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Executive Summary

Air toxics are known or suspected to cause canceth@r serious health effects.
Despite their ubiquity and role in increasing tisks of adverse health impacts, relatively
little is known about the ambient levels of airitsxand contribution to health risks.
Characterizing air toxics levels remains one ofktéy challenges to effectively
controlling their risks.

The Northeast States for Coordinated Air Use Mamegge (NESCAUM) and the
New Jersey Department of Environmental ProtectddEP) completed a project to
better characterize air toxics levels and to evelaa quality models for use in assessing
policies to reduce levels of air toxics. The pwof this project is to provide a
comprehensive assessment of priority air toxiddew Jersey based on three primary
tasks: (1) analyze ambient air toxics data in Nergely; (2) compare between existing
ambient data, air quality modeling, and emissiaentories; and (3) evaluate an updated
model for use with air toxics. This report deseslihe activities performed to complete
these tasks in order to characterize New Jersdgxas and to assess the effectiveness
of using existing model results for developing tetgees that mitigate risks from air
toxics.

ES-1. Top air toxicsrisk contributorsin New Jersey

The U.S. Environmental Protection Agency’s (US E®ANational-Scale Air
Toxics Assessment (NATA) is an ongoing US EPA staflgir toxics and their
associated cancer and non-cancer health riske &etisus tract level across the United
States. NESCAUM examined results from NATA 2068 &lATA 2005 to determine
which air toxics posed the greatest risks to putdialth in New Jersey. The 2005
assessment includes 178 air toxics and was developeg 2005 emissions data with
dispersion and photochemical modeling to estimatBi@nt concentrations and exposure
levels. Ambient concentrations from major poinire@s, mobile sources, area sources,
background concentrations, and formation in theoaphere (secondary pollutants) were
incorporated in the assessment.

The top five contributors to New Jersey cancer, igkpiratory hazard, and
neurological hazard (statewide and by county) weeteacted from NATA 2002 and
NATA 2005 and are presented in Figure ES-1. Thdhglordering of compounds
differs, there is considerable overlap betweerighe for 2002 and 2005 for each type of
risk; there are no compounds in the top five listrf NATA 2005 that are not also on the
NATA 2002 list. At a statewide level, the top figentributors to cancer risk, respiratory
hazard, and neurological hazard account for 77eper®7 percent, and 94 percent of
total risk, respectively, according to NATA 2005.

Species that are in large part directly emittearimpile sources play a major role
in the cancer risk and respiratory health quotie®snzene, acetaldehyde, 1,3-butadiene,
acrolein, formaldehyde, and diesel engine emissao@snobile source air toxics
(MSATS), and they represent four of the top five@ps for HAP-related cancer-risk and
all of the top five for statewide respiratory hataccording to NATA 2005. The
ubiquity of mobile sources and their significanhtrdutions to statewide cancer and
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Table ES-1. Top five statewide contributorsto cancer risk, respiratory hazard, and
neurological hazard according to NATA 2005 and NATA 2002

Top Five Compounds | Top Five Compounds| Top Five Compounds
Rank Contributing to NJ Contributing to NJ Contributing to NJ
Cancer Risk Respiratory Hazard Neurological Hazard
41 Formaldehyde (2005) Acrolein (2005 and Cyanlcégoccg)sr;]pounds
Benzene (2002) 2002) Xylenes (2002)
Benzene (2005? Formaldehyde (2005) Xylgnes (2005)
#2 Carbon tetrachloride Acetaldehyde (2002) Cyanide compounds
(2002) y (2002)
3 Naphthalene (2005) | Acetaldehyde (2005) Manga”(ezf)%g)ompounds
Acetaldehyde (2002) | Formaldehyde (2002) Lead compounds (2002)
44 Acetaldehyde (2005) | Diesel engine emissions Methyl chloride (2005
Naphthalene (2002) (2005 and 2002) and 2002)
1 =
Carbon tetrachloride Naphthalene (2005) Lead compounds (200%)
#5 (2005) Methyl bromide (2002) Manganese compounds
1,3-Butadiene (2002) y (2002)

Source: NATA 2002 and 2005, US EPA.

non-cancer health hazard risk makes characteribmgsks from mobile source air
toxics a priority.

