could be

assessed. The daw from this analysis, as presented in a ponion of Table t. indicate {hat the

compositions of the two AC10 asphalts were quite similar, as might be expected.

TABLE I. COMPOSITION OF ASPHALT MATERIALS

Ultimate Analysis of Asphalts wilhoul Aggregate (:Ill dat:l in % as recel'..ed)
.- ... -_.~~-~~--

;

Blylhe Induslries ~ Asphalt Rubber '. Asphalt Rubber
AC·IO Systems AC·IO ; Systcms AC·IO

, With Rubber No Rubber InCludedI

,
Watcr (Karl Fisher) , 0.0091 0.16 0.010---- --- --'--~-- - .

Carbon , 84.43 82.94 83.76---------_. '"- -_.-
Hydrogen

;
10.33 9.74 ; 1027----- ._-------_.- . -_ .. ..-

Nitrogen (Kjcld:lhl) 0.52 0.11 0.42----_._- -_#.------_.~. ~.- ---- - .. ' ---- -_.
TOlal Halogen (as Cl) : <0.004 0.010 0.0044----------_-.. ---- --- .- _. -

Sulfur 3.71 ; 4.00 4.74
.- ----_ ....---- _.........._--

Ash 0.24 1.78 <0.09
- _. .._---- --_ .._--~---_ .._~ ---

Oxygen (by difference) 0.95 1.50 0.81
- -- - ..- ----- -- -~ --

(continoed)
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TABLE I. COMPOSITION OF ASPHALT MATERIALS (concluded)

Composition of Blythe Industries Aggregate:

% Passing Sieve #4 72-------:-------- --

% Passing Sieve #8 55-------_. ." ..
% Sieve #40 3\

% Sieve #80 15

% Passing Sieve #200 7.6 2

41

100

10{)

11.9

8.3

Sand

2.66

Blythe­
Kelly Pi'

- -IOU

100

100

8.3

15.31.2

0.4

#78M SCRGS.

Marlin Martin
Marietla Mafl~lla

3J 31

1.65 2.88

100 100
. -

100 100
- ;

99 100-

33 97.1

5.8 71

2.6 25.6
--~_ ...- .-- ....... "'-,

94

100

98

24.1

2.83

Blythe Stockpile

Recycled Asphalt
Product (RAP)

Spccific Gravity

% 318-in -(0.95 em)

% Passing Sieve 1/2 in (1.3 em)

% Passing Sieve 3/4 in (1.9 em)

Aggregate Type

Pereclllage of Total Aggregate: Mix

A£gregllte Source

Composition of C.C. Mangum Aggregate:

Martin C.c.
Mariena Mangum

33 11.9

2.7..\1 ,.
31

1.723

24.1

2.701

------------- --'--- - _.- -._-

Specific Gravity
---------- ---'-'---'--'-"

Percentage: or Total Aggregatc Mix.

__- ._______ ... R~ ._ _ __ ~. •

Aggregate Type i--~:.---- _1_.. #78~_.!_ .~_~~_~~'. ~~_~~ _

Aggregate Source C.C. Mangum ! Martin .
Marietta

% Passing Sieve 3/4 in (1.9 cm) 100 t t

-_ ..---~--"" ...._---'"->-._- '"-~""'---, .

% Passing Sieve 1/2 in 0.3 em) 96 100---------------_.._--.-_._-.-..----- "' ........ - ,._... ...- .... ..........- .... --, .. ',
% Passing Sicve 3/8 in (0.95 em)

--~-----

,i 92 95

t

100

% Passing Sieve #4

% Sieve #8

% Passing Sieve #16

% Passing Sieve #40

% Passing Sieve #80

% Passing Sieve #200

76

60

48

32

29

12.1

33

2

99

8\

53

3 t

18
y--------.

8..5

50 -

1.5

• Data were nO[ provided.
t Data were not provided since 100% of the material passed a finer sieve.
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3.4 ASPHALT HEATING VESSEL

An open-topped, square, asphah heating vessel was custom designed and bui It by Acurex

Environmental. All portions of the vessel that contacted the asphalt material were constructed of

welded stainless steel sheet. Between the Inner shell of-the stainless steel sheet and the outer steel

case, a series of electrical resistance henters (14 heaters of 240 Veach, 500 W, offset terminal type,

3.8 em wide and 60.3 em long, part no. SGA lJ23N06, Atlantic Electric Systems Inc., Charloue. NC)

were mounted and insulated with kaolinite wool so as to heat the inner shell as uniformly as possible.

The dimensions of the vessel are indicated in Figure I. The vessel was equipped with a removable

grid, constructed from a stainless steel flat bar 0.47 em thick and 5 em wide. The grid was included

in the vessel after preliminary experiments indicated the need (0 improve heat distribution throughout

the material in the vessel. The vessel was equipped with a temperature controller (proportioning type.

range of 0-200 °C (32-392 OF), part no. 49-J-0-200C. Omega Engineering. Stamford. CT) designed to

maintain adequate temperature control between 157 and 162°C (314-323 OF) with an absolute

maximum temperature of 177°C (350 OF). The temperature controller was auached to a Type-l. rod

shaped "utility" thermocouple (Omega Engineering, Stamford, CT) that was located near the center of

the asphalt mixture during each experiment (see Figure I). Actual temperatures achieved in various

experiments are discussed in Section 4 of this document. Temperature uniformity was monitored by

measurements taken periodically during the emissions testing in three different locations within the

asphalt layer (see Figure I) using Type-K. rod shaped "utility" thermocouple probes (Omega

Engineering, Stamford. CT). The thermocouples in the asphalt layer shown in Figure 1 were initially

located at the following heights above the bottom of the inner surface of the asphalt heating vessel:

T I and control thermocouple. 1.6 cm; T4, 0.5 em; and T8, 2.5 em. Before the first thin layer asphalt

test was conducted on February 4. 1993. the thermocouple heights were readjusted to the following

values: TI and control thermocouple, 1.1 em; T4. 0.3 em; and T8, 1.4 em. Before the February 18,

1993 experiment, thermocouple T8 wns replaced with a Type-K thermocouple weld pad probe that was
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TOP VIEW

60.8 ,...---------'"'T'""-'"'T'""-r-------------------,
,7,6

1- ~1:,,;;.9..::.0.;.;.~ -It T4

45.6 ..... , "Heal dhpcr~i!"n &r~~
' .. \

Control
19,05 Thermocouple

1----....:..::..:.;.:;..----'"'8~ -
1- ~1:..:;9...::0:.:..S .... TI

30.4 ,..".. _-

15.2 - - - -
.... ..::2~1.~6 _e T8

,--------I

60.845.630A15.2
OL.-------..:-.--...L----....:.---- --:.. .....J

o
(all dimensions in em)

SIDE VIEW
Depression Depth

of 15.2 COl

5.7

73

(all dimensions in em)

Figure I. Views of the heating vessel.
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placed directly in comact with the surface of the asphalt mnterial for each experiment (Omega

Engineering, Stamford, CT).

3.5 TEST METHODOLOGY

. For a period.of 16 to 24 h before the initiation of each test, the sealed container of asphalt

Hot-mix to be used in that test was preheated to just below the design temperature range in an

electrical resistance oven, This procedure was necessary because the asphall Hot-mix has a high heal

capacity.and therefore could not be brought to its design temperature quickly. This situation is

reflecti ve of the field situation where asphalt is held for long periods of time at elevated temperatures

(> 121 (lC, >250 °F).8 Before the stan of each lest. the heating control thermocouple of the asphalt

heating vessel was located on its heated surface thus allowing the surface of the vessel to be preheated

to the design temperature.

Before and after each test, or before and after each change of sample media (if this occurred

more frequently), all sampling trains were leak-checked. Before the beginning of each test day, at

least 10 min of background data were acquired from the CEMs and thermocouples. The asphalt

Hot·mix in the experiment conducted on January 28, 1993 was poured and lightly compacted with

hand implements to an approximate depth of 3.8 em (a depth that is within the range used in actual

paving operations). (This ex.periment is referred to in data tables as "thick,") Because the vertical

distribution of temperature in the asphalt material was less uniform than desired. a decision was made

to reduce the thickness of the asphalt used in further experiments. In all further experiments, the

asphalt Hot-mix was poured and was lightly compacted with hand implements 10 a depth between 1.3

and 1.9 em (a depth that is also within the range used in actual paving operations). This process

generally required the efforts of two people for a period of 5 to 15 min. After the AC I0 Hot~mix

material was poured and compacted, all personnel exited the facility. Despite the preheating of the

asphalt HOI-mix material and the heating vessel, the pouring process inevitably resulted in a substantial

decrease in the temperature of the asphah material (see Appendix B figures). Sampling activities were
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initialed as soon as the asphalt Hot-mix material had achieved a temperature near the design range

previously discussed. The temperature was reached between 10 and 70 min after the asphall pouring

was completed.

For facility blank experiments (also referred to as hut blank experiments), the procedures

discussed above were modified. Although the asphalt Hot-mix material was preheated as in an ;lcilial

experiment, no attempt was made to heat the heating vessel. The preheating of the hot-mix. material

was conducted to evaluate whether the preheating process biased ~he actual test results. The asphalt

heating vessel was not preheated· because all traces of asphalt Hot=mix from previous experiments

could not be removed despite the rigorous vessel cleaning procedures described in the following

paragraph. Warmed air was supplied to the facility as in all experiments. No asphalt Hot-mix was

placed in the heating vessel for these experiments. However. personnel did enter and occupy the

facility for a period similar to the time required in the facility for pouring and compacting the asphalt

in an actual experiment. The onset of sampling was then delayed for a period similar to the delay

required in actual experiments to approach design asphall Hot-mix temperatures.

Between each experiment, the facility was cleaned thoroughly. The asphalt HQt~mix material

was warmed and removed with hand tools. The heating vessel was then rinsed with several aliquots

cyclohexane to remove residual material. The floor of the facility was then swept with hand tools to

remove spilled asphalt Hot-mix material. AU personnel entering the facility wore Tyvek boot covers

at all times to avoid contaminating the facility.
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3.6 TEST FACILITY

The test facility (Figures 2 and 3) is an outbuilding with a 2.7 by 3.4 m (8.9 by I 1.1 ft) noor

area and a sloping roof with a minimum heighl of 1.9 rn (6.3 ft) and a l11uximum height of 2.2 111

(7.3 ft), which had been previously modified for small-scale, open·combustion simulation experiments.

This facility was further modified to adapt it for the low emission levels expected from asphalt

The building was fined with a warmed air handling syslem.(based on a 208 V electric utility

healer, part no. 3E081, W.W. Grainger) that delivered approximalely 4.21 mJ/min (148 ([J/min) of

warmed ambient air to the facility. This flow rate was sufficient to maintain a positive pressure wilhin

the facility as indicated by a static pressure gauge in all wind and pressure conditions experienced

during testing. Therefore, it could be assumed that the outflow rate from the facility was equal to the

inflow rate. At this flow rate, the effective air exchange rate of the test facility is 0.22 air

exchanges/min.

A pyramidical aluminum deflector shield was located over the asphalt heating vessel to

enhance air mixing. The sample transport duct, 17-cm (6.6·in) OD pipe, was localed directly over the

rear portion of the deflector shield. This dUCI transported a representative portion of the test facility

environment to the sampling shed located adjacent to the test facility (Figure 2). To minimize hem

loss and condensation of organics, the duct was insulated outside the test facility. The inner walls and

ceiling of the test facility were covered with 1.6 mm (III 6 in) of aluminum sheeting. To provide a

highly clean, inert surface within the test facility for this project, all surfaces within the facility were

completely wrapped with Tedlar sheet material (approximately 0.06 mm thick) sealed with aluminum

faced tape (part no. 6A062, W.W. Grainger) as shown in Figure 3-

3.7 SAMPLE SHED

The sample shed (Figure 2) contained the majority of the required sampling equipment: dry

gas meters, comrol units and pumps for the PM 10 particulate sampling trains used for collecting

organic PM and lead, three Tedlar bag trains, and the train used to collect organics on XAD-2 resin.
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The sample shed also contained the particulate removal device fot" the CEMs. A real-time

photoelectric analyzer (manufactured by Ecochem Technologies), designed to quantify tOlal PAHs on

submicron PM, was also operated using a sample stream withdrawn from lhe sample transport ducl.

Real-time PAH and CEM samples were extracted from a sampling manifold within the dUCL

The manifold consisted of 9.5-0101 (3/8-in) aD stainless steel probes positioned in the silmple transport

duct so that the probe orifice faced the direction of sample flow and so that all samples were collected

at the sa.me axial and radial location. The sample stream was pulled from the test facility into the

sample shed by a slight~vacuum generated by'an induced draft (ID) fan located downstreaiTi"'of the

sample manifold.

3.8 HAZARDOUS AIR POLLUTANTS MOBILE LABORATORY (HAPML)

The Hazardous Air Pollutants Mobile Laboratory (HAPML). shown in Figure 2, was used for

the continuous monitOring of the fixed combustion gases. A heated (121 GC), particulate-free

(conditioned by a low pressure drop heated spun glass filter) gaseous sample was extracted from the

sample manifold and routed to individual analyzers for continuous measurement. A portion of the

heated sample was routed to the THC analyzer and the SO! analyz.er. The remaining ponion of the

sample stream was further conditioned for moisture removal by a refrigeration condenser and silica gel

before being routed to the CO. CO2, and 02 analyzers. The gas stream for NO was obtained from a

location between the refrigeration condenser and desiccant. The analog output of the indi-I!idual

analyzers was recorded using a computerized data acquisition system that recorded all readings at 30-s

intervals. This data acquisition system was also llsed to record temperatures from the series of eight

thermocouples located in the asphalt HOl~mix layer. within the test facility. in the air input duct, and in

the'sample transport duct.

16



3'.9 SAMPLING AND ANALYSIS METHODS

3.9.1 Particulate/Semivolatile Organic Sampling

Because very low concentrations of semivolatile and particulate-bound organics (including

PAHs) were anticipated, the following meth~d was adopted for use in samp'ling these species.' The

PMIQ medium volume samplers used (shown in Figure 4) have been described by McFariand.9

Sampling procedures modeled after those described in Method TO-13 (substituting the medium volume

sampler for the high volume sampler described in Method TO-13) were used for particu!:lte-bound

organic sampling. 1O This sampler provides a cutpoin~ at a dinmeter of 10 J1m and at a flow rate of

0.113 m3/min (4 efm). The cutpoint is defined as the diameter at which 50 percent of the particulate

is removed: smaller particulme will generally pass through the sampler. larger particulate will generally

be removed. Each of these two sampling trains included a filter of 142 mm in dinmeter (a Pallflex

Teflon-impregnated glass fiber filter, pnrt no. T60A20 or TX 140H 120WW) in a Teflon-lined filter

holder, followed by a dry gas meter and dual vacuum pumps. Sampling periods of 130 to 165 min

were used. The filters were desiccated for at least 24 h and weighed on an analytical balance both

before and after sampling in order to determine total PM 10 particulate. Additional measurements to

confirm the completeness of drying were not made in order to rapidly complete analytical work and

due to limitations on project resources. After the gravimetric data were obtained, the organic PM 10

samples were stored under refrigeration until analysis. An acetone and a methylene chloride rinse of

the upper portion of the filter holder was collected when the organic particulate sampling train was

recovered. stored under refrigeration, and combined with the filter extract for analysis.

A flow rate of 0.113 m3/min (4 cfm) cannot be maintained through the PM 10 sampler when it

is backed with an XAD-2 resin module because of the large pressure drop caused by the module:

therefore, a separate sampling train was used to collect particulate-bound and semivolatile organicS.

The semi volatile organics were collected in a train that consisted of a 0.95 cm (3/8 in) ID stainless

steel inlet followed by n Teflon-coated filter holder containing a Pallflex Teflon-impregnated glass
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fiber filter (part no. T60A20 or TX 140H 120WW) and then followed by a water-cooled XAD-2 resin

module. This train was operated at approximately I cfm for a period of 130 [0 165 min. The filter

sample collected in the train operated ::It 0.028314 m3/min (I cfm) was not to be analyzed but was

used for a gravimetric determination of total particulates (as described above). An acetone and

. methylene chloride rinse of the portion of the sampling train from the lower half of the filter holder

through the entrance to the XAD-2 module was co!lected when the organic semivolatile sampling train

was recovered. The rinse and resin module were kept under refrigeration until analysis. This rinse

was combined with the XAD-2 resin extract for analysis.

3.9.2 Particulate and Semivolatile Organic Analysis

The organic PM and XAD-2 samples were analyzed separately by a contracted laboratory,

Analysis followed Method 8270 for both semivolatile and particulate-bound organics. I I Briefly,

samples were soxhlet extracted in dichloromethane and c9ncentrated [0 11 known volume. The samples

were then analyzed by high resolution gas chromatographyllow resolution mass spectrometry

(HRGCILRMS), referred to as (GCIMS) in the fuJI scan mode, Compound identification was based on

retention time and the agreement of the mass spectra of the unknown to mass spectra of known

standards. A multipoint calibration was performed before analysis for a targeted group of analytes to

establish relative response factors (RRFs). Quantification was then based on an internal standard

method utilizing these RRFs and the integrated responses of ions specific to each identified compound.

Identification of tentatively identified species was based on automated searches of mass spectral

libraries confirmed by the judgement of an experienced mass spectroscopist. Approximate

quantification of tentatively identified species was based on response factor (RF) assumptions as

suggested by the method.

Because some concerns were raised about the chromatographic resolution, possible

interferences, and sensitivity obtainable in these analyses, the extracts of these samples were returned

under refrigeration to the EPA's ERe where they were reanalyzed by Acurex Environmental
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personnel. These analyses were performed on the particulate organic samples only. and targeted a set

of PAHs. These analyses were performed by GCIMS using a modified temperature program. derived'

from that in Method 8270 (injection part =300 "C. initial oven temperature == 40°C. held for 4 min

then ramped at 10 °C/min to 250°C. 'held for 5 min then ramped to 275 °C at 2 °Clmin :lnd held for

5 min then ramped to 300°C at 4 °Clmin and held for 8 min) designed to improve chromatographic

resolution in the region of interest. These analyses were performed in the selected ion monitoring

mode to enhance sensitivity. A multipoint calibration was performed before analysis for a targeted

group of analytes to establish RRFs. Quantification was then -based on anintefnal stanaard-method

utilizing these RRFs and the integrated re~ponses of ions specific to each identified compound.

Identification was based on retention time and the simultaneous detection of the quantification ion" and

at least two confirming ions for each targeted compound. The results for performance evnluation

samples analyzed by Method 8270 and this method are discussed in Appendix A. This method is

broadly similar to the HRGCILRMS analysis of Method TO-I3. Our worl< differed from TO- t3

primarily in the areas of column (we used a J&W DB-5MS, 0.25 mOl ID, 0.25 IJm film thickness.

30 m length). temperature program (see above). MS tuning standard {our work used Perflurotributyl

amine (PFrBA) and carrier gas now (OUf now was 35 cm3/s). We also did not attempt to calculate

surrogate recoveries.

3.9.3 Particulate Metals Sampling and Analysis

Particulate-phnse lead was a targeted analyte in this study. A PM 10 medium volume sampler

as described by McFarland was used for particulate-bound metals sampling.9 This sampler provides a

cut poim at a diameter of 10 IJm. The sampling train included a quartz filter in a Tenon-coated filter

holder (Pallnex. quartz filter. part no. 2500-QATUP), a dry gas meter. nnd a pump.

Metnls were analyzed by a contracted laboratory using the Slandnrdized GFAA method. 12 In

summary. the filter samples for metals were prepared by digestion and reflux in acid. Lead was then

analyzed by the GFAA method, which involves monitoring the adsorption of light at specific
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wavelengths in the UV-VIS range by the metal analyte after it is atomized under high temperature

conditions.

The metals samples were also used for PM 10 total particulate analysis. Therefore. they were

desiccated and weighed on an analytical balance before and after sampling.

3.9.4 Volatile Organic Compounds Sampling and Analysis

VOCs were collected in Tedlar bags as described in Method 1813 and analyzed according to

Method TO-14 14 (except that the TO- 14 target analyte list was not. used in its entirety). The Tedlar

bags were freshly prepared for each ex.periment. Multiple Tedlar bag samples were obtained from

three locations within the test facility during each experiment through three independent sampling

trains. A field blank was prepared during each sampling day by fining a Tedlar bag with zero-grade

nitrogen at the sampling site. Trip blanks were occasionally prepared by filling a Tedlar bag with

zero-grade nitrogen when the bags were prepared prior to sampling. The instructions of Method TO­

14 for capillary column GelMS in the scan mode were used for this study. Method TO-14 also

contains provisions for Olher analytical methods that will not be used in this study. Compound

identification for targeted analytes was based on retention time and the agreement of the mass spectra

of the unknown to the mass spectra of known standards. A multipoint calibration was performed

before analysis for the targeted group of analytes to establish RRFs. Quantification was then based on

an internal standard method using these RRFs and the integrated responses for each identified

compound. Identificntion of tentatively identified species was based on au£Omated searches of mass

spectral libraries confirmed by the judgement of an experienced mass spectrometrist. Approximate

quantification of tentatively identified species was based on response factor assumptions as suggested

in the method.

3.9.5 Hydrogen Sulfide Analvsis

Hydrogen sulfide was semiquantitatively assayed using colorimetric Drager tubes operated

according to manufacturers' instructions. The sample was collected from a locmion within the test
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facility (near the location of the organics PM 10 head in Figure 2) over the course of a 120- 10 190-min

sampling period.

3.9.6 Continuous Emission Monitors

CEMs were used for CO, CO" NO, 0." 50." and THC. The sampling system for the CEMs
.. ... - #

has been described in Section 3.8. At the beginning of each test day. the CEMs were.calibrated and

their linearity verified. A I{}-min period of background data was obtained with these analyzers before

the introduction of heated asphalt This background sample consisted of facility air sampled through

the normal CEM sampling-system ,during. a period of- time when the heating vessel was being

preheated. Data were validated by the intraduction of at least one gas standard and a zero gas at the

end of sampling for each day. Readings from the CEMs were obtained by the computerized data

acquisition system at 5-5 intervals throughout the tests. Averages of more than 30-s blocks were

electronically recorded.
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SECTION 4

DATA. RESULTS, AND DISCUSSION

Becnuse of the Inrge d:lla set generated by this project, the figures and tables that were

considered of greatest interest to the reader are presented in the main body of the text. Section 4

tables. however. are located at the end of this section. Supporting figures and tables are presented in

Appendix B. Also, for Section 4 tables, double lines were used around analytical detectable values in

large data sets containing many analytically non-detecUlble values.

Semivolatile/paniculate-bound species are discussed in three ways. These species were

analyzed by a contracted laboratory by full scan HRGCILRMS in the XAD-2 resin extracts and in the

Tenon-impregnated filter extracts. The Tenon-impregnated filler extracts were also analyzed by

Acurex Environmental by a selected ion monitoring method. Material collected on XAD-2 resin

following a filter are generally considered to represent material distributed to the vapor phase in the

atmosphere. Material collected on filters is generally considered to be distributed to the particulme­

phase in the atmosphere.

Data from samples collected in a facility blank experiment conducted on March 18, 1993 were

not reponed because clear evidence was found soon after the test that filter sample designations for

this test had been confused and because contamination was present in the instrument used for Vac

analysis on the day the volatile organic samples from this test day were analyzed.
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4.1 MATERIALS COMPOSITION

The composition of the materials tested has been discussed In Sections 3.2 and 3.3 and is also

summarized in Table I.

4.2 ASPHALT HEATING TEMPERATURES

De.spite extensive efforts, detailed in Section 3. the asphalt test material could not be uniformly

heated. The material was warmest near the bottom of the vessel and coolest neur the surface, as

would be expected (this is shown in Table 2 and Figures B-II through B-20). Additionally, the

temperature of the material tended to fluctuate over time in a generally periodic manner. This

fluctuation was attributable to the natural cycles of the asphnlt heating vessel temperature controllers

and the temperature controllers for the input air of the test facility as well as the influence of manual

changes in temperature controller setpoint made to control fluctuations in the asphalt temperature. The

achieved temperatures tended to be slightly higher during ~he AC J0 without rubber tests than during

the AC 10 with rubber tests. This difference in tempernture. though small. may influence emission

rates and should be kept in mind when comparing the emission rates between the AC 10 and AC I0

with rubber tests.

4.3 TARGETED VOLATILE ORGANIC COMPOUNDS

Estimated emissions for targeted VOCs are summarized in Tables 3 through 5. Facility air

concentrations for these compounds an~ summarized in Tables B-1 through B-3. Data were not

reported for several targeted volatile compounds because of an inability to consistently prepnre Tedlar

bags devoid of these compounds. These compounds were hexane, methylene chloride, acetone,

phenol. and 2-bulanone. The reported data set includes results for 56 compounds measured in

approximately 30 samples. Air concentrations and estimated emissions were calculated for non­

detectable compounds based on minimum detection limits.

Among all of the samples analyzed. only six of these 56 targeted compounds were ever

detected: benzene, ethyl benzene. m,p-xylene, o-xylene, toluene, and vinyl acetate. Similarly, among
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all of the blanks analyzed, only five of these 56 targeted compounds were ever detected: benzene,

toluene, ethyl benzene, mlp-xylene, and a-xylene.

The results for all of the detected compounds were near the detection limi!. Two sep.lrate

approaches were taken.to determine the significance of the data sel. In the first approach, the air

concentrations measured were compared to field and facility blank concentrations. Footnotes were

then used to mark those resulls that did not exceed three times the applicable blank concentrations (see

'fables 3 .through 5 and B-1 through B-3). These data are not corrected for blank concentrations. In

the second approach, a two-sided Hest of the differences between means of estimated emissions values

was performed,!5 This statistical evaluation, based on the mean and variance of each data set,

provides a more rigorous means of determining the statistical significance of differences between the

AC 10 without rubber, AC I0 with rubber and facility blank samples. Pair-wise comparisons were

made between the facility blanks and ACID thin layer without rubber samples, between the facility

blanks and the AC I0 with rubber samples, and between the AC 10 thin layer samples with and without

rubber. The results of these statistical analyses are presented in Table 6. In Table 6, the value of the

calculated I-statistic is presented along with the level of significance. defined as the probability of

making a type] error {Le., falsely rejecting the tested hypothesis: in this case, the tested hypothesis is

that the means are equal).IS,16 Levels of significance greater then 0.1 were reported as not significant

(NS). A positive t-statistic indicates that the first of the two means being compared is greater. A

negative t-statistic indicates that the second of the two means being compared is greater.

Using the first method of analysis. only the vinyl acetate results from one test day of AC I0

with rubber and six of nine benzene results from the tests of ACIO with rubber appear to be different

from the blanks.

The statistical method of analysis indicates that the benzene emissions in the AC I0 without

rubber tests and the AC I0 with rubber tests are significantly higher than the facility blank emissions.

Additionally, the benzene emissions in the AC I0 with rubber tests are significantly higher than the
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AC 10 without rubber emissions. This stntistical method also indicates thilt the emissions of m.p­

xylene were significantly higher in the AC 10 with rubber tests than in the AC 10 without rubber tests.

The significance of this result is unclear because neither the AC I0 with rubber nor without rubber

were significamly different from Ihe facility blanks.

4.4 TENTATIVELY IDENTIFIED VOLATILE ORGANIC COMPOUNDS

Tables B-4 through B-9 in Appendix B present the air concentration and estimated emission

results for VOCs tentatively identified from the Tedlar bag sample~ discussed in Section 4.3. Samples

for"which- data were -presented for targeted VOCs·-only did not contain any tentatively'idenlified

volatile compounds at concentrations above the practical quanti tat ion limit. As for the targeted

volatiles, the air concentrations measured were compared to field and fnci/ity blank concentrations.

Footnotes were used to mark those results that did not exceed three times the applicable blank

concentrations. Statistical Hests were not used for the tentatively identified species because of

limitations of project scope and because data on tentatively identified compounds has inherent

limitations on its quality. In the AClO wilhout robber samples, the tentatively identified compounds

with concentrations in ex.cess of three times the applicable blank concentrations were in the alkane,

cyeloalkane/alkene, aldehyde. and ketone compound classes. In the AClO with rubber samples, the

tentatively identified compounds with concentrations in excess of three times the applicable blank

concentrations were predominantly in the alkane, aldehyde, ketone. and carboxylic acid compound

classes. Because relatively little consistency existed among the tentatively identified VOCs found in

groups of replicale samples, these identifications should be viewed as very preliminary.

4.5 TARGETED SEMIVOLATILE ORGANIC COMPOUNDS COLLECTED ON XAD-2

The masses of various semivolatile species collected on XAD-2 resin are summarized in

Table B-IO in Appendix B. The facility air concentrations derived from these amounts are

summarized in Table B-\I. The estimated emission rates for these compounds are presented in

Table 7. Air concentrations and estimated emission values were calculated based on the laboratories'
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practical quamitation limits when a compound was reported as non-detectable. Contaminants in XAD-

i resin (primarily alkyl substituted aromatics) have been reponed by many authors. The compnrisons

between actual samples and blanks presented below allow judgements to be made about the impact of

such problems on the results reported in this work.

The results for all detected compouods were near the detection limit. Two separate approaches

were taken to determine the significance of the data set. In the first approach, the amounts and facility

air concentrations measured were compared (0 field and facility blank amounts and facility air

concentr<1tions. Footnotes were then used to mark those results that did not exceed three times the

applicable blank results (see Tables 7, B- TO, and 8-11). These data are not corrected for blank and

concentration. In the second approach, a two-sided Hest of the differences between means of

estimated emissions values was performed. IS This statistical evaluation, based 00 the mean and

variance of each data set, provides a more rigorous means of determining the significance of

differences between the AClO without rubber. ACI D with rubber. and facility blank samples.

Pair·wise comparisons were made between the facility blanks and. the ACIO thin I::lyer without rubber

samples, between the facility blanks and the ACID with rubber samples, and between the ACID thin

layer samples with and without rubber. The results of these statistical analyses are presented in Table

"8. Table 8 shows the value of the calculated t~statistic along with the level of significance, defined as

the probability of making a type I error (i.e.• falsely rejecting the tested hypothesis; in this case, the

tested hypothesis is that the means are equal).15.16 Levels of significance greater than 0.1 were

reported as not significant (NS). A positive t-statistic indicates that the first of the two means being

compared is greater. A negative I-statistic indicates that the second of the two means being compared

is greater.

Using the first method of data analysis, phenol was detected at three times the blank

concentration in the AC 10 without rubber thick layer experiment, in two of three tests of AC 10

without rubber in thin layers and in one of three tests of ACIO with rubber. Also, according to this
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method of analysis, dielhyl phthalate was detected in the ACto without rubber, thick layer experiment.

Butyl benzyl phthalate was detected in one of three tests of AC I0 without rubber, thin layer. and one

of three of AC 10 with rubber in a thin layer.

The second statistical method of data analysis shows that 2-methyl phenol is significantly

higher in the AC 10 with r~bber experimems than in either the ACIO without rubber or the facility

blank experiments. This method of data analysis also shows that diethyl phthalate was emitted at

significant concentrations by both the AC I0 wi'th and without rubber.

The-discordant results produced-by these (WO methods of-data analysis may;- in part. be

attributable to an artifact that affects the statistical analysis of the means of estimated emissions when

many of the samples are at or near the analytical detection limit. When a given compound in a given

sample was not detectable. the-estimated emission rate was calculated using the detection limit.

Because this detection limit was constant for all samples, but the facility air volumes sampled were not

constant, the inverse of the facility air volume sampled strongly influenced the calculated estimated

emission value (see Section I for more detail on the calculation method). To give some impression of

the potential magnitude of this effect, a t-test of the inverse of the volumes sampled is presented in

Table 8. In this case, the bias would tend to make the AC 10 with rubber estimated emissions higher

than those for the AC 10 thin. It would also tend to make the facility blank estimated emissions appear

higher than those for AC 10 without rubber and the facility blank concentrations appear somewhat

lower than those for the ACIO with rubber.

4.6 TENTATIVELY IDENTIFIED SEMIVOLATILE ORGANIC COMPOUNDS COLLECTED
ON XAD-2

Estimated emissions for tentatively identified semivolatile organic compounds present in the

vapor phase are reported in Table 9. The air concentrations and sample masses from which these

estimated emissions were derived are reported in Tables B-12 and B-13. The reader is cautioned that
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these data represent, in most cases, only the 10 tentatively identified compounds found in highest

concentration in the samples (because of the reporting policies of the contracted laboratory).

The masses and air concentrations of the measured targeted semivolatile orgaflks were

compared to field and facility blank amounts and concentrations. Footnotes were used to mark those

results that did not exceed three times the applicable blank amounts and concentrcllions. Statistical

t-tests were not used for the tentatively identified species. The tentatively identified compounds with

concentrations in excess of three times the applicable blank concent~ations were in the carboxylic acid

ester. alkene/cycloalkane, alkyl substituted benzene. and aldehyde compound classes.

4.7 ORGANIC PARTICULATE-BOUND. TARGETED COMPOUNDS-CONTRACTED
LABORATORY FULL SCAN MASS SPECTROMETRY ANALYSES

The masses of various particulate-bound species collected on Teflon-impregnated filters are

summarized in Table B-14. The facility air concentrations derived from these amounts are

summarized in Table B-15. The estimated emission rates for these compounds are presented in

Table 10. Air concentrations and estimated emission values were calculated based on the laboratories'

practical quantitation limits when a compound was reported as non-detectable.

The results for all of the detected compounds were near the detection limit. Two separate

approaches were taken to determine the significance of the data set. In the first approach, the amounts

and facility air concentrations measured were compared to field and facility blank amounts and facility

blank air concentrations. Footnotes were then used to mark those results that did not exceed three

times the applicnble blank results (se'e Tnbles 10. B-14. and B-15). Data are not corre~ted for blank

concentrations. In the second approach, a two-sided t-test of the differences between means of

estimated emissions values was performed. IS This statistical evaluation. based on the mean and

variance of each data set, provides a more rigorous means of determining the significance of

differences between the AC I0 without rubber. AC I0 with rubber, and facility blank samples. Pair~

wise comparisons were made between the facility blanks and the AC 10 thin layer without rubber
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samples, between the facility blanks and the AC I0 with rubber samples, and between the AC I0 thin

samples with and without rubber. The results of these statistical analyses are presented in Table I I.

In Table II, the value of the calculated t-statistic is presented along with the level of significance,

defined as the probability of making a type I error (i.e., falsely rejecting the tested hypothesis: in this

case, the tested hypothesis is that the means are equal). 15.16 Levels of significance greater then 0.1

were reported as not significant (NS). A positive t-statistic indicates that the first of the two means

t,leing cOlJlpared is greater. A negative t-statistic indicates that the second of the two means being

compared is'greater.

Using the first method of data analysis, emissions of phenanthrene and bis(2­

ethylhexyl)phthalate were found at a significant concentration in one of three AC-IO without rubber,

thin layer tests, Fluoranthene and pyrene were found in significant concentration in two of three

AC 10, with rubber tests.' Butylbenzylphthalate was found at significant concentrations in one of three

tests without rubber and two of two with rubber. Benzo(a)anthracene was found in significant

concentration in one of three tests of each type of thin layer.

Using the second statistical method of data analysis, the only comparison that achieved

significance was the comparison of bis(2*ethylhexyl)phthalate emissions from ACIO with rubber to the

facility blank emissions. The discordant results produced by these two methods of data analysis are

attributable, in part, to an artifact that affects the statistical analysis of the means of estimated

emissions when many of the samples are at or near the analytical detection limit. When a given

compound in a given sample was not detectable, the estimated emission rate was calculated using the

detection limit. Because this detection limit was constant for all samples but the facility air volumes

sampled were not constant, the inverse of the facility air volume sampled strongly influenced the

calculated estimated emission value (see Section I for more detail on the calculation method). To give

some impression of the potential magnitude of this effect, a t-test of the inverse of the volumes

sampled is presented in Table II. In this case, the effect of this bias would make the AC 10 with
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rubber emissions appear slightly higher than the AC I0 without rubber emissions. It would also make

it appear that the facility blank emissions were higher than either the AC 10 with or without rubber.

4.8 TENTATIVELY IDENTIFIED PARTICULATE·BOUND ORGANIC COMPOUNDS­
CONTRACTED LABORATORY FULL SCAN MASS SPECTROMETRY ANALYSES

The estimated emissions of particulate-bound semivolatile species are reported in Table 12.

The facility air concentrations and sample amounts from which these estimated emissions were derived

. are presented in Tables B-16 a~d B-17. The reader is cautioned that this data set represents, in most

cases, only the 10 tentatively identified compounds found in highest concentration in the samples (due

to the reporting policies of the contracted laboratory). Air concentrations and estimated emission

values were calculated based on the laboratories' practical quantitation limits when a compound was

reported as non-detectable.

The amounts and air concentrations of the measured targeted semivolatiles were compared to

field and facility blank amounts and concentrations. Footnotes were used to mark those results that

did not exceed three times the applicable blank amounts and concentrations. Statistical t-tests were not

.used for the tentatively identified species. The tentatively identified compounds with concentrations in

excess of three times the applicable blank concentrations were in the carboxylic acid and acid ester

compound classes. It is likely that because of the poor chromatographic separation achieved with

these samples. many semivolatile compounds present went unidentified.

4.9 ORGANIC PARTICULATE-BOUND TARGETED COMPOUNDS-ACUREX
ENVIRONMENTAL SELECTED ION MONITORING MS ANALYSES

Because the concentrations of the semivolatile species collected were so near the detection

limit of the analyses and because there was some concern that analytical interferences could be

affecting the results. lhe semivolatile particulate-bound samples were reanalyzed by a more sensitive

selective ion monitoring method for 16 PAH species that were among the 65 targeted semivolatile

species (see Section 3.9.2 for a detailed description of the method). The concern over interferences in

these analyses arose because of the poor chromatographic resolution evident in the total ion
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chromatograms of the paniculate-bound organic samples (See Appendix D). The chromatograms are

marked with the sample name. date of sampling and an abbreviated type of sample correspond'lOg to

those shown in Tables 7 to 13. These total ion chromatograms showed a large region of increased ion

abundance with widths equal to nearly half the length of the chromatographic run. When the mass

spectra of portions of this large. unresolved region were examined. it appeared [0 consist primarily of

alkanes and alkenes. Because asphalt is produced as a part of the petroleum refining process, and the

heating volatilization and extraction processes that took place in this study a:e generally nonselective,

Jhe-presence of high,concentrations of- substituted and nonnal long chain-alkanes and alkenes would

not be unexpected.2 Thus, this region of increased ion abundance is interpreted as the product of

incomplete chromatographic resolution of a series of high concentration alkanes and alkenes.

It was conceivable that this unresolved peak could interfere with the full scan mass

spectrometry analysis of targeted species of interest in four ways. First, it could alter the retention

times of the species of interest causing their signals to not be reported since they could fall outside of

the usual retention time "window." However. an examination of the retention times, of internal

standard compounds suggested these retention times were unaffected. Second. the interfering

compounds could contribute ions at masses used as quantitation and/or confirming ions. This could

alter the ratio of the quantitation and confinning ions and cause the signal from a compound of

interest to not be reponed because the expected ratio was not observed. Third, high concentrations of

ions from the interfering compounds could reach the detector of the mass spectrometer temporarily

increasing the level of detector noise (this is sometimes called "ringing the detector" by mass

spectrometrists). Fourth. large concentrations of interfering compounds could "overload" the ion

source of the mass spectrometer decreasing the efficiency of ionization.

The use of cleanup or preparative chromatography was judged to be beyond the resources

available to the project. It was also felt that the implementation of a selected ion monitoring method

would be required to obtain additional sensitivity. Therefore. a selected ion monitoring method was
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implemented along with a modified temperature program intended to improve the resolution in the

region where the interferences were observed (see section 3.9.2).

An examination of ion chromatograms produced during the course of the selected ion

. ,

monitoring analysis showed that these alkanes and alkenes did not appear to produce significant

interferences at the relatively high masses monitored during the PAH analyses. It would, however,

still be possible that this large, unresolved peak co~ld interfere with these analyses indirectly by

decreasing the efficiency of ionization in the source of the mass spectrometer.

The results of selected ion monitoring analysis are presented in Tables B-19 (air

concentrations). B-.l8 (amount), and 13 (estimated emissions). Two separate approaches were taken to

determine the significance of this data set. In the first approach. the amounts and facility air

concentrations measured were compared to field and facility blank amounts and facility air

concentrations. Footnotes were then used to mark results that did not 'exceed three times the

applicable blank results (see Tables 13. B-17. and B-18). In the second approach. a two-sided t-test of

the differences between means of estimated emissions values was performed.15 This statistical

evaluation, based on the mean and variance of each data set, provides a more rigorous means of

determining the significance of differences between the ACIO without rubber, AC 1O with rubber, and

facility blank samples. Pair-wise comparisons were made between the facility blanks and the ACIO

thin layer without rubber samples, between the facility blanks and the ACIO with rubber samples, and

between the ACIO thin samples with and without rubber. The results of these statistical analyses are

presented in Table 14. Table 14 shows the value of the calculated t-statistic along with the level of

significance, defined as the probability of making a type I error (i.e., falsely rejecting the tested

hypothesis: in this case. the tested hypothesis is that the means are equal).15.16 Levels of significance

greater then 0.1 were reported as not significant (NS). A positive t-statistic indicates that the first of

the two means being compared is greater. A negative t-statistic indicates that the second of the two

means being compared is greater.
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Using the first method of analysis, significant resuhs were found in at least some of the

samples for 13 of the 16 PAH species targeted. Note especially that phenanthrene was found in

significant concentration in the ACIO without rubber thick layer test, in three of three ACIO without

rubber thin layer tests, and in two of three of AC 10 with rubber tests. Pyrene and ftuoranthene were

found in significant concentrations in all of the particulate samples taken during AC I0 with rubber and·

ACID without rubber testing. Chrysene was found in a significant concentrations in all of the

particulate samples obtained from thin layer tests both with and without rubber additives.

,Benzo(a)pyrene and-benzo(k)fluoranthene-were found in significant concentration in thrc'£ Of thh:e

AC 10 without rubber tests, thin layer and i.n two of three AC ID with rubber in a thin layer tests.

Using the statistical method of analysis, the estimated emissions of seven of the ]6 species was

shown to be significantly higher in the AClO thin layer without rubber tests than in the facility blank

tests. It is interesting to note that emissions of two of these seven species, pyrene and benzo(a)pyrene,

have been previously reponed from an asphalt Hot-mix facility.2 The estimated emission of five of 16

species was shown to be significantly higher in the AC I0 thin layer with rubber tests than in the

facility blank tests. The emission of two species was significantly higher in the tests without the

rubber additive than in the tests with the additive. None of these species had significantly higher

emissions with the rubber additive than without.

Notably, the significant results using both fonns of analysis come primarily from a middle

group of the PAH species, from fluoranthene to benzo{a)pyrene, when they are listed in order of

retention time (retention time for homologous species corresponds roughly to boiling point). This is a

quite reasonable and perhaps predictable result for three reasons. First, lighter semivolatile species are

known to partition primarily to the vapor phase. I? Second, asphalt is produced as a pan of the

petroleum refining process which includes a fractional distillation.I,IS Third, the temperatures to

which the asphalt material was heated in this experiment may not have been hot enough to cause

significant volatilization of the heaviest PAH species,
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The two methods of data analysis applied are in reasonably good agreement for the selected

ion monitoring analyses of the particulate-bound species. This could be expected because there are

significantly less results at the detection limit in this data set than in the full scan mass spectrometry

data set, because of the lower detection limits achievable using selected ion monitoring.

4.10 CONTINUOUS EMISSION MONITOR RESULTS

Table 15 reports estimated emissions for gaseous species monitored with CEMs. CO, CO2,

NO. and S02 monitors did not reveal any evidence that emissions. of these compounds had been

detected. A careful examination of the data sets obtained by the O2 monitor did not reveal any

evidence of a change in 02 concentration brought about by the presence of the heated asphalt. The

concentrations of all these species remained essentially at background values throughout the

experiments. The operation of the real-time PAH analyzer was optimized for sensitivity during the

course of these ex.periments. Thus. the higher PAH levels in the February 4, 1993 experiment shown

in Table 15 are an artifact of instrument sensitivity. The analyzer was not used in experiments after

April 14, 1993 because of the requirements of other studies. The PAH plots produced did not show

any clear and convincing evidence of emission of PAHs from the heated asphalt materials. Thus, plots

of the concentrations of these species vs. time were not presented in the interest of brevity.

Plots of THCs vs. time did indicate a trend (see Figures B-1 I through B-20). THe

concentrations appeared to increase over background levels and increased and decreased in response to

the slight variations of asphalt temperature discussed in Section 4.2. This sensitivity of THC

emissions to variation in asphalt temperature is further evidenced in Figures B-1 through B-I0.

Hydrocarbon emissions appear to increase nearly ex.ponentially with increasing temperature beyond a

temperature at which little or no emissions are seen.

