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ABSTRACT 

This work provides data from pilot-scale measurements o f  the cniissions o f  specific air 
pollutmts from paving asphalt both with and without recycled crumb tubber additives. The niethods 
used in.this work measured emissions from n static layer'of asphalt maintained for ;I period o f  several 
hours near the highest temperature likely to be encountered in a real paving operation ( I  76 "C. 

detection limits o f  the analytical methods applied. statistically significant emissions o f  a variety of 
pollutant species were observed. Volatile organic compounds (VOCs) analyses showed significant 
amounts o f  benzene emitted from both types o f  asphalt studied. A n  analysis targeting 16 polycyclic 
aromatic hydrocarbons (PAHs) species of primary interest revealed significant emissions of seven o f  
the 16 species when the AClO asphalt without rubber tests were compared to the facility blank tests. 
The emissions of five o f  16 PAH species were significantly higher in the AClO thin layer with rubber 
tests than in the facility blank tests. The concentration observed, though significant,'were close to the 
limit of detection. Statistically significant emissions o f  both total particulates and PM,, were found 
from bofh types o f  asphalt hot-mix material tested. 

. ' 

- - . 3SO-"F).=.Although concentration levels observed for-most~species were in most cases near the 
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PREFACE 

The Control Technology Center (CTC) was established by the US. Environmental Protection 
Agency's (EPA's) Office of Research and Development (ORD) m d  Office' of Air Qii;ility Planiiing 
and Standards (OAQPS) to provide technical assistance to state and locd air  pollution control 
agencies. Three levels of assistance can.be accessed through the CTC. First. a CTC HOTLINE has 
been established to provide telephone assistance on inatters relating to air pollutioti cotitrol technology. 
Second, more in-depth engineering assistance can be provided \\,lieti appropriate. Third, the CTC can 
provide technical guidance through publication of technical guidance documents. developnient o f  
personal computer software. and presentation o f  workshops on control technology niatters. 

The technical guidance projects, such as this one. focus on topics of national or regional 
interest that are identified through contact with state and local agencies. 
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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.' Asphalt is 

primarily composed of "very high molecular weight hydrocarbons."' The vast majority of asphalt used 

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

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

derived asphalt and aggregate material (crushed stone or gravel).- 7 

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

carbon. 80-90 percent; hydrogen, 5- I I percent; sulfur, 0.4-7.3 percent: nitrogen. 0.4-0.9 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 f l~oranthene .~  

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

-J smoke." from an asphalt hot-mix facility using a temporary enclosure to aid sampling.- 

Concentrations measured ( in  ppm. vol) were carbon monoxide (3-6 ppmv). C,-C, hydrocarbons (< I 

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

and sulfur dioxide (< 2 ppmv). Concentrations were also reponed for the following organic species 

( @ I  ,000 m3): pyrene (44-240). benzo(a)anthracene (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 
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r'l (6 percent).' Asphalt emissions were also discussed in a recent EPA repon to Congress.' An 

evaluation of available literature shows a lack o f  emissions data for specific pollutants measured in 

such a way that emissions from asphalt paving could be estimated. Thus, the steering coninlitter of 1 
:I 1 . .  the U.S. Environmental Protection Agency's (EPA's) Control Technology Center (CTC) sponsored a 

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

to the EPA's A i r  and Energy Engineering Research Laboratory (AEERL) by Acurex Environmentnl 
. .  

2 

Corporation. The work was conducted through the guidance of an EPA-approved Qualily Assttrance 

(QA) Test Plan-(AEERL QA Category 111); 
. - ... 
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SECTION 2 

OBJECTIVES 

The objective o f  this work was to provide quantitative data on the emissions o f  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 Intermodal Surface Transportation 

Efficiency Act.5 This project also cornpared the emissions o f  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 mm.a4 The acquired data are intended to provide insight into the possible health effects o f  human 

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

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

modified asphalt products can be compared. 

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

Triangle Park, NC. by Acurex Environmentil.' Samples o f  paving asphalts provided were heated i n  a 

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

Testing included two types o f  asphalt-an AClO grade asphalt hot-mix, and an AClO grade asphalt 

hot-mix with a crumb rubber additive. The engineering properties o f  the asphalt grades are well 

defined in the literature.' Sampling was performed for a wide range o f  volatile and semivolatile 

organics. total PM. NO, SO,, - CO. 0,. - CO,. - and particulate-phase lead. A l ist o f  specific PAH species 

were specifically targeted due to their demonstrated carcinogenicity in animals. 
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The concentration data for all analytes were convened to emission rates expressed on :I per 

time and per surface area basis. These rates were calculated from the volumes sampled by e:lch trxin, 

the volumes of air flowing into the test facility. the measured niass or concentration of analyte. the 

surface area of the asphalt heating vessel, and the duration of the sampling period 3s follows: 

Emission rate = (m x f x t x u)/(v x s x t )  

where: 

m = mass of analyte 

- - f = flow rate into facility - ~~ ~~ .~ 

t = time period of sampling 

u = un i t  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 

t = time period of sampling 

u = unit conversion factor. as appropriate 

s = surface area of vessel 
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SECTION 3 

APPROACH 

3.1 SUMMARY OF EXPERIMENTAL APPROACH 

The project-consisted o f  a replicate study to collect and qualitatively and quantitatively 

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

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

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

impractical to simulate this temperature profile in an experimental situation. Simulation o f  the 

physical agitation undergone by an asphalt hot-mix material during the course o f  i t s  application by 

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

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

o f  asphalt. maintained for a period o f  several hours near the highest teniperature likely to be 

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

from an asphalt process. 

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

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

A i r  samples o f  volatile organic compounds (VOCs) were removed directly from the facility and 

collected in Tedlar bags. A portion o f  the air within the facility was diverfed to an adjacent sampling 

facility via an induced draft duct. A portion o f  the sample from the induced draff duct was also 

monitored for CO,, CO, NO, 0,. - SO,, - paniculate-bound polycyclic aromatic hydrocarbons (PAHs). 

A thin layer of asphalt was heated in a stainless steel vessel within a test 
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and total hydrocarbons (THCs) by a series o f  continuous emission monitors (CEMs). The organic 

constituents were analyzed both qualitatively and quantitatively using n gas chrotnatograph/ni;i.s 

spectrometer (GUMS). The lead was quantified using a graphite furnace atomic absorption niethod 

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

concentrations for all analytes were related to dilution air volumes and the surface area o f  asphalt IO 

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

more fully below. 

3.2 ASPHALT MATERIALS ~~ 

Asphalt cement and the Hot-mix asphalt were supplied by commercial vendors. Blythe 

Industries o f  Haw River, NC, supplied the ACIO Hot-mix material used in the tests o f  non-rubber 

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

percent total asphalt by weight, o f  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 o f  a "non-strip 

additive." supplied by Westavaco of Mulberry FL. known as Indulin AS-I. The asphalt test material 

was obtained from a standard production run o f  a full-scale Hot-mix plant by Acurex Environniental 

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. o f  Riverside, RI. supplied samples o f  an ACIO asphalt 

cement containing crumb rubber i n  tightly sealed metal containers similar in appearance to paint cans. 

The manufacturer reported that this material consisted o f  79 percent ACIO asphalt. 3 percent extender 

oil. and a total o f  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 Corporation o f  

Raleigh. NC. familiar with the formulation o f  asphalt, prepared bench-scale mixtures o f  the rubber 

containing Asphalt Cement. supplied by Asphalt Rubber Systems, with aggregate chosen from C.C. 
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10.27 

Nitrogen (Kjcldahl) 0.52 0.1 I 0.42 

__ ._ ... 
Hydrogen 10.33 9.74 __--___- 

- ... . - .. . ___-- . .- .- .. . . . . . . . ._ . .. . 

0.0044 

4.14 

<O.W 

- __ ~ ._ .-. ._ . - - .. . . Total Halogen (as CI) 1 <0.001 0.0 I O  - ._.__-__.__ 

~ 

Sulfur 3.11 4.00 

0.24 I .78 
- 

- . . ___ . . .- . . -. . -. - Ash 

Oxygen (by diffcrcncc) 0.95 1.50 0.8 I 
-. -.- . __ -. 

Mangum's supply so as to dupliate as closely as possible that used ai Blythe Industries. This bench. 

scale Hot-mix was prepared with a total asphalt cement content of  5.3 percent including 3.6 percent 

new asphalt cement and 0.7 percent from the asphalt fraction of the RAP used in the aggregate. Thc 

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

A ponion of Table 1 summarizes the composition of  the aggregates used in these Hot-mixes. 

To minimize off-gassing. all asphalt Hot-mixes were held in tightly sealed stainless steel 

vessels at room temperature. from the time they were obtained fr0m.a production run or were mixed 

on a bench-scale un t i l  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 

laboratory using methodologies best summarized by ASTM methods 3176 and 3172.' 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 data from this analysis. as presented in a ponion of Table I ,  indicate that the 

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

TABLE I .  COMPOSITION OF ASPHALT MATERIALS 

Ultimate Analysis of Asphalts wilhoui Aggrcgatc (all data in $5 as rcccivcd) -- ._ .. - -- . .. 

