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Executive Summary

ES-1. Background

Monitoring of ambient air toxics constitutes an egneg area of interest in the
environmental community. Accordingly, EPA is cuntlg devising a national strategy
for an air toxics monitoring network. Four primaygals have been established for the
planned network (EPA, 2004). The first is to ebsfitrends and evaluate the
effectiveness of HAP reduction strategies. A sdagmal, which would be satisfied by
the first, is to determine local ambient air toxdoscentrations. Additionally, data can
be used to evaluate and improve the current magl&diols for air toxics. The final goal
is to provide the research community with inforraatthat reduces uncertainty in
determining the interrelationships among ambiexicgconcentrations, human exposure
to toxics, and the associated health effects di sxposure.

Many of these same goals have previously been ssielleoy Connecticut
Department of Environmental Protection throughTbgics Air Study in Connecticut,
which lasted from 1999 through 2003. This innox&aprogram provides an array of data
on air toxics present in the ambient environmerdiuiding carbonyls, polycyclic
aromatic hydrocarbons (PAHSs), metals and volatigmnic compounds (VOCs). Beyond
the simple goal of providing an estimate of amb@onicentrations, the information
gathered serves a number of purposes. These edllidproviding data to assess the
fate and transport of toxics in the state, (2)l@digthing a baseline level to aid in an
effectiveness evaluation of HAP reduction strategi8) aiding toxic air quality model
performance assessments, and (4) determining whatmet additional permit
requirements are necessary for Title V or solidteséacilities. Notably, these data are
intended to help inform policy development and fatair emission reduction efforts for
stationary and mobile sources within Connecticut.

ES-2. Report Results

Samples targeting 100 ambient air toxics were ctatkfrom seven sites over a
five-year period, beginning in 1999 and ending®2 Six of the sites were located
near Title V permitted or solid waste facilities letithe seventh was considered a rural
background site. A quality assurance review waslaoted and determined the majority
of data collected was acceptable for technicalyasmal The specific details of those
anal;llses are contained in the main report, whéentbst important results are excerpted
here.

In the absence of air quality standards for airdgxhe TASC data were put into
a health context by comparing ambient levels tcatialable Connecticut Department of
Public Health’s proposed annual hazard limitingueal (HLVs), which are based upon a
guantitative risk assessments for cancer and nooecdealth endpoints. For one
compound, formaldehyde, it was determined thaathbient concentrations were above
its proposed HLV. However, the levels monitorewnnecticut are similar to ambient

! The analyses within provide a detailed technical discussiambient air toxics data collected in
Connecticut. Some level of comfort with scientific methods fme required to fully benefit from the
investigation as presented in the report text.
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concentrations reported throughout the United Stafalditionally, indoor air levels of
this chemical are often observed at concentratiom® than 20 times greater than those
measured outside.

For other chemicals, such as acetaldehyde and mesgathe ambient levels
were close to their associated proposed HLVs. sBore years or sites the levels were
just above or immediately below the proposed anhlidM. As with formaldehyde, the
levels observed in TASC are comparable to ambea@l$ measured across the United
States through EPA'’s pilot ambient air toxics monitg network. For many other
compounds, including acetone, methyl ethyl kettweeyllium, nickel, lead, thirteen
VOCs and all of the PAHs, the monitored concerdretiwere below the proposed annual
HLVs, often lower by many orders of magnitude.

Evaluation for some compounds was not possibléheaprotocols were not
sensitive enough to determine concentrations behevwproposed HLV. This group
included seven VOCs, arsenic, and cadmium. Marnkiealdehydes, including acrolein,
could not be assessed given limitations in theydical methods employed. For a few
compounds, namely zinc, chromium and benzene, atrafuwas not possible due to
sample contamination.

ES-3. Conclusions

The TASC program established a baseline concemtrégvel for many air toxics
at sites throughout Connecticut. For the majasftthe compounds, the levels appear to
be low when judged against Connecticut DepartmeRublic Health proposed annual
HLVs. For three chemicals, formaldehyde, acetaldetand manganese, the ambient
levels may be of concern. When compared to othaitadble toxic data, however, the
levels determined through TASC are similar to thiosend in other parts of the United
States (Hafnert al, 2004). In the case of formaldehyde, indooteiels are expected
to be more than an order of magnitude greaterananient levels. These carbonyl
concentrations are likely dominated by motor vedichnd the same may be true of
manganese.

The ambient data have been compared to modeliagficath the 1996 National
Air Toxics Assessment and can be used to help iwgpttoe methods used in model
application and model formulation. The monitorghega do not support requiring
additional permit conditions for Title V or solidaste sources. However, should
additional funds become available in the future gar@dConnecticut Department of
Environmental Protection deems it valuable as ghits toxics reduction program, it
may be possible to conduct limited sampling to santhat significant changes in
ambient levels have not occurred.

Xiii
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1. INTRODUCTION
1.1. Background

Toxic air pollutants, also known as hazardous alilupants (HAPS), are those
pollutants that are known or suspected to causeecam other serious health effects.
Under the Clean Air Act (CAA), HAPs are regulatgdtbchnology-based controls to
limit emissions to the ambient air. The 1990 CAAdéndments identified 174 types of
facilities or source categories that emit one orevad the 188 toxic air pollutants
identified in the CAA based on their potential tivarsely impact public health. For
sources that emit or have the potential to emitariiae listed pollutants, the United
States Environmental Protection Agency (EPA) mesttbp maximum achievable
control technology (MACT) standards, which are iempénted through the Title V Air
Operating Permits program. The Title V permit peog provides a regulatory vehicle
whereby all a facility’s air quality requirementgancorporated into a single permit.

While the MACT strategy to reduce HAPs relies ogieaering judgment about
the amount of reduction in emissions that can Ibéeaed, there remain only a limited
number of federal standards and guidelines eskadulias reference points for the
evaluation of health risks from HAPs (Kyé¢ al 2001). The lack of information on
ambient concentrations of HAPs across the courasyttindered efforts to assess
potential health effects and prioritize and evayadlicy initiatives for reduction of
ambient levels. In recent years, the EPA devel@metran a model that used
information about emissions to predict ambient emi@ations of 148 HAPs for census
tracts in the contiguous states for 1990. Thiseting predicted concentrations of
pollutants in many counties that would exceed nesly defined health benchmark
concentrations for cancer and noncancer healtiotsf{€aldwellet al. 1998; Rosenbaum
et al. 1998; Woodrufiet al. 1998; Woodrufiet al.2000, EPA 2002). Although subject to
limitations, these data indicate that millions efgons in the United States live in areas
where estimated ambient concentrations of one oe iHAPs exceed levels of concern
for health effects in humans. Since this studgnges in both population and emissions
have occurred that could modify this conclusioniti¥espect to actual measures of
human health outcomes, however, little health mimtion is presently available to assess
the impact from air toxics. Many HAPs lack suffiot hazard data for risk assessment,
particularly for noncancer effects (Brown 2001; Henet al. 2004).

Prior to the CAA amendments of 1990, Connecticsspd regulations which list
Hazard Limiting Values (HLVs) for approximately 620t of an identified 850
hazardous chemicals and chemical groups. The CtoneDepartment of
Environmental Protection (CT DEP) was one of tihet tate agencies in the U.S. to
implement a health-based air toxics control progrdrnis program, established in 1986,
created HLVs, which are fenceline concentrationsr@inding a source) not to be
exceeded in order to protect public hedltfihe HLV is used as an input foalculations

2 Three separate compound classes were established in thaioagu(1) human carcinogens, (2)
teratogens/mutagens/suspected carcinogens and (3) other hazardstances. These compound classes
are tabulated (RCSA 22a-174 Section 29: Tables 29-1,)-B #3e regulations although HLVs have not
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of the Maximum Allowable Stack Concentration (MASQYASC values are specified
as state-only applicable permit requirements iefadTitle V permits, which are
required of all major point sources. Specificalhie MASC is the maximum allowable
concentration of a hazardous air pollutant in tkiea@st stream of a discharge point of a
stationary source under actual operating conditions

The CT DEP is currently involved in a number ofgmams throughout the state
intended to characterize the ambient concentrabadsdeposition of HAPS; better
understand the fate and transport of HAPs in thsaphere; and evaluate the
effectiveness of HAP reduction strategies. In 1984 DEP started measuring toxic air
pollutants from a network of Photochemical Assesgrvonitoring Stations (PAMS)
monitoring sites within the state. The CAA 1990 é&mdments provided for the
establishment of PAMS sites in all ozone nonattaninareas designated as serious,
severe, or extreme. The PAMS network typically itays fifty-six target hydrocarbons
and two carbonyl compounds, ozone, oxides of neno@NQ, and/or NQ), and
meteorological measurements. Additionally, CT DEPBlemented the Toxics Air Study
in Connecticut (TASC) from 1999-2003, using the \dmsity of Connecticut’s
Environmental Research Institute (ERI) laboratorgliaracterize air quality in the
vicinity of major stationary sources subject tdd'\ air permit requirements of the
Clean Air Act. Monitoring data collected from thpsoject are intended to help inform
policy development and future air emission redurcgéforts within Connecticut.

CT DEP in conjunction with the Connecticut Depantitnef Public Health (CT
DPH) has recognized a need to update the existingxcs regulation. The current
HLVs are based on modified occupational exposwrel$e which represented the state of
the science at the time they were established®6.19he values and their form have
remained static since their inception; however,uheéerlying science has progressed
sufficiently that revised estimates are feasilBecause traditional potency estimates
derived from human data are generally based onpadicunal cohorts of healthy males,
they may not adequately reflect population varigbih susceptibility, including
sensitive populations such as children, who may lasreased exposures and are
physiologically different from adults in how theyetabolize chemicals in the body.
Recognizing the need to update HLVs and incorparaissical risk assessment
approaches, CT DPH recently conducted comprehetmtienlogical reviews of fifty-
four air toxics and proposed new HLVs based on tjiadive risk assessments for cancer
and non-cancer health endpoints. The toxicologioadiles for each air toxic contain
toxicological values underlying the proposed HLNg basis for the toxicological value,
and comparison with other regulatory guideline galused by federal and state agencies.
The proposed HLVs could be used to replace theu-&iod 30-minute averaging times
with standardized exposure values for annual ahdut-exposures, respectively. For
carcinogenic toxics, the proposed annual HLVs atécs1 in 100,000 cancer risk levels
for 30 years of exposure at the fenceline of tledifg. Importantly, the proposed HLVs
also incorporate children’s toxicokinetics into tiek framework (CT DPH 2002;
Ginsberg 2003).

been established for all chemicals. In addition, safety factio200, 100 and 50 were built into the values,
which were based on occupational health exposure levels.
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These updated HLVSs, in conjunction with the momitgrconducted by CT DEP
over the last decade, provide important informatiat can be used to evaluate the
significance of air toxics to Connecticut.

1.2. Overview of Networks

As shown in Figure 1-1, Connecticut’'s ambient &AMS network operated four
monitoring sites at East Hartford, Westport (Sheravisland), Hamden, and Stafford
during the course of the TASC study. Currentlyeghsites are operational: East
Hartford, Westport and New Haven (not depicted)e New Haven site at Criscuolo
Park began in 2004, at which time the Hamden site dvscontinued. Also shown on the
map is the TASC network, comprised of six sitega#d to monitor along the
“fencelines” of Title V and/or solid waste sour@® a seventh site representative of the
rural background, located in Voluntown, in east€omnnecticut. This network was
operational from 1999 to 2003. The final measurgs#ée from which data are analyzed
is located at Mohawk Mountain, in northwest Conioett This site is part of the
IMPROVE patrticle speciation network and began sargph 2001 (similar
instrumentation was sited at this location previyus

Figure 1-1: Location of Connecticut PAM S and TASC monitoring networks
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This report is built around the TASC sampling akssarbonyls, Polycyclic
Aromatic Hydrocarbons (PAHSs), Toxic Metals and MiddéaOrganic Compounds
(VOCs), providing an overview of air toxics datdleoted from the TASC and PAMS
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networks (only Carbonyls and VOCs for PARIS Collection and analysis methods from
TASC were evaluated, followed by an analysis ofgdh@ient and blanks data.
Comparability between TASC data and EPA’s Assessi@gstem for Population
Exposure Nationwide (ASPEN) modeling was assesbedddition, both the monitoring
network concentrations and EPA modeling estimat®wvaluated with respect to
Connecticut HLVs with an eye toward the MASC coraptie status of Title V sources
and the potential impact of these sources on phleladth.

1.3. Data Analysis M ethodology

In an effort to characterize air toxics in Connettj data generated by the TASC
network were examined for temporal and geograpkiods and levels were compared to
applicable health standards and modeled data.eTlablprovides an overview of the
total number of valid samples that were collecteer @ach year of the study and is
further subdivided by location and sample classl§@ayls, PAHs, Metals and VOCs).
Over 1,000 samples were analyzed for each compdasd, with the fewest for PAHs
(1,049) and the greatest number for carbonyls @),36

To the extent possible, all data was included enahalysis. Data quality varied
greatly, depending on the specific pollutant oérest. However, in many cases, even
data with large uncertainty contains some usefokmation. For example, if the
uncertainty is a factor of five, yet the level @incern is several orders of magnitude
above the reported value, a reasonable conclusiostdl be drawn regarding the
relative hazard of the measured chemical. It ihig spirit that some analyses were
conducted, despite misgivings about the absolyterted concentrations, as might be
determined from reported blank levels or other ifpaksurance evaluations.

The first step in assessing the quality of the data to evaluate the relevant
Standard Operating Procedures (SOPs) and QualgyrAsce Project Plan (QAPP)
followed in the TASC project. In general, thesewmnents are well written and
comprehensive. ERI’s laboratories were visitedrisure that the proper protocols were
being followed for the most recent laboratory aea; In some instances protocols were
not followed explicitly, though deviations in geatewere not believed to significantly
affect data quality. However, these departuresishitave been better documented, and
subsequently incorporated into revisions to reféxttial laboratory practice.

The next step in validating data included the nevaé field sheets, data report
files, and chromatograms. Information from pajplesfwas compared to that contained
in the existing database. These examined papgsrddvered one year’s worth of
samples (July 2001-July 2002). Sample files warelomly chosen and checked to
confirm values in the paper file matched thosdendatabase. For TASC PAH samples,
the solution concentrations provided in the filaal@ed the calculation of an ambient
PAH concentration for each compound examined. &haysis showed that the PAH
values were entered in the database correctly. TR®&C carbonyl samples could not be
verified through this field sheet review since ottlg chromatograms were available for
evaluation; the peak area reports required wereailadle. Initial TASC VOC

® The data collection methodologies for PAMS differed fff8C. For VOCs, TASC used 24-hour
canister sampling while the PAMS data analyzed are hourljtuinesito-GC data. The carbonyl
collections for TASC were 24-hours whereas the PAMS carbavefis collected in 3-hour intervals.
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Table 1-1: Number of Valid Samples Collected in TASC

TASC Site Year | Carbonyls| PAH | Metals | VOC
1999 27 13 22 31
2000 54 32 38 56
Bridgeport 2001 51 48 49 51
2002 57 56 56 58
2003 8 7 8 6
Total 197 156 173 202
1999 37 18 27 36
2000 58 34 48 45
2001 54 45 54 42
Groton 2002 58 53 62 50
2003 7 10 9 9
Total 214 160 200 182
1999 46 20 25 42
2000 56 31 47 53
2001 48 39 44 37
Hartford 2002 52 50 54 53
2003 3 2 3 2
Total 205 142 173 187
1999 22 13 18 18
2000 54 34 48 53
2001 55 49 53 50
Manchester 2002 59 54 61 59
2003 10 10 9 9
Total 200 160 189 189
1999 33 10 27 32
2000 58 30 41 51
2001 54 46 50 50
Voluntown 2002 58 52 58 60
2003 8 9 10 9
Total 211 147 186 202
1999 12 5 14 0
2000 53 29 38 39
: 2001 51 49 52 51
Wallingford 2002 58 54 61 58
2003 10 9 10 8
Total 184 146 175 156
1999 0 0 0 0
2000 34 24 24 30
2001 55 47 53 51
Waterbury 2002 59 57 61 61
2003 10 10 9 7
Total 158 138 147 149
Connecticut Total 1369 1049 1243 1267
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spot-checking revealed inconsistencies in convgtoncentrations between ppb and
ug/m°. Through conversations with ERI, it was confirniledt incorrect molecular

masses had been used for concentration convemsiomations. Moreover, some sample
data found in the paper files were not found indatabase. After these findings,
updated tables were acquired with complete datacaméct molecular weight
calculations. Finally, spot-checking TASC Metatgalshowed that the data were entered
correctly.

Subsequent analysis began with reported blank ctratens data for the four
classes of TASC compounds. Field blank and t@mklsample data were examined to
determine percentages of blanks above the detdotidrand average blank
concentrations. Compounds showing unusually highkblevels were singled out for
further analysis and validation. This was alsoedby comparing blank values to sample
values from the same days for certain cases.fdwaxtreme cases (Total Chromium,
Zinc and Benzene), compounds with unusually higimbklevel were excluded from
detailed analysis.

After analyzing blanks concentrations, collocataohglers were compared to
determine the level of precision in the measuremeAn average relative percent
difference between collocated samplers run ondheesday was calculated and results
were used to assess validity of the methods. Wwallp precision analysis, the detection
limits for the various TASC compounds were examinbtiéthod detection limifswere
provided by ERI along with the corresponding sangfata. Average detection limits for
the various chemicals were calculated and thesesalere compared to the HLVs
proposed by the CT DPH. This allowed a determimadis to whether the method used
provided enough sensitivity to detect levels thatenharmful to human health.

The detection limits provided by ERI were then useteplace the non-detects in
the sample data. Rather than remove all non-detext the analysis, the detection limit
was used to give a conservative measure of patlwadues, in effect showing a worst
case scenario. The TASC sample data was thenaisadtulate overall, 4-year, state-
wide pollutant averages and confidence intervalselbas site specific 4-year averages
which allowed for inter-site comparisons. In tlase of metals, a pair of 2-year averages
was determined. Temporal trends were examineddkirig at seasonal variation of
pollutants as well as year to year variation fagcsfic pollutants of concern.

Note that this analysis did not use blank subtoactsince blanks were not
necessarily obtained for each individual site aamd@e time period. Nor does this work
attempt to incorporate the field and trip blankdisvas the minimum reportable
concentration. Incorporation of blank levels fonrdetect substitution would likely
yield greater upper bound estimates than the apbreaployed in this report. However,
those estimates may not represent an improvementtios MDL substitution approach
used in this analysis, especially for those compseudtetected in most ambient samples.
Regardless, the analysis employed in the repoesreh information generated from

* MDLs as reported in the database were determined from eetivabinstrumental detection capability,
generally determined as the standard deviation of seven remicalyses of standard concentrations near
the expected detection limit.
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measured blank concentrations, the ambient ave@ysentrations, and the detection
percentage in ambient samples to assess the rédmoess of calculated ambient levels.

After the quality assurance procedures were comg)eéhe retained pollutant
concentrations were compared to the proposed HOVss step goes beyond the original
intent of the data collection--to determine leva@$1APSs in the vicinity of Title V
sources. However, the data can reasonably betasessess which pollutants or
compound classes are candidates for more in-degthiaation.

Other data analyses in this report include an e@io of PAMS toxics data,
characterizing temporal and geographic trends. rigdtAMS data were used to describe
daily trends and perform inter-site comparisonsrtiiermore, PAMS data were
compared to TASC data to get a general idea oftheviwo networks characterized
similar geographic areas. Although the networkirdit have collocated sites, such
comparison is useful as a first order assessmeatdtafquality and confirmation of the
expected pollutant behavior.

In addition to monitoring data, 1996 ASPEN modealédoxics dathwere
investigated and illustrated in this document. @guevel modeled concentrations were
presented to show geographic variability of spe@bllutants. Then, modeled levels
were compared to TASC monitored pollutant levelgit@ an indication of how well the
model predicted concentrations. Finally, modek=ilts of pollutant source
contributions were examined and presented.

The following four sections review the protocolslassociated data generated
through the TASC program for the four major compbulasses. After these
discussions, comparisons are made to the modetadrd&ection 6. The final section
provides an overall summary of the results andmeuends approaches that might be
taken based on the information garnered from thgsag campaign.

®> Note that comparison of blank and ambient leaglraged over the entire datagell years and sites)

did not always show higher levels for the ambient samplée. result is likely due in part to locational
and/or temporal differences in blank levels, as they weraewessarily available for the entire time period
of record for this analysis. Additionally, the blankation from site to site was often performed in blocks
of time, rather than periodically at all sites (i.e. 12 bldnds a site for an entire quarter rather than one
blank per month at each site). This explanation is suggdnt results that showed when date and site
specific comparisons were conducted, the ambient levels weaegthan blank levels, as would be
expected.

® Uncertainty in ASPEN modeled data increases as the geographior aeeraging time represented
decreases. It may reasonably be expected that modeling oesulen annual time frame averaged
statewide may better agree with statewide ambient monitaviegages than modeled results for a specific
site and day.
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2. CARBONYLS

2.1. Introduction

Persons exposed to hazardous air pollutants atisuff concentrations and
durations may have an increased risk of developéntpin cancers or experiencing other
serious health effects. These effects can indliasleage to the immune system, as well
as neurological, reproductive, developmental, raspiy, and other health problems.
Interest in airborne carbonyls (aldehydes and lethran important group of HAPs, is
growing because either they exist at high levelmator vehicle emissions or they arise
from the atmospheric oxidation of other hydrocasemitted from mobile and
stationary sources. Carbonyls are also commoroingio pollutants. Sources of
carbonyls in indoor air include building materidlgniture, adhesives, and cigarette
smoke. Ambient concentrations of formaldehyde aretaldehyde in urban air have
been measured many times and continue to recametific attention as toxic air
contaminants, mutagens, and carcinogens (Grosjeain2002).

The following health information on formaldehydedaacetaldehyde indicate
these carbonyl compounds can be both highly reaetid potentially toxic, having
adverse chronic and acute health effects.

2.1.1. Formaldehyde

Major primary sources of ambient formaldehyde idelautomobile exhausand
industrial production. The major sources of fortedlyde in indoor air are cigarette
smoke, building materials, furniture, and adhesivBlse primary way formaldehyde may
enter the body is by inhalation of contaminated &ithen inhaled, formaldehyde is
quickly absorbed from the nose and the upper gaheolungs and rapidly metabolized at
the site of contact. Formaldehyde is primarily abetized to formate which can be
incorporated into other essential molecules or frass the body in the urine or be
further metabolized to carbon dioxide which leatresbody in exhaled air. If
metabolism to formate is inhibited or the metabatechanism overloaded, internal
levels of formaldehyde may increase to the poiréneht can form bonds between
proteins or between proteins and deoxyribonucleid €DNA).

The CT DPH's proposed annual average HLV for fodehyde is 0.45 pgin
and the proposed 1 hr HLV is 30 pd/rfihe underlying toxicological value for this HLV
is EPA’s inhalation unit risk value from EPA’s Aganintegrated Risk Information
System (IRIS) (1.3 x I0per (ug/m)). The proposed HLV also incorporates a two-fold
extrapolation for children’s inhalation exposure awo-fold extrapolation for genotoxic
carcinogenic risks to childréh.

Ambient levels of formaldehyde vapors between & 2 ppm (490 pg/fto
3,700 pg/m), when inhaled even for short periods of time, iceitate the eyes, nose, and

" Formaldehyde emissions from motor vehicles are expected émajebut are worse for vehicles without
catalytic converters or ones burning fuel with MTBE.