4.11 LEAD

The results of the particulate-phase lead analyses are reflected in Table 16. As with the

organic analyses, two methods of data analysis were applied to this data set. In the first approach. the

35



amounts and facility air concentrations measured were compared to field and facility blank amounts

and facility air concentrations. Footnotes were then used to mark those results that did not exceed

three times the applicable blank results (see Table 16). In the second approach, a two-sided Hest of

the differences between means of estimated ~missions values was performe9.15 This statistical

evaluation, based on the mean and variance of each data set. provides a more rigorous means of

detennining the significance of differences between the ACtO without rubber, ACID with rubber, and

facility blank samples. The results of these statistical analyses are presented in Table 17.

-. Using the first method of data analysis only' one- iii' three of the-AC1Dwith rubOer tests show-id

a lead concentration greater than three times the blank concentrations. No other samples showed

significant concentrations. Using the se~ond statistical method of data analysis, the ACID without

rubber, thin layer appeared to be in higher concentration than the facility blank. Since in both

analyses the significant results are dominated by the results of one sample, no definitive conclusions

should be drawn from these lead emissions results.

4.12 HYDROGEN SULFIDE

The results of hydrogen sulfide analyses are presented in Table 18. No detectable

concentrations of hydrogen sulfide were ever observed~ therefore. no statistically significant differences

in estimated emissions of hydrogen sulfide were observed (Table 17).

4.13 TOTAL PARTICULATES AND PM IO

Estimated emissions, air concentration, and amount results for total particulates and PM 10

derived from three separate sampling trains are presented in Table 19. As in the organic analyses, a

statistical analysis of the differences between estimated emission means was conducted and is reported

in Table 17. Reasonably good agreement was observed in the PM lO measurements made with the

particulate organic and particulate metals train. The metals train results tended to be slightly higher.

This could indicate that the filters used for metals analysis are slightly more effective in capturing tine

particulates or that there are slight variations in particulate concentration in different areas of the
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facility. A comparison of the total particulates and PMIQ results indicates that the vast majority of the.

PM produced is less then I0 ~m in diameter. Particulate emissions were slightly higher in the tests of

AC 10 without rubber than in the tests of AC 10 with rubber. This result, however, was not statistically

significant.

Because of operational difficulties. the PM 10 total paniculates measurements made in this

study may have a particle size cutpoint somewhat different than the intended !0 IJm. The PM 10

medium volume samplers used in this study were designed to be operated at a flow rate of 0.113

m3/min (4 cfm).9 Because the auth0':5 have not stated the tempe~ture and pressure conditions under

which this design valve was developed. we have assumed it applies to standard temperature and

pressure. The flow rates achieved (corrected to prevailing temperature and pressure) at the PM JO head

are listed in Table 19. The effects of these non-optimal flow rates on particle size cutpoint can be

estimated. Discussions with the developer of this sampler indicate that although the sampler's cutpoint

has not been investigated in this flow range-flow rate multiplied by the square of the cutpoint size

should equal a constant. 19 This statement can be substantiated from the well-known equations

describing impaction processes (collection of PM in a PM 10 sampler is essentially an impaction

process).20 This relationship would suggest that at a flow rate of 0.155 m3/min (5.5 scfm), the panicle

size cutpoint would decrease to 8.5 IJm. At a flow rate of 0.084 m3/min (3 scfm), the panicle size

cutpoint would increase to 11.54 J.lm. Thus, the alteration in particle size cutpoint caused by this flow

rate problem is likely to be small.
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TABLE 2. TEST MATRIX WITH AVERAGE, MAXIMUM, AND MINIMUM TEMPERATURES

I Temperatures (0C) for thermocouples 1 and 4·
Test Test I Avg Tl I Max Tl I i -I I

Condition-- Min Tl Avg T4 ! Max T4 I Min T4Date I

I [ J

1

I

1/28 AC 10 Thick 162.1 167 1 151 I 170.2 179 j 160i , I

I
,

I I', 214 AC 10 Thin 162.1 I 172 152 ! 169.2 I 183 155.t I
I

I I I I \

I2/11 Hut Blank 25.7 29 21 I 25.1 28 20I

2118 AC 10 Thin 164 . 175 151 I 158 169 I 140
I I

2125 AC 10 Thin 152.3 I 164 133 ' I 153.6 168 128

4/7 AC 10IRubber Thin 134.4 152 113 155.4 171 136
- ,-

~ fOC -- -
4/14 Hut Blank 35.1 45 25 33.9 44 25

4/27 AC 10IRubber Thin 141.7 155 128 152.6 I 169 136

5/7 Hut Blank 30.5 34 I 28 30 33 I 26

5/24 AC lOfRubber Thin 147 157 139 167.7 180 156

Average AC 10 Thin tests 159.5 168.7 . 145 ' 160.6 172 142.7

Average AC 10IRubber tests 141.0 154.7 126.7 158.6 176.7 142.7

II< See text for thermocouple locations. ,
.. See text for an explanation of the tenns ACto Thick, ACIO Thin, and AClOlRubber Thin.
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TABLE 3. VOLATILE ORGANIC COMPOUND RESULTS-ACtO THIN AND THICK ESTIMATED EMISSIONS

<,,2.

AVERAGE
Thi.

"g/(m2'min)

<2Jlll;

TB·1
Tbick

OIn&19J
I'gI(rn1'nun}

<2JDE:<240E<240E<240E<2..0£<24DE<24 0E<241>£

m·12 T8.20 TB·21 TB·22 T8·2S TO·26 T8-21. TIl·S TO·6
Thi. Thi. Thin Thin Thin Thin Thin Thick Thick

02ll)S19J 02118193 02/18193 02118193 02l2S193 02125193 02125193 Olnll9J 0If211i93
\lgf(m1·mi.1 l'&!\rn2'min) I'sfl",2'min) l'&1l.m'·min) I'CIlmhmJn, "sltm"mJn) Psltml'mi_l I'CIlm1'min) I'WI",',.,i_)

<24DE<2J OE20

Okhlorooinlloromc,h.n"

I I I 1----·----_..':~!'.?'Ofid. •.__1 .1 \ 1- \ 1 I I I

SamplelD ~8'1O TO·II
Sample TfPC Thi. Th,n
Coli""''''' D.,,, MOL 02ll)SI9J (211)519)
CQITlJ"'Und' nf:IL I'gI(mhmin) ,,&It"'?'min)
--- I --- -----.

1.0 <97
0E

<97
0E

<97
0E

<97
0E

<97OE <970E <970E <910E <911JE <97
1JE

<97DE i<97
0E

<,,97
\I - - . .---- .-.-.- •

Chlorool(lhane 4 0 <~9DE <490£ <490E <490E <J!lOE d90E <4,0£ <490E <4~1': <J9'Oli. <490E <490E <=49

.~Mt'hylpro""n. --10---- <120E ~20E <11 OE <l21>E <11OE dloE <110 £ <120E <I2I>E <12DE _. <l2DE ---~- .--=-~:.:~

<.140£

D.omo<lltlh.nc_._--------
Ch'Ofoc:,han"

2)

1.9

<280E

<230E

<210E

<2JOE

<280E

<2l0E

<28VE

<23[)E

<.180E

<23DE

<2&OE

<2JOE

<2801'

<2lDE

<2&OE

<2lDE

<280E

<23Dl!

<280E

<nOE

<2&0£

<2}OE

<280E

<230E

<",28

<,,21
--..----------t f I I I I I I I . I I 1 ,-----,-----

<130ET"cIlIOlon.""o"""b.n" 1 I I <130E j <I)OE I <l3
DE

<13
0 E <130

E
. < 13lIE <flDE <I)0E <UOE <13°£ L <flOE: 1 <=1)

1,l.Die~~~~I"".~. I--I:!...-.L <22
OE-L <22

0E
__ <22

0E
_ <.12

0
£ <22

OE
<22

0E
<120£ <21

0E
••• <21

0
£ <12

0
£ <21!.lE_._L_~1~. __ .':.:::...

---II! I I I I I---'---"~---"--'-'--'

---------·1 1 I I -f I I I I I I r
Ualls·I.2·DichlorOC:lh"",, Oil

2·Mflhyl.2·P.op.nol J 0

<:Hl

",,49

,,=U9

<21 0E I <:21

<IUOE

<490E

<lsg!>E

<.90E

<IuPE

<159OE

<490 £

<loDE

<:lS9DE

<J90E

<lODE

<2 IDE

dS91l£

<-I9DE

<21 0E

<lODE

<1S9DE

<-190 £

<loDEdiPE

<-190£

<210E

.dS9DE

<loDE

<490E

<lIDE

<IS9DE

<-I9DE

<21 0E

<liPE

<IS9DE

<21 0£

<~90E

<IiPE

<1S9DE
.- ~.

l I I <lIOE

<1S9llE

<100£

<lIOE

<lS9DE

• "490E

<lOO£

<J90£

<21 0E

<U9DE

1.1

IIIAce'onitril"

lodOIll,,'hJlIC
UJ
\0

<:85

",,11

<8S0£

<lJOE
..··_-···--1-- -. - ..

<SSD£

<2J OE

<UDE

<2JO£

<ISO!<lS OE<UIlE<8S0EdSOE<ISO!!<llSOE f <8SO£<IlS0E

.I~~ic"'otoelh.... j_!:!_1 <2l
0

£ ~_ <23
0

£ __I <2JDE_1 <:HOE 1<2J
DE I <2)DE I <2J

OE I <2l
0E 1_~2..~

Vinyl A,.IO'. 10.••.• - ••__ -. _. •• 1 - 1__ • 1 ·_-1 1 l-----~---

<I)OE<oDE<I)DE<130E<DOE<13'Oli.<lJO£..n°l!.1.11:1~.T"':~IOl"<lha:: __._I .I~ ' 1_ 1---__' 1 I I 1

.:hlo<~~~ l__I6__I_~~l_~1 <19
DE I <19

0e I <19
DE I <19

0
£ I <I9

DE l .,9°£ 1~9DE __...~ __~~!~._\-...<~~~:.-I-.-~=I~-
<UDE <I)De I <UOE <I JOE <=13

CI'boo T"tlacbl",i". I..S <110£ <18DE <ISOE <IIDE <UOE daDE <ItlIE <nDE <180E <II DE dllDE <110li:

f .. Compoul'ds u. li""d in « ..n'i"" lime order
Thkk " ACto h",·mi ....llhool rubber.•hlCk laycr
Thin" ACIU hOl-lIIi. ",ilb""l rubber. thin by«
MOL" M<thotl del""li"" limit

o " Ai, co"".nlr>,i"" of Illi. "ompound in Ihi••ample it NOT '"'''' th.. Ih•.., time. OX) "'01 d.y', r",ld bluok """".ntt.lIon
E ~ Air co"".nl••!ioo or till, .""'J"'UI\\I in this ..mpl. is WOT 1,.'1« lila. Ill,•• lime. (3X) lh••""flg. racoln)' blanl air conc.ntration or JX

,h. a....'. r..ld bllnk """""ntrlloon. "'biebe... i' Ctell.r
G ~ C""'p"un.l .I.'ecl"d ., I".. thl_ , pu<ck.1 qU'lllilOlIOlllimil or S ngll,.

("",,'lnutd)
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TABLE 3_ VOLATILE ORGANIC COMPOUND RESULTS-ACto THIN AND THICK ESTIMATED EMISSIONS (continued)

Sample 10 TIl·IO TO-II
I:

AVERAGETIJ.l2 TO-20 TII·21 TO·22 To·2S TII·26 TO·27 TB·S TB-6 TO·l
Sample TyPc: Thin Thin T"'n Thin Thin Thin Thin Thin Thin ThICk Thick Thick Thin
Collecl;"" D.lc MOL OW,/9J OWS/9J OWS193 02lllll'9J 02118193 02118193 02/2Sm om,m 02/2SI\l) 01128193 01f28193 OII2I11\lJ
Compound' nVL pg!(m1·ml'l pg!(mt'ntin) fJef(m 7'ntin) pg!{m1·mln) IJef(m1'rrun) fJef(mt'min) fJef(m1'mlnl fJef(m1'mlnl 1'ef(n!l·trunl. l's/(m1'minl 1'&f{II'IZ'milll )li/(m1'minl pgllrnhmln)-- ------ -----
2.$·0;molh)'I-).II<",.. IA <170E <lloE <17 0E <170E <l1oE <170E <l1oE <170E <il0£ <nOE <pOE <ll0E <:=17
--~~-~ -----~-- ----- ---- ------ --_. ---- --_.-
Il'pl.n. 1.7 <lIOE <lIOE <lIOE <21 0E <lIOE <2IDE <210! <2\OE ~IDE <210£ <21 0E <21 0E <:=21
. ~-.......~---.. ------- -- --- .. __._--

~-~-~----~-- .,.--_.~--- ~--------

TrichlOfoeth.ne 19 <230E <230E <l30E <2JPE <2loE <230E <2l0E <230E J30E <lJOE <2JOE <230E ,,:2)
--,- "- ~ --- . .-- "" -----_. -'_..--'- ----- ._-- ----~_. -----_... ., - .------ --~---_.--

...._.- ~ ... _. -._-
1):·Dkhlur"p'o""", H <29PE <l90!! <29D£ <29OE <2.pE <290E <29'0£ <290E .a90E <29OE <2110E <290E ,,:29
----"...-------- - ~_._- '-- .- -----....._- ---- - --~--~~

D;b,omo",,,,'..n. 2.7 <Hoe <HOE <330E <3Joe <330E <3,oE <330E <330E <3)OE ,-_<3JO~_ <3,UE <.B0E <~33-,-----_._- -- ---- ------- ----~--------- -----..---- ,--_.-
1.~·Dll)un. 78 <951>£ <95 DE <95UE <95 0E <950£ <9,SoE <9,So£ <9SD£ JSOE <9,S0E <9,S0£ <9SPE <~95!---_._----- ---- - -- -- .-
B,omodkhlOfOlllClh.n. 1.7 <lIVE <21 0£ <2I DE <21 0£ <2I D! <2I DE <2I D£ <21 DE <11 0£ <2I DE <2 IDE <21'0£ <=21---.- - .---- - ---- 1------
dJ·I.).Dichl",oplo"""" 16 <19DE < I\IDE <190E d9DE <19OE <19DE d\lDE <19DE <190£ <l9DE <19010 ,,1\lOE <",III._--- -~~-~. --~----. ----- - ....-_-- -----. ------ -----. --~~~-~ -_.-.- ._- -~---~.- ~ '- .. ~ ---

<16[11; <16DE <160£ <16DE <"160£ <'l60E <7fPE <16DE I'
<16DE <1601: <160E4.M'lhyl·2-r••10ll"". 6_3 <7~OE <=76------------ -

Toluene 4.1 I 460EG~ 11811 J9DE(l 110/011: 2I1
E II[ 13Vf! 1101l sape£; III 195E III u E III M£ :1 <"a9

---_.- ----~- .
lfans·I.3·Dochloropr"""ne 09 . "1I 0E <1I 0E <11 0£ < II DE dl DE <lIDE dlD£ dl D£ dlO£ <II DE <I. OE <II DE <=11-
U .2·Triehloroethane 20 <l40£ <:240E <:24 DE <24DE <241>E <24°£ <24DE <24'0£ <24D£ <24 0E <l40E <24 0£ <,,2~-----
TCI••chl"'''''lh••• 21 <2,S0E <2SDE <250E <25OE <2,OE <2S0£ <25PE <2,SDE <250£ <2,SDI! <2,OE <2SDE <",25_M_ ._____._~_ ---- -_ ..._- -- ----- - ---- ---- . _. ------ --~--- - - ..- --" -~-_.. -~~.~ ..
B'Q<''K>:lCC10ne 200 <l43DE <243DE <243 0£ <243OE <24J DE <UJ OE <2HDE <l4JOE . <24J OE <2H OE <24J OE <2HD£ <=243----.._-~-- ---- ._--- ----- ..,. ------ ..,.._--~-~. -- .._~ -....- _ ...... f~~

2I1eunOf•• 196 <.2380£ <2 J101; <2JII>E <H8 DE <2J1DE <2JIIlE <23SDE <2JIIlE <2JIDE <2JIlDE <2JlIllE. <2JSIlE. <=2)1
.~___ .~_.~ .. _w____• ._---- ----_.~- ---...~-- ----- ,- - ---- -----_..-._-

r-----~ --,--~ ~.. , ~ -._---. ---_ .._-
O.II.orncchiOfomelh.... 2.2 <27 0£ <211>E <210E <210E <21DE <21DE <21DE <270E <21PE <11DE <110E <111>1; ",,21
---- .1-----'-- .-........--~---_. ----_. ---~-----

__ '" _____ w_

-....-_ .... --~.-

IJ-l>ib.or'lOtth... 21 <3J 0 f. <33DE <J]OE <3JOE <3JO£ <3]oE <JlDE <3)OE <3301'. <3301'. <3JOE <3)OE <,,))
._-~" - <1,"':;;;;- - <Yf' 1-;,,,. --:;;;'~T ';;;T<:'~ChlorobenUIle J2 <391>E <:l9OE <J9DE <390E <390E <J9DE

-------- ----

:: I ::: III :: I ::- - ::;n -- ~~nF~::; ~
U ,l.2 Ttl{XhlOfoel"'-ne 11,) <2~DE <24°1'. <2~1l£ <24llE <24 DE <2401'.

----
I 11~IElElJIyl ntnUno 29 <35 0£ <JS DE <3SDE

:nDEG

-
I 66

D<III IIGII 110/G%rE III 2Jpe£;= III 2JDEC III 21 DW III I$DEC III !JDW m 13DW I «~~8--m.p-Xyl.ne 1.1 HOEG n DE

----
Nooant 11.6 <141~~~J <14. DE I <l41 OE I <141 DE I <Ul OE I <141 Vf! I d41 DE I <14JPE I <:!4I

DE J d4l DE L<WOE l---=:~;-'
- _._-~._ .. --. - .-

I = CompouNh &Ie h\ted 'n. f't\(J\llOC't hmc urdcr
Th.cl: = ACro h"'-nu. wj.houll'llbl><r. lhiok I'fcr
Thin'" ACIO hoH,li. without rubbe•• Ihin lay.,
MUL = Melltod d.loclion IImil

D • A), conc.nlr.lion or Ihi. COOlpound ifl Ih;. s...,ple is NOT 11011.. lh... th'ee limes (3Xllh>l dly'. field blal: tonc.nlrlt.on
E ,. Ai, coneenlf.lion of !hi, compound ;f1 !his sample is NOT ,real« lit." th,« lim.. (3Xllhe ",'e..ge racihty Ill...\; Ii••""conlI'lion or 3X

Ih......g. !i.ld bl.nl: <"""tnl"lion, whie""e, is &rea'" i
G .. C""""""bd <ll:.<cud •• I." th.n , ",.<tical qUlUllllalioR limll or S .&Jl. I

(com;nu<d)
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TABLE 3. VOLATILE ORGANIC COMPOUND RESULTS-ACtO THIN AND THICK ESTIMATED EMISSIONS (concluded)

Sample ID TO-IO Tn·1I TO-12 10·20 TB-21 TIl-22 TB·2S Tll-26 to 27 TO·S TO-6 10-7 AV[RAGE
Sample Type Th'n Thin Th'n Thin Thin Thin Thin Thin Thin Thick Thick Thick ThIn
Collection 0"1' MOL OW519J 0211151'>3 OWS193 02118193 02118193 02118193 02125193 02l2S193 02J:!SJ'Jl (lI!2819J 01128193 0I12g193
Compountl' ngIL jJg!lm2'nun, pg!(lIl'llIin, I'g/(mh nunl I'g/(n,l'minl I'll/(ml 'min) I'g/(m"mlnl l'y(m1'minl pg/(m1'min) I'l:'tml'nunl I'g/(ml 'minl pg/(n,l'min, jIll/(ml'min) jIg/lml'minl

o-Xyl.ne --.--.-- --;~- - ~~2~~--·· --:2"~--:;.;-01010 <HOE <42DE <HOE d2DE <nOE -<HO~" . --.:~;;-

.--- --- .- ----- -~----,----.--~- ----- _. ----1--·---· -"'-" -
Slyrene ~ I <.SUOE <.500E <soOE <sd'll <.Sf!'£ <soPll <sd'£ od'll od'll <soDE <soOE <.SfPE <=50--------_.. -'-' -_._.-. -_._---_. ---- ---- '--- - .._._- -
Oromofonn 22 <.n OE <270£ <27 DI1: <27 DE <nOE <210E <27DE <2705 <270£ <27DE <2701; <27 0E <=27
-~~'-'---~--------.. -~ ---- ----- ---~~-----

Cum.ne 8 J <980 !! <9SDE <980 £ <'.l80E <9S0E <9aOE <'.l8DE <98DE <911 OO <'.l80E <9S0E <'.lSOE <=98
---_._------ ------.-.- ----- ----- ---- .f'--"-- ---- . '--- ., .._ ..- .. - .. - .....

I.J.2.I.TctrocblOfO<lh.lt1C 6 J <HOO <1401; <7~D£ <HOE <UDE <7,,0£ <NOE <7~OE <7"01;. <7"OE <7~OE <7~OE <=14--_._----_.__. . "-'-- --- ---- _._.-_.-.-._.-
J.2.J.TrichJoroprop~ne ~ 0 <~9DE <HeOE d90E <~90E <~901;. <~90E <~9DE <~90E <"900 d9DE <~90E <~90E <,,~9
----- --~.--------..-- ...---- -----. - -----c---- .- '---'- "--'-'-
U·Oichloro-2·bulcne 200 <lUDE <2Ul>E <2~3lJE <l~30e <lnOO <l~3tlE <2HO£ <2~JtlE <2~3OO <2HOE <l~JtlE <2~lOE <,,2H
.-- - •...-------- .--_. -_.._--- ------ ._-- ------ - ------ _. ---' _.-. - ...- -'---"..-
r.nl"'hloroelh""" S 3 <6.10 £ <6.l0E <6.l0E <MOE <6.100 <6.1°£ "6.l0E <6.l0E <6.101;. <6.l0E <6.l0E <!>-IDE <=6.1-_.._-------- --- - .-- ._-- ------
I.J'O,chlorob<lll:.cne 26 <nOE <l2DE <l20E <HOE <l2DE <.UOE <l2DE <llDE <l2DE <3201;. <l2DE <lIDE <=32--._.----_.- ---- ._--- ---- ----_. ------- ----_. .--- .-._---- ._---
I.~.[)ichloroben..,ne ~ J <SlOE <SlOE <S20£ <SlOE <SlOE <s20E <S2OE <s20E <S2DE <SlOE <S10l;. <S20E <=51
--. . .-:.........--- ._---
J.2-Dichlorob<...."e 3 S <"20E <HOE <HOE <~21l" <HOE <~2D" <HOE <HOE <UOE <HOE <HOE <"lOE <=H

1~;~~:::.3-ehl"'''P'''P_ 70 <8SOO :8S0£ <IS DE <85°" --- <ISO" <UO£ <8S0E <SSD£ - <UIJ\E I <8:;;-- -~~;- - :;;~~-- r-'::~;'--

, =COnll'ou,,,h lie lisl.tl in relcnlion time ettlel

Thkk " ACIO hot·nu ilhoul rubber. Il1lck bytr
Thin" AC III ""I ",i lIhouI rubber .•hin by«

MilL" Melh"" tlc''''UO!I hlllil

o " Ai, concentrallon of lIlis .compound in this , ••'ple is NOT "uler lIlan Illte. limn OX) lhal day', field blank coocenllallon
E " All .concenlnli"", of Ihis .compound in Ihis s.,.,ple is NOT ,rUler lh.., 1I1l<e limes (3l(1 Ihe ncR.' faeilily blank .i, .cllnCenlnllOll Of JX

Ihe IVtfil£t field bl.anl cOft(nfntion. ~"'dlever is ltc.teor
G = Co"'pound dcl..·t<tl ., leu Ih.n • ptaelie.l quanlllalion hmil of S ngIL
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TABLE 4. VOLATILE ORGANiC COMPOUND RESULTS-ACIO WITH RUBBER ESTIMATED EMJ~SIONS

S.mple ID TD·3~ TU.3& T8·n T8.~J TlH~ TO·.'" TO· SO TU·S! TO·S2 ...VER...G'-'
S.mple Typr lMn Rub lhln Rub Thin Rub Thill Rub Thill Rub lllin Rub Thill Rub TIlln Rub Thin Rub 11111l Rub

Collrelioll D.,e MDL UM)719J o.w119J ().II0719J ().Il21m ().Il21m ().II17/1!) osh~I9J osmm OSI2~I9J

Corlll'OUnJ' nVL ~81m2'",lll) ,,81m2• min) "81m2,,,,,", JlJlm1, min' JI&lm2'mill) Jlvm
l
' min' ""ml'min) Jlvm2' min) vVml'nun) Jlvml'min)

- ~----- ._------
Dkhl",oo,nuoronl<,h,"c ao <970E <9700 <91OE <9100 <97DE <97 OE ~70E <97OE <971>E <,,91-_._-------- . ------ . ~ -~ - ... --..
ChlOfOnl<th_ ~O d90E <~9OO <~9OE <49OE <~9DE <-1900 d9DE <~91lE <491>E <=49.... ._---_. ---_.- ------_. -- ~-- '- _. ------
2·l\lethyll",oprne 10 <llOE <flOE <120£ <12OE <UOS <12OE <12OE <110£ <120e <=12-~---~-~-- --.'~----~ -~--~ ----..-- -_ ..... ---~-- - ... ----~-- ------ -~-_.- ~~~.- ----.......~-- .. _.~ - . .- - ..
Vinyl Chloride 10 <24"E <2~OE <2~OS <2~OE <2-lOE <2~OE <2~OE <2~DE <2~OE <=24-------------~--_. ------_....-. - ------- --------f------- ~---~----

-_ .. _-",- --
Br0f110tnethanc 2J <2SDE <2aDE <280E <28OE <2SDE <2aDE clSDE <2aOE <':18De <,,2a.--_._----_....._-- ----- -------- ------- -------- .r------- -----~- ..-_.._-..- -- --- --
Chl",,,,,,h.ne 19 <2lOE <2J DE <2 JOE <2JOE <2JDE <2JOE <2J OE <2JDE <2JOE <=2J---------- ----- ------- - ---'-~-

~. :~=l~·~i~·=
TrichlOfonuo,o",e,h.n. U <IJ DE <JJO£ <!J DE <ODE <UOE <!JDE <OOE <ODE
----~ - ---- --- --.----.~-'-~_.-------~ .. --_ ...--~--

!.I·Dichloror'hene 18 <220£ <22OE <220£ <22DE <UOE <22DE <22DE <120 £______~_~r_.~_ ----f----- .. -_._-
Cilban Di,ullil.l. IS <laO£ <IIIOE ,daDE <laDE <laDE <uDE daDE I <ISDE .

- - --- --'--"'-r--'-' -.-.
lodome'hone 1.7 <2I DE <2I DE <2I DE <2I OE <2I DE <21 DE <21 DE • <2I DE <2I DE <=21---- ~ -------- - -~·---~.w~__ f_· .-__ .~ -+ -

.....toniml. 01 <IS9DE <159!)E <1590E ..1S9DE <1$90E <1S90E <1590E .. IS9~E <IS90
E I <=139----------- ~--- -------

uil1s·I,2·DichloxOClhc"" 01 <loDE <lOOE <loDE <100£ <IOOE <lODE <loDE <lODE •__~WDE ____ .:':'~ _.-_ ..._---_.
2·M"thyl-2.Ptop.nQ! ~O <.19°£ <~9DE <J90E <-l9DE <J9DE <~9DE <~9DE <49OE <4<f'1' <=.19----------- ---_.-- - ------ --~-~-~ ~- ... - ..-
1,l·OlChloto<lhonc 1.9 <2JOE <2JOE <2JDE <2JDE <2JDE <UDE __<2JOE__ <2)OE <2)DE <=2J- "-~""'--' -----~------ ,- ---- --'---'-' .-~~~~--~ . _..~- -
VInyl "CeQle 7.0 I 9JJ III 3762 III 1S6S I <SSOE d,SDE <SlDE <ljDE dSOE dSDE <=861

- ---- ---' --- ~--_._-

---~;~~ I' :"19Chloror",m 1,6 <',.. .,,.. f"'" ..,.. <l9OE <l9DE <19OE <IYOE
_ ......_ ~.. _M&_ ,_ . ----_.. "- .------- . ----- - - - ------ ------ ------- .~~-- -.~--- --"'-' --- ..

", <;~;-; r <=JJ1.1.1 ·Trichl"'''''lh.... l.l <IJOE <00£ <!JOE <IJOE <!JOE <UOE <1;00 <I JrlE
.----- ------_ . --'-""---.--

---<Ia;" -r-"~=I;' ....
COl bon Telrachlaride 1.5 <ISO£ <IaOE <ISDE <laDE, <uOE <II DE <I~OE <laDE-----~-,""._~ ---~~

aenunc 2.J I lOS III 166 III 1-17 III 120 III SlOE III IJO III S~E ]11 IH III 62£ I <=110,._--

--~;-t=-:8- ::;.-1
.- --_.-

J.2·Dichlotocrh..... 1.7 <lIDE <lIDE <21 DE a'~ a,~ ta,~ l .."---~-- ~----~- ~ -- --
Bumoben..n. 1.9 <2l OE <2l DE <2jOE <2lDE <2Jl>E <2)01> <=1)._-_.-_...-- ----- ----- -------i-·-----· '--'-- - .. - .----- -
l·ChIOfo-l,M.'hylplop.tne 06 • <70£ __ <7DE __ <1DE i <1DE <7OE <lOE

~~___... ~~~ _._ .. <~~ _ .. : _ <~7 .

• ~ CoonpoonJ' ar. li'led in relenuon tinl< otdrr
1l1in Rul> c ...CIO hOl·nti....illl rubber. thin 11yer
.. = 1'01 dde<l.d Of • puctin' qu.n,i,.liorI limil of

SOnV!- ,,,,is ..,hlies lh. <undiuons for fOOlnotes D ond E

MOL" Mclllod de'eclion limil
[} .. "'i, eooc.nualion of Ihis compound in Ihis smlple ~ NOT IrC3~' lh... Ihtt. tim.. (JX) 111., d.y's ridd bl.nk eOflCenlJllion
E " ... it conceflU.hon or Ihis eompoooo in Ihis sampl. is NOT IIUlet Ih.n 'hre:c limes OX) the hence r..rlny b1""k '" <_enualion m

JX me "euse lidd blank eOl1(onuOIion, whiche... il crute'

(u)ntilluo'h



~w

TABLE 4. VOLATILE ORGANIC COMPOUND RESULTS-ACIO WITH RUBBER ESTIMATED EMISSIONS (conlinued)

S"mpl.1O T8-H TO·16' TH 35 TB·.4) TB·4~ T8·~5 TB·S\l TU·SI TO·S2 AVERAGE
Sample Type 11lin Rub Thin Rub n,n Rub Thin Rub Thin Rul> Thin Rub Thin Rub Th'n Rub Thin Rub Thin Rub
Collech"n D.I. MOL ().t101I9J l}.IlI>ll9) OJJ0119J OJI17191 OJf.l719J OJfZ1m 05tUm OS124191 OSm191
Co",pound" ngll.. Vg/m"min, vg/m"m.in, Itg/ml'minl Vg/m2 'min} "g/lnl'minl vg/m"minl !'ym",,"n} ,,&fm"n,;n} "gln,l'nun) "glllll'nlln)._,---- 1·- ----- ------ ......_-~-----
2.S.Dittl<',byl-l.llucn. I.~ <11 0£ < 11 DE <17 OE d70E <110£ <IiDE <170£ <"DE <11DE <.. 11._---- ------ ------ ---~---_.. '-____ T __ -.__

lI.p."n. 1.7 <2I DE <21 DE cllt>E <21 DE <210£ <lIDE <2. DE <lIDE <lIOE <=21
! .. ------_._--- ---

__.._-z____• -- ._-- "- - •• ·w _~."_

T.khloroc.h.n. .9 <2J OE <21 OE cllOE <21PE <2lO£ 4)l)l; <2)DE <2J DE <2J OE <=2J------------- ---- - ------ ------- f-.------ -_ ...~~~ -------- ._--- -- - . -

1.2.Di<blo",,,,op,,,,. 24 <29DE <290E <29UE <29PE <29DE <29[}1; <290£ <290£ <l90E <;19._-----------~ ---_._----. --~----" --.,.,.-~----
-_. --_..- ---- ._--- .- -.- -----

Dibrolnoul('th:mc 27 <JJDf <:130E <::nOE <lJI)£ <!lDE <lJOE <lJIlE <lJDE <JjOE; <=J)
........~~------- -~.-.~. _....- --~-~~ . ..._..~~--- .~~_.

------.-.~ ._-~ ._~---« ._----~. -_._- ------_. ----~ ..._- . --. --_..--~. - - ~ .
1.~·Di"..n. 78 <9500 <95DE <950E <951)£ <')50£ <')51l£ <95DE <951)E <95DE <:"'95
---~--------

---~_. ----~--- ------ -- ~ ._._------ -_.
Uromcd,chllltUf"'lh~nc .7 <lIDf <lIOE 4'lll!. <2'OE <210£ d,DE <2,1l£ <H DE <2 IDE <=21
'-----------~- --~*--- ---~-- ---- --- -""--~.

cis·' J ·DichfO<OI"'openc 16 <.9DE <:190£ <.90£ d9llE <1110£ <.9DE <190£ <190£ <l9DE <=19---- ----- --_. :_---~---- - ,-- --
~·Mclhyl·2·Pcn'anOl>e 6.1 <1~DE <16DE <16DE <161Jfi <76DE <161lE <760£ <16DE <:760£ <"'76---.

I II[ ]11 III III ::111 III IlL III
~.~-

To'uene ~ I 67DE BJDE 6S 0E 41DE 420£ f>4DE )61Jll
116

E ~ H~ \ c=10

., ---- .-..._. -_.... -
If,,,,s·'.3·Di<'h'otopropcll' 0.9 <:I IDE <110£ <,,0£ clllll! <110£ d,DE <:110£ <II DE -_._-:~!_~- J-._..<"II
----~-----~. --------

1,1,2·TncbIOfcc.h.... 20 <2~OE <l~DE <2~DE <2~1l£ <2~0£ d~O£ <2~1lE <2~0l; cl~DE o2J- ---~_ .. -- ... _...._-~ -~~

Tctuchlorocdvne 2 I <25 OE <25 OE <2S DE <25 DE <ullE <25 00 <2sDI! <250£ <25!lE <",25
..._~--------_. --_. ------- ------------ -_. ----~ ---'-- ~ - ..- - ~~ -
11''''''''''''10"" 2QO <241OE <2430E <2UOE dUDE <2UDIi <2J1DE

<24J
DE I dUDE <2430E <=2H._----- ----- ----- ------- - ._- -----.~~~.

~ _ ___ "' __ T_ ~__

2·1I...n"ne 196 <23l1DE <2l8DE <2l80E <238°£ <2180£ <2380E <2380E <llaUE <2JaDE 0218-- --_. --_._---- -~- ---- _._~--~ -_....---_. ---~_.---~- .......

-~;-r- ." ..- ~---'--~ ~--
~~- .. -_. -~

DlbfOfl'ochlo,on"'h.nc 22 <27DE <210£ <27OE <210£ <27DE <27DE <21DE <",21---- -... _-- ......- --- .-_ .._---.--.. ------ -_._.~_.- - r--------- -
'.2·D'b'Off\lX.h.... 2.1 <JJDE <3JDE <J"PE <JJOE <JJIl£ ...nOE <31DE <.flDE dlDE <d)---_.__. - --- ~-~-- -- ---- -_..----~--~ _.- ---

--::~ --F-~;:-
- -.._-. . - «.. .

CbIOfo""n.. n. H d9DE <lllUE <l9DE <J9t>E <39DE <J9DE <39DE <;19.-----_.__... _----~ -- -'--- ---~----~-_._---- -----_ .

1.I.1.2·Tt"""'tlio<lh"", 20 cl~OE <2~DE <2JDE <l~DE <2~DE <2ADE <l4DE
<=2~

~-- -~-----~~- ---- --._----'--- .--......-----
Ethyl B••un. 29 <35DE <350£ <351>1, <JS DE <J5DE <3jDE <35°£ I 26D.E JII 25DE I ..",JJ

lll.p·Xyl.nc 7.1 [ IJJDE ~ III ·19. 0E III lUOE Il( IlJOE m~~66DE )I( 1380£ III 59DE
1\1 1620£ III 6~O£ ] <;1)0

_L <I~IOE_L_~~_L~_~~ __L~~~~J
~ -- . .. "-

Non.n. 116 <IJI IlE I c!.tIDE i <;I~I---...-.

, '" Compounds he li~l<d in ,el<n,ion lime order

Thin Rub'" ACIO hOI-mi. "'ilh rubhe,. 'hin I~yct

•. ; NrH "",<c,cd .1 a 1'1"",...1'luon""'i"" limil "c
Hl nJ:ll.. .nd ~••idj" Ihc con<l'hllfl' Cu' COoIOOl:" D and E

MDl .. Mtlhod lkl.rtion limil
o .. Ai, ."ncenlf.llon or tilts compound in Ihis •.unpl. i. NOT ,,.atel Ihm Ih,.. ,ime. (jXllbal d.y·, fidd blallk conc.nlf>!i""
E • Air .onccnlnlion ollhi> COlI~ in Ihis sample is NOT I,nl.. 'h... IIv... limc' (lX) Ih......Ee r"",",y bl""k 'If ConcUIUI"""or

)X lb...cr.,. (told blank <anecnlf.IIOll. "'hIC""'1 is ,'UI.,

(conllnu.d/



TABLE 4. VOLATlLE ORGANIC COMPOUND RESULTS-ACIO WITH RUBDER ESTIMATED EMISSIONS (concluded)

S>1l'p1c 10
S.mplc T)'pe

C"II.e'.on O.'e
Compound'

·3S I TO... ) TB·U
Rub Thin Rub Thin Rub

lJ.lAl1m (l.l/27m (l.l/27m

-----_.- !'glml'mln) !'glm2'mill) !'gfm"min)

<421>£ I <HOE I <nDE <HOE

~--_._.-' ----~-I

dUu" I dUDE I dODE dODE

AVERAGE
Thin Rub

------; ! I -----.------ - .• ------ _ .• - ------
DromofQnn 2,2 <271lt <l7tlt

<98,OE

c27DE

<981l€ .-- ::: -1- :::: I-'-::~---+-- ::E-'I---"~:~:-'-'I--"-:;:
<,,27

<=98

<=49

<=6-1

....74

<~24l

I <74"" I <74 DE

I <74 DE "NIlE
-"""----I

· <491:>E <49OE <490£--.
· a-UDE <24lOE <2HOE

--~----~

I ,,6-1"" I <6-10£ <6-10£ <6-I OE

~-I
<32..... I <32DE <32OE <32 OE

I <.SlOE <.S2DE

. <420£ <HOE-.' · -,-
I <8S"" I dSIlE I <U OE <JU O£

<!l2DE

<42OE<nOE

<!l2OE

3:S

4.l

a

200

1.4. Dkhlorobenzenc._---
1,l·D.chlorobentcne

1,4·D'ch10l:0-2 Butene

1,2,J·T!lchluroprop>M.

t

, " Compound, Ile Ii lied in 'el.n';on lime order
lh,n Rub = AC I0 hoNni. w,'h ",bb< r. ,hin 1>)'..

~. It Not de-lee fed II II pr~c'tc3:1 qU.:InlHat;on 1ll1'ut or

SO ngft. and UlISrr., lhe e"ndlli"nl for rO<)lnOlcl 0 and E

MOL = M.,hod del.<lion Iimll
o " Air concenll..io. of 11111 compound ,. Ib;, lampl. il NOT gru,« lhn Ih,•• limes (lX) tha, di)'" nerd blanl <onc••tnuon
r; D Ai. cone.nl'o"o. or ,h,s compound In ,h" urnplc is NOT c..aler !han Ih,« limes OX) tho Iv,ug. fac'hl)' bl.u>l III <onccnll.,iOll or

lX Ih. a""I:' lield blank cone.nUI"on, which.... is &'n'eI



TABLE 5. VOLATILE ORGANIC COMPOUND RESULTS-FACILITY BLANKS ESTIMATED EMISSIONS

--_.• -~-_.__.•.-------.-------.-- , ,--(. i--'---

<=18

<=97

<,,12

<:.19

AVG
Foci/icy Uft

"gllm1'"un)--""----- -_.

<18DE

<1.\0£ I <=1.\

<28oe I <=28

<.120£

<97DE

T8·.\1
raciltl)' Bft

OSiU719l
I'Vlm1'min)

<.\g!lE

.-- <2~~_ ..1

1

::~:~.
<1l0£ <=1).--. ~ . _. - .. ~ ~

<220£ <=22------_.-..~~--- ..__ .
<220£

<130£

<180£

<280£

<2lO£

<2.\0£

<12DE

<~9DE

TB·.\6b
facilily bit

OSJU719J
I'gllml.mm)

0097 DE

----r-----,,---~----~I---------~

<lSO£<180£

<2I OE

TIl·.\O 19·.\11
F.cil"yalk Facilllyall

.WI Sl9l OSJU7!9J

"gf~ml'll\ll\) l'gf(m1'mlnl----- ---
0091°£ 0097°£

<.\90£ <~91lfi
I

dzDE <120£- ...-
<2.\ DE <2.\ DE

<.2llOE <2lnE
-----

<2lO£ <2)OE

<180£

<210£

<1)0£

<12Pll:

<1aO£

<49DE

<2.\OE

<2lO£

<120£

<91Pll:

<1)0£

<22oe:

<.110£

<180£

<DOE

Til· 16 T8·J9
Fadl"y Illk Facility Blk

I9J I OYlll9l IWIS!9J

~ I'gf(m1·m.in) l'gf(",l·m.in)

00970£ <'nO£--
<~9DE <~9OE--
dlDE <IZOE

<2~0£ <2~OE

<28°£ <28 DE

<2Jo£ <2l llfi

<IlOE

<~90E

<11 0£

----.-. ---.-- -. -_._.. -----. +-- ::: -r- :::~-l--"'-'---'
d)OE

<2)0£

<120£

<..t90£

II

1.9

10

40

Tri<:hlor"n..",ott\",h.ne

ChfOIO",han•

2.M<lhylpro""""

Chloromelh .ne

S>ml'le 10
S.mpk Type

ColieClion D~le

Compound'

D"hlorolhO"Ofom"lhan"

'.'·Oi,h1or""lbcne t '~ <220£ <221JE
t--<12

DE
-.-----,-------- --- --
C~.bun Di.ulfide I S <UtlE <IB DE <IIDE

1000<1",111"". I 1.1 1 <l,DE ,<21 0 £ I <1loe:

.------~-.. ---I f·-- ---1-----1---

V\nyl Chlonde 1 20! <14\)1' I dJ
DE

-~~~~,_~~:;_~~'~-=~I __:~ -__ <2S
DE

<28
0E

<2lO£

J:>.
V1 Acel<lnitril"

In",· 1,2·DitM""Xlbcnc

13.1 <IS9DE

08 <WOE

<lSgOE <1590 £ <BgDl <U9DE <IS9DE

------......-~-----.- -----. I I -----t--------~._-, ... ---.- .--......-----2·Melhy'.1·r,op~"ol ~o <~9OE <49DE <~90£ <.\9DE <49OE <490£ <~90£ <49t>E <~!ll)E <:.19

_'j_~19_1__"'::23D£ '_1 <2lo:...._L <2JO:...J·_~1 <2}0£ I <23O£ ..L <1j~-TI_~~~' __I_'~!~ ..L ...<:.2:._.

1 u <8SDE <uti! I <sst>£. \ d'O£ <SlO£ <SSO£ I <&So£ <lSDE dSIJE I <=8S

1,I·Oichlor""'h.nc

.~I~!I!~":-'.:...- .. 0-- 1 - __ / ......./ _ '_" ..I.. I .-..--__~ I

~~""" . .... __'_6_ <19
0

1' <190£ <19~1 <19
1lE

<190£ <190£ ~_ <I9~_. <!9
DE

_~ ~_ -1-- _~':.l~ ..

~'~':::'~lor"".:~ ...::-'-- <U
D

! _ ~_<~ __~~I_ <ljO£ <130£. <1J1l£. <DOE _<!JO£ ._._.~!..~_._.:.. __ ~~I!- __..