Blylhc Industries I Asphalt Rubbcr ; Asphalt Rubbcr 
AC-IO Systcms AC-IO I Syslcrns AC-IO 

: Wilh Rubbcr 'No Rubbcr lncludcd 

.. , 
Walcr (Karl Fishcr) ~ 0.009 I 0.16 0.010 

Carbon 84.43 62.94 83.76 
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TABLE I .  COMPOSITION OF ASPHALT MATERIALS (concluded) 

Composition of Blythc Indusirics AgSregatc: 
... . . . . . . . . . . . . . . . . .  

Aggregate Typc Rccyclcd Asphalt #78M SCRGS. Sillld 
Product (RAP) 

......... . . . .  - ....... -. . . . . . . .  . .  

Pcrccntage of Total Aggregate Mix 24. I 33 3 I 
.... .... - ...... .. __ . .  . .  . . . . .  

2.65 2.88 

loo loo 

loo 

. . . . . . . . . . . . .  ... . . . .  . . .  Specific Gravity 2.83 
~ - .  

. . . . . . .  . . . . . . .  . . . . . .  ..... % Passing Sicvc 3/4 in  (1.9 cm) loo - 

90 Passing Sieve I/? in (1.3 cm) 98 ' loo 
- 

. . . ... . . . . .  . . . .  . . . . . .  .- __ __ __ .- - -. .. , . 

99 ! ' '  i w ~  
90 Passing Sieve #4 72 33 ! 91.2 

5% Passing Sieve #8 55 5.8 71 

~. . .- 
. 

-~ 94 ~~ , 
. . . . . . . . .  

90 Passing-Sievc 318-in ~(0.95 cm) 

.. -, .- . . . . . .  
---__ __ .. . . . . . . .  ...... . . . .  

31 ; 2.6 25.6 

1 1.2 j 15.3 
- ........ . .  

9b Passing Sieve #40 

.-. % Passing Sieve #80 15 

9b Passing Sicve #200 7 7.6 j 0.4 ! 8.3 

11.9 

2.66 

I (XI 

Io0 

- -1ofJ 

100 

100 

41 

8.3 

2 

. . .  

. . .  

. .  

- .- .. ..... 

Composition or C.C. Mangum Agregatc: 
. . .  . . .  

Aggregate Type i RAP ' #78M j SCRCS. 

Aggregate Source i C.C. Mangum 1 Martin Manin ' Marietta . Marietta 

- i - - ~  ............ !.. 
I 

. __ . .  . . . . . . . . . . . . . . . . . . . . . . . .  -- 

. .  
.. . . . .  Pcrccntage or Total Aggregate Mix 

. 24. I . . .  31 33 

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

..... 70 Passing Sieve I /?  in __ (1.3 cm) 96 loo 
....... t 

'70 Passing Sieve 3/8 in (0.95 cm) , (  . . 92 ; 95 loo 

. . . . . . . . . . .  

Specific Gravity 2.701 ~ 2.723 2.71 I - . . . . .  ... 

. ....... . . . . . . . . . . . . . . . . . . . . . . . .  

.. 

... . - _---_. ____ 
33 99 

% Passing Sieve #8 60 3 S I  

% Passing Sieve # I 6  48 - 53 

90 Passing Sieve #40 32 2 31 

% Passing Sieve #80 29 2 18 

% Passing Sieve Eo0 12.1 I .5 j 8.5 

- ___ . ._ __ % Passing Sieve #4 76 ____.. 

, . ......... ..... 
7 
...................... 

............ ... - ..... 
-__ ............. ~ 

* Data wcrc not provided. 
t Data werc not provided since 100% of the material passcd a finer sicvc 

8 

Sand 

C.C. 
Manpn i  

I 1.0 

.. - ........ 

.... 

. . .  
f 

. . . . .  

t 

t 
100 

95 

s9 

so . 
32 

4 

I .5 

.. . .~~ .. 

--_ . 
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3.4 ASPHALT HEATING VESSEL 

An open-topped. square. asphalt heating vessel was custom designed and built by Acurex 

Environmental. All ponions of the vessel that contacted the asphalt niaterial were constructed of 

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

case, a series of electrical resistance heaters (14 heaters of 240 V each, 500 W. offset terminal type. 

3.8 cm wide and 60.3 cm long. pan no. SGA I J23N06. Atlantic Electric Systems Inc.. Charlotte. NC) 

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

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

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

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

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

range of O-ZdO "C (32-392 OF) .  pan no. 49-J-0-2OOC. Omega Engineering. Stamford. CT)  designed to 

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

maximum temperature o f  177 "C (350 OF).  The temperature controller was attached to a Type-J. rod 

shaped "utility" thermocouple (Omega Engineering. Stamford. CT) that was located near the center o f  

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 (Omeza 

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

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

T I  and control thermocouple, I .6 cm; T4. 0.5 cm; and T8. 2.5 cm. 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. I .  I cm: T4, 0.3 cm; and T8. I .4 crn. Before the February IS. 

1993 experiment, thermocouple T8 was replaced with a Type-K thermocouple weld pad probe [hat was 
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Figure I .  Views of the heating vessel 
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placed directly in contact with the surface o f  the asphalt material for each experiment (Omega 

Engineering. Stamford, CT). 

3.5 TEST METHODOLOGY 

For a period.of 16 to 24 h before the initiation o f  each test. the sealed container o f  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 asphalt Hot-mix has a high heat 

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

reflective of the field situation where asphalt is held for long periods o f  time at elevated temperatures 

(>I21 "C. >250 

heating vessel was located on i ts heated surface thus allowing the surface o f  the vessel to be preheated 

to the design temperature. 

Before the stan of each test. the heating control thermocouple of the asphalt 

Before and after each test. or before and after each change o f  sample media (if this occurred 

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

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

Hot-mix in  the experiment conducted on January 2, 1993 was poured and lightly compacted with 

hand implements to an approximate depth o f  3.8 c m  (a depth that i s  within the range used in actual 

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

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

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

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

and 1.9 cm (a depth that i s  also within the range used in  actual paving operations). This process 

generally required the efforts o f  two people for a period o f  5 to 15 min. After the AClO Hot-mix 

material was poured and compacted. all personnel exited the facility. Despite the preheating o f  the 

asphalt Hot-mix malerial and the heating vessel, the pouring process inevitably resulted in a substantial 

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

previously discussed. The temperature was reached between IO and 70 min after the asphalt pouring 

was completed. 

For facility blank experiments (also re'ferred to as h u t  blank experiments). the procedures 

discussed above were modified. Although the asphalt Hot-mix material was preheated as in an 3 c t ~ i I  

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

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

- heating vessel was not preheated- because all traces of asphalt Hotmix from previous e~xperimeiits 

could not be removed despite the rigorous vessel cleaning procedures described i n  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 lime 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 asphalt Hot-mix temperatures. 

Between each experiment. the facility was cleaned thoroughly. The asphalt Hot-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. All personnel entering the facility wore Tyvek boot covers 

at all times to avoid contaminating the facility. 
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3.6 TEST FACIL ITY  

The test facility (Figures 2 and 3) is an outbuilding with a 2.7 by 3.4 ni (S.9 by 1 1 . 1  ft) l loor 

area and a sloping roof with a minimum height of I .9 in (6.3 ft) and a maximum height o f  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 i t  for the low emission levels expected from asphalt. 

The building was fitted with a warmed air handling system.(based on a ?OS V electric uti l i ty 

heater. pan no. 3E081. W.W. Grainger) that delivered approximately 4.21 m3/min (148 fr’/min) o f  

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

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

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

inflow rate. A t  this flow rate. the effective air exchange rate o f  the test facility is 0.22 air 

exchangeshin. 

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

enhance air mixing. The sample transpor! duct. 17-cm (6.6-in) OD pipe, was located directly over the 

rear ponion o f  the deflector shield. This duct transported a representative portion o f  the test facility 

environment to the sampling shed located adjacent to the test facility (Figure 2). T o  minimize heat 

loss and condensation o f  organics. the duct was insulated outside the test facility. The inner walls and 

ceiling of the test facility were covered with 1.6 nim (1116 in) o f  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 mrn thick) sealed with aluminum 

faced tape (pan no. 6A062. W.W. Grainger) as shown in Figure 3. 

3.7 SAMPLE SHED 

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

gas meters, control units and pumps for the PMIO paniculate sampling trains used for collecting 

organic P M  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 paniculate reniovd device for the CEMs. A real-time 

photoelectric analyzer (manufactured by Ecochem Technologies). designed to quantify total PAHs on 

submicron PM. was also operated usins a sample streani withdrawn from the sample transport duci. 

" I 
I 

.Real-time P A H  and CEM samples were extracted from a sampling manifold within the duct. 