& Typical indoor levels of formaldehyde may be substantialsatgr than these levels. Homes in
California for example reported levels on the order of 6fIGCARB, 1991).
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throat and cause increased tearing and itchingiteAeffects include nausea, headaches,
and difficulty breathing. Chronic exposure is asated with respiratory symptoms and
eye, nose, and throat irritation. EPA has notitistaed a Reference Concentration (RfC)
for formaldehyde but the oral Reference Dose (R$).2 mg/kg-day based on a
decrease in bodyweight gain and effects on theatbrm rats. EPA estimates that
consumption of this dose or less, over a lifetinmaild not result in the occurrence of
chronic, non-cancer effects. Some people are kriovae more sensitive to
formaldehyde than others and repeated exposuttading via inhalation of vapors, is
believed to cause an increase in sensitivity inesordividuals. Exposure of
experimental animals to formaldehyde does not appe@sult in reproductive,
developmental, or genotoxic effects of significance

Limited human studies have reported an associatbneen formaldehyde
exposure and lung and nasopharyngeal cancer. Fwhyae is carcinogenic in rodents,
producing squamous cell carcinomas in the nasabgas of rats and male mice. EPA
has classified formaldehyde in Group B1: Probabimdn carcinogen, with an inhalation
unit risk value of 1.3 x I®per (ug/m). EPA estimates that if an individual were to
breathe air containing formaldehyde at 8.0 ¥ Li§/nTover a lifetime, that person would
theoretically have no more than a 1 in 1,000,0@8e@ased chance of developing cancer.
The International Agency for Research on CanceR(@Ahas classified formaldehyde in
Group 2A: Probable human carcinogen based on lihgtédence in humans and
adequate evidence in animals (IRIS, ATSDR 1999).

2.1.2. Acetaldehyde

Sources of acetaldehyde are similar to those ofidtatehyde, including emissions
from combustion processes such as mobile sourdgeulahexhaust and stationary
source fuel combustion and industrial processesnliftistion of gasoline containing the
oxygenate additives ethanol or ethyl tert-butykeetfE TBE) may also emit acetaldehyde.
In addition, photochemical oxidation is a largerseuwf acetaldehyde concentrations in
ambient air. Human exposure to acetaldehyde oqrurgrily through inhalation. At
low levels of exposure, acetaldehyde is rapidlyodtsd and metabolized.

CT DPH also relies on EPA’s IRIS value for propgsan annual average HLV
for acetaldehyde of 2.7 pgfrand a 1-hr HLV of 550 pg/mThe proposed HLV also
includes the same additional extrapolations asritestfor formaldehyde to account for
children’s inhalation and genotoxic exposure tonguahildren.

Acute exposure to acetaldehyde vapor leads toskye and respiratory tract
irritation. Long-term or chronic exposure has bskown to damage the respiratory tract
in rats. In hamsters, chronic exposure to acetgtitehas produced changes in the nasal
mucosa and trachea, growth retardation, slight &meand increased kidney weight.

EPA has established a Reference Concentration (Rf@)0 x 10° mg/nt based on
degeneration of olfactory epithelium in rats, aag hot determined a Reference Dose
(RfD).

No information is available regarding adverse rdpative or developmental
effects of acetaldehyde in humans. In animal ssjdicetaldehyde has been shown to
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cross the placenta. Resorptions, malformatiornyaed birth weight and increased
postnatal mortality have been reported in rodemsrgacetaldehyde by injection.

Human data for carcinogenic effects of acetaldelardanadequate. An
increased incidence of nasal tumors in rats arythdggal tumors in hamsters has been
observed following inhalation exposure to acetaydieh EPA classified acetaldehyde in
Group B2: Probable human carcinogen on the basigféi€ient evidence for
carcinogenicity in animals and inadequate evidemé¢gimans, and determined an
inhalation potency value of 2.2 x #@ng/nt. The EPA estimates that if an individual
were to breathe air containing acetaldehyde ax 30" mg/n? over a lifetime, that
person would theoretically have no more than a1,®90,000 increased chance of
developing cancer. IARC classified acetaldehyd&roup 2B: Possible human
carcinogen based on sufficient evidence in animatsinadequate evidence in humans
(IRIS).

2.2. Description of Carbonyl Sampling and Analytical Method

The method employed by the Environmental Researstitute (ERI) for the
determination of aldehydes and ketones in ambiembléowed the procedure outlined in
EPA Standard Method TO-11a. This same method ywgdogyed for PAMS carbonyl
sampling. Although this method is specific to sénmgpformaldehyde, it is commonly
used with HPLC modifications to sample other cag®n The sampling method used by
ERI for samples taken at TASC sites involved dragnambient air through Sep-PAK
(Waters Co., Milford MA.) silica gel cartridges ¢ed with a solution of acidified 2,4-
dinitrophenylhydrazine (DNPH). Aldehydes and ket®mneadily react with this
hydrazine reagent in the presence of acid to faabls hydrazones. The reaction
follows the equation detailed in Figure 2-1. Thlgdrazone derivatives are then
extracted from the cartridges using acetonitrilé e derivatives are analyzed by High
Performance Liquid Chromatography (HPLC).

Figure 2-1: Reaction of carbonylswith 2,4-DNPH in the presence of an acid

MO, MO,

E, E,
> =0+ HZ.N-NB@—NQZ.L%%‘J-@ NO, + H,O
E, k.,
Carbonyl group 24-dinitrophenylhywdrazine Stable color “Water
Aldehyde § Ketone (L IMFH) Hydrazone Denvative

Field personnel attached two coated Sep-PAK cgesdn series to a low flow
pump. This pump operated at either 0.1 litershp@ute (LPM) or 1 LPM for a twenty-
four hour sampling period, as discussed in theWalg paragraph. After sampling was
completed, the carbonyl hydrazones were extragtesldwly passing 5 ml acetonitrile
through the cartridges. The hydrazones in theaetdrwere then analyzed by isocratic
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reverse phase High Performance Liquid Chromatog(epth.C) with a photo diode array
detector operated at 360nm.

During the first year of the program, flow rateslafPM were employed but
were reduced in an attempt to minimize breakthrdugim the front sampler to the rear.
Comparative analyses of the data showed that nedgulce flow rate decreased the
percentage of tandem samples showing breakthrodgiever, when breakthrough did
occur under the lower flow rate, the mass captorethe rear cartridge represented a
greater percentage of the sum of the mass ondrahtear cartridges than found in the
high flow rate samplers. It should be noted thahitored averaged atmospheric
concentrations on the primary samplers were 309886l higher for acetaldehyde and
formaldehyde when breakthrough occurred relativeotacentrations when no
breakthrough was observed. More significantlylemtion of those species with low
atmospheric concentrations (e.g. those aldehyddstiiee or more carbon atoms)
suffered after the collection flow rate was deceglasince the volume of air sampled
decreased by as much as an order of magnitudeioReddehyde and butyraldehyde
were above detection limits in almost 90% of thesles at the higher flow rate. This
collection percentage dropped to 25% and 56% réispgcafter the flow rate changed.

2.2.1. Interferences’

Background Contamination

It has been noted by ERI that pre-coated DNPHidgds (Waters Corp.,
Milford, MA) can contain significant levels of formdehyde, acetaldehyde, and acetone
(0.1 to 0.3ug per cartridge). To address this issue, their 88@Bmmended desorbing
five randomly selected cartridges from each pradadbt and analyzing the extracts for
carbonyl contamination. Accepted levels of backgcontamination, based on criteria
determined by Waters Corporation, was <Quijyformaldehyde per cartridge. In this
study, the acceptance level was set at QdLEsee Section 2.2.2). Although not used, the
SOP described alternative methods for coating déinidges in-situ, and avoiding
problems with pre-coated cartridges. However, wtwating samplers in the laboratory,
DNPH reagent bottles can become easily contamingitbdormaldehyde and acetone
since these compounds are common in laboratoryTaimesolve this issue, DNPH
reagent is commonly recrystallized before its nséhé samplers.

Multiple Carbonyl Hydrazones and Rearrangement Prads

ERI has utilized method TO-11a to determine envitental levels of 15
carbonyls: formaldehyde, acetaldehyde, acroleietcm®, propionaldehyde,
crotonaldehyde, butyraldehyde, benzaldehyde, isoatalehyde, valeraldehyde, o-
tolualdehyde, m-tolualdehydehyde, p-tolualdehy@xakdehyde, and 2,5-
dimethylbenzaldehyde. To determine levels of tleegbonyls, they were allowed to
react with 2,4-DNPH on the sampling cartridge drlamount of hydrazone formed was
guantified by HPLC. By applying a 1:1 stoichionienatio and the total volume of air
sampled, the ambient concentration was then datexniAlthough all carbonyls will

° The technical discussion in this section provides backgrinformation related to the current
understanding of carbonyl sampling and analysis. Theatasader may wish to proceed to Section 2.2.2.
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undergo the reaction highlighted in Figure,Zdme of the more complex carbonyls will
give products that then undergo side reactionsj@ddrmation, or isomerization, which
result in multiple products and therefore multipkaks appearing in the chromatogram.
For these compounds, all the reaction products teebd quantified to give an accurate
representation of environmental levels. Althougttimod TO-11a is considered specific
to formaldehyde it has been applied to other carlsdoy altering the analysis technique
and recognizing its limitations for higher carbayllt is generally accepted that a single
aldehyde-DNPH peak is not a sufficient measurddsteyde concentration in carbonyl
samples containing acrolein, crotonaldehyde, aethitehyde derivatives under acidic
conditions (Grosjeaat al. 1999; Liuet al. 2001; Shulte-Ladbeddt al. 2001; Huynhet

al. 2002).

An examination of the chromatograms from the TAG&honyl samples showed
that only one peak was identified for each carbamyhe sampf. This is problematic
because the derivative isomers and rearrangemeatgis for acrolein, crotonaldehyde,
and acetaldehyde may have been present in ERI'gleanyet not quantified. These
compounds’ rearrangement products can elute aaime time as other carbonyls being
assayed in this study. This would result in anewastimation of the concentrations of
certain carbonyls and an overestimation of oth€is. this reason, adequate separation
time and correct peak identification is neededlamtify all the isomers and adducts so
they may be distinguished from other compounds.

The acid-rearrangement products (other hydrazoodugts formed in the
presence of acid) have been described to a lireitgeht in the literature with different
explanations for the identity of these compounBarly identification of interferences
when using the DNPH method for sampling airbormelaydes showed the formation of
an acrolein rearrangement product, labeled acral€irejada 1986). It was initially
reported that as the acrolein-DNPH peak disappeéredicrolein-x peak was formed
(eluting after the acrolein peak). The sum of ¢hgsak areas remained the same over
time. Similar behavior was indicated for crotoredgde (Shulte-Ladbeat al.2001).
Others have also described this behavior for unsitd aldehyde derivatization,
identifying these rearrangement peaks as eitheasyinsomers or adducts formed in the
presence of acid (Grosjeahal 1999; Huyntet al. 2002; Karabatsost al 1963; Liuet
al. 2001; Shulte-Ladbeaott al 2001). In addition to the unsaturated aldehydes,
acetaldehyde will display an extra chromatogrankmkee to the isomerization of
acetaldehyde-DNPH (Liat al. 2001; Shulte-Ladbeaoit al 2001).

Studies of acid rearrangement product formatiosilica gel determined that
acrolein and crotonaldehyde form multiple hydrazofghulte-Ladbeckt al 2001;
Huynhet al 2002, Grosjeagt al. 2002). The initial peak is from the direct
derivatization of these unsaturated aldehydes. ré&sglting chromatogram peak elutes at
the same time as the standard and is identifiedrdogly. The additional peaks are the
result of an adduct forming from the reaction & #idehyde derivatives with excess 2,4-
DNPH on the silica gel adsorbent. This resultshiromatogram peaks appearing after

19To properly quantify higher order carbonyls by thishmel extra care must be taken. The analyses
indicate that ERI may not have fully addressed this compgléaxitheir peak reporting. However, given the
very low levels of these compounds detected in the ambietitisimore detailed quantification would
probably not have substantially changed the reported results.
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the initial peak. It has been found that acrotan react to form two adducts, commonly
referred to as acrolein-x and acrolein-z, whild@naldehyde forms one adduct referred
to as crotonaldehyde-x. In addition to multiplellazone formation, isomerization of a
hydrazone can result in multiple peaks. UnderagettiPLC conditions, an additional
acetaldehyde isomer peak is observed and has bsred to as acetaldehyde-x (lat

al. 2001; Shulte-Ladbeadt al. 2001). When these rearrangement compounds lesre b
recognized, the total carbonyl concentration igdeined by summing the multiple
peaks (Shulte-Ladbeak al. 2001; Huynhet al. 2002; Grosjeaet al. 2002).

In the carbonyl samples analyzed by ERI, the com@swf most concern are
acrolein, crotonaldehyde, propionaldehyde, andrbidghyde. If acrolein and
crotonaldehyde rearrangement products were bemgei, inability to quantify their
peaks would result in underestimation of their @mrations. Furthermore, acrolein-x
and crotonaldehyde-x elute at around the samedsm@opionaldehyde and
butyraldehyde respectively. When this occurs,dlmsnpounds’ concentrations would
be overestimated. Despite having two peaks ataiide to acetaldehyde, the isomers
commonly elute together. This was the case for TA8mples, with a single peak
integrated to represent total acetaldehyde coragoic

Overall, based on the interferences and issueswsuting carbonyl sampling, the
methods utilized should give reliable determinagiohformaldehyde, acetaldehyde, and
acetone. However, as previous research has slioevmethod employed here is not as
reliable for acrolein and crotonaldehyde. If tinalgisis does not address the chemistry of
these compounds after collection, the levels regortould underestimate true ambient
concentrations. Moreover, if multiple peaks areusang for these carbonyls, other
compounds such as propionaldehyde or butyraldebgdeentrations would be over
reported (see footnote 10).

2.2.2. Blanks

Two types of blanks were reported for quality agsae in the TASC carbonyl
dataset. One field blank and one trip blank per@eng session accompanied the field
samples to and from the laboratory. The field kdauwvere treated in the exact same
manner as the field samples, but no air was dravough the sampler. The trip blanks
accompanied the field blanks but differ in thattled not leave their sealed foil pouch.
The criteria for both types of blanks, defined bg ticceptable background levels listed
in TO-11a, were <0.1fg formaldehyde per cartridge, <0.30 acetone per cartridge,
and 0.1Qug acetaldehyde and other aldehydes per cartrifiges is equivalent to 0.31
ppbv (0.56 ug/r) acetaldehyde, 0.68 ppbv (0.84 ud)fiormaldehyde, and 0.70 ppbv
(1.66 ug/ni) acetone for a 180 L sample volume.

Field and trip blank samples were reviewed and slotivat only four target
compounds were detected with regularity. Acetamkacetaldehyde appeared in more
than two-thirds of the blanks and formaldehyde detgcted in about a third. The
butyraldehyde/methylethyl ketone peak was seeess than one fifth of the blank
analyses. Blank concentrations were comparecdetovirall mean sample
concentrations for the three most prevalent sp€ciaisle 2-1). This table demonstrates
that the average blank concentrations were wetivbéhe ambient concentrations for all
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three compounds. Ambient formaldehyde values weee ten times greater than blanks,
while acetaldehyde was only four times greateresehevels were deemed acceptable.

Table2-1 Description of Field and Trip Blank Data.

Average
Sample Average FB Average TB Percent of| Percent of
Concentration | Concentration | Concentration Sample on| Sample on

Compound (g/mﬁ (g/mﬁ (g/mﬁ FB (%) | TB (%)

Acetone 3.11 0.51 0.54 16 4
Acetaldehyde 1.23 0.28 0.25 23 20
Formaldehyde 1.51 0.12 0.12 8 8

2.2.3. Precision

Collocated carbonyl samples were collected througtiee program. The extra
collector was rotated throughout the differentssispending three or four months at any
individual location before moving to the next. Jhillowed for precision measurements
at all sites without the requirement that eachlsiee dual collection systems. The
composite results for acetone, acetaldehyde antaldehyde are plotted in Figure 2-2,
Figure 2-3 and Figure 2-4, respectively, and sunmedrin Table 2-2. Excellent
agreement is seen between the primary and secoodacgntration calculations for all
compounds. The best fit linear regression slopesihnearly one.

Table 2-2: Precision of Collocated Carbonyl Samplers

Carbonyl Average RPD (%) Number of Collocated Sets | Median RPD (%)
Formaldehyde 17.13 151 10.95
Acetaldehyde 14.14 147 8.30
Acetone 18.65 152 8.46

1 For the TASC data analysis, the practice of blank subtrawids not used since the analyses herein seek
to define an upper bound to ambient air toxics data.tff®same reason, when making data substitutions
for below detection samples, the full minimum detection liwgis used, rather than half the detection limit,
as is more commonly employed.



Data Analysis of Air Toxics in Connecticut Page 2-8

Figure 2-2: Scatterplot of Primary and Secondary Collocated Samples
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Figure 2-3. Scatterplot of Primary and Secondary Collocated Samples

Acetaldehyde

Secondary Collocated

0 1 2 3 4 5 6 7
Primary Collocated



Data Analysis of Air Toxics in Connecticut Page 2-9

Figure 2-4: Scatterplot of Primary and Secondary Collocated Samples
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2.2.4. Detection Limits

The percentage of ambient samples with non-detectarbonyls across the
entire network are summarized in Table 2-3. Aslmaseen in the table, only
acetaldehyde, formaldehyde and acetone are detectealst samples. This implies the
reliability discussion due to interferences for gmund identification detailed in Section
2.2.1 does not play a significant role in TASC tlu¢he very low levels collected.

The CT DPH has proposed annual HLVs for five caypoompounds. These levels are
tabulated in

Table 2-4, and are compared to the reported MBased on this table, one can
conclude that the methods employed in TASC arecseifitly sensitive to evaluate
acetaldehyde, acetone and methyl ethyl ketoneofadith this last compound is subject to
coelution with butyraldehyde, nonetheless, the ML to HLV ratio permits
evaluation). The formaldehyde ratio is one-thiRince the precision for this compound
is good, comparison of monitored results to theppsed HLV may still be valid,
although better resolution would be preferablee Pphtency of acrolein combined with
the identified detection issues/MDL indicates imgments are needed before reliable
health assessment can be attained for this compound
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Table 2-3: Percent of Samples Below the Detection Limit for Carbonyls

Percent of Samples Belo
Carbonyl the Detection Limit (%)
Acetaldehyde 4
Acetone 3
Formaldehyde 1
Propionaldehyde 55
Butyraldehyde/MEK 33
2,5-dimethyl benzaldehyde 94
Benzaldehyde 90
Hexaldehyde 88
m-tolualdehyde 66
o-tolualdehyde 96
p-tolualdehyde 90
Valeraldehyde 93
Acrolein 97
Crotonaldehyde 97

Table 2-4: Comparison of the MDL to the Connecticut Proposed Annual HLV

Minimum Ratio of

Carbonyl Detection Limit | Proposed Annual| MDL to

(Lg/nt) HLV (ug/nt) HLV (%)

Acetaldehyde 0.31 2.70 12.0
Acetone 0.53 175.00 0.3
Formaldehyde 0.20 0.45 34.0
Butyraldehyde/MEK 0.51 500.00 0.1
Acrolein 0.24 0.01 2358.0

2.2.5. Summary

Based on ERI's methods for sampling carbonyls@fltASC sites, one can
conclude that the method will give reliable estiesafor formaldehyde, acetaldehyde, and
acetone. Recognized interferences to formaldebgdgling have been addressed in the
SOP and method TO-11a has been determined by the&dPother organizations as an
acceptable method for determining environmentadlevMoreover, this compound is
generally found in the highest concentration otalbonyls and above the detection limit
of the method (found above the detection limit #1996 of the TASC samples).

Due to the issues outlined previously, there isesamcertainty whether this
method is adequate for acrolein, crotonaldehydmipnaldehyde, and butyraldehyde. It
should be noted that greater than 97% of the cgilsamples showed acrolein and
crotonaldehyde levels below the detection limihisTmay be due to the issue of multiple
hydrazone formation, leading to an underestimatiotoncentration, or simply due to the
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low levels of the compounds in the environmentydlg of butyraldehyde and
propionaldehyde were below the detection limit 3@Band 55% of samples, respectively
for the entire dataset (40% and 72% after the sagfibw rate was decreased).
Coelution of acrolein and crotonaldehyde derivatidducts could have led to
overestimation of these concentrations.

For the remaining carbonyls, detection occurrelés$s than 15% of the samples
(except for m-tolualdehyde which was detected ¥% 34 the samples). Therefore, this
method of sampling may be inadequate for theseoogtb due to the low levels of these
compounds in the environment. Future sampling exgore longer sampling times,
improved sampling techniques or different analytaggroaches to lower the detection
limit.

2.3. Analysis of Monitored Concentrations

2.3.1. TASC Monitored Concentrations

Table 2-5 lists PAMS and TASC network site locatobraracteristics,
measurement time periods, and the duration andérexy of carbonyl monitor sampling.
The PAMS network sites sampled every three hoursg @very three days during
summer months, throughout the entire measuremeiatpeT he sites started operating
between 1994 and 1999 and data analyses in thostrextend to August 2002. East
Hartford remains the only PAMS site collecting aampl samples during the
summertime. The current schedule has droppeduta3itnour samples every third day
beginning at 6 AM local time. The TASC networkesitsampled once per day every six
days throughout the measurement period. Samplaggimtiated at two sites in March
1999 and the final site became operational in M2§02 TASC measurements were
concluded in March 2003.

Monitoring data for Connecticut were analyzed fritrea TASC and PAMS
networks to better understand the distributionasfaentrations of acetaldehyde and
formaldehyde. Figure 2-5 shows mean annual coraténts with 95% Cls (confidence
intervals) for both compounds for the seven TASEssi Note that these calculations are
based on the entire period of record, which maglitferent for different sites (Table
2-5Y2. Year to year acetaldehyde levels indicate theag be a slight upward trend in
acetaldehyde levels across the state (not picturBiag highest acetaldehyde values were
found at Hartford. Levels found at Groton, Walloigl and Waterbury were slightly
lower, but similar to each other. Manchester shbleever levels still with the
atmospheric concentrations at Voluntown the least.

12 Reported TASC monitored values represent the sum of lmthénd rear sample tubes.
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Table2-5 Selected characteristics of PAM S and TASC monitoring networ ks

Network Site County Latitude  Longitude  Start End Sample Collection
name/town date date duration frequency
Sherwood

Island every third day
PAMS (Westport) Fairfield 41.1188 73.3369 6/96 6/97 3-hr  (8x's per day)
every third day
PAMS East Hartford Hartford 41.7844 72.6297 6/94 3-hr (8x's per day)
New every third day
PAMS Hamden Haven 41.3411 72.9213 6/99 8/02 3-hr  (8x's per day)
once every six

TASC Bridgeport Fairfield 41.1604 73.2056 6/99 7/02 4-he days
New once every six

TASC Groton London 41.3357 72.0755 3/99 7102 24-hr days
once every six

TASC Hartford Hartford 41.7462 72.648 3/99 7102 24-hr days
once every six

TASC Manchester Hartford 41.7728 72.5608 8/99 7/02 r24-h days
New once every six

TASC Wallingford Haven 41.4301 72.8361 10/99 7/02 24-hr days
New once every six

TASC Waterbury Haven 41.5229 73.0406 5/00 7/02 24-hr days
New once every six

TASC Voluntown London 41.5886 71.8564 5/99 7102 24-hr days

For formaldehyde, ambient levels at Wallingford evargher relative to all other
Connecticut sites (average annual levels aboyt@®®). Bridgeport, Waterbury,
Hartford and Groton had the next highest levelddomaldehyde. The two remaining
sites located east of the Connecticut River, Masigteand Voluntown, reported the
lowest levels. To place the TASC results in a Bevaontext, Sulkt al (2000) report
the typical urban range for ambient formaldehydtheUnited States as 13.5 to 24.6
ng/m°. These results are well above the monitored $efeelthis study. An EPA
sponsored white paper on air toxics data (Haéhed, 2004) shows urban ranges of
formaldehyde of the same order as those monitogeel h

In addition to recording the highest formaldehyeleels over the period of record,
Wallingford was also the only site to show markedlohes in formaldehyde levels from
the early years (4.8g/m°) to the later years (3j8y/m°)*%. This observation is consistent
with reported process changes at the nearby TitlecWity, which resulted in decreased
emissions of formaldehyde and its precursors. Despese measured decreases,
formaldehyde concentrations at Wallingford remaitiedlhighest of the seven sites in the
latter period.