Ca,bun Tellachloride IS <18 0f1 <18 DE <180£ <180£ <laDE <1I1l£ <18OE <18DE <18 De l <"'18

~::~ __ ~._ .__<280£ ._~, 21
0m III _16

0m III 21 D£: lie WOE III 230£ ~ III 200£ III 110£ ]1 I1Il£ 11'----:;-'-
':2-~)i,.~I~~h~~., _.'..7 !.__ ._C: IIJE

_. 'l-'---<:~ .-,--:::~- ...-<11
0f1

<210£ <210£ 1-.-~10£_.J :a10£ __ .._~,H~ __ \ <=21

lIu~~~~~ _ -.!.~_. ~~~._ ..' .~:IO£ .__ _ ._~~~. _.• __..<2)OE. <2)OE <1)0£. ~~.:__ L..._ .:aJI>£ _.. _. _~~~ .. <~2j
2·C'hloro·2·~l<,hylprop"n. 06 1 <1 0E <7D~ <70e <JOE <10£ <71>£ <lUE I <10£ <70£ I <=7
.- ~------ .--...-~.--... -----.. ~ -_ .. -----~~ -_'_-~---~"'.-- _..- -- -- ~----------------~ ~ ~~ -- --

• ::: Compounds .ate !htcd til relt.nhon ItUl(' ordl::'f

F..."hly Bll " r.. ,lily Bbnk
MDL '" Med....1 del«:U". IUlllI

0" Air conc.ntUlIOIl of this compotmd in Ihi$ $:lIllple i. NOT crnler chan lh,e< lime. UX) Ihl' do;,'s lidd \lion': "once"uI"""
'E '" Air conce,"alion of ,hi, corllf>OUnd in this sarllple is NOr I"'''''' than lh,.. ';l'I1C' !lX) tl.e .'"../:e (aciloly bl.nt air conce.II'""" Of JX

the ''''fUgc Odd bl..nk conccnIUIU.ln. whit,:hc\ er is "tlter

G • COllll'ooud tlcltclcd at r"" lhan I p,acli,,1 qu••,i,.lIon li'NI of S nell

(cooli.urll/



I;
TABLE 5. VOLATILE ORGANIC COMPOUND RESULTS-FACILITY BLANKS ESTIMATED EMISSIONS (continued)

S.mpl. ID
S.mpl. T)'po
COIIOCllOft 0.,.
Compound'

MOt
nett

TD·9
"""ilil)' lilt

O2lUSI':Il
1'I:f(1t12'min\

TO·"
rodlily OIt

02111193
\lg/(m2'mln)

TO·16
F..,ihly Il't

02fII19l
"g/(m1'min)

TD-)9
F.dl;l, Bit

04flSl9J
jlg/lm1°mln)

T8.3I
F.cillly 01"

(),If1S193
"g/lm2'mln)

TO·40
Facility lilt

(),I115J9l
"g/lm1°mln)

TU·48
F.,,"il)' Olk

os"nl9l
jlg/ln',l'mln)

TD-46b

flerl'ly 81"
\l51\l1l9l

jlg/lm2'nun)

TP·4]
P.."lily HIt

051117/9)
jlg/(m2'wn}

AVO
f"dlily Olt

1Ig/llllhm'n}

<=Jl

<=29

<",23

<=21

<=17

<Jl OO

<29OE

<2l0E

<I7 OE

<JJDE

<29OE

<2lO£

-----l-------< -------

2.S·D'_lhyl.J-lr•••n. 1.4 <170E <I7 OE <I1DE <11OE dlDE <I1I>E <I'7DE I dl11£

llCplan. 1.1 __ <21 0E <lIOE <2I OE • _ <2I DE <21m; <21m; <2:1 DE I <2I OE I <lIm;

Tricbloroelh.n. 1-9 <.!JOE <2l OE <2lOE <2J PE <2J DE <2l OE <2JDE
___ • ~ .. I

1.2-D,chloroprovane H <290E <29tlE <290£ <291lE <2gDE <290ll <2,90E-_._------_._-- ---- -- - -_ ..---_.
D,broll10llltlhlllt' 21 <]JOE <JJOE <JJOE <J31lE <J)OE <J)OE <JjllE-----.--.. -~l---·--· ----
1.4·Dio..n. 7.8 <9S OE <950E <95OE <950£ <95OE <950£ <950£ <9SOll <9StlE <=95

;;'~~~,c~:.:-- 1.1 <210£ <2~';- <2I OE <l11lE <210£ <210£ -----:;-•. ---~;- '--<21~;-" ---.::~ •• -

<=76

<=19<l90E

<760£<16DE

<19OE<190£

<76ll1!

<I9DE

<161lE

<190E
--_·_-_..··---1 I -.1-16 r <19

OE I <I9tl£----- .------- ~--~----

6.3 <161>1: <76004.Mclhyl·2·P<nl.t1ono

d.·I.l.lJi<hIQ<oploperte
.---.-------.----.---.--......----.--.. I I I I <I~OE F<19~--··-----~-·---'-'--

.----~ ----.......--~-
\

<1611E <760£

+>­
0'\

eliDE <!IDE <llllE <II OE <"11

<:..tl

<:,,'2-l

<=21

<...25

",,2)8

<...24J

<27 OE

<2H UE

<2380£

<27OE

<2ll0S

<2430E<.243 liE

<2SO£<2S11E

<.U.l DE

<2SOE

<2H IIE

<2SOO

<24l DE
--~~.--

_ .... ,_.. __...__ , __ <2S
DE

<24l DE

<2SDE

<24J OE

2.1

200D,oolO.1CeIO""
-'-- I t----

<lUDE

2.1I...nooe 196 <238D£ <2lS 0E <BS OE <2l8!>!! <2lSDE <218DE <2380E
------_.---- -, ---- -------- .- ----~..- :

O,b,onlO<hIOloo'\<lh."" 2 2 <210E <HOE <21 0E <210£ <2100 <21OE <21F

1.2~~~;'Oll':;':~-----" 2.1 -- ..~:;~-- -'- <J);;---' --~JOE <.JJO£ • <Jl OE cl3DE <JJOE <J~~-- . --~~-~-- r"-:~;' ..,
'~Ior;~;:------= l=_ <J9~_=;!~-~=__<J9