The manifold consisted of 9.5-mm (3IS-h) OD stainless steel probes positioned in the sample transport 

duct so that the probe orifice faced the direction o f  sample f low and so that al l  samples were collected 

at the same 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 downstream=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 o f  the fixed combustion gases. A heated (121 "C), particulate-free 

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

sample manifold and routed to individual analyzers for continuous measurement. A ponion o f  the 

heated sample was routed to the THC analyzer and the SO, - analyzer. The remaining portion o f  the 

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

before being routed to the CO. CO,. and 0, analyzers. The gas stream for N O  was obtained from a 

location between the refrigeration condenser and desiccant. The analog output of the individual 

analyzers was recorded using a computerized data acquisition system that recorded a11 readings a i  30-s 

intervals. This data acquisition system was also used to record temperatures from the series o f  eight 

fhermocouples located in the asphalt Hot-mix layer. within the test facility. in the air input duct. and in 

the' sample transpon duct. 
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3.9 SAMPLING A N D  ANALYSIS METHODS 

3.9.1 Paniculate/Semivolatile Orranic SamDlinr 

Because very low concentrations o f  semivolatile and paniculate-bound organics (including 

PAHs) were anticipated, the following method was adopted for use in sampling these species.. The 

PMlo medium volume samplers used (shown in Figure 4) have been described b y . M ~ F a r l a n d . ~  

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

sampler for the high volume simpler described in Method TO-13) were used for paniculate-bound 

organic sampling." This sampler provides a cutpoint at a diameter o f  I O  pm and at a f low rate of 

0. I 13 m31min (4 cfm). The cutpoint is defined as the diameter at which 50 percent o f  the paniculate 

i s  removed; smaller paniculate wi l l  generally pass through the sampler, larger particulate wi l l  generally 

be removed. Each o f  these two sampling trains included a filter o f  142 mm in diameter (a Pallflex 

Teflon-impregnated glass fiber filter. part no. T60A20 or TX140H120WW) in a Teflon-lined filter 

holder, followed by a dry gas meter and dual vacuum pumps. Sampling periods o f  I 30  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 PMio  paniculate. 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,, 

samples were stored under refrigeration until analysis. A n  acetone and a methylene chloride rinse o f  

the upper ponion o f  the filter holder was collected when the organic particulate sampling train was 

recovered, stored under refrigeration, and combined with the f i l ter  extract for analysis. 

A f low rate o f  0.1 13 ni3/min (4 cfm) cannot be maintained through the PM,O sampler when i t  

i s  backed with an XAD-I! resin module because o f  the large pressure drop caused by the module; 

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

The semivolatile organics were collected in a train that consisted of a 0.95 cm (318 in) ID stainless 

steel inlet followed by a Teflon-coated fi lter holder containing a Pallflex Teflon-impregnated glass 
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Air Flow 

u To Sample Shed 
(Vacuum Pump and Dry Gas Meter) 

Figure 4. PM,, medium volume sampler; paniculate metals train shown 
(Semivolatile particulate organic [rain is similar.) 
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fiber filter (part no. T60A20 or TX140H120WW) and then followed by a water-cooled XAD-2 resin 

module. This train was operated at approximately I c fm for a period o f  130 to 165 min. The f i l ter  

sample collected in the train operated at 0.029314 m3/min ( I  cfm) was not to be analyzed but w a s  

used for a gravimetric determination o f  total particulates (as described above). A n  acetone and 

methylene chloride rinse o f  the portion o f  the samplins train from the lower half of the f i l ter  holder 

through the entrance to the XAD-2 module was collected 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 Paniculate and Semivolatile Orcanic Analysis 

The organic P M  and XAD-2 samples were analyzed separately by a contracted laboratory. 

Analysis followed Method 8270 for both semivolatile and paniculate-bound organics.' ' Briefly, 

samples were soxhlet extracted in dichloromethane and concentrated to a known volume. The samples 

were then analyzed by high resolution gas chromatographyllow resolution mass spectrometry 

(HRGCLRMS). referred to as (GCIMS) i n  the full scan mode. Compound identification was based on 

retention time and the agreement o f  the mass spectra o f  the unknown to mass spectra o f  known 

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

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

method uti l izing these RRFs and the integrated responses of ions specific to each identified compound. 

Identification o f  tentatively identified species was based on automated searches o f  mass spectral 

libraries confirmed by the judgement o f  an experienced mass spectroscopist. Approximate 

quantification o f  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 o f  these samples were returned 

under refrigeration to the EPA's ERC 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 

o f  PAHs. These analyses were performed by GC/MS using a modified temperature program. derived 

from that in Method 8270 (injection port = 300 "C. init ial oven temperature = 40 "C. held for 4 min 

then ramped at I O  "C/min to 250 "C. 'held for 5 min then ramped to 275 "C at 2 " C h i n  and held for 

5 min then ramped to 300 "C at 4 V m i n  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 an~'intein5l standard-me<hod 

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

Identification was based on retention time and the simultaneous detection o f  the quantification ion. and 

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

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

broadly similar to the HRGCLRMS analysis o f  Method TO-13. Our work differed from TO-13 

primarily in the areas of column (we used a J&W DB-SMS. 0.25 mm ID. 0.25 pm film thickness. 

30 m length). temperature program (see above), M S  tuning standard (our work used Perflurotributyl 

amine (PFTBA) and carrier gas flow (our f low was 35 cm3/s). We also did nor attempt to calculate 

surrogate recoveries. 

3.9.3 Paniculate Metals Samplino and Analysis 

Paniculate-phase lead was a targeted analyte in this study. A PM,, medium volume sampler 

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

cut point at a diameter o f  IO pm. The sampling train included a quanz filter in a Teflon-coated filter 

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

Metals were analyzed by a contracted laboratory using the standardized .GFAA method." In 

summary. the f i l ter  samples for metals were prepared by digestion and reflux in acid. Lead was then 

analyzed by the GFAA method, which involves monitoring the adsorption o f  light at specific 
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wavelengths in the UV-VIS range by the nietal analyte after i t  i s  atomized under high temperature 

conditions. 

The metals samples were also used for PM,, 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-14I4 (except that the TO- I4  target analyte list was not used in i ts entirety). The Tedlar 

bags were freshly prepared for each experiment. Mult iple 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 fi l l ing a Tedlar bag with zero-grade 

nitrogen at the sampling site. Trip blanks were occasionally prepared by f i l l ing a Tedlar bag with 

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

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

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

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

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

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

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

compound. Identification of tentatively identified species was based on automated searches o f  mass 

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

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

in the method, 

3.9.5 Hvdrocen Sulfide Analvsis 

Hydrogen sulfide was semiquantitatively assayed using colorimetric Driiger tubes operated 

according to manufacturers' instructions. The sample was collected from a location within the test 
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facility (near the location o f  the organics PM,, head in Figure 2) over the course o f  a 120- to 19O-iiiin 

sampling period. 

3.9.6 Continuous Emission Monitors 

CEMs were used for CO, Coz. NO, O,, SOP 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 IO-min period of background data was obtained with these analyzers before 

the introduction of heated asphalt. This background sample consisted o f  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 introduction of at least one gas standard and a zero gas at the 

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

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

electronically recorded. 
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SECTION 4 

DATA, RESULTS, AND DISCUSSION 

Because of the large data set generated by this project. the figures and tables that were 

considered of greatest interest to the reader are presented in  [he 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-detectable values. 

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

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

Teflon-impregnated filter extracts. The Teflon-impregnated filter 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 paniculate- 

phase in the atmosphere. 

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

not reported because clear evidence w u  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 VOC 

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

The composition of the materials tested has been discussed i n  Sections 3.3 and 3.3 m d  is ;dso 

summarized in  Table I .  

4.2 ASPHALT HEATING TEMPERATURES 

Despite 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 near the surface. as 

would be expected (this is shown in Table 2 and Figures B-I I through 8-10). 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 asphalt 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 i n  the asphalt temperature. The 

achieved temperatures tended to be slightly higher during the AClO without rubber tests than during 

the AClO with rubber tests. This difference in temperature. though small. may influence emission 

rates and should be kept in mind when comparing the emission rates between the ACIO and AClO 

with rubber tests. 

4.3 TARGETED VOLATILE ORGANIC COMPOUNDS 

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

concentrations for these compounds are summarized in Tables B-l through 8-3.  Data were not 

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

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

phenol. and ?-butanone. 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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a l l  of the blanks analyzed. only five o f  these 56 targeted compounds were ever detected: benzene. 

toluene. ethyl benzene, dp-xylene, and o-xylene. 