It is important to be aware that NJDEP interpreesdata from NATA differently
than does the US EPA, because NJDEP uses diffeeatth benchmarks. Of special
note, while the US EPA did not assess cancer rigk tliesel exhaust in the 2005 NATA
assessment, NJDEP uses the California canceragstirfto determine the health
benchmark for diesel particulate matter. UndemMNABEP approach, diesel exhaust is the
highest contributor for cancer risk in the stated aould have been the greatest
contributor to cancer risk in the 2005 NATA assesstinad it been included. California
has identified particulate matter in diesel exh#tssiot”) as an air toxic due to its
potential to cause cancer, premature death, aredl b&alth problems. In addition to
particulate matter, diesel exhaust includes ovesth@r cancer-causing substances. In
New Jersey, the largest sources of diesel emissi@sn-road and off-road vehicles,
which include passenger cars, trucks, buses, emtistn equipment, agricultural
equipment, locomotives, and marine vessels. Oitiaddl concern in New Jersey is the
presence of hundreds of small stationary diesahesgised for emergency back-up and
high demand day electricity generation. With theseiad and widely distributed diesel
emission sources, NJDEP estimates that the Newyleosinty-level average cancer risk
from exposure to diesel exhaust ranges from 39.60i® a million, with a statewide
average of 324 in a million. The statewide diesélaust cancer risk is an order of
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magnitude higher than that of formaldehyde, théésg ranked compound from NATA
2005.

In the NATA assessment, cancer risks in New Jeaseylominated by secondary
formation (chemical production via reaction in #Hienosphere) of formaldehyde, and to a
lesser extent, of acetaldehyde, which togetherwatdor 37 percent of total cancer risk
from air toxics statewide. Background account2percent of total cancer risk from
air toxics statewide, while on-road sources accémmi9 percent, area sources for 14
percent, and non-road sources for 7 percent; npajoit sources account for less than 2
percent.

For respiratory hazard across the state, secoridiamgation is a dominant source,
with 41 percent of respiratory hazard from ambagentoxics. Secondary production of
acrolein alone accounts for 31 percent of respiyaisk from air toxics statewide. Area
sources (24 percent), on-road sources (22 per@rd)non-road sources (11 percent)
make up the bulk of the remaining respiratory héiZeom air toxics, while major point
sources and background sources are both negligdsie than one percent) contributors.

Neurological hazard is dominated by area sourchsshaaccount for 45 percent
of total statewide neurological hazard from airi¢texarea sources of cyanide compounds
alone account for 28 percent of statewide neurolidiazard from air toxics. Other
significant sources of neurological hazard are gemknd (28 percent), point sources (10
percent), an on- (8 percent) and off-road (7 pdjcurces.

ES-2. Air toxics monitoring

NESCAUM analyzed ambient monitoring data for indival air toxics species in
New Jersey and surrounding states to determinkevieés for air toxics in and around
New Jersey. The data also provide a basis fotifglarg geographic and temporal
patterns of air toxics levels. Prior to this repanalysis of the air toxics data collected
by New Jersey’s air toxics network had generallgrbmited to basic summary statistics
on annual averages and inter-site comparisonsitidddl analyses on temporal and
spatial variability, characterization of localizedpacts, and analysis of nearby sources
will give a better understanding of the natureiot@ics in the region and allow better
comparison to modeling data, thus aiding the dearaknt of control strategies. Figure
ES-1 shows the locations of New Jersey monitorsciwencompasses NJ Air Toxics
monitoring sites and Photochemical Assessment Mong Stations (PAMS).

NESCAUM conducted the following analyses usingri@nitoring data: analysis
of spatial characteristics including inter-site garisons and analysis of local emission
sources or transport patterns; analysis of temmbralacteristics including descriptions
of annual averages and seasonal variation; andieatan of diurnal profiles when
PAMS data were available.

Monitoring results show that for species that agrdded but not produced by
photochemistry (e.g., benzene, 1,3-butadiene, rgletoluene, ethylbenzene), there was
an overall downward trend in annual average comnagons at most sites. For some
species at some sites, however, the data did eatlglpoint toward a trend. The
Elizabeth site typically had the highest concerdret of these species, followed by
Camden, then New Brunswick, and Chester. Seagpattt@rns for these compounds
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were not uniform. For benzene and 1,3-butadidreestmmer concentrations often
exceeded winter concentrations of the same year xyenes, toluene, and
ethylbenzene, the relationship between seasonakatmations was more variable. For
diurnal trends, these species show early morniagggpeminimums in the early afternoon,
and rising concentrations starting in the earlynavg.

For species with long atmospheric lifetimes and kemwn local sources, such as
carbon tetrachloride, there is a rough upwardgsitfesm year to year. Despite the lack
of strong domestic emission sources, the upwarditi®not surprising given the species’
long lifetimes (decades). Because there are feyelamission sources of carbon
tetrachloride in and around New Jersey, monitotbéregion are influenced by
regional, national, and international sources, thedefore all sites had similar
concentration levels. Summer concentrations aftepassed winter concentrations for a
given year.