0E
<J90£ <39

DE
<J(1)ll <J9

0E -==<l90£.~ .~~_~~~ -'.~[~>.~~~-
~~~2:!.~~h1or~~~~ ._.:.~ _. <1~l)E __-:4:.. , <2~1IE <24

0E
<24

OE
<l4

OE
<24

0E
.. --~4~'1 __.-=~OE I <=2J

Elhyl O.nun. 29 <JS
OE

<JSO£ <JS
OE I <JSO£ I 86ll1! I <lSDE <JS~ <JSOE <JSO£

<:=811

• = Compoun<h .... 1"le" in tel.nllon lime ordo'
F.~,h'y D1t =F""illl)' mant
MOL a Melhod delO<IIOft linU'

o = IIIf CllIlC.nlI.Uon of Ihil compound in Ih" samp'e b NOT .ruter til Ihlee limu (JXI til.. d.y's fi.ld br.....t eonCtnlIollon
E .. All co"".nlI.,ion o( Ihn compound in Ihi. l'Impl. i. NOT ,1..ler Ih IM.:e limes (lX) the .,.,ac< (oc,I", bla.nl; air eoncenUiUon Of lX

tho .....IJ,< tidd bl.nk cOllC<nl.r>tiOll. "'hlCll.,c, ;, "uICI
G = Co'npound detec'ed al leu than • pr.tticol qll~lit.uiOll limil ol S nlll

h:vnunuC'd)



~
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TABLE 5. VOLATILE ORGANIC COMPOUND RESULTS-FAC1LITY BLANKS ESTIMATED EMISSIONS (concluded)

Sample 10 T[I·9 TO·., TO·16 rO-39 T[I-JB TB-~O TO·~8 TO·46b T[I·41 Ava
Sunrl. Typo f.dli,y Blk Foeili,y [Ilk Foeil"y [Ilk FodlilY Dlk Faeilily Blk Faclli,y Blk Foc,lily Blk f"",hly B1k F..lIIlY IIlk Faelli,y Olk
CoUecliOll D.t. MOL lJ2JlJ5i9J lJ2I1l19l 02111193 o.lll5l9) ().l/1519l o.lfl5l9) OStU719J OStUll9l OSN719l
COIl1poulld' ngIL "g!(",2'min) "gII",l'min) ...d<nI2-min, IJgIlm2'min) IJgI(ml'min) IJgI(m1'minl IJgI(ml'nun) IJgIl",l'min) IJgI(llIl 'llIin) lJiIl",l'",in)
~--~-~---------~-

_w~"_·__~_ ------ ------- __~___ ·ww~ -- .. -_.-.-----
o·Xyl."" .1.1 <42 OE <42 0E I nIlE I <nIlE I I070E III I~ I <uDE <42 DE <ullE <,,44

_._---..~---- ~------ --- ------...-_- ------- ---~---_.- "'-+---'-'
Sly,ene ~ I <.SODE <5lJDE <.SODE <slfE ~ <srP! <.SUOE <.SIP!! <.SODE <".10___ w _

__ w ____ .......... _._•• "- ~~- -~-- --- --- ._---_.. --- ._----- _..:-_--- ._---~~- -~~---...----
Ulomo(om, 22 <17DE <nD!! <21 DE <21 OE <nDE <l7 DE <27DE <l7OE <l7 OE <;27

_____ w ............. _._.___ • ---- .--~----------.,- ------ - ---------'--- ~~_w___~,_ .-- -" . - - ~---

Cumcne 8 I <98 DE <980E <98 0E <98l>E <9SDE <98DE <980£ <98OE <980£ <..98
-~------------- --~~-- - -----~-~- ... ---~--~-

1.1.2.2·Tel1llchIQfOl:lhane 61 <1JOE <740E <7JOE <14DE <140£ <140£ <141le <140£ <140£ <..14
-----~------ --- -----1-------- ----- -----
1.2.l·TrichIOfop<~n. 4.0 <49DE <~9DE <490£ <49DE <490£ <490£ d91lE <49DE <49DE <..49- --.. ._- -'"""'"-----~~-

1,~·DichIOlo-Z·Bu..n. 200 <243 0E <2UO£ <24.l PE <2UDE <1U°.l <2UIlE <2HDE <l4)DE <2HOE <=2H------------ ---- ----- -- ----
PcnlachlOlOClh.ne SJ <640E <64 DE <640£ <640£ <64DE <64 DE <64DE <64OE <&.IDE <d.•--- - ._---- -----~-~

l.l·Dichlorobenzene 26 <.lZDE dZIlE <.l2DE <.l2DE <.lZIlE <.l21lE <.l2OE <.l2OE <.l2DE <d2------._------ ------ ----- ----- - - -------~ - -- -- ... ~-~~
1,4-Didd",obenzenc 43 <.S2DE <S2OE <S2DE <SlOE <S2DE <SIDE <SIDE <SlOE <.S2DE <...12---- -----
1.2-0ichlorobenune l.5 <42 0E <4ZDE <42 D£ <420£ <UIlE <420£ <UDE dlO£ <HOE <'On---

--~SO£ --r--:;s-·· -.-
Il-D,b"",'o-)·Chhlfop<Opanc 10 <8SDE d.1DE djDE djDE .dSDE <!SOlI <UOll <85DE

, .. Comp:>Unds are h"cd 10 'e'en""" lime ",dc,
F,,-,ltly 1111: .. ,......i1i" 1J""t.
MDL " Meth..... .1.'0<11". limil

o .. Ai, conccnll.lion or lhis compound iR lhis urnpl. i' NOT 8',,'er lhon ,hf« limes (lX)I"O' c"y', rleld blank conccnllo'ion
E .. Ai' <"""enll.,i"" o( I"" <ompound in .hu IOmpl. h NOr C'C",CI I"a. th.... Ii.... OX) I". tV<f,ce (.."Illy bUnL "i. <""..entlall"", .... lX

.he ..e••,e lidd 1l1.,,1I; cuncen'nUun. whiche.e, .. c,ute,



TABLE 6. VOLATILE ORGANIC COMPOUND T·TEST STATISTICS·

i I

ThinfThin Rubber
,

Thin/Facility Blank \ Thin Rubber/Facility BlankI I
I

1
I ,

16 degrees of freedom I 16 degrees of freedom I 16 degrees of freedom,
: , i; , ,

voes ) I-Sial I Level of , t-Slat , Level of , t-Stat I Levclof
I I 5ignitic:1nce ( I Significance I Significance
J I I \ I

I I ! I NS
i IVinyl Acetate ! -1.70408 I NS 0 ! I 1.104085 r NS

,
I

,
!i -).47471 om t

4.196496 j 0.001 5.593274 l 0,002Benzene I I I

Toluene I 0.689367 I NS j ·0,3804\
I

NS I ·0.63742 \ NSI, I ,
I ! NS

I
-1.4302 j NS IEthyl Benzene -0.44144 I -1.3304 NS

\ II r i II -2.40363 0.05 I -0.56957 NS 1.212698 ..NS,m,p-Xylene I I ,"j . - =..-:::...: --

.~--""~- I· I I ·0,6635 I I
o.XYlene I -0.17015 NS NS I ·0.60719 NS

I

• All tests arc two-tailed difference of me:!ns, unlisted compounds were not slatistically signilicam in any comparison
Thin/Thin Rubber = Comparison between ACID Thin Asphalt and ACIO Thin Asphalt with R\Jbber~ t statistics greater
tha~ zero indicate a higher concentration of the compound in Ihe ACIO Thin Asphalt
Thin/Facility Blank =Comparison between ACIO Thin Asphalt and the Facility Blanks; I statistics greater than zero
indicate a higher concenlration of the compound in the ACIO Thin Asphalt
Thin RubberlFacilil)' Blank::: Comparison between AC10 Thin Asphalt with Rubber and the Facility Blanks; t statistics
greater than :tero indicate a higher concentration of the compound in the ACIO Thin Asphalt with Rubber
t·Stat = the student's t statistic to lest a difference of meanS
NS = Not statistically significant
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VIo

TABLE 7, ORGANIC XAD·2 TRAIN, SEMIVOLATILE TARGETED COMPOUND ESTIMATED EMISSIONS (continued)

Sample Nome XAO,) XAD·6 XAD·9
,

X"D-'2 AVERAGE )(101).16 )("10-27 )(11.0·" )(1\,0·210 AVERAGE XALl·' XAD·II' XAO-)O AV[RAGE
S.mpl. Typt ThIck Thin Thin Th.., Thin TIIi. Rub Thin Rub Thin Rub 11Iin Rub Thin Rub F....lly Dlk f ...."y Olk f..,ilj,y lllk facili,y IlIk
Oal. or CollcchOn 1121t9J 2/~I9J 2111/9J 2/2S191 4/119) 412119l '1'2419) 41211'H 211119) 4/4191 S(Jm

MDL I,g! I'll! (ml'·~j.) t's! (mf'~in, (mr.~in) (mr.~j.) (mr.~i.) (1lIr.~in) I'V (mr.~in, f.V. (ml"~i") Imr.~,n,Compound (i'S) 1m 'min) (m'mi.) I'" 'min) (m'mi.' Im'mm)

Naphthol••• 10 Bllwmc111"O~12A 111:~rmAB
}

<-1l9 HJ BI6lBI6 <-n9J6 61SIEJ <-)1.929

4·Chloro:ln~hnt 10 <22U AB <2691AB <264I AB <2 )lIAB <-2510 <2199All <21S1AB <J 200All <21nAll <-2952 <2 H2AB <) onAB <) 19JAB <-216)

'I...chlo.obul.dl<llt 10 <2 nlAll <26U All <2641 A11 <2 l11 AJ1 <-2 no <21~ <2 ?S1All <l.2ooAll <21nAll <-2952 <2 ,."u d OSJ AB <) 19)AlI <-216)

c-a.'0.o-3-/.lc'hylp"c.ol , 0 <2211A11 <2691AB <26·UAJI <2 ]lIA8 <-2 S10 <2~ <215ra <)2~ <21nAll <-29$2 <1 H2A11 <lonAB <) 19)1.8 <-2161

2-M.,byln.phth.lo.e 10 [;:] <2691,y, <2641 AJ1

~ <-26.19 ~ <2.1$11.8 c;a <21511.8 <-19 52) <2)42.... <3 OS).... <) 19).... <-216)

Ile..<bl",ocy.loptntad,en. 10 <2 21,All <2691AJ1 <26.11 A11 <2 )11"'" <-2510 <2lwAll <21Sf"lI <] 200A8 <2,151"'" "-2952 <2142.... <) OS)Idl <) 19JAB <-116)

2,~.(\.T,ichlo,ophtnol 10 <2 ueAD <269.All <2 61 IAll <2)1I All <-2510 <2199,y, <2 1S1All <J 200A8 <21UAJI ""'2952 <1342All <J 05~AJI <) ",.... <-, e6)

2.4.5.T.ichloroph.nol 10 <221SAJI <169.AJI <16.lI All <1 J7l All <-2 no <21w'" <2151"'" <J200AJI <21S7All -:-29$2 <2 H2A8 <' OSlAll <J 19)Al!I <-'163

2·CbIOlonaphthllo•• 10 <2 UIAII <26'llAB <If>l IAl!l <2 )lIAB <-2 no <2.wAll <2.151AJ1 <J2ooAll <2 'nAB <-29!Z <2H2.... <) OuAII <J.19JAB <-2161

2·Ni'rol.i',n< 10 <22n All <2691"'" <2641 A11 <2 )7lA8 <-2nD <21wAll <2.1$1All <2200U <21S7All <-29" <2 H2All <) onAll <) I9)All <-216J

Dimtlhylpbthlili. 10 <2211AB <2691All <26.11 All <2 H,A8 <-1 "0 <2199"'" <21S1All <J 2OO"'l' <21.nAII <-1.9S1 '<2l42AB <lIlSJAII <1. 19)"-11 <-216J

A«ri.phth,I••• 10 <221IA1l <2691"8 <261I A1l <2l1I A8 <-1 no <2199All <:t 'nAIl <J200"'" <2,7SJAII <-29" <2 )42A8 <) ouAII <) 19JAl!I <-216)

2.6~Dlnhroln.luent 10 <22uAB <2691A11 <26.11 AB <2 Jn AII <-1 no <' l"..a <21S1A11 <)200"" <21S1,y, <-29$2 <2 H2A11 <)onAB <).19)AB <-, 16)

)·N'uoaniHne 10 <2 , ..All <2691Al1 <261I Al1 <2J11 Al1 <-2 no <211l9...a <2.7SJAJI <120(1"'1I <11S1AII <-29S2 <2342'-11 <J OU IUI <) I9J All <0' 16'

ActnaphtheM 10 <22..1U1 <2691 A11 <264 IAll <2 nl AII <-2 no <2 mAlI <21S~ <J 2ooA8 <21SrU <-29S1 <2 )H"'" <J OSJ All <) '9JAlI <-2I6J

2,4-D,nillopbo.ol 10 <2 , ..All <2691All <1641 AJ1 <' )1I AJ1 <-2510 <2 11l9A11 <21S1All <3200"'" <2151.... <-2952 <2142Al1 <10SjAll <) 19JAll <-2IliJ

"
~-Nillopht.ol 10 <22nAll <26'11"-8 <l64I All <2 171 All "-2 no <211l9A11 <21nAll <J2ooAll <21nAll <o19H <2 )41All <J on,y, <J 19J AII <-'16)

2.,-010,11o.oluo.o 10 <2 ,.,All <2691AJ1 <'6.lI AJI <2 )lIAII <-, no <21~ <21S1 A11 <) 200"'" <21S1 A11 <-29S2 <2 )~,AlI <) OSlAB <) 19)AJI <-, lli3

O,btnloruron 10 <:, ",All <2691A11 <26.11 All <2111"'" <-2 no <2."ra <21nAII Ga <1J"A11 <-1051 <1141A11 <) onAJl :'J 19)t.8 <a216)

Thl<k - ACrO hoI-mi. ""chOUl ,ubber, Ihi<k 10y<l

11Ii. - ACIO hoi-mi. "'ilbout ",bbe" Ihi. '"ye,
TIIi. Rub. ACIO bOl-",i. w,th .uw..."thi" laye,
Flcilt,y arL - Fuillly bla"k

MOL - "'o!hod d"tCI," Itm'l

A - 1.11.. o( Ih.. t"'pcl<lnd in Ihi, oampl. i' NOT JOUlo,!h1t! IItrce timn (lX) tho .ve.I,_ rocilt!y blonk "'".11'" lho ""1"10 liold bl.... 1t\IS$,

whIchever is I,t.atr, (IverlgC'l will include deltC";on lImits ... approprmd
B - '"'.. <_0""'''0. of thi' compound in "", umplo i, NOr JOnl.. than lItre< IImu (lXltht IVt.llo rlcirilY bl"'k Il. "o..o.II01ioo
C - Compcl<l.d p••",.l in I.borlloty blank, ba.kllound IlJwICllon NOT "".formed
.... Sorne! 'lti,iblr dam2.t to fihe' ed,.,

(continuedJ
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TAOLE 7. ORGANIC XAD-2 TRAIN, SEMIVOLATILE TARGETED COMPOUND ESTIMATED EMISSIONS (continued)

S.mp!. N..... XAO·) XAO·6 XAO·'}
.

XAO·\2 A\'ElUQE )(1.0·16 XAD·27 XAD·)l XAD·UD AVERAGE XAI>-l XAO·II' XAD·JD AVElUGE
S.mpl. Typo Thick Thin Th,n Thin Th,n Thin Rub Thin Rub Thin Rub Thin Rub Thin Rub F.,illly Dlk fac,l"y fllk f ••illlY Dlk f •• illly Dlk
Date- or Curlccfion 112819) 21419J 211819J 212S19J 4/7/9J 4fl119J SJ24/9J 412719J 211119) 41419) snt9)

MOL J,g! 11g! I'g! (mr.~in) fog!· (mr.~in) (mr'~n) (",r.~in) (mf.~,nl tmr.~inl (mJ"~'I\) tnl'~n) "IV
f,g!

Compound (J'8) (m'min) (m 'rrunJ (m ·min) (m -min) (m'l1u.) (m'min'

O,clhylplllh.IOI' 10 C;;]I~II]96U
AB

J1126 GI1
AB J <-12 690 l.oSloU 111209S,

AS I/r.U96Q III 21 226
A8 I <.)4 ]75 I .191AS III 21 mAS]l11919S~ I <-166$1

rluOfffit 10 <2 288All <269.All <26<l IAll <1 11 lAB <-1 ~,o 4 HIM <.1.1".... <) 200'-ll <2751AB <-) 415 <2 HZAB <) DnAB <) 193 All <-216)

4·o.lo.ophenyl·Phenyl Ethe. I I} <22U.\Jl <2691Al! <2 &.flAB <2 )1111.8 ·<-2510 <2.99.... <21510\11 <.l 200All Q1$1-'dI <-2 \lS2 <.I H2All <J onAB <) 191 AII <-216J

"'·N,tfoanllme 10 <2 UIAII <2691 A11 <2 &.flAIl <2111 A11 <-2170 Q.99.... <.17"""" <.l.200"-8 q H1AII <-19S1 <1141""" <) onAB <) I'll .... <-216)

4.6·Oinitro·2.Mo'hylphe.oI 10 <22nA.!! <2691A11 <26<l IAII <2 )71 .... <-2570 <.I.wU <.I.1n.... <.l100M <2757""" <-} 9Sl <},H}AS <) OU AII <1 191AB <-}.6)

n.Ni"ol<>diph.n) lamin. 10 <2211 A11 <269.A11 <26<l IAII ( 261 .... <-1202 II SSI" <2151.... 246374 <27$1.... <-111U <1 1'lAS <Ill-nAIl <119).... <-} 16)

4·8romoph<nyl·Ph••y, Em.. 10 <2 U.AB <2691"-11 <2.64 IAll <.1111 .... <.} HO <.II~ <.17$7.... <uooAS <2lS7All <-} 9S2 <2 H}"-II <J 05]A11 <119)-'dI <-216)

1I...chlo.oM.r.... 10 <22UAB <2691.... <2 &.flo\.ll <2)7' .... <-2570 <2199.... <21S7A1l <)200M <l7$1All <-29S2 <214}A.lI <) OUAIl <1 19JAS <-2401,)

l'<nt.cMo,oph.",,1 10 <} }SlAS <} 69.All <2 &.flAIl <2171 All <-2 S70 <l.wU <.I7nA.ll <) 200-'8 <2151.... "-195} <}H2A.l1 <) OS)'" <119)0\11 <-216)

Phenanthrene 10 ~1~I~fl·mAIII <_1.7. I 69S7
A11 I <.I.lnAB <.l 200All <27S1u <-4104 <2142"-8 <I DS)A.lI <] I9]A.lI <-} 16)

Antht..cC'~ 10 <2211AB <2 691AB <2 &.flAB <2l11 AB <·'510 <.l'~ <.Iln"" <.l 200"-" <21S'''"'' <-29S2 <2142Q <) OUA.lI <) 19)All <-2.61

d,.n·Oulylp1uha'.'. 10 Im gas" Ifl}69
l6'<111221 :4)A Itt 7S mAlI I <-119,16) 11l9~)IA11611 25S:U

4 116 "-)IS 4" BI6\EJ "-lH 9lS

Ruotan,henc 10 <221.AB <26911\1I <2&.f1'" <2 HIAII <-2 Ho <11~ <.1.15'.... <) 200M <27nAII <-29S2 . <2 HZAll <105)JIJl <) 19'.... <-2.6)

Py.one 10 <2211AB <269.AB <l6-tI AII <.I ]llAB <-, S10 <law-' <:2.7S111a 6"""",, <l.1$1AII <-. lis <2 H2AB <J OS,A11 <) 19,AD <-} 16)

Ou,y',,",nrylph'hala.. 10 <22...... <2691AB I 11.)$6 I <2 HI AJI <-5.75 <2.99'-' I " ..""" III IIll. 11[;a <-.240 <1H}.... <) onAII I ((loU I <-J 2••

1.)·.O;.hlo,obc••idino 10 <211..... <269..... <l~IA.lI <2 Jl1A.ll <-2S10 <.I'~ <.I7UAS <.l 200M <27$1""" <-2952 <lH2Q <lOnAl! <) 19) .... <-2161

Chryunc 10 <22UAII <2691"-8 <2 &.flAIl <.I HI"" <-2 S70 <2.99"'-' <2 7S70\11 <) 200M <27nAII <-29S2 <2 H2 AB <] onAll <) 19)All <-1161

8en'o(l}anth,•••n. 1,1) <22UAII <269.All <264I AB Q )11"" <-2 S10 <2199A.l1 <2JUA8 <)2ooAlll <.l1$7 .... <-29S2 <21UAB <1 I)SJAII <1 19JAD <-2.61

Th,.l- ",CHI hoi·""" ...;\hom lubber••hick lay••
Thin· ACIO hol~mll( \Nithout rubber. thtn ',arer
TIl", Rub - ACIO hot·mi. wtlh 'ubber. thin lay••
flcillty Blk - F.c,Ii'y blanl
MOL - Mothod d••e....... lim"

A - Mu. of this CllI'lIpOund in thi.....p1. is NOT I'u,« tit tlt 'i..... (JX) tit. o.ell" '"dlity blank m.u 0< th•••".1' field bllJ'lk mlU,
wh'ch~"'tf is Isnfet h~tt'8nwd' 'ndudt dtltt'tion limits pptopriltc)

n - Ait ..-oncenlra.ion of tlti. compound i. thi. lAmpIe i. NOr I...dt.an th••• I;nw. CJX) th. """C '''''''y 1>111II< .ir .......n".lIon
F - Th. "'u. 'Of Ihi....""""",nd itO this ..mpl• .-cnd. the in u"'.'" uhl>r.,ion .anl. but i.....d"" tiM.. ,0&\"
'I- • Somt ,tJtbte: d.amaSif to r.h~1 t'ult

(conlln""dl
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TABLE 7. ORGANIC XAD-2 TRAIN, SEMIVOLATILE TARGETED COMPOUND ESTIMATED EMISSIONS (concluded)

S""'plt Nomo XAD·) XAD·6 XAD-9 . XAD·12 AVERAGE XAD·16 XAD·27 XAO·ll XAD-21D AVERAGE XAD·• XAD-ll' XAD-30 AVERAGE
Sample Type Thi.k Thin thIn Thin Thin Thin Rub Thin Rub Thin Rub Thin Rub Thin Rub Fadli" Blk fat""y Bit foc,h" Blk f.dl", Blk
Dill. of Coll••,ion II2II9J 214m 211~) 1nSJ9l mm 4127191 S/24193 .(1.719) 211119J 4'(19) ,nl9J

MOL
(mJ"~lInj lmf.&':;in) (mf'~,n) {ml"~inl (ml"~,n) (mr.~in) (mr.~in) .' r,sI (ml"~in)

i' sf r.sI . (ml"~inl (mr.~inj (mr.~in)Compound l~ll) (m'min) (mf. min) (m'm,nl

b,s(2-Elhylho.yllph,h.I.,e 10 6f618fB 115
opAB III IHloAB III '21 ~"AB III 14 mAD I I' EJIBI6 <-12 349<-U7U tl9491

I

<221IAB
j

<21.2AB I27.13.
AD Idl·n·Oc'jlph,h.la,. 10 <2691AJ1 <2 MI AJI <2 ]7IAll <-2570 <2'wAll <:l:.157AJl )oonAll <21S7A1l <-11911 <3 OHAD <-IOU4

1J."zo(bjfluo,a"thtnt 10 <2.n.AIl <269tlAll <164I All <2 )71 M <-2510 <2 .wAll <2751AJl <uooAll <21S1Al1 ':-29S2 <23UAll <30nAII <3.19)AIl <-286)

Iltnto(llfluoran,ht"e 10 <2,tUAJI <269IA1l <2 MI AB <2 HI All <-2570 <2.'wAll <2'",AD <)200AB <2.151AB
~-2 952 <2 HI'" <JOUAB <3 19)AIl <-2161

i
lJ,nlo<alp)r<n. 10 <2.111 All <2691A1l <2 MI All <1 J7I A1l <-2 S10 <21wAll <21nAll <.I2ooAl1 <27S1 A11 <-2952 <2342A11 <) OU'" <) 19)AB <-11M

Indeno( I,Z.3-ed)py«ne 1.0 <2 ISlAlI <2691AB <2 MI All <2 J7IA1l <-2510 <2lwAB <2751A1l <J200AB <21S1Al1 <-2952 <2 H2A11 <J OUAII <J 191AB <-Z 86)
,

<2 342A1lO,\J<nt(a,h)lltuhrllctnc 10 <22UM <I69a"& <264I All <2 J1I Al1 <-2 HO <2awAB <2757A11 <J2ooAl1 <27H AB <-295% <) OS3 AB <J 19JAB <-2163

n.nlo(g.h,')p<ry'.ne <I2IIAlI <269SAll <I MI AlI <21"'" <2 awAll <2.7S7AJl <12ooAl1 <2,1"'"
,

<2 )42AB <) 051All <) 19JAJI <-216310 <-2 no <-2951

O••lo(t}p)rtne 10 <2211A1l <2691AB <lMIJdI <2 )"AlI <-2570 <2awAll <2751AB <JIooAlI <21nAll ::-2952 <2 H2A11 <J onAll <) 19)A.II <-216)

ThIel - "CIa hOI-mi. with"ul rubM', Ihi,k I.ye.
Thin - ACIO h~·mi< "ithoul ,ubM', lbin I.y.,
Thin Rub - "ClO hot·mi.... ,lh rubbe" lbin I.)"
f.lc.hty Btl • ractll1Y blartl

MlJl - Method d<l<Cli"n I1mi.

A - Mu. "f this <0l11J'0II"d in Ibis sample i. NOt 11••t.. Ill... Ilu,. ,imtsl)X) the a""a< faelli" "'""k mUI or .... a.o.a.t fitld b1lJlk mills.
whichever tl H,H!l!lttr (avtnlu WIU include at:lc"ion lim." as apptopti'ft)

8 - Air com-cntuClonof Ih,,, c-ompound in chi. s.ampt.e ti NOT Iftater man three limt>$ (lX) the • ..-rtalc racW., blMk an ('onc('nU~Uton

, - Soml" ~tJJbt(: damag-e: to Iitlef ('dge



TABLE 8 ORGANIC XAD·2 TRAIN. TARGETED COMPOUND T·TEST STATISTICS'

in Rubber ThinlFacilil}' Blank Thin Rubbc:rlFacility Blank

Level of Level of Level of
I-Stat Significance t-Stat Significance t-Stat Significance

Inverse of volumes -2.314 0.10 -1.038 NS 0.30) NS

Phenol 0.754 NS 1.209 NS 1.425 NS

2·Methylphenol -2.878 0.05 0.095 NS 3.228 0.05

4-Melhylphe:nol 0.775 NS 0.918 NS 1.107 NS

Benzoic Acid -1.Ogg NS -1.038 NS 1.0)) NS

Naphthalene 1.096 NS \.845 NS 1.389 NS

2-Methylnaphthalene -2.002 NS -0.807 NS 1.975 NS

Dibenzofuran -1.915 NS -1.038 NS 0.j55 NS

Dielhylphthalale -0.217 NS 2.767 0.10 2.225 0.10

Fluorene -1.784 NS -1.038 NS 1.055 NS

n-Nitrosodiphenylamine ·1.851 NS 0.571 NS 1.908 NS

Phenanthrene 1.225 NS 2.064 NS 1.062 NS

di-n-Butylphthalate -0.930 NS 0,343 NS 1.100 NS

Pyrene -1.194 NS -1.038 NS 0.953 NS

Butylbenzylphthalate ·0.476 NS 0.727 NS 0.982 NS

bis(2-Ethylhexyl)phthalale -0.731 NS 0.501 NS 1.425 NS

di.n-Oclylphthalate -1.028 NS -LOIS NS 0.087 NS

• All tests are two-tailed difference of means with 4 degrees of freedom, compounds not listed have t statistics equal those
of the inverse of the volume

Thinrrtiin Rubber'" Comparison between ACIO Thin Asphalt and ACIO Thin Asphalt with Rubber; t statistics greater
than zero indicate: a higher concentration of the compound in the AC I0 Thin Asphalt
ThinlFacility Blank =Comparison between AC I0 Thin Asphalt and the Facility Blanks; t statistics greater than zero
indicate a higher concentralion of the compound in the ACIO Thin Asphalt
Thin RUbberlFacility Blank =Comparison between ACIO Thin Asphalt with Rubber and the Facility Blanks; t statistics
greater than zero indicate a higher concentration of the compound in the ACIO Thin Asphalt with Rubber
t-Stat = the student's t statistic to lest a difference of means
NS = Not statistically significant
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TABLE 9. VAPOR PHASE, TENTATIVELY IDENTIFIED, SEMIVOLATILE COMPOUNDS· ESTIMATED EMISSIONS (conlinued)

SllIlple Nmoe XA[).) XADl6 }(A[)'9 }(A[)'12 }(A[).16 }(A[).Z7 }(A[)'ll }(AD-I }(A[).II }(A[)'3 0

Slmple Type Thick thin Thin Thi" Thin Rllb Thin Rub Thin Rub Fuili,)' Blk F.e,I"y D1k F.dh,y Blk
D.le of Collec,ion 1121/9) 2/~/9) 2111/93 212519) 4n19l 4/27/9) 5124/91 2111191 4fl4/9) 51119J
Compound' !JgI(m2'min) JI&I(m2'mI0) JlgI(m2'min) JlgI(m2'min) !J&I(m2'min} "gI(m"min) JlgI(m 2'min) Jl.&llm'·min) Jl.&I(mlomin) Jl.&Ilmlo min)

flenuldehyde <:.I6MII <76MII <:.11""" <1&MN <161"'N <74MH I 3511.1 I <13 <46 <57

flenzothiuole <46MN <76MII <41 MN <71"'N I Jl9M I <741.1N I 195~f I <:2J <46 <51

.

I Iell Ae,d Ester <46MII <76MN <4I MN <711.111 <161MI'! <7. 011
' <9JIofN <:2) <:.16 112

CIl·CI5 AIL.11C <:.I6 MN <76"'1'1 <4IMN <7IMI'! <Iu"m <14 Mil <9)IoIN <:21 <46 <57

CI )·CIS AILa... <461.111 <761.111 <:.lIMN <7IMII <16110111 <74101N <9)"'11 <:2) ""6 <57

CI1·CIS AILane <:.I6MN <76MN <:.IIMII <71"'N <161101N <74101N <9)"t.N I 2J I <46 <57

C2 Donzen. <:.I6MN <,,"UI <4IMN I 119MII lit 229 III UI III 9)MN I <:21 <46 <51

CI Ph,h.l.te <:.16""' <76"'N <4IMN <71~IN <161"'1'1 <74"IN <91~IN <:2) <46 <51

o.e"e 0' Alcohol <:.160111 <76"''' <:.II"'N <7110111 <161"'N <74 1olH <9)"'N <:2) <.16 <51

Die'hylb.nzcn. homer I 10"'11 III 270 III 10S"IN I <7IMII I 194MN III 14"1'1 III 110"IN I <:2) <46 I IH I
Elh) I E'ler.3·l'hen)I.z.P'op.noi. A.id I 46MII III 16"'" III II4"'N III 119"IN I <161"'N I 10"1/4 I <93""4 I 101 III 10 III u I
E'hyl E'lC,.l-Ph.nyl-l.P,opeooi. Acid <46",N <76MII <.Ia

ou
' <71"'N <16110111 <74"'" <notll <:23 <46 <$1

Ile..".dioi. A.id. o.o.lyl tllet I <451 III 1079 I <4.,..N <7.10111 <161"m <74MII <9)"IN I 131 I <46 <$7

lI,pllul I IOIMN III 221 III lI,M/f I <7.MII <1611olH <74"'N <91~IN <:21 <.16 <57

Non.n.1 <46MII I 270 I <4.MIl <7."'" <16.IoIN "'4·11l <9)MH <:21 <46 <57

0<1....1 I IOMN III 20aM I <4SMN ",a"IN I 161M I <74MN I UO~I I <:2) <:.16 <57

Possible AILyl.ycloh...... <.I6"'N <76",N <.I.",N <7."111 <1,,"IH <74l.!11 <93"IN <2) <46 I 64 I

Thitl " ACIO hOI.mi, ...ilhool rubbel. 'hi.k I.y«
lbin " ACiO hOI.mi, wilholll ",lobe,. Ihin laye,
Thin Rub" ACIO hol-m" ...i,h ",bbe,. 111m I.yt,
flclli'y IlIl " f.cil,ly blanl

II " Compounds lIle tilled in ,e'tnlion limt o,drr
M " "las. of Ihi. <on'pound in Ihis umpl. IS NOT S'UICf Ihan Ih,ee lime. ()X) lh. I".r,ce facilily blank mau Ollhe '''eIiC' neld blank mass.

",hitll<"., it .,••1« (ne"sn include minimum TIC amoun'. u .pprop';lIe)
N " Ai, <onecn,ul,on of Ih,. tompound i. Ihi. sample i. NOT c,ute'lhan Ihree limes (lX) Ihe ."e"Ke facility blank .oncenl...io.

«ontinutd)
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TABLE 9. VAPOR PHASE, TENTATIVELY IDENTIFIED, SEMIVOLATILE COMPOUNDS· ES~IMATEDEMISSIONS (concluded)
I

5ampl< Namc XAD-) XAttfi XAD-9 XAD-12 XAD-16 XAD-27 XAD-)I XAD-I XAD-II XAD-30
S....pl< Type Thick Thin Thin Thin Thin Rub Thin Rub Thin Rub Flcili,)' 81k Flc,h,y Dlk FI.i1hy Blk
011< of Collcclion 1/21/93 V4191 VUI9J VlSl9) 4nl9) 4n1l91 SIJ4I9l VI 119] 4/14191 5n193
Compound' I's/(m lom.n) ,,*,(m1'min) 1ls/(mlomin) "1I!(m1'm;n) II*,(I1I

"
m;n) J.l1I!(m1ominl IIII!(m1'min) IIII!(m1omin) ,,*,(m1·mi.) Il*,(mh min)

5lyltn. I 451"'1'1 I <761011'1 I '9.~'N III 3)20 III 4H. III HI4 I 16961.11'1 ( IH9 III '72 III 766 I
Unknown <461.111 <1,"'1'/ I 2271.1N III niMH III 2]SMN III U6MN III IhMN III Sl9 III 104 III S7 I
Unknown <46MN <16"'N <4.MN I 90LlK ]II 215MN III I)IMN I <~)"'N I 91 III 46 III 192 I
UnLno"',. <46MN <16"'N <4IMN I 116"'" I <16.I.lN I 414MN I <9)MN <2) I 641 I <n

Unknn,." <46MN <16MN q8"'N <1a"lN <16II.lH I 201 M I <91"'1'1 <2) <46 <51
:

U.LnoWll wl'>4 O,,.••n' <46"'11 <1610111 <411.111 <11"'1'1 <161MII <14"11'1 <71MN <23 <46 <51

Unlno"',. wl'>4 O'''ll<n, <4610111 <16~IN q."IN <1,"'1'1 <161MN <14 101101 <931011'1 <21 <46 <$1

Unkno..n1Ponible Coelu'ion <46"'H <16"'1'1 <41"'1'1 <71""" <161"'1'1 <nMl'I <9)MN <2) <46 <$1

n-M.lh) Ibrnuld.hyd. <46MN <76MN 12"'1'1 <11"111 <16IMH <74...11 <9)"'1'1 <2) I 67 I <57

n-M.thyl.n·Plopenylbcnune I 121"'1'1 III 113M III 114"'1'1 I <7.1<11'1 <1611011'1 <14"'1'1 ,..J1MN I 49 I <46 <S1

C14 Ileunedioic Acid Es'er <46MH <16"'1'1 <4.1.11'1 <7,1011'1 <16."'101 <7"'1101 <9]"'1'1 <'2) <46" <51

CI Phlhll... <46""./ <16"'1'1 <4."11'1 <71"'1'1 <1611011'1 I 204MI'I III 170"'1'1 I <2) I 61 III I~O I

Thicl & "CIO hol-mi, "',houl rubber, Ihick layer
Thin & AC 10 hOI-mi, ",ithoul rubb." 'hin Ilr.'
Thin Rub· AC 10 hoi·",;' ..'Ih rubbd, Ihin lI)er
Flcili,y Ill•• Flcility hllJlk

•• Compoundt ItO lisl.d in "Io",ion lim. order
M • Mus or 'his compound in Ihi' ."",pl. is NOT .'01'" thin lh,... limu (lX) Ih. ,,<ulle fltilil)' bllJlk milS DI ,h. IV..Ig' lirld hl...k ml"_

",hi.h••cI is G,u'er (IH'".U includ. minimum TIC amounls "' Ipp,opril,r)
N = Alf connnl,",ion of this compound in ,hi, sample is NOT 1.<11., IhlJl II".. limu (lX) ,h......1•• f..illly bllJlk <onconl'"lion
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TABLE 10. ORGAN/C PARTICLE TRAIN, SEM/VOLATILE TARGETED COMPOUNDS ESTIMATED EMISS10NS (continued)
1
1

I

Sample N"",e TF.4 U·S Tf·IO· ·n"·\~ AVEAAOE Tf·l1 TF·2I TF·)2 TF·21 Dup AVE~GE Tf·1 Tf·26 TF·29 AVEAAGE
Sample Tyl'" Thick Thjn Thin Th,n Thin ThinR.... Thin Rub Thin Rub Thin Rub Thin R.b Facdi,y Dlk Fu,ltly OJ. F&cilily Ill. fll<:iluy U~

001. of Collec.ion 1121119) 2W9) .1I1111n 21UI9J <UlI9J 4rJ.1m '-'24/9l <41211'11 211119) 4114191 Sfll9) J.III
MOL l's! (ml"~inl (ml"~i.) (mf"~inJ (ml'·~i.) (mJ"~ill) (mr.~inJ (tnl'.~rlll (mr.~i.l I (ml"~in) (mJ"~in) (mr.~inl (",J"~i"l

(m 'mlft)

Compound ("S) (m 'min)

2·Melhyl.apl1lhaltn. 10 <0 lOra <olnAJl <0 69SAJI <06Jl AB <-0120 <01l6AB <010)AlI <07S6Nl "'010lAll <-ani <OHoU <0 161Al1 <OUl"8 <-OHa

Il.'achlo'o<yclop"".adione 10 <0102AJ1 <0 IJJAll <0 695AS <06l1 All <-0120 <0 U6A11 <010lAII <0156'" <010J II1I <-01)1 <0 HOAII <0161:'8 <01))"" <-01)0

1,4,6-Tli<hlo'ophe...1 10 <0101A11 <OIU"" <0 69SAlI <06Jl AB <-0120 <Ol)6Al1 <010'''' <07$6A8 <O10l"" <-0731 <07soAII <0 161All <01J JA.Il <-01S0

<0 102All <olnA.ll <069S AlI <0101"" <O.1S6Al1 <0 101All
r

<01S0All <0 161AB <0 H1AJl2,(,S-T,i,hlt"..ph."ol 10 <06l1 AB <-0120 <OlJ6Al1 <-0111 <-0 ?So

2·Chlo'onaphlh.lono 10 <010lAll <oln AJl <069SA.ll <0 61 IAll <-0710 <07'6A11 <070'>.8 <o 1S6A1! <0701AS I <-OUI <o1SoAll <0 J6IAll <01J1A.ll <-07S0

2- Nllfolndine 10 <07021\8 <0 1J1All <069SAS <0611 AD <-0120 <Oll6Al1 <Dl0,AB <OlS6AB <070JAlI \' <-on, <01SoAII <0 161M! <0 T)lAD <-0150

D\me!h1lph.h.l.,e 10 <0101All <0 IJ1All <0 69SAB <06Jl All <-0120 <07l6AB <010lAB <0 ?S6Al1 <010lAll i <-0111 <o7SoAll <0 161All <01l)AJl <~'315'3,
A<tn.phl.hy lone 10 <0102A11 "'GInAS <j)6,,~AB <0611-'1> <-0120 <0716A11 <010lAll <o 1S6A1! <0101.... i <-0131 <01SoAJS <0 761A1 <Oln"'" <-01S0

2,6-DinitlOloI"••e , 0 <0 101 All <:0 Ul"J! <0 69SAll <06JlAll <-0120 <0736A11 <010lAII <07S6AJl <Oll)}AlI <-01Jl <OlSoAJS <Oll.IAD <OlUA.ll <-0 ?SO

)·Nllloan'hne 10 <0701AS <0 InAll <0 69SAIl <0 61 IAll <-0120 <07J6A1l <OlOlAl! <01S6All <0701AS <-o7l1 <0 ?SoU <Ol<1.,AD <OHlAJl <-0730

Ac•••phlhone \0 <0 ,ora <OIJl-"S <0 69SAll <06U AIl <-0120 <0716AB <010lAII <OlS6A1l <070lAD <-0131 <01S0All <016.AlI <07UAD <-07S0

2,4-Dmiuopho",,1 10 <0 ?02A1l <Oln AD <0 69S AIl <06J1 A1l <-0120 <On6All <010)"" <01S6All <0 101M , <-o1l1 <0 ?SoAll <0 16SAll <01JJAIl <-0750

4·Nilr0l'h••ol 10 <0 ?OlAll <olnA.ll <0 69S AJl <0 (>JlAll <-0120 <Oll6AD <O10l .... <01S6AB <0 lOlAS <-aU\ <OlsoAlI <0 761A1l <OH)AD <-0150

<010ZAll <o.nAll <0 69SAll <0 01 IAll
I

<01l,AII <010lJlll <07S6"" <o10lAII <0 uoAll <0161A11 <OlJJASl,4-l:>in',ltOlQlueno 10 <-0120 <-0111 <~O 750

D.btnzoruf.n 10 <0 102JIll <OlnAll <0 69SAll <0 611 AD <-0110 <0116A1l <010)AlI <01S6AB <010)AIl <-01JI <olsoAll <0161AS <OlUAB <001$0

O'o"'yl"hlhall'. 10 "'0 702A11 <OlnAB <I) 69SAll <0 IU I All <-0120 <07l6AJl <070)AB <0156A1l <070lAII <-anI <OlSoU <0761'-11 <OlnAll <-0 HO

ftuanM 10 <:0102Al1 <0 U1A.ll <0 69S AIl <06!lAD <-0 no <on'.... <010)AlI <01S6AS <070J AJl I, <-0 1lI <OlSoAJS <0 "11\8 <61nAD <-aHO

4 ChIOf0l'h.nyl,Ph.nyl fib., 16 <0 102 All <OtnA.ll <06"SAll <0611"JI <-OlIO <01J6AJ1 <0 ?OlAl <01S6A1l <01Ol Al i <-o1J1 <0 TSoAll <016'''' <07UM <-0150

.~NIUOiJ'lmncr 10 <0 702A1l <OlnAII <0 695A11 <06HAII <-0720 <01l6U <010lU <07S6AB <o10lAD . <-onl <onoU <Ol6JAlI <OlHAlI <-OlSO

_.6-Dinilr... 2·M.lIlyll'ho....1 1O <0102U <OInAII <069SAB <06)I AB <-0120 <01J6Al1 <O.70lAJI <07.J6.u1 <070,AB <-o7JI <07soAll <o 161.u1 <OlnAll <-0 no

.-Nluotod,phonylamin. 10 <0 102M <OI)JAII <069SAlI <0611 A1l <-0120 <01J6AB <0101Al! <07S6U <010lU <-07]1 <0 TSoAIl <01611\.8 <07)JAlI <-0 no

.·Br"",ophonyf·""e"~II;'h,, 1 0 <0102U <01)]1\.8 <0 69SU <06Jl AD <-0220 <On6AB <0103J\1l «1)(,"-8 <0 101M! 1<-olJ1 <0 ?SOAll <Olt..AD <01))'" <-0 no

IllalcMorobc!nune 10 <070l All <olnU <0 69SAIl <0611 AB <-0120 <011'U <010lAII <OlS6A1l <0 10) AD I<-om <01S0AD <Ol"A11 <OlnAll <-OlSO

ThieL - AC10 hot-mi, ..ilhaul rubbor, th.ck lay.,
Th,n - "CIO I\ot-mi. ",ithaul ,u\lbo,_ !hi. loy., '
Thl. Rub - ACID hol,,,,i...i.h .ubbo" thin I.)••
fae.l"y IIIL - facililY bJ.nk

A - Ma.. of Ill.. compound i. Ih" ......PIC i, NOT PUlcrlNin u.,.e Ii",.. \lX) lhit """" fltdi!)' bl...k .......... Ill. "e'.go field blank ",....
~fttch~vC't is IfIt.'et (."~rlln \lIrili indutJt delfClion fimilJ U Ipp'Opti.,t)

o - Au eonu""ollon of Ihi••ompound in I".. sample i. NOT ••nle, "'''' Ilot.e lillie. (lX) lb. "."'0 r.dli" blllll. Ii, cone_nlllli"n
MOL - M..hod d"'Clro" ,,,""

h:Ofl~lJ1Ued)
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TABLE 10. ORGANIC PARTICLE TRAIN, SEMIVOLATILE TARGETED COMPOUNDS ESTIMATED EMISSIONS (concluded).

Sample N•.". Tf·4 Tf·~ TF·IO ' TF·I] AVERAGE TF·11 TF·21 Tf·J2 TI'·U Cup AVERAGE Tf·l TF·26 TF·29 AVERAGE
Sample Tyl'< Th'ck Th... Thin Thin n", Thin Rub ThUt P.ub Thi" Rub Thin Rub Thin 11..... Fuil,Iy 1I1k F""illty 1I1k f ••lIuy llik Fac,lity Blk
0.1< of Coll""on 112119] 21419] 21IS1\lJ 212St9l 411/9] <1121/9] SI24t9l 412119) 21III9J 411419J Sn/9]

(ml"~:"n)MOL f.sI (ml"~i"1 ,ml"~in) (mr.~i") lmr'~i") (mr.~n) (mr.r::in) (mr.~i"l (mr.~,n) (mr'~in) (mf'~in) (m"'~in) (mr.~in)Compound (1'.) (m 'min)

P.nlo.h1~foph'..ol 1.0 "'010ZAl! <0 snAl! <0 l>9SIUl «06l\A11 ".I)}ZO <07](/.11 <0 ]0]J\fl <01S6A11 ,,070JAlI <-07)1 <OlSll"" <:0. 76aAll <Ol]JAlI <001S0

PhC'nanthrtne 10 "070ZAl! [ 2 sal I <0 69SAII I! 69.
A11 I "°1 )24 [OI0qA8 II[ I .D6

Al1 I ,,0756AJl I 1.26SAll I <00990 <lllS0All <:0 16SAll <:D 7)] All <00150

Ant.hnecn~ 10 "0 JOlAll "0 InAll <0 69S All <0 6J IAll "'00120 <Ol16A1l <Ill0JAll <01SIoAll «10).... "°01)1 <OlSll"" <0 161A11 <Ol]JAll "'-0150

d,·"·Oulylphth.III' 10 <070lAll .:0 1J]A11 <0 69SAll I~ OloABJ
<·01-46 I I 111

A1l III 09U
AII I <0156AJl I 0914"" I <'0949 <:D 7SoAB <07'IAIl I I lOO.-B I <00112

fl"-"Ofanlhtne 10 "0102Af! <0 13]All <0 69SAJl I ;.S71A1l I "-IOU 2 211 III ))14 I ",07S6Al1 I J l14 I "'°2 III <01S0All <0 U.IAJl <:D lUAII <-0150

pt'.ne 10 "'0 70ZAll ",OIJJAf! .:0 l>9SAlI
[2))6 I <-1281 I ~ HOS II[ :~4 920 I <07S6A11 I=46]9 I ,,-) 094 <OlsoM <07'IAIl <07]JAIl <-OHO

OUlylb<nzylphoJla'&I. 1O <010lAll ",0 ,nAIl <:0 ,,,AIl 1O'U <-, 540 [26~1 IIi t.1~1 I <O.7S&U I t4f,O I "-104' <O7~ <016'''' <01))'" <-01S0

).1'·O,chlo,ob<""d,,,. 10 <070lAll <OlnAll ,,0 69SAJl <0611 U <-0720 <01J6A1l <07DJ AII <07S6U "0 101M <.-onl <0 noAll <0 161U <OllJAB "-0150

0." ..". 10 ,,0102A1l "0 1J)A11 <0 69SAll "0611 .... <-0120 <01J6All <0 'DJ AII <Il7S6.\Jl <0701All "-OUI <0 nll"" <0 761A11 <.0 HJAlI ",-07SO

O.....o(.)....h'•••". 10 <070lAll <OlnAII <0 69SAII I $1019 I <-2312 @ <:0 70)u <:0 7S6Al1 <070JAlI <-1.114 <01soAB <:0 7'IU <:0 1JJAII "-0750

ms(2-Edlylll••yl)plldlal.,. 10 ,,010lu <0 an.... [~II 694SC I ,,-s 140 •I ,mAlIC III '607
IC Itl )~m6U,c 1 ,,-s J20 I. 164"'" III 2610AB m2 ~19A1l ) "-2226

d'·"-O<:lylpl"h.lll' , 0 <0101U "'0 I HAIl <0 69Su <06] IAll "-0120 <O.lJ6A11 <070)A11 "07S6A1l <0101All <-OlH <01soAB <0761AJl <:0 1J)A11 <-0 no

ll.nza{ bjOuou"dl.n. 10 "0702Al1 <0 1J1All <069S AII I ~947A1l I <-0125 <:0 1J6A11 <:0 70).... <:0 15,AB <010).... ,,-01J1 <lI7SoAB <:0 161Al1 "01nAll <00 750

UtrttO(\lnUQr.nlhrnc 10 <0 J01"n <01)]"'0 <:D 69S..... <06JI"'0 <-0120 <1I.1J6""" <0701AD <01$6A11 <070]AlI "-OUI <07soAB <0 16,AIl <0111 ..... <-07S0

9'"lo(O)I'Y"'" 10 <0102.0 <0 ')JAll <0 69SAIl I I 411
A11 I <-OWl OI0qA8 <010).... <0716" <010lAl! ,,-0156 <01soAll <:D 1t,IAll <0 7)JAll "-07SO

Ind.no(l.2.J·cdlpylt"' 10 "07(12All <olnAJl <0 6951Jl <06)11>8 "-0120 <o1J6.\Jl <o70JAll <0 756Al1 "070)"-' ,,-01J1 <o7SoAB "0 76SAll <07)JAJI <'OHO

1J,b<n.(••h)ln,h,.«n. 10 ,,0702All <0 'H
All <0 69SAll "0 6) IAll <-0120 <01J6A11 <010lAll <0 ?S6Al1 "0 'O)AI! <007)1 <075oA1l <:D 7baAll "01)JAII "'-0 ]SO

O.n'O<I.h.i)l'<f} Ie... 10 <0702A11 <OInAll <0 69SAlI <0 6) IAll "-0120 <01J6Al1 <0.101" <.Qls&AlI <IlllUAll ,,-0111 . "0 noJ"B "'07UAII <01HAlI ,,-0 no

B."zo(.)py,.n. 10 <0701Al1 <OIH All <0 69SAJl <0 loll All <-0710 <.Q 7J6A11 "070)AJl "07S6A1l <0 10]All <-01l1 <07SOAS <0761" <07n.\Jl <-07S0

ThIck - ACIO hol·mi ilhoUl 'ubb<,.lhi.k by«
TIl 6 ACIO hot·", Ilhoul 'ubbt'. lh;" I.~.,

Th Rub - ACIO hol·mi. ","h rubb<,. thin Ill"
facih1t OIl - F.dli,y blank
~lllL - M..1md <1....1."" hrml

A - Mo.. or lhi••ompound in chi. wnpl. i. NOr "tlln Iloan IIvte li",•• (lX) II.. "."J. raedi,y blri mu. Ot .........1. (;.Id bl.... I'll....

""h;C.ht-\~f is 8'C"lfer (.t'tC'nSes wtll include dt~t(:ltO" hmiu as -ppropi:attJ
B - Ai, .""«"It'hon of this • .""pound in this ""'PI.;, NOT .,...., th."lIvte'imts (JXllhc .'O,... fuilil)' blank .i, ."".,"".,ion
C - Compound P"~"' in I.bo,"ory blank. b.ckJfound ....bIt..,.;on NOT I"lrf..m.d



TABLE II. ORGANIC PARTICLE TRAIN T-TEST STATISTICS·

Thinfrhin Rubber ThinIFacilily Blank Thin RubbcrlFacilily Blank

Level of Level of LC\'e! of
t-Slat Signilicance t-Stat Significance t·Slal Significance.

Inverse of volumes -0.192 NS -0.506 NS -1.0 IS NS

Phenanthrene 0.503 NS 0.912 NS \.151 NS

di.n-BulylphthalalC: -0.673 NS -0.181 NS 0.457 NS

Fluoranthcne -1.364 NS 1.038 . NS 1.826 NS

Pyrene ·1.351 NS 1.023 NS 1.907 NS

Butylbc:nzylphthalatc -0.502 NS 1.016 .~NS . -' 2.007 NS
. . -
Benzo(a)anthmcene 0.251 NS 1.008 NS 0.982 NS

bis(2·Ethylhexyl)phthalate -0.074 NS 1.335 NS 2.683 0.10

Benzo(b)fluorantkene 1.254 NS 1.016 NS -1.019 NS

Ben2o(a)pyrcne 1.010 NS 1.043 NS 0.180 NS

•All tests are lW~.tailed difference of means with 4 degrees of freedom, compounds not listed have t statistics equal those of
the inverse of the volume
ThinlThin Rubber"" Comparison between ACtO Thin Asphalt and ACID Thin Asphalt with Rubber; t statistics greater Ihan
zero indicate a higher concentration of the compound in the AC 10 Thin Asphalt
ThinIFacility Blank D Comparison between ACIO Thin Asphalt and the Facility Blanks; I statistics grellter than zero indicate a
higher concentration of the compound in the AC'O Thin Asphalt
Thin RubberlFacility Blank" Comparison between ACID Thin Asphalt with Rubber and the Facility Blanks; t statistics
greater than zero indicate a higher concentration of the compound in the AC I0 Thin Asphall with Rubber
t-Stat ... the student's t statistic to lest a difference of means
NS ... Not statistically significant

60
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TABLE 12, PARTICULATE-BOUND, TENTATIVELY IDENTIFIED, SEMIVOLATILE COMPOUNDS-ESTIMATED EMISSIO~S

Sampl. Nam. Tf-l TP·S TF·IO TF·!? TF·n TF·n Tf·1 TF·26 TF-29

Somple TW' Thick Thin Thin Thin Rub Thin Rub ThIn Rub Focilhy Olk Facili,y Blk Faciltly!.lfk
Do,e o( ColI••,ion 1128193 2W91 VI8193 ~11l9) ~(21J93 5(24193 2/11193 4/14193 SJ1J9J
Compound' ~gJlm!'min) ~gJlm!'minl ~s!(m!.min) ps!lm!'",in) 1ts!lm2• min) ~g/(m2'min) "g/lm2'min) ~s!(m!'min) "gllml'mln)

2,4-Di""'hyl.2·p<n'anol <:l6MN <ISUN I 16MII I <10 I ~JMII III 131 III 19 I' <S I 212 I
2,S,8,II,14,l'enlaoup<ntad..an. <:l6MN I U MN III It MN III 22 III 7MN I <6 I J9 III 20 III N I
9,10.Anlhracenedion. <:l6MN <I SMII <6~11l <10 qMN <6 <6 <S <5

>CIJ ACId <:l6 MN <UMN <6MN <10 I 61 I <6 <6 <S <S

>Cll Alkan. <:l611lN <UMN <6MN <10 I 4101N I <6 <6 <S <S

>Cll Alkan. <:l611lN <lSMN <6~11l <10 I 17101 I <6 <6 <oS <oS