13 The early years are data through July 2001 while the later geadata from July 2001 to the end of the
program in 2003. Summer, fall and winter months hailasi number of samples for both periods while
spring had fewer for the latter period. Seasonal differeiof formaldehyde levels show spring as lower
relative to other seasons. But since more spring days wére early period, and this early period had
statistically higher levels at the Wallingford site, it is clir seasonality difference was overwhelmed by
other factors.
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TASC site mean concentrations for formaldehydeaedaldehyde are plotted by
seasoftf in Figure 2-6 and Figure 2-7, respectively. Agea over all sites (CT average
line in the graphs), concentrations of both compisunere highest during summer. Site
specific formaldehyde levels were highest duringnser at each site except
Wallingford, which had similarly high levels in falFall levels at other sites were lower
than summer, with site specific and statewide ayetawest levels seen during the
winter and spring periods. Site specific acetaydelievels were similar to the statewide
average behavior. Winter and fall levels were lsimbut lower than summer levels for
acetaldehyde. The lowest levels were recordeldarspring months.

Figure 2-5: TASC site mean annual concentration of acetaldehyde and
formaldehyde (95% CI)
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The observed summertime maxima of carbonyls area®d given the role
photochemistry plays in atmospheric process of VO&snospheric oxidation of VOCs
serves as a secondary source of carbonyls. FR8rand Figure 2-9 display seasonal
mean annual and 8%ercentile Cl concentrations for formaldehyde acettaldehyde,
which as discussed suggest a distinct seasondl fvetboth compounds. Table 2-6
provides the number of valid measurements by comgpder the TASC monitoring
network and indicates a fairly balanced distributid samples across sites and seasons.

¥ The seasons are defined as Winter (December, January, FebBpaityg (March, April, May); Summer
(June, July, August); and Fall (September, October, Nogemb
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Figure 2-6: TASC site seasonal mean concentration of for maldehyde
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Figure2-7. TASC site seasonal mean concentration of acetaldehyde
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Figure 2-8: TASC site seasonal

mean annual and 95th percentile CI concentration
of formaldehyde
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Figure 2-9: TASC site seasonal

mean annual and 95th percentile CI concentration
of acetaldehyde
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Table 2-6: Number of valid measurements, TASC monitoring networ k

Fall Spring Summer Winter Annual
Bridgeport Acetaldehyde 52 36 52 49 189
Formaldehyde 52 40 52 52 196
Groton Acetaldehyde 50 49 53 51 203
Formaldehyde 50 53 53 53 209
Hartford Acetaldehyde 54 53 43 46 196
Formaldehyde 54 57 43 48 202
Manchester Acetaldehyde 54 39 45 55 193
Formaldehyde 54 43 45 57 199
Voluntown Acetaldehyde 55 42 51 53 201
Formaldehyde 55 47 49 54 205
Wallingford Acetaldehyde 52 33 40 51 176
Formaldehyde 51 37 40 53 181
Waterbury Acetaldehyde 40 31 41 44 156
Formaldehyde 39 31 41 44 155
State Total Acetaldehyde 357 283 325 349 1314
Formaldehyde 355 308 323 361 1347

2.3.2. PAM S Monitoring Concentrations

PAMS monitoring network 3-hour summertime concedre (1994 to 2002) are
plotted in Figure 2-16°> Formaldehyde levels are higher than acetaldeleyass for all
time intervals. Weekend levels are lower than wlegk for both compounds.
Formaldehyde weekday values increase throughowtaihepeaking in early afternoon.
Weekend values track somewhat closely to weekdmesa Acetaldehyde weekday
values peak during mid-morning. Weekend valuestaigle throughout the day.

Figure 2-10: PAM Ssitediurnal 3-hour average summertime concentrations of
acetaldehyde and formaldehyde
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15 At the East Hartford PAMS site, no data were availahld %96. Acetaldehyde data are missing for all
sites in 2002. Not all years include midnight, 3 AM,M,Rnd 9 PM values.
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The differences between weekend and weekday bahavikely driven by
mobile source emission differences. The more purooed diurnal variation of
formaldehyde is indicative of the substantial seleoy atmospheric formation processes
in the atmosphere. These short-term measurementislp more detailed information
about the atmospheric behavior of the aldehydasivelto the TASC program.

2.3.3. Comparison of Monitored Datato CT DPH proposed HL Vs

A comparison of Connecticut proposed HLVs to mamiig data from the seven
Title V related TASC sites indicates that curresntomnyl concentrations are either higher
than or near the proposed annual formaldehyde eetdldehyde HLVs, respectively.
This could have implications on the public heaik mssociated with air toxics
exposures from stationary and mobile sources &t $fwdrt- and long-term time scales.
Figure 2-11 shows seasonal mean formaldehyde ctratiens ranging from about 1.0
ng/m® to 4.6pg/m®, well above CT DPH'’s proposed 0.4§/m® annual HLV. Figure
2-12 shows seasonal mean acetaldehyde concensragioging from about 159/m°to
3.3pg/m®, with CT DPH'’s proposed 2 fg/m® annual HLV falling in the middle of that
range. As has been noted previously, the ambienitored levels in Connecticut are
still below reported levels in some other urbaraarn@ the United States and far below
concentrations reported for indoor environments.

Figure 2-11: TASC site seasonal mean for maldehyde concentrations compared to
CT Proposed HLV
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Figure2-12: TASC site seasonal mean acetaldehyde concentrations compared to
CT Proposed HLV
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The above data show that long-term carbonyl comagohs are greater than
Connecticut’s proposed HLVs for formaldehyde amdilsir to the proposed HLV for
acetaldehyde, which indicates these species adidzdes for continued evaluation.
Acetone levels were far below the proposed HLMVtf@t compound. While the annual
concentrations in this assessment do not reprekent-term peak concentrations, it
might be important to consider the relationshipieetn short-term peak concentrations
and longer-term average concentrations. It isiptesthat longer integration times would
deemphasize the importance of temporal variatidrshelp understand the influence of
sample collection time intervals, hourly samplesldde collected. The hourly
measurements could then be summed over variougpemeds to provide further insight
into the temporal resolution needed to capturetdlkom peak concentrations. In Spicer
et al.’sstudy of air toxics in an urban area (Columbusptspatial variability, temporal
variability, and inherent measurement variabilitgreszcompared to determine which
element explained the most variability. It wasrfduhat the major contribution to HAPs
variability was the temporal component. When eatdd using data with 3-hour time
resolution, the temporal component contributed ®@86 of the total variability for 19 of
38 frequently detected compounds. In contrastsgiadial component contributed less
than 20% of the variance for all species excegus($piceret al. 1996).
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3. POLYCYCLICAROMATIC HYDROCARBONS

3.1. Introduction

Polycyclic aromatic hydrocarbons (PAHSs) are a groipompounds released to
the air mainly through combustion of organic subsés. These compounds were one of
the first atmospheric pollutants to be identifisdsaspected carcinogens (Harrigbml.,
1996). This class of compounds, composed of fbsedenoid rings, contains several
carcinogenic and mutagenic species of environmeotatern. Within this group,
compounds vary from volatile to semivolatile, exigtin the environment in the vapor
state or adsorbed to particles. There are ovedif¥ient PAHs and they generally
occur as parts of complex mixtures, not as simpiepgounds.

The largest attributable source of PAHs in the ajphere is motor vehicle
exhaust, which accounts for about one-third ofl t8fsH emissions in the United States
(Marr et al, 1999). The primary source of PAHs from motoniekes is from incomplete
combustion of fuel. The remaining PAHSs in the agpttere are released from a variety
of other combustion activities. Other sourcesAHB include combustion of coal, oil,
gas, and wood. Industry, power generation, andeasal heating are the largest
contributors of atmospheric PAHs after mobile searcNatural sources of PAHs include
forest fires and volcanic activity while major soes of indoor PAHSs include cigarette
smoking, cooking, and home heating (Ohetral 2004).

The toxicity of these compounds varies dependintherPAH being examined.
Animal experiments have shown that carcinogeniwiacof PAHSs is associated mainly
with compounds composed of four or more aromatiggi Moreover, the manner in
which the rings are fused can be an indicator xitity, with those compounds
containing bay or fjord regions generally fallimgthe mutagenic class (Bostranal
2002).

Of the PAHs sampled in the TASC network, six hagerbclassified as probable
human carcinogens by the EPA Integrated Risk In&ion System (IRIS):
benzo(a)anthracene, chrysene, benzo(b+j+k)fluoesmethbenzo(a)pyrene, indeno(1,2,3-
cd)pyrene, and dibenzo(ac+ah)anthracene. Thespatords have been classified as
group B2 probable human carcinogens due to sufi@eidence of carcinogenicity in
animals but insufficient data linking them to sfiedhuman cancers. These PAHs have
been linked to human cancers in mixtures of comg@sun

The most carcinogenic PAH in the group examinetthi;m study is
benzo(a)pyrene. It has been found to cause réspiract tumors in hamsters after
exposure by inhalation. In addition, it has bemmfl to cause lung cancer after
intratracheal installation as well as cause cordiéettumors from oral and dermal
exposure (IRIS Profile 1994). The CT DPH has psemban annual HLV of 0.005 ug/m
for benzo(a)pyrene based on the unit risk levektiped by California EPA. This level
was set at the 1 in 100,000 cancer risk level base®D years of exposure. An additional
2-fold extrapolation was applied to account foraased inhalation exposure in children
as well as a 2-fold extrapolation to account far@ased genotoxicant susceptibility in
children.
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Hazard limit values for the remaining five carcieogc PAHS were set based on
their potency relative to benzo(a)pyrene. Theicice@genicity has been established in
similar ways as benzo(a)pyrene, all showing mutegeffiects in animals but insufficient
studies linking them to specific human cancerse dttual proposed HLVs for these
compounds can be found in the next section.

The annual HLV for the non-carcinogenic PAHs (a@dttaene, acenaphthylene,
anthracene, benzo(e)pyrene, benzo(ghi)perylenagihe, fluoranthene, phenanthrene,
and pyrene) was proposed to beutm’ to correspond to EPA’s National Ambient Air
Quality Standard (NAAQS) for PpM. These compounds have been classified by IRIS as
Group D, not classifiable as human carcinogenslata are available to discern a
carcinogenic effect based on exposure through atioal (IRIS Profiles). The CT DPH
attempted to extrapolate inhalation risk levelsifriihie oral reference doses developed by
IRIS but found them to be higher than the NAAQS RMtandard, even when a 2-fold
children’s extrapolation was taken into accountnc& PAHSs tend to exist in particle
form in ambient air, CT DPH determined that thigelewould yield adequate protection.

3.2. Description of PAH Sampling and Analysis

The method employed by the ERI for the determimatibPAHSs in ambient air
followed a slightly modified version of EPA test thed TO-13a. The method allowed
for the quantification of 19 PAHs: acenaphthenenaphthylene, anthracene,
acenaphthene, benzo(a)anthracene, benzo(a)pyemsE(b)fluoranthene,
benzo(b)fluoranthene, benzo(j)fluoranthene, benfogkranthene, Benzo(e)pyrene,
benzo(g,h,i)perylene, chrysene, dibenzo(a,c)angim@adibenzo(a,h)anthracene,
fluoranthene, fluorene, indeno(1,2,3-cd)pyrenehitzgdene, phenanthrene, and pyrene.
Benzo(b)fluoranthene, benzo(j)fluoranthene, andbéqfluoranthene were reported as
a combined species called benzo(b+j+k)fluoranthedimilarly, dibenzo(a,c)anthracene
and dibenzo(a,h)anthracene were reported as a nethbpecies called
dibenzo(a,c+a,h)anthracene.

PAHs were sampled by drawing ambient air througliea and an adsorbent
cartridge using a calibrated General Metal Works@ar. Due to the volatility of
certain PAHSs, both a filter and adsorbent cartrickgee needed to collect all ambient
PAHSs. At equilibrium under ambient temperature, tivo ring naphthalene exists almost
entirely in the vapor phase while PAHs containivg fings or more are almost
completely adsorbed onto particles. Intermediatee and four ring PAHs are
distributed between the two phases (Zielinskal 2004).

The filter served to collect particle bound PAH#iile a cartridge containing
XAD-2 and PUF collected the volatile PAHs and tbenponent that volatilized after
collection. Each adsorbent type has shown diftereltection efficiencies and storage
capabilities for different PAHs, each having itsrostrengths and weaknesses (EPA
Method TO13A). PUF is considered the best metlbodnost PAHs, and therefore EPA
Method TO13a recommends this as the primary sorldgaivever, naphthalene,
acenapthylene, and acenapthene possess relatigblydpor pressures and show poor
collection efficiencies on PUF (35% for naphthalen€hese smaller compounds are
more efficiently collected on an XAD-2 cartridgedatherefore both sorbents were used
in this sampling process.
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TASC sites in Connecticut were sampled for PAHsomeveek between mid-
1999 and beginning of 2003. During the first tveags, the sampling time was seven
days while in the last two years samples covered2dnhour period every sixth day.
ERI was able to decrease the sampling time whil@taiaing detection frequency due to
a change in detection technique that lowered thectden limit of the instrumeft

After ambient air sampling, the filter and sorbesetre both extracted in the
laboratory by Soxhlet extraction. The samplersen®aced in the Soxhlet apparatus and
a surrogate standard was added to the extractieargo This surrogate standard (P-
terphenyl-d14) was used to assess any sample pmgesrors or matrix effects. The
surrogate recovery was evaluated for acceptancieteymining whether concentrations
fell within the set criteria. The solvent usecdeidract the cartridges and filters was
acetone in hexane (1:1, v/v, 500ml). The totaktwh extraction of the XAD-2, PUF, and
filters was 16 hours.

After extraction, the sample was dried by pasdinigrough a glass funnel
containing anhydrous sodium sulfate. The sampketivan transferred to a Kuderna-
Danish concentrator. The extractor flask and tiyend agent (sodium sulfate) were then
washed with hexane and added to the concentratk. fIThe K-D flask was then placed
in a hot water bath and the solvent was alloweglvporate from the flask, concentrating
the sample. When ~5 ml of solvent was left, a thgasn of nitrogen was passed over the
solvent, evaporating the sample down to 1 ml.

Following this step, cleanup by solid phase exioactising silica gel was
performed by passing the extracts through conditiowwater’s silica-gel cartridges.
After this step, the samples were evaporated tousmlg dry nitrogen and then spiked
with an internal standard and sent for PAH analySiamples were analyzed for the 19
PAHSs using an electron impact gas chromatograpt¥syaectrometry (EI GC/MS) in the
scan or selected ion monitoring mode.

3.2.1. Interferences

The main method interference is caused by contartsria reagents, glassware,
or other components of the analysis procedure. tDti@s, reagents are regularly
analyzed as laboratory blanks to ensure puritytheamore, glassware is cleaned with
reagent water and rinsed with acetone and hexametpruse. Possible matrix
interferences can also occur when contaminantsaetracted from the sample.

In addition to laboratory introduced interferencgmmnple degradation has been
shown to occur if samples are exposed to heat,ep2d@, or ultraviolet light. Itis
therefore recommended that proper steps are tak@mimize exposure to these factors,
including sample transport in dry ice and use oéimdescent or UV-shielded lights
during analysis (EPA-TO13a).

3.2.2. Blanks

Several types of blanks were used in this anafgsiquality assurance. A
reagent solvent blank was run before processing#the samples to demonstrate no

5 MS Analysis was switched to Select lon Mode (SIM) frozarBmode. This effectively increases
detection of the specific ions by increasing dwell time foectabns while foregoing detection of others.
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interferences from the reagents, analytical systard,glassware were present. For each
analytical batch the SOP called for a reagent btarika surrogate sample to be analyzed.
These samples were used to assess any interfehgaaghout all stages of the sample
preparation and measurement process. In add#itaihoratory method blank and a
preparation solvent blank were used to determinetidr quality assurance criteria were
met. The laboratory method blank consisted ofmapdiag cartridge (filter, PUF, XAD-

2) from each batch being extracted and analyzéaeisame way as the samples, without
being shipped to the field. Acceptance criteriaeness that 5.0 ug of naphthalene and
less than 2.0 ug of the sum of all other PAHs. pitegaration solvent blank consisted of
a solvent sample that had been put through theegmbcedure with no cartridge present.
Acceptance criteria for the preparation solvenhklaere less that 0.5 ug of naphthalene
and less than 0.2 ug of the sum of all other PAHs.

To assess background levels in the sampling prottgsblanks and field blanks
were processed and analyzed along with the figtthtes. The field blanks were treated
in the exact same manner as the field samplesydair was drawn through the sampler.
Field blanks were used to monitor possible contation resulting from the handling of
samples collected in the field. The trip blanksaaapanied the field blanks but differ in
that they did not leave their sealed pouch. Tlkgmks monitor possible contamination
during the transportation of sampling media. Bkdata for PAH samples were
examined for all the sites except HartfdrdThe available blanks data were for
Bridgeport (11/02-2/03), Groton (11/01-11/02), Maester (7/01-2/03), Voluntown
(7/01-2/03), Wallingford (12/01-1/03), and Watenpir/02-10/02).

An analysis of the field and trip blank samples dastrated that the majority of
the PAHSs studied were detected in fewer than 50%etamples. Four PAHSs,
naphthalene, pyrene, fluoranthene, and phenanthnere detected most frequently in
the blank samples. Naphthalene was above thetaetdioit in 71% of the field blank
samples and 72% of the trip blank samples. Theeammation reported from trip and
field blank samples were 15% of the naphthalene&aination reported by the ambient
samples on similar days. Fluoranthene and pherargl{detected in 81% and 91% of
blanks, respectively) showed a similar ratio ohlll@aoncentration to ambient
concentration, about 8%. Pyrene was at levelsabw detection limit in 49% of the
trip blank samples and 64% of the field blank saaplPyrene showed slightly higher
levels on the blanks relative to the sample comagnah on similar days (28% for field
blank and 11% for trip blank) (Table 3-1).

Table 3-1: Description of Field and Trip Blank Data.

Average FB| Average Sample| Average TB Average Sample | Percent of| Percent of
Compound | Concentrati | Concentration on| Concentration| Concentration on | Sample on| Sample on
on (ug/m3) | FB Days (ug/m3) (ug/m3) TB Days (ug/m3) | FB (%) TB (%)
Naphthalene 0.0037 0.0246 0.0036 0.0242 15.1 15.0
Phenanthrene 0.0009 0.0088 0.0008 0.0090 9.8 8.4
Fluoranthene 0.0004 0.0024 0.0003 0.00371 1p.1 8.0
Pyrene 0.0004 0.0014 0.0003 0.0022 28.0 1.5

" Results from Hartford blank samples after July 2001 wetevailable in the database. Also, the
available database did not include blank samples for anyak#éa aind analyzed prior to July 2001.
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3.2.3. Precision

Collocated sampler data were analyzed for thres,sBridgeport, Groton and
Voluntown, to assess sampling precision. Thesekamwere run together from 7/2002
to 2/2003 in Bridgeport, 7/2001 to 10/2001 in Grgtand from 11/2001 to 7/2002 in
Voluntown. Precision, determined by the averadptive percent difference between
collocated samples, varied between 19% and 54%mndepg on the compound being
measured. The best precision was found for tlggetatess volatile compounds
(chrysene and benzo(a)anthracene) while the woestgion was found in the lighter,
more volatile compounds (Naphthalene and acenap&thd able 3-2 shows the average
and median percent differences in collocated sasrfplethe PAHs measured at TASC
sites.

Table 3-2: Precision of Collocated PAH Samplers.

Average RPD Number of Collocated Median RPD
PAH % Sets %
Naphthalene 54.8 80 36.0
Acenaphthylene 41.0 23 36.1
Acenaphthene 36.9 67 27.2
Fluorene 32.6 78 22.0
Phenanthrene 31.9 82 19.7
Anthracene 25.1 21 20.8
Fluoranthene 29.7 82 12.4
Pyrene 30.2 81 13.9
Benzo(a)anthracene 19.8 37 13.2
Chrysene 21.5 57 11.5
Benzo(b+j+k)fluoranthene 24.4 63 12.0
Benzo(e)pyrene 23.6 44 12.7
Benzo(a)pyrene 23.7 33 23.7
Indeno(1,2,3-cd)pyrene 24.8 35 16.8
Dibenz(a,c+a,h)anthracene 21.7 22 18.2
Benzo(g,h,i)perylene 25.6 48 14.9

3.2.4. Detection Limits

The method detection limit is the minimum concetidraof a compound that can
be reported with 95% confidence that the valud®/a zero. The number of samples
above the detection limit varied slightly by thengding site. However, a consistent set
of PAHs were found above the detection limit acr@ssites. Table 3-3 shows the
percent of all the samples taken from all the ghes showed levels below the detection
limit. The data reveal that a wide range of diéd@coccurs across different PAHs,
attributed to the abundance of different PAHSs irbemt air.

The issue of detection limits becomes a concermwithe limit of detection is at
or above the levels of health concern. Table 8e4gnts the method detection limits for
the 15 PAHSs that have HLVs proposed by CT DPH. eBam the comparison of the
detection limit to the HLVs it is clear that the tin@d employed by ERI was sufficient to
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detect levels of PAHs well below the levels of cermc This is especially true of the
smaller PAHSs, for which the proposed annual HLggs at 151g/m°.

Table 3-3: Percent of Samples Below the Detection Limit for PAHSs.
Percent of Samples Bel
PAH the Detection Limit (%)
Naphthalene 3
Acenaphthylene 53
Acenaphthene 6
Fluorene 2
Phenanthrene 1
Anthracene 66
Fluoranthene 2
Pyrene 1
Benzo(a)anthracene 40
Chrysene 16
Benzo(b+j+k)fluoranthene 11
Benzo(e)pyrene 30
Benzo(a)pyrene 51
Indeno(1,2,3-cd)pyrene 56
Dibenz(a,c+a,h)anthracene 65
Benzo(g,h,i)perylene 33
Table 3-4: Comparison of the Minimum Detection Limit to the Connecticut
Proposed Annual HLV.
Minimum Ratio of
Detection Limit PrIE)'pL(\)/sed ,/Arﬁnnual MDL to
PAH (ug/n?) (ug/mm) HLV (%)
Acenaphthylene 0.000174 15 <(.1
Acenaphthene 0.000174 15 <(0.1
Fluorene 0.000174 15 <0j1
Phenanthrene 0.000174 15 <p.1
Anthracene 0.000174 15 <Q1
Fluoranthene 0.000116 15 <(.1
Pyrene 0.000116 15 <0}1
Benzo(a)anthracene 0.000116 0.03 0.3
Chrysene 0.000117 1.14 <(.1
Benzo(b+j+k)fluoranthene 0.000117 0.03 0.4
Benzo(e)pyrene 0.000117 15 <0.1
Benzo(a)pyrene 0.000117 0.00 p.3
Indeno(1,2,3-cd)pyrene 0.000117 0.09 0.1
Dibenz(a,c+a,h)anthracene 0.000117 0.0045 2.p
Benzo(g,h,i)perylene 0.000117 15 <0.1
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3.3. Analysisof Monitored Concentrations

3.3.1. Overall Connecticut Levels

The first step in analyzing TASC PAH data was tdrads the issue of samples
below the detection limit. Since many of the PAkse detected in roughly 35% to 65%
of the samples, characterizing concentrations usirhg these samples would not
accurately represent the ambient levels. Thergefioneas decided that the non-detect
samples would be replaced with the value of thedn limit. All concentrations
reported in this chapter will represent a theoatticaximum concentration, since it was
assumed that all PAHs not detected were present@bcentration equal to the detection
limit. This yields a conservative estimate of #mbient concentratidh

The next step in summarizing PAH concentrationssgConnecticut was to
address a spike in PAH concentrations during Jgmfa2002. ERI reported PAH
concentrations for pyrene, benzo(a)anthracenesehs;, benzo(b+j+k)fluoranthene,
benzo(e)pyrene, benzo(g,h,i)perylene, and benzg)p at daily levels 10 to 20 times
higher for four sampling days that month (Figurg)3-This caused increased average
concentrations and variability in Groton as weltlas seven-site, statewide average
concentrations. Figure 3-1 shows the daily PAHceotrations for the third sampling
year in Groton.