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

approaches were taken.to determine the significance o f  the data set. I n  the first approach. the air 

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

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

Tables 3 through 5 and B-I through B-3). These data are not corrected for blank concentrations. In 

the second approach. a two-sided t-test o f  the differences between means o f  estimated emissions values 

was performed.” This statistical evaluation, based on the mean and variance o f  each data set. 

provides a more rigorous means o f  determining the statistical significance o f  differences between the 

ACIO without rubber, AClO with rubber and facility blank samples. Pair-wise comparisons were 

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

blanks and the AClO with rubber samples. and between the ACIO thin layer samples with and without 

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

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

making a type I error (i.e.. falsely rejecting the tested hypothesis: in this case. the tested hypothesis i s  

that the means are e q ~ a l ) . ’ ~ . ~ ~  Levels o f  significance greater then 0.1 were reported as not significant 

(NS). A positive 1-staristic indicates that the first o f  the two means being compared is greater. A 

negative I-statistic indicates that the second of the two means being compared i s  greater. 

. .  

Using the first method o f  analysis. only the vinyl acetate results from one test day o f  AClO 

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

from the blanks. 

The stalktical method o f  analysis indicates that the benzene emissions in the AClO without 

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

Additionally. the benzene emissions in the AClO with rubber tests are significantly higher than the 
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ACIO without rubber emissions. This statistical method also indicates that the emissions o f  n1.p- 

xylene were significantly higher in the ACIO with rubber tests than in the AClO without rubber tests. 

The significance o f  this result is iinclear because neither [he AClO with rubber nor without rubber 

were significantly different from the facility blanks. 

4.4 TENTATIVELY IDENTIFIED V O L A T I L E  ORGANIC COMPOUND' 

Tables 8-4 through B-9 in Appendix B present the air concentration and estimated emission 

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

~ . for-which data were-presenied .for targeted VOCs~on ly  did not contain any tentatively-idedfied 

'volatile compounds at concentrations above the practical quantitation l imit. As for the targeted 

volatiles. the air concentrations measured were compared to field and facility blank concentrations. 

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

concentrations. Statistical t-tests were not used for the tentatively identified species because o f  

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

limitations on i ts quality. I n  the AClO without rubber samples, the tentatively identified compounds 

with concentrations in excess o f  three times the applicable blank concentrations were in the alkane. 

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

tentatively identified compounds with concentrations in excess o f  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 o f  replicate samples. these identifications should be viewed as very preliminary. 

4.5 TARGETED SEMIVOLATILE ORGANIC COMPOUNDS COLLECTED ,ON XAD-7- 

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

Table B-IO in Appendix 8. The facility air concentrations derived from these amounts are 

summarized in Table B- I 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 quantitation limits when a compound was reported as non-detectable. Contmninaiits in X A D -  

2 resin (primarily alkyl substituted aromatics) have been reponed by many authors. The comp;irisons 

between actual samples and blanks presented below allow judgements to be made about the imp;lct 01' 

such problems on the results reported i n  this work. 

The results for all detected compounds were near the detection l imit. 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 air 

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

applicable blank results (see Tables 7. B-10. and B-I I). These data are not corrected for blank and 

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

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

variance of each data set. provides a more rigorous means o f  determining the significance o f  

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

Pair-wise comparisons were made between the facility blanks and the AClO thin layer without rubber 

samples. between the facility blanks and the AClO with rubber samples. and between the AClO thin 

layer samples with and without rubber. The results o f  these statistical analyses are presented i n  Table 

8. Table 8 shows the value o f  the calculated t-statistic along with the level o f  significance, defined as 

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

tested hypothesis is that the means are e q ~ a l ) . ' ~ . ' ~  Levels o f  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 i s  greater. A negative t-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 AClO without rubber thick layer experiment, in two of three tests o f  ACIO 

without rubber in thin layers and in one o f  three tests o f  AClO with rubber. Also. according to this 
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method o f  analysis. diethyl phthalate was detected in the AClO without rubber. thick layer experiment, 

Butyl benzyl phthalate was detected in one o f  three tests o f  AClO without rubber. thin layer. and one 

o f  three o f  AClO with rubber i n  a thin layer. 
. .  

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

higher in the ACIO with ru\bber experiments than in either the AClO without rubber or the facility 

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

significant concentrations by both the AClO with and without rubber. 

~~ The~discordant results produced<by these two methods of-data analysis may; in pan, be 

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

many o f  the samples are at or near the analyt,ical 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 o f  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 o f  

the potential magnitude o f  this effect. a t-test o f  the inverse o f  the volumes sampled i s  presented in 

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

than those for the AClO thin. I t  would also tend to make the facility blank estimated emissions appear 

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

lower than those for the AClO with rubber. 

4.6 TENTATIVELY IDENTIFIED SEMIVOLATILE ORGANIC COMPOUNDS COLLECTED 
O N  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 IO tentatively identified compounds found in highest 

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

The masses and air concentrations of the measured targeted semivolatile organics 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 tentarively identified compounds w i t h  

concentrations in excess of three times the applicable blank concentrations 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 paniculate-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 IO. 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 l i m i t .  Two separate 

approaches were taken to determine the significance of the data set. I n  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 applicable blank results (see Tables IO, 8-14, and B-15). Data are not corrected for blank 

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

estimated emissions values was performed.” 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 AClO without rubber, ACIO with rubber, and facility blank samples. Pair- 

wise comparisons were made between the facility blanks and the ACIO t h i n  layer without rubber 
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samples. between the facility blanks and the ACIO with rubber samples. and between the AClO t h i n  

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

In Table I I ,  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 Levels of significance greater then 0.1 

were reported as not significant (NS). A positive 1-statistic indicates that the first of the two means 

being compared is greater. A negative t-statistic indicates that the second of the two mea'ns being 

compared is-greater. ~ =-~- 
~ ~ ~ . 
~ ~ ~.~ .- ~ . . .  . .- ~ ~ _. ~ ..~ 

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

ethylhexy1)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 

ACIO, 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 ACI 0 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 I I .  In this case, the effect of this bias would make the ACIO with 
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rubber emissions appear slightly higher than the ACIO without rubber emissions. It would also make 

i t  appear that the facility blank emissions were higher than either the ACIO with or without rubber. 

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

The estimated emissions of paniculate-bound semivolatile species a;e reported in Table 12. 

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

are presented in  Tables 8-16 and B-17. The reader is cautioned that this data set represents, in  most 

cases, only the IO 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 simples, 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, the semivolatile paniculate-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 chromatogams are 

marked with the sample name. date of sampling and an abbreviated type of sample corresponding 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 to 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 are generally nonselective. 

2the.presence of high=concentrations of substituted and normal long chain-alkanes and alkenes would 

not be unexpected2 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. 

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 confirming ions and cause the signal from a compound of 

interest to not be reported 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. 

First, it could alter the retention 

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 significhnt 

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

still be possible that this large, unresolved peak could interfere with these analyses indirectly by 

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

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

concentrations). B- 18 (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.” 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 AClO without rubber, AClO with rubber, and 

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

th in  layer without rubber samples. between the facility blanks and the AClO with rubber samples, and 

between the AClO 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 (Le.. falsely rejecting the tested 

hypothesis: in  this case, the tested hypothesis is that the means are 

greater then 0.1 were reponed 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. 

Levels of significance 
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Using the first method of analysis. significant results 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 AClO without rubber thick layer test. in three of three ACIO without 

rubber thin layer tests, and in two of three of AClO with rubber tests. Pyrene and fluoranthene were 

found in significant concentrations in all of the paniculate samples taken during AClO with rubber and 

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

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

:Benzo(a)pyrene and-benzo(k)fluoranthenewere found in significant concentration 'in three'of three 

AClO without rubber tests. thin layer and i.n two of three AClO with rubber in a thin layer tests. 

Using the statistical method of analysis. the estimated emissions of seven of the 16 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.* The estimated emission of five of 16 

species was shown to be significantly higher in the ACIO 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 forms 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." Second, asphalt is produced as a part of the 

petroleum refining process which includes a fractional distillation. ' . I8 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 paniculate-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 repons estimated emissions for gaseous species monitored with CEMs. CO. CO,. 

NO, and SO, monitors did not reveal any evidence that emissions,of these 'compounds had been 

detected. A careful examination of the data sets obtained by the 0, monitor did not reveal any 

evidence of a change in 0, 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 experiments. 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-l 1 through 8-20). THC 

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 funher evidenced in Figures B-l through B-IO. 

Hydrocarbon emissions appear to increase nearly exponentially with increasing temperature beyond a 

temperature at which little or no emissions are seen. 

4.1 I LEAD 

The results of the paniculate-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 
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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 t-test of 

the-differences between means of estimated emissions values was performed." 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 AClO without rubber, AClO 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-in'three of.the-ACI0 with NbtKr tests showzd 

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

significant concentrations. Using the second statistical method of data analysis. the AClO 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,,j 

Estimafed emissions, air concentration. and amount results for total particulates and PM,, 

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 reponed 

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

paniculate organic and paniculate 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 fine 

paniculates 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 PM,, results indicates that the vast majority of the. 

PM produced is less then IO pm in diameter. Particulate emissions were slightly higher in the tests of 

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

significant. 
. .  . .  