>en Alkan. <:l6MN <"Mil <6MN <10 I ilion' I <6 <6 <S <$

>CIS Alkan. <:l6MN <lS~IN <6MN I 10 III 24M III 6 I <6 <5 <S

>ClS Alkan. <:l6MN <1S~IN <6MII <10 qMII I 12 I <6 <S <S

>ell Alhn. <261011'1 <lSMII <6MII <10 q""N ( 14 I <6 <5 <S

>CII Alkane <:l6~IN <lSMII <6MN <10 <.4 Mil I 17 I <6 <S <S

>CII Alkali' <:l6MII <I S~u, <6MN <10 qMIl I 16 I <6 <S <5

>C20 Acid <26MN <UMN <6MN <10 I JS I <6 <6 <$ <5

All.... or Cyelo.lkan. <26MN <U MN <6~'N <10 qMN <6 <6 <S ' <S

Bu'}lcyclo.".,,}'lphlhal". <26MN <UMII <6MN <10 qMII <6 <6 <,S <,S

C4 A1kl'lcydo,h...n. <26MN <ISMN <6MII <10 qMII <6 <6 <,S <5

•• CompoundI It. lilled in ,.le"t;o.. lim. Ofd.,

Thick. ACIO hot-mn "ilholll ",bb.,. lhick II)'"
Thin. AC 10 hot-mix "ilhoul rubbt" thin IIy~r

Thin Rub = ACIO hOI·",i...ilh rubb<t, thin lly"
f.dli'y 81l< ~ Fa"lily blank

Nol~: Simple TF·1l 'u. ~,c1ud.d (rom Ihis dill Stl b«:luse Ihe dill plch.~ 1I1nllnilltd by tho eo"u'CI.d I.berllory (OIlhil urnpl. WI$ intomp"'"
1$ "'ltds Ihe 1,"lIlivdy iden"li.d .ompounels,

M = MISI or lhi. compound in lhis umpl. is NOT Ifnle, Ih.,. th'tt limn (lX) lh.....uS. rldlily blank mass 0' tht avertll' 1i.leI blank mUI.
"hich.... is IfUI.' (av'1I8<1 indud. minimum TIC lITlounls U appro!'ri.I.)

N M Arr COntt..lllliotl of 11th tompou"d in Ihi, sample h NOT 1'<11<1 Ihan th.ff lim" (lXllh•••••••e facihly blank co.«n"olion

«onlinued)
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TABLE 12. PARTICULATE-BOUND. TENTATIVELY IDENTIFIED, SEMIVOLATILE COMPOUNDS-l'ESTIMATED.EMISSIONS (concluded)

SlImple Name Tf-t n'.,s n.lo Tf·I' IT-ll Tf-ll Tf·' Tf-16 TF-29
Sunp!. Type Thick Thin lbin Thin kub Thill kub Thin Rub, Foci/hy 81k FI.,lily hlk Fa.i1ity DilD.,. o( Colltedon 112119J 1I419J 1I1819J 4n19J 4f2719J SfW9J Ii 1I1119J 411419J Sf7I9J
Compound' III!(ml 'min) I'l!lm l 'min) I'I!(m l 'min) IlI!(m1'minl IIl!lml 'milll Ill!lm1'min) l'l!lmlomilll IlIV(ml 'min) III!(m1'nlinl

fl..ad••Ilnoic Add <261.111 <UMII <6MII I H I <,41.11/ <6 " <6 <S <$

1I.,mcdloi••<id, dioc,yl e"" I as I <15"11I <6MII <10 <,4l.l11 I 17 III , III s III • I
Tolu.n. <26~lN <Uloll" I ,loiN I <10 <41.1101 <6 , <6 <S <S

,

UnLno.." <26MN <151.111 <6~IN <10 <4~IN <6 I: <6 <S <s.,

UnLno .." <16MI/ <UMN ",loiN <10 <4
M

'" <6
I'

'" <S <S

Unlno.." <16MIl <15"111 ",MN <10 <4
M

'" <6 '" I S I <$

Unkno\\l1 <26MII <1S~lN ",Mil <10 I UM I <6 " <6 <S" <Sr

UnLno..,. <16MJII <UMIl <6MII <10 I 11M I <6 I: <6 <S <$

Unknown/Po,sibl. Coclu,ion <26101N <UMN <6MJII <,4MN :
<10 <6 <6 d <$

Unlnown/Poniblt C<>elulion <261.111 <"LIN <6~IN <10 <,41011/ <6 <6 <5 <S

Unknown/Pouibl. COolulion <261.11'1 <ISMN <6MIl <10 <,4lolN <6 <6 <S I II I
Unlno...I\IPouib'. Coelution <16~lN <ISMII <6~tN <10 <4 lolN I • I <6 <$ I lJ I
Unknown/Ponlbl. Cotlu.ion <26MN <1!lMN ",MN <10 <,4MN <6 <6 <S f !l I

• 2 Compound' II. lisl.d in m.nlion t,m. o,d..

ThicL ~ AC 10 ho'-mi, .."hou' rubber. 'hif1 I.yer
Thin. ACID ho,-mi, \Io"hou' rubb Ittin IlY",
Thin Rub· AC 10 hOI-ml. .. ilh rubb Ihin 11}0.
facility Blk • Fadli'y blank

No,.' Simpl. TF.Il· ...1 ~ullld.d f,om ,hi" dill 1.1 beCIIl•• th. dlllilltbl~ lIan'mill~d by Iht con,,"...d hborllory fot thh umpl. "'." inconipl,'.
IS ftllltdi the lenllli..l!' id.nlified compound., ,

M • MUI of ,hls compound in this lun"le is NOT ....,.. tlllll tIl,« limn (lX) Ih. IV.flCe (I.ilily brllIl mISs o~ Ih....nl. field blank min.
..hi.htvtf is I,u'tt lavcrlltS includ. minimum TIC Il'no\lnu IS approllrill.) i

N • Air eoncrnl,alion o( 'hi. compound in ,hi. umpl. is NOT Irul., !.han Ihr•• timn (lX) Ill. av."•• flelli'y blanL cone.n'fI,ion
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TABLE 13. ORGANIC PARTICULATE TRAIN, SEMI VOLATILE TARGETED COMPOUND ESTIMATED EMISSIONS-ACUREX ENVIRONME/'ITAL ANALYSES

Sample Nunc Tf-4 Tf·S TF·la TF·1l AVO TF·11 TF·2I TF·)2 AVO ff·1 Tf·26 TF·I9 AVO,
Simple Typ. Th'ck Thin Thin Th,n Thin Thin Rub Thin Rub Thin Rub Thin Rub flcilil)' Blk rlcilil)' Blk fldlily [llk flCilily
O.le of Col1«lion 112&191 214191 2111191 212,m ~m9) 4n119J '12419J 2I1119J (/1419) SI1191 Blk
Compound PQL

(ml"~in) (ml'.C:in) (ml"~in) (ml"~in) (mY'~in) (mJ'·C:in) (ml"~in) (mr'~in) (mr'~in) (ml'~in) (mY'';in) (ml"~in) (m!"~in)<"G)

Nophthll.". OOS I' OUO 11\ O.092
Ae III 0.15) III 0.061,.,11 I <&«l,IO) I 0.096"8 11\ 0.O~9A8 III 0.045,.,8 I <-0.06) <0 (lJ7A8 <o.onAB I 00221.11 I <-OOll

A«"lphlhyl.n. o OS <OOlSM1 <0 042AIl <OOJSAIl <oonAll <&«l.0) 6 I 0.m
A8 III 0.021 AB ) <OOUAIl <-0 on <o031A8 <o.O]lAB <oonAB <-0038

A«n.ph,h.n. OOS <OOHAIL <OOUAB <oO],SAB <O.032AIl <aD.016 I 0.022
AB III O.OI4"B I <OOUAII <aD 02S <oonAB <0031All <oonAIl <-00)1

nUOlC'" OOS • <o.OHAIl
1 0.042,.,8 1 <OOHAIl <0032,.,1 <-0016 I<0 mAil 11 0.021"B I <O.O]lAIi <aD 0)4 <o,on"B <0 allAB <o.onAB <"OOll

Ph.nanlh,ene OOS I 0611 11\ 2440 ill 0"6 III 0.410 I <-1.115 I 0461 III 0.942 III O.OU,,· I <-0.496 <o.onA8 <o.O)lAIl I OOUAS I <=0 030

Anlhllcen. o OS I 006)AI III 0100 III OOU A III 0,016AB I <-O.lSl I OOSIA! III 0.190 III II.OISAB ) <all OIS <0031"8 <0031.0.8 r0001
AIl I <-0028

fluoronlh.ne O.OS I 0688 III )011 11[;;]11 OUl I <-1641 I f.295 III 1.912 III OU7 ] <-1.111 I O~SAI III 00U
A8 III 0044"1 I <-OOst

!'ynn. O.OS I MS6 III 2.71' III 0.910 III un I <-I 469 I 1.102 lit 1.6$1 III 0.371 ] <-1.612 I o 010"D III 0.069
A1l IIC0,044

A8 I <-0041

OenlO(ljonlhrlcen. OIU I o049
AI III 1•.,7 II <OOH

All II o.s" I <-0716 I 0.1'4 III IOU III 0.2)~ I <aO liSl <O.O)7AD <OOllAI <o.031A8 <-o.Ol&

Chryl.n. oos ~II 66'4 II~I[;J <04.420 G!JIGJI[;;] <-1.9S7 <0 017A8 <oOU"1 [OOSlIl.I I <-0042

Ilenzo(blnuo.onlh.n. DOS <00H A8 <00n"8 <O.03S"B <oonll. l <-0,Dl6 <0,0]71.8 I 0.99& I <0 DlI,,1I <-<I lSI <oon"l <oOllA8 [0064"1 I <aD 041

lI.nlo(k )nuo,onlh.n. O.IlS I o 06lll.P III ' 414 III 0911 III 0921 I <-Ua6 I 0.'19 I <OlllS"l I o 29S I <aO 106 <0017"1 <.0 011"1 I o011A8 I <-0 un

Be"zo(oJpp.n. oas I o aS6AB III 062S III 1.001 III OH4 I <"0660 I 0221 III 0.32) III 006&"8 I <-0.204 <oon....8 <oonAB [00)7,,8-1 "-0 on

Indeno( 1.2.1.ct,d)p)1tn. OOS I o014 ....
B III 0.20& III OOU

AI III o In I <-0.141 I 00,9"8 III o10.sA8 III 0010A8 I <aD.06S <o.O)7AII <00)1"8 [0,0441.11 I <"0040

Otb'''Zo{".hjanll''"e<ltt (lOS I o014
AD ill 0.266 III 0.069d ma 107"8 I <-0.141

,
0059"1 lit omAll III 0.Ol0"8 } <-OOH <00)7....8 <o.03lA8

[0.0$111.1 I <-0041

Benlo(g.h,ilp.ryl.ne DOS I o021
A8 III o lOO IIG2J11 011411 I "..0 f1S I o.an"· )11 0.141 III oOS]AIl I <-009& <00,,"1 <OOllAI [OOSlAB I <all on

Thick = ACIO hOI·mi, ..llhoUI ",bbe" lhid II)'"
Thin = ACIO hol·mi. ,.ilho"l rubber, lhin Ioyn
n,ln Rub - ACIO hol-mi, ",,'Ih rubber••hin 'oyn
FlCilily Blk - Focilil)' blink

AVO - AvcuS'

PQl =Ptlclieal qUllll;II'ion limit
A - Min ot Ihis compound in thi••ample i. !40T &'Uler !hIlA !hn. limes (lX}!he Ivnll' flciliry bfank man o. Ih. 0""8e Iicltl blank mu.,

..hiehev.r i. g'<lI., (o.crlg.. will inclutle deltclion limiu II Ippropriale)
o - Ai, (OnCenl'II,on of Ihi, <<Impound in lhi~ sampl. ;, tlOT ''''It' !han lh,•• limes llX) Ihr .....'r r""ilily blink lir (<lncenlral,on



TABLE 14. ORGANIC PARTICLE TRAIN T-TEST STATlSTlC5-ACUREX ENVIRONMENTAL ANALYSES'

Thinffhin Rubber ThinIFacHity Blank Thin RubbcrJFacililY Blank

Level of Level of Level of
t-Stat Significance I-Stat Significance 1-5tlt Significance

Inverse of volumes ·0.192 NS -0.506 NS ·1.0 I5 NS

Naphthalene 1.262 NS 2.589 0.10 1.809 NS

Acenaphthylcne 0.664 NS ·0.506 NS -1.035 NS

Acenaphthene IA97 NS -0.506 NS -1.841 NS

Fluorene 0.410 NS -0.506 NS ·1.054 NS

Phenanthrene 0.914 't5$. 1.691 .J~.$. .. _~.__ 1.875 __ NS",._ ._--
Anthracene 0.745 NS 1.689 NS 1.066 NS

Fluoranthenc 0.536 NS 2.211 0.10 2.233 0.10

Pyrene -0.157 NS 2.278 0.10 2.3.54 0.10

Bcnzo{a)anthracene 0.281 NS 1.813 NS 2.718 0.10

Chrysene 1.892 NS 3.890 0.02 2.931 0.05

Bcnzo(b)fluoranthene -1.004 NS ·1.159 NS 0.971 NS

Benzo(Ic)f1uoranthene 3.285 0.05 5.815 0.01 t.68t NS

Benzo(a)pyrene 2.258 0.10 3.'16 0.05 2.245 0.10

Indcno{1,2.3-c,d)pyrene 1.805 NS 2.790 0.05 1.131 NS

Dibenzo(a.h)anthracene 1.491 NS 1.141 NS 0.907 NS

Benzo(g,h,i)perylene 1.15\ NS 2.115 NS 1.925 NS

•All tests are two-tailed difference of means with 4 degrees of freedom, compounds not listed have t statistics equal those of
the: inverse of the volume
Thinffh-in Rubber = Comparison between ACIO Thin Asphalt and AC10 Thin As.phalt with Rubber; t statistics greater than
zero indicate a higher concentration of the compound in the ACIO Thin Asphall
ThinlFacility Blank = Comparison between ACID Thin Asphalt and the Facility Blanks; t statistics greater than zero indicate a
higher concentration of the compound in the AC 10 Thin Asphalt
Thin RubbcrlFacililY Blank = Comparison between ACIO Thin Asphalt with Rubber and the Facility Blanks; t s.tatistics greater
than zero indicate a higher concentration of the compound in the AC I0 ThlO Asphah with Rubber
I-Stat = the student's t statistic 10 teSI a difference of means
NS = Not statistically signiflcant
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TABLE 15. ESTIMATED EMISSIONS FROM SIMULATED ASPHALT PAVING·

reSI T.st co co COl COl . NO NO TIlC TIle S02 SOl PAll PAH PAil PAl! PAil COl
Dol. Condil'on Avg, E5limaled Avg ESlim.led AVI, E'lim.led AVI· E5limal<d Ave EJlimaled AVlI EJlimal.d AVI Ava Dllulion Avg

COlle. Emission Con., Emission Con•. Eminion Con•. Erniuioll Con•. Entinion Cone. [minion Raw CUrTent f.elo, Cone
(mg COl (ml C021 (ppm) (mg NOI (m, UfC! (mg SOl (JJf PAHI Vollage pA

(ppm) m1tm,n) (ppm) ml/min) m1/min} (ppm) III Imin} (ppm) m1/min} (nglml) 1m 'minl)

1/28I9J ACID ·1 -16 na ISJO OJ .50 6.J HI 000 007 NOP NOP NOP NOP I OOHI

214191 ACID Thin Il 193 444 IOS74 04 66 10101' NOP 0.02 O.SS IH2S 163 oonl 351 0.1 004431

2111193 lIul mank I IDS 1$2 In7 06 91 NOP NOP 000 -G 16 152 10 0.011l6 0.2272 OS 00H2

2111193 ACID Thin 1 103 311 9D7a 0.1 09 9.9 1S.9 -GOI -G.21 ns 10 II OIlD 0.2226 OS a.onl

2I2SI9) ACIOThin 9 131 386 9197 O.s II ILl 96.4 -lIOI -G.27 901 II 00121 0242 O.s oOJll6

417193 ACIOI 9 143 ..24 10103 0,3 S.S 11.4 99.1 001 0.22 915 11 0.0122 0244 OS 00424

Rubber Thin

4114193 lIuI Blank 14 213 SOS 12106 1.4 22,4 13.6 111.0 000 0.10 30.s 4 000407 00114 OS oOSOII

4127193 ACIOI NA I'll. 140 3JJ6 0.9 1S4 12.1 104.$ 000 0.09 loll. NA NA lolA I'll. 0014

Rubber Thin

snm lIuI Slank U 197 229 S4S6 40 64'J 1s.5 UU 0.00 009 I'll. lolA I'll. loll. lolA 00229

$124193 ACIOI 17 2$9 4S0 10722 19 306 I9.S 169 .. 004 I1S iliA NA NA NA NA O,O·U
Rubber Thin

Avg lIu. II 171 363 16S0 20 nl 146 1263 0.00 001 S79 7 00077lS Ne NC (0)6303
Blank

AvS ACIO 10 144 404 9616 ll) 54 10 S 91.1 0,00 000 .sOS6 61 0.019677 NC NC 0040)6
1llin

Avg. ACIOI 11 201 na Ion II 17.2 14.4 124,J 0,02 o,n !lIS II 00122 NC NC OODI
Rubber

NOP = An.IYle, nOI operable
NA = 1'101 aVllloble
NC = SUlisIICS on .hese mu,,,,.. "'ere J"dg.d 10 be nol relevanl and "",r. nol ..It,,'"l.d,
1'101. Dol. from 1"1' in ...hich In mSlfUlIIenl "15 IOlally 1'101 operable ha. been euluded froln lhe llble and lhe nelaBe valun.
0111 from dlYs ...hen post InlS qu.ltly eonlrol .hcc~, ...... f,"led is included fo' COl and NO (.ee Ihe Qualily Cnnltol Enl.llion R.pon)



TABLE 16. LEAD ANALYSIS OF PM lO PARTICULATE LEAD SAMPLES

Air
Filter Test Conditions Date Mass Concentration Estimated Emissions

Collected mg/samplc (j,.lglmJ )
., .

j.lg/(m-"mln)

QFt Thick 1/28/93 0.0007AO 0.040A8 0.49"0

QF2 Thin 2/4193 0.0006A8 0.045A8 0.551\0

QF) FacilitY Blank 2/11/93 O.OOOSAB O.029AB 0.36A'I)

QF4 Field Blank 2/18/93 0.0003 0.000 0.00

QFS Thin 211&193 O.OOO9"1l 0.051 A8 0.62AO

QF6 Thin 2/25/93 0.0007A8 0.038AO 0.46AO

r~ -- -';.If- - -
--"QfI2= ""'Thin·Ruli=-~ --=- - - .-- 4nI93"=-'--- 0.0003 0.018AO 0.22A8

QFI3 Facility Blank 4/14/93 0.0005A8 0.032A8 O.38AO

QFl4 Thin Rub 4/27193 0.0036 0.229 2.78

QF15 Field Blank 4/27/93 0.0017 0.000 0.00

QF16' Facility Blank 5n193 0.0006A8 0.035A8 O.43AB

QFl7 Thin Rub 5/24/93 O.OO04AS 0.025,4.8 0.30"B

Average 0.0007 0.0436 0.5291

Thin Average 0.0007 0.0447 0.5428

Thin Rub Avernge 0.0014 0.0908 UOtl

Facility Blank Average 0.0005 0.0322 0.3902

All Blanks Average 0.0007 0.0000 0.0000

Thin Pop Std De\' NC NC 0.0683

Thin Rub Pop Std Dev NC NC 1.1877.
Facility' Blank Pop Std Dev NC NC 0.0304

Pop Std Dev = Population standard deviation
A'" Mass of this compound in this sample is NOT greater than three times PX) the average facility blank mass or the

average field blank mass, whichever is greater (averages will include detection limits as appropriate)
B '" Air concentration of this compound in this sample is NOT greater than three times PX) the average facility blank

air concentration
NC '" Statistics on these measures were judged to be not relevant and were not calculated
.. Some damage visible to filter edge
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TABLE 17. MISCELLANEOUS T-TEST STATISTICS·

Thin Rubber/
ThinlThin Rubber ThinlFacilit)· Blank Facilily Blank

Level of Level of Levcl of
I-SIal Significance I-SIal Significance I-Stat Significance

Lead -0.664 NS 2:886 0.05 0.846 NS

Hydror,en Sulfide 1.838 NS 0.597 NS -2.014 NS

Organic Train Particulate (PM IO ) 1.615 NS 3.444 0.05 3.053 0.05

Organic XAD Train Total Particulate 1.613 NS 3.205 0.05 2.925 0.05

Melals. Train Particulate (PM 10) 1.293 NS 3.164 0.05 2,375 0.10

All teslS are two-tailed difference of means with 4 degrees of freedom
ThinlThin Rubber" Comparison between ACIO Thin Asphalt and ACro Thin Asphalt with Rubber; t statistics greater
than zero indicate a higher concentration of the compound in the AC10 Thin Asphalt
ThinlFacility Blank >= Comparison betWeen ACIO Thin Asphalt and the Facility Blanks; t statistics greater than zero
indicate a higher concentration of lhe compound in the: AC I0 Thin Asphalt
Thin RubberlFac:ility Blank Comparison between AC10 Thin Asphalt with Rubber and the Facility Blanks: t statistics
grealer lhan zero indicate a higher concentration of the compound in the ACIO Thin Asphalt with Rubber
t-Stal <= the student's l statistic; to test a difference of means
NS - Not statistically significanl

TABLE 18. HYDROGEN SULFIDE MEASUREMENTS BY DRAGER TUBE

Average Estimated
Test Time Volume Flow Visual Observed Emissions

Tes! Material Dale Sampled Sampled Rate Observation Concentration (mgt
(min) (ec) (cc/min) (ppm\' H2S) (m:"min»

ACID Thick 1128/93 232 2395 10.3 No Color Change 2.09 <36.6

ACID Thin 2/4/93 137 1389 10.1 No Color Change 3.60 <63.1

Hut Blank 2111193 167 1842 11.0 No Color Change 2.71 <47.6

ACID Thin 2118/93 IS2 2031 11.2 No Color Change 2.46 <43.2

ACID Thin 212'5/93 164 4182 25.5 No Color Change 1.20 <21.0

ACIOlRubbcr Thin 4/7193 151 4530 15.0 No Color Change LID <19.4

Hut Blank 4/14/93 137 3562 26.0 No Color Change 1.40 <24.6

AC IOlRubbcr Thin 4127/93 161 4453 27.7 No Color Change 1.12 <19.7

Hut Blank 5/7193 101 2929 29.0 No Color Change 1.71 <29.9

AC10/Rubber Thin 5124/93 149 4172 28.0 No Color Change 1.20 <21.0

Field Blank ;124/93 NA NA NA No Color Change 0.00 NA

NA = Not applicable
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TABLE 19. TOTAL AND PM10 PARTICULATE MEASUREMENTS

'I

Te..'
(orr«ltd Corrcel.d CO",..,I." (on....4 Amhi."I1'1o," Ambi.nl Aow Nel N., Pantc.lalt

Dale NCl Gaio Vol.me Volume now Flow laIC II , Ral. al W.illhl W.ill'" Esm"a,.d
Sampl.IO TUI Condilions CoU.".d W.illh, Sampl.d Sampl.d 1lI1. Ral' I'M\o tlnd PM \0 Itud Gain Oain Ernis.ions

(Ill (rl f ) (ml ) (lIl/m) (mllmin) (n fmin) (m Imin) (I'Vnl) (IlVml) (mg/(min'lll l
))

ORGANIC PARTICULATE TRAIN (PM ID)

Tf-4 Thiel 1/2819) 000235 610298 17'" ),9~ 0,111 3,7H 0,1061 liS 1360 16S

TF·5 nun 2/4/93 004967 514354 U56 3,90 0.110 3,612 01022 9657 HI02 " ,36

Tf·' Faetllty 81an" 2f 11193 .0 00111 HU79 16 II 3.76 0106 3,33a 0,10006 -2.41 ·150 -103

Tf-IO Thin 2111193 003491 61644 1146 )94 0,111 )130 I 0,10561 56.n 20034 H30I

--
Tr·lI field Dlank 2111/93 Q 00010 N'" 11" NA NA NA NA NA NA NA

:
TF-Il n.io 212S193 0.02360 "14) 19 21 427 0.121 4 019 0,1131 l419 1221,5 1490

Tf-17 Thin Rub 417193 001129 Sl2.2U 16.49 HI 010. 3 SlO i, IUGH lUI 111>9,3 I) 46

,
TF·26 facilily Blank 4114/9l 000041 HIOB 1510 UI 0,110 3.660 lU036 on 25.9 011

TF-n Thin Rub 4127193 11112759 609,407 11.26 4.04 o 114 alo 0.1071 45.21 IS9U 1939

TF-29 ratility min" 511193 O,OOIJl 5U292 16,53 1.12 0.101 ) 60S 0,1020 2.36 11.4 101

TF-J1 Thin R.b Sf2419l 000700 566.126 1605 3.70 O.IOS 3.S.1:I Q 1>991 UH 4)62 $,19

TF-JJ Fi.ld Dlank 5/24193 Q 0003) NA N'" lolA NA NA NA NA NA NA

A··..S· 002765 NC NC HC !'Ie NC NC 479. 16945 2055

Thin A....ll. 0,0360' Ne NC NC I'IC NC
, Ne 6169 nuo 26.15

Thin R.b A....S. 00176] Ne NC NC I'IC NC I NC 2961 '041 I 1211

I
rlCililY Ill.nl Avoflg. 000014 NC NC NC NC NC I NC 023 II 0.10

AU Blinks Avcragc 0,00011 Ne NC Nt NC NC
'I'

NA NA NA,NC,
ORGANIC XAD TRAIN (TOTAL PARTICULATE)

Tf-)fXAl).3 Thick 1121193 000091 117 196 5,30 1.20 0034 NA , NA ).24 1149 224

IF-61XA[).6 Thin 214193 001641 151 7.1 UO I II 00)) NA NA 10l.B 36491 H 17

Th.el • ,1.( 10 hOI·mh ,.',houl rubbcr. Ihid. I.yn
In.I\ • II.CIO hol·n,i~ ...\lh"•• ",bl>.l. lhin loy..
n,io R.b • ,I.e I0 hOI·m;' "ilh rubbtt. rhin II)"

NA • Nol Iv.il.bl.
Ne • SlIli'lie. on IhClc m rt. "CfO jud.ed 10 be nOI rtl...."'" Illd "'cr. 1101 uk.I.I.d.
• Somt damas. '0 ,h. ml dg. m.y h••• inllu.netd ,h. puti.ull'. 'Clull.
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TABLE 19. TOTAL AND PM IO PARTICULATE MEASUREMENTS (cdncluded)

,

TUlal

Conreled COffeelrd Conrelrd Con«lrd Ambirnl now Ambienl Flow Nel Nel !'Inieulalr
Dolr NelGain Volumr Volume flow flow RllC II Rale II weiChl Wel.hl Eslimlted

SllItple ID Te.t Condihons Collrclrd Wd.hl Simpled SlIl\pled Rale Ralo I'M10 lI..d !'M~o lIud Gain Gain Emissions

I,} Ill') (m]) (Ill /m) (m'/min) (1I/min) (m Imin) (JJ&lnJ
) ("&lm' , (mjV(min' m1n

Qf6 Thin 2125193 o D301l 65664 1159 .- 16 a III 39U 01101 4616 1630 I 19.17

METALS TRAIN (I'M lo>(conduded)

Of 12 Th.. Rub 4f719J O.I12JJ7 513 271 1652 JII 0.101 J.SI7 ;: o lOIS 4001 14149 l116
,

QFO FlCilhy Blank 4/1419J o003114 S.s7.H lUI J.l7 o IlG 3Ui
I

I) IOU 619 24J.3 195

QFI4 Thin Rub 412119) 004431 SS46S6 IDI 3.47 0,091 un r 009267 10,01 21256 JU1

QFIS ridd Slink
I

4/27193 -n0121l lolA NA lolA NA NA , NA NA lolA lolA

Qfl6' Faeilil)' Blank 5n193 ·0,02111 59761.- 16n 3.91 0.111 3617
I'

0.1044 .1660 -12924 -15 67,

Qfl7 Thin Rub 5/14I9J 0010S1 56S 739 1602 DO OJOS ).521 009970 1161 6S9 I 100

AV..Isr 003140 Ne tIC NC NC Ne NC 691S 246J 3 2911

Thin AVeIlS. 004114 NC Ne Ne NC Ne NC 1104 JI09 I 11.71

Thin Rub Avcrlg. 002611 NC NC NC NC NC Ne 462S 16ll S 19.11

racilhy Blmk Avell.o ·000491 NC tIC NC Ne Ne NC •• 11 -11&6 .] SO

All Winks AvouGe -000466 NC NC Ne we NC NC Nil. lolA NA

Thick· ACIO hot·mi ilhout rubber, lhic. 11)fi'
Thi... ACID hol·mi ithoul rubber. Ihin Ilyel

Thin Rub .. ACID hOI·mi. "'Ih rubbe•• Ihi. la)'Cl

NA .. NUl lV,ir.ble

Ne • SII.;s1iC$ on thele me"u'u "'tIT julfcrd 10 be nol rdev"'l and ..... nol Cllculal.d
• Some 1f""Xe 10 Ihe lille. cdge mlY hIVr inllucnetd 1M p.niouille .c.ull



SECTION 5

SUMMARY AND CONCLUSIONS

These tests successfully obtained meas~rements of a wide variety of emissions from a

simulated asphalt paving process under controlled conditions. Successful replicate tests were

conducted both of an ACID asphalt hot-mix material and an ACID asphalt hot-mix material with a

rubber additive. Though concentration levels were, in most cases, near the detection limits of the

analytical methods applied, statistically significant emissions of a variety of pollutant species were

observed (summaries are presented in Tables 20 and 21).

VOC analyses showed statistically significant amounts of benzene emitted from both types of

asphalt studied. None of the other S5 volatile compounds targeted for quantitative analysis was

observed in statistically significant concentrations. A wide variety of volatile compounds, not

specifically targeted for quantitative analysis, was also seen in various samples although no. consistent

set of compounds could be established.

Analysis of vapor phase semivolatile species showed statistically significant concentrations of

2-methylphenol from the AC 10 with rubber tests and significant emissions of diethyl phthalate from

both hot-mix materials. Observations of phthalate emissions should be treated with extreme caution'

because phthalates are notorious as analytical artifacts because they are present in a very wide variety

of plastic materials. Additional doubt is cast upon the phenol and phthalate results since these

compounds were occasionally found as false positives on spiked QA samples (see Appendix C),

71



TABLE 20. LIST OF COMPOUNDS WITH STATISTICALLY SIGNIFICANT RESULTS

Compounds for which ACtO without rubber emissions were significantly higher than the facility
blank emissions:
Benzene
Diethyl Phthalate
Naphthalene
Fluoranthene
Pyrene
Chrysene
Benzo{k)f1uoranthene
Benzc>(a)pyrene
Indeno(J ,2,3-cd)Pyrene
Lead '

_PM IO Particulate (as measured on both trains)'"
Total Particulate

Compounds for which ACtO with rubber emissions were significantly higher than the facility
blank emissions:
Benzene
2-Methyl Phenol
Diethyl Phthalate
bis(2-Ethylhexyl)phthalate
Fluoranthene
Pyrene
Benzo(a)anthracene
Chrysene
Benzo(a)pyrene
PM 10 Particulate (as measured on both trains)
Total Particulate

Compounds for which AClO without rubber emissions were significantly higher than AClO with
rubber emissions:
Benzo(k)fluoranthene
Benzo(a)pyrerie

Compounds for which AClO with rubber emissions were significantly higher than ACIO without
rubber emissions:
Benzene
m,p-Xylene
2·Methyl Phenol
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TABLE 21. SUMMARY OF LEVELS OF SIGNIF[CANCE AND EST[MATED EM[SS[ON VALUES

AC 10 Without Rubber vs. ACIO With Rubber vs.
Facility Blank Facility Blank.

Compound Level of Estimated Level of Esti!TIatcd
Signifi.cance

.
Emissions Sienificancc

.
£missions

~gI(m2·min)
..,

~g/(m2"min)

.Benzene 0.002 <=57 0.002 <=110

2-Mcthyl Phenol NS <=7.2 0.05 <=23.7

Diethyl Phthalate 0.[0
.
<=32.7 0.10 <=34.37

bis(2-cthylhexyl)phthalate NS <=5.1 0.10 <=5.3

Naphthalene 0.10 <=0.103 NS <=-0.063

Fluoranthene 0.10 <=1.648 0.10 <=1.178

Pyrcnc: . 0.10 <=1.469 0.10 <=1.612

Benzo(a)anthraccne NS <=0.786 0.\0 <=0.653

Chryscnc: 0.02 <=4.420 0.05 <=1.957

Bento(k)Ouoranthenc: 0.01 <=1.106 NS <=0.306

Bcnto(a)pyrenc: 0.0$ <""0.660 0.10 <=0.204

[ndeno( 1.2.3-c.d)pyrene 0.05 <=0.141 NS <=0.065

Lead 0.05 <=0.542 NS <=1.10

PM IO Particulate (organic train) 0.05 26.850 0.05 12.710

Total Particulate (organic XAD-2 train) 0.05 27.700 0.05 12.950

PM10 Particulate (metals train) 0.05 37,710 0.10 19,810

NS= Not statistically significant at >90% confidence level.
.. '" Le\'el of significance is defined as the probability of making a type [ error (i.e., of falsely rejecting the tested
hypothesis. in this case the tested hypothesis is that the means are equal)

None of the other semivolatile species targeted showed statistically significant emissions in the

vapor-phase analyses.

Analysis of particulate-phase semivolatile species by full scan mass spectrometry showed

statistically significant concentrations of bis(2-ethylhexyl)phthalate. To reiterate, observations of

phthalate emissions sho.uld be treated with extreme caution because phthalates are notorious as
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analytical artifacts and are present in a very wide variety of plastic materials. None of the other

semivolatile species targeted showed statistically significant emissions in the PM analyses.

Because some PAH species were observed at concentrations near the detection limit in the full

scan mass spectrometry analyses and analytical interferences from hydrocarbon coeluters were

~uspected, an additional analysis of semivolatile particulate-phase samples was conducted by a more

sensitive selected ion monitoring method. This analysis targeted 16 PAH species of primary interest to

the project and revealed statistically significant emissions of seven of the 16 species when the AC I0

-thin,,-without rubber tests were compared to the facility blank tests. The emissions of five of 16 PAH

species were significantly higher in the AC I0 thin with rubber tests than in the facility blank tests.

The emissions of two species were significantly higher in the tests without the rubber additive than in

the tests with the additive.

No statistically significant emissions of hydrogen sulfide were found in these tests. A very

low level of lead may have been emitted in the AC 10 thin without rubber tests. Statistically,

significant emissions of both total particulates and PM 10 were found from both types of asphalt hot­

mix material tested.

The estimated emission values measured in this work could be combined with appropriate fate

and transport data to model the exposure of populations (either occupational or general) to pollutants

generated in the asphalt paving process. To facilitate such a modeling effort, the emissions results

have been presented as a function of asphalt surface area so that emissions from the paving of an area

of road could be estimated based on the road length and width. Modelers should, however, recall the

limitations of this pilot-scale study, especially those discussed in Section 3.1. The facility air

concentrations reported in this work should not be used directly to evaluate risk to exposed

populations because exposure scenarios will vary widely.

Although some statistically significant differences were found between the emissions from the

asphalt materials tested with and without rubber, these differences were not, in general, dramatic. In
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addition, although the emissions for some pollutants, such as benzene, were significantly higher in the

rubber containing asphalt, the emissions of other pollutants, such as benzo(k)f1uoranthene, were higher

in the non-rubber containing asphalt. Therefore, the data gathered in these experiments indicate that

the addition of rubber to asphalt hot-mixes does not have a dramatic impact on the air emissiQns

generated, in the 'paving process.

As we discussed in section 3.1, the results .presented in this report were obtained from

measurements of emissions from a static layer of asphalt maintained at a constant temperature. We

believe that experiments in which asphalt is disturbed, as it is in the road building process, would

result in the measurement of higher levels of emissions. The statistically significant emissions of

carcinogens, such as benzene, measured in this work are a cause for concern and merit a careful risk

assessment to detennine if personnel exposed to air emissions during road construction or asphalt

manufacturing processes are at risk.
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APPENDrx A

QUAUTY CONTROL EV ALVATION REPORT

This t:lsk wns conductcd under the guidance of &:In EPA-npproved QA Test PI:ln (AEERL

Cltegory HI) LInd n Facility Mnnual [or the test facility. This plan Wil.S IJsed to cswblish data quality

objectives suit:lble for this study. The quality cOlltrol measures employed during this sllldy were used

to ensure lhal lhe d:lUl collected would be suit,oblc to mcnsure air emissions resulting from a simulated

paving process.

Tnblc A-I preselits the. dnUl quality indicmor (DQI) summnries for :lccur:lcy. precision, and

completeness achicvcd during testing along with the pl:lnned DQI.goals for cneh respective

measuremel1t or JIlJlysis performed. In gcncr:d, the intended DQI goals were ilchh:::vcd. In several

instances, however, targcled DQI gO:lls were not achie\'cd or could nOI be measured from the ;wailabk

dat:l.

The l1ccliracy of volatile organic measurements made for lhis projecl w~s intensively invt::slig~lcd

by preparing fivc qU:lJily conlrol evalu:ltiol1 samples. These samples were prepared were as dilutions

of a gas mixture produccd and certified by Scott Specialty Gi:lses. These samples contained nvc of the

targeted vobtilc organics measured in this project ;:Ind a Si:<lh nOfHilrgclcd species. Thc dilutions

were prepnred by lhe Acme:,: Envirolllllcntal Task Lead :md sllbmillcd blind 10 fhe volatiles analysl.

Because lhe gas SlOck W,IS pllrch:lscd bdon: lhe projecl bC£:Hl and bccnuse of limilations in lhe

dihllion preparnlion equipmcrll. we,were nOI nble 10 prcpnre evaluiltion s:llnplcs M as low n

conccnlmlioll as Will' seen in the field s3mplc:s. However. over Ihe r3ngc eV3!uJtcd. there docs nO(
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<lppe<lr to be a strong relationship between bins and concelllration. The results of analyses of thes~

samples are reported in Table A-2, Nineteen of the 25 measurements ctlme within the acceptable

r:mge of :35 percent set in the QA Test Plan. In general. the analytical concentrations observed were

lower than the target concelllnltions. The substantial variation observed in the bi~s pcrccl'ltngcs for

many of the s<lmples would suggest that the innccurncies observed do not stem from difficulties in the

preparation of the dilutions.

Table' A-3 presents datn on lhe recoveries of surrogntes spiked into the volntiles samples before

analysis. These recoveries are generally'excellent-regardJess of snmple type(AC! 0, AC 16~wfth

rubber, or facility blank}.

The vo!ntiles i1nalyses were also subject to a QA audit. The audilor's report questions about

procedure were fully addressed in an Acurex Environmental response.

The EPNAEERL QA Officer prepared blind semivol~tiles performance evaluation samples which

were submiued 10 the contracted laboratory. The results of this evnluation are contained in data wbles

in Appendix C and in Table A-4. The results of this evalu::Jtion were genernlly good except for low­

boiling semivolatile compounds spiked onlo Tenon-impregn:lled filrers. These low-boiling compounds

nre known to be distributed almost entirely to the p:lrlicul:ue phase. IS In ilddition, grnvirnclric

methods requiring filter desiccation were used \0 determine pilrticulilte loadings on these snmples (see

Section 2). Thus, the assessment of recoveries from filters of low-boiling semivol.:ltiles could be

viewed ns irrelev<lnt.

Tnbles A-S and A-6 present d:ll:J on the recoveries of surrogates .spiked intO the vapor phase. and

p;:lT1iculate-bound scmlvolatife samples. All of these recoveries meet lhe compound-specific recovcry

criteria sel by Method 8270 (listed in the first column of Tables A-5 and A-6). A few of the recovery

values do not meet the gcner::ll criteria of 50-150 percent recovery discussed in the QA Test Plan bur

do, however, meet Method 8270 perform::mcc crilcria.
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Tables A-7 and A-4 present a comparison b~lween results obtained using the (Melhod 8270) full­

scan nl<:lSS spectrometry method used by the contmcted laboratory and the results obtained using the

selected ion monitoring method used by Acurex Environment;)1 personnel working in all EPA facility.

Table A-7 makes this comparison for the actual field samples for 16 PAH species in 12 samples. The

results obtained for lhe four lowest boiling PAH species (from naphthalene to fluorene) nre all non­

delects in Ihe comracted nnalyses. The results for these species oblnined by Acurex Environmental

were non:dctects or results well below the detection limit of the. contracted analyses. The medium

boiling PAH species (phenanlhrene to pyrene) show some agreement in trends, especially for those

samples obtained after February 18, 1993. Note also with the series .of samples (TF-4. TF-5, TF·1 O.

:md TF-I3) that although Ihe trends in lotal particulcllC per sample (Table 14) are closely pamlleled by

the results of the selecled ion monitoring analyses, they are poorly paralleled by the results of the full~

scan analyses. It should be noted also that these samples were submiued 10 the contracted laboratory

in four batches. Senior personnel of the contracted laboratory were made aware of the Acurex

Environmental Task Lead's concerns :lbout the chromatographic resolution and accuracy of the first set

of lhese analyses soon after lhe results of this first set of :In::l!yses were reported. Contracled

laboralory personnel were also aware th;}t after the analysis of this first set of samples. sample extracts

were being returned for further analysis by Acurcx Environmental personnel. II is possible that Ihis

led to more vigilance in the analysis of later samples. Agreement for the later eluting PAH species

!benzo(a):llllhracene to benzo{g,h,i)perylenc} is relatively poor. This may be aHribtllable to

interference with the full-scan mass spectrometry analyses and the fact that many of the annlytcs were

:lpparenlly at cOllcentrations below the detection limit of the full-scan analyses.

The :luthor of this report does not inlend (0 imply that the contrncted l:lbor:lIOry did not perform

up to rhe expeclations of the method. Rather, il should be kept in mind lhnl there are ndvnnlages and

disadvanl:lges in lhe usc of stnndardized methods. Method 8270 without modification or the use of
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cleanup chromatography is probably not well SlI ited for detecting targeted species obscured by high

concentrations of coeluling compounds.

T:lble AA compares the PAH full scan and SIM results for spiked performance evnluntiOll

samples. In general. these results are quite similar.

DQIs for the continuous emission monitors (CEMs) are discllssed in Tables A-8 and A-I. In

general. the 02' CO2, and S02 analyzers functioned quite well. The CO and THC nnalyzers

functioned' quite well in nccurilcy tests but did not generally meet the strict linearity lest discussed in