Figure 3-1. Daily PAH Concentrationsin Groton During Third Sampling Year.
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Since this spike in concentration was not seemynadher sites for any other time
periods, it was assumed that an episode had odcur®roton. These four days
(1/8/2002, 1/14/2002, 1/20/2002, and 1/26/2002)ewwt included in the ambient level

18 Given that blank concentrations were generally well belowd¢r 30%) levels observed in ambient
samples and precision was of the order of 35% or lowestitution of MDL for non-detect PAH samples
provides a reasonable upper bound estimate.
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characterization and trend analyses presented Relieited investigation was

conducted but did not provide an explanation fergburce of these spikes. Construction
or roadwork near the sampling site may have cautiedb to the observed,

uncharacteristic levels. Regardless, the monitteeels for those weeks, although
similar to proposednnualHLVs, were not sustained and are well below tleppsed
short-term proposed HLVSs.

The average concentrations of PAHs across all A8 sites for the 4 years
sampled are shown in Figure 3-2. The most prev&éi, naphthalene, was removed
from this figure due to its low toxicity and rekaily high concentrations in ambient air.
Naphthalene is found at concentrations 10 to I@gihigher than the rest of the PAHs
examined in this study. The error bars repreden®6% confidence interval of the data.
It can be seen that benzo(b+j+k)fluoranthene etdthie highest concentration in
Connecticut of all the carcinogenic PAHs {benzof@eacene, chrysene,
benzo(b+j+k)fluoranthene, benzo(a)pyrene, inde2o8icd)pyrene, and
dibenz(a,c+a,h)anthracene}.

Figure 3-2: Connecticut 4-year Average Concentrations of PAHSs.
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The levels of PAHs in Connecticut were found tone# below the hazardous
limiting values proposed by CT DPH. Table 3-5 sh@axcomparison of the four-year
state-wide PAH concentrations and the HLV for eemmpound. Dibenz(a,c+a,h)-
anthracene, Connecticut’s most prevalent carcinodefHs, is only at 5.6% of the
proposed HLV. The most toxic PAH, benzo(a)pyrenati5.4% of the proposed HLV,
followed by Benzo(b+j+k)fluoranthene at 3.6%. Td@snbient levels are an order of
magnitude lower than the proposed HLVs. For tlss texic species, ambient levels are
three or more orders of magnitude lower than tiop@sed annual HLVs and should
represent no significant health concern.
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Table 3-5: Comparison of 4-year Average Connecticut Ambient PAH
Concentration to the Proposed HLV
A(gyear Aver_age Proposed Annual Ratio Of.

oncentration HLV (ug/m3) Concentration
PAH ug/nt g to HLV (%
Acenaphthylene 0.00047 15 <0.1
Acenaphthene 0.00501 15 <0.1
Fluorene 0.00653 15 <0.1
Phenanthrene 0.01342 15 0.L
Anthracene 0.00162 15 <0.1
Fluoranthene 0.00379 15 <0.]
Pyrene 0.00217 15 <0.1]
Benzo(a)anthracene 0.00034 0.034 140
Chrysene 0.00060 1.14 0.]
Benzo(b+j+k)fluoranthene 0.00109 0.03 3.6
Benzo(e)pyrene 0.00041 15 <0.1
Benzo(a)pyrene 0.00027 0.005 54
Indeno(1,2,3-cd)pyrene 0.00031 0.09 03
Dibenz(a,c+a,h)anthracene 0.00026 0.0045 5.8
Benzo(g,h,i)perylene 0.00046 15 <0.1

3.3.2. Seasonal Variation

An examination of seasonal variability of PAHs iar@ecticut showed that the
concentrations of the majority of PAHs studied weighest in the winter and fall and
lowest in the summer and spring (Figure 3-3 andiféig-4). Four PAHSs, phenanthrene,
fluorene, acenapthene, and fluoranthene showeestigioncentrations in the summer
months.

The seasonal variability of PAHs in Connecticutdals an expected trend based
on the major sources of PAHs. Since traffic, trgansource of PAHs, does not follow a
seasonal trend, the higher concentrations of thie imiolecular weight, particle bound
PAHSs in the winter and fall may be attributed torgased use of heating sources (Sisovic
et al, 2001; Ohurat al, 2004). In contrast, lower molecular weight PAllke
phenanthrene and fluorene exhibit higher conceatrsiin the summer months. This
positive correlation with ambient temperature maggest that volatilization from
surfaces is an appreciable source of gaseous RAtHe isummer (Dimashki al, 2001;
Ohura 2004). Another factor that may lead to sealseariability is chemical
degradation of PAHs by atmospheric oxidants likenez It has been noted that higher
molecular weight PAHs are negatively correlatechwitone concentration while no
significant correlation is seen with the smallerH&Schaueet al, 2003).
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Figure 3-3: Seasonal Variability of High Molecular Weight PAHs
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Figure 3-4. Seasonal Variability of Low Molecular Weight PAHs
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3.3.3. SiteVariation

Nearly all the PAHs measured in the TASC networdvgtd the same site to site
trend. The highest concentrations occurred in@raind Wallingford. The lowest
concentrations occurred in Voluntown. Hartford &tanchester had similar
concentrations of PAHs, slightly lower than thoserfd in Bridgeport and Waterbury.

Concentrations of PAHSs at the various TASC sitesslwiown in Figure 3-5 and Figure
3-6.
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Figure 3-5. TASC Site Variability of Higher Concentration PAHs
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Figure 3-6: TASC Site Variability of Lower Concentration PAHs
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In order to further assess the areas of humanhheaticern, Figure 3-7 compares
concentrations of the six carcinogenic PAHs atedédht sites. Again, this figure shows
that benzo(b+j+k)fluoranthene is at the highesteantration, likely due to the fact its
concentration represents the sum of three PAHsh@®individual PAHs, indeno(1,2,3-
cd)pyrene is at the highest level across all ttess sampled. The CT DPH considers this
PAH the third most toxic PAH, after benzo(a)pyramel dibenzo(a,h)anthracene.

Figure 3-7. SiteVariability of 4-year Average Concentrations of Carcinogenic
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3.3.4. Comparison of Monitored Datato CT HLVs

To assess the levels of toxic PAHs across Connggctie examined the levels of
benzo(a)pyrene across all TASC sites. Benzo(ahgyiethe most toxic PAH and is the
main indicator of carcinogenic PAHs (EPA TO13A, Bom, et al, 2002). Figure 3-8
displays the annual mean concentrations of benag@)e for the four years sampled by
TASC. The years represent 12 months spanning sutensemmer, except the last year
of data which only represents July 2002 until ehBebruary 2003.

Figure 3-8: Annual M ean Benzo(a)pyrene Concentrationsat Six Sitesin
Connecticut
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Figure 3-8 shows that the annual mean benzo(a)pyrencentrations are well
below the health standard proposed by CT DPH. bae although the mean from the
last year of the Groton data is higher than theakthe averages, its upper 95%
confidence interval is still well below the propdgdLV. This high concentration in
most likely due to the fact that the last year'srage only represents 8 months of data
and those months represented are winter and faithmeavhere benzo(a)pyrene levels
have been shown to be highest.

Overall, carcinogenic PAH concentrations at TAS@wvoek sites in the state are
well below the HLVs proposed by CT DPH. The higleesual average benzo(a)pyrene
level found during this four year sampling periodsan Groton between the summer of
2002 and winter of 2003. This annual mean of 07@Qig/m’ is 3 times lower than the
proposed HLV. The highest annual mean where ath@@ths of data were available was
also in Groton between summer of 2001 and summ20@2. This annual mean of
0.00064ug/m’ is 8 times lower than the proposed HLV.
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4. METALS

4.1. Introduction

Metals pose significant public health risk duedxitity or carcinogenicity of
certain elements in the group or compounds comgitiiese metals. The Clean Air Act
Amendments of 1990 list ten metal compounds ambed 88 hazardous air pollutants
(HAPs). These metals include compounds of arséeiyllium, cadmium, chromium,
cobalt, lead, manganese, mercury, nickel, and selenThese metals were added to the
list due to their toxic effects from inhalationmission of metals into the atmosphere can
also cause ecological toxicity and possibly resudiral exposure through the food web
(Utsunomiyaet al 2004). The Toxics Air Study in Connecticut (TASt&twork
monitored twelve metals: arsenic, cadmium, chromiasitotal Cr), nickel, beryllium,
cobalt, manganese, vanadium, lead, zinc, antimamy selenium. Mercury was not
included due to the extra cost and analytical delsdéor monitoring. The CT DPH has
proposed HLVs for eight of these metals: arsergcylbum, cadmium, chromium (both
Cr and total Cr), manganese, nickel, zinc and lead.

Metals are released into the air as a result ofiaes such as fossil fuel
combustion (including vehicles), metal processimdustries, and waste incineration.
They can exist in both soluble and insoluble elemlesiates or combined as
organometallic compounds. They can be releasacdcamponent of particulate matter or
as a vapor that then condenses to particles (Inteigperature metals smelting). Almost
all metals in air are associated with particlesl@dteet al 1999). Specific metals can be
generally associated with certain processes. Gadris associated with the smelting of
non-ferrous metals. Oil fly ash emitted by powkamnps and industries that burn oil can
contain high levels of nickel and vanadium compaunBly ash from coal-fired power
plants contains high levels of all the metals ex®diin this study. Incineration of
municipal waste is a contributor of atmosphericatseincluding zinc, lead, arsenic,
cadmium, cobalt, copper, manganese, nickel, anthany. Open-hearth furnaces at
steel mills constitute a significant source of zioapper, chromium, manganese, nickel,
and lead. The major source of lead used to betkgdsoline but now the primary
sources are oil burning, small scale smelting,r@sdspended soils (Holgateal 1999).
Sources of arsenic include copper, zinc, and lealters, and glass and chemical
manufacturers (Klaasen 1996).

Of the eight metals with proposed HLVs, arsenic emdmium (in particular,
hexavalent Chromium, &) are the most toxic. These two compounds have bee
classified by the Environmental Protection Agendptegrated Risk Information System
(EPA IRIS) as Group A- known human carcinogenssefiic has been shown to cause
increased incidences of lung cancer through seweralpational studies involving
smelter workers exposed to high levels in diffelaetas (WA, UT, MT, Sweden, and
Japan) (IRIS 1998). Hexavalent chromium, the cageénic form of chromium, has
been associated with increased incidences of langer in exposed workers (IRIS
1998). Although workers in these occupational epioblogical studies were exposed to
both chromium (VI) and chromium (llI), only chronmifV1) was found to cause tumors
in laboratory animals.
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Cadmium is released into the atmosphere througimgarctivities, burning of
fossil fuels, and incinerators (ATSDR 1999). Cadmilevels in air are generally low
but higher levels can occur in urban areas witl laig pollution levels from the burning
of fossil fuels. IRIS has placed cadmium in gr&ip probable human carcinogen.
There are a few studies involving workers in cadmamelters showing workers’
increased risk of lung cancer. It has also beanddo cause cancers in animals from
exposure through inhalation.

The Group A classification was based on severabitatudies showing workers
exposed to nickel refinery dust have increasedargkincidences of lung and nasal
cancers. Nickel refinery dust is a mixture of maigkel compounds, and it is not certain
which of the carcinogenic nickel species is inrignery dust (IRIS 1991). Animal
studies have demonstrated the carcinogenic effetdtkel subsulfide, a known
component of nickel refinery dust. Other studiethe elemental form of nickel has
shown some carcinogenic potential, but with lesls thhan other components of the
refinery dust (IRIS 1991). The CT DPH has proposedHLV for nickel based on the
levels set by the California EPA and ATSDR.

The remaining carcinogenic metals in this groupylbam and lead, have been
placed in groups B1 and B2 (probable human careinsgrespectively (EPA IRIS).
Beryllium has been linked to increased incidenddarm cancer in exposed populations.
There is limited information linking beryllium tm¢idences of human cancers but
sufficient animal evidence to add it to this groigimilar evidence is available for lead.
CT DPH has proposed its HLV for lead based on th&BR’s blood lead to air lead
slope factors. The HLV was proposed to minimizerike in children’s blood lead and
make a very minor contribution to the backgroundh&se is no increase in percent of
children with blood leads over 10 ug/dl.

The only metal sampled that has an HLV recommeaiedon-carcinogenic
effects was manganese. Manganese is releasethénsir from metallurgic and
chemical industries and burning of fossil fuels.hlimans, its main toxic effect is in the
brain where it causes Parkinson-like symptoms whiealed at moderate concentrations
over long periods of time (Gerbet al. 2002). This impairment of neuro-behavioral
function as well as detrimental lung effects hasnbgeen in workers exposed to
manganese fumes (IRIS 1996). CT DPH proposedLii bhsed on the inhalation
reference dose established by IRIS to protect émeial public.

The last five metals, cobalt, copper, antimonyeisieim and vanadium have no
HLV proposed by the CT DPH, since these were nattified as priority chemicals in
their assessment report. Copper, selenium, amdhawve all been classified by EPA IRIS
as Group D, non-carcinogenic. Antimony is curngnthder review by IRIS in regards to
its carcinogenic potential. Some of these compsuylikk selenium and antimony are
found in very low concentrations in air. Furthemmahe level at which these metals will
exert a health effect occur is much higher thantwhancountered in ambient air. For
example, OSHA health standards for levels of amiyria workroom air is
approximately 500 times higher than ambient legelsn near antimony mines or
processing companies while selenium levels in antlzig are orders of magnitude lower
than the occupational health standards (ATSDR 120@3).
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4.2. Description of Metals Sampling and Analysis

The Environmental Research Institute (ERI) asseasddent metals
concentrations at TASC sites by sampling the aiceatrations of thirteen met&is
arsenic, cadmium, chromium, copper, nickel, bamgilj cobalt, manganese, vanadium,
lead, zinc, antimony, and selenium. The sampliethod involved drawing ambient air
through a pre-weighed quartz fiber filter for a lwmamount of time at a measured flow
rate. Using the flow rate and the sampling tirhe,tbtal air volume was determined.
After sampling, the filters were returned to thiedeatory for preparation and analysis.

Laboratory preparation of the sample filters belgameweighing the filters to
determine the mass collected during sampling. filtees were digested in 50% Aqua-
regia solution (consisting of concentrated hydroghlacid and nitric acid in deionized
water). After digesting the filter, nitric acid wadded to each sample and sonicated for
an hour. This solution was gravity filtered usiMpatman #41 filter paper and
subsequently washed with a 4M nitric acid. Thelltesy solution was used for the
analysis. Sample analysis was performed by IndelgtiCoupled Plasma Optical/Atomic
Emission Spectroscopy (ICP-OES/AES), Graphite Feerstomic Absorption (GFAA),
and Inductively Coupled Plasma Mass Spectrome@{MS). These methods
determined the mass of each type of metal samplleidh was then used to determine
the ambient concentration by dividing by the tatialvolume sampled.

TASC sites in Connecticut were sampled for metateial suspended particles
(TSP) once a week between mid-1999 and the begjrofie003. During the first two
years, the sampling time was seven days whiledrast two years they sampled one 24-
hour period every sixth day. The sample duratimenge began in July 2001. This
change resulted in a decreased sample collectiomeo(~3100 mto 410 ni on
average) and corresponding increase in MDL for eaetal.

4.2.1. Interferences

The main interferences in this method are thos#ated to ICP emission
spectroscopy. These include inter-element effepisctral interferences, and calibration
curve interferences. These interferences are sskelildoy applying correction methods
during calibration and analysis.

4.2.2. Blanks

To assess background levels in the sampling prottgsand field blanks were
processed and analyzed along with the field sampleg field blanks were treated in the
same manner as the field samples, but no air veagrdthrough the sampler. The trip
blanks accompanied the field blanks but did notdgheir sealed pouch. Examination of
the blanks data showed that blank metals samples aviy available for five sites
during the third and fourth year of the samplingqa although blanks were performed
throughout the program. Trip blanks were analyipe@roton (11/01-11/02), Manchester
(7/01-11/01), Voluntown (7/01-2/03), and Wallingdlaf8/01-1/03). Field blanks were
analyzed in Bridgeport (11/02-2/03), Mancheste®177/02), and Waterbury (7/02-
10/02).

19 Reported values represent all valences for each metal, i.eCtotas measured, not'ttor Cr*'.
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An analysis of the blanks data showed that levelevielow the detection limit
in over 75% of the samples for arsenic, berylligagmium, cobalt, antimony, selenium,
and vanadium. Copper was detected in 90% of ihdlanks and 91% of the field
blanks. Copper levels in these samples were oragee2% of the sample concentration
on similar days. Total chromium, manganese, njcked lead were all detected in 75%-
90% of the field and trip blank samples. A comgami of blank chromium
concentrations to sample concentrations on sirddgs showed that the trip blanks levels
were 71% of the sample concentration. Moreover ctincentrations on the field blanks
were at 77% the level of the sample concentratitinc showed similarly high blank
levels. The levels shown on the blanks were alndaesttical to the levels on the samples
on similar days (97%). Nickel and lead were présearthe field blanks at 39% and 23%
the levels on the ambient samples, respectively.

The high levels of zinc and total chromium on thenks indicate that reported
ambient concentrations may be overestimating theelgvels. This is of particular
concern for total chromium due to its health eSemtd low proposed HLV. Chromium
was detected in 79% of the field blanks and 69%heftrip blanks. Therefore, the
sampled values are unreliable as field levels arg similar to the blank values. Since
the average field blank and trip blank concentratiof 0.0055 ug/fhare three times
higher than the proposed HLV, no conclusions cadraen regarding the health risk
from this metal. The remaining metals of conceomf a health standpoint—arsenic,
beryllium, cadmium, manganese, nickel, and lead—evegher rarely detected or
detected at levels well below the proposed HLV lamk samples.

4.2.3. Precision

Collocated samplers were deployed by ERI to agsesals sampling precision.
Data from three sites, Bridgeport (7/02-2/03), Gnot7/01-10/01), and Voluntown
(11/01-7/02) were evaluated for this report. Tablk shows the average relative percent
differences between collocated measurements antutiheer of valid collocated sets.
This latter number gives an indication of the ptemeae for each metal in the ambient
samples. The greater the number of valid collatpters, the more frequently the metal
is detected. Beryllium, for example, was not ditédn any of the collocated samples,
while zinc and manganese were detected in all 85 paalyzed. The table demonstrates
that the best collocated precision was achievedifar and vanadium while the highest
percent differences were found for copper. Theonitgjof the RPDs ranged between
20% and 35%. It is interesting to note that themo apparent correlation between the
number of valid collocated sets and the average.RHils implies that when metals like
selenium and cobalteredetected, they were at appreciable levels. Tlaig aftso reflect
periodic impacts at the sites. For instance, s@tenvas only present in the colder
months (late September through early March). Aatiy on the other hand, was
detected at both Bridgeport and Groton, but noudtdwn. Since nearly half of the
collocated samples analyzed were from the backgrMatuntown site, these data yield
information about spatial distribution of metalsvas|.
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Table4-1: Precision of Duplicate M etals M easur ements

Number of
Average
RPD (%) Collocated
Metal Sets
As 354 22
Be NA 0
Cd 35.2 13
Co 33.5 23
Cr 24.2 67
Cu 64.0 83
Mn 22.0 85
Ni 20.8 76
Pb 27.8 80
Sh 21.0 32
Se 30.3 20
V 12.5 79
Zn 18.3 85

4.2 4. Detection Limits

The method detection limit is the minimum concetmtraof a compound that can
be reported with 95% confidence that the valud®ra zero. The number of samples
displaying levels above the detection limit varteghbending upon the metal of interest.
Table 4-2 shows the percent of samples below ttectien limit for the various metals
examined. Despite the fact that sample volumesdesed to 410 fr(from 3100 m) on
average after July 2001, little difference was obs@ in the percentage of time metals

Table 4-2: Percent of Metals Samples Below the Detection Limit

Percent of Samples | Percent of Samples

Below the Detection | Below the Detection

Limit Before 7/01(%) Limit After 7/01(%)
Metal
Arsenic 57.6 61.8
Beryllium 96.2 98.7
Cadmium 74.3 73.5
Cobalt 30.6 40.3
Chromium 8.4 12.9
Copper 2.8 1.4
Manganese 0.2 0.2
Nickel 3.1 4.3
Lead 15 2.3
Antimony 35.0 42.2
Selenium 47.2 66.8
Vanadium 2.7 4.0
Zinc 0.1 0.2
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were detected in the ambient sample. The tabieates the wide range of detection for
various metals, due to the wide range of conceaatratin ambient air. While zinc and
manganese are detected in virtually all of the daspperyllium is rarely detected.

To assess whether the method employed by ERI tsuneambient metals
concentrations was sensitive enough to see théslef/aealth concern, the detection
limits were compared to the HLVs recommended byDPH. Table 4-3 shows the
proposed annual HLV for the toxic metals compacethé average detection limit for
two time periods (before and after July 2001). nirtbe table, it can be concluded that
the method’s detection limit was sufficiently loarfberyllium, manganese, nickel and
lead to compare to the proposed annual HLV. Sivibé and proposed HLV levels
were of the same order for arsenic and cadmiunecgslty in the latter period, health
assessments of these two metals based on the Tat&@vduld be inappropriate.

Table 4-3: Comparison of the Minimum Detection Limit to the Proposed HLV

Mean Mean Ratio of Ratio of
Detection Detection Proposed | Detection Limit | Detection Limit
Limit Before Limit After HLV to HLV Before to HLV After

Metal 7/01 (ug/m3 7/01 (ug/m3 ug/m3 7/01(% 7/01(%
Arsenic 0.0005 0.0009 0.0014 36.3 66.3
Beryllium 0.0001 0.0003 0.0024 5.4 11.2
Cadmium 0.0005 0.0017 0.0032 15.9 54.6
Manganese 0.0001 0.0011 0.03 04 3.6
Nickel 0.0006 0.0013 0.05 1.3 2.6
Lead 0.0007 0.0009 0.5 0.2 0.2

4.3. Analysisof Monitored Concentrations

4.3.1. Overall Connecticut Levels

The issue of non-detect samples was addressed sathe way for metals as for
carbonyls, PAHs and VOCs. Samples showing levelsibthe detection limit were
assigned a value of the detection limit. Therefalereported average concentrations
may represent the maximum likely ambient conceinatThis was done to provide a
conservative measure of ambient concentration.