Because of operational difficulties. the PM,, total particulates measurements made in this 

study may have a particle size cutpoint somewhat different than  the intended IO pm. The PM,, 

medium volume samplers used in this study were designed to be operated at a flow rate of 0. I I3 

rn3/min (4 cfm).' 'Because the authors have not stated the temperature 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,, 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 cons tan^.'^ This statement can be substantiated from the well-known equations 

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

process).20 This relationship would suggest that at a flow rate of 0.155 rn3/min (5.5 scfm). the particle 

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

. .  . .  

cutpoint would increase to 11.54 pm. 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 

1 Temperatures ("C) for thermocouples I and 4' - Test Test 

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

1 Avg TI 1 M a x T I  M i n T I  I AvgT4  M a x T 4  MinT4 
Date Condition" I i I i 

I 

~. 

~ ~- 

- 214 1 AC I o n i n  . I 162.1 i 172 1 152 169.2 1 183 1 ' '  155. 

2/11 ' Hut Blank 1 25.7 1 29 1 21 j 25.1 28 1 20 
2/18 AC IO Thin 164 . 175 , 151 1 , 158 169 1 140 

2/25 AC- IO Thin 152.3 1 164 1 3 3 .  I . 153.6 168 I28 

I36 AC 10lRubber Thin ' 134.4 152 113 155.4 171 417 

4/14 Hut Blank 35. I 45 25 33.9 44 25 

4/27 AC -1ORubber Thin 141.7 I55 128 152.6 I 169 I36 

517 Hut Blank 30.5 34 I 28 30 33 I 26 

5/24 AC 1OlRubbe.r Thin 141 157 I39 167.7 180 I 156 

.- .~ 
~~ ~ - ~~~ ~. . ~ ~~~ - ~ 
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TABLE 6. VOLATILE ORGANIC COMPOUND T-TEST STATISTICS’ 
It 

II 
I1 I j T h i f l h i n  Rubber ~ ThidFacility Blank I Thin RubbcrtRcility Blank - 

I 1 16 degrees o f  freedom I 16 dcgrces of freedom 16 dcgrccs of frccdom 

0 I NS . 1 1.704085 I NS 

Al l  tests are two-tailed difference of means. unlishd compounds were not statistically significant in any comparison 
ThjntThin Rubber = Comparison between AClO Thin Asphalt and AClO Thin Asphalt with Rubber, I statistics greater 
than zero indicate a higher concentration of the compound in the AClO Thin Asphalt 
ThidFacility Blank = Comparison between AClO Thin Asphalt and the Facility Blanks: t statistics greater than tero 
indicate a higher concentration of the compound in  the AClO Thin Asphalt 
Thin Rubberflacility Blank = Comparison bctween AClO Thin Asphalt with Rubber and the Facility Blanks; I statistics 
greater than zcro indicate a higher concentration of the compound in  the AClO Thin Asphalt with Rubber 
I-Stat = the student’s 1 statistic to test a difference of means 
NS = Not statistically significant 
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TABLE 8. ORGANIC XAD-2 TRAIN, TARGETED COMPOUND T-TEST STATISTICS' 

' All 1c.m are two-tailcd diflcrcncc of means with 4 dcgrecs of frccdom, compounds not listed have 1 statistics equal those 

ThinTTiiin Rubbcr 
than zcro indicatc a higher concentration of the compound in the AClO Thin Asphalt 
ThiniFacility Blank = Comparison bctwccn AClO Thin Asphalt and thc Facility Blanks; t statistics grcater than zcro 
indicate a higher conccntration of the compound in the AClO Thin Asphalt 
Thin RubberEaciliiy Blank =Comparison bctwccn AClO Thin Asphall with Rubbcr and the Facility Blanks; t statistics 
greater than zcro indicatc a higher conccntration of the compound in the AClO Thin Asphalt with Rubbcr 
1-Stat = thc studcnt's 1 statistic to tcst a diflcrencc of means 
NS = Not statistically significant 

of the inverse of the volumc 
Comparison bctwccn AClO Thin Asphalt and AClO Thin Asphalt with Rubbcr; t statistics greater 
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TABLE I I. ORGANIC PARTICLE TRAIN T-TEST STATISTICS' 

1' 
' I  
I 

~ t 
I ,  
I 

*Al l  tcsu are two-tailed difference of means with 4 degrees of  freedom. compounds not listed have I statistics equal those of 
the inverse of the volume 

W T h i f l h i n  Rubber = Comparison between AClO Thin Asphalt and AClO Thin Asphalt with Rubber; I statistics greater than 
zero indicate a higher concentration of the compound in the AClO Thin Asphalt 
ThinlFacility Blank = Comparison between AClO Thin Asphalt and h e  Facility Blanks; t statistics greater than zero indicate a 
higher concentration of the compound in the AClO Thin Asphalt 
Thin Rubbcrflacility Blank = Comparison between AClO Thin Asphalt with Rubber and the Facility Blanks; 1 statistics 
greater than zero indicate a higher concenuation of the compound in the AClO Thin Asphalt with Rubber 
I-Stat = the student's t statistic to test a dilTercncc 01 means 
NS p Not statistically significant 
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T.4BLE 14. ORGANIC PARTICLE TRAN T-TEST STATISTICS-ACUREX ENVIRONMENTAL ANALYSES' 

All tests are two-tailed differcncc of means with 4 degrees of frccdom. compounds not listed havc I statistics equal thosc of 
the inverse of the volume 
Thif lGn Rubbcr = Comparison bctwccn AClO Thin Asphalt and ACIO Thin Asphalt with Rubber; t statistics grcater than 
zero indicate a higher conccntration of the compound in thc AClO Thin Asphall 
ThinFacility Blank = Comparison between AClO Thin Asphalt and the Facility Blanks; t statistics grcater b a n  zero indicate a 
higher concentration of the compound in the AClO Thin Asphalt 
Thin RubbcrFacility Blank = Comparison bctwccn AClO Thin Asphalt with Rubber and the Facility Blanks: t statistics greater 
b a n  zcro indicate a higher conccnvdtion ofthe compound in thc AClO Thin Asphalt with Rubber 
I-Stat = the studcnt's t statistic io tcst a difference of means 
NS = Not staListically significant 



- . -  
E;: !I 
I 

65 



TABLE 16. LEAD ANALYSIS OF PMl, PARTICULATE LEAD SAMPLES 

~ -.. . .~.>-.i 

QF17 Thin Rub 5/24/93 0.0004Aa 0.025"B 0.30"' 

Average 0.0007 0.0436 0.5291 

Thin Average 0.0007 0.0447 0.5428 

Facility Blank Average 0.0005 0.0321 0.3902 
I 

Thin Rub Average 
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0.0014 0.0908 I 1.101 1 

All Blanks Average 

Thin Pop Std Dev 

Thin Rub Pop Std Dev 

0.0007 0.0000 0.0000 

NC NC 0.0683 

NC NC 1.1877 

Facility Blank Pop Std Dev I NC I NC 0.0301 



Thif lhin Rubber 
Thin Rubbcd 

ThidFacility Blank Facility Blank 

I-Stat 
Lcvcl of Levcl of LWI or 

Significancc t-Stat Significance t-Stat Significancc 

TABLE 18. HYDROGEN SULFIDE MEASUREMENTS BY DRAGER TUBE 

N A  = Not applicable 

Lead 

Hydrogen Sulfide 

Organic Train Paniculate (PM,,) 

Metals Train Paniculate (PM,,) 

Organic XAD Train Total Paniculate 
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-0.664 NS 2~886 0.05 0.846 NS 

1.838 NS 0.591 NS -2.014 NS 

1.615 NS 3.444 0.05 3.053 0.05 

'1.613 NS 3.205 .0.05 2.925 . 0.05 

1.293 NS 3.164 0.05 2.375 0.10 
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SECTION 5 

SUMMARY AND CONCLUSIONS 

These tests successfully obtained measurements of a wide variety of emissions from a 

simulated asphalt paving process under controlled conditions. Successful replicate tests were 

conducted both of an ACIO asphalt hot-mix material and an ACIO 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 55 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 con,sistent 

set of compounds could be established. 

Analysis of vapor phase semivolatile species showed statistically significant concentrations of 

2-methylphenol from the ACIO 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). 
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TABLE 20. LIST OF COMPOUNDS WITH STATISTICALLY SIGNIFICANT RESULTS 

Compounds for which AClO without rubber  emissions were significantly h igher  than the facility 
blank emissions: 
Benzene 
Diethyl Phthalate 
Naphthalene 
Fluoranthene 
Pyrene 
Chrysene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno( I ,2,3-cd)Pyrene 

~. . .  
~~ ~. . 