. Table_A:08._ The degree of deviation .from linearity is discussed 'in "thcdoOlnoics i'n T~bl~A·8 and~i; .

almost :lll cases. was less then 5 percent of instrument full scale. though frequently above the stated

criteria of 2 percent of instrument full scale. The performance of the NO analyzer was rlllher poor.

especially in later tests. However, when the analyzer was functional, ·no indication of NO emission

could be detected. Thus, the poor performance of the NO analyzer had ;l minimal impact on project

goals.

The EPAJAEERL QA Officer prepared blind performance evnlU<llion samples which were

submilled to the contracted laboratory used for lend analyses. The results of these analyses are

discussed in Appendix C and Tnble A·1. Reponed concenmllions were fairly precise but not very

accumte.(v::llues reponed were approximately 50 percent of spiked cOl1centfntions). This result could

be ,ltlribUlable to ;)n actual 4Uwlytical inaccuracy or an artifacl of the spiking method. This inaccuracy

is of some concern. However. nearly all of the le:ld results were in excess of the analytical detection

limit. so lhat this poor recovery did not cause unjustified non-detects. In addition. the ;wernge lC;:ld

estimated emiSSIOns were relatively low and were quile similar for the ACIO without rubber, ACID

with rubber, '.1I1d facility blank tests (Table 16), although the ACIO without rubber voluc did nchie\'e

stalistical significnncc.
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The accuracy goal of :t25 percent for the flow rates of the PM 10 was achieved in ali C41ses (see

Tables A-I and 19). The observed variations in flow ralC should nOI hJve :'! dramatic impact 011 dala

quality (see the discussion of cutpoint and flow r~l.le in Section 4.13).

Facility. field. andlor labomlory blanks were collected routinely for all of the measurements

performed during this study. The results ,of these blank analyses ;)rc described in the respective dat:'!

presentation sect"ions of this report. The test data have not been c~rrecled for blank values. Data

have. however. been footnoled in instances where analyle levels in bltlllk samples were sufficient 10

CJuse concern ilbout the validity of the values reported. Where feasible, blilnk levels have been

presented along with the actual test d;lla.

Control of asphalt healing lemperillures was vital for the success of this study. although no

specific DQI goals were set for this pnrameter. This control was adequately achieved. although nOl in

as narrow a temperature band as initially hoped (See Sections 3.5 ilnd 4.2).

In summary. the QA project objectives set forth have been adequatcly met in most cases, and the

data collectcd from this sludy are sufficient to meet project objectives.
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TABLE A·2. A$PH.-\LT PROJECT VOLATILES QU,\L!TY CO:-.'THOL CHECI-.:S

Compound: OenzCIlC Tolm:nc Chlorobcl17.L:II": m·Dichlorobclw:m: Q.Xyknc

Molccu!:lr Weight (C.l:lItOllS) 7S.11 92.1.1 112.56 1.17.00 106.17

Full Strenglh Manuf:lCllln:rs 1.05 1.03 1.06 0.S.19 1.16
Concentr;llion (rpm\')

Full Sln.:nSlh M:lnufaeturcrs J661 42)7 s:m 5572 . S.19S
Conecmr:llion (n);/L)

S:lmph.: TB·29

Dilulion F:lelor O.Jlll O.JIll D.JI! I OJl! I 0.3111.

T:'\rgc\ COllecmr:\lion (nsJL) 1139 I)IS 1657 173) 1711

Reponed Concelllralion (ng/L) 762 9·18 11'77 1265 12)6

% Oi:ls -:13.11 -28.08 -28.97 -26.85 -27.7.1

S:lmple TI3-5~

.. DillJI ion Fntlor 0.1790 0.1790 0.1790 0.1790 0.1790

T:lrgel Conccnlr;llion (nglL) .. 655 758 90SJ 997 9S~

Reported Coocenlr:lIion (ng/L) 1067 1095.5 1().J2 698.5 1217

% Bi:ls 62.82 44."'7 9.30 ·29.95 23.67

Sample TB-55

Dilulion F;lClor 0.0)82 0.0382 0.0382 0.0382 0.03S2

T:lrgel Conccnlr:llion (ng/L) 140 162 20J 21) 210

Reponed COnCenlr:llioll (nglL) 160 17.1 IS9 16S.5 2Q..1.5

~o Oi:ls 1.1.30 7.42 ·7.19 ·20.90 -2.71

Sample TB-56

- Di lUI ion F:ll: lor 0.0309 0.0309 0.0)09 0.0309 0.0309

T:lrgc[ Concel1lr:lliOIl (nglL) II) I J I 16-l In 170

Reponed Conccmr:nion (nglL) 100 JOJ I::!O 95 110

t;;. Bi;ls -/l.50 -2l.J8 -26.97 -44.71 ·)5.16

S:lnlplc TO·57

Dilulion F;u:lor 0.0150 0.0150 0.0150 0.0150 0.0150

T:trgel COllccnlr:lIion {ng/L) .55 (jJ SO 53 82

Reponed Conecnlrnlion (nglL) 4.1 47 56 46 52

% Bi:"lS ·19.99 ·'26.67 ·)0":2 -J5AS ·36.70

NA "" Not :l l:lrgclcd :l1l:lJ)'IC

A-7
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TADLE A·7. COMPARISON OF FULL SCAN AND SELECTED ION MONITORING ANALYSES OF PARTICULATE PHASE SAMPLES

Sltt1rlt ~tltt\( 11'·1 • TI' J TF·S TF.' Tf-lO Tr·IU TF·II Tf·ll lI'.1) Tl'.1)

' ....'.,' T)I'< S'M I' Th.d l11i<\ 111... 1h... Thi" .' Th... n.ld Ull r'.d" Oil Thi" Thin
M.lhw 01 "n,I"h ''QL I'QL SI~I "S SI~I rs SIM fS SIM I'S SIM ',5
An ll).u I,.~, I,,~} I,,~} I"CI 1I.~1 (,,~l (I'e! ("U I: ll'~' (Pl' {I'CI (j'CI

N,pI",,.,,,,. DOS I 02 .. 0.11 .. o.n .. \' ,. .. 0.1 ..

"«n.phth,lcn, O,OS 1 .. " .. ., .. .. \i .. .. ,. ..

A<,n'phlh,n, OOS I .. .. .. ,. .. .. .. .. .. ..
nuont"t DUI I .. " UUS .. ,. ,.

j,
.. .. ., ..

"",,,,nl},,,,,c DOS I on .. U3 3.1 01 .. .. .. 06S II,

AhUUKrtU OIlS 00') 0.36 0,12 i
0.12, .. .. I .. " .. .,

l1uoulllh,n. OilS I O.?I ., U .. 1.11 .. , .. .. 1.)1 1S

I
'~)ftn( OlU I au .. 3.16 .. 1.)1 .. 1 ., .. UJ 3.1

,I

fJfn,<J(.hJtlhtJlNftot 110' I 0.1)1 .. US .. .. .. r .. .. 1.)1 I.?
,

Chrywnc DOS I ODS ., 1.?') .. HIl .. .. ., H6 -.

U.n.e(bln "O'>Il,Ilono DOS I .. .. ,. .. .. ,. .. .. .. IS

Ilonl(:(ljn"o..",hon, DIH I air) .. 1.17 " I.H .. ., .. 10 ..

OonIC(,)I'Y'''' 00' I DOl .. D.7J " I.U ., 1 .. .. 0'6 2l,

Indone( 1.1.3 ....,1'1 ....' OOS I 001 .. 0,2' .. 11.12 .. .. .. 021 ..

O,h(l'Ilo( .... ).lnth,:lC'('nt OUS I 001 .. on ,. 01 .. .. .. 011 ..

0 ...1t'(~.h ,ilre"I, ... 00' I OU3 .. 0.36 " 0.16 .. .. ., 011 ..

(COtl1muuJ)

rs II [vII j,('Jih ,Huh,

SIM IJ Stlccl(J ,on ntUhUDt\tlC u\ufn
Thiel. ,\C}O h".·m;, willi"", tubbe•.•hick "1<1
Ttt,,, • "CHJ hvt·n," -. id\uut ,uM.K'. d"n btu
Ttl," Mvb • ACIU ","u,·,un "W;th f\ibt<#. Uttn h)u

r.,ld 1111 • 1',01", bl>"l

rd.y 1111 • I'•.-i/l'1 bl ...1
.~ :c ~ut dcu.. tC'J u d'll( I'OL
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TABLE A-S. COt'fflNUOUS EMISSION MONITOR C,.\UORATfON5

Te,.OJl"( T..'C....cJ••io"s 0, co "0 TIle co; so:

tml'll ,\CIO I'll' m" ,.~,,.~ rll"l I'/l' I'll'
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TADLE a·1. TARGETED VOLATILE ORAGANIC COMPOUND RfSULTS.·ACIO TIlIN AND TIlICK AIR CONCENTRATIONS
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TABLE B·1. TARGETED VOLATILE ORAGANIC COMPOUND RESULTS·.ACIO THIN AND THICK AIR CONCENTRATIONS (conlinued)
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TABLE B-1. TARGETED VOLATILE ORAGANIC COMPOUND RESULTS··ACIO THIN AND THICK AIR CONCENTRATIONS (concluded}
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TAllLE n·2. TARGETED VOLATILE ORGANIC COMPOUND RESULTS··ACIO WITH RunBER AIR CONCENTRATIONS

S"nplc ID TIl·3~ TO-36 TO·3~ • T1H3 TD·~~ TO·H TO·50 TIHI To·n TO·37 TB·~6i IO·.sJ IAVEltAGlE.
S=ple TUlli: Thin Rub Thin Rub Thin Rub Thi,. Rub Thin Rub Thin Rub Thin Rub Thin Rub Thin Rub Fidd BIt field Dlk F'eld Olt Thin Rub
Collte,;"" D"e PQl OMJ119J ~1U719J Q.l1U1I9J Q.lfZ1m Q.l12119J {).lmm 0512mJ llSr.WIl3 osml9J {).l1U7193 Q.lmm 05124/1l)

COIl1r<>Und' nglt. n£A- n£A- nVl- n£A- .VI- nVl- n£A- nVl- nlll ncJ1. ncJ1. ngll. ncJ1.

DkhlO1oo.liOuOlOlll<th.1lle SO .. .. ., .. .. .. .. ., .. .. .. .. <=SOO

ChlOfOl''oCth>n<: SO .. .. .. .. .. " .. .. .. .. " .. <=-t 00

2 Methylpropcne SO .. .. .. .. .. .. .. ., .. .. .. .. .".100

Vinyl Chloride SO .. .. .. .. .. .. .. .' .. .. .. .. <=200

II 'om"rne th.1lle SO .. .. .. .. .. .. .. .. .. .. .. .. <"230

Chl",,,,,d»ne SO .. .. .. .. .. .. .. ., .. .. .. <,,1.90

T.khIOfofluOfonl<th.... 5.0 .. .. ., .. .. .. .. ., .. .. .. .. <", 10

1.I·O"h1"' .....,h,". SO .. .. .. .. .. .. .. .. .. .. .. .. 01 ")

COl""'" Dhuliid, SO .. .. ,. .. .. .. .. .. .. .. .. .. ",,1.50

II fudol1ltth..,(' SO .. .. .. .. .. .. .. .. .. .. .. .. <"110
tx::l•Va II Atcumltllf( ,,:ll 10

trc.... l.2·0ichiOfOtlheM <=010-
2·Methyl.2. PI"l'alIul sol .. I ., I .. I .. I .. I .. I ., I .. I .. I .. I .. I .. I <:40:1

1.1·Dl<blOi""thMIC 5 0 I .. J .. I .. I .. I .. I .. I ., I .. I .. I .. I .. I .. I <:1.90

Vin)t Acct.IIC 5.0 I un I Jill 14 I 211 ~6 I .. I .. I " I .. I .. I .. I IU6~lJE I .. I .. I ,,;}IJ'J'J

lnl""o'""" S.O I .. I .. I .. I .- I .. I .. I .. I .. I .. I .. j .. I .. I <:1(,0

1.1.1.Tri<hl""""hln. SO I .. I .. I .. I .. I I .. I ., I .. I .. I .. I .. I .. I ",,110

COl bon T<lnc hI""d. Sol .. I .. I .. I .. I .. I .. I ., I .. I .. I .. I .. I .. I ,,"I SO

DenUM SO I 169 I lUI I 12.10 I 992 I ~ SlOE I 10.H I UJ£ I !luS I S.II£ I .. I .. I I.11UE I ",,901

1.2 DlCltlo<octh"". $.0 .. .. .. .. .. .. .. .. .. .. ., .. <:170

nuo,obtnt<ne SO .. .. .. .. .. .. .. .. .. .. .. .. <"190

2·ChI<l<o-l·M.lhylpr""",. I SO .. .. .. .. .. ., .. .. .. .. .. " <=0 t.O

(\Of\Unuc\J)

, =CO<IIr<>UAdS v. liu.<I in ....nliOll 11",<: ...<1" ... Not <I.Io:<I.d II lhe I'QL ....... uli>iin lh. cun<lilions fOf lootn"'.. 0 Uld E
Thin Rub. ACIO hOl·nu1 ",ith ",bbe'_ .11In Iaye, o • Ai, coocenln,ion of tIlio COll.pou",", in this '''''111. iI NOT l,ul'" th"" ,Iu.. timo:t UXllIt11 diY', iield bl...1 cMCenu.ti""
1'.<1..1 Ull • f.eld bl>tll E • Ai. concentr41;UII of 11m ......r<>U"" in thi......"1'1. i. NOT I'''''' th....hlre lit""'lJXI the "'e...ce foc;h', MUlt Ol' ConecnUI';on Of
I"QL • I~.ltlit." qUUltiuull1'l Im"'l )X the htUG' field I>I ....l <oncentr";"". "'hach.", is ,.tlltt
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TABLE 1J·3. TARGETED VOLATILE OltGANIC COMPOUND RESULTS··FACILlTY ULANKS AIR CONCENTRATIONS
Ii

S.mpl.IO TU 9 TO. I' TI1-I6 TO.)9 TO·)I 10·40 TO·~I Tn'~6l> lO·H Tl)·19 . TD·II TD·~I llJ·~9 I AVe

5''''1'1. Ty1'" I'd 1l1k I'd IUk 1'<1 Ulk rei lJlk I'd Dlk rei U1k "dOl\; r...llllk Frl Blk TnI' Uk n..t lllk "kllllk nd Oil r<llllk
C"llrcliOll OJ'. (199)) POL tl.!AlS 02111 tl2l1l lWlS U-lIlS ~IIS USN' osm OSJU1 , OUI I lJ2I11 ~/IS osm "cIt
C"",pound' nclt nglt nclt "1Il-

I

..citnlll- nell licit n&IL "VI- nclt nCl1- "VI- ngll..

0",hl<><..,.jil1'"l'Omt:tll".< 50 -. .. .. .. ., ., .. .. "
I .. .. .. .. I 0100
I

Chloron",th>.n<: SO .. " " .. .. .. .. .. .. .. I ., I ., I .. I <dOlI

2 ~1.th11p<opcn< SO ., .. .. .. ., .. .. .. " \ ., \ \ .. \ <~I 00

Vinyl Chlo,i.!. SO I .. I .. I .. I .. r .. J " I .. r .. I .. r .. I ., r ., I .. r ",:100

D,o",on..lh.". SO " ,. .. .. .. ., .. .. .. .. ,. <:2.30

ChI",,,,,than. SO .. ., .. .. .. ., ., .. .. .. .. .. .. <-1.90

Tn<hlooonu",""'Il<th>J\< S.O .- " .. " ,. ., .. .. .. " .. ., " <0.110

I
1.1 ·O..hlo<OC'thcllc SO ,. .. .. .- .. .. ., .. .. .. .. .. <~LllO '

C'",b<>n Oi'ulli.!" SO .. .. .. ' . .. .. .. .. ,. I .. I ., I ., I o. I <aLSO

tx:1 II IcJomcUI1". I SO .. ., .- .. .. " .. .. .. .. I .. r .. J ,. I <",I 10,
00 II A..",,,illil. $.0 .. ., " .. .. ,. .. .. .. .. ., ., ,. <e1l.10

1r""•• I.l·Dkh'lor<ll:.h.". $.0 .. ., .. .. " .. .. .. .. .. ., .. .. <:(180

2· M<'thyl.l·P'''P'''ol SO ,. .. " .. .. .. ., ., .. , ., .. " .. <:~oo

1.I·Oi<hlotorth>J\' $0 I .. I .. I .. I ., J ., I .. l .. I ., I " I .. j ., r .. r .. J <=I.'.Ill

So I I I I I I I I I I
,

Vinyl A«ul< .. .. .. ,. '. .. .. .. jl .... r " J " I .. r <0.7.00

CIllOfofom, SU I .. I .. I .,

f

,.

I
..

I
.,

I
..

I
.,

f

.. n.. r .. r .. r .. J <0.100

1,1.1,T,ichlO1o<thlll" j 0 I .. I .. I , . .. .. .. " ., .. I .. I .. J .. r <,,110
..."

C",boo r ••oehl""de I j 0 I .. I .. ., ., .. .. .. .. .. .. .. .. ., <-I SO

O."unc ISO I .. I 1.70Dtc UOD£G 2 n OE $ 27I>E l.nDE 1 UtDE I.~(JDE U1 DE ., .. .. .. <~Z U

Il·DIth!o<""th.... I S.O I .. I .. ., .. .. .. ., .. ., .. ,. .. .. <~I 10

I SO I I I I I I I I I I
I

l1uorob<ntc", .. .. ., .. .. " .. .. .. .. .. .. <~. 9lJ

2 Chloto-2.M.thy.p<"P...." I SO I .. I .. -. ., .. " .. .. .. .. .. .. .. <:I) /,Ij

•• C'UflI{'luundl I.lC liucd in. fctrnUua .im< Oftkr ..~ • N'V' dc-tn-ted at Ihl '-QI. Ind uu,fiu the l.unJidunt , ... ffJlUtnutn 0 and f~ (ilu"hnu<d,

",HUl • 1·....I"y blank o • Au <o...<nll.,i"" ulilti. cOlnl......nJ in Ihn u",,,t. ;, NOT 1''''<1 II,... Ih,.. II"",. UX) 1Il., doy'o (jrl.J IoIUll;c...... rn".,'''''
I1d Olk • FirM bl>J\k ~ • Ailc........ " ..i"" of tIli. compuund in til;' ""'ple i. ";OT I""" th... ,h,.. Ii....... UX) lIle .'.nce '''''il"y bb"k ai, conc."tr..tlon '" JX: the

Trip Ok. Tn" l>Il11k ,,~(<1I.ce "eld bf:ank concu\uttdon. ~hichC'\lrf is ctcJttr

I'\,1L • I"""",al qUllI,iUli"" III'"' G • Cot",,,,,,,,d delc':'ed ., leu 1/1... I PUCU(al '1""""\.&\\0. I.n\\\ of S ..~



TABLE 13·3. TARGETED VOLATILE ORGANIC COMPOUND RESULTS··FACILITY BLANKS AIR CONCENTRATIONS (continued)

S..."ple ID TD·9 TO·IS TU·16 . TO·)9 TU.)! TD·~O To·U TO.461> TIl·~l TB·19 18·11 TIl·~1 TU·.f9 AVG
S"mple Type fcl IlIk FelDlk rei Olk f-cl UII; fel Illk Fel 11Ik I'd OIk FelDl1; f'Cl BI\; Trip Ot I:ld Dlt Ad Oil. "ld Ill. fellU\;
ColI«tion O>te \19'))) l'QL O:W$ Ollil Ollil !)t!U !)til S !)t/U 115m osm 05.\17 OUlI OVII !)til S osm ncJl..

CO"'fl"Und ' nJl/l nJl/l nyL nlll nJl/l nJl/l n&lt nJl/l nlll nell n&lt nlll nlll nyL

2.S Oim.,lhyl·).lle\<ne SO .. .. .. .. .. .. .. .. .. .. .. .. .. <sIAl

1I'l'l."e SO -. .. .. .. .. .. .. .. .. .. .- .. .. "-170

1 nchll"""lhene SU .. .. .. .. .. .. .. .. .. .. .. .. .. <=I.t){jl

IJ·O"h1o,0I""I"nc $0 .. .. .. .. .. .. .. " .. .. .. .. .. <=14U

O.bj~TlOtU(thU\( SO .. " .. .. .. .. ., .. .. .. .. .. <sl.70

1.~·O;ou"" 50 .. .. " .. .. .. .. .. .. .. .. .. .. <_710

0,"mod,chlOlOlllClhonc SO .. .. " .. .. .. .. " .. .. .. .. .. "silO

cit·I.)·D.chlotopropcnc 50 .. .. .. .. ".. .. .. " .. .. .. .. " 1 <_160

.t ·l\Iclhyl·2·PenWlotlC 5.0 .. ., " .. .. .. .. " .. .. .. .. .. I <sit )0

l"l...n. SO 1101>£1: SlIDE ~ IJjlJl.G ~IWU£ 61 2U 4 asbE lAUUE 1.01bE LV,!>E I,~ 1 WlJI.G lW!>E U11Jf. I <:;'1 If)

tl:'
• II " ...,u·I.)·Oi<hIOlopr"""ne I SO I I I I I I I I I I I\.0 .. .- .. .. .. .. .. .. .. .. .. .. .. <00,90

I.U·TrichloIO(t!I:tne I 50 I .. I .. I .. I .. I .. I .. j .. j .. I .. I .. I . .. .. .. <,,200

TelTaChl"'''''lh.nc $U .. .. .. .. .. .. .. ., .. .. .. .- .. ,,-2.10

D'()(ll(W'.lone 50 .. .. .. .. .. .. .. .. .. .. .. .. .. <slQW

2·UtA''''''''\( '0 .. .. .. .. .. .. .. .. .. .. .. .. <.r~)QJ

O,b,on..xhIOtOt,,,,lh.,.. ~u .. .. .. .. .. .. .. .. .. .. .. .. <=12"

11·0,1"011\"""'_ SO .. .. .. .. .. .. .. .. .. .. .. .. <=17U

<:blUfQbcnl(n~ ~U .- .. '0 .. .. .. .. .. .. .. .. .. .. <"3.2U

1.1.1.1·1.11""hIOtOlelh.... 50 .. .. .. .. .. I " I .. I .. I .. I .. J -. r .. J .. J <,,200

Elhyl D.nune '" " .. .. .. 1.120E I .. I .. I .. I .. I .. I " I .. I .. I ...J 31

"'I' X,I.nc SU 2 I)QUE.G ) 6oOU:; 6U2 DE 2nDE H ....s I 259D£ I .. I .. I _. I 110OU:; I 1.IOlJ£.G I I ~20E I o. I ,,·J.B

NOfune SO I .. I .. I .. I .. I .. I " I ., I .. I .. I .. I " I .. I .. I <=1160
-11

, .. Compoun.l. ". li.1n! in "'cnuon IImc ",\le. .... NOI del"led .1 the I'QL IJld "l"lies lhe coodlli"", lor lOOIlIOIU 0 and E {.ununucdl

Fd Blk a Facll,ty blw o • Ail c"",,<nll.lIon 01 tIli, compound in 11m urn"'< il NOT IIUI<' I/I:an l!uft Unv:t lllq til .. d.y·, lield bbnl <""".nln';""

fld i1ll • Ficld I>hn' E .. Ail coo<.nll.ti"" 01 dlil con'p""nd in It", ""'pl. i. NOT "nlet 1/1111 .Itt.. !lnlCl (lX) the "'<..ce r",,;llly blank all <"""e""";,,,, DO lX w
Trip III =Trip IlI....l 1""'::IIt: fieM hlmt (~(nlUuon.",bi,,!l(ut ii In'~.rr

1'Q1. • 1........1 q.....'iu'ion hnu. G _ C""nfI"Un.l de... ,..l al lell thlJl a poocI;ClI 'lu....lIu'ion limil or 5 nell
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TAULE 8-4. TENTATIVE VOLATILE ORGANIC COMPOUNDS··ACIO T1l1N AIR CONCENTRATIONS

Su"ple 10 TO·IO TO·II to·12 TII·20 TO·21 10·21 TO·lS TO·26 TO·27 TO·2) TIl·28 I AVlikAGE
Simpl. T~p< Thin Thin Thin Thin Thin Thin Thin Thin Th,,, fidd Oil F..ld OIl Thin

CoU"""oo Oll. I'QL O:W5m o:wsm OlAlSl9J (J2J1&I9.l 0211&193 1I2JI&I9l 02l2Sl'il.l OU!SI9J OU!SI93 021I&19l uU2Sm
Compound' n&IL n&IL n&IL n&IL ..gil. nVl- nVl- ngll. n&IL n&fl- ntIL ncfL I nlll-

es Alt"". I S ., " .. .. .. .. .. .. .. .. .. I ..-500

C6 All"". S 167 IJl .. .. .. .. .. .. .. .. Hill <"n.21

C~<lo.lhne 0< b.:u>ch<d ollen. S J69 221 .. .. 66 III ., .. .. .. S~'ll .c9UB

Uut.an..1 5 .. .. Z') .. .. Hl .. .. .. .. .. <..H S6

C6 Ailltl. S .. ., .. .. .. .. .. .. .. .. .. .dUO

1·11,,'0.01 5 .. .. .. .. .. .. .. .. .. .. .,,5UO

l·M.,hyllu,iUl 5 .. ., .. .. .. .. " .. .. .. .. <=500

J·Oul." 2·on. 5 ., .. .. .. ,. .. .. .. .. .. .. .=SOO---
CydOlll.... '" branched a1ten. I S I .. I .. I .. I .. I .. I " J ., r .. r .. J .. r ., r ...5UO

to II AJ'l"lf.nll~ UuunJl I 5 I .. I .. I .. I .. I ,. 1 " I .. I 20 I .. ·1 .. I ., I .-667,
-

Cydohtun. I S I .. I .. I " I .. I .. I .. 1 .. 1 ., r .. I .. r .. I .-5UO

U..ln"..n Chh,,""lJbon j .. I .. I ., r .. I .. I ., J " J .. I .. J ., I .. I .·5 UO

P<nunll 5 H "
., .. .. .. .. .. " .. .. ."In

Unlno"" S .. .. .. ., " .. .. .. .. .. -. ."SUO

>C~ AIJ.h,J. S .. ., ., .. .. .. .. .. .. ..SIt)

C1I 0< 9 All.". 5 .. .. .. ., .. .. .. .. ."500

A<<t.... Add 5 .. .. "
., " "

., .. " .. .. oS'U

Un\nv..... n I 5 I I o. I .. I ., r .. .. .. .. .. .. .. ."StU

11.,,1'1.1) 5 .. .. .. ., 2)L .. .. .. .. .. .. .,,700

5,1".."" 5 ,. "
., .. ., .. .. .. .. .. .. <0500

VnL""... 5 .. .. .. .. .. .. .. .. .. ."SI~

Unlnu.. n S .. .. .. .. .. ., .. .. .. .. .. <;S U)

• ::; COfnf1'.X'ndfi atC' hsttd i" fetenttun time Clinkr
n"•• ACIO hOl rn;' .. ilb""l Nbk•• ,J1I. b)er

f,<IJ UIl • '''rld bl",,'
f~l 3: '·ueu....... -qu.trUiUhOt'l lUI'"

•• .. 1'01 dc."",.d II Ill< I'QL ...d u,hli., II.. <ondllj",,, '''' rllOlJl"'CI II II'Id L

II • All <""".nUlli"" of ,hll ,,,,.pound ,. 11111 UlIIpt. h NOT e'ta'" Ill.., Ihl II..... UX I "'II d.~'. ridd bl>nk ("",••".Ii"" 01 lilt dcl<1;u"" lifll..

L .. Ai. '-"'".nu..."" or Ih" cU<,.".,..nd In tI,iI "'JIlI,I. j, NOT l'ul<' .hiUl ,'~ i'nC! tlXllbc ,,,''C' I.."',,y hi",,' "" .........cnu..i..... '" lX III. I ......

f,eld Lbnl. c::oncf:nu ...,uo. whtdu:ur n Ifuttt

(clJtlunueJJ
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TABLE n·4. TENTATIVE VOLATILE OI~GANrC COMPOUNDS··ACIO THIN AIR CONCENTRAl:IONS (concludedJ
II

Sv"p,.IO TD·1O TO·1l 10.12 TO·20 TD·:!I TH·ll TO·U TO 26 TO·!) TU·l) TD·2lI I AVI:IIAGC
Sa",pl. T,l'< Thin Thin lIlin Thi" Thin Thin lIIi" Thin I Thin ",tid Olk r'cld Olk Th'n
CoUecu"" 0.11" PQL OWSJ9J OWSI'JJ O:WSI'JJ t.l:!Jl !l'J) UlIlSIllJ OlllSlllJ OlJ2Sm UY.lSJ'J) I; OlJ2SJYJ O:lll&i9l umSI9J
Coml'Qllnd' ,,¢,. nJ!\. ncit "J!\. nJ!\. nsJl. ,,"'" n;!\. nVl- 'I: nVl- nVl- "VI- ngIL

N.N·d'",eth,I"'l.'lmide S ., .. .. I7I L Inl. 61 It. .. .. ! 1161l1. SIIIt. ~.Ulli. ...1)0 ~~

ell Alhno S .. .. .. ., .. .. ., " .. ., .. ,,0100

Vnl"""," 1<.'''''0 j .. .. .. ., .. .. .. .. n ., .. <..156

II,nulIl.hydo 5 .. " ., .. .. .. " .. I .. ., .. <,,500
I

"ppu.ntly Tnmelh,lbenulI< 5 .. .. ., .. .. ., .. ..
"

., , . ., <"500

0,,=:11 5 .. .- ., .. .. ., .. .. .. .. .. <,,500

Cll All.llle 5 .. .. .. .. .. ., .. .. ., , . .. <-SOO

U"lna"'n 5 .. ,. .. .. .. .. .. .. I ., .. .. <eHXl

UnLnown S .. .. " .. .. - .. .. :'1 .. I .. I .. 1 ",,500

ttl II U"lnowft 5 .. .. ,. ., .. .. .. ., I .. I ., I .. I ,,-500,
tv II el2 f1f Il All.... .. .. .. " .. ., .. I .. I .. 'I .. I .. I .. I <-HJO

I I "UnLno"'n 5 ., .. .. .. .. .. .. .. "I 51 I .. I .. I uW11

Un1nO'IIWft S .. .. .. .. ,Ill JO " I ., 'I " I .. I -. I 011.67

U"Lno"'" 5 ., .- .. .. .. - .. I .. I ., I .. I ., I ".soo

UulnowIl 5 ., .. .. ., .. .. 21 l .. I .. .. .. I 061'

n"L
I

6:1" ITrid«an. 5 .. .. -- " .. .. .. I 21J ., "ell.1,I

U"LngW" S -. -- .. .. .. .. " .. "
., .. I <edoo

Tclndc'l'&nt' S ., .. .. .. .. .. ., .. IIIl .. 10Sli I ",,13.1.

U"lo"",n 5 .. .. .. -, .. " .. .. .. " ~\Il1 I ".Soo

, _ Coml"""ndl uo li.~d in rele"lio" tim< Ofde,
Thin .. ACID hOI mi...,til"", rubber, thill byer
F.. I.l Blk .. FiclJ 1>1..\
I'QL .. Prxu,d qu"liuuon IInUI

•• .. NOI dtteettd .. lhc PQL and mbliu the condluon. lOt fOOCllor.e. II Uld L
II .. Ait c""".ntrlU"" of thi, <ompoemd in thil umpl. is NOr IrU'U than ,h,.. u""'. (lK) thu d"1 n.1d I>I....l C"""'lItnUon or lhc clttKti~ lunil
L .. Air ."""."Inulln of "'is c"".pour><! i" ,hi, umpl. i. NOT , ...... than thr,. u",n IlX, th. "."'1. ladllfy 111",\ ai, '''''''''''lation or JX "'" ....a'.

(.. Id bl.... 'OI'l<C"'IO""". "hiebe.,' ii""'"
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TAULE U-5. TENTATIVE VOLATILE ORGANIC COMI'OUNDS··ACIO TIIIN WITH rWUUEI( AIR CONCENTRATIONS

,
TIl·53 AVI;RAGES.."pl< 10 TIJ·H Tll·~~ llJ,~S TO,SO TD·51 Til-52 TU·~6.

S.mp!< TYr< 11"n Rub Thin Rub lhin Rub Thin Rub Th,n Rub Th'n Rub r,tld llik held llik 1h.. Rub

Cull«uon D... PQL O-lI'271'9J W1211'Jj wmm 05mI9J OSI2~J'9J (lSI2~J'9J W12119J OSI2~J'9J

n&Jl. nsf\. n&Jl. "Vi- nVl- "&Jl. "tiL ·tiL 'Vi- "Vi-

o Alkan< , -. ., .. .. .. .. ., <~5oo

C6 Alhn. S .- .. .. ., .. .. .. .. <'" 00

CYcI.,.ll.... Of b'an<h<u all.n<: 5 .. .. .. ., .. .. '- ., <-SOO

lJ",..aJ , .. " .- " .. .. .. <..Soo

C6 AI1Vl' 5 .. .. .. ., .. .. .. " <as 00

2·Bu,.naJ , 21 11 nlll,.
" N 15 .. Ilia., -- <oo17,n

~·M.l/"Ifuun S .. .. .. I~III. .. .. .. ., 0650

)·!lu,."·2·0",, S -, JIll -, II 52 Ul,. )III ., <oJ) 61

{'tel.,.11Vl. Of I>,....".d .ILt.. 5 .. .. " .. ., .. .. .. <.'00

AflII"'.nLl, IJ u\JJ1L! 5 .- .. .. .. ., .. .. .. <",500

Cycloh<un< 5 .. " .. n ., .. .. .. <-1161

Unlll""-" Chl",,,,,.. t><m 5 .. .. .. .. 39 .. " .. <-1061

r'''l;ll\;a! 5 "
.. .. .. .. .. .. .. <=soo

Utllno*" 5 .. .. ' . 11"1,. .. .. ,. .. <-617

>C~ AI.It"yd. 5 2)11 -, .. 2)L 18 U'IL 11111. .- <01611

CI 0< 9 All .... 5 ., .. .. .. .. ., .. .. <=500

A.c,ic Acid 5 .. .. .. .. 26 1211L .. .. <-961

Unlno"'.. S .. ., .. .. .. .. n llL .. .0500

II.un.1 5 21 11 U"L .. ~J 21 lly'L n11l. .. <-22 50

$.I"..n< 5 .. ,. .. .. n .. .. .. <..11.11

Un'lno.... n S .. .. .. Ulll. .- .' .. .. <=650

U"ln".." 5 27" .. .. ~1 29 11 ilL H'li. " <:1961

... COlI'pound. at. hn.oJ in lel••,;"n lime OIdc,
Thin Rub .. ACID bOI-l'''\ .. ,!h ",bl><l. !hin by..
field Ull _ Field blank

PQl " PnelleL! qU1II,il.1l1oo I,nul

.... Not d.lttltd .. !he PQl :ond l1,iI ro•• ,h, condi,;on. rOt rOOlnOl.. II on<! L
II • All coneo.,u,l"" of """ compound i. """ ull,ple Ii NOT l'Ult. til... Ihttt Ii_, (JX) """ d'r', litld bl..tcone'.lnti"" 01 1Iw dol<ClI"" I"nll
L " Ait <onc.nv.,i"" of ,hi, .ompound In this '.mpl. i, to:or .'",<1 ""an Illite Ii",.. (lX) the ....... hUI 1>1..1 air conet.trlllon Of )X Ihc ......< field

btVlk cQfK"cnr.ntion. v,luehtu', t~ £'(,)Ief

(ClJnunucdl
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TADLE D·S. TENTATIVE VOLATILE OHGANIC COMI'OUNDS,·ACIO THIN WITH RUBBER AIR CONCENTRATIONS (concluded'

TO·~4· "S...."I.IO TO·H TO·4) TO·~O TO·S! To·n ' ~ TO·~6. TIH) AVERACE.
S.."pl. Type Thin Rub Thin Rub Thi" Rub Thin Rub Thin Rub Tllin Rub ' Fldd Olk F,.h' Blk Th;" Rub
Coll«,ion 0". fQL ()..f12119l ()..f12119) ()..f12119l o~ml9) omm) o,mm ()..f12119J O$l2mJ

nell- nVl- nell- neil n&l\- n&l\- neil nell- n&l\- "&I\-

N.N·dll".thyl'«l.lllli". 5 19111l 196111. H~IIL 101il Ull l()..fu'- I )()..fllL .. u138 U
1

CII Alk ..... 5 ., .. .. ., ., .. I .. .. <..'00
U"lllOw" K••o". , .. ., .. 2. 23 1III ., l~lll .. <-11 11

Il.nuld.hyd. , .. ., .. 10 ., ., .. .. <~.I1

Awutnl'Y Tnnl<'hylbcnun. ~ " .. .. .. .. ., .. .. <a5.00

(X ''1,..1 , 3811 Dill .. S! )) 16\ ;1 20'll .. 02600

CI2 Alliin. , .. ., .. .. .. rll I .. .. <as,61

Unkno.. n , .. ., " Il'll ., " " ., .. 063.1

UnLnown 5 " .. .. n"l J111l. 2o'lL ., lejiL <.. IS 00

Unkno",n S ~o'll 291•l .. SlJ- n L 17\ 2~IIL .. <"H.I}

CIl or IJ AIL ..... .s .. .. ., .. .. ., ., ,. <..'00

UnLno..n S .. .. ., .. .. .. ., .. <as 00

Unlnown S .. .. .. ., .. .. " ,. <-SIlO

Unlnown S 21 .. .. 10 lO 20 .. , . ",,11,8)

U,,\nu... n 5 nil .. .. .. 2'1
Ililt Is, ll .. <.. I~ 6)

Trid"".... 5 27 l .. ,. " 79 ,ilL .. .. <..u :so
1

Unlnown 5 .. .. .. .. 10 ,ilL .. -- <-16ll

T.u.<I«_ , .. .. -. .. "11. H L .. .. ... IS B)

Unlno"'n , ., " .. .. ., .. .. ., ",,$00

... Compound, u. Ii".d in tel<n,i"", lin.. ord..
Thin Rub .. ACID hOl·mi, with l\lbbcr, thin Ityet

rid" OIL .. F•• ld bl.nk
I'QL .. P..e,k.1 qUJJl'iuI'on llmil

.. .. NOI d.lected •• til. "QL """ ..lidi., .h••oodllion. rOf rOOUlOlco II &lid L
11 =All ."""n,ul;"'" or tIIiI .orllpound ;11 !hi. '."'1'1. il NOT &1<1.<1 til.... IhJt<: lim... ()X)lllll d.)"'s lield bl....k!c......"u.lion 0. tbc d.ll'<uOIl 11m..
L .. Ai........"I..';on or this .ompound ill II", .ample h I\or &1..le. thlll IhJCll lin.., UXI tile "cr'l' hu' bl>.nl,air .oncenu.lion ot )X lh. ...ral< fi.ld

blank .""".I>lu,ion... IIkh.... i. I I<>ler \1
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TABLE IJ-6. TENTATIVE VOLATILE ORGANIC COMPOUNDS··FACILITY BLANK AIR CONCENTRATIONS

Sample 1O Til-IS TO·lll . Til·)!) TD·lS TO--SO TIHI TIl-~61) Tp.-s1 TO·~I AVERAGE
S.ulll'le Tyl"<' " ....ili'y 01\ r"",li'l J!f\ I'''''''"y UI\ F..-ih,y 111\ E",tI"l UI\ /'o••h'l 1lI\ r"'''''l l1ll ""dl,'y U1k firld UI\ flodl.,y IlIk

CuUn. tiOl\ (}.dc I'QL OWl!'}) UUlINJ lJ.//Ij/9J lJ./I/5111J lJ./IISo"JJ UMl1o"JJ lJ5A,l1o"JJ (lsm19) lJ./1U19)
Compound' "til "til n;lt. n;lt. n;lt. neil n¢., n;lt. n¢., n¢., nell

CS All.,,( 5 .. .. -. 5S .. .. .. " .. <,,11.15

ell All."" S 61 .. ,. .. .. .. .. .. ., <,,12OU

CyclO>.ll..e Of b.and",u .Il."" S lJll .. .. .. .. .. .. ,. .. <a2U8

U",,",l S -' .. ,. .. .. .. .. .. .. <=SOO

CII All""" 5 ., .. .. .. .. .. .. .. " <,,500

2T Uuttnl.l S ., ,. .. .. .. .. .. .. .. <"SOO

2-M<lhylf"';IIl S .. .. .. .. .. ,. .. .. .. <"sou
.

)·Il"l<n-~-"n< S ., -' " .. .. .. .. .. ,. <"SOO

C"-I.,.lh,,. Of b'1/lCh.u .rlonc S .. ., .. .. ,. .. .. .. .. <"H.O

Ap!'.lJtntly 1l"';IIl,1 S .- .. .. .. .. .. -, .. ,. <..sou

C)<Iol1<un. S .. .. ., .. .. .. .. .. .. oS 0:)

Unlnown ChI"",,;.u\l<:lll S .. _. .. .. .. " .. .. .. oSUO

P.n"",.1 S .. .. .. ., .. .. .. .. <"S OU

Unlno..n S .. .. " .. .. .. .. .. ., <~SOO

>C~ Alo./<h)d. S .. .. ., .. .. .. .. .. .- <-SUI

C8 Of 9 All.n, S .. .. .. H .. ,. .. " .. ...97S

A«n. "Cld S " .. -- " .. .. .. .. " <.5 Ull

Un1.nO'An 5 .. .. .. .. .. ., .. .. .. oSO(J

1l....MI 5 .. .. .. .. ., .. .. .. .. <_SlYI

Silonne S .. .. .. .. .. ., .. .. .. <=5 lJJ

Un1no..n S .. .. .. .. .. .. .. <..S IlO

Unlno,""n S .. .. .. .. .. ., ., .. .. <..S OU

('....un""")

, .. C<>ml'O"nd' Ill( l;sud in 'r"'nlien Ii..... ",0./..
1'... ,11'1 Olt .. F"dli1r blan\
F,.ld Blk .. rIC'" blank

-- .. NO! d."",..d >l th, I'QL >nd ~,hli" I~ cond,uonl fO( fOOlJl""" II I.lld l
I'QL " l'r... ,icd '1uan,i..uon rllni,
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TABLE 1.1-6. TENTATIVE VOLATILE ORGANIC COMI'OUNDS··FACILITY BLANK AIR CONCENTRATIONS (concluded)
I'
I
L

S""plc 10
I

AVEkAGI::1 IJ·lj TIl·'6 I Til·)'} TIl·JS Til·,", TIl·U TIJ:~61> TIl·H TIl·~1

S;unple Ty"" F.dlllyelk r...ilily lilt FocililY Ill. F",,"lilylll. Facili.y Ill. Fxdilyel. F..tI"y 01. Foclilly /JI•. fldd Uft r""lllIy lilt
Col/«:dol'l Oil. PQL 02lltm OUlll9J ().l/UI9) ().l/lSl9) ().l1l$19J 05Al119) 05.1.1119) OSAl1l9) OOISI9J
Compound' "tIL nJ,ll. ntIL nctL n£l1. n£l1. n£l1. nC"1- 1111\. nil\. nil\.

N.N·din...hylJ(cl.ullide S ., " %211L S~II1. 1211111. 1651. 1651. Il)L IIUIlI. .,,6)82S

ell Alh.ne 5 .. '. .. 11 .. .. .. ., .. <:D.2S

Unkllown Kelone S " .. ."SOO,. .. " .. .. .. , .,

Uenaldehyde oS .. ., .. .. .. .. L .. .. ...500

AN'.,."tly Trin..thylb<nun. 5 .. ., .. 2) .. .. .. .. .. .-1.25

D.:unal 5 .. ., " ' . .. ,~,u.. ",Ill. .. " u1.15

ell All""" S .. .. .. II .. .. .. .. .. .-u SO

Unlnown S .. .. .. .. .. .. .. .. .. ..'00

Unlno"'n S .. ., ~a"l. .. .. 2gl 2J1. 3~1. 39"1. c.'9.U

Unlnown , .. .. ~)I. .. HI. 151. 1~~ .
,,,I. .. .-3I.8a

Cl2 Dt I) Alkon. .s .. .. .. lO .. ., ., .. ._11)

U"kllo'"'n .s .. .. .. .. . " ,. .. .. " ..Soo

Unkno~n S " .. .. .. .. .' .. .. .. ."sW
"

Unlno"'", S
,. ..sOO.. ,. .. .. .. ., 'j .. ..

Unlno..... S .. .. .. .. .. .. .. .. " c"oo

TIlde«... S .. .. .. .. .. .,
" .. ' . c=SW

Unkllown S .. , . .. .. .. ., ,. .. .. <=5lXJ

Tctzw(cuC' S .. ,. .. .. .. .. ., .. ."SOO..
Unlno",n S ., ,. .. .. .. .. ..

j . .. .. caS 00

I • Cumpounds. IJC liltt't.! in retcnllOfl litre order
Fxihly !lit " FlICilily 101.....
FitlJ Drl • rleld 1>1.....
1'Q1. ; P•...:".... 'lu;ulliwioo lunit

••• NOI d.le"•., a. Ihe I'QL and ul"flu Ih. <ondltlonl (Of r_.1 II Il'l<! L
II • Ai, conc''''lfillion 01 Ihi! compound in tIli, lamp'" it NOT I,nl<' til .... lilt.. lim". (JXI thor d.y', rield bl... l coo<cnlnuon 0' III. <1<:"'1'"'' Illll"
L .. All <""".nlt'lion or Ih" ,olllpoond In Ih" umpl< h NOT lin'" 1hlJ'l lilt.. Ii"... !lXl u.. "c"C. r....,lily bbn.\. lI' C\lf><"nIUli"n .... )X u.. .......

field blmk CGfkcnlulion. llt<hu;ht\t'f i\ 'fc"Uet
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TABLE (l·IO. OI~GANIC XAD·2 TRAIN TARGETED SEMIVOLATILE MASSES

S.",ple lIl.vlle XAD·J XAD 6 XAO·9' XAD·12 XAD 40 XAO·16 XAD·n XAD·JI XAOHD ](AO·41 XAD·S XAD.IS' XAD·)O
SImple Type Thick Thin Thin Thin Fiel~ Oil nun Rob Thin Rub Thin Rob Th,n Rob !',<ld Olk r"dli,y IlIk !'.dli,y Dlit r ..,'i,y Olk
DJle of Cotlc<lion MOL Inun 21J19) 111819) 212SI9) 1J2SI9l ml9l 4n7l9J Sn4i9J 4n7i9J U21i9l 2111i9l 4/Hi9J sni9J
COlllpound' (~G/ (pG) (pG/ (pG) (1'0/ (pG/ (pG) ("GJ ("GI 11'0) Ipa) <pGl (IIG) IIIG)

Ph<n,,1 I() 1200 ., S~ 0 1)0 .. 11.0 U AI SlAI HAl 7.lA8 ., 49AI ..

bhU·ChIOfo<tbyll Elh<t IU .. ., " .. .. .. ., .. .. .. ., ..

~·ChIOfoph.nol 10 .. ., .. .. .. .. ., .. .. .. .. ., ..
1.)·Dichlo<obtnlc", 1,0 .. .. .. .. .. .. ., .. .. .. .. ., ..
1.~·DkhIOlobtnun. 10 .. ., .. .. .. .. ., .. .. " .. ., ..
1.2·DkhIOtobtnltn. 1.0 ,. ., .. " .. .. ., .. .. .. .. .. ..
2.M.d,ylphenol 1,0 .. .. .. 6a"B V'" 9.2" 60"8 81" s.aAll 4.7"8 .. .. 4.SAlI

bi.(l·ChI",oisoptopyll EtIl.. 10 .. .. ,. .. .. " .. .. .. .. .. ., ..

N·NiltoI<Hli·n·l'ropylami". 10 .. .. .. .. .. .. .. .. .. .. .. .. ..
4.M<lhylphtnol 1.0 .. .. .. 4.)" .. .. UAB .. 14All 2.oAlI .. .. ..

lIu"Clol""O<lh""" 1.0 .. ., .. .. .. .. .. .. .. .. .. ., ..

N'."btnunc 10 .. ., .. .. .. .. .. .. .. .. .. .. ..
-hophOlone 1.0 .. ., .. .. " .. .. .. .. .. .. ., ..

2·Nil'oph."ol 10 .. .. .. .. .. .. .. .. .. " -. .. ..

2.~·Dirn.lhylph."ol 10 ., .. .. .. .. .. -- .. .. .. .- .. --
O.nloic Acid l.O .. .. .. .. .. .. J 0" .. 49" J90"1 .. .. ..

bi'12·lnl",,,,d,,,,yl /.!.lh.,.< I.U ., .. .. .. ,. .. .. -- .. .. ., .. ..

2.HlichIOfoph.nol 1{) ., .. .. .. .. .. .. .. .. .. .. .. ..
1.2.~· TrichlOfobon.... 10 ., .. .. .. .. .. .. .. .. .. .. .. ..

N·llI"Io.J."" I U 9StF 9ltf J1 0"0: 260"11 400AI mr WO"I 290"8 9.7"',1 6.7'" ~(J"llC S lAS 220"s

~ ·ChIOfNflfline 10 ., .. .. .. .. ., .. " -- .. .. .. ..

Il"tachlorobu,:ld,cne 10 .. .. .. .. .. ., .. .. -. .. .. -- ..

, • C<mpound, '1< lilled in ,cunti... lim< "file,
Thick. ACIO hOC'nUl ",i"'oul Illbbo•• thick I.ye,

Thin. ACIO hOC·lfUI ..11hou'lllbbt•• thin I.y.r
Thin Rub. ACIO hOC'nUl ",itll Illbbt,. thin !lye,

nd Olk • Fidd b1>l1t
F..illlY Dlk • F:lCdily bl....k
MOL * M.lhod dot«""" hnUl

.... 1'101 del«l<d .1 I!le MOL UJd Ul,.nC' !he conditions ro, rOQ(llOlt:S A Il'ld b
A • M.n ol!hh eompoond in !his umplc is NOT .,.."" th:ll'l W"" lime. IlX) I!le .....1. heir"y Man); m.m or I!le l\ "'C. field blink mu•.

..Melle... is I'.....' (.....,,, ",ill include dcUtuon limits U IPllt!lprille)
II • Ai, concenlt.uOll or this compound in lhil umple is NOT If..l.r lh"" 11\1"" Ii....s UXllllc ...,..•• hdl"y bl1nk a.ir t"""C.lntion

C • C","pound ",U.ftl in bbOf,tory bl....k; b.dC'ound sllblnJCllon NOT perf""""d

•• Some .hibl. d.am.aCe 10 fill...dC"
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TABLE B·IO. ORGANIC XAD·2 TRAIN TARGETED SEMIVOLATILE MASSES (concluded)

Sat"pl. N•.". XAD·' )(AD·6 )(AI)·"'. )(AO·12 X},0·4U XAO·16 XAD·n XAD·JI )(AD 21U XAO·41 X},O·I )CAD Ig' XAO·JIJ
S..,.pl. Trp< Thi.k Thin Thin Thfn fitldlllk Thin Rub Thin Itub Thin Rub thin Rub !'itld nIt f .....1i1r nlk F..lIllr nlk f ....lllr Dlk
0.,. or CoU",i"" MOL 112819) V41'9J VIII9J 2125I9J 212SI9J WI9J 4n1m 5/HI'JJ 41!.11'9J 41l.719J vllm 4/14NJ 5nl')J
Coflll'O'ln!l' I~G) IIJG) b·G) (~G) (~GJ (P(J) (iN) II'G) 1,,01 11'01 IvOI IvOl (1'0/ ("OJ

4·B.omoph.nyl·Ph.nrl Elhu 1.0 .. .. " ., .. " .. .. ., .. ., .. .,

lI.uc1ll0<0I><n.."" UJ .. .. .. .. .. .. .. .. .. .. ..
r.nl....hIOtophcnol 10 .. ., .. .. .. .. .. .. ., .. " .. ..
Ph.n.I\IN.n. 1.0 loA· 4AA 2.2A8 20AB .. 2A"8 ., .. ., 110"8 ., ..

AnINac... I.U .. .. .,
" .. .. .. .. ., 2JAI ,. ,. .,

di,n.Bulylph"":tl1t' 1.0 94.0"· ~oooAB 140"· 320"1 Ro"I -1••0"1 2OO.rI 100"8 200.rf 510"" 4soAa 160"1 96 0"1

nuonnlhenc 10 .. ., .. .. .. .. .. .. .. )7AI .. .. --
IJyftn.c: I.U .. .. .. .. ,. .. ., 2.1 AI .. ) ","I ., .. ..

Bulylbcn.ylphth.,.,. 10 .. .. U .. '" ,. 1.)"" SJ 1.5'" U AI
" .. I.AI

J,)',DkhlOloo.nzidi"" lU .. .. .. .. .. .. .. .. ., ..
" .. ..

eh!).... '.., 1,0 .. .. .. .. .. .. .. .. .. .. .. .. _.

n•••ol.)....th'''''.ne 10 .. .. .. .. .. .. .. " .. .. -. ., ..

bf,U Ethylh.,yIJphth;ol'I' 1.0 SIAl 5.1"1 I.7A8 J.2AIC U A1C U AIlC $J"" 90"" SAAIl •.3.1,8 nAB -I lAIC nAI

Di·n·O:lylphth.bl' 10 .. .. .. .. .. .. .. 9.4 AI ., nAil ., .. asAI

B.n'olbln"o,uthe"" I.U .. " - ,. .. .. .. .. .. .. .. .. '., ..
nt.uJ(lIIJ"o,onlhe"" ' 10 .. " .. .. .. .. .. .. ., .. ,- ..

ut>f1,f'U(·)I,)",c nC 10 .. .. .. .. .. .. .. .. .' .. -. .. ..

Ind••oll.2J .dlpyft•• 10 .. .. .. .. .. .. .. .. .. .. ., .. ..

D.1-<.\1I••hlonllu..... 1,0 .. .. .. .. .. .. .. ' . .. .. ., ..
Den'O<t .hjlr<!)I.nc I U .. .. .. .. .. .. .. .. ., .. ., . ..

U.n,ol.,pYlenc I.U .. .. .. .. .. .. .. .. ., .. .. .. ..

• • C.,.-npound. v. liit.d in ,.,.nuon lime o<de,
Thi.k • ACIO hOI-mi. ""thou' tubl><t. lhick 10,••
Thin. ACIO hoc ".;. willloul ",bl><,. llIi. lay..
Thin Rub. ACIO hOl·mi, .. ,tit ",bbt,. III•• I.yer

nd Bll:: • fi.ld bl.tnk

F...li" Bit. f.cili" ""nk
MOL • "1.lhC<l 01.1<1;""" lIm:it