The average concentration of various metals a¢hesseven TASC sites in
Connecticut over the four years from 1999-200hmam in Figure 4-1, with the 95%
confidence interval shown with error bars. Theeleepresented for beryllium
essentially shows the detection limit since it Watected in fewer than 2% of the
samples. Therefore no further analysis was coeduct this metal Copper and zinc
are not graphed in this figure due to scaling isstheeir concentrations are much higher
than the rest of the metals. Additionally, thecanalues are unreliable given the high
blank levels noted, while for copper, no chronigexde health effect level was proposed
by CT DPH.
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Figure4-1. Average Connecticut Ambient Metals Concentrations before and after

sample volume change of July 2001
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4.3.2. Seasonal Variation

wintertime. Lead showed higher average conceotratin the summer.
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There were no consistent seasonal trends in amti@centrations for the metals
evaluated in Connecticut. Figure 4-2 and FiguBeshow the variation of these metals
from samples taken prior to July 2001 when sampk® a week in duration. The
behavior was similar for the period after July 2@0dt pictured). Nickel, selenium and
vanadium showed higher average concentrationsimthter than the other three
seasons. This could potentially show the influenfdacreased residential fuel use in

Figure 4-2. Seasonal Variation of Selected Metals Found at Higher Concentrations
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Figure 4-3: Seasonal Variation of Selected Metals Found at L ower Concentrations
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4.3.3. Site Variation

There did not seem to be a consistent trend oait@tion across all the metals.
Figure 4-4a-h show the distribution of TASC metdd$a by sampling site. The data are
divided into two sets at each site, based on sathpigtion (before and after July 2001).
Arsenic, cadmium, and selenium (not graphed) slitbie ite to site variability. This is
most likely due to the high percentage (roughlyo’#4) of non-detects for these metals
and therefore the concentrations are driven bylétection limit. Likewise, beryllium
was not pictured because it was rarely detectéloeirsamples. Copper shows the highest
mean concentration in Hartford and the lowest idlWgford in the early period. The
concentrations are more uniformly distributed ie kater period. Manganese displays
the highest means and medians in Groton, BridggpattWaterbury with the lowest
levels occurring in Voluntown. Nickel and vanadilewels were recorded highest in
Groton, Bridgeport and Wallingford and showed thwdst levels in Voluntown. Lead
displayed the highest values in Bridgeport and fdedt showing higher mean and
median concentrations than the other five sitegptesn Antimony levels were similar
across five of the sampling sites with lower leual8lanchester and Voluntown.

Finally, zinc levels show curious behavior in tlee@nd period, with substantial increases
across all sites. Although the average MDL forcaicreased an order of magnitude, the
detection levels were well below the ambient cotregions and non-detects were rare.
No conclusions can be drawn from the zinc datargiigelevels were routinely
comparable to ambient measurements.
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Figure 4-4a: Distribution of Cobalt Concentrationsat TASC Sites
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Figure 4-4b: Distribution of Copper Concentrationsat TASC Sites
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Figure 4-4c: Distribution of Manganese Concentrationsat TASC Sites
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Figure 4-4d: Distribution of Nickel Concentrationsat TASC Sites
. ¢ Mean
Ni )
= Median
A Upper 95%
0.035 x Min
& 0.03
E
S 0.025
2
s 0.02
2
8 0.015
IS
g 001
c
8 o0.005
0
X
PO S S & 5¢ & N o° @ @
) K () K2 ) K ) L
5 & o N N S S & o Q& " > S Q
& © K § & ¢ Q S &S 9 N N
® O © < o & S ® © S N 9
s & ® © & E ¥ & & 0\\30 & N & N
& N & S N N



Data Analysis of Air Toxics in Connecticut Page 4-11

Figure 4-4e: Distribution of Lead Concentrationsat TASC Sites
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Figure 4-4f: Distribution of Antimony Concentrationsat TASC Sites
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Figure 4-4g: Distribution of Vanadium Concentrationsat TASC Sites
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Figure 4-4h: Distribution of Zinc Concentrationsat TASC Sites
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For most elements, the reported levels increas#teisecond period relative to
the first. This may not truly reflect changes mkaent levels given the noted differences
in MDLs and the associated effect of MDL substantfor non-detects. However, Table
4-3 indicates this effect may be small, since ftils&itution of non-detects before and
after is fairly similar. However, the differencettveen median and mean levels is
increased for the 24-hour samples relative to tbekalong samples. This implies the
observed concentration increases for 24-hour sampégy be a result of sample days
occurring on higher pollution days. The longer pang time may smooth out some of
the day to day variations in ambient levels. Theftre” samples should also more
accurately reflect annual levels since their coibecperiod covered virtually all of the
days in the monitored years, whereas the 24-honples were on a one in six day
schedule, representing only one-sixth of the days.

4.3.4. Comparison of Monitored Datato CT HLVs

A comparison of CT DPH’s proposed HLVs to statewagterage metals’
concentrations indicates that levels of manganeselase to its proposed HLV (Table
4-4). For the early period, manganese concentratiere about half its proposed HLVs
while measured levels roughly doubled in the lptiod to concentrations near the
proposed annual HLV. Nickel and lead also showgtdr concentrations after July
2001. For both metals and periods, however, thHa@iemhconcentrations were well below
the proposed annual HLV. The blanks for Mn, Ni &idwere sufficiently low, as were
their MDLs, such that a comparison to the annuaVhi reasonable. For As, the case is
more difficult given that the MDL approaches thegwsed annual HLV. The analyses
presented here indicate improved methodologieseapgired to better assess the levels of
arsenic found in Connecticut.

Table 4-4: Comparison of Monitored Datato the Proposed HLV (ND = Detected in
fewer than 15% of samples)

Connecticut [ Connecticut | Proposed MRoerlltiit?)roef d MRO?”ltiit(())l?ef d Average Field
Average Average Annual Concentration | Concentration Blank

Level Before Level After HLV to HLV- Before | to HLV- After Concentration
Metal 7/01 (ug/m3) | 7/01 (ug/m3) (ug/m3) 7101(%) 7101(%) (ug/m3)
Arsenic 0.0007 0.0016 0.0014 52.3 115.5 ND
Manganese 0.0166 0.0268 0.03 55)3 89.3 0.005
Nickel 0.0062 0.0081 0.05 12)3 16.2 0.002
Lead 0.0131 0.0200 0.5 2.6 4.0 0.004

To gain more insight from the existing informatidine data were analyzed by site
and by sampling year to examine the magnitude atehgial spatial trends of the annual
arsenic concentrations at the seven TASC site®imeécticut. Figure 4-5 shows the
annual mean arsenic levels at the seven siteshaird¢lation to the CT DPH's proposed
HLV. The years span a summer to summer time pdercept year 4 which ends in
March 2003) and the error bars represent the 95%idmmce interval.
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Figure 4-5: Annual Means of Arsenic Concentrationsat TASC Sites
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Figure 4-5 indicates that the annual mean arsemceantration in the first two
years of sampling was below the proposed HLV asalen sites, with reasonably similar
concentrations across the state. Levels in Bridgeggppeared the greatest. During the
final two years, the arsenic level increased nedatid the first two years at all sites. The
consistent spatial distribution may imply that teels of arsenic in Connecticut are
more regional than local in nature. To some extdetuniformity may simply reflect
limitations of the analytical method, since aboaif lof the samples were non-detects.
The observed difference between the third and 8aaiple periods could result from the
absence of data for the period of March througle 2frP003. These levels are similar to
those reported from pilot sites in EPA’s air toretwork (Hafneret al, 2004).

Figure4-6: Annual Means of Manganese Concentrationsat TASC Sites
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Much like arsenic, the statewide levels of mangamwesre close to the proposed
HLV, warranting further discussion. Figure 4-6 sisdhe annual mean manganese
concentration for the seven sites for each of #sysampled. The error bars represent
the 95% confidence interval while the years repreaesummer to summer time period
(except year 4 which ends at March 2003). Unlilseric, the spatial variation in Figure
4-6 shows that the mean manganese concentrationsvidely from site to site.
Bridgeport, Groton and Waterbury have levels cdastty near the proposed annual
HLV, while ambient concentrations at Voluntown weoeghly three times lower. The
distribution may reflect local source influencé&ome of this variability could result
from the level of diesel truck or other traffic nélae sampling sites, as manganese
complexes may be added to fuels (Poatodl, 2001; Lewiset al, 2003). The Mn
concentrations reported in Connecticut are sini@dhose observed at pilot sites from
EPA'’s air toxic network (Hafnegt al, 2004).

Average annual cadmium concentrations were gegdralbw the proposed HLV
except for the third year of monitoring (summer 200 summer 2002) (Figure 4-7). The
numbers above each bar represent the percent plesabove the detection limit for
that site and year. There does appear to be spati@lsvariation, with lowest
concentrations observed at the background siteolonfown. Given that cadmium was
generally detected in less than half the samplealfdut two data groups it is difficult to
make a definitive conclusion on whether levels péealth risk. In fact, the differences
between the early and later years are substantialtgn by the increased MDL and
effects of MDL substitution for non-detects in aage calculations. It should be noted
that the MDL in the early period is almost an ordemagnitude lower than the proposed
HLV and therefore may be sensitive enough to irtditevels are truly below the
proposed annual HLV for those years.

Figure4-7: Annual Meansof Cadmium Concentrationsat TASC Sites. (Numbers
indicate per cent of samples above the detection limit.)
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Overall, due to issues surrounding blanks and tletetimits, it is difficult to
conclude the potential health concern for all nsetabnitored by TASC. This is
particularly true for Zn and Cr, whose blank lewsksre comparable to ambient sample
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concentrations. Lead and nickel levels throughioaitstate appear to be well below the
proposed annual HLV. Manganese and arsenic caatemis are close to the proposed
annual HLV throughout the state, although manganesafests a spatial distribution not
observed for arsenic. These two metals may wafuatiter observation. There is
significant uncertainty surrounding cadmium concatians due to low ambient levels.
Nonetheless, this metal may not be of concernypgated by the first two years of data.
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5. VOLATILE ORGANIC COMPOUNDS

5.1. Introduction

Volatile organic compounds (VOCs) are a major cte#ssrganic pollutants in air
which include alkanes, alkenes, aromatics, aldehkitones, alcohols, and halogenated
compounds. VOCs exert two major health impacthénatmosphere. Several
compounds in this group show toxic effects in exguiogopulations while VOCs are also
important precursors to the formation of grounceleazone. VOCs are generated from a
wide range of sources including motor vehiclespuical and food industries and solvent
use.

The majority of the 33 priority hazardous air ptdints identified by EPA in 2000
are volatile organic compounds. Exposure to séwdthese VOCs is associated with
adverse health effects including acute health tffas well as chronic effects such as
cancer (linked to benzene exposure) or liver adddy damage (linked to exposures to
chlorinated compounds)(Sax. al. 2004). Specific health information for many bése
VOCs derived from EPA’s Integrated Risk Informati®ystem and CT DPH can be
found in Appendix A.

The Toxics Air Study in Connecticut sampled for\B@Cs at six sites in
Connecticut: Bridgeport, Groton, Hartford, Mancleesvoluntown, Wallingford, and
Waterbury. Of these 54 VOCs, the CT DPH has pregg@nnual HLVs for 22
compounds due to studies showing health riskstregutom exposure. Of these 22
compounds, acrylonitrile has been proposed thedbarenual HLV of 0.086 ug/in
Acrylonitrile is used in the chemical and plasiiedustry and found in automobile
exhaust (Klaassan, 1996). IRIS has been classlisdcompound in group B1- probable
human carcinogen due to occupational studies slgpiwsreased risk of lung cancer in
exposed workers (IRIS, 1991).

Volatile organic compounds originate from a widei@iy of sources including
motor vehicle exhaust, paint and solvent use, cbelmianufacturing, and many others.
Although some compounds in this group originatentydrom certain sources, such as
benzene, xylene, and ethylbenzene emissions frdosiry and mobile sources or
chlorinated compound emissions from dry cleanarg)dn exposures are usually the
result of a combination of many sources (Peatl.2004). Stationary sources, mobile
sources, area sources, and background levelsrdtfilmate to the total levels of VOCs in
the environment.

VOCs are unique from metals and PAHs as humanatibalexposures do not
result mainly from outdoor air. Many studies hagported higher VOC concentrations
in indoor air due to emissions from building protfycooking, smoking, and synthetic
materials (Serrano-Trespalacetsal, 2004). Regulatory agencies typically maintain
emissions data, monitoring results, and modelisglte for outdoor levels of VOCs.
However, it has been noted that such informaticgsdwt adequately describe human
exposure as there is a scarce amount of data ldegcimdoor levels as well as human
exposure resulting from a combination of indoor anttoor activities (Sextoet. al,
2004; Serrano-Trespalaciesal, 2004; Saxet. al. 2004).
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5.2. Description of VOC Sampling and Analysis

To determine ambient levels of volatile organic poonds (VOC) in
Connecticut, the Environmental Research Institpfdiad a method based on EPA’s
standard method TO-15. This method allowed forgihentification of 54 VOCs over 4
years at the seven TASC sites throughout Connéctisampling and analysis involved
collecting ambient air in a Summa canister and V@€re quantified by Gas
Chromatograph (GC).

VOCs were sampled at the seven TASC sites by d¢wlgair samples in a
stainless steel Summa or Silco canister for 24hooce every sixth day of the sampling
period. A diaphragm pump was used to push airttieacanisters at a flow rate of 12.5
ml/min. The acceptable range for the final pressuas set to 10-30 psig.

Concentration of the ambient air sample began sgipg the sample through a
glass bead packed cryogenic trap, cooled to a teanpe of -170°C. The trap was then
heated to 20 °C and 40ml of helium was passed gfrthe trap, transferring the sample
to a second trap packed with Tenax, cooled to -40Fke step allows carbon dioxide to
pass through the trap, while collecting the compsuof interest. The VOCs were
flushed from the trap and transferred to a cryo$doop at the head of the column before
being transferred to the GC for separation.

5.2.1. Interferences

Contamination and interferences can occur withhigaly volatile organics like
methylene chloride and vinyl chloride. These comuts can diffuse through valves and
fittings during shipping and storage and contangriaé sampling system. Furthermore,
these volatile compounds are prone to peak broagemd coelution with other species
if they are not delivered to the GC column in a ke@ough volume of carrier gas.
These interferences are mitigated by running canidainks and refocusing the sample
before analysis by cooling the head of the chrogragghic column, as was performed in
the protocol employed in this study.

The majority of contamination problems result fronpurities in the carrier gas
or VOCs outgassing from the plumbing ahead of the.t VOC purifiers such as
activated carbon are used at the inlet of all eagasses to ensure their purity. The
system is verified to be pure of contaminants hyscgiently analyzing calibration blanks
and lab method blanks.

Since cross-contamination can occur when high lardllow level samples are
analyzed sequentially, method blanks are useddokcfor compound carryover.
Whenever a sample above 50 ppb was analyzed, tRec8&d for an by analysis of a
blank. If contamination of the blank had occurrbe, system should have been cleaned.

The stability of all VOCs under all sampling comalits is unknown. However,
minimal sample losses during collection can ocae t a few processes. Short-term
losses of VOCs can occur due to physical adsorgtiidfOCs on canister walls or
dissolution of certain compounds in water thatt¢@sdensed in the canisters. Some
losses can occur from chemical reactions of VOGk wzone or other gas-phase species
that are cocollected. Finally, gradual decreas&4J1C concentrations can occur over
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time due to chemical reactions between VOCs irctmasters or biological degradation
(EPA Method TO-15).

5.2.2. Blanks

Environmental Research Institute has reported y#ed of blanks in their
dataset: field blanks and trip blanks. The fidlhks were treated in the exact same
manner as the field samples, but no air was dravough the sampler. The trip blanks
accompanied the field blanks but differ in thatytkaere left in the sampling vehicle for
the duration of sample collection. Field blankgevanalyzed from four sites:
Bridgeport (6/1999-2/2003), Manchester (3/2001-020Wallingford (7/2000-4/2001),

and Waterbury (7/2002-11/2002). Trip blanks weralyzed at all seven TASC sites:
Bridgeport (6/1999-6/2001), Groton (11/2001-11/20@2artford (8/1999-4/2001),
Manchester (5/2000-2/2003), Voluntown (6/1999-2200Vallingford (10/1999-

1/2003), and Waterbury (5/2000-9/2001).

Analysis of the reported VOC blanks data showetlribae of the VOCs
measured were detected in over 50% of the blamkble 5-1 shows the percent of
samples that could be detected in field and trgmks for select VOCs. Table 5-1

indicates that acetone, benzene, and methylenedlare the only VOCs that were

detected in over 30% of the blank samples. It rhastoted that this percent detection
represents the entire 4-year sampling period.

Table5-1: Percent Detectsfor Field and Trip Blanks

Percent of Field Percent of Trip
VOC Blanks with Levels Blanks with Levels

Above DL (%) Above DL (%)

T it ittt ———$—————M—_—_$m»

Dichlorodifluoromethane 2.1 3.6
Chloromethane 0.7 2.1
1,2-Dichlorotetrafluorethane 0.0 0.0
Chloroethene 0.0 0.0
Bromoethane 0.0 0.0
Chloroethane 0.7 0.0
Acetone 48.6 46.2
Trichlorofluoromethane 0.7 2.6
Acrylonitrile 0.0 0.0
1,1-Dichloroethene 0.0 0.0
Methylene Chloride 27.8 38.5
Carbon Disulfide 0.0 0.0
3-Chloro-1-Propene 0.0 0.0
1,1,2-Trichloro-1,2,2-Trifluoroethane 0.7 1.0
trans-1,2-Dichloroethene 0.0 0.0
1,1-Dichloroethane 0.0 0.5
Methyl Tertiary Butyl Ether (MTBE) 0.7 15
2-Butanone (MEK) 11.8 8.7
cis-1,2-Dichloroethene 0.0 0.0
Chloroform 0.0 0.0
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vVOC

Percent of Field
Blanks with Levels
Above DL (%)

Percent of Trip
Blanks with Levels
Above DL (%)

T e —

tert-Butyl formate 0.0 0.0
1,2-Dichloroethane 0.7 0.0
1,1,1-Trichloroethane 0.0 0.5
Benzene 30.6 31.3
Carbon Tetrachloride 0.0 0.0
Tertiary Amyl Methyl Ether (TAME) 0.0 0.0
1,2-Dichloropropane 0.0 0.0
Bromodichloromethane 0.0 0.0
Trichloroethene 0.0 0.5
Methyl Methacrylate 0.7 0.5
cis-1,2-Dichloropropene 0.0 0.0
Methyl isobutyl ketone (MIBK) 0.7 0.0
trans- 1,3-Dichloropropene 0.0 0.0
1,1,2-Trichloroethane 0.0 0.0
Toluene 14.6 11.8
Dibromochloromethane 0.0 0.0
1,2-Dibromoethane 0.0 0.0
Tetrachloroethene 0.7 0.0
Chlorobenzene 0.7 2.1
Ethylbenzene 3.5 4.6
m+/or p-xylene 2.1 3.1
Bromoform 0.0 0.0
Styrene 2.1 3.1
0-Xylene 4.2 5.6
1,1,2,2,-Tetrachloroethane 0.0 0.0
1-Ethyl-4-Methyl-benzene 2.1 2.1
1,3,5-Trimethyl Benzene 0.0 0.5
1,2,4-Trimethyl Benzene 0.7 2.1
Chloromethyll Benzene 0.0 0.0
1,3-Dichlorobenzene 0.0 0.0
1,4-Dichlorobenzene 0.0 0.0
1,2-Dichlorobenzene 0.0 0.0
1,2,4-Trichlorobenzene 0.7 0.5
Hexachloro-1,3-Butadiene 0.0 0.5

Table 5-2 and Table 5-3 display the percents ¢d fianks and trip blanks with
levels above the detection limit for three samplegiods. Assuming the analysts
followed the same procedure for blank preparatimhanalysis throughout the sampling
campaign, one would expect similar percent defectall three periods. However, there
is a large difference between the numbers of blahksving VOC levels above the
detection limit in 2001 and 2002. This is mostronced with benzene, where only 2%
of field blanks and no trip blanks showed levelswabthe detection limit in 2001, while
74% and 85% of trip blanks and field blanks, reipely, displayed concentrations
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above the detection limit in 2002. This same patspplied to acetone, methylene

chloride, and toluene. Other compounds were sdyraetected, this pattern was not

discernible.

Table5-2: Percent of Field Blankswith Levels Above the Detection Limit

Table5-3: Percent of Trip Blankswith L evels Above the Detection Limit

Methylene
Date Acetone Chloride Benzene | Toluene
6/99-12/00 59.5 30.0 2.5 10.0
1/01-12/01 8.5 4.3 2.1 0.0
1/02-2/03 77.2 45.6 73.7 29.8

Methylene
Date Acetone Chloride Benzene | Toluene
6/99-12/00 87.0 85.8 7.4 11.1
1/01-12/01 8.3 4.2 0 2.1
1/02-2/03 72.7 57.6 84.9 21.2

Based on these two tables, there may have beensistencies in how blanks
were analyzed or how compound peaks were quantifisdmple chromatograms during
the third calendar year of the study (2001). Swideally no benzene, acetone,
methylene chloride, or toluene was reported inblleks for this year, it was speculated
that many of the chromatogram peaks were not diedhti Further examination of the
chromatograms for this year showed several instaotautomatic peak integration
results being deleted or manually integrated byatiedysts. Moreover, it was noted that
many small benzene peaks had been ignored in tibgration.

Examining the numbers alone, it is clear that tl@lbconcentrations were not
correctly characterized in the third calendar y&ahe study. In an effort to characterize
the quality of the benzene and acetone data, #e¢slef these compounds in the blanks
were compared to ambient levels in 2002. TableaBdl Table 5-5 display the percent
detects, mean concentration, and median concentsadif the field blanks and trip
blanks compared to those levels in ambient sangrldbe same days. Table 5-4
indicates that in this fourth year of analysis, vehié has been assumed that the blanks
were correctly quantified, blank levels of benzemge almost identical to ambient
levels. Acetone levels in the blanks were on tiieoof three times lower than ambient
levels on these days.

The high levels of benzene in the blanks during third year of sampling yields
some concern for the ambient levels reported. Mikehwhat was noted for total
chromium concentrations, since levels in the blarksvery similar to ambient levels,
the reported levels could be overestimating aauodient concentrations. Furthermore,
these levels in the blanks are well above the Htdppsed for benzene (0.72 udjrand
thus make it impossible to come to any conclusegarding the health impacts of the
actual ambient levels.
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Table5-4: Comparison of Blanksto Ambient Concentrations of Benzene in 2002

Field
Blanks

Dazs

Ambient
Samples on
Field Blank

Trip
Blanks

Ambient
Samples on Trip
Blank Days

Percent Detected (%) 73.7 92.9 84.9 91.7
Mean Concentration (ug/m°) 3.7 3.7 3.7 4.2
Median Concentration (ug/m®) 3.4 3.8 3.6 4.2

Table5-5: Comparison of Blanksto Ambient Concentrations of Acetonein 2002

Ambient Ambient
Field Samples on Trip Samoles on Tri
Blanks Field Blank Blanks P P
Blank Days
Days
Percent Detected (%) 77.2 100.0 72.7 98.3
Mean Concentration (ug/m®) 7.7 18.3 6.3 17.9
Median Concentration (ug/m°) 5.1 15.5 4.4 14.8

5.2.3. Precision

The analysis of collocated samples was limitedhts¢ compounds that could be
detected in at least half of the samples. TalBesBows the average relative percent
difference (RPD) between the collocated sets fesa® VOCs. The precision for

collocated samplers is best for trichlorofluormetand worst for acetone, from this

table. Most of the compounds fall within 25% avgraelative percent difference

between collocated samplers.

Table5-6: Precision of Select VOCs

Number of

Average

RPD (%) Collocated
VOC Sets
Dichlorodifluoromethane 10.2 149
Chloromethane 15.0 98
Acetone 44.3 162
Trichlorofluoromethane 10.1 104
Methylene Chloride 26.6 85
Methyl Tertiary Butyl Ether 15.1 62
2-Butanone 38.8 109
Benzene 24.2 146
Toluene 35.0 147
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5.2.4. Detection Limits

Although 54 VOCs were measured, the majority oséheompounds were below
the detection limit in a large percentage of theas reported. Table 5-7 displays the
percent of samples collected showing levels ablealetection limit for the VOCs
measured in the TASC network. This table also shihw average detection limit for
these compounds and the proposed annual HLV sieb@ T DPH. Those percents in
bold red text indicate the organics that were detem at nearly half or more of the
samples. The rows that have been shaded indluage tompounds whose proposed
HLVs are near or below the average detection lohthe method and thus not sensitive
enough to detect these levels.