Lead 

Total Particulate 
- ~~ .~ ~.PM,,  Particulate (as measured on both trains).: 

Compounds for which AClO with rubber  emissions were significantly higher than the facility 
blank emissions: 
Benzene 
2-Methyl Phenol 
Diethyl Phthalate 
bis(2-Ethylhexy1)phthalate 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
C h rysene 
Benzo(a)pyrene 
PM,, 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 AClO without 
rubber  emissions: 
Benzene 
m,p-Xylene 
2-Methyl Phenol 

1 2  

. -  11 __- 

I 
1 



Compound 

.Benzene 

11 2-Mcthvl Phenol 1 N S  I <=7.2 I 0.05 1 <=?3.7 11 

AC 10 Without Rubbcr vs. ACIO With Rubber vs. 
Facility Blank Facility Blank 

Level of  Estimated Level  of Estimntcd 
Significance’ Emis,sidns Sipificancc’ Emissions 

pgl(m-*min) pg/(m”min) 

0.002 c=57 0.002 < = I  I O  

. 11 Dicthyl Phthalate 1 0.10 I . .<-32.7 I 0.10 . I <=34.37 11 

11 Bcnzo(a)anthracenc I NS 1 <=0.786 I 0.10 1 <=0.653 I1 

bis(2-ethylhexyl)phthalatc 

Naphthalene 

Fluoranthcne 

Pvrcnc 

NS <=5. I 0.10 <=5.3 

0.10 <=O. I03 NS <=0.063 

0.10 <=1.648 0.10 <= I. I78 

0.10 <=1.469 0.10 <=l.6 I 2  

Chryscne 

Bcnzo(k)fluoranthenc 

Benro(a)pynnc 

fndeno( I .2.3-c.d)~vrcne 

0.02 <=4.420 0.05 <=1.957 

0.01 <=l.l06 NS <=0.306 

0.05 <=0.660 0.10 <=0.204 

0.05 <=0.141 NS <=0.065 

PM,, Paniculate (organic train) 

Total Paniculatc (organic XAD-2 train) 

PMIO Paniculatc (metals train) 

None of the other semivolatile species targeted showed statistically significant emissions it1 the 

vapor-phase analyses. 

Analysis of particulate-phase semivolatile species by full scan mass spectrometry showed 

statistically significant concentrations of bis(2-ethylhexy1)phthalate. To reiterate, observations of 

phthalate emissions should be treated with extreme caution because phthalates are notorious as 

0.05 26.850 0.05 12.710 

0.05 27.700 0.05 12.950 

0.05 37.710 0.10 19.810 
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analyical artifacts and are present in a very wide variety of plastic materials. None of the other 

iemivolatile 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 

suspected, 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 ACIO 

~: ~ .thin=without rubber tests were compared to the facility blank tests. The~emissions of five of 16 PAH 

species were significantly higher in the ACIO 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 ACIO thin without rubber tests. Statistically, 

significant emissions of both total particulates and PMIO 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)fluoranthene, 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 emissions 

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 determine if personnel exposed to air emissions during road construction or asphalt 

manufacturing processes are at risk. 
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QUALIT' 

APPENDIX A 

CONTROL E V A L U  TIOi REPORT 

This [ask was coiiducicd under the guidniice of an €PA-approved Q A  Tesi Plan (AEEIZL 

Category I l l )  aiid a Faciliiy blanual for thc [est facility. This plan was uscd IO cstablisli daia qualiiy 

objcctiws suitable for this study. The  qualily coiilrol incasures employed during [his siudy wcrc ussd 

io eiisure ihai the dam collccicd would be suiiablc io iiicasurc air emissions resulting from a siniulnred 

paving process. 

Table A -  I presenrs the darn quality iodicaror (DQI) sunimarics for accuracy. precision. nnd 

completeness nchievcd during tcsiiiig along wiih [lie planned DQI soak Tor cac l i  rcspcciivc 

i i icasi irei i ic i i i  or analysis pcrfornicd. In gcncral, [he iriiciidcd DQI p l s  wcrc acliicved. Iii scvernl 

iiislancrs. however. iargcicd DQI goals were iioi nchicved or could 1101 be iiicnsurcd Troiii the nvailablc 

dara. 

The accuracy of volniilc organic iiieasureiiicnls iiiade for illis projeci XIS iiiiciisivcly iiivcsiigaicd 

by prcpnriiis fivc qunliiy coiiirol evaluniioii sainplcs. These samples were preparcd werc as dilurions 

of  a gas iiiisiurc produccd aiid ccnificd by Scot[ Specialiy Gases. These samplcs coiitaiiicd five o f  t l x  

t;qcrcd volntilc orsaiiics nvxsurcd i n  this projccr and a sixrh no l i - i qc rcd  spccics. 

wcrc prcparcd by rhc Acurcx Eliviroiiiiiciilal Task Lead and subiiiiiied bliiid io ! l ie volatilcs aiidysi. 

Bccausc 1111: zns stock \vas purchased bcTorc 1111: projcci bcgnii aiid bccnuse of liniiiaiioris iii ilic 

dilutioii prep:iratioii cquipmciii. we ,wc rc  iioi able io preparc evaluation sninplcs at ns low a 

coirccntra\ion as wns sccn iii thc field saniples. I-lowcvcr. over i l i e  rangc cvaluaicd. ihcrc docs iioi 

Tlic dilurioiis 
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appear to be a strong relationship between bias and concentration. The rcsults o f  atialyscs o f  thrsc 

samples are reponed in Table A-2. Nineteen o f  the 25 measurements came witliiii the acccpt:lblc 

range of 235 percent set in the QA Test Plan. I n  general, the analytical concentrations obscrvcd wcrc 

lower than the target concentrations. The substantial variation observed in the'bias pcrccntagis for 

many of the samples would suggest that the inaccuracies observed do no[ stem from difficulties in ihc 

preparation o f  the dilutions. 

Tab1e.A-3 presents data on ihe recoverics o f  surrogates spiked into the volatiles samples before 

.. 
analysis. These recoveries are grnerally~excellent~regardlcssof saniple iypF(ACI 0, AC I O i ' h  

rubber. or facility blank). 

The volatiles analyses were also. subject to a Q A  audit. The auditor's repon questions about 

procedure were fully addressed iii an Acurex Environmental response. 

The E P N A E E R L  QA Officer prepared blind sernivolaciles performance evaluation samplcs wliich 

were submitted 10 the contracted laboratory. The results of this evaluation are contained in data iables 

i n  Appendix C and i t i  Table A-4. The results o f  this evaluaiion were generally good except for low- 

boiling semivolatile compounds spiked onto Teflon-impregnated filters. These lowboil ing compounds 

are known to be distributed almosi entirely to the paniculate phase.ts I n  addition. gravimetric 

methods requiring filter desiccarion were used to determine paniculate loadings on these saniples (see 

sectioii 2). Thus, the assesstiient o f  reco\oeries from filters o f  low-boiling seinivolariles could be 

viewed as irrelevjnt. 

Tables A-5 atid A-G present daia on [he recoveries o f  surrogates,spiked into tlic vapor phase and 

paniculate-bound seniivolarile samples. All of  these recoveries meet  the compound-specific recovery 

criteria sei by Method S270 (lislcd in the first colunin of Tables A-5 and A-6). A few of the rccovety 

values do not nieet the gcneral criieria of 50-150 percent recovery discussed in the Q A  Tcsl PIau but 

do. however, tnect Method 5270 performance crileria. 
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Tables A-7 and A-4 present a comparison between restilts obtained usitis the (ILlclhod S270) ftill- 

scan mass spectroinetry nicthod used by the contracted laboratory and the resi i l is obt;iiried using the 

selected ion monitoring method used by Acurex Enviroriiiicntal personiiel workiiig iii :in €PA facility. 

Table A-7 makes this conipnrisoii for [hy actual field sainples for IG PAH species iii 12 samples. The 

results obtained for the four lowcst boiling P A H  species (froin naphthalene to fluorene) arc a l l  iion- 

detects in the contractcd analyses. The results for these species oblained by Acurcx Environmental 

were non-detects or results we l l  below the detcction litnit of the contracted aiialyscs. Thc medium 

boiling PAH species (phenanthrene to pyrenc) show sonie agreement iii trends, especially for thosc 

samples obtained after February IS .  1993. Note also with the series o f  samples (TF-4. TF-5. TF-IO. 

and TF-13) that although the trends in tolal paniculate per sample (Table 14) are closcly paralleled by 

the results of the selected ion monitoring analyses. they are poorly paralleled by the results of the full- 

scan analyses. 11 should be noted also that these samples werc submitred to the contracted laboratory 

in four batches. Senior personnel of the contracted laboratory were made aware o f  the Acurex 

Environinen[al Task Lead's concerns about the chromatographic rcsolu[ion and accuracy of the first set 

o f  these analyses soon after the results o f  this first set o f  analyses were reported. Contracted 

laboratory personnel werc also aware that after [he analysis o f  this first set o f  saniplcs. saiiiplc extracts 

werc being returned for further analysis by Acurcx Environmcnial personnel. I t  i s  possiblc that this 

led to more vigilance in thc analysis of later saniples. Agreement for the latcr eluting P A H  species 

Ibenzo(a)anlliracene to benro(g.li,i)perylenc] i s  relativcly poor. This m y  be attributable to 

interference with the full-scan i i iass spectrometry analyses and the fact that many of the analytcs were 

apparently at conceiitrations below the detectioii limit o f  [he full-scan analyses. 