... Not d....tled II the MOL and uddi.' the condftiOll' rOl rllQlll(lU, A and B
A • M..... or this compound in lit;' ....mpl. i. NOT I'UI.' Ill du•• lime. IlX,Iht .'''.1. fkllny blw lI\lSl 0' the .,...,C. r",ld brard; mu••

",hiche• ., is " ....., II....... will i""l..... de.«UOll limiu Pl'fopri j

II .. Ai. conctntr,tiOll of thi. to'''l'O'Ind i. llIi. '1IlIpl. i. NOT &1 lh thle. lin..... I)Xj th. '''''Ie Ilcillly ""n~ air ,,,,,,,.ntrIIlOll
C .. Compo<lftd p..~nt ill Iabotalory blank: bockC.ound .ubln<'lion NOT ""r1omk'd
f .. The m:u, fOt lhi. COnll'O'lnd in 111i. 'lI"pl. fitted, lb. i.'lrUmenl u,hbntiolt ,"'t.t lou, " ... ,Ib\n 1\..... nn••

•• Some .ilibl. dan,.C' 10 fill,••dC'
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TADLE B-II. ORGANIC XAD·2 TRAIN TARGETED SEMI VOLATilE AIR CONCENTRATIONS (continued)

$""'1'1. Nam. XAD·) )(AO·6 XAO·9 I X"O.12 AV!:RAGE :<,0,0·16 XAO·Z1 XAO·)I XAO·21O AVERAGE XAD·S XAO.I8' XA1)·30 AVERAGE
50"'1'1. Type Thi.k Thin Thin Thin Thi. Thi. Rub Thin Rub Thin Rub Thin Rub Thin Rub F.cillly IIlk hcilily IlIk F"",lity llik r>em,y
D... 01 Col1C<lion MOL Inll9) lW93 2111193 212519) ~nJ9J ~ml9) 5n~19) mmJ :!II 1193 ~/I~I\!J snm Oil
(o"'round' (I'G) 1'01",' "Olm

'
!JGlml "elm

'
vClm' vO/m' "O/ml "G/.,' pOlml pO/nil "O/m' pO/m' "G/ml

IIG/ntl

11<\~hIOtoey.lor<nl.di<n. 10 .- .. .. <..0 211 .. ,. .. " <=02H .. .. .. <=0.236

V .6·TrichiOfophenol to .. .. .. .. <=0.112 .. .. " .. <c(l.HJ .. .. ., <:{I n6

2.U·Tri.hloroph••ol 1.0 .. .. .. ., <:0.212 .. .. " .. <eQ2U .. .. .. <:{I 136

1·ChI<lfonophth.I.~ 10 .. .. .. .. <:0,212 .. .. .. .. <:0 2~J .. .. .. <:(I.2J6

2..Nluoa.nihnc 1.0 -. .. .. .. <eQ212 .. .. .. .. <=O.H] .. .. .. <..0.236

Oill-.:thylphlh.b,. 1.0 .. .. " ., ",..oUl .. .. .. .. <oOH3 .. .. .. <<0236-

""••n.phthyl••• 1.0 " .. .. .. <.0.212 .. .. .. .. <.oH3 .. .. .. <=0236

2.6.0i';II01ol.0.e 1.11 .. .. .. .. <"'-'2Il .. .. .. .. <002U .. .. .. <=on6

J. NI uo:tJIili •• 1,0 .. .- ., .. <.,(}112 .. .. .. .. <=OHJ .. .. ., <=0136

Acen.phthene 1,0 .. .. .. ., <.0.212 .. .. .. " <o(J.2U .. .. .. <"'-'.136

2.4.0,niuophenol 10 .. .. .. ., <><0.211 .. .. " .. <=62H .. .. .. <.-tIl)6

~·Niuophcnol 1.0 .. .. .. .. <-0.212 .. " -. .. <.0.243 .. .. .. <eQ2J6

2..t·Diniuotoluftlc 1.0 .. .. .. .. <..0212 .. .. " .. <=02H .. .. ., <=on6

DII,enlol.r"" 1.0 .. .. .. ., <x0212 .. .. 0290'" .. <=0.252 .. .- -' <:0 236

m.thylph"',"t. 10 12.013 1.6691c1l ) 2661c1l 2.151'" 02.69S J.)~6"· 1.127.... 3.H9"· I.7SO'" <-2.134 0616..... 1.812'" 1632"· <=un

Auor... 10 .. .. .. .. <000.212 o.ns..... .. .. " <00(21) " .. ., <000 2]6

4.ChI",vphc.yl.I''''''yll:lh., 10 .. .. .. .. <aU 212 .. .. .. .. <o(J2H .. .. .. <eQ 2J6

.a·N1UD.U\thnc 10 .. .. .. ., <00.212 .. .. .- .. <eQ!O .. .. .. <:0 216

4 ()'Oiniuo-2·M.t.hylphcnol 10 .. .. .. .. <=0212 .. .. .. .. <eQ2H .. .. -- <.-tIn6

N~NittO$oJlphtn,b.rnint 10 .. .. .. 0.3H"· <=02(,.1 1.S29" .. lUll" .. ..1.21» .. .. .. <00(2)6

~.llt"""'l"lCnyl·l·hon)1Ellie, III .. .. _. .. <eQ 212 .. " .- .. <x02H .. .. " <=112)6

ll• .,chlorobcnu"" 1.0 .- .. '- .. <=0 212 ., .. .. .. <=O.HJ '- " .- <:0 236

Penucllloropltcnol 10 .. _. .. .. <=0211 .. .. -. .. <zOH) .- .. ., <=-(2)6

Ph.n..tht.nc 1.0 0119'" 0919" OH9,,11 0.191'" <=0616 OSH'" .. .. .. <ZO lSS .. .. -. <=-(1)6

, c Comroundl at. li".d in I.,enli"", lime OIdc'

Thkk - ACIO hOl·mi, """'<XI' rubbe,. !hick byer
Thin .. ACID hot·mi, ",itlloul rub!>cr. lIIin I,y.'
Thin R.b .. ACID hot·mi, ",ilh rub!>c,. !hi" laJer
raeil,ty BIt .. F....'I"J ~lonlt

MOL .. Me"'od dOI":li"" UnI'l

.. _ No, <I<,ce,.d II the MOL ond ul'd'.. Ihc cond'li"". r", rOOln_. A ond D
A • Ml.. or lIti, compound in thi, ••mpl. is NOT l'ul" 1lI.. th,ee Ii"... "X) the o'elll' ",••hly bl...t tn,u. 0' Ihc .....1. field bl..t mu••

""hkhc... i11'UILI h ••"',u ..,II ilklor.lc dcltCli"" limiu U Ippropri.te)
Il _ Ai, conc.nltolion or lIti. <_pound in !/Iii umple iI NOT 1'.ller !/I... d'llt<t un,", OX) th. 1\ ...,e flCilily blank air .orlC'.ntnU""

•• SO"'" .hibl. du"ot. 10 filt", cdce

(cOClun••d,
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TAStE IH2. VAPOR PHASE. TENATIV£LY IDENTIFED. SEMIVOLATllE COMPOUNDS· AMOUNT/SAMPLE

S:IIllple Name XAD·) XAD (, X,(0·9 XAD·12 XAD·~O )(AI)·16 )(A[}.27 XAD.)1 XAD--.11 XAD·' XAD.1I XAO·10
5:11111'1e Type Tloitk Thi. rhi" lhi" I'ield 911 Thin Itub Thi" Rub Thin Itub F"ltl 011 r...ilil)' Blk rOC'''l)' otk """tli') Dll
O"e or COllection In8t9J lJ~19l 2JISI'H 2JUI9l 2J2SI9l mm ~ml'H SI2JI9l JfW9J 2111193 mU;I) snl?J
COn,pound' "I 1'1 III 1" II' 1'1 VI III 1" I'g 1" 1'1

1.~.Dil1 .. 'h)'I·2-Pen,..01 JIlt"'!' 110 1~()

l,S,I,II,U.P,nt2oupcnud..,,,,,. 21

2· (2·"letho,)'<1110 'y)ethanol liMN

:>CI SAlk;.". 2"\!~ J1M~

:>CI SAIL;.". 18'IN .12'111 u'tN 6Sl1 U 11

:>cn Allybmidc 60

>Clf> lIe"",,4;ok Acid ell« 620 ~9 9~0 220\1 520 210 11

>00 Alit"e SO'IN SIMN 51"" lS
>

>C/o AIL'"e 61~IN 2J

loCI Acid n\11I IS

>CllltlV>tdi"ic Acid En., 19"".'1

Acid Ule'

Anti ".'C'
Add Etltf

AIlene ut Cych"'lh.... IJO

Alkfne '" Cyclo.>ll:ln<JC<lC'u.ion U

Allyl CI'c!0pop:1l1e

llfnul&ehyde 110\' 110

OfnzClhiozoi. 11U" 61 M 86

Cll AcId Eller )S

ell CI S Alkane

, .. CDItlpoulld, .,. Ih"d in ,...nliOll liM< ",d"
nuct .. AC/O hor-nti. ",jl1loul ",bl><,. thick byci

Thin .. ACIO h",·mix withou, ",bl><" thin I.)'er
lbin Rub .. ACIO hOHm...itJI ",bbr,. ""in J.y(,

F"ltI Dl1 " Ficld bbnL

racilhy Dlk .. Facilil)' bb.,,1t
M .. MIn of thil "Clmpou,"" in thi> t>JI,ple it ~OT IIUI.<' 111M we. lin... OX, the """" r."",li,y blml ".." 0' the o""C' rift" Mm..........

..-hicht •., II l'Ult' (.....1.. indW< minimum TIC _"Il u al'l'f"p"tc)
Ii ... Air c"'l('rnrnlion of Ibit <ompou,"" in Ibi. wnprc il KOT I'''''' th>n lilt.. I'''',,, OX, the a",." rxilt,)' bl>nlt <oncenlulion

l,onlrnlJCJj
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lADLE lH2. VAPOR PHASE, TENATIVELY lDENTIFED. SEMIVOLATILE COMPOUNDS· AMOUNT/SAMPLE (concluded)

S'l1Ipl, 1'/.",. XAO·) XAO·6 X,t(D·9 XAD·I' XAD·~O XAD·16 :<"'0·27 XAO·)l :<AO·41 >:AO·8 XAIJ·18 XAO·}O
S.mpl, Type Thick Tllin Tllin l";n IIdd lilt Thin Rub Thin Rub Thin Rub r ..M Olk F:ac,Ii,y IlIk F""ili.y Utk F.('illlr IJll<

0.1. or Coli..""" If18J9J 2W9J 2118J9J 2IHm :!12m} JnNJ .IfHi'll S/14193 Jf11/93 1I11m JtIV~J snm
r"'"I'O""d' 1'8 1'8 I'e 1'8 I'e 1'8 I'e I'e 1'8 1'8 '" I'e

n·MeihyI1o<rtnW,hrd, )IM~ n

n.M.lhyJ·,,·l't"l'tnjI1o<Ilwr, SJM1'I 6-jM J)\lll 29 21

CU Il.uncdi"ic A<id E"er

C8 Ph\lta!.l< JO H~l:< S3 M
" 20 U

Minimum TIC Amounl Rfpon'd 20 2. " )J 20 sa 27 29 29 10 IS II

... Comp<l>Und5 are 1i51.d in If.,,,,i"n lime order
Thick .. ACIO 1101-1"; ,thoul M.lbhrt. lhk-k Iar"
ThIn" ACIO hOl·mi 'lhaul rubber.lttin Ia,.er·
Thin Rub .. AelO h",·mi. wilh Illl>b<'t.llIill byer
r,d4 IlIl • 1"..ld blan\:

facility OIl< " Focilhr blont
/l.I " f.I of <Ai••ompoun<l in tlti. '''''1'1. it NOT crealer lllan Ihtoe limo, (J:'<llhe lOClICO facility bl.,,!:. nw. or th fi.ld blank """'.

.."klt••,r is .'CI'or 1'••"C" Indudo nunl"'um TIC amoun!l It 'W'opOlI'l
N " Air eo...nlt'Oli"" of lIt'5 ,,,mpound in llIi. u",pl. i5 NQT .,uler!han 11l.r~~ um<& UX) lit. "'UC' tilt',li., bl.lnk c"""ntnllion
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TAULl~ 1)·13. VAPOR PHASE, TENATIVELY IDENTIFED, SEMIVOLATILE COMPOUNDS· AIR CONCENTRATIONS (cominucd)

Somple Na",e XAO·J :<AO·6 XAb.9 XAD·ll "AO·~O XAOl6 XAD·21 "AO·)l XAD·U XAO·. XAD·II XAO·)l)
Sample Type Thick Thin Thin Thin Field IlIk Thin Rub Thin Rub Thin Rub Field OIk FocilllY Ill. FiltHilY Lllk Foc,ll,y Illk

0". of CoII'ellon In&'9J 2W9) 1I1&'9J 1I2Sl9l 2f.Ul9l ml'9l ~ml'9l SI24I'9l ~ml'9l 1I111'9l ~al9l SI1I9)
C"",poo.d' IIetm' !Jetm' IIetm' velm' IIetm' pelm' petm' PVn,' IIetm' "etm' vetm' II&/m'

CD·CIS Alhn.

el J·CI S Alkan. 000 1.9)

Clllc.un. 9.7t~'1l: IUS 36Jl 1.6S~11I 000

C8 Phlll.ble

Die•• or Alcohol 000

Diethylbenrcne hOltlo<r 600-'11l 2224 8.9).'111 000 1601"'N 6.l~~11'l lJ 98~1!I Il.U

Ethyl Estc,·3 ·Phenyl.2·P,O!"'noi. l.11MN JU"iN 9.)6~'1l: 9.lIMN 000 6.S9~'1'l III S.19 6U
Acid

EllIyl Eucr·)·Ph.nyl·2·P,openoic

Atid

lle""cdIO'ie Acid. Oioelyl E,l(1 J1.7J 81.97 II All

lIe",o.ol 1.81~IN 1124 9.8U.\lN

NonlllaJ 2l.H

(kWllJ 6th'IN 17.1J~1 "'If IU6~ 12A(t\l 000

Po"ible Alkylcydohuan. U1

S,y.... J1.n\l~ 14 U4~11l 211 H 000 lSI SO 4S~W lJ9.nMIl 000 112 O~ ss.n c., l!

Un1noWltn IIH"II IU4'" 000 19J6~11I 12.0s~t.. 12 14 MII 000 H42 &S6 ~ 7~

Unkno"'n 1.H"11 2211"N 11J7~'1'I 000 lH 37H IS HI)

U".no..." 951'" RIlf'l< SHfi

U'''o",n 16.S9"

Unlno.. n ..1>-1 O'YI'"~

Unl.ow. wl>-l O"S'.'

• = Compoondl ar. Hurd in ••",nli....imc ord••
Thict = AC 10 h",·mi, ..hll""l ",lIbe,. thick' lly<l
Thin .. ACIO hOl·mi...ithoo' ",I>be•• thin lay••
Thin Rub = ACIO hOI' mi...ith ",bbe., thin by.,
r.,ld llll; • F..ld blant

J'xili'y BIl .. "oeili,y blank
M .. MUI 01 llIil .o,,'poond in Ill" umpl. i. NOT ,'Uloe' Ih... w•• lim.. UXllh<: ...12C. '.."lily bl..,t m.u. Of the ......,. rICI'" bllnt: """" •

..Mehe••, is I,u.e' ' .....Iu indude minimum TIC lII1IO'lnU U 0l'l"oprlllc)

H .. Air .onc'.lr1lion of Ihit con,poond in this umplc is NOT linter til ... "".. lim.. UX) Ill...cnC. t""ilily blank eoo<.nlntJon

(.""dnuc"'J
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TABLE n-13. VAPOR PHASE. TENATIVELY IDENTIFED, S£MIVOLATILl;: COMPOUNDS· AIR CONCENTRATI0I:"S (concluded)

,

Sa",plc N:unc XAO·) XAD·6 XAO.' XAD·I! XAD·~O "AD·16 XAD-21 XAO·11 !XAO.~' XAD·I XAD·'ll XAD·J(/
Sampl. Type Thiel< Thin Tbin Tlti.. F"",W ll:li Thin Rub Thin Rub Thin Rub ri<ld BIl< F...,';" Btk Foetluy Illk F...ilil,Olt
0.1t 0( Collcelion IfllJ93 2IJI9J 2I11J93 U2SI9J U2SJ93 ~n(9) ~mJ93 smm " Jf.l1191 211119) JU191 m193
Compound' I'd,"' I'dml ,,:lml "C!m' ,,~m) ,,&fnl Il&fn,1 ""m' \ ppm' P&lm' pglm' pglm'

UnlnownIPou;l>lc Coclution

n.Mcl!lyll><n~ld<hyd. 6.7SMN S.s4

1000'\I~ I~.U·I 9.)&,IH
1

n·I>lclllyl·n-Propenylbcnun. OW , -IUS

I.
eU lIu...edioie Acid £,Ier J'~

n Phlll.b'e 000 16n'~~ l).91'~~ 501 11.51

Minimllm TIC AIIlOllIlI Rep«!«<l 1.71 6.21 ).92 6 -IS 000 1).16 6.1-1 7.65 000 1.91 1.78 ~,lJ

, .. COO1p<lUndJ ate Ibted in '''<Illion ,;_ Ofder
Thick .. ACIO hoI·mi. wilhoul ",bl><,. Ibkk by..
Thin .. Acio hol'''~' ..ithout ",\11><,. \hi. lIyer
Thin Rub .. ACIO hoc·mix ",ilb Nbl><'.lhin laytf
n"ld Bli .. Fltld blank

focilil\, lJIt .. Facilil\, blan"
M .. Mu. of Ibit e .1 in .hi! ..n'pl. it :-:OT I'hl.. III." th.n lim.. (lXI 1M aV""I" h("jhl)' bl ..... 11"-01 0< 1M' '''UI'' r,eld bl...l< nun.

",MelleY", it ,'''"tt , ,•• j",,""-":- Il'lininwm TIC _UIIIJ U Ipptopnllc) ,
N .. Ait "OtlCtIlVlt;1Jn of til;. "ompound in ihit sun"" ;, NOr , ..."', III.... IhI"" lim.. ()X) III. a\tnlt fadlll) hIm" <"""<OllltiOI\

I·



rl'·' TF·,6 TF·lI TI'·13 Tf·17 Tr·lS Tf·)2 Tf-28 Dul' TF-)) TF·1 TF·26 rr'·29
fbi. 1 hi. neld Ull 11Ii. Thi. Rub Thin Rub Th.n Rub Thin Rub 1',.1.1 1111 """lIny IIlk " ...,.h'y IUk r"",ihly UI"

21JI?J VI!."}] 211!."JJ 2f2S193 ml'lJ J/J11'Jl 'fl41'1J m119J S/JJI9J 21lll'1l JIIJl9l snl9)
(pO) (pG) ("GI <,,01 1ltG) (,,01 Mil (pGI (PO) Mil IpGI (pGI

S'1ftpl. Nan•• TF·~

S.mpl. Typo rh"=1
DOl' of ColI.ttion MOL 112119)
('"n,pound' ("G) (jJQ)

I'hc.,,1 1.0

bi;(2·0IOlo<lhyl) EtIIt, 1.0

2.ChI",,,,,,,c.ol 10

I.J.Oi,hlOlu!><n,,,ne 1.0

1)·DichlOle!><nunc 10

1.2 ·Di<h1llle!><nun. 1.0

2.Mcthylphonel 10

bi;(2·ChIOfehop<OS'yl) EIh.. 1.0

N·Nillo,.,.di·n.l'rop) I.,n.in. 10

J-M.l!Iylpllcnol 10

tp II 1I, ...bl"'utlh.,.. 1,0

~ II N,u,,!><.u•• 10

horh",,,,,,, 1.0

l·Nilloph<nol 10

2.J.Din..l!Iylph,nol 10

Ucn,ole Acid 10

bi;t2·ChI",,""lho.y) M.lh"", 1.0

tJ,Oi,h1",ophenol 10

l.lA·TrichlOfo!><nun. 10

N.phlll.lenc 10

J·ChI"'O>Jlillne 10

11,.arMOf"b",.di..... 10

J Ch1c,..o-)-~I.lhylph,n,,1 I 1.0---
• .. Compound; as. li;l,d in ••,onli..., lime Old..
Thick. ACIO h",·mi...ith""l ",bI><•• Ihick I.y..
Thin .. ACIO h",·mi...ilhoul ",b!><,.thin by..

Thi. Rub .. ACIO hoc·mi...ilh rubl><l. u.i. bytf
11<1 Illk .. n,ld b1.",k

TAULE 1l-14 ORGANIC PARTICLE TRAIN TARGETED SEMIVOLATILE MASSES

r""ililf Ilik .. F>cilily bl""•
MOL .. M,lhod dcl«lion Illuil
.... NOI d...."''' II !lie MOL ,.,uJ tilt 1lW' or Ihi; ,,,,npound ill Ihi••:unplc iI NOT CIUI" lhlll Ih••, limn (lX"h< ",cn,_ lacillly b1....t IlWI

.. tilt "".c' Ii,'" 10' m>1I hieh<•., ;',.n,.. e ill incl...Jc dcl«tl"" ImlilS 01 Ippop.bt<I "nJ .hc Ii, connntnl;O. 01
t.hh .ompoond In lhi, u.mplc II II=OT ,.ult/III.. Ih limn UXI !lie .....,. fodli,y bl.,.t &il ,_cnll.,;on

(conunuedl



I
TAllLE 0-14. ORGAN!C PARTICLE TRAIN TARGETED SEMIVOLATILE MASSES (conlinu~)

Flieilit, Olk II I'Jeilil' bl;m~ I

MOL. M.thoJ dc:lcelion limit
••• NOl 01,1,'1<01 a' lk MOl. 11M tho m.u' or this .",,,pound in lllis ulllpl. is NOT 1'011" til... th", It_, {lXllhe I~'"'' raeilo" btlltk rn.u.

crt lk ..,n.e li_ld blvrk man...hkhevct ;, .tUltl (IV""_' ..ill il'lCh.dc " ••«lion limits lJ Ippopril~la,.,J lhe &it .""".nllltio", of
til;, compound in thi! oample i, NOT l'Ultt til." "".. time, UX, the I ••nc. 'aeilily blw Ii, ,,,,,,,cnllillon

Sample N;utle TI'-I
Sample Trpe thick
Date or ColI.,lion MOL In&l9l
Compoun<!' Mll (JlGl

2· ~ le,hyln.pl"h.l, n. 10

II. u"hlorocy<lopentadi.ne 1.0

2.~.6·T,khI0l'"phrn,,1 10

2.~.S·T,i,hloruph.nol 1.0

2·Chloronaphlh.l.nr 10

2·Nitro~lUlinr 1.0

Oin",thylpblh.lat. 1.0

Acrnaphlhrl• ne 10

1.6·0in;II0101""ne 10

)·Nitr<lll\,line 10

to I' Ac.n.phthe".
10

~ !V·Di"illopl>c",,1 10

l·Ntllopl>c"oI 1.0

2.l·DiniIiOlolucne 1.0

0,1><"'01.,... 1.0

O..thylphth.bte 10

nllo..... 10

l.C!lI",,,!,h<n,I·Ph,"yl Eth" '0

",~,utW\di~ 10

~.6 lliniuI>-2·M.thr'I.",nul III

N.I'hllo~odiph.nyl""';nc 10

~-Dro",o9htnyl.PhrnylEth" 10

1I....:hlorol><n..nc 10

, • Compound. 11. lill.d ;" Itltntion .i_ 0,,1.,
l.i," • ACID hOl·mi" ""th.".11 ",bl><r. thick "'r"
Th,n • ACID hot-mi. ",ithOllt ",1010<,. thin la,.,

Thin Rub. ACIO h",-mi. with ",1010<,. tIlin Ilr"

nd BI" • f,tld blw

Tf·S
Thin

21ll9l
I"G)

11'·11
Thin

211819l
(ItG)

TF·II
field bit
21IIJ'1J

(,,0'

11'·"
Thin

212!19l
(ItO)

11'·'7
Thi" 11.1.10

4n19J
lItO)

TF·21
Thin Rub
lf2119l

(jIG!

11'·J2
Thin Rub

Sl2ll9J

lItO!

11'·21 Dup
Thin Rub
lf21l9l

IJlG)

Tf·ll
Fid" lilt
SIHI9l

f&iG!

TF·1
Facili., 01"

211119J
litO)

11'-16
f .... 'li.y 01"

ll1ll9l
(JIG)

TI'·29
radlil)' Olt

!nm
IjJG)

(cunllntJ<d'
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TABLE B·14. ORGANIC PARTICLE TRAIN TARGETED SEMIVOLATILE MASSES (concluded)

S.",ple Name TF·~ Tr·! TF.lll TF.1l TF·ll fF·I' n·21 TF·J2 TF.1IDup TF.ll fF-7 TF·26 TF·29
Sample Type Thick l'h,n Thin IIrld all Thin Thin Rub Thin Rub Thin Ilub Thin Rub Field IlIl roem.), Illk r..,itily Ililt farihly 1l1lt
0.,. or Calltelion MOL ln8l91 2m'll 2/18I9J 21181'JJ 212519) 4nm m119) smm ~mm Sn419J 211119) 4/1419) snm
Compound' (~) (JIG, (~) II'G) II'G) (JIG) (JIGl (ssC, (IlG) (ssG) IJIG) IjI!J) (I'G) II'G)

P.nlxhlorophenol '0 -. .. .. " ., .. .. .- " -- .. .. ..
Ph.n:lJ\thr<:n. 10 -. J.I ., .. L1 AI 1.1 "I 20"1 ., I.8AI .. .. ., ..
Anthncene 10 .. .. ., .. " .. .. ., .. .. .. -- ..
di.n-Ilulylphthahl< 1.0 .. .. ., 2.SAI U!lS U!lS U ... .. Ll"1 2 lAB .. .- I.SA•

Flu.,..."th.ne 10 .. " ., .. 2.S"B J.I 4.' ., .1.1 .. .. .. ..

Pyune 10 .. .. ., .. ).7 4.9 7.0 ., 66 .. -. .. "

Ilulyl""nzyiphthlille 1.0 .. .. .. .. U 3.6 1.9 .. H .. .. .. ..
J ..]' ·Di.IlIQ1o"""zld'ne 10 -' .. ., " .. .. .. .. .. .. .. '- "

Cbry~n. 10 .- .. ., .. .. .. " .. .. .. .. .. ..

Oento( Ilanthf¥ene 1.0 ., .. .. .. U l.7 .. .. .. .. .. .. ..

bis<2·r"hylhe.yll(>hlhsl.lt 1.0 ., .. 11.0 2.2'" It.fF '.S"IC UIC 4.1 "Ie '6e 1.IAlIC' HAl J .jAD ) JA.

Oi-n·(kl)'lphth>ll,e 10 ., ... .. .. .. .. ... .. .. .. .. .. ..

Btnto(b)nuorllllhene 1.0 ., .. .. .. U ...• - .. .. .. .- .. .. ..

llenlu(\:jOuo."",hent • 11 .. .. .. .. .. ., .. .. .. -- .. .. ..

B.nlo(.,pyrent 10 ., .. .. .. 2 JAI 1.1 AI " .. .. .. .. .. .-

'""enoO.1.) .dll'y.,,'e III .. .. " .. .. ., .. .. .. .. .. ..

1),befu(l.h)"lUlhf'''*(C'uc 10 .. .. .. ., .. ., .. .- ., .. .. .. ..
Oentoll.hoi'"",>,I.... 10 .. " .. ., .. ., .. " ., .- .. .- ..

I]e.,o(e}pyrtne 10 .. .. .. ., .. .. .. .. ., .. .. ..

, .. Compound, lie li'ltd ,It ...."liOll lime ...del
Thick .. ACIO hOl·mi....ioll",,! rub"",. thick lay..
Thin .. ACIIl hol·mi, "'ith"", n.b"",.lhin I>yt,
Thin Rub .. ACIO hoc' mi. ",ith rub"",. lI"n I.yer
nd Blk .. Field bl""k
f.<",.y Ulk ~ F...li'y hi",,\:

MOL .. Method d• ...,,,OIl I,mil

•... No' oI• ...".d "' Ihe MOL ",,01 uli'lie' Ihe ."...lill"", rOl rOOl""'.. A an<! Il
A .. Man 01' thi, .""'pou"" in II", ...upl. il NOT IIUI<' th:ll1 th,•• lime' (JXllhe 1'."Ce hcili.y hlanl mall or the "'''",e r,.hl hlUllt nw,.

",Id.he... i, ,'Ultf l•••nc.' ",ill i....llld. de...,uon hmlu U "I'I'topOll<'
D .. Ai' tOflCenlrlliOll 0( thi' ."",pound in thh WIlpl. it NOT I'U'" th:u. Ilv« IItllO' (lX) the ...nce rac.ln)' bl""\: .iI concenl11ll""

C ~ Compound p'e~,,' in bb"...ID')' blank. bxkC'''''"'' lubUK""" NOT rerfonned
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TAllLE 0·15. ORGANIC PARTICLE Tf{AIN TARGETED SEMIVOLATILE AIR CONCENTRATIONS
I,:

S:ampl. NI1ll. TF·" TF·S TF·1O I Tf·ll AVERAGE TF·J7 TF·lI TF·ll TF·21 DIll' AVERAGE TF·7 TF·26 TF·29 AVERAGE
Sampl. Type Thick Thi" Thi" Thift Thift Thift Rub Thi" Rub Thi" Rub Thi.. Rub 111'" Rub Facility Blk F""m"lllk Fadli,y IlIk r""oIily
Ou. or C"lIecuOll MOL InlJ?J 2/.lI9J 21IIJ?J 212s19J .lnI9J "121m smm ..mm :!111m MI"I9J snm IlIk
Compound' (11(;) IIG/m' ..elm' IJ{j/m) I'Ofm) 1J{j/m' IIe/m) llGfm) llGfm' II0lln) IJ{j/m' I'O/rn' I'Ofml IIG1m' pC/ml

rh."ol 10 -. .. " .. 00059 " .. .. <=0000 ' .. -. .. <=0062

bi1(2-Chlooocthyll E'''e, 10 .. '- .. <..0059 .. .. .. ., <-<1000 !I .. ., .. <=0062
l

'·Chl",,,!,".,,ol . 10 .. .. .- .. <tOO59 .. .. .. ., <:OOOl) '"
., <:0062

1.J·OichIO<~ft.."e 1.0 .. . .. .. .. <.0059 .. ., .. .. <.cOOl) .. .. .. <.c062,
1...·Di.hl"'~n ..... 10 .. .. .. .. <.c059 .. ., .. .. <.c06O I .. ., .. ",,0062

1.2·0ichlOtobcnune 1.0 .. .. .. .. <.cOS9 .. ., .. -. <.cOOl j .. ., .. <=0.062

2.Methylpheftol 10 .. " .. .. <.c.on .. .. .. .. <=0000 I, .. ., .. <=0.062

bis(Z·Chloooill'I""'l'yl) Ethe. 10 .. .. .. .. <-oOS9 .. ., .. .. <00{)000 .. .. <0{) 062

N·NiU01o-di·ft·I"r"!'ylullinc 10 .. .. ., .. <..oOS9 .. .. .. .. <0{) 060 .. .,
" <-<l062

.. M.oh) Irhe..ol 10 .. .. ., .. <-0.059 .. .. .. .. <:()OOJ " ., .. <=0062

lIeuchloo""lhane 10 .. .. ., .. <=OUS9 .. ., .. .. <..0000 I, .. ., .. <=0062

Niuol><nune 1.0 .. .. .. .. <.0.059 .. .. .. .. <=Oow .. .. -- <=0062

hophctON: 1.0 .. .. ., .. <00059 .. ., .. .. <:()OOJ .. .. .. <=0062

Z·Nitr"l'''e"ol 1.0 .. " ., .. <..0059 .. .. " .. <..(1060 .. " .. <..(1062

2." ·Dlm.thyl,,,,"nol IU .. .. ., .. <.oOS9 .. .. .. .. <:()ow I', .. .. .. <..(1062
,

llen.olc A.id 10 .. .. ., .. <000S9 .. ., .. .. <0>0060 " .. ., .. <0(1062

bioCl Ct>"",..thu.,1 1-1,,11_ 1.0 .. .. .. .. <..(I.OS9 .. .. .. .. <oo{)OOJ , -- ., .. <0(1062

1.• Oiclll"'''''''e"ol 10 ., .. .. .. <.0059 .. .. .. .. <<0000 .. .. -- <-<1061

1.2... ·Triclllot~"u", 10 .. .. .. .. co0059 .. .. .. -. <..(lOW .. .. .. <-<1062

Naphoh.llenc 1.0 ., .. ., .. <.cOS9 .. .. .. .. <=0000 ' -- .. .. <=0062

"·Chl(l<().VIilinc 10 ., .. " " <.oDS? .. .. .. .. <-<1000 .. .. .. <=0062

11...chl",obu~ie... 10 ., .. .. .. c=OOS9 .. .. .. .. <.cooo ., .. .. <=0062

4.ChI""c>-)·~l<thtlphe"(l1 10 ., .. .. .. coOOS9 .. .. .. .. <<0 OW .. .. .. <dllJ62

, " Compound. Ite lilted in ..~ ..tiOft .ime OIde,
Thkk .. ACID hot·mi. with"", rub"",. thid larer
l11i" .. ACID hOl·mi. withou' ",b"",. l1Iin "rer
Thi" Rub .. ACID h"l-Ini. with rubbe,. lIIi" 10,.,

racililJ Blk • F""i1i'J bl:ant
MOL .. M.thod ok•..-lion limil
.... No. ok•..-.e" II !he MOL uttJ th< .... n or doi, compound in this ''''''PI. h NOT I'U'" 111M thre., un... (lx/.be 'U"C' racili" blmk rn.u.

Of "'" "'en,. field bl....k """'....bleh••e, iI C'UI" (1'"'1''' ..ill i..dude ok•..-UOft "mi.. U ."",oprill<) u..J ,I>< .i, eonc.ntralion of
tIlil c"'..pound in Itoi. wnple is NOT "u.e, Ill... rh..< Urne. (lX) !he .unce r.dlil,bl1nt lit concemnuon

(c","in""d)
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TABLE B·IS. ORGANIC PARTICLE TRAIN TARGETED SEMIVOLATILE AIR CONCENTRATIONS (conlinucd)

Simpl. Ntnlt Tf·~ Tf.$ TF·IO , TF.I) AVERAGE Tf·17 Tf·2! TF·)2 Tf·1S Dup AVERAGl: TF·l Tf·26 TF·19 AVERAGE
Slmpl. Type TIlkk Thin Thin Thin Thin Thi" Rub Thin Rub Thin Rub Thin Rub Thin Rub f>edily Blk Facili,l' Blk flCil"y IHI:. F""ihly
Dl'. of CoUection MDL II2&t9J 2W9) 211&t9) 21W9J ml9l ~ml9l smm ~ml9l 211119l ~/W9} ,nl9l IllIr.
Con'roond' (pO) IlO/m} "Olm' pGlm} "G/m' "Olm) "Olm) pO/m l "G/ml "Glm) jlG/m

'
"O/m' I'GIm' "Glml jtG/m)

1 M'lhyln.phthaknc 10 .. .. .. .. <cOon .. ., .. ., <..0060 .. " .. <..0062

Hcuchlorocyclope"udlcn. 1.0 .. .. .. .. <.00" " ., .. .. <<0060 .. .. " <:(l062

2.U..·Trichlllfoph<nol 10 .. ., .. " <cOO" .. .. .. .. <:(l060 .. .. " <=0062

1:.J "·Trichloroph.nol 1.0 .. .. .. .. <cO.OS9 .. .. .. " <=0,060 .. .. .. <=0061

2·ChlorOlllphthllc.,. 1.0 .. ., .. " <=00" .. .. .. .. <,,(l.060 .. .. <,,(l061

2·Nitr~m"t: 10 .. ., .. .. <oC,OS9 .. " .. .. <=0060 .. .. .. <:(l.062

Dimethylphlllilol' l.0 .. ., .. .. <..00" " .. .. .. <<0060 .. .. " <,,(l062

Acenlphlllyl..... 1.0 " ., " .. <,",,-,,059 .. .. .. .. <=0.060 .. " .. <=0062

1.6·DiniUOlollW:M 1.0 .. " .. .. <..oOS9 .. .. ., .. <:(l060 .. .. .. <,,()062

J·NitrO&niliM 1.0 .. ., .. " <-<I.u59 " .. ., .. <=0060 .. .. .. <:(1062

Actn.phlhc". 1.0 .. ., .. " <,,()OS9 " .. .. .. <=0060 " .. .. <,,()062

V·Dinitroph.nol 1.0 .. ., " .. <cOOS' .. .. .. .. <=0060 .. .. , . <=0062

~.Nilf~nol 1.0 .. ., .. .. <o()OS9 .. .. .. .. <=(lOGO .. .. .. <,,()06Z

2A ·OiniUOIolu<.,. 1.0 .. .. .. .. <.00" ., ,. .. .. <..000> .. .. .. <=0062

O.!>t,"er"l'" 10 .. .. .. .. uC,l.OS, .. " .. ., <..000> .. .. .. <=0062

Oi.ol'ylphthlh•• '10 ., .. .. ,. <c(JOS9 ., .. .. .. <..00(,() .. .. .. <=0062

11"",."" I U ., .. .. .. <.DUS9 ., .. .. .. <<tI ow .. .. <"UIJ(;2

U':-hlu",ph<.,1 Ph<",1 E""', 10 ., .. .. .. <o{I,039 ., .. .. ., <..0060 .. .. .. <=0061

~·NIU"",,iIi.< 10 " .. .. .. <*0.039 .. .. .. ., <<0000 .. .. .. <.0062

J.6 !)i.iuo-2·M<lh,lph••", 10 ., .. .. , . <<tillS!) ., .. .. .. <=0 OW - .. .. <..0062

N.NiuOlcxliph.n,l:unin< 10 .. .. .. .. <=00" ., -. .. .. <000G0 " ., ., <=0062

~·D"'tn"ph<.,I·Ph<.,1£""', 1.0 ., .. .. .. <o{IO'9 .. .. .. .. «OOW ., .. .. <=0062

lI..:ochloroo.,n..n. 10 .. .. " .. <c(J0S9 .. " .. .. <:(lOW ., ., .. <,,()062

•• Cornroo".,h u< laI,d in t<I,.ti"" lime Older
Thick. ACIO h<>lmh .. ithOll. rubbe•• thick bter
Thin. ACIO hor·mil ..ilhou' rubber. thi. llyn

Thin Rub. ACIO h""nUl ",ith rubber. llIi. IlY"

f:ocilil!, !lIt. foci/fly blmk
MDL • M.Lho<l d.....l;"" IinUl
., • NOl d<:l«ltd II the MOL It"" th. IN.n of this compou"d In tIlis umpl. it "'OT CfUI.. Ill"" !lI", lim.. (3X 11he: •••nc. rKtlll, bllllk nws

or lhe ....11. field blank m31'...hkho... is .,nl" (...nl<l will i""rude Mleedon limilS U "PPfopril'" ",.J lhe: all .onctftUlllion of
this .ompound in thl, lampl. i, NOT I'UI.' Ibn Ill,,, limes UK. lhc I••nc. '..,ili'yl>llnl: ai, ........nUldon

(conuAutdJ
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TABLE B·IS. ORGANIC PARTICLE TltAIN TARGETED SEMIVOLATILE AIR CONCENTRATIONS (concluded!

Sunpl. Name TF.~ TF·S TF·IO • TF·I) AVERACE
I:

TI"·11 IT-·2I TF·)2 Tf·21 Our AVCRAGE TF·1 TF·26 TF·29 AVERAGE
Sampl. Type Thick Thin Thin Thin Thi.. Thin Rllb Thi.. Rub Thin Rub Thin Rllb Thin Rub1 Facility IlIk Facility Dtk F....mly Olk F..,ilily
0 ... 01 Collection MOL IllI!'}J 21~19J UIllJ?J 212SI'J) ~m9.l -Ill1l9.l Sfl4!'}) 4fl119) "I 211119) 4/1~1Y) sn191 01,.
Compou"'" (pG) jlG/m l JIG!m l pC/m l JlG/n,1 JlG/ml pO/ml JlGlml pOInt I pG/m l pC/ln l \

I'Glml JlG/.nl pG/ml JlG/nt l

Pcnl.chlorophenol 1.0 .. .. .. " <=OOS9 ., .. ., ., <=OOW Ii .. " .. <..0062

Phen:lnlhrtnc 10 o21J 00S7 A• <..0109 o007A1 0116"" 0104 ...•
I.. .. ., <..oU12 II .. " .. <..0062

Anthr3<tn< LO .. .. <..oUS9
,\

<..0062.. .. ., ., ., ,. <=OOW i " .. .,

OOU"" 0097"" 0075"'8
I

di·n·Oulylphlh.r.lc 1.0 .. .. .. <..o07U .. OU7S ...• <..0078 .. " 0091"8 <-()O71

nuo•..,then. 10 oOW· DIU
I.. .. .. <:(lOU 0.211 .. 0278 <.0.176 I, .. .. .. <.(l061

Py.enc 1.0 oIt) <..0106 0.191 OA06 0.182
I

<=0062.. .. .. .. <.0 lSS 'I .. ., ..

Ou'rlbenz ylphlh.ble 1.0 .. .. .. u2SS <=0.127 0.211 0.216 .. 0201 <eO 169 .. ., ., <=0.061

J.)' ·Dkhlorobenzielill.C tu .. .. .. .. <..0.059 .. .. .. .. <q).06O :' .. .. .. <..0061

C1If)'..n. to <=0059
II

<.(l.062.. .. .. .. .. .. .. ,. <=OOW ,! .. .. ..

IJcnlo(o)...Ih.:><tne 1.0 " .. .. 0.46J <..0.196 OJl6 .. .. .. <.,().mii .. .. .. <.0062

bbll·Elllylhc.yl)phthlh,e 10 .. .. 0.610 a SUC <w(U1l oSI6"le a.SH8t o25S...8C llSS6C <..oHIl 1 0.1)6"· o11S"1 o IW.... <:(lJ'~

Ol·n·!Xlr1phlhll... 1.0 ., .. .. .. <..0059 .. .. .. .. <OO.OW iI .. ., .. <=0061

0071...1
,>

D.n'o(b)nIlQ.....I~1l.C 1.0 ., .. .. <=0061 .. .. .. .. <o<IOW ! .. .. .. <=0062

Oen.(I(un"o,... thell.C 10 ., .. .. .. <=0059 .. .. .. ' . <0<ID60 ' .. ,. .. 00061

D,nz(l(a)py.cn. 10 .. .. .. O.12W' <=0.082 006'...• .. .. .. <.0 062 > .. ., ' . <=0062

Ind.n(l(I.2J·.dlpy••n. 10 ., .. .. .. <dIllS'! .. .. .. .. <.(lD60 .. .. .. <cllll62

1l.ben.(I.h)."lh.... en. 10 ., .. .. .. <<{lOS'! .. .. .. .. <<{lOW .. ., oeoll062

O.n,o(c.h.i)p<f)'I.... 10 ., ., .. .. <..u0$!) .. .. " .. <.(lOGO .. .. .. <;:(J(J62

ll.nt(l(. )pyt<n. 10 .. .. ., .. c.(lO" .. .. .. .. c:(lOW .. .. .. ...Q062

, .. Compoundl arc lill.d in Itlenl;"" Ii.... Ofd<r
Thicl .. ACIO hOHI:U~ ,..ithoul rubber. Illick 1"<1
Thin. ACID h",·mi....i,houl rubbe,. "'i" by••
Thin R"b .. ACID hoe·nu. ,..ilh rubber. lhin I.yer
r,dilly Oil. Facilil, bllA}:
MOL" M.lhod deleed"" limil

.. " NOI eltle.led II 1M MOL :and ulilliel the .ondili""l fo. fDOlllOlti A :a.nd B
A .. MU1 of Ihit eompollnd in Ihit I1mpl. 111':OT ,ruler Ill... duee lin.... OX) the IHIl" {lCililY blw m>ll 0' the ,'e••,e fidel blw nw••

.."ic~vcr II " ...., (.v'''C.1 ..111 include d."""i"" limiu .. If'p'opri.lO)
o D Ai, <onc.nl"liOl1 of IIrl. cor"pound in lIli. u"'plc it NOT .,..... ",... 1111•• lin... (lX, the ...flC. hC'iluy b1...l Ii, eOOC<nU'"on
C a Compound pinon, in 1,1>o..10l1' hllllk: b.cl,'ouncllubttXuon NOT perf"""",d
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TABLE IJ-IG. PARTICULATE-BOUND. TENATIVELY IDENTIFIED. SEMIVOLAnU~ COMPOUNDS· MASSES

SlllIple NAtlle TI'·4 11'.j 'fF-IO TI'·II 11'·17 TI'·28 Tr·)2 TI'·JJ 11'.1 T1'·]6 TI'·29
SVlIple Type Thick Thin Thin Field Blk Th;nR~ Thin Rub Thi~ Rub ndd Illt FiCilil)' Dlt focilil, Bit fiCilil, Oil
0.1. 01 C(>\lul;on II2YJJ 2I419J 2IIYJ) 2II&I9J JnJI}J Jn1MJ Sf.WYJ smm 2111191 JIlJI9) jfll9J
Compound' 1'1 1'1 1'1 PI Ii' 1" '" III III "' lit

2.J ·Oi",clllyl·2·Pcnanol ,,\Ill n lt/( 22lt"1I JO lSO

2.S.B.II,U .rcnt.oupentadcun. J5MN
21

M
"

lSI>l~ Jl llH l)llN
~ 11 J9

9JO·Ant!luccn.dion.

>CU Acid 1/0

>Cll All ....c ,lIN

>C1l Alhnl: 11~t

>Cl) AI.lIIc 2JlllI

>cU AlhM 11
M

"
H~l Hl'''H

>CIS Alhnc 19"N

>CII Albne 23M:.!

>CII Albne n ll

>C1I Alt_ 25M:.!

:-00 Atid 63

All..... CIt Cre1o.rl.t:anc l)

Uu,,'erelo"""I,hth.!>\(

CJ A'lyk)'Cloh..._ /I

lIe..d«lII0ic Acid 91

lI..ancd,uk Acid, Dilx,yl Ell<l ISO !B.\,I\I III 8 II

Tolocnc II
l
'" 21

Unlno...n

•• C""""",ndl lI' tilled in retenlion time ..de.
Thick .. ACID het·mi. ",;,110111 tlIbbl:r. illicit "y~r
Thin .. ACIO hl)l·n';o ..,111",,1 ",bbel_ thin byu
T1>i" Rut. _ ACIO hOl·n';...ith rubber. !hin lay••

Field BIt It field b!>nt
t-..ihl, Oil: • F.dllly blm);

NOll:: Sunpl. TF.1l wu ueluded (rorn lIlit dill lei \l«lUIe Ihlt d.1lI plCtJ,. InlUlrlirICd II,. lilt COOlfllCl<d 1>t.~10f)' ror th'I limpI. w1U
incempltlc .. <Clltd. Il>c ttnl,i..ly Wc~lifitcl compound.. .

M • "'&.11 oIlhi. Cl"nj>OUlldln litis ..",pl. i. NOT ""'lel!llan lIlr.., ,i..... (JXIIII......C. r..ililY bllM 'laS. 01 the a••n,. 0<1" bl....\ INn,
...hkb••er Is I,cater (a....'.1 incllldc n,;nimum TIC _nlj, IS IPl"Ol"ialc)

N • Ai, (,OIl':...tr.ri"" or tII;1 cOInpoond i.. mil •.unpl. i. NOT I...." 1h>J\ ,hr.. ti",•• UXI th......,. fodbry bl>l\l; COllC...I""on

(<,_,i..""o.I1
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TABLE 8·16. PARTICULATE·BOUND, TENAT1VELY IDENTIfIED, SEMI VOLATILE COMPOUNDS· MASSES (concluded)

S_pleNltflc Tf·~ TF·' 'TF.IO TF·II tF·11 IF.2. 1F.,1 7"f·13 IF·" TF.26 TF·29
Somple Type Thick ThIn Thill lielll Bit Thlll Rub Thin Rob Thin Rub Fiold lilt Fileil;,y BIt '""ilily Dlt ' •.:ili'r lllk

I
OOle of Collectilln InUJJ 1I~J9J 2111J9) 1111)9) 4nJ9J 4n7J9J .SI.um sm)'i/J 11111'9) 41W'B snm
Compoulld'

,
II' "' 1'1 II. "' PI PI 1'1 1'1 1'1 1'1

"Un\;now..

Untrt"wl\ I

Ontn.."'" ~~~l

Unknown 1I~' I
lJn!;nowlli'Poulbl" Coclullon \

lJnblowlli'Poujble Coelulion

,
IIIUnkno",nI\'o·ui"l. CocMioro

1l~llt
\.

Unho",lIi'Poflibl" C«llllj"" n 12

Unlno..lIi'Pouibl. Cotlud!ll'l 9

Minimum TIC A,noun! RCp<l<"I.d ~S 23 II 22 17 • 1O " 1O • <}

... Compoulld~ lie Iiued il> menlion lime Of00
Thi.k ,. ACIO hOl·mi. ",imO<J1 "'''''''''. lhir't I,y.,
l'llin ,. ACla hOl·mi" ..lthoul ",b""',. !hln layer
Thill Rub" ,AC/o /Io(.nu1 ,..jlll ",b""",mi. layt'
fi.1d lilt,. Fitld hi...."
1':1<:.)),)' BIt" FadlilY b'....l

NOIt:: Sampl. TF·I) IOU udllllcd I,om lIIis dOli Itl "","Iult l1Ic: d.1I p..bC. U'1JIJmil."d bl th. e""luclttll.I>r.l/oty lot I./,is Il.l1lpfe ....

'1><"",,,1.,,, U ' ....d. tile 1....'I.e1y .<l.nlifi.d compound•.
M " M..l or lllj, .ompound i. 1Il•• u,npl( It I-IOT J'"'''' ilia w,~ Ii.....' OX) 1M "."Cc (atUi'ylll.... nuU Of the "CtlC. lield b1...k nw'.

",ni.hn., It ,,..,., layerlcrl i.elude minin.um llC _nit U IW~,'rl

..... AI' • .,..,....u.U!ll'l of this c_pound I. llli. ;ampl. I. NOT ,'UI~1 rJw> Ihn'. lim<:. 11.~' dI. I ..,..C. fICm,y 1>1......""",.u1Iuon
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TABLE 1l·17. !'AI{TICULATE·UOUND. TENATIVELY IDENTIFIED. SEMIvOLATILE COMPOUNDS· AIR CONCENTHATIONS

TJ'·j •SIInl'le Ntme TF·~ TI'./O TF·lI Tf·17 Tr·n 11'.)2 Tf·)) Tf·' TI'·26 TF·29
0511"1'1, T,,,,, Thick Th'n thin !,jeld lJI\. Thin Rllt> 1"hin Rut> Th,n Rub 1"eI" U1\. Facili., U1\. hdlhy Ull "..'Ii., Ulk
0 ••• of Collo.,ion 1n8i9) 2141'») 1118i9J 111&/'H 4nl9l 4f21/9J 5lW9J ,,2-II9J 11I1I9J 4114!:IJ SnN)
Compou"d' !'elm' !'elm' !'lIm' "elm l Il,;ml "elm' !'elml

!'rlm' !'lIml !'rlml !'rlml

2.4 ·Din>ethyl.2.Pcnl:lnol 1.60\11'4 U1MIl 1).11MN US 21.15

2J.I.II.14.P,nuoupcnud«ane 2ro....H UILlN I.UM!'I 2J~~11I OlS~I" 3.96 1.96 1.)6

9.10·Anthra«n.dion.

><:11 Add 6.11

><: 13 AlllM 0.46~·t4

>CI) A!Un<: I.SIf'

>«1) Alhne IJ)~·t4

>C 15 A",IM 1.0)IoIN 1.49"1 0.62~llf

>CIJ AlbllW! I.II~I:-l

>C11 AI\.IM I.H~I~

>CII Alk."., 16J~1

><:18 Alh.... l.S6"'l'<

>C20 Acid 165

AltOM (Jt CycloLlt..... 000

UII"I<,< 10h.. yll~'lh~I...

C4 )\1\.,I.,clo....., ..... 000

II...Jcunoi. Add HI

lI.u""di,,1c Acid. bia:lyl £Sl" 16' I U"~ 062 OSI 019

Tol... ne (](»\l1< 000

U"lno\kn

• .. Ccmpoundl , ..' lisled in It,,,nUon ,ime <W<k,
Thicl • ACID hoc·Mi...ithoullllbb<,. thiellay..

lbi" • ACIO ..... ·mi. ",ilttou....bbe,. thin '0'" .
l1lin Rub. ACIO h... ·nu...illl rubbe,. !hi. Io,e,
field Illt .. Fiold bl..k
f ...i1it1 Bit. Facility bl:&ll"

NOl.t:: Sample TF·lJ wU ..<1,,11.<1 rr",n ohil dou "" beu"toe!he: d.ta pxhC' Irlntmilltd by !he: .onllllCltd Iab,alOf)' to< this uttlpl. "u

Incomplt" II "Cardl the ..ft'lively itl.nlir..11 compoundl.
M • MUI or dlil eompound in llIil sample h NOT l'Ultl lhll'l lItu" Ulnoel UX' !he: .....C. "'.IIiI1 b1&tll nl.1.. Of the a..,acc fielll 1>1....\ ma..,

..hit ...... b C''''e, la••,ac" Incl"lIc minimum TIC IllIoonU U app"opi...,
N • Ai, coneont,.,j"" or !hil compound in lhiJ ._pl. II 1101 ,'UlC' dlu IIts" limel OXllII•••cra,. (Xilil)' bI:l.tlk • .,..,.,nll.lion

I<onlittucdl
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TABLE B-I7. PARTICULATE-BOUND. TENATIV£LY ID£NTIFlED. SEMI VOLATILE COMPOUNDS - AIR CONCENTRATIONS (concluded)
I,.
,

SunpleN_ TI'·4 TI'.j TF·IO TF·II TF.ll TF.2B TF·)2 Tr.)) TF·7 TI'·26 TI'·29
Sample Tyl"! Til.." Thin Thin Fi.ld lilt Thin Rub Thin Rub ninAub Fi</d BIt FlI<Ci'i,)' Illt facil"y BIl F..,ih.y Bit
D.'. 01 Cell.cuOl! 1128193 114193 1Itli9J 111819) 4nl9l 412719] $/H/9} $12~I9J 1I1119l JIUI9l S/719)
Cempoulld' 11&1",1 PCln,1 1Ic1''l

1 PJltn' "&1m' ficlm' 1'&1",1 ll~"' peI",1 prllII! I'll""
I

Unb<>"'" 1.

Unine.." I, os.I,

Unkno..n 1 SS~I !

Unln_" 1.10"1

Unlna..nII'ouible Co<luliOll

Unlno..nI!'onible Coclutlon

Unlnu",II!I'u\libl. Coclul;on 'O'J

Ul\blo",nI!'ouible Co<lu.ion DilliN DOl In

Unlnc",nI!'cUibl. Coclulion l.!.SJ

Minimum TIC Amounl Rtp<ll1td UO US 0 0630 GOO 1.03 0.46 062 Ol:X> 062 051 054

, • C<>mp:>undl ~ filltd ill ,.tenuOl'I lime Older

'tIIick • ACID hoc·mh willlOlll ""!>be,. Il\lclr. lIyt!
Thm " ACJO 1w!.mi. ",ithoul ",,"btl. tIlln by<t .

'tIIln Rub .. ACID bDl·mi. ",'lh ""bbt" thin Ioyer
fkld lilt " F,ctd alMlt
I'killly Olt c F><:ili,y b'Mll

Nou<: Sunpl. TF-IJ .u....fud.d r,om IIlf, dIU ftl btu"""~ dJl. pxh,. tnllunlncd by llIc .cnll'X'ed 1.11"."'1 fOllllillUllpI. "1.1
inc_pI..... ,e'iUd, lhc len.Ii.e1y i<kntified compound•.

M • 101 01 tIIh .ompound i. mil .ampl. h NOT " ••le' lh>llllue. 'i..... (lX, "'" •••nle helli,)' b.ud: nw. 0' "'" "'''C' field bl:ank mu.,
whl.h iltrnl., h ••"'lu includ. minimum TIC _nil as 'I'f"opri>lt'

N • Ai, conc:tnln,iOtl ot ,M••ompoulld in lIli, umple i, NOT It,nlel th&ll IbtU lim", (lXllht I ....C. IIdrily blmk .......I\tn.ion
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TAUlE 0·18. TARGETED ORGANIC PARTICULATE TRAIN SEMIVOLATILE MASSES··ACUREX ENVIRONMENTAL ANALYSES

Sampl. Nunc TF·~ JF·S
.

11'·11TF·Ill TF.I) TI'·11 TF·28 TF·J2 TF·ll TF·l TI"·26 TI'·29
S",'pl. Type Thick Thin Th.n Field 011 Thin Thin Rub Thin Rub Thi. Rub Field flll F""illly 011 Fot:ili,y 011 1'0",,1,,)' 011
Oo,e o( Collection PQL In!l9J 2W9) 21II1J9J 2111lJ9) 2nS,oJ) ~nm ~mm sn~m S/H,oJ) 2JII,oJ) ~IU,oJ) sn,oJ]

COIl'p<ltlnd" (~G) (~(jl (~(jl (tAll l~G) (jiG) (vel! (pGI (tAll ltAll (pO) (pO) ltAll

N'l'hohal.ne aos 020 0.11'" 0.22 " 0.10'" O.IJ'" om'" 006'" OOSA' .. .. OO)AB