Table5-7: Percent of Samples not Detecting Different VOCs

Percent Of Average Proposed
Samples Non| Detection Limit | Annual HLV
VOC Detects (%) (ug/m3) (ug/m3) Synonym

Dichlorodifluormethane 12.6 0.835 NA
Chloromethane 36.9 0.615 15 Methyl chloridg
1,2-Dichlorotetrafluorethane 99.9 1.394 NA
Chloroethene 100.0 0.573 1.33 Vinyl chloride
Bromoethane 100.0 0.938 NA
Chloroethane 92.5 0.525 500
Acetone 6.3 1.307 175
Trichlorofluoromethane 32.2 1.117 NA
Acrylonitrile 98.9 0.759 0.086
1,1-Dichloroethene 99.9 0.887 NA
Methylene Chloride 50.5 0.608 125 Dichloromethary
Carbon Disulfide 98.7 0.779 350
3-Chloro-1-Propene 99.2 0.702 NA
1,1,2-Trichloro-1,2,2-
Trifluoroethane 99.1 2.099 NA
trans-1,2-Dichloroethene 100.0 0.986 NA
1,1-Dichloroethane 99.8 1.011 NA
Methyl Tertiary Butyl Ether 51.7 1.081 NA
2-Butanone (MEK) 35.9 0.933 500
cis-1,2-Dichloroethene 99.9 0.986 NA
Chloroform 99.3 1.464 0.51
tert-Butyl formate 100.0 1.670 NA
1,2-Dichloroethane 99.1 1.011 0.23
1,1,1-Trichloroethane 97.4 1.228 500 Methyl chlorofd
Benzene 10.7 0.72 0.75
Carbon Tetrachloride 100.0 1.571 0.78
Tertiary Amyl Methyl Ether 98.8 0.940 NA
1,2-Dichloropropane 100.0 1.039 NA
Bromodichloromethane 100.0 2.009 NA
Trichloroethene 94.2 1.611 3 Trichlorethyleneg
Methyl Methacrylate 99.0 0.717 120
cis-1,2-Dichloropropene 100.0 1.128 NA
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A1

Percent Of Average Proposed
Samples Non| Detection Limit | Annual HLV
VOC Detects (%) (ug/m3) (ug/m3) Synonym

Methyl isobutyl ketone 95.7 1.229 NA
trans- 1,3-Dichloropropene 100.0 0.904 NA
1,1,2-Trichloroethane 97.6 1.628 NA
Toluene 11.4 0.659 200
Dibromochloromethane 100.0 3.407 NA
1,2-Dibromoethane 100.0 2.293 NA
Tetrachloroethene 97.3 2.542 2 Perchloroethylen
Chlorobenzene 98.0 1.037 35
Ethylbenzene 76.6 0.978 50
m-+/or p-xylene 65.9 1.952 215
Bromoform 99.9 4.391 NA
Styrene 82.1 0.427 50
0-Xylene 67.6 0.760 215
1,1,2,2,-Tetrachloroethane 99.7 1.366 NA
1-Ethyl-4-Methyl-benzene 92.1 0.738 NA
1,3,5-Trimethyl Benzene 97.4 1.107 NA
1,2,4-Trimethyl Benzene 79.7 1.107 NA
Chloromethyll Benzene 100.0 1.162 NA
1,3-Dichlorobenzene 99.5 1.347 NA
1,4-Dichlorobenzene 98.0 0.900 NA
1,2-Dichlorobenzene 99.3 1.197 NA
1,2,4-Trichlorobenzene 98.3 2.588 NA
Hexachloro-1,3-Butadiene 98.6 4,507 NA

Table 5-7 indicates that the detection limits foryéonitrile, chloroform, carbon
tetrachloride, tetrachlorothene, and 1,2-dichldraee are above the levels deemed
hazardous by the CT DPH. The benzene detectiahifirassentially at the proposed
HLV while chloroethene and trichloroethene MDLs aiithin a factor of three of their
proposed HLVs. Therefore, levels of these compeudild be at or above the HLV,
but not detected due to lack of sensitivity of thethod. Newer methods including

longer sampling times or more sensitive detectmhmiques should be explored so the
detection limit can be lowered to a level well lveline proposed HLVSs.

Table 5-7 shows that the majority of VOCs measudd not be detected across
the state. Due to this, the eight most prevalient$0% or more of the total number of
samples): VOCs detected were examined dichloramlifimethane, chloromethane,
acetone, trichlorofluoromethane, methylene chlgndethyl tertiary butyl ether (MTBE),
2-butanone (MEK), and toluene.
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5.3. Analysis of Monitored Concentrations
5.3.1. TASC Monitored Concentrations

Overall Connecticut Levels

The issue of non-detect samples for VOCs was asleldesonsistently with the
other compound classes in the report. Samplesisgdevels below the detection limit
were assigned a value of the detection limit. €f@e, all concentrations may represent
the maximum possible ambient concentration. This done to provide a conservative
measure of ambient concentration.

Figure 5-1 shows the overall Connecticut conceisinatof seven VOCs that were
detected in over half of the samples. As FigufeiBdicates toluene is at the highest
concentration across the state, followed by didddluoromethane and benzene. The
majority of the compounds sampled were left owrmdlysis since they were not detected
in most of the samples. Acetone was left off @ table since its concentration level
was higher than the rest of the VOCs (4-year awera.68+/-0.761g/m® (95%CI)Y°.

Figure5-1. Overall 4-Year Connecticut Mean Based on TASC Monitoring
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Seasonal Variation

There was no consistent seasonal trend for thewaWWOCs measured in
Connecticut (Figure 5-2). In general the majootyw OCs showed no appreciable
variation across the different seasons. Toluepwetl a slightly higher mean
concentration in the fall while acetone (not pietlirshowed higher concentrations in the
summer and spring. Chloromethane, dichlorodiflowgthane, methylene chloride,
chloromethane, and 2-butanone all showed slighglizdr levels in the summer and
spring than in the fall and winter.

2 Inclusion would have changed the y-axis scale, makia@ther bars appear small. Note the ambient
monitored level reported here is low when comparedegtbposed HLV for acetone (1ji§/n). In
addition, acetone blank levels were substantial, as shoWabile 5-5.
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Concentration (ug/m3)

Figure5-2: Seasonal Variation of VariousVOCs
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Site Variation

Of the VOCs detected in over half of the TASC saraptoluene showed the most
site to site variability (Figure 5-3). Its level®re highest in Groton and Wallingford,
while levels were lowest at the background sit¢auntown. This same site to site
trend was seen for 2-butanone and MTBE. The ram@MOCs analyzed did not show
appreciable inter-site variability.

Figure5-3. SiteVariation of VariousVOCs
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Monitored Data Compared to Connecticut’'s HLVs

The 4-year averaged concentrations for four comgsshowed overall
monitored levels to be below the HLVs proposedh®y@€T DPH. Chloromethane and
methylene chloride levels were roughly 5-10 tinegdr than their proposed HLVs while
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ambient levels of toluene and 2-butanone were talers of magnitude lower than their
proposed HLVs. Significant uncertainty in benzénels due to blanks contamination
indicates that further sampling may be requirepraperly assess the levels of benzene at
these monitoring sites. Since the MDL of the mdthsed here was similar to the
proposed annual HLV, improved methods of samplimg) @nalysis should be explored to
give better determinations of actual benzene leaetspublic health impacts.

5.3.2. PAMS Monitored Concentrations

VOC concentrations were monitored hourly by thetBtleemical Assessment
Monitoring Stations (PAMS) at four sites in Connewt: East Hartford, Hamden,
Sherwood Island, and Stafford. Appendix B displayable with all of the VOCs
measured at these sites from 1999 until 2001. Mooeasurements were only made
from May T until September 3Devery year and the percent of samples above the
detection limit are tabulated. This table indicateat contrary to TASC sampling efforts,
most compounds could be detected in over 50% odhgples. However, the suite of
target compounds is quite different.

The annual summertime mean concentrations for thA€8/measured at PAMS
sites in Connecticut are found in Figure 5-4, Fegbw5, Figure 5-6 and Figure 5-7.
These averages were obtained from an analysis bf3data performed by Sonoma
Technology Inc. (Petaluma, CA). In general, eadampling years tended to show
higher concentrations of VOCs than later yearse ddita indicates that in East Hartford,
propane, isopentane, toluene, and the xylenes atdrigher concentrations than the other
VOCs measured. Hamden, Sherwood Island, and &ladfeo showed higher
concentrations of these compounds, while showingminigher levels of isoprene. Note
that the concentrations shown in Figures 5.5 ta®e8n ppbC, not ug/in

Figure 5-4: Annual Summertime Meansof VOCsin East Hartford
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Figure 5-8, Figure 5-9, Figure 5-10 and Figure Hisplay the mean hourly
concentrations for the four PAMS sites in ConnetticThese values were obtained by
calculating the average concentration at each aourss every day in the summers of
1998-2001. At all the sites, for the majority ohgpounds, peak concentrations occurred
at around 6am while the lowest concentrations agedubetween 2 PM and 4 PM. In
East Hartford, Hamden, and Sherwood Island conagois of virtually all the VOCs
began to rise after 7pm. The high levels in thenimg may be attributed to overnight
buildup in the boundary layer. Concentrationseagected to decrease into the afternoon
due to decreased emissions, higher rate of cheneigadval due to increased sunlight,
and more dilution due to the increasing heighteflhoundary layer. In the evening one
would expect concentrations to increase again adugcteased emissions from afternoon
rush hour traffic and decreased chemical removéloxdation with decreased sunlight.

Figure 5-8: Hourly Mean Concentrations of VOCsin East Hartford
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Figure 5-9: Hourly Mean Concentrations of VOCsin Hamden
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Concentration (ppbC)
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Figure 5-10: Hourly Mean Concentrations of VOCsin Sherwood Island

—e— Ethane
—=— Ehylene
77 Propane
Propylene
—*— Isobutane

—s— Acetylene

A N .
/\_J \/‘/ ,\\\ n-Pentane
4 : D e i 2-Methylpentane
— 3-Methylpentane

e
\\ /’i‘/o——’/’ n-Hexane
3 —— Benzene
W 2,2,4-Trimethylpentane
21+ W _ //'—i.—. Toluene
- & N

= e //"// = mip-Xylene
— **"/M/” /dfét//k_,o—- Styrene
T — e —
-_— Qsﬁ(& ’:_x———"’ " o0-Xylene
—r —

—_— 1,2,3-trimethylbenzene

T T
1200 100 200 300 400 500 600 700 800 9:00 lOOO 1100 1200 100 200 300 4.00 500 6:00 700 8:00 9:00 1000 1100
AM AM AM AM AM AM AM AM AM AM AM AM PM PM PM PM PM PM PM PM PM PM PM PM

Figure5-11: Hourly Mean Concentrations of VOCsin Stafford
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5.3.3. Comparison of TASC Datato PAMS Data

Levels of toluene were compared between TASC and®Aites in the same
counties. Therefore, Hartford and Manchester TABRAcentrations were compared to
East Hartford PAMS concentrations, Bridgeport TAB& compared to Sherwood
Island PAMS, and Wallingford TASC was compared toridlen PAMS concentrations.
The comparison of the median concentrations fohn gaar is seen in Table 5-8.

Since PAMS samples were only taken in the sumrhergtwere a very limited
number of TASC samples available for the comparaoeamples were only taken
weekly at these sites. For TASC sites, there Weteveen 8 and 20 samples taken each
summer depending on the year and the site analypecbntrast, there were between
1200 and 2200 hourly samples taken at the PAMS fitethe same time periods. This
large difference in sample size should be keptimdnwvhen comparing TASC and
PAMS summertime concentrations. Additionally, irdre differences exist between the
in-situ sampling of the PAMS program and the camisampling employed by TASC.

To mitigate the effect of outliers in the TASC dateedian concentrations were reported
and compared.
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Table5-8: Comparison of Summertime Median Concentrations of Toluenefor Sites

in the Same County. (concentrationsin ug/m®)

Year Hartford TASC East Hartford PAMS TASC/PAMS
1999 3.58 1.66 2.15
2000 8.59 2.10 4.08
2001 NA 1.29 NA
2002 2.73 1.55 1.76

Year Bridgeport TASC Sherwood Island PAMS TASC/PAMS
1999 2.79 1.19 2.35
2000 2.33 1.28 1.83
2001 3.01 1.18 2.55
2002 3.03 1.13 2.68

Year Manchester TASC East Hartford PAMS TASC/PAMS
1999 6.01 1.66 3.61
2000 2.11 1.45 1.46
2001 3.15 1.29 2.44
2002 3.19 1.55 2.06

Year Wallingford TASC Hamden PAMS TASC/PAMS
1999 NA 1.74 NA
2000 5.37 1.72 3.13
2001 4.33 1.52 2.85
2002 3.35 1.69 1.98

sites in the same county. The level of agreemetwéden sites seemed to differ
depending on the summer sampled. There are sgesible explanations for the
differences between TASC and PAMS concentratidtisst, as mentioned before, only 8
to 20 samples were used to characterize mediarentnations at TASC sites as opposed
to the thousand or more used in PAMS site chariaatesn. The low sample size would
increase the level of uncertainty in characterizimgentire summer. Second, the
position of the samplers in relation to stationseyrces or roads and highways would

have a significant effect on the concentrationsrea. TASC sites were chosen to

TASC concentrations of toluene were between 1.5atmes higher than PAMS

characterize areas around Title V sources andftrerenay be subject to different source
mix of VOCs than the PAMS sites. Finally, diffecess could be due to the different
sampling protocols, with PAMS samples being coddat situ and directly analyzed in
the field; TASC used canister sampling.

To better constrain these observed differencescangl comparison of the PAMS

and TASC networks was performed using reported eainations from identical days.
Table 5-9 shows median values from days where DABC and PAMS sampling
occurred. Comparing values from the same day sisowstantially better agreement

between the two networks. The ratios of this apphcare in most instances half of those
using all PAMS data and are much closer to onenéo dHowever, it is not expected that
the two networks would show the same levels fosoaa previously stated. In general,
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the PAMS samplers are further removed from botintpand mobile sources and should

exhibit lower ambient concentrations, consisterhwhis analysis.

Table 5-9: Comparison of TASC and PAM S concentrations on the same day

Year Hartford TASC East Hartford PAMS TASC/PAMS
1999 3.48 3.04 1.14
2000 5.3 2.63 2.02

Year Bridgeport TASC Sherwood Island PAMS TASC/PAMS
1999 2.62 2.58 1.01
2000 2.33 3.21 0.73
2001 3.30 2.42 1.36

Year Manchester TASC East Hartford PAMS TASC/PAMS
1999 12.29 2.82 4.36
2000 2.00 2.80 0.71

Year Wallingford TASC Hamden PAMS TASC/PAMS
2000 5.46 2.93 1.86
2001 452 2.85 1.59

should take the limitations of the current study ioonsideration.

The TASC VOC data set is the least certain of the Eompound classes
sampled. During 2001, quality assurance issues wlentified by looking at blank
samples. This seemed to impact benzene more than\6OCs. The data comparison
between TASC and PAMS for toluene shows reasoradygement, which provides
some confirmation that data quality for this compdunay be acceptable. Since very
few species were observed on blank samples, andtegjtoluene concentrations are
reasonable, the results for the few other VOCsatietieshould be considered satisfactory.

The levels for chloromethane, methylene chlorideigne, acetone and 2-
butanone appear to be below the proposed HLVsfiget chemicals. A number of other
compounds were not detected and are thereforenatsexpected to cause concern.
However, the sampling and analytical protocols useASC lack the sensitivity to
characterize eight other VOCs on the target ll$tese are the compounds with the most
stringent proposed HLVs, including benzene. Theeefplanning for future efforts
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6. COMPARISON OF CONNECTICUT DATAWITH EPA
MODELED PREDICTIONS

6.1. Introduction

Monitoring data from the TASC network were compa@g@redicted county-
level hazardous air pollutant (HAP) concentratigaserated by EPA’s 1996 national
assessment. EPA used the Assessment System falaBop Exposure Nationwide
(ASPEN) model, a Gaussian dispersion model basdtP@is Human Exposure model,
a tool used to model long term concentrations targre spatial scales. Gaussian models
are used by EPA and others as the standard appiaragstimating outdoor
concentrations of air pollutants within 50 kilomatef an emissions source. Long-term
average concentrations of HAPs were calculateldeaténsus tract level based on
frequencies of various meteorological conditiond amissions rates of HAPs for all
major source categories for 1990 (for 148 air te)kiand subsequently for 1996 (for 32
air toxics). The distribution of total modeled HA&Bncentrations across the country
revealed top quartile concentrations occurrindhaihdustrialized areas of the West and
East Coasts, around the Great Lakes, and alon@utef Mexico. Emissions and
estimated concentrations are generally higherbamthan in rural areas. Some
pollutants are more evenly distributed around thentry while others are linked to areas
of industrial activity. Considerable variability source type contributions was found
between national, state, and county levels (Woddtudl. 1998; Rosenbaurt al. 1999;
EPA 2002).

The 1996 National Toxics Inventory (NTI) is the isa®r the emissions used in
the national assessment. The NTI consists of @nigstimates for four source types:
major, area and other, on-road mobile, and non-nealile. Major sources are defined
as stationary facilities with the potential to emwer 10 tons of a single air toxic or over
25 tons of more than one toxic air pollutant pearyeArea sources were defined as
smaller emitting facilities that emit below the magource threshold. Other modeled
emissions include non-specific sources such adireitdd On-road mobile sources refer
to vehicles found on roads or highways while noadranobile sources refer to those not
found on roads and highways.

The EPA compiled the 1996 NTI using five primaryadsources including EPA’s
Toxic Release Inventory, state and local toxigaitutant inventories, emissions
estimates generated from emission factors andityotiata, and existing EPA air toxics
databases. Mobile source emissions estimatesdeerdoped using mobile source
emission models including MOBTOX5b and NONROAD adlwas a speciation
approach based on fuel types and emission factors.

In general, ASPEN’s modeled concentrations usiedl®96 National Toxics
Inventory (NTI) emission estimates and estimated&rkground concentrations were
lower than measured ambient annual average coatiens when evaluated at the exact
location of the monitors. However, when the maximmodeled estimate for distances
up to 10-20 km from the monitoring location werengared to the measured
concentrations, the modeled estimates were clogbetmonitored concentrations. This
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result can be attributed, in part, to spatial utatety of the underlying emissions and
meteorological data, and the tendency of currertb&ics monitoring networks to
typically characterize the higher if not highest@ollution impact areas in the ambient
air. It also shows that the model estimates anemncertain at the census tract level but
are more reliable for larger geographic scalesvelbeless, modeled estimates at
numerous locations were significantly lower tha@ theasured concentrations even at
distances up to 50 km. For these instances, ffegehce between modeled and
monitored concentrations may be attributed to uegtenated or missing emissions data
and uncertainty in chemical transformation of re@cspecies (e.g. aldehydes) (EPA
2002).

Because ASPEN results are designed to represdrdlspal temporal averages
over each tract, peak values that might occur megr sources are not captured by the
model. Such higher ambient levels might be exmpkateen monitoring near local point
sources or in more densely populated urban arezse(®aunet al. 1999; Bortnick and
Stetzer 2002). Other limitations to ASPEN likegntribute to underestimations of
pollutant concentrations. These include a negiecalm wind conditions, poor
representation of stable atmospheric conditionsabeur at night, and a 50 km
downwind distance. Increased model uncertaingss attributed to incomplete
emissions inventories. Consistent underestimatdmsizardous air pollutants indicate
many emission sources may be absent from the iame(fRosenbaurat al. 1999).

This analysis focuses on compounds within the faegories sampled by the
TASC network: carbonyls, PAHs, metals, and VOCnhbred levels of formaldehyde
and acetaldehyde were chosen for comparison frersdrbonyls category due to their
high ambient levels. PAH levels are described BPEN as a sum of the seven
carcinogenic PAH compounds (7-PAH). TASC levelsemberefore summed in this
manner for the analysis. Of the metals, mangamédegl, lead, and arsenic levels were
compared to modeled concentrations. The otherlsnetadeled by ASPEN, cadmium
and beryllium, were found at monitored levels thate too low to draw a meaningful
comparison. Benzene was the only VOC modeled by Given the uncertainty in
its measured TASC concentrations, no comparisondmeled data was conducted.

6.2. Carbonyls

With respect to formaldehyde and acetaldehyde, AG@&imates across the
United States tended to be lower than monitor ayesaalthough typical values agreed
within a factor of 2. Overall, a large fractionalfiehyde monitors could not be
associated with larger modeled values (even whBikm), suggesting systematic
underestimation by the modeling system for thelaldes, at least for some areas (EPA
2002).

Comparison of the 4-year overall Connecticut cotregions of formaldehyde
and acetaldehyde to those modeled by ASPEN for $86@s that modeled values were
lower than monitored values (Figure 6-1 and Fidi+). The overall Connecticut
median modeled value was 1.4 times lower than thieitored level for formaldehyde
and 1.9 times lower for acetaldehyde.
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Figure6-1 Comparison of 4-year average monitored Connecticut formaldehyde
concentrationsto the 1996 ASPEN modeled concentrations (per cent distribution).
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Figure 6-2 Comparison of 4-year aver age monitored Connecticut acetaldehyde
concentrationsto the 1996 ASPEN modeled concentrations (percent distribution)
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Figure 6-3 and Figure 6-4 display TASC mean anfe@lering the entire
available data collection period) concentrationfoaialdehyde and acetaldehyde to
EPA ASPEN modeled mean annual (1996) and 95th peleeoncentration (by county).
TASC average levels are substantially higher th@A Ehean annual and 9percentile
levels at each of the seven sites. TASC monitocgatentrations and EPA’s predicted
concentrations display some degree of variabiithough Wallingford and Manchester
formaldehyde levels, and Hartford and Manchestetaddehyde levels are exceptions.
Both of these paired sites show different behaveiween TASC and EPA. For
example, TASC formaldehyde concentrations in Waftind are considerably higher
relative to other sites, while EPA predicted coniaions for Wallingford are not. The
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opposite pattern occurs at Manchester. Voluntawméldehyde concentrations are

lowest for both EPA and TASC.

Figure 6-3 Comparison of TASC mean annual concentration of formaldehyde (by
site) to EPA ASPEN modeled mean annual and 95th per centile concentration (by
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Figure 6-4 Comparison of TASC mean annual concentration of acetaldehyde (by
site) to EPA ASPEN modeled mean annual and 95th per centile concentration (by
county)
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Given that carbonyls are both primary and secondalytants, the consideration
of background ubiquity must be taken into accoumémvcomparing TASC and ASPEN
formaldehyde and acetaldehyde values for selectedties in Connecticut. EPA
considers background concentrations to consisbatributions to outdoor concentrations
resulting from natural sources, persistence iretheronment, and long-range transport
(EPA 2002).

Figure 6-5 and Figure 6-6 provide estimated sooocgributions to EPA’s
modeled mean annual average concentrations of fdetmgde and acetaldehyde,
respectively. Figure 6-5 shows that estimated dpaeknd levels of formaldehyde
uniformly contribute 0.2g/m3 of the total mean annual average across sitésh
represents a range across sites of 18% to 37% abthl modeled concentrations.
Onroad and nonroad mobile sources comprise from t8448% and 20% to 42% of the
average source contribution, respectively. Othea gources contribute only 4% to 9%.
Major source contributions are negligible. CompgiePA New Haven County
formaldehyde estimated source contributions to TAS®itored concentrations (as
shown in Figure 6-3) suggests the possibility &frge industrial source influence not
represented by EPA estimates. This reflects tHeeeabservation that these are
countywide modeled estimates, whereas TASC is ffiemeeline impact. Figure 6-6
shows no background contribution to acetaldehy@eame levels. Onroad and nonroad
mobile sources make up from 60% to 67% and 24%6%, 3espectively; area sources
comprise 5% to 9%. No major source contributiarsatcetaldehyde were modeled.