The author o f  this rcpon docs not inlend to imply that tlic contracted Iabomory did not perform 

up to [he cxpeclatioris o f  l l ic iiietliod. Ralhcr, it should be kept in niind that there are advantages and 

disadvantages in  the usc o f  standardized melhods. Method S270 without modification or the use o f  
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cleanup chromatography is probably not well suited for detecting iargeted species obscured by high 

concentrations o f  coeluting compounds. 

. . Table A-4 conipares the P A H  ful l  scan and SIM results for spiked pcrforniance evaluatioii 

samples. In. general, these results are quite sitiiilar. 

DQIs for the continuous emission monitors (CEMs) are discussed in Tables A-S and A - I .  I n  

general. the O,,,CO,. and SO, analyzers functioned quite well. The CO and THC analyzers 

functioned'quite well in accuracy tests but did not generally meet the strict linearity lest discussed in 

~ Table.A4.,The degree. of.deviation-from linearity i s  discussed ~ i n . I l i c - f o o t f i s ~  in Tible-A-6 and, .in 

i lmost a11 cases. was less then 5 percent o f  instrument ful l  scale. tliou$h frequently above the stated 

criteria of 2 percent o f  instrument full scale. The performance o f  tlie NO analyzer was rather poor. 

especially i n  later tests. However. when the analyzer was functional. .no indication o f  NO emission 

could be detected. Thus, the poor performance of the NO analyzer had 3 minimal impact on project 

goals. 

~. -. - ~. - - 
- .. 

.. 

The E P N A E E R L  QA Officer prepared blind performance evaluation samples which were 

submitted to the contractcd laboratory used for lead analyses. The results of these analyses are 

discussed in Appendix C and Table A - I .  Reponed concentrations were fairly precise but not very 

accurate (values reported were approxima'tely 50 percent o f  spiked concentrations). This result could 

be attributable IO an actual analytical inaccuracy or an artifact o f  the spiking method. This inaccuracy 

i s  Of some concern. However. nearly all of the lead results were in excess o f  the analytical detection 

limit. SO that this poor rccovcry did not cause unjustified non-detects. In addition. the average l e d  

cstimatcd emissions were rela[ivcly low and were quite similar for t l ie  AClO without rubber, AClO 

with rubber, and facility blank tests (Table 16). although the AClO without rubber valuc did achieve 

statistical significance. 
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The accuracy goal o f  225 percent for the flow rates of the PM,,, w a s  achieved in  all cases (see 

Tables A- I  and 19). The observed variations in flow ratc should not have a draiiiatic impact on data 

quality (see the discussion of cutpoint and flow raie in Scction 4.13). 

Facility. field. andlor laboratory blanks were collected' rotitinely for all of the iiicasurciiieiits . 
- 

perfornied during this study. The results o f  these blank analyses arc described in the respective data 

presentation sections o f  this repon. The test data have not been corrected for blank values. Data 

liave. however, been footnoted in instances where analyre levels in blank samples were sufficient IO 

cause concern about the validity o f  the values reported. Where feasible. blank lcvels have been 

presented along with the actual test data. 

Control o f  asphalt heating temperatures was vital for the success o f  this study, although no 

specific DQI goals were set for this parameter. This control was adequately achieved. although not in 

as narrow a temperature band as initially hoped (See Sections 3.5 and 4.2). 

In sutnniary. [he QA project objectives sei forth have been adequately met  in most cases. and the 

data collectcd from this srudy are sufficient to meet project objectives. 
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APPENDIX C 

ADDITIONAL QUALITY CONTROL DATA 



TABLE C-1. SVOC RECOVERIES FR0h. l  FILTERS 

I 
I 

h I I I I " 1 

. .  

(con ~i II ue d) . 
O h c r  Compounds Dc~cc~c t l  
Diciliylp1i~ll.llarc 0 2.6 
di-n.I3uiylph~halla~c ' .  0 4.5 
bis(2~E~hylhcxyl)phtllal;llc 0 2. I 

I 
- - -  I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 



~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

TABLE C-1. SVOC RECOVERIES FROM FILTERS (conlioucd) 

S M I P L E  ID: TF-2 I 

. .  

Othcr C O l l ~ D O \ l n d S  Dcicctcd 
D i ~ ~ l i y l p h ~ h a l a ~ c  
di -ii-B u i y l p h tha'lalc 
b i s (2-E~t iy lhcxyl )p l i1 l la l~~c  

NA = No[ Applicablc 

0 
0 
0 

(con[iiruzd) 

2.3 
3.2 
I .7 

c-, 



I 
I TABLE C-1. SVOC 1:ECOVERIB FROM FILTEKS (coii l i i iucd) 

Sr\hlPLE ID: TF-22 

0 
0 
0 

2.7 
4,s 
2.6 

I 

I 



__ 

I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

TABLE C-1. SVOC RECO\’ERIES FROhl FILTERS (coi i I i i i t ier l )  

C- 5 



TABLE C-1. SVOC RECOVERIES FROM FILTERS (coi~cludcd) 

S A M P L E  ID: TF-2:: 

~- 

C- G 

2.5  
5 . 5  
1.3 
2.9 

I 
I 
I 
I 
I 
I- 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 



~ 

I 
I 
I 
I 
I 
I 
I 
I 
1 
1 
I 
I 
I 
I 
I 
I 
1 
I 
I 

TABLE C-2. SVOC RECOVERIES FROM S 4 D - 2  MODULES 

S.4MPLE ID: SAD-50 F;ESULTS 

1’ E I: c EIYT A I R  

VALUE 
A N A L Y T E  

h’a phllialcnc so 95.0 1 I S . S  

Accnaph tliylc~ic 160 130.0 51.3 

11 Fluorcnc I I G  1 lG.O I 100.0 

Phcnmtlircnc s 6.0 I m.0 

S S.2 102.5 I Anthraccnc 
I 

DQO (%)  MET 

50- 150 YCS 

50- I50 

50- 150 

50- 150 

50- I50 

so- 150 YCS 

O h c r  Conioounds Dcrcctcd 
Pl1cnol 0 s.5 
2- MC lh y l p hc 11 01 

D i nic Lh y I ph t 11 ala I C  

DicLhylplithd3ic 0 17.0 

b i s ( 2 . E t h y l h c x y l ) p l i I l l ~ l ~ t ~  0 12.0 

0 6.7 
. I . A ~ c I ~ ~ I ~ I I ~ c ~ o I  0 4 . 1  

0 2.0 

di-n.ButylphLhalacc 0 36.0 
B u rylk nzy I ph t1id;l I C  . 0 33.0 

c. 7 



TABLE C-2. SVOC RECOVERIES FROM X4D-2 MODULES (coiiliriued) 

SNVIPLE ID: S A D - S I  FGSULl’S 

Olhcr Comoounds Dctcctcd 
Phcnol 
2-Mchylphcnol  

D i m c h y l p l i i l ~ ~ l a ~ c  
Dic1hylphl)ialacc 
di- n - B  u I y l phrlia la I C  

b i s ( 2 - E t h y l h c x y l ) p l i ~ h ~ I ~ ~ c  

4 - M ~ d i y l p h ~ i i 0 l  

0 
0 
0 
0 
0 
0 
0 

C.S 

(ctlii l i i iucti) 
6.6 
5.7 
3.4 
I  .7 

37.0 
32.0 

7.6  

I 
I 
I 
I 
I 

- I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I - 



- 

I 
I 
I 
I 
I 
I 
I 
I 
I 
!I 
I 
I 
I 
I 
I 
I. 
1 
I 
I 

TABLE C-'2. SVOC RECOVERIES FROM ?LO-? h.tODUI,ES (coilliiliicd) 

St\MPLE ID: XAD-57 USULTS' 

(conliiiucd) 
Olhcr ComDouiids Dc[cc[d  
Dic th y Iph hhala[c 
d i -n-Bu[ylphhala ic  . 0 
bis(2-Ethylhcxyl)phi t i~Iaic  0 

0 1.s 
35.0 

9.3 

Rcponcd szu-nplc wcni 10 dryiicss during rhc conccnmtion S ~ : C .  

c- 9 



I 
SAMPLE ID: XAD-53 IESULTS I 

T,L\BLE c-2. SVOC RECOVERIES FROM S A D - ?  MODULES (coutiiiucd) 

0 
.O 0 

0 
0 
0 
0 
0 

9.0 
6. I 
4.9 
2.1 

47.0 
16.0 

3.4 
10.0 

I 
I 
I 
I 
I - 

c- 10 



!I 
I I. 
‘I 
.I 
It 
I 
I 
I 
i1 
,I 
I 
I 
I 

I 
I 
:I 
I 
I 

TABLE C-2. SVOC RECOVERIES FI:OM X4D-2 MODULES (concluded) 