Acen>rhthrle •e OOS .. .. ., .. .. om'" O.Oj"· ., .. .. -- ..

Ac.n.phillcn. OOS " " ., .. .. OO)u 002"" .- .. .. ., -.

l1u""cne OOS _. 00'''' .. " .. ., 061.... ., .. .. .. ..

Phenuth,.n. OOS . 091 2.9) . 010 .. 065 063 U~ 0.11 .... 001'" .. .. 002....

"noh,,,,,.,., OOS 009"'11 0.)6 0.12" " 0.12'" 001'" on 002'" .. .. .. 001'"

l1uor:lllll>cnc OOS 091 3.10 IAI .. 1.32 1.16 U2 Ol. 001'" 006'" 0.11'" 006""

1'Y'.1It DOS 06S J.26 I.ll .. U~ 2U 3.11 0'0 DOl"" 061.... 000"" 006
A

'

lIcnlU(al••d""".n. 00' 001"'· I.1S .. .. 1,)1 0.91 I.~~ U.ll .. .. .. ..

ellry.... OOS 001"" 7.99 5.09 .. U6 312 ~ 10 0.92 oIS'" .. .. 001""

llcnrotblOuOr;tnlll... 005 .. .. ., .. .. '- In ., " .. .. 000".11

lJ.nlolklnuo':an,t.en. 00' 009AII 1.11 1.)2 -. I.H 0.10 .. 0.)9 .. .. .. OU,""

D••loll!p)',e•• ODS O,lJlI...• 015 .~~ .. OS6 0.)0 OJ6 009All .. .. .. o US ".II

••dc.o( 1.2.l·.,.dlppene 00' 0,02'" O.U 0.12'" .. 021 ooa'" O.IS'" 061.... 001"'1 .. .. 006"8

l>1~nllJ(••h),llnh,.K'i('''~ oOS 00l"· 0.l2 o lO"D .. O,I7 AII
OlJll ....• O.II A' 01,1.1"11 002'" .. .. OUlAD

Ile••o(C.hoi )pcryl••• ODS DOl.... OJ6 O.H...... '- 0111 o.nA
' 021 001"11, 002"1 .. .. om"·

• =: COf:upounds &It' lilttd in rrtendott ttmt order
n,ck " ACIO hOl.n,;' willl""l ",bbe',lhick lay..
Thin. ACIO hOI· mi• ..illl""l ",bbe" lIlin bycr
Thi. Rub" ACIO !lol-!nj. with ",,,be,, Ihin lay<.
IlJ Ill\: • l'iclJ blank
, .,:,10,)' 01\ • raCIIoI, IIbnk

I'QL .. Pr:l('li.al q\lI!lli~lion limil
.. " NOI <1.1«1(<1 II lit. MOL and Ulislin oht conditions '0' (OOIIlocn A and 0
A .. MUI of tI1il compoo.ond in this ..Illpl. is NOT "nle, lhlll due. Umts (JX!the .....". hcililY bla.nk nun 0' the ......C. fi.ld bla.nk I'NlS,

whicl>c'e' it "'001.' (avencn will i""lud. "'."""ion limiu U "wopnole)
o .. Ai, c"""<nttallon of thil compound in "'i, urn"'. is NOT "001« Ihllll Ih... lim•• UXI the a'e..ce '.....Ioly bl .... ai, conc•• lnlion
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TABLE 6·19. ORGANIC PARTICULATE TRAIN SEMIVOLATILE AIR CONCENTRATIONS··ACUREX ENVIRONMENTAL ANALYSES

Sample N:une TF·.t Tf·' 11'·10 ' TI'·13 AVERAGE $·11 $·21 TF·]2 AVERAGE Tf·7 TI'·26 n··29 AVE/(AGr:
Sample Type Thiel TMn Thin Thin Thin Thin Rub Thin Rub Thin Ilub Thin Rub F...ili.y Olt f.dll.y!llt r~i1i1y flit Facility 81t
0.1. of Colle"j"" I'QI. 112819J .2m9J 211819) 212519) ml9J Mll193 SI2~m .1 211119) ~IIJI9l snl9l
COI'nf'O\lnlll' <!lot "Ofm

'
!>Glm' "Glm' I'<i/m1 1'01m

' IIG/ml I'Glml I'<i/m' I'G/m' I "G/m' "Glm' "G/m' pOIm1

OOOSAI (1005'" OOOld (l{XM"· OIDloM
I

0002"·N.p"d",I,.e 005 0012 OOIl <=0008 <=0005 ., ., .:0(.1.00)

Acen.phlhykne DOS .. -' .. .. <cO.ooJ o.anAl 0002...11 .- <..a (0) ,. .' .- <..a (0)

1

Acen.phlh.n. 0.05 " .. .. -- <cOOO) 0002A• 0001"1 .. <=OWl I .. ., .. <=oool
I

nu"".". 005 .. Oool'" .. .. <..oool .. O.lmAI .. <=0(0) , .. ., .. <=0.(0)

Ph......,th.... ODS 0056 0201 Ofl.l.6 OO)~ <=OU'.l-l O.Ol' 0018 0.001'" <=O~I .. .. Ol.l)l·... <=0002

Anlhuren. 005 0005"11 0015 ()OOl" OW6"· <=0.013 0001...• 0.016 OOOIAI <=0001 I -. ., oan AlI <=O.CX)2

fluQ'lIIllhcne 00$ 00S1 02.H 001$ 0.069 <=0.1)6 0.107 0163 0011 <:=0001 uOOJAJI 0001 AJ1 OOOJAII <,,()OOS

Pyun. DOS (Jon 022J 001S 0065 <..0 121 O.IJ9 0.219 OOll <-<I.Ul 0001"'1 0006"H Otrn AH <..oOOt

O.nfo(l)lntlt,,,,cM ODS OOO-\AI 0110 .. 0011 <0:0 065 0.059 O0ll3 0,019 <=OOSJ .. .. .. <;() 001

CIt')'.."" OOS OOOS"'1 OSJ9 0292 am <-<1.36-1 O,IS9 01)& OUS1 <"Q 161 .. .. OOOt AB <,,(1003

Denzo(bJnuO'lnlh~ne 0,0$ .. .. .. .. <=0,001 .. O0ll2 .. <=0029 .. .. 00:15,,8 <o().IX)..l

a.nzo(llnu".....\ht"" 00$ OOOSU 0112 0016 0.011 <=0091 00-19 .. DOH <=0025 .. .. 000l"8 <=oooJ

a,.zo(l)l')'ftne DoS 0005"· oosl Don 0019 <=OIIS~ 0,01& oU11 UlJ.l6Al1 <"Q017 .. " ounAR <,,()OOJ

Ind.no( 1.2J:,c,d)pyl'" DOS O.OOld 0011 oaHU 0011 <0:0012 O.OOSAI 0009"-" 0001"" <.coos .. .. 000441 <.0001

O.I><.,O<l.hl=lh,".M. GUS Ooo\A. llllH OQJ6AB O0C/9A1 <=0012 000SA8 0(XJ6A1 0001A1 <;(JooS .. " Otrn AH <..oWl

Ocn'o(l.ld)pe')'l<"" OlJS 0.002A8 OlJH (,IlXJ9AI O0C/9B <0() OIJ O.lXnAl OUI2 OOOt"1 <;(JOO8 " .. OOOJ"''' <J)(XH

(COQl.inucd'

... Coml""M' ar. 11'1«1 in «Ionli"" lime ",tI.,
Thict • ACIO 1'><>1.""" "'Ihou, tubl><" IhICk I,y"
Thin .. ACIO bQ4·nu....ith""l I'I1bl><•• IlIin bye,
Thin Rub" ACIO hOl-m!> ...ith rubber, tIlin I.ye'
Facility Blk .. Fl<ilily blant

I'QL .. P'octiul qUlnli...10ll lilnil
., .. NOl d• ..,.lt:d •• lh. /-IOL .nd utidi.. tit< oondition' fo, ("""'Ille. A md b
It." M.n or till, eompound in this umpl. i, NOT f,..ote. !llll\ !ll,u un," UX, tit< .~~ ..ze hcihl1 bllnk ItU.It or tit< Ivenl' field blmk ttWl.

.. IIkhc... I. l'UIt, 1I.."z" ..ill ind. ckltcuon limi" at IW",,"'le)
B .. Ail <oncen""ion of tit., eompouhd in tIlit ..",,,Ie it NOT ,'..,<1 til." ,h,•• Ii""" 0:0 the "'''C' flodluy br...k Ii, conren".tion
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TABLE 0·19. ORGANIC PARTICULATE TRAIN SEMIVOLATILE AIR CONCENTRATIONS··ACUREX ENVmONMENTAL ANALYSf:S (concluded)

S.rnple Nome TF·~ TF·3 TF.IO I TF·I} AVERAGE TF·11 TF·21 TF.)! AVERA(a: TF-1 TF·26 Tr·29 AVERAGE
S.mple Tl'r< Thic1r. Thin Thin Thin Thin Thin Rub Thin Rub Thin R"b Thin Rub FadlilY Olk FadlilY 0I1r. rae,I;I)' OIl< '-""iIi,y IJIk
D.le of COllection I'QL 11211191 21~t<1} 21IIl19} U!,t<1J ~nl9J ~ml9J 312m} 21IIIY} 4/14t<13 snl'lJ
COll1 l'O"nd,' ("G) "Glm! "G/ml I'G/m) JlG/m! JlG/m' I'G/m! JlG/m' "Gin,) "elm! ,.elm! ,.elml JlG/on l JlGlm!

Naphthalene 00' 0012 OooSAll 001} Ooof"· <..0.001 O.OOS"'· o001 All 0001"'· <o(looS .. ., 0001·· <:(JOOJ

A..en.ph'hyl..... 005 .. .. .. .. <o(lOO) OOO}"· 0002·· .. <=OOO} " .. <o(lOOJ

A..en3l'hlhene 005 .. " .. .. <..o.OOJ o002 All 0001"· .. <.,()002 .. .. <o(lOO}

nUorcf\e ODS .. OOO}·· .. .. <zOOOJ .. 0001"1 .. <.{I 00] .. .. .. <.{I 001

Ph.nanthrene 0,03 0056 0201 0~6 OOH <..o09~ 0038 0011 0007·· <..00-11 .. ., OWl"· <.{I!Xl2

Antllrx.... DOS 000'''· 0025 0007" 000641 <zO.OIl 0.001,\1 . 0.016 OOOIA. <.,(l007 " .. OOO,AI <.,(lOU2

l1uonnthene 005 DOn 01S~ 00&5 0009 <&1.1.1)' 0.107 DIU O.IUI <00097 O~"'I 0001.... O~"I <00005

Pyrtn. ODS 0031 0.224 0.075 0065 <zO.121 0.149 0219 DOli <.,(l.ll} O(02AJ 0006All 0001"'1 <.,(l00l

O.n,ll(,'.nrhrx.n. 00' 000l'" 0.120 .. Ol171 <zO.Il6' 00S9 OOU 0019 <o(lOS~ .. ., .. <.(lOO)

ChryKn< O.OS DOOSU 0549 0292 0.251 <..o.J~ 0119 0.2}. DOH <0(1161 - ., O~AJ <:OW}

B.n,o(~)f1UOl:llllhene 005 .. .. .. .. <..0001 .. o.on .. <a() 029 .. ., o00' All <.{I~

Du,o(k)f1uolonlh<n. 005 OOOS...• DIU 1lt/16 0077 00091 01).19 ., DOH <=0025 ., ., OWl"" <;{IOOl

O.n,ll(.)pyrene DOS 0.005'" 0,051 Don 0029 <-oOS~ 0,011 0027 0006'" <.,(l.l)l7 .. ,. OOO}"J <:OW}

lnJ.nll(I,l.J·c,d)l'yrene 005 0001"" 0017 O.tI)1'" 0.011 00012 0005'" 0009.... 0002'" <;{I.DOS .. .. D~"· <o(lool

Oiben.ll("hJ>n'ltr"".n. ODS OWl"" DOH O.<XX."" o OO'>"D <-0011 OOOS"" 0006'" OOO~"J <0000' .. .. OlO-l,,1I <.(lool

n.n'oI l .....il!"'ryle"" 005 0002"" 0025 0009.11 0009' <oQ.OU 0007'" 0012 O~... <cO 008 .. O~"I <=OWl

, .. Comro,,,,d.... lilled in lelenlion lime Ofd••
Thick .. ACIO hOi mi. with"", l'lIbbc•• thi.tlaye.

Thin .. ACID hO/·m" ..ieliOOllUbber. !lun I.yu
Thin Rub .. ACID hCII·m;' ... ith ",bbe., Il\in hye.

"adh" OIk .. Faeih.y bl""k

I'QL .. " ....lic.l quonl!I,"iOOl "mit
" .. No' del<ct.d ., lh. MOL .nd lalhr... rhe conditiDn! fOf fOOlJlOl<l A ,"d B
A .. M.it or ehb .ompound in \hi, '1I1Ipie i, NOT t,nier \h:on thr•• tim.. OX) III...·.nc. laci';,y blank n"n 0. the ...nc. flCld blant fIW'.

...hkh•••, is 1""<1 h~encu ..ill indl>d< delted"" limits IS .ppopri.l<'
o .. Ail coneenll..i"" of Ihi, compound ,n Ihi. '>n'pl. i, NOT I,uler III"" llu•• lim•• UXlthe .....C. fICII;ly blanl .i, c""".nU.ti....
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TADLE 0·20. SEMIVOLATlLl': ULANK MASSES

SlIllpl. Na",.: Lab III.nk lab mank I I..b m.nt SVIIlK610 SVOLk61O DUI' SVUlK61l
Sa"'plc Typo: L.b PIt Lab Olk lob PIt

"'" OIl Ell III' E.I U1.
0 ... or ColI<tlion: MDl N" 1'1" NA NA NA NA
Compounda

(~G) (pG) (VO) (VO) ItJG) lVO) 1,,0)

rhcnol 1.0 .. ., .. .. ., ..
bit(2-CllIOloclhyl) Eth.r 1.0 .. .. .. .. " ..
1-Clllorophenol 1_0 ., .. .. .. ., ..
IJ-Dichloro!>e"une 1.0 ., .. .. .. ., ..
1.4-DichlOfobonu"e 1.0 .. .. .. .. ., ..
1.2·Dkhloto""'nune 1.0 ," .. .. .. ., "

2- "'ethylpll.nol 1.0 " .. .. ., ., "

bit(2-CllIOloisop<op,1l Elb.. 1.0 .. .. .. .. .. ..
N·NllIo,o-d'i-,,-P'Gpylonune 1.0 .. .. .. .. .. ..
~ ·Mclhylph. nol 1.0 .. .. .. ., .. ..

II....hloroclh""" 1.0 .. .. .. .. ..

Nill..""'n..."" 1.0 .. .. ., ., .. ..

bop""''''''' 1.0 .. .. ., ., .. "

1.NilJophenol 1.0 .. .. ., .. .. "

1•.1 Dimt.h,lphenol 10 .. .. ., .. .. .,

D."zoic "dd 10 .. ., ., " " .,

bi.I2·CllI"'....lho.yl Mtlh..c 1.0 .. ., ., .. .. ..
U·Oichl....oph.nol 1.0 " .. .. .. .. .,

I.2A-Tri.hloro!>enu". 10 .. ., .. .. .. .,

N.p"thal.ne 10 660... • .. .. .. .. ..

4·ClllorOltlili"" 1.0 ., .. .. .. " ..

1101IChlOfObuudi."" 10 ., " .. .. .. ..

... C""tpounds are lisled in re'.ntion lime Older
Lab D,... Labomory blJl\k
t,. Olk .. Elwlioo bl "
MIJL .. Mdhoo d......,i li"ul
., .. NOl dcl...~d al l!>c MOl. II1d u,i.riu lb.

condltionl rOI rQOtnOlCl A and 8

A .. Mast or thit compound in Illi, IOImpl. b NOT "uI.r 111m w•• times
(lXllhe I ......e ,.. ility hI."k matt CIt ......on,. Ilold blant m.ul.

",hi.h•••r is .,••1.. (.vefl'.' .. ill i""lud. d."'.li"" Iimiu al "I'l"opn.'d
o .. Ai, COll<:."u.,i"" or ti,;, o",..pound in ,hil '''''lJ>I. i. NOT C'U'« th...

lIv.. lime. OX) the a.onc. hodlil)' "I<lId air conocnultion

(c....'inu.dl
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TAIJI,.E 8·20. SEMIVOlATllE BLANK MASSES (conlinued)

Samp'. Name; Lab m:lJll LabBl~k • Lab D1""t SVOLK61D SVOLK610 Oup SVIlLl<611
Sample Type: Lab Oil Lob Dlk Llb Olt Eol Olk Ell Oil Ell Illl<
DOl. of Collection; MDL NA NA NA NA NA NA
Compound' (~Gl (pG) (~G) (pGI (POl (pG} (llG)

4·ChIOf... J.Mttltylphtnol 1.0 .. .. .. " .. ..
2·Mttltyln.phth.l.ne i.o .. .. .. .. .. ..
11...ehIOfocydopent.ditne 10 ., .. .. .. .. ..
2A.6.Ttieh!orop".nol UI ., .. .. .. .. ..
2.~.S·Ttitblocoph.n,,1 1.0 ., .. " ., .. ..
2·ChIOfonlphthlltne 1.0 ., .. " ., .. ..
2· Niltoaniline 10 ., .. .. .. .. ..
Dlnltthylp'""a1lle 1.0 ., .. .. ., .. ..
Attnaphthylene 1.0 .. .. .. ., .. ..

2.6·DiniUOlolucne 1.0 .. .. .. ., .. ..
J·Nil1O>nili ..... 1.0 ., .. .. .. .. ..

Annlp/lthene 10 .. .. .. ., .. "

2.1·l)iniuopht....1 10 .. .. .. .. .. ..
Hotittophenol 10 .. .. .. .. .. ..
V·OiniuOIolucne 10 .. .. .. .. .. ..
rl.t.::nlu(ut&n I,U .. .. .. .. .. ..
Di.thy'plllhdlle , U .. .. .. .. .. ..
flUOfIf'M 1.0 .. .. .. .. .. "

~·Chlocophtn)'I·Ph.nyl Eth., 1.0 .. " .. .. .. ..

I·N'I100niline 10 .. .. .. .. ., ..
1.6 Dinillo-2.Memylpheno' 10 .. .. .. .. .. ..
N·Niuolooiphenylamine 1.0 .. .,

" .. ., ..
I.BloolOphenyl.l'btnyl Ethel 10 .. .. .. .. .. ..

lI.uehiOfobtnulIl: 1.0 .. .. .. .. .. ..
(continued)

•• Compound..... Ii lied in ,"e"lion Ilnlt ocdt,
Lab IlIt • Laboollot) bl1tlk
I'll Blk .. "-'mid"" blank
MOL .. M.thoo delt:(lioo limil

.... Nol delt:(led II m. MOL uNl!hc m.u. or llIil compound in lIIi. IItllpl. h NOT c,tl.c, than INee lime. UX) the .....nc. heili.)' blank tnUl

Of ."" ...lIce fi.ld blank /lUllS...hkhe...c. il,ltl'<I (.....n'tS ...i11 indu&e ckt...till'l limilS .. lppopri."" ,,"oJ the ai, eonce"ltlUOn of
til.. ~D"'potInd in Il1h urnpl, i. NOT c'u~, !han titre, timt. I)Xlw a>ctaC" facilil1 bl."k lit ~onc.ntrauon
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TABLE 8·20. SEMIVOLATILE BLANK MASSES (concluded)

Sampl.. Nlln..: Lab OI••t l.1> DI....t I 1..1> lII.nk SVUlK610 svoueSl1: Dup $VDlKSII
Sample Type: L.h OIk Lab Blk Lab OIt UI Bit EXI Bit E.\l lilt
Olle or Colleetion: MOL NA NA NA NA NA I'll.
Compound' (1tG) (pG) lpG' (pG) 11tG) (pG) {pOl

Pen,.eMOt0l'Mnol 10 ., .,
" .. .. ..

Phenln,l"ene 1.0 ., ., .. .. .. ..
Anl"neue 1.0 .,

" .. .. ..
di-n Dlllylph,h.lale 1.0 .. .. -. .. .. ..
fluonnthene 10 .. .. .. .. .. ..
Pyt<ne 10 .. " .. .. ., ..
DUlylbcnlylph,hllale 1.0 1\1.08 .. .. .. .. ..
J.l" .OicMOfobcntidine 1.0 .. .. ., .. .. ..
ChryKIlI: 1.0 .. .. .. .. ., ..
Denloll)anlh,...nc 10 .. .. .. .. ., ..
bi.{2.E,hylhexyIJphIh.II,e 1.0 .. 1.7'\1 .. .. .. 1.0'"

Oi.n.Oclylph,,,.II'e 1.0 .. .. .. .. ., ..

Oenlolb)nuonnthe:1IC 1.0 .. .. .. ., .. ..
Den.lO(klnuo,"nlhen.. 1.0 .. .. .. .. .. "

Ocn.o{l)pyrene 10 .. .. .. .. .. ..
Indcno{ 1.2.J-<dll'yrene 1.0 .. .. .. ., .. ..

Dibenl{l.h)>n'h''''n<e 1.0 .. .. .. ., .. ..
Den uq.h.i)perylen<e 10 .. .. .. ., .. ..
DC.lole)p)"..n.. 10 .. .. ., .. LOU ..

• .. Compoundl Il.. 'ill..d in le..nlion lime ",de,
Lab llik .. Lebcnlory blank
E.. Ulk .. E.t.lnllion blank
MOL It Method delcetion limil
.... tiD! del«lCd II thc MOL and ,"tidi... the

ecnd"lon. (Of r-.. A and 8

A • Mus or tIIis ..ompound in th" S:llnple il NOr c,..'el Illsn du..e limn
(lX) the: r,eili.y blank mas. or the .....c.. field bl""k II'WI.

which..e, is I' ' (1'.'1••1 will i""lude d.'e.lion limits U IpProprill.)
D II Ait ..onc..nulli"" or .his cornpoond in this lampl. is NOT "Olle' than

dure ti..... UX) the I ..n •• r...ililY blanl al, e"""onulIlon
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Figure B· L 1/28/93 - ACIO Asphalt Test, total hydrocarbon
concentration vs. surface temperature.
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Figure B-4. 2/18/93 AC 10 Thin test, total hydrocarbon
concentration vs. surface temperature.
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APPENDIX C

ADDITIONAL QUALITY CONTROL DATA



TABLE C-1. Svac RECOVERIES FROi\·! fl LTEI~S

SAMPLE ID: Tf-'-20

RTI AIR PERCENT RECOVERY DQO
A.NALYTE VALUE TOXICS RECOVEr~Y DQO (%) MET

(}.J g) VALUE
(pg)

Naphl.h:lIenc 150 0.0 0.0 50-150 No

Ac~nj1phlhylenc --300-·== t.4 0.5 : --'- '""'50.;-150" .. No - .
~ - .'

Accnaphlhcne 150 1.5 LO 50-150 No

Fluorene 30 7.9 26.3 50-1 SO No

Phenanthrene - 15 13.0 86.7 50-150 Yes

AnlhrJccnc 15 13.0 86.7 50·150 Yes

Fluorarl!hcne 30 31.0 10J.J 50- 150 Ycs

Pyrcnc 15 18.0 120.0 50·150 Yes

Chrysenc 15 17.0 113.3 50· ISO Yes

Dcnzo(a);:lI1lhrnccnc 15 17.0 113.3 50-150 Yes

Dcnz.o(b)O uornnlhenc 30 19.0 96.7 50-150 Yes

Dcnz.o(k)OuOi:\nlhcnc 15 16.0 106.7 50·150 Yes

Bcnzo(n)pyrcne 15 15.0 100.0 50-150 Yes

lndcno(1.2.3-cd}pyrcnc IS 11.0 7J,J 50·150 Yes

Dibcnz(i:l,h)anthraccnc 30 26.0 86.7 50·150 Yes

Dcnz.o(g,h, i)pcrylcnc 30 22.0 73.3 50·150 Ycs

Other Compounds DCICClcd
Dictllylphtllala Ie
d.i.n·Dulylph thai aIe
bi $(2· Elllylhcx y))phlhal:llc

o
o
o

C-2

2.6
4.5
2.1

(conlinued)



TABLE Col. SVOC RECOVERIES FROi'vf FrLTERS (continlled)

SAMPLE ID: TF-21

RTI AIR PERCENT }~£COVERY DQO
AN,\LYTE VALUE TOXIes RECOVERY DQO (0/0) MET

(pg) VALUE
(~g)

Naphthalene 0 0 NA NA NA

Accnaphthylcnc 0 0 NA NA NA

AccnJphlhcnc a a NA NA NA

Fluorenc 0 0 NA NA NA

Phcnlnthrcnc . 0 0 NA NA NA

AOlhrJccnc 0 0 NA NA NA

Fluoranthcnc 0 0 NA NA NA

Pyrcnc 0 a NA NA NA

Chryscnc 0 0 NA NA NA

ncnzo(a):l nthraccflc 0 a NA NA NA

Bcnzo(b)Ouora nlhene 0 0 NA NA NA

Benzo(k)n lIor.ltllhenc I 0 0 NA NA NA

BenZO(il)pyrCI1C 0 a NA NA NA
-

Indcno( I,2.3-cd)pyrcnc a a NA NA NA

Ditx:Iu.(i"I.h)anlhrnccllc 0 0 NA NA NA

Bcnzo(g ..h.i}pcrylcnc 0 O' NA NA NA

Other Comoo\lnds Delecled
Diclhyl phth:l.IillC
di-n- Bu tylphlha'iaic
bis(2· Ethyl hcxyl)phlhalatc

NA = NOl Applicable

o
o
a

C-3

2.3
3.2
1.7

(conlinut.:d)



TABLE Col. SVOC RECOVERIES FROM FrLTEllS (conlinued)

SAi'...fPLE 1D: TF-22

RTf AIR PERCENT lZECOVERY DQO
ANAL)'TE VALUE TOXIes RECOVERY DQO % l\'1ET

\)..1 g) VALUE
(~g)

Naphr.halcnc 60 0.0 0.0 50·150 No

Acen;] ph 1Myl cnc 120 0.0 0.0 _ 50-150 -- NQ_. -' .-

Accnaph thene 60 0.0 0.0 50·150 No

Fluorene 12 2.3 19.2 50-150 No

Phenan lhrcnc 6 4.2 70.0 50-150 Yes.

AnthrJccnc 6 3.9 65.0 50-150 Yes

Fluoramhcnc 12 10.0 S1] 50· 150 Yes

Pyrcnc 6 5.9 98.3 50·1S0 Yes

Chryscnc 6 5.2 86.7 50-150 Yes

Ben zoCa)an (h r.lCCIlC 6 5.3 8S.3 50-150 Yes

Denro(b)nuOr.llllhellC 12 8.'1 70.0 50·150 Yes

Bcnzo(k)n tlOr.l n'lhcnc 6 4.8 80.0 50·150 Ycs

Bcnzo(a)pyrcnc 6 4.2 70.0 50·150 Yes
.

IlIdcno( 1.2,3-cd)pyrcnc 6 2.7 45.0 50-150 No

Dibcnz(a.h):lJ1lhrnccm: 12 6.9 57.5 50·150 Yes

Bcnzo(g,h,i)pcrylcne J2 6.7 55.S 50·150 Yes

Olher ComDotlncis DClceled
Diclhylphlhal:Hc
dj·n·B ulylpluh:t1:lIC
bisel- Elhyl hexyl)ph lhal:Hc

o
o
o

C·4

2.7
4.8
2.6



TABLE Col. SVOC RECovERIES fROl'vf f=ILTERS (cOlltinued)

SAMPLE 10: TF·23

RTI AIR PERCENT R£COVERY DQO
AN,\LYTE V,\LUE TOXIes RECOVERY DQO (%) MET

(JIg) VALUE
(pg)

NJphthalcnc 60 0.0 0.0 50·150 No

Accn;iphthylcnc 120 1.2 1.0 50·150 No

AccnJplnhcnc 60 1.1 1.8 50-150 No

Fluorene 12 3.6 30.0 50·150 No

Phenanthrene 6 5.2 86.7 50·150 Yes.

Anthracene 6 5.3 88.3 50·150 Yes

FluoraI1lhc:ne 12 12.0 100.0 50-150 Yes

Pyrene 6 6.8 113.3 50·150 Yes

Chryscnc 6 6.5 IOS.3 50-150 Yes

BenlOe;)~;) Illhr.lcellC 6 6.3 105.0 50·150 Yes

Denz.o(b)f1uol7.nlhcnc 12 11.0 91.7 50-150 Yes

Denzo(k)f1 1I0l7.nthene 6 7.0 116.7 50·150 Yes

Den zo(a)pyrCllc 6 5.5 91.7 50-150 Yes
-

Indcno( 1.2.3.cd)pyrcllc 6 3.6 60.0 50-150 Yes

Oi ben z(a .h);Hllhmcenc ]2 8.S 73.3 50·150 Yes

Benzo(g.h. i)pcry IcIlC 12 S.5 70.S 50·150 YeS

Dlher Comoollncfs Delccled
DiclltyJ phthalJtc
di -n-D utyJ phl.halalC

•bis(2- Ethylhcxyl)plnhal:llc

o
o
o

c-s

2.6
(8
JA

(cnnlinur:d)



TABLE C-l. SVOC RECOVERIES FRO~/{ FrLTERS (concluded)

SAMPLE 1D: Tr:-2::

RTf AIR PERCENT RECOVERY DQO
ANALYTE VALUE TOXIeS RECOVE!~Y DQO (%) MET

(pg) VALUE
(fjg)

Naphlh;lIcne 150 0.0 0.0 50-ISO No

ACenilpl\thylcnc 300 1.7 0.6 50-150 No
~ -- . -"-

. -- . - . 1-

-Accl\";p-Illl;c~~·- . 150 1.8 1.2 50·150 No

Fluorene 30 8.4 28.0 50-ISO No

Phenanthrcne 15 13.0 S6.7 50-150 Yes

Anuuaccnc
.

50·15015 D.O S6.7 Yes

Fluorarllhenc 30 31.0 103.3 50·150 Yes

Pyrcnc 15 18.0 120.0 50·150 Yes

Chryscnc J5 18.0 120.0 50-150 Yes

Bcnz.o(a)41 fHhracCllc J5 18.0 120.0 50-150 Yes

Ben'to(b)C111 oranIhelle 30 31.0 103.3 50-150 Yes

Denzo(k)nuorarHhcnc 15 17.0 I 1\3.3 50·150 Yes

Bcnz.o(n)pyrenc 15 15.0 100.0 50-150 Yes

Indcno( 1,2,3-cd)pyrcI1C 15 12.0 80.0 50-ISO Ycs

Dibenz(UI hJan lh raccne 30 26.0 86.7 50- 150 Yes

Bcn:z.o(g.h ,i)perylcnc 30 25.0 83.3 50-150 Yes

Other Cornoolll1ds Delecled
Diclhylpluhal <lIC

di -n- B lIlyl plll.h:l l:t Ie
_Blllylbcnzylphlh:H:llC
bis(2· Elh ylhcx yl)phlhalJlc

o
o
o
o

C-6

2.5
5.5
1.3
1.9



TABLE C~2. SVOC RECOVERIES FROM x'·:\D-2 j'dODULES

SAMPLE 10: XAD-50 RESULTS

RTI AIR PERCENT RECOVERY DQO
ANALYTE VALUE TQXIeS HECOVERY DQO (%) MET

(J.lg) VALUE
(J.lg)

Naphthalene SO 95.0 118.S SO-ISO Yes

Accnaph I.h ylcnc 160 130.0 S1.3 50-150 Yes

Acenaphthcnc SO 69.0 86.3 50-150 Yes

Fluorene 16 16.0 100.0 I 50-150 Yes

PhCnJJ1lhrcnc S 8.0 100.0 50-150 Yes

Anthracene S 8.2 102.5 50·150 Yes

FluoraJHhcnc 16 15.0 93.8 50- I50 Yes

Pyrenc S 8.6 107.5 50- !50 . Yes

Chryscnc 8 8.6 107.5 50·150 Yes

Bcnz.o(a):w thraccnc S 8.6 107.5 50-150 Yes

Bcnzo(b)n uor.\!\lhcnc 16 15.0 93.S 50-150 Yes

ncnzo{k)nuornn thene S 78.5 106.3 SO-150 Yes

Bcm.a(a)pyrenc S 7.6 95.0 50·150 . Yes

lndcno( 1.2,3-cd)pyrcne S 5.9 73.S 50-150 Yes

Dibcn:z.(il,h)anthr:lccnc 16 13.0 S1.3 50-] 50 Yes

Bcnzo(g,h, i)pcrylcnc 16 12.0 75.0 50-150 Yes

Olher Compounds Detected
Phenol
2-Mcthylphenol
4·Mcthylphcnol
Dimclhylphthalalc
Dicth)'1 ph lhaJJ Ie

di ·n· BUlyJphlhalalc
Bucyltxnzylphth:l.l:l!c ,
bis(1· Ethyl hcxyl)phthJI:I'IC

o
o
o
o
o
o
o
o

C·7

8,5
6.7
-4.1
2.0

17.0
36.0
33.0
12.0

(conl,inued)



TABLE C-2. SVOC RECOVERIES FROM X.W-2 I'vtODULES (continued)

SAMPLE TO: XAO·51 RESULTS

RTI AIR PERCENT I~£COVERY DQO
ANALYTE VALUE TOXIeS RECOVERY DQO (%) ~1ET

()JrJ VALUE
()Jg)

Nap/ll.halcnc 100 120.0 120 50·150 Yes

Accnaphlhylcnc 200 150.0 75 50·150 Yes
----- -~.-. -- - - -.'

AccnaphthCllc 100 79.0 79 50·150 Yes

Fluorene 20 J8.0 90 50·150 Yes

Phenanlhrenc 10 9.2 92 50· 150 Yes.
Anlhraccne 10 9.6 96 50·150 Yes

Fluomnlhcnc 20 18.0 90 50·150 Yes

Pyrenc 10 10.0 100 50-150 Yes

Chrysc:nc 10 9.4 94 50·150 Yes

Bcn lora):! nthl7tccnc 10 9.3 93 50-150 Yes

Benzo(b)nuoranthcnc 20 16.0 SO 50·150 Yes

Bcnlo(k)nuol7tnthcne 10 I 9.1 91 50-150 Yes

.Bcnzo(a)pyrcllc 10 I S.9 S9 50·150 Yes

Indcno( 1.2,J-cd)pyrenc 10 I 9.5 95 50·150 Yes

Dibcnl(a.h)anthr~cenc 20 14.0 70 50·150 Yes

Bcnzo(g,h, i)pcryIenc 20 13.0 65 50-ISO Yes

Other Comoollnds Detected
Phenol

. 2-Mcthylphcnol
4·Mculy1.phcnol
D.imcthylphlhalatc
Dicthylphl.halale
di- n-Btl [yl pht11a la te
bisel.Ethyl hex yl)phlhala Ie

o
o
o
o
o
o
o

COs

6.6
5.7
3.4

. 1.7
37.0
32.0
7.6

(crlllii nliccI)



TABLE C-2. SVOC RECOVERIES FROl\·f X.A.D-2 1,,{ODULES (continued)

SAMPLE ill: XAD-52 RESULTS·

RTI AIR PERCENT RE.COVERY DQO
ANALYTE VALUE TOXICS RECOVERY DQO (%) MET

(pg) VALUE
(pg)

Naplll.halcnc 100 0.0 0 50-150 No

Accn::lphtilylcnc 200 0.0 0 50-150 No

Acenaph tilene 100 0.0 0 50-150 No

Fluorene 20 0.0 0 50-150 No

Phenanlhrene . 10 3.2 32 50·150 No

! Anthracene 10 3.5 35 50·150 No

Fluoranlhenc 20 16.0 SO 50·150 Yes

Pyrcnc 10 9.3 93 50·150 Yes

Chryscnc 10 10.0 100 50·150 Yes

Bcn:z.o(::l):\nlhr;"lccne 10 11.0 ! 10 50·150 Yes

Bcnzo(b)nuornnthel.le 20 18.0 90 50·150 Yes

Bcnza(k) nuornnthene 10 11.0 110 I 50-ISO Yes

Bcnz.o(a)pyrcnc 10 9.3 93 I 50·150 Yes.
Indena( 1.2.3-cd)pyrcne 10 7.7 77 50-ISO Yes

Di benz.(a. h):l.nlhrnccnc 20 15.0 75 50·150 Yes

Benz.o(g.h. i)pery lenc 20 ]5.0 75 50-150 Yes

Other ComDolll1ds Detecled
Die lh yIph tilaJ ate
d i- n· Butylphlh;:l!atc
bis(2.E[hyl~o;yl)phlhal;:He .

o
o
o

I.S
35.0
9.3

(conlirHlcd)

• Reponed sample wenl (0 dryness during the conccncr.nion St:1gc..

e-g



TABLE C-2. SVOC RECOVERIES FROM XAD-2 i'dODULES (continued)

SAMPLE ill: XAD·53 RESULTS

RTI AIR PE,gCENT RECOV£RY DQO
ANi\LYTE VALUE TQXIeS RECOVERY DQO (%) l\'fET

(J.lg) VALUE
(~g)

Naphthalene SO 110.0 137.5 50-150 Yes

Acenaphlhykne 160 140.0 87.5 50-150 Yes
. -

AccnapllOlcnc
. -- -.- . .

80 72.0 90.0 50-ISO Yes

Fluorene 16 16.0 100.0 50-150 Yes

Phenanrhrene 8 7.3 91.3 50-150 Yes

AllIhraccnc - 8 7.6 50-15095.0 Yes

FluoraIHhenc. 16 14.0 81.5 50·150 Yes

Pyrenc 8 8.5 106.3 50·150 Yes

Chryscnc. 8 8.1 \01.3 50-1 SO Yes

BenzoC<l)<llllhrnccnc 8 8.9 11 I.J 50·150 Yes

Benzo(b)nuornnthcnc 16 16.0 100.0 50-150 Yes

Benzo(k}nllornnthcnc S 6.9 36.3 50·} 50 Yes

Benzo(a)pYfcnc S 1.6 95.0 50·150 Yes

Indcilo( J,2,3.cd)pyrcnc 8 9.6 120.0 50·150 Yes

Dibcnz(a,h}antltrnccnc 16 14.0 87.5 50·150 Yes

Bcnz.o(g,h,i)pcrylcnc 16 .13.0 S1.3 50-150 Yes

Orher Con"lpoll'nds DClccrec1'.
Phenol
2· Mcthylphcnol
4-Mclh)'lphcnol
Dimelhyl ph IhaJate
Diclhyl ph (haJale
di -n·B urylphlhal.afc
Bul)'lbcnzylphlhalatc
bis(2· Elh ylhexyl)phlhalate

o
o
.0
o
o
o
o
o

CIO

9.0
6,1
4.9
2.1

47.0
46.0

10.0

(cnnlinlH~ci)



T..L\.BLE C-2. SVOC RECovERIES FROM X-.t.\D-2 lv(ODULES (concluded)

SAMPLE ID: Xt\D·54 RESULTS (BLANK)

RTI AIR PERCENT RECOVSl~Y DQO
ANALYT£ VALUE TOXIeS RECOVERY DQO (50) MET

(pg) VALUE
tug)

Naphthalene 0 61 NA NA NA

Accnaptnhyfcnc 0 0 NA NA NA

Accnaphlhcnc 0 0 NA NA NA

Fluorene 0 0 'NA NA NA

Phenanthrene 0 0 NA NA NA
.

Amhr.lccnc 0 0 NA NA NA

FllIor.:tJ1 th cnc 0 0 NA NA NA

Pyrcnc 0 0 NA NA NA

Chryscnc 0 0 NA NA NA

Benzo(a):l nIhr:lCCIle 0 0 NA NA NA

I Bcnro(b)nuomnthcnc 0 0 NA NA NA

Bcnz.o(k)n uoran !hcne 0 0 NA NA NA

Bcnzo(a)pyrene 0 0 NA NA NA

Jndcno(1.2,3-cd)pyrcnc 0 0 NA NA NA

Dibcnl(a. h)an !hraccnc 0 0 NA NA NA

Bcn2.0(g,h. i)pcrylcnc 0 0 NA NA NA

Other COnlf20unds Delec!ed
Phenol
2.Mclhylphcnol
4:Melh)'lphcnoi
DimcLhylphLhalalr:.
Die III ylph111:U31C
di·n- Butylphlhalalc
Dutyl benzylph 111al:l!e
bis(2 -Elh ylMe>: yl)phr..h;uJtc

NA = ~O! ApplicJblc

o
o
o
o
o
o
o
o

C·11

12.0
6.9
4.7
2.0

14.0
53.0
68.0
9.4



TABLE. C-3. SVOC FlLTER RPDS (%)

% RECovERY
RPDs %1'\50 DQO

ANAL\'TE 1'r-22 TF-23 (%) DQO MET

Naphthalene 0.0 0.0 NA 25 No.
Accnaphlhylcnc 0.0 1.0 200.0 25 No

Acenaphthcne 0.0 1.8 200.0 25 No
~-~. ,- -- . .. I·- -., .

-Ruon:.nc
~-

19.2 30.0 43.9 25 No

Phenanthrene 70.0 86.7 21.3 25 Yes

Anthracene 6.5.0 88.3 30.4 25 No

Fluorarithcne
.

83.3 100.0 18.2 25 Yes

Pyrcne 98.3 113.3 1'1.2 25 Yes

Chryscnc 86.7 108.3 22.2 25 Yes

Bcm~o(n)anlh.r.1ccnc 88.3 105.0 17.3 25 Yes

Bcnlo(b)O lIora n(helle 70.0 91.7 26.S 25 No

BC1\l.O(k)nuoralllhcnc 80.0 116.7 37.3 25 No

BCIlZo(il)pyrcllc 70.0 91.7 26.S ?~ No-)

lndeno( I,2.3-cd)pyrcnc t15.0 60.0 20.0 25 Yes

Dibcnl(a,h)anthraccnc 57.5 73.3 24.2 25 Yes

Bcnlo(g,h,i)pcrylclle 55.8 70.S 23.7 25 Yes

(c('lnlillll~d)

C·12



'/

TABLE C-3. SVOC FILTER RPDS (%) (concluded)

% RECOVERY
RPDs %}~SD DQO

ANALYT£ TF·20 TF·24 (%) DQO MET

Naphthalene 0.0 0.0 NA 25 NA

Accf\aphlhylcne 0.5 0.6 18.2 25 Yes

Accl\<\phlhc.nc 1.0 l.2 18.2 25 Yes

Fluorene 26.3 28.0 6.3 25 Yes

Phcn:tnt!lrcnc 86.7 86./ 0.0 25 Yes

Anthr:1ccnc 86.7 86./ 0.0 25 Ycs

Fluoranthcnc IOl) 103.3 0.0 25 Yes

Pyrcnc 120.0 120.0 0.0 25 Yes

Chryscnc 1J3.3 120.0 5.7 25 Yes

Bcnzo(;)::! nlhrnccnc 113.3 120.0 5.7 25 Yes

Bcnz.o(b)n lIorl:ll1 thellc 96.7 103.3 6.6 25 Yes

Bcnz.O(k)n llorn I1lhCIlC 106.7 113.3 6.0 25 Yes

Bcnza(a)pyrcllc 100.0 100.0 0.0 25 Yes

rndena( I,2,3-cd)pyrcnc 73.3 80.0 8.7 25 Yes

Diocliz(a,h)i'll1lhraccnc 86.7 8'6.7 0.0 25 Yes

Bcnzo(g.h ,i)pcrylcne 73.3 83.3 12.8 25 'Ycs

C·}3



TABLE C-4. XAD-2 MODULE RPDS (%)

% RECOVERY
RPDs %RSO DQO

ANALYTE XAD-SO XAD·SJ (%) DQO r.1ET

Naphlhnlcnc liS .8 l37.5 14.6 25 Yes

Acennphlh ylcnc 81.3 87.5 7.3 25 Yes

Accl1aphlhcnc 86.3 90.0 4.2 25 Yes

lo<fo---- - - ~ -
-Fluorene ~ -- - ,

- 'fOO.O 0.0 25 Yes

Phcnanthrene 100.0 91.3 9.1 25 Yes

Anthraccne 102.5 95.0 7.6 25 Yes

Fluor41nlhcne
.

93.8 87.5 6.9 25 Yes

Pyrcnc 107.5 106.3 1.1 25 Yes

Chryscnc 107.5 101.3 5.9 25 Yes

Bcnzo(a):lnlhraccnc 107.5 111.3 3.7 25 Yes

Bcn2o(b)Ouorn Illhcnc 93.8 100.0 6.4 25 Yes

Bcnto(k)n\lOId nlhene 106.3 86.3 20.S 25 Yes

DCllZO(J)pyrcnc 95.0 95.0 0.0 25 Yes

Indeno(t .2,3·cd)pyrcnc 73.S 120.0 47.7 25 No

Di benz(a, h):ullhr.sccnc 81.3 87.5 7.3 25 Yes

Bcnzo(g.h.i)pcrylcnc 75.0 81.3 S.l 25 Yes

(c()lHinu~d)

C·14



TABLE C-4. XAD-2 MODULE RPDS (%) (concluded)

% RECOVERY
RPDs %RSD DQG

ANALYTE TF-22 TF'·23 (%) DQO MET

Naphthalene 120 0 200.0 25 No

Aecnaphthylcnc 75 0 200.0 25 No

Aecnaph!.henc 79 0 200.0 25 No

Fluorene 90 0 200,0 25 No

PhcnilI1 t.hrcnc 92 32 96.8 25 No

Anthracene 96 35 93.1 25 No

Fluoramhcnc 90 80 11.S 25 Yes

Pyrcnc 100 93 7.3 25 Yes

ChrySCflC 94 100 6.2 25 Yes

Benzo(a);:Int.hrncenc 93 110 16.7 25 Yes

Bcnzo(b)n UOr.1n(!lcnc 80 '90 11.3 25 Yes

Bcnzo(k)n uOr.1nlhcne 91 110 18.9 1- Yes_.:J

Benzo(a)pyrenc 89 9)' 4.4 25 Yes

lndcno( 1.2,3-cd)pyrcnc 95 77 20.9 ..,- Yes-)

Dj be-oz.(a, h)anlhrnccnc 70 75 6.9 25 Yes

Denzo(g, h.i)p<:rylcnc 65 75 14.2 ,- Yes-)

C·IS



TABLE C-5. LEAD RECOVERIES A.ND PERCENT BIAS

SAMPL RTI IE/\ VALUE PERCENT 131 AS OIAS

~EID VALUE (Ill!:) RECOVERY' (%)~ OQO MCl'

(Illg) (%)

Qr: 7 .060 .025 iJl.7 I -5S.3 25 / No

Qr: 8 .035 .017 '18.6 -51.'\ 25 No

Qr:9 .060 .019 J1.7 -63.3 25 No

Qr: 10 .035 .015 '12.9 I -57.1 2$.. _ No
--- --~ ------ - - ~

- - -

1 %Rccovery -
lEA cooccn!rJlion - blOWII COllCClllrJlion

known cOllccnlrJlion
>: 100

2 % Oias - Percelll recovery - \00

TABLE e-6. LEAD PRECISION AND PERCENT RPD

DUPLICATE lEA RPD IlPD DQ
ANALYSES

I
RECOVERiES DQO 0

(%) (%) ME.
T

Qf- 7

I
41.7

I
mj25 No

Qr- 9 31.7

QF 8 48.6 i'2.5 25 Yes

Qr- 10 42.9

% RPD '"=
DupliC;}IC I - DtJplic;:llC '2__--~-------=----- x 100

Mean of Duplic:He 1 :lIld Duplic;lt:;: '2

C-16



APPENDIX D

TOTAL ION CHROMATOGRAMS
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APPENDIX E

STANDARDS ADDITION ANALYSIS

Introduction

The method of standard additions is a well-known technique for counteracting interfering

matrix effects (see for example'Skoog, D.A. "Principles of Instrumental Analysis". 3rd Ed.

Philadelphia; Saunders College Publishing, )985 P2iO. and Bader. M... A Systematic Approach to

Smndard Addition Methods in Instrumental Analysis", Journal of Chemical Education, 57(10):703-6.

I980}. Because, as discussed in Section 4.9 of the text, concerns regarding interferences were not

completely ameliorated by the use of the selected ion monitoring technique, it was decided to further

investigate the possibility of interferences using a brief standards additions experiment.

Methodology

• Unfortunately, limited project resourceS constrained this experiment in scope to the' reanalysis

of one sample (TF5) selected because it appeared to have a typically severe chromatographic

resolution problem in the fuJI-scan data set The standards addition methodology was modeled after

Bader's Case 5: Variable Total Volume with Continuous Variation of the Standard. Multiple 50 JlL

aliquots of sample TF5 were withdrawn from the final analytical volume of I mL. These oliquots

were then treated with 0, 1, 2. 5, 25, 200 J.lL additions of a standard containing 5 ng/J.1L of the 16. . .

PAH speci'es listed' in Table E- J. The mixtures thus generated were then <1nalyzed using the selected

ion monitoring method described in Section 2.10.2. Quantification in this instance was based not on

the isotope dilution method (in which responses are quantified based on the Tatio of the integrated area

E-I



of the aMlyle to the integrated area of a isotopically labeled intern:!1 $[:1ndnrd) but on the st:mdards

additions calculations as presented by Bader (using the integrated are41 COlln[~ of the :m:lIyte as the

inslrument response). Using Bader's method the quantity (Vx + N • Vs) .. Rn W;lS plotted vs. N (V:<

is lhe fixed unit volume of the unknown, N is a integer denoting how many increments of st:lnd41rd
"

have been added to the mixture, Vs is the fix.ed unit volume of the standard and Rn is the instrument

response.) A linear regression was then performed and the concentralion of the analYle ex was then

delermined from the equation eX. = b ... Vs ... Cs/(m ... Vx}, (b_ i~_~he intercept and m is .the slope of the

regressed line. and Cs is the stock concentration of the standard). Unfortunately <l computer failure

resulted in the loss of data from the 25 and 200 IJL additions.

Results and Discussion

The results calculated using the remaining four points are shown in Table E-I. The quality of

the regression fit obtained was highly variable (~ ::: 0.412 - 0.99). This variability could in pnn be

attributed to. the fact thaI the addition of small amounts of standard had little impact on the

concentration of compounds whose concentrations were high in sample TF5. Under these conditions a

regression of a functio~ of instrument response versus the number of increments of standnrd nddcd

would have a shallow slope and thus would be subject to analytical variability. The lost d:ua. if

available, would have made the standards additions analysis of some compounds less subject to this

problem. However this reasoning does not explain all the nonlinear results observed since poor

linearity is observed for some compounds (such as Anthracene) that appear to be in low concentration.

The instances of non-linearity appear to be clustered in a elution order range from Phenanthrene to

Chrysene (and especially from Phenanthrene to Pyrene) which corresponds to the middle of the

unresolved peak seen on the sample chromatograms (see Appendix D).

When values derived using this SIM • standards additions approach are compared to vulues

obtained using the SIM • isotope dilution approach, generally good agreement is found in the

"fingerprint" of the concentrations of the various PAH species (Table E- I and Figure E-I). Not
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surprisingly. the agreement of concentrations appears to be worse in compounds with poor linearity ill

the standards additions experiment. The instances of poor agreement also appear to be clustered in a

elution order nmge from Phenanthrene to Chrysene which corresponds to the middle of the lIIm:~solved

peak seen on the sample chromatograms (see Appendix D).

TABLE E-1. STANDARDS ADDITIONS RESULTS

Coomm X Coeflicicm R2 SIM • St:mdards SIM (isotope dilulion)
Additions Calculated Cakul:Hl:d

Concentration Conccnrr:lliol1
Cug/sample) (ug/snmph:l

Naphthalene 231362& 1113101 0.84\ 0.2\ 0.11

Acen:lphlhylcne 906506 1226751 0.922 0.07 <0.05

Acen:lphthcne 803093 866786 0.900 0.09 <0.05

Fluorene 121J29U 903425 0.907 0.13 0.05

Phen:lnlhrene 3.l491996 2593430 0.617 1.33 2.93

Anlhracene 6-t80584 931213 0.412 0.70
.

0.36

Fluof:lnlhenc 55833071 3865922 0.450 1.44 3.7

Pyrenc 50571298 3538935 0.582 1.43 3.26

Bcnzo(a):lnlhmccnc 17110501 2926126 0.968 0.58 1.75

Chryscnc 61153153 289-'878 0.791 :?II 7.99

Benzo(b)fluor<lnthene 3520~O 959287 0.916 0.04 <0.05

Bcnzo(k)l1uOfllnlhcnc 18788542 1564003 0.993 1.20 1.77

Benzo(a)pyrenc 6499156 977314 0.896 0.67 0.75

Indcno( 1.2.3-cd)pyrcnc 250)]04 687436 0.926 0.36 0:25

Dibcnzo(:l.h)nnlhracenc 2716415 6Q0465 0.855 OA5 0.32

Bcnzo(g.h.i)pcrylcnc 3383863 I 568627 0.916 0.60 0.36

Conclusion

This analysis would suggest that llhhough the standards additions analysis generally supports

the results of the isotope dilution analysis the presence of these unresolved interfering compounds may

E-)



still be causing inaccuracies in the quantitation of a subset of the PAHs of imeres!. Some form of

cleanup or fractionation chromatography may be necessary <IS a part of the analysis for these speci~s in

future work with particulate derived frorll asphalt sources.

Amount (ug/sample)

o
1

2
3

4
5

6
7

8
9

Naphthalene- .
Acenaphthylene

Acenaphthene
Fluorene

"0 Phenanthrene ~~~~::::::;:::::::::::::;Z:::::::::zJ
c:
::::J Anthracene ...

8. Fluoranthene ~~~~~~~~~:::l§ Pyrene ~
o Benzo(a)anthracene

Chrysene .........................•............................................
Benzo(b)fluoranthene
Benzo(k)fluoranthene ~~~b:::3

Benzo(a)pyrene
Indeno(1,2,3-cd)pyrene

Dibenzo(a,h)anthracene
Benzo(g,h,i)perylene

_ SIM • Standards Add I:~~:~:~I SIM (Isotope Oil.)

Figure E-I. Comparison of SIM stand:uds addition
.(and SIM isotope dilution sample TF5).
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