Figure 6-5 EPA estimated sour ce contribution to modeled mean annual
concentrations of formaldehyde in Connecticut (1996)
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Figure 6-6 EPA estimated source contribution to modeled mean annual average
concentrations of acetaldehyde in Connecticut (1996)
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6.3. Metals

6.3.1. Manganese

Comparison of the 4-year overall Connecticut cotregions of manganese to
those modeled by ASPEN for 1996 shows that moded&des were much lower than

monitored values (Figure 6-7). The overall Conicettmedian modeled value is about 9
times lower than the monitored level.

Figure 6-7 Comparison of 4-year aver age monitored Connecticut manganese
concentrationsto the 1996 ASPEN modeled concentrations (per cent distribution).
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Figure 6-8 and Figure 6-9 display the mean annuge@r TASC, 2002
IMPROVE) concentrations of manganese at the se¥SCTsites and one IMPROVE
site (Mohawk Mountain) in comparison to the 1996P&8! modeled means and™5
percentile. These figures show that the mean toi@d manganese concentrations at all
the sites are higher than the uppef Brcentile of the 1996 ASPEN modeled
concentrations. The TASC monitored values inditia¢ehighest manganese
concentrations occur in Groton, while the lowesturan Voluntown. No model
difference is indicated between these two sitesesine modeled data are presented on a
county by county basis and both towns are in Nemdom County. According to the
1996 ASPEN modeled results, Litchfield County shoheslowest values (Mohawk
Mountain), while New Haven County (Wallingford awthterbury) shows the highest
modeled concentrations.

Figure 6-8 Comparison of CT monitored manganese concentrationsto ASPEN
modeled levelsfor seven TASC sitesand one IMPROVE site.

9 0.03 1 /\
S 0.025 A »
S —e— Monitored Avg
g 0021 —=— ASPEN Avg
% ASPEN 95%
= 0.015 +
c
8 0.01
S N vV
© 0.005
Bridgeport ~ Groton (New Hartford Manchester ~ Voluntown Wallingford Waterbury Mow haw k AlCT
(Fairfield Co) London Co.) (Hartford Co) (Harford Co) (New London (New Haven (New Haven Mtn (Litchfield  Average
Co.) Co) Co) Co)
Figure 6-9 1996 ASPEN modeled manganese levelsfor CT counties
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Figure 6-10 shows estimated source contributiortSRA’s modeled annual mean
concentration of manganese. Area sources are expecdominate with lesser
contributions from nonroad mobile.
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Figure 6-10 EPA estimated sour ce contribution to modeled mean annual
concentration of manganese in Connecticut.
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6.3.2. Nickel

Comparison of the 4-year overall Connecticut cotregions of nickel to those
modeled by ASPEN for 1996 showed that modeled galere lower than monitored
values (Figure 6-11). The difference was not as@unced as that seen for manganese

as the overall Connecticut median modeled valueakasit 2.4 times lower than the
monitored level.

Figure 6-11 Comparison of 4-year average monitored Connecticut nickel
concentrationsto the 1996 ASPEN modeled concentrations (per cent distribution).
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Figure 6-12 displays the mean annual (4-year TAR02 IMPROVE)
concentrations of nickel at the seven TASC sitesare IMPROVE site in comparison
to the 1996 ASPEN modeled means anll @&rcentile. Unlike manganese, nickel levels
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are higher than the ASPEN modeled'¢®rcentile at only three TASC sites: Bridgeport,
Groton, and Wallingford. The TASC monitored levett®w the highest 4-year mean at
Groton and Wallingford with the lowest mean in ialown. The 1996 ASPEN modeled
results show the highest values in Hartford Co\Htyrtford and Manchester) followed
closely by New Haven County (Walllingford and Waery). Since the ASPEN analysis
gave estimates by county, the highest and lowesterdrations from TASC sites

(Groton and Voluntown) could not be differentiatadce they are both in New London
County.

Figure 6-12 Comparison of monitored nickel concentrationsto ASPEN modeled
levelsfor seven TASC sitesand one IMPROVE site.
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The agreement between the modeled levels and TAGWaoned levels was best
in Hartford County (Hartford and Manchester) anduvown. The ratio of the two
measurements was between 1.2 and 1.8 for thesedites. The largest ratio between
the modeled and monitored means was found in Gnetwre the monitored levels were
ten times higher than the modeled levels for thanty. This is most likely attributed to
the proximity of the monitoring site to sourceghat town. These higher levels would
not be as apparent when modeling levels througtheuéntire county. The IMPROVE
monitored concentrations showed good agreemein @ai.2) with the modeled values
provided by ASPEN.

Figure 6-13 shows estimated source contributiorilS#4’s modeled annual mean
concentrations of nickel. According to the 1996P&B estimates, area sources
dominate nickel contributions for all sites, rarginom 69% to 96%. Major sources
contributed up to 11% of the modeled annual medth, thve highest major source
contributions occurring in Wallingford, Waterbugnd Bridgeport. Non-road mobile
sources also showed significant contributions inlgzport and New Haven County
(Wallingford and Waterbury), contributing 18% ari2Pd to the annual mean,
respectively. This modeled data suggests thae kstagionary sources and mobile
sources have little input into total nickel coneatiobns in New London County and
Hartford County. Like manganese, the modeled mali@ate no background sources of
nickel in the state.
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Figure 6-13 EPA estimated sour ce contribution to modeled mean annual
concentration of nickel in Connecticut.
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6.3.3. Arsenic

Arsenic levels determined by TASC monitoring showaech higher levels than
predicted by the 1996 ASPEN model. Figure 6-14vshihe comparison between
monitored and modeled arsenic in Connecticut. mkdian modeled arsenic level for
1996 was about 15 times lower than the 4-year drstatewide monitored median for all
TASC sites combined. It should be noted that #teation limit for Arsenic was greater
than the modeled values and went undetected ioygthalf the samples. Based on
this, the monitored values in the figure are likelerestimates of the true ambient levels
with the exception of the three rightmost bars" (8" and 9%)).

Figure 6-14 Comparison of 4-year average monitored Connecticut arsenic

concentrationsto the 1996 ASPEN modeled concentrations (per centile distribution).
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Figure 6-15 displays the mean annual (4-year TAR02 IMPROVE)
concentrations of arsenic at the seven TASC sitdae IMPROVE site in comparison
to the 1996 ASPEN modeled means antl @&rcentile. The TASC monitored levels and
modeled estimates agreed in that the both shoveeliginest values of arsenic in
Bridgeport and Waterbury with the lowest level&wmluntown. However, the modeled
levels of arsenic ranged from being 10 times lotkan monitored levels in Wallingford
to 50 times lower than the monitored levels in Gnot The agreement was better for the
IMPROVE site where the monitored value at Mohawlkuntain was 5 times higher than
the modeled value. The limits of detection for & ROVE monitor were 4-5 times
lower than TASC, and in part explains the closeeament with the modeled numbers.

Figure 6-15 Comparison of TASC monitored ar senic concentrationsto ASPEN
modeled levelsfor seven TASC sites.
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As noted, the large difference in ASPEN modeled BABC monitored arsenic
concentrations is driven by the relatively highedgion limit for TASC relative to the
modeled levels (in some cases an order of magngtebder). Additionally, arsenic was
detected in just under half of the samples. Anothetor could be incomplete or
incorrect arsenic emissions inventories, which migad to an underestimation in the
modeled predictions. In addition, deposited axs#mt has been resuspended would be
sampled by the monitors but not taken into accoyrASPEN modeling.

Figure 6-16 shows estimated source contributiortSRA’s modeled annual mean
concentrations of arsenic. Across all countieSamnecticut, area sources provide the
largest contribution to airborne arsenic, accognfor 70%-95% of emissions. Major
sources account for 20% of arsenic emissions irfi€la County, 5% in Harford County,
and 9% in New Haven County. Non-road mobile saaiemount for 8% of emissions in
Fairfield and New Haven counties and 6% of emissiarall of Connecticut.
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Figure 6-16 EPA estimated sour ce contribution to modeled mean annual
concentr ation of arsenic in Connecticut.
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Lead levels determined by TASC monitoring tendedddigher than the levels
predicted by the 1996 ASPEN model. Figure 6-17ivshihe comparison between
monitored and modeled lead in Connecticut. Theiameshodeled lead level for 1996
was about eight times lower than the 4-year anstadwide monitored median for all
TASC sites combined. The figure shows that altihatngre is poor agreement between
the monitored and modeled lead values, both shegldevell below the quarterly
NAAQS standard of 1.5 ugfn

Figure 6-17 Comparison of 4-year average monitored Connecticut lead
concentrationsto the 1996 ASPEN modeled concentrations (per cent distribution).
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Figure 6-18 displays the mean annual (4-year TAR02 IMPROVE)
concentrations of lead at the seven TASC sitesoardMPROVE site in comparison to
the 1996 ASPEN modeled means ant] p&rcentile. The monitored levels and modeled
estimates agreed in that they both showed the sigfadues of lead in Bridgeport and
Hartford with the lowest levels in Voluntown. Thedeled levels of lead were nine to
sixteen times lower than the average values detedrfrom TASC sampling for all the
sites except Manchester, which was four times lowdre besabsoluteagreement
between monitored and modeled values occurred aavk Mountain, the IMPROVE
site. Nonetheless, ASPEN's predicted concentratias a factor of five times lower than
the monitored concentration.

Figure 6-18 Comparison of TASC monitored lead concentrationsto ASPEN
modeled levelsfor seven TASC sites
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Figure 6-19 shows estimated source contributiortSRA’s modeled annual mean
concentrations of lead. EPA’'s ASPEN analysis iatdis that area and other sources are
significant contributors to mean lead concentraiahall sites. Area source
contributions ranged from 40% in Hartford County@&% in New London County.
Non-road mobile sources provided significant cdmitions to the overall mean in
Fairfield County (Bridgeport) and Hartford Countyartford and Manchester). These
sources accounted for 47% of the annual mean gigBport and 57% of the annual mean
in Hartford and Manchester. Less of a contributi@s seen in the remaining sites, with
8% contribution in New Haven County and 3% in Nesntdon County. On-road mobile
sources contributed between 3%-4% of the annuahnmeall the sites except the two in
New Haven County where its contribution was 8%e ©hly site with a significant
major source contribution was Bridgeport, where EERAmated about 4% of the annual
mean lead concentration was attributed to thesessu
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Figure 6-19 EPA estimated sour ce contribution to modeled mean annual
concentration of lead in Connecticut.
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ASPEN modeled concentrations of metals have beanrsto be consistently
lower than those determined by TASC monitoringisTonclusion was also made by
EPA’s National Air Toxics Assessment when assestiagalidity of the ASPEN model
(EPA NATA). Based on the lead median ratio, it wlagermined that the modeled
values underestimated monitored levels by a fauft@r5- consistent with the ratio found
in Connecticut. This underestimation is most proraed when comparing modeled
estimates to source oriented monitors.

EPA describes the discrepancy between modeled andared lead (and other
metals) as due to a combination of several factbhissing emissions from the inventory
would lead to underestimation of concentrationth@amodeled results. Spatial
uncertainties in emission locations would also Eadncertainties in the results. Since
many lead sources are isolated facilities in rarabs, the area of high concentration may
be very small. Errors in emissions locations tease heights could cause the model to
miss the peak. This would result in underestinmatitnen compared to a monitor at the
emission location (EPA 2002). Furthermore, ASPER$ wesigned to represent spatial
and temporal averages over an entire census trdqieak values very near sources will
not be captured (Rosenbawm al. 1999).

Another possibility for underestimation of lead ¢@her metal) concentrations is
from re-suspension of lead particles. Sourcesthhae a history of lead emissions may
be surrounded by soil containing deposited leaatwban reenter the air because of wind
or human activities. These concentrations woutthstip on the monitor but are not
accounted for in the emissions inventory.

6.4. Polycyclic Aromatic Hydrocarbons

The 1996 National-Scale Air Toxics Assessment tisedASPEN model to
predict PAH concentrations by modeling the sumhefdeven carcinogenic members of
the group- benzo[a]anthracene, benzo[b]fluoranthikeezo[k]fluoranthene,
benzo[a]pyrene, chrysene, dibenz[a,h]anthracemkirmeno[1,2,3-cd]pyrene. The
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resulting composite species, called 7-PAH, was @pgpto the TASC monitored
concentrations by examining the sum of the montt@@ncentrations for these 7 PAHSs.
Unlike metals, ASPEN tended to slightly overestentie total concentration of the 7-
PAHs modeled. This is true despite the fact albn-detect samples were replaced
with a value of the detection limit when represegtihe monitored concentrations. The
median ratio of monitored to modeled 7-PAH concaidan was 0.44. The agreement
was much better for the uppeﬁ@ﬁercentile, with a ratio of 0.95. The ratio oéth
overall Connecticut monitored mean to the modeledmwas 0.67 (Figure 6-20).

Figure 6-20 Comparison of 4-year average monitored Connecticut 7-PAH
concentrationsto the 1996 ASPEN modeled concentrations (per cent distribution)
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Figure 6-21 displays the TASC mean annual (4-yeamgentrations of 7-PAH at
the seven sites in comparison to the 1996 ASPENetaddmeans and 9%ercentile.
The highest monitored values occurred in Grotorieniie highest modeled values were
in Bridgeport. The only site underestimated byAISPEN model was in Groton. This
could be explained by the proximity of the monitwisources of PAHs, where the
county’s peak concentrations could have been misgd¢kde model. The best agreement
between modeled and monitored values occurred lnn¥@wvn and Wallingford where
the ratio of monitored to modeled values were @d@ 0.87, respectively.

Figure 6-21 Comparison of TASC monitored total concentrations of seven
carcinogenic PAHsto ASPEN modeled levelsfor seven TASC sites.
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Figure 6-22 shows estimated source contributiortlSR4’s modeled annual mean
of total PAH concentrations for the seven carcimg®AHs. The source contributions
of PAHs in Connecticut show that area and othercgsuaccount for 98% of emissions at
all sites while on-road mobile emissions only aeddar 2%. This is in contrast to
previous studies that have reported mobile sowsdseing the major source of PAHs
(Schaueet al 2003, Naumovat al, 2002, Dimashket al2001, Marret al 1999,

Harrisonet al, 1996). Non-road mobile sources accounted fer tlesn one percent of
the contribution to the mean while major sources laackground did not contribute.

Figure 6-22 EPA estimated sour ce contribution to modeled mean annual
concentration of total carcinogenic PAHsin Connecticut.
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6.5. Discussion

While the difference between ASPEN and TASC moeiloralues is generally
sizeable, the extent to which the TASC networlejgresentative of a broader region may
influence the ability to draw meaningful conclusdrom the comparison. This is partly
because ASPEN modeling was not intended to acdoutdrge point sources at scales of
spatial resolution below the census tract levedcadise uncertainty increases from the
county to the census tract level, EPA did not pfewract-level concentrations on their
website. Additionally, any comparison must alsasider the emissions profile of
counties modeled by ASPEN as well as the emissiblesge point sources situated near
TASC monitoring sites. These factors suggest therial challenge of distinguishing
Title V source emissions located near TASC sitesifemissions associated with other
sources or background concentrations.

In addition to the uncertainties surrounding thiitstof TASC sites to represent
entire counties, ASPEN modeling has considerabigdtions. The issue of gaps in the
emissions data has been previously discussed astitcbes a major limitation to the
assessment. Furthermore, a limitation to all Gans®odels is the poor representation
of stable air conditions that typically occur agmi. The model also does not account for
sources that have episodic emissions where higbecdrations are released for a short
period of time.

Although the model tends to under predict concéintna it is a useful tool in
comparing geographic areas and identifying polligtan greatest concern. It can
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therefore be used to prioritize data collection atolw for informed decision making on
sampling strategy. It also lends information oarse contributions of various pollutants.

According to EPA, on a national level, of the fon&in source types (area and
other, major, on-road, non-road) about half of3Bdoxic air pollutants modeled in 1996
have area and other sources as the dominant aatimiglsource type. However,
Morello-Froschet al’s analysis of ASPEN 1990 modeling in Californz®00) showed
that these numbers vary by location. In Califoroiaaverage, HAP concentrations and
health risks originate mostly from area and mobsdarce emissions—although in several
locations point sources accounted for a large o estimated concentrations and
health risks. Notwithstanding California’s findsygWWoodruffet al (1998) found
relatively high background concentrations acrossuts. for several HAPs indicating a
pervasive presence of these pollutants

An additional consideration is changes in air texaoncentrations that may have
occurred since EPA modeling was conducted. Sif&é,1EPA has expected a reduction
in air toxics emissions from subsequently issuadddrds that affect industry categories.
While estimated on-road mobile source emissions@C€s declined from 1990 to 1995
(suggesting corresponding reductions in HAPS) daliecreases may have been offset to
some extent by increases in VOCs emitted by sewthal source categories, including
industrial and non-road mobile sources (Woodetffl 1998). TASC monitored values
represent emissions from 1999-2003. Since the hudkerpredicts measured levels
(using 1996 emissions estimates), one might redbpeapect the differences between
ASPEN modeling using updated (lower) emission lewehnsistent with the TASC
monitoring period to be even greater than showe.her

Since HAPs may be of concern for toxicity from &cas well as chronic
exposures, both short-term and long-term conceoiare important to consider. Thus,
for the ASPEN program to be most effective on sedavel, local monitoring data is
needed to validate modeled predictions in ordexctieve the goals of integrated
assessment of the potential health risks from axgssto HAPs. The CT DEP’s TASC
monitoring data are therefore an important valatatool, although subject to certain
limitations of interpretation given the objectivafsthe TASC network
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7. CONCLUSIONS

7.1. Overview

This report reviews hazardous air pollutant (HARbadcollected by the
Connecticut Department of Environmental Protec{iom DEP), focused on the
monitoring effort undertaken through the Toxics &tudy in Connecticut (TASC). The
study provides an array of data on air toxics presethe ambient environment,
including carbonyls, polycyclic aromatic hydrocanbdPAHS), metals and volatile
organic compounds (VOCs). Beyond the simple gbplaviding an estimate of
ambient concentrations, the information gatheredesea number of purposes. These
include: (1) providing data to assess the fatetersport of toxics in the state, (2)
establishing a baseline level to aid in an effextass evaluation of HAP reduction
strategies, (3) aiding toxic air quality model periance assessments, and (4)
determining whether or not additional permit reqmoients are necessary for Title V or
solid waste facilities. Notably, these data atended to help inform policy development
and future air emission reduction efforts for stasiry and mobile sources within
Connecticut.

Samples were collected for the selected air tox@nucals from seven sites over
a five year period, beginning in 1999 and ending003. A quality assurance review
was conducted that evaluated field and laboratperating practices. Considerable
information regarding data quality was acquireatigh an assessment of field and trip
blanks. Additionally, information from collocatsdmples provided precision estimates.
Overall, the majority of data collected was deemeckptable for detailed analysis,
although several individual compounds were notlgigiog chromium and benzene).

In addition to the data from TASC, ambient toxidlp@ant data collected from the
Photochemical Assessment Monitoring Stations (PAM&)Ee reviewed and compared to
TASC results. Further comparisons were made wiabeted data from the EPA’s 1996
National Ambient Toxics Assessment (NATA) and IMP®®data from northwest
Connecticut. These comparisons provide an altemapproach to judge the data
quality from TASC.

Quality assured data were then analyzed to illtesttee spatial and temporal
behavior of the various species. When levels wetew detection, a value equal to the
method detection limit was substituted to providmacentration estimate for those
samples. This approach provides a conservativaast of the ambient concentration
for the non-detect days. Review of this adjustatset yielded insights into potential
regions of interest based on observed differentambient concentrations. Other
analyses included comparison of ambient levelb¢catvailable Connecticut Department
of Public Health proposed annual hazard limitintuga (HLVS). Several different
conclusions could be made based on this analysi®r some species, like
formaldehyde, it was determined that the ambiententrations were above their
proposed HLVs. For others, like manganese, amieerts were deemed to be within

2 Importantly, these proposed HLVs are meant to address ifmcehcentrations. TASC monitors were
sited accordingly, to provide ambient fenceline concentratioma&es.
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the range of their associated proposed HLVs. Etan for some compounds was not
possible, as the protocols were not sensitive émtagetermine concentrations below
the proposed HLV. Many compounds fell into a fauwrategory, in which ambient levels
were substantially below the proposed HLVs. Thiwre®AH class of compounds fell
into this last category.

The TASC program generated a wide array of datajigiing valuable details
regarding the ambient levels of air toxics in Cartioeit. The data analysis highlights are
outlined and summarized in the following section.

7.2. Summary of Results

7.2.1. Carbonyls

Carbonyl data from both TASC and PAMS were evalliafehe focus was placed
on formaldehyde and acetaldehyde, as these twomgsare ubiquitous and at
guantifiable levels. Although acetone data werented reliable from TASC, little
emphasis was placed on the results since its atrlbsgls were two orders of magnitude
below the proposed HLV. Measurements of largel@ayl species (with greater than
two carbons) were not of sufficient quality fordapth investigation. This is no doubt in
part due to their scarcity in the environment, #gredinability of the methods employed
here to measure such low concentrations.

Data quality for formaldehyde and acetaldehyde hvgls, with ambient levels
well over levels detected on blank samples. Pi@tisstimated from collocated samples
also indicated the method was able to yield coasisesults. Despite the decrease in
sample volume collected that occurred early inpituggram to address breakthrough for
these light species, the method detection limit sugfciently sensitive to measure
ambient levels below the proposed annual HLV. Pisnits a reasonable health
assessment to be conducted for these carbonyls.

Both spatial and temporal behavior was investigatethese compounds.
Spatial variation was apparent, with the higheshiddehyde levels identified in
Wallingford. Manchester and Voluntown exhibitee tbwest concentrations of
formaldehyde in the State. The levels observéllatingford, which were nearly 70%
greater than those observed at the next highestoniog site in Bridgeport, may show
the impact of a nearby point source. Emissionsniory information for the facility near
which this monitor was sited indicated it was astabtial source for formaldehyde and
its precursors. Further investigation showed ghstiatistically significant decline in
ambient concentrations was seen between the &sbhthe monitoring period and the
second. Comparative analysis of these two peabtise other monitoring sites did not
show any statistical differences. The decline atiWwgford is likely directly attributable
to process changes that occurred at the nearbifyfadcetaldehyde was also spatially
variable, with greatest levels found at Hartford &mnidgeport. As previously
mentioned, the lowest levels were observed and Nester and Voluntown.

Temporal variability was investigated with both th&SC and PAMS datasets.
First, seasonal behavior was observed using theCTde®a. For both acetaldehyde and
formaldehyde, significantly higher concentratiorey&observed in the summertime.
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The lowest concentrations were seen during thegiome. This overall statewide
pattern was reasonably consistent across all diegh summertime levels are expected
given the substantial role photochemistry playthaatmosphere for these compounds.

A more in-depth look at summertime levels was catelli using PAMS data,
which were collected in 3-hour increments. Thialgsis revealed potential mobile
source influence given the observed weekend/weedlifigyences. Higher levels were
apparent on the weekdays. This result is corrabdray EPA’s estimated source
contributions for its ASPEN modeling, which indiedtmobile source dominated
influence for these compounds. In addition, thesatgr observed diurnal variations in
formaldehyde indicate that secondary atmosphedcqsses are much more important
for formaldehyde than they are for acetaldehyde.

The ambient carbonyl levels were also evaluatethaggthe proposed HLVSs.
Based on this analysis, one can conclude that idehgde levels are greater than the
level of concern, while acetaldehyde levels are tiealevel of concern. This conclusion
is consistent with monitored results from acrogsdbuntry. In addition, EPA’s ASPEN
model predicted levels in Connecticut near the gsep HLVs, although they were
generally below the monitored results discussed.h&he differences are reasonable
given the limitations of the model and its prediotof county average concentrations.