SAMPLE ID: SAD-54 RESULTS (BL:\NK) 

c-lI 

12.0 
6.9 
4.7 
2.0 

14.0 
53.0 
6S.O 
9.4 



TABLE C-3. SVOC FILTER RPDS (“;a) 

I 
I 
I 
I 
I 
-~ I 
I 
I 
I 
I 
I 
I 
I 

I# 



___ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

TA6LE (2-3. SSOC FILTER RPDS (%) (cor~clucicd)  

RPDS %):SO DQO 
(%) DQO hf E T  A N  A LYTE TF-20 T F - 2 4  

Naphdialcnc 0.0 0.0 N:\ 25 NA 

Accn;lphtliylcnc 0.5 0.G 1 s . 2  25 Y cs 

Accnaplitlicnc I .o 1.2 18.2 25 Y C S  

Fiuorcnc 26.3 2s.o 6.3 25 YCS 

0.0 I 2 5  1 -  Y c s l  1 8G.7 I 86.7 1 
~ ~~ 

Anrhraccnc SG.7 66.7 0.0 25 YCS 

Fluoranhcnc 103.3 103.3 0.0 2 5  Y C S  



1 TABLE C-4. U D - 2  MODULE RPDS (4b )  



- 

'I 
I 
'I 
;I 
1 I 
1 I 
d 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
t 

TABLE C-3. XAD-2 MODULE RPDS (56) ( C O I I C ~ U ~ C ~ )  



T A B L E  C-G. LEAD PRECISION A N D  PERCENT RPD 

Duplicaic I - Duplicaic 2 
Mcml of Duplicnrc I niid Duplic~i:, 2 x loo I Cm RI'D = 

C- I G  

I 
I 
I 
I' 
I 
I 
I 
I 
I 



I I  

I 
1 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 

APPENDIX D 

TOTAL ION CHROMATOGRAMS 

D- 1 



Nmndmcr 

AClO 
i I2 8/93 

AbYnd.net 

AClO Thin 
Z4l93 

D-2 

-1 
I 
I 
I 
I 

~ ~ I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 



~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I I 

TF7 
Hut B1.d 

211 1/9: 

JL' 



TFI I 
Field Blank 

21 I 8/93 

JJ- , H) ,i *) 7 50 

I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
- 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 

I I 
I I  

I 
I 

TF17 
AClOlRubbcr Thin 

4/7/92 

- 
I 

.' 

1 

I 

1. n m ;  

: 

i 

, 
! 
! 
! 
; - 

TF26 
Hut Blank 

4/14/93 

- 
: 
1 
c 

i 

"l" 

D-5 



, . . . . , . 
IO u 

TF29 
Hut Blank 

517193 

I 
I 
1 
I 
I 
I 
I 
I 
I 
I 



I. 
I 
I 

TF33 
Field B h l ;  

5/24/93 

D- 7 



Ab""rlWCC )(AD3 
AClO Thick 

1128193 

.- .. .. . . .. .- . - . 
IIC olWOGOMlm7.d 

I I ~ ~ ~ . I ~ ~ J P U F ~ ~ ~ S . I M . ~ O ~ .  im 
XAD6 

AClO Thin 
2/4/93 

D-8 

I 
I 
I 
I 
I 
I 
I 
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I 
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I 
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1 
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I 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

.. - .. .. 

Hut Blmk 
211 1193 

XAD9 
AClO Thiii 

211 8193 

D-9 



.. . __ -. . . .. . . . . . - . ._ 

XADIZ 
AClO l l i i n  

2/25/93 

XAD16 
AC IO/Rubbcr Shin 

4/7/93 

D-IO 

I 
I 
I 
I 
I 
.~ _ _  I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

j l  

I 
I 
I 
I 
I 

XADIS 
Hur Blmk 

4/14/95 

XAD27 
AC I ORubbcr Thin 

4/27/93 

- s 
ii 
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. - 

XAD30 
Hut Blank 

5/7/93 

. 

XAD3 I 
AC1 ONubbcr ni in 

5/24/93 

D-12 
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i l  4 

Introduction 

The metk f st: 

APPENDIX E 

STANDARDS ADDITION ANALYSIS 

dard additions is a well-known technique for counteracting interferir 

matrix effects (see for example-Skoog, D.A. "Principles of Instrumental Analysis". 3rd Ed 

Philadelphia; Saunders College Publishing. 1985 P2 10. and Bader. M. "A Systematic Approach to 

Standard Addition Methods i n  Instrumental Analysis". Journal of Chemical Education, 57( 10):703-6, 

1980). 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. i t  was decided to funher 

investigate the possibility of interferences using a brief standards additions experiment. 

Methodolozy 

- Unfortunately. limited project resources constrained this experiment in scope to the reanalysis 

of one sample (TFS) selected because i t  appeared to have a typically severe chromatographic 

resolution problem in the full-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 pL 

aliquots of sample TF5 were withdrawn from the final analytical volume of 1 rnL. These aliquots 

were then treated with 0. I .  2. 5 .  25. 200 1L additions of a standard containing 5 ng/pL of the IG 

PAH species listed'in Table E-I. The'mixtures thus  generated were then analyzed 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 ratio of the integrated area 
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o f  the analyfe to [he inregrated area o f  a isotopically labeled internal sfnndnrd) but 011 [he st:indnrds 

additions calculations as presented by Badrr (using the integrated area counts of the atulyte ns rhs 

insfrument response). Using Bader's rnefhod the qunnfify (VS + N VS) * Rn WIS plotted vs. N (Vx  

i s  [he fixed unit volunie o f  the unknown. N is a integer denoting how niany increments of staiid;ird 

have been added to [he mixture, Vs i s  the fixed unit volume o f  [he stiindnrd and Rn is the itistrutne~it 

response.) A linear regression was then performed and the concentration o f  the analyfe Cx was then 

\ 

regressed line, and Cs i s  the stock concentration of the standard). Unfortunafely ;I computer failure 

resulted in the loss of data from the 25 and 200 pL additions. 

Results and Discussion 

The results calculated using the remaining four points are shown in Table E-I. The quality o f  

the regression f i t  obtained was highly variable (; = 0.412 - 0.99). This variability could in pan be 

attributed 10 the facf that the addition o f  small amounts o f  standard had l i t t le impact on the 

concentration of compounds whose concentrations were high in sample TF5. Under these conditions a 

regression of a function o f  instrument response versus the number o f  increments o f  sfandard added 

would have a shallow slope and thus would be subject to analytical variability. The lost data. i f  

available. would have made the standards additions analysis o f  some compounds less subject fo  this 

problem. However this reasoning does not explain al l  the nonlinear results observed since poor 

linearity is observed for some compounds (such as Anthracene) that appear to be in low concentration. 

The instances o f  non-linearity appear to be clustered in a elution order range from Phenanthrene to , 

Chrysene (and especially from Phenanthrene fo  Pyrene) which corresponds fo  the niiddle o f  the 

unresolved peak seen on the sample chromafograms (see Appendix D). 

, 

When values derived using this SIM - standards additions approach are compared to values 

obtained using the SIM - isotope dilution approach. generally xood ayeement is found i n  thc 

"fingerprint" of the concentrations o f  the various P A H  species (Table E-] and Figure E-I). Not 
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Anthraccnc 

Fluoranthcnc 

Pyrcnc 

Bcnzo(a)mthrnccnc 

surprisingly. the agreenienr of concentrations appears Io be worse i n  compounds w i t h  poor 1itie;irit) i n  

the standards additions experiment. The instances of poor agreeiiisnt also apprnr to br: clustered i n  ;I 

elution order range from Phenanthrene to Chrysene which corresponds to [hc middle of thc unresolved 

peak seen on the sample chromatograms (see Appendix D). 

TABLE E-I. STANDARDS ADDITIONS RESULTS 

6480584 931213 0.412 0.70 0.36 

55833071 3865922 0.450 I .44 3.7 

50571198 3538935 0.562 I .43 1.26 

171lOSOt 2926116 0.968 0.5s 1.75 

~ -11 7.99 I 11 Chryscnc I 61153753 I 2894878 1 0.791 1 2.1 I 

Bcnzo(k)fluoranlhcnc 

Conclusion 

This analysis would suggest that although the srandards additions analysis generally supports 

the results of the isotope dilution analysis the presence of these unresolved interfering compounds may 
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s t i l l  be causing inaccuracies in [he quanfitation of a subset of the PAHs of interest. Solne fornl of 

cleanup or fractionation chromatography may be necessary as a p;in of the aiinlysis for thcse specits in 

future work with paniculate derived frorh asphalt sources. 

Acenaphthene 
Fluorene 

U Phenanthrene 
C 

' 
' 
......................... ., 

SIM - Standards Add SIM (Isotope Dil.) 

Figure E-I. Comparison of SIM standards addition 
'(and SIM isotope dilution sample TF5). 
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