7.2.2. Polycyclic Aromatic Hydrocar bons

PAHSs are the second compound class discussed iefibet. The PAH target list
included nineteen different PAHSs, although reswkse reported as sixteen distinct
concentrations due to several coeluting speciesdata quality issues were identified for
this compound class.

For the most prevalent compounds, blank levels \eveesnough to permit
reliable ambient level determination. About hdlflee species were routinely identified
in the ambient samples. Precision analysis coredueith collocated sampler data
showed reasonable agreement, although variatiorob&erved. This variation appeared
related to compound volatility, with the most vidlatompounds showing the greatest
relative percent difference between collocated $asapThe data analysis also
determined that results were not substantiallyericed by the sampling and analytical
protocol changes that occurred in July 2601.

Statewide ambient levels for the various PAHs veadeulated. MDL values
were substituted for non-detect samples, consigtghtthe approach employed for
carbonyls. Spatial variability was observed foPa#AHs, with similar behavior across
sites and species. Groton and Wallingford disglahe highest levels of PAHs with the
lowest concentrations monitored at Voluntown, gseeted.

Seasonal differences were also observed. Mostespfad! into one of two
categories, showing either a summertime maximuewintertime maximum. The
general behavior is consistent with that notedhenliterature. The most volatile species
seem to peak in summertime, which may indicatetWiaation is important emission

22 The sample schedule was changed from a weeklong sample-{war2gample taken every sixth day.
To offset the decreased sensitivity due to lower sample colfeetiiume, the analytical protocol shifted to
SIM from scan mode.
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mechanism for these species. In contrast, higleontdr weight PAHs were observed in
the winter months. This could be attributed ta@ased use of heating sources that
operated in the cold months but not the summer.o@e& notable, unexplained event
occurred in Groton during January 2001. For thantim, PAH levels were well above
their average conditions, but only in Groton. Aliigh no explanation could be derived
from the data, it may be due to local constructionoadwork.

To assess the potential health implications of mooed PAH levels, a
comparison between ambient concentrations and peapannual HLVs was conducted.
The methods employed in TASC were sensitive endoi@ssess all of the PAHs with
proposed HLVs. The comparison showed that amlbésets of PAHs range from one to
four orders of magnitude lower than the proposed$jlimplying no significant risk is
associated with individual species at the monitdoedtions. The long-term ambient
levels were below the HLVs, even during the evempieeienced at Groton.

The final analysis of PAH levels in the State casted the ambient results to
modeled results. A comparison was conducted byrsnmthe concentrations of the
seven carcinogenic PAHs monitored, as these werpdd together in the model. There
was quite reasonable agreement between the modi@hanitor results, unlike most of
the model to ambient data comparisons. This mdigate good model performance for
PAHSs. Literature studies point to mobile sourcea gubstantial contributor to
environmental PAH levels, while EPA modeling showetlally no mobile source
emissions for this category. Instead, EPA’s ingntdentifies area sources dominating.

7.2.3. Metals

The third major compound class monitored by TAS@&tals. Varying levels of
success were experienced in the determination bfearhconcentrations of the twelve
different targeted metals. Many metals were radelected in the blank samples.
However, blank levels of both chromium and zinceveomparable to detected ambient
levels. Precision estimates were made and genastadwed relative percent differences
in the range of 20 to 35 percent.

Although the data were deemed reliable for moshefmetals detected, changes
in the sampling protocol in July 2001 did affected#ion limits. Before that date,
weeklong samples were obtained, whereas after ¢h2#;hour sample was collected
once every sixth day. This change in MDL madeatendifficult to evaluate arsenic and
cadmium with respect to proposed HLVs, as the dietetimits after the sampling
change were at the same levels as the proposed.HLVs

Ambient metals concentrations were summarizedwidgefor two periods,
before and after the July 2001 sample protocol ghann general, the levels after the
change for all metals were higher. This may siniq@ya reflection of the influence that
MDL substitution for non-detects has on averagaltes The differences are most
pronounced for metals that had substantially dffiéipercent non-detects between the
before and after period.

The ambient results did show spatial variation s€tbe State, although it was
not consistent from metal to metal. In genera,liackground site in Voluntown showed
the lowest levels, followed by Manchester. Sealsdifferences were also plotted on a
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statewide basis. There did not seem to be anyanie variation from season to
season, although nickel, vanadium and seleniushalived their highest levels in the
winter. This may reflect increased heating uskiels in the wintertime, as all three of
these metals are present in fuel oil.

Further analysis evaluated the ambient concentratgainst the proposed annual
HLVs. The methods employed by TASC were sensgiveugh for some of the metals,
like manganese, nickel and lead. However, detediits for arsenic and cadmium may
not be capable of adequate evaluation againstrdpoped HLVs. In the case of zinc and
chromium, the high levels on the blank meant thaitoced ambient concentrations were
unreliable, preventing a comparison to proposed siLWead and nickel levels
throughout the State appear to be well below tbpgsed annual HLV. Manganese and
arsenic concentrations are close to the proposaabdiiLV throughout the State,
although manganese manifests a spatial distribudbserved for arsenic. These two
metals may warrant further observation. Therégsiicant uncertainty surrounding
cadmium concentrations due to low ambient levBlenetheless, this metal may not be
of concern, as supported by the first two yeardaba.

In addition to the comparison with proposed HLVatadfrom four metals were
compared to modeled predictions. Additional dass wcorporated from the IMPROVE
monitoring site located in northwestern Connectatulohawk Mountain. As observed
previously, ambient levels were consistently gnetitan modeled levels for manganese,
nickel, arsenic and lead. The best agreement esarglly observed between the
modeled data and the ambient background sites n@kn and Mohawk Mountain. Of
the four metals, nickel showed the closest colmiatAccording to the emission
inventory modeled, metal emissions are dominatethéyrea source category, although
lead also had substantial non-road mobile soumresoime counties in the state. The
most substantial ambient concentrations were obsgdarvthe same counties where this
non-road contribution was predicted to be most tsutbisl.

7.2.4. Volatile Organic Compounds

The final compound class evaluated is volatile oigaompounds. TASC
monitored for 54 different VOCs. The results aéthnalysis varied, depending on the
specific compound. Overall, there were few usafabient values derived from the
dataset, primarily due to the apparent very low iamttconcentrations for most of the
species.

The VOC analysis is focused on a collection ofelggt most prevalent species.
Precision estimates for these compounds were rabgrwith most relative percent
differences reported within 25%. Although detectbéée group did not include benzene
since data quality for this compound was poor. rélveere seven other VOCs which
were primarily below the MDL, whose MDL was alsa sensitive enough for
evaluation against their proposed HLVs. Howevensgivity for fourteen other species
was adequate for comparison.

Variability from site to site was examined. Toleend methylene chloride
showed the most differences, while chloromethamketachlorofluoromethane showed
little variation. Seasonal variation was not apabkle. However, temporal variation
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was observed on a diurnal scale as evidenced bynstiime PAMS data. That variation
revealed maximum concentrations for most speciéiserevening, in some cases,
building into the early morning hour&tmospheric mixing of clean air aloft after sunrise
appears to drive concentrations lower during tierabons.

Hourly PAMS toluene data was compared to 24-hoeraged, every sixth day
TASC data as an alternative mechanism for dataatdin. Although the two networks
did not have collocated sites, qualitative agreemes observed when ambient levels of
nearby locations were compared. The analysis dstraied how average ambient
concentrations are influenced by the underlying datlection frequency. When
averaged over available data from an entire sumiineicomparisons between PAMS
and TASC was poor. When the comparison was réstrio measurements from the
same days, however, the comparison was substgnirgtoved. One can infer that the
best longer term average is derived from the datalsieh represents the greatest number
of days.

The final analysis for VOCs reviewed ambient coriions in relation to the
proposed HLVs. The levels for chloromethane, mletig chloride, toluene, acetone and
2-butanone appear to be below the proposed HLV&h&se chemicals. A number of
other compounds were not detected and are, thereflso not expected to cause concern
(the MDL is far lower than the proposed HLV). Hoxee, the sampling and analytical
protocols used in TASC lack the sensitivity to etderize eight other VOCs on the
target list. These are the compounds with the stoistgent proposed HLVs, including
benzene. Therefore, planning for future efforisusth take the limitations of the current
study into consideration.

7.3. Recommendations

When compared to other available data, the leviedsr doxics established
through TASC are similar to those found in othettpaf the United States (Hafnet, e
al., 2004). For the majority of the compounds, the i@mfoconcentrations appear to be
low when judged against CT DPH proposed annual HLIWshould be noted that siting
criteria for the network may not adequately reflbet entire range of air toxics
concentrations across the State. However, thergpbg distribution may adequately
establish this range. As future strategies fotadic reduction continues, one planning
tool that could help to evaluate the potential igh&ariability of air toxics in Connecticut
is an emissions inventory database developed throegprted emissions from permitted
sources. The database could serve other purpssesllainforming decisions regarding
potential revisions of the air toxics regulatiomsl @allow tracking of changes in
emissions that should be directly reflected in anbievels.

Although most of the monitored chemicals were fobetbw levels of concern,
formaldehyde, acetaldehyde and manganese werelhetcarbonyl concentrations are
likely dominated by motor vehicles, and the samg beatrue of manganese. These
species deserve continued attention. Carbonyltoamg continues under the PAMS
program. Based on the review here comparing 24-hA&C measurements and 3-hour
PAMS measurements, one can conclude greater \@alymned by shorter-term
measurements. These avoid sample issues of breagthfor these light carbonyls and
also provide evidence for the impact of local (@iity mobile) sources, with rush-hour
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increases. The carbonyl samples also serve thgdyzose of aiding the understanding
of local ozone chemistry, which is the rationaletigh the PAMS program.

Acrolein and other carbonyls were not well-charazésl by TASC. However,
these air toxics are important. EPA is currentlysping methods development for
analysis of acrolein in ambient air. Progressliese analytical techniques should be
followed and evaluated. It is likely that measuesits of this compound will become
routine in EPA’s air toxics monitoring program acwlild be considered for inclusion in
Connecticut’s network in the future. Although tigdrue in general, to the extent any
additional monitoring is performed, consistencytmother monitoring efforts in the
country would permit the direct comparison of r&sut Connecticut to those in other
areas of the United States.

Other compounds, such as arsenic and cadmium reemuaire refined sampling to
properly assess their ambient levels against thegsed HLVs. As these are both
reasonably toxic components in ambient air, impdogeantification is a priority. The
early period of TASC sampled for a week. The amadytechniques employed may be
sensitive enough providing sample time is extertdexdweek or more. Continued
sampling at a single site could demonstrate thigyatn characterize atmospheric
concentrations of these two metals, and also peowidre data for manganese. However,
the current analytical methods will not provide aemb levels of hexavalent chromium,
although they are capable of yielding total chramievels assuming the contamination
problem is identified and addresé&d

Many VOC:s fall into this same category as metalsene detection limitations
prevented their evaluation. Most of those speciesdd be suitably characterized if the
injected sample volume was increased by a factdr which would lower the detection
limits below the proposed HLVs by several multipldswever, adequate water vapor
and carbon dioxide removal from the sample injecsiteam would be requiréd.
Alternatively, the analysis could be conducted libl $node for the compounds of
interest. Given the dilute atmospheric levelsaty be important to characterize these
low concentration VOCs at one of the sites showviiigipest concentrations of related
VOCs to maximize the chance of detection. Althobghzene was not successfully
monitored through TASC, the PAMS program does ralyi track this compound and
other lighter toxic hydrocarbons like toluene agteres. All of these species, in
addition to 1,3-butadiene, which could be repottedugh PAMS analyses, share mobile
vehicles as a dominant anthropogenic source.

Unlike the other compound classes monitored uné&d, PAHs were found to
be below levels of concern across the board. Thver¢he least emphasis needs to be
placed on this group. Despite the current knowdeofgambient concentrations, periodic
evaluation may be warranted to assure levels refoain Use of the NEI or a locally
available emission inventory could be used to tidwknges in emissions. At first order,

3 |t appears likely that the contamination issue for i@t &n are related to changes in the filter used for
sampling. Filter contamination is commonplace. The aicalyiab ordered a new set of filters in mid-
2001, after which substantial contamination was observedrfand Zn.

24 Documentation for EPA method TO-15 states volumes o€dribe collected via this method, which
represents a 2.5 times increase in detection capability. Ceaxeflulation of trapping methodology could
permit collection of volumes greater than 1 L.
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if no major increases are recorded in the datalmassybstantial increases in ambient
concentrations would be anticipated. Alternatiyelyntinued evaluation of EPA’s
modeled air toxics results could be used to traatkmtial areas of concern. This
approach seems most reasonable for PAHs givere#is®mable agreement observed
between the NATA 1996 results and the recorded TABBient levels.

Although modeling could be used for other compocliadses, the results are still
very uncertain for long-term localized impact assesnt. HAPs may be of concern for
toxicity from acute as well as chronic exposurébus, for the ASPEN program to be
most effective on a state and local level, moniigdata are needed to validate modeled
predictions in order to achieve the goals of iraen assessment of the potential health
risks from exposures to HAPs. The CT DEP’s TASGitowing data are therefore an
important validation tool, although subject to aértlimitations of interpretation given
the objectives of the TASC network. If future mtoning efforts are considered, they
may want to take into account how such measuredaatcould aid model evaluation.
As the modeling tools become more refined and ateuthe need for ambient
monitoring may decline.

One piece of information that was not availabletgh TASC, that would prove
helpful in data evaluation, is local wind data.v&i the week-long sample times for
many of the air toxics, local winds may be of liedtuse. However, for samples of
shorter duration, local transport information colblan important means to identify
nearby sources impacting a monitoring site.

Other important considerations with regard to tbeeptial future monitoring
efforts for air toxics include the considerationndfether monitoring sites are
representative of population exposures and theéesds of any hot spots associated with
particular sources (of any type) or conditions.e TMSC network was sited specifically
to monitor for property-line concentrations andikely not the most effective way to
evaluate the risks of ambient air toxics. Morepeemulative exposures to many
pollutants from multiple sources, even if none edseHLVs individually, could also be
a concern. In that context, however, the integratek from air toxics may be
overwhelmed by risks from other air pollutants€liiine particles).

Overall, ambient air toxics monitoring data fromnecticut sites reveal that
most species’ concentrations are below levels n€em. For those which are not,
mobile sources appear to be a dominant influe@mntinued monitoring may be
warranted for certain compounds, with much dependeon the emergence of new
analytical techniques and/or sampling protocolghe®planning tools may prove useful
to aid in the continued evaluation of air toxicghe State. These include (1) the
development of an air toxics emission inventorydermitted sources and other source
categories and (2) modeling performed by EPA, wiiay yield additional insights.
These two alternative approaches should complethenhonitoring that has already
taken place and help to inform any decisions oar&monitoring efforts.
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Appendix A: Health Information for Select
VOCs
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Table A-1: Health Information for Select VOCs

. Annual HLV Connecticut Health
Compound IRIS Information 3 . oe
(ug/m?) Information
HLV set to protect against
nuerological damage seen
Non carcinogenic effects in short term and
include CNS toxicity and continuous inhalation
Chloromethane cellular necrosis. Classified studies. Based on IRIS
(syn: methyl as group D- Not classified RfC. Not enough evidence
chloride) as a carcinogen. 15 | to consider it a carcinogen.
Non carcinogenc RfC
established due to HLV set to 1 in 100000
chloroethene's toxic effects cancer risk level for 30yr
in the liver. Classified as exposure. Based on
Group A- Human evidence of an association
Carcinogen due to sufficient between inhalation
studies establishing its exposure to vinyl chloride
Chloroethene carcinogenicity in humans and development of
(syn: Vinyl (liver cancer and brain and angiosarcoma, a rare
Chloride nervous system cancers. 1.33 | tumor.
HLV based on the IRIS RfC
divided by a 10-fold factor
for possible carcinogenicity
and a 2 fold factor for
Chloroethane NA 500 | exposure to children.
Inhalation RfCs based on
respiratory irritantion and
some CNS and peripheral
Acetone nervous system effects. 175
Inhalation RfCs based on
degeneration and
inflammation of nasal
respiratory epithelium and
other respiratory system
effects. Classified as Group
B1- probable human Based on IRIS risk level set
carcinogen based on at a 1 to 100000 increased
occupational studies risk level. From
showing higher incidence of occupational studies
lung cancer in exposed showing increased
Acrylonitrile workers. 0.086 | incidences of lung cancer.
Based on IRIS risk level set
Classified as Group B2- ata 1to 100000 increased
probable human carcinogen risk level. From animal
Methylene based on sufficiend studies showing combined
Chloride (syn: evidence of carcinogenicity liver and lung adenomas
Dichloromethane) | in animals. 12.5 | and carcinomas.

% From CT DPH (2002)
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: Annual HLV Connecticut Health
Compound IRIS Information 3 . o8
(ug/m?) Information
HLV based on IRIS RfC.
Substance has not
Inhalation RfC based on undergone complete
peripheral nervouls system evaluation to determine
Carbon Disulfide dysfunction. 350 | carcinogenic potential.
HLV based upon the the
RfC from IRIS. Based on
2-Butanone (syn: Inhalation RfC based on studies showing
methyl ethyl developmental toxicity developmental toxicity in
ketone) effects 500 | mice.
Classified as group B2-
pobable human carcinogen
based on the formation of
hepatocellular carcinomas in HLV based on 1 in 100000
Chloroform mice. 0.5 | cancer risk unit from IRIS.
HLV based developed by
Classified as group B2- human extrapolation
probable human carcinogen method from IRIS value
1,2- based on theormation of that was based on animal
Dichloroethane several tumor types in mice. 0.23 | studies.
HLV based on the CalEPA
chronic Reference
1,1,1- No Inhalation RfC. Exposure Level baset on a
Trichloroethane Classified in group D- not neuropathologic effect
(methyl classifiable as to human shown in a study using
chloroform) carcinogeniciyt. 500 | gerbils.
Inhalation RfC based on an
occupational study showing
decreased lympocyte count.
Benzene is classified as a
Group A- Known human
carcinogen. Epi. Studies
and case studies show
evidence of a causal
association between HLV set to the 1 in 100000
benzene exposure and IRIS carcinogenic risk
acute nonlymphocytic factor. Based on studies
leukemia. Human data is used by IRIS linking
Benzene supported by animal data. 0.75 | benzene to leukemia.
Classified as group B2-
probable human
carcinogen. Based on
inadequate human data but
sufficient evidence showing HLV is based on the cancer
formation of hapatocellular slope factor obtained from
Carbon carcinomas in rats, mice, IRIS. Based on the 1in
Tetrachloride and hamsters. 0.8 | 100000 risk level.
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. Annual HLV Connecticut Health
Compound IRIS Information 3 . o8
(ug/m?) Information
Based on the CalEPA unit
risk value. Carcinogenic
risk determined from 4
inhalation bioassays in
mice showing carcinogenic
Carcinogenic assessment effects in the lung and liver
Trichloroethene withdrawn for further review. 3 | as well as lymphoma
Inhalation RfC set from Based on IRIS RfC value
chronic rat inhaltion studies with extra factors applied
showing degeneration of for inter-individual effects
Methyl olfactory epithelium. No and children's increased
Methacrylate evidence of carcinogenicity. 120 | inhalation exposure.
Inhalation RfC set due to
nuerologic effects shown in
occupational studies.
Chronic rat studies have Based on the IRIS RfC
shown degeneration of value with a 2x children's
Toluene nasal epithelium. 200 | inhalation exposure factor.
HLV set for a 1 in 100000
risk based on the PERC
inhalation unit risk set by
the CalEPA. This was
based on studies in mice
Tetrachloroethene showing liver carcinoma
(syn: and leukemia after chronic
perchloroethylene) | NA 2 | exposure.
HLV is based on an oral to
inhalation extrapolation of
the IRIS RfD. Oral RfD set
Only oral RfD available. Not due to histopathologic
classifiable as a human changes in the liver in
Chlorobenzene carcinogen 35 | dogs.
HLV based on the RfC
proposed by IRIS. An extra
factor was added to the
Inhalation RfC set based on RfC due to recent evidence
developmental toxicity (1999) showing some
shown in rat and rabbit carcinogenicity in rats and
studies. IRIS most recent mice. An extra
information classifies extrapolation was added to
ethylbenzene as group D- account for higher
not classifiable as human inhalation exposures per
Ethylbenzene carcinogen. 50 | body wt in young children.
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Compound

Xylenes

IRIS Information

IRIS sets an inhalation RfC
due to impaired motor
coordination observed in
rats after subchronic
inhalation. Not classifiable
as a human carcinoge.

Annual HLV

(ug/m?3)

215

Connecticut Health
Information?®

HLV derived from the
ATSDR's chronic MRL.
MRL relies on a worker
study in China showing
increased symptoms after
exposure to mixtures of
xylenes. Symptoms range
from irritation to nuerologic
effects.

Styrene

Inhalation RfC set based on
an occupational study
showing CNS effects in
exposed workers.

50

HLV set developed by
looking at the IRIS RfC,
ATSDR's MRL, and
CalEPA's NOAEL and
LOAEL. All looked at
occupational studies in
exposed workers. An extra
factor was added due to
more recent studies
showing some tumor
formation in rats. An extra
extrapolation was also
added to account for higher
inhalation exposures per
body wt in young children.
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Appendix B: PAMSVOCs
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Table B-1: Characterization of PAM S sampling of VOCsin Connecticut®

% of Sample
VoC Detected
1,2,3-trimethylbenzene 84.8
1,2,4-Trimethylbenzene 87.9
1,3,5-Trimethylbenzene 43.8
1,3-butadiene 58.0
1-Butene 73.4
1-hexene 20.9
1-Pentene 52.5
2,2,4-Trimethylpentane 83.8
2,2-Dimethylbutane 56.8
2,3,4-Trimethylpentane 65.4
2,3-Dimethylbutane 82.2
2,3-Dimethylpentane 50.3
2,4-Dimethylpentane 28.9
2-Methyl-1-Pentene 14.4
2-Methyl-2-Butene 0.0
2-Methylheptane 46.4
2-Methylhexane 60.8
2-Methylpentane 98.2
3-Methyl-1-Butene 0.0
3-Methylheptane 44.4
3-Methylhexane 75.6
3-Methylpentane 94.0
4-Methyl-1-Pentene 0.0
Acetylene 89.2
alpha-Pinene 0.0
Aromatics 96.0
Benzene to Toluene ratio 94.1
Benzene 93.9
beta-Pinene 0.0
cis-2-Butene 77.8
cis-2-Hexene 0.0
cis-2-Pentene 32.4
Carbonyls 0.0
Cyclohexane 30.0
Cyclopentane 55.5
Cyclopentene 0.0
Dew Point 99.6
Ethane 99.9
Ethylbenzene 81.1
Ethylene 89.2
Isobutane 94.8
Isopentane 99.8

% Red text indicates compounds that were detected in over 50% sdmples.
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% of Sample
VOoC Detected
Isoprene 92.8
Isopropylbenzene 18.2
m/p-Xylene 93.1
m-diethylbenzene 31.3
Methylcyclohexane 50.0
Methylcyclopentane 56.8
m-Ethyltoluene 68.1
n-Butane 99.0
n-Decane 63.4
n-Dodecane 8.4
n-Heptane 64.2
n-Hexane 75.0
n-Nonane 59.7
n-Octane 61.4
n-Pentane 99.1
n-Propylbenzene 39.0
n-Undecane 59.8
o-Ethyltoluene 41.9
Olefins 92.6
0-Xylene 82.7
Paraffins 96.0
p-diethylbenzene 42.1
p-Ethyltoluene 33.5
Propane 99.6
Propylene 84.3
xylenes to benzene 96.1
total xylenes 93.3