For species that are involved in and produced lmgqumemistry, in addition to
anthropogenic emissions, concentrations rose $gdadiome cases or were more
variable from year to year. Concentrations betwss were also variable, and sites
with the highest concentrations often changed fyear to year. Summer concentrations
for air toxics involved in photochemistry often passed winter concentrations. Because
these compounds are formed in the atmosphere thicdugmical interaction requiring
sunlight and relatively higher temperatures, gxpected that summer concentrations
would be higher than those seen in the winter.aBse NJDEP staff indicated that there
are data quality issues related to the monitoriaig dor these species (Pietarinen, 2011),
NESCAUM does not have a high degree of confidenarawing conclusions about
year-to-year trends or spatial relationships betwvibe sites for these species. The
PAMS data show that concentrations rise from eadyning to an early-afternoon peak,
and then gradually decline overnight until freshssions are introduced the next
morning.
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Figure ES-1. Air toxics monitoring sitesin New Jersey
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ES-3. Air quality modeling and model evaluation

While ambient measurements of air toxics can pmwuskeful information on air
toxics levels in the atmosphere and potential comtypumpacts, air quality monitoring
is subject to a number of constraints. Monitoreguires a significant investment of
resources and, as a result, is often limited itiglp@nd temporal coverage. Air quality
modeling can be used to supplement monitoring fd&teommunity-scale air toxics
assessments. Before they can be used with cooBdarsuch applications, however, air
guality models must be evaluated and their linotadiaddressed to evaluate their ability
to reproduce existing conditions and to determinegr tefficacy for testing potential
policies and scenarios.
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Table ES-2. Domain-wide summary of model perfor mance evaluation results
against 2002 NJ Air Toxicsdata

Month CB4 Model N Obs. Mod. NMB  %NME %MFB 9%MFE
species mean mean
January ALD2 NJ_haze_2002 18 0.862 1.269 47.25 859.4 36.0 46.5
January ALD2 NJ_tox_2002 18 0.862 1.670 93.76 93.7661.3 61.3
January FORM NJ_haze_2002 18 1.798 0.934 -43.06 2548. -58.3 58.4
January FORM NJ_tox_2002 18 1.798 1.399 -22.19 439.3-22.9 42.7)
January  OLE NJ_haze 2002 18 1577 1.822 15.56 93.950.1 89.2
January  OLE NJ_tox_2002 18 1.577 2.610 65.56 130.9094.9 107.9
January  PAR NJ_haze 2002 18 8.284 71.863 767.44 4467 158.7  158.7
January  PAR NJ_tox_2002 18 8.2834 96.384 1063.44 3286 167.8 167.8
January  TOL NJ_haze_2002 18 2.463 2.581 4.80 85.9336.6 72.4
January  TOL NJ_tox_2002 18 2.463 3.069 2460 105.8951.0 85.7
January XYL NJ_haze 2002 18 1.306 4.425 238.78 7338. 108.8  108.9

January XYL NJ_tox_2002 13 1.306 1.935 48.15 3.4038.0 63.9
July ALD2 NJ_haze 2002 16 1.516 3.054 101.48 105.4372.2 75.1
July ALD2 NJ_tox_2002 3 1595 3.772 136.53 136.5383.5 83.5

July FORM NJ_ haze 2002 16 4.511 4.434 -1.72 4323 151 46.6
July FORM NJ_tox_2002 13 4.783 3,533 -26.14 40.7915.9 46.7
July OLE NJ_haze 2002 16 2.232 2.198 -1.53 85.98 .050 80.1
July OLE NJ_tox_2002 13 2.388 1.751 -26.68 77.07 630 70.2
July PAR NJ_haze 2002 16 7.504 84.397 1024.64 6@24. 164.7 164.71
July PAR NJ_tox_2002 13 8.032 92925 1057.01 1057.0165.7 165.7
July TOL NJ_haze 2002 16 1.377 2.314 68.02 110.00 7.4 4 748

July TOL NJ_tox_2002 3 1552 1.808 16.53 77.63 9.962.0
July XYL NJ_haze 2002 16 0.946 1.457 54.06 103.25 793 75.0
July XYL NJ_tox_2002 13 1.079 1.242 15.05 77.07 8.4 66.5

NJ_haze_2002 = regional haze model with CB4 cheynillt] _tox_2002 = NJ air toxics model with CB05
chemistry. NMB = Normalized mean bias. NME = Natired mean error. MFB = Mean fractional bias.

MFE = Mean fractional error.
Note: Slight differences in observational datarealare the result of differences in model settfogs
start- and end-time. NJ_haze 2002 was set with GMT as the start/end time; NJ_tox_2002 was set

with 0:00 eastern as the start/end time.

The Community Multi-scale Air Quality Modeling Sgsh (CMAQ) is a state-of-
the-science “one-atmosphere” system that treatsrma@inospheric and land processes
and a range of species in a comprehensive framewewkthe present analysis,
NESCAUM built upon previous modeling work for regal haze using an older
chemical mechanism (CB4 chemistry) to perform a22§ihulation with a more recent
version of CMAQ, version 4.7.1, that includes a reh@mical mechanism capturing the
chemistry of key air toxics species, “cb05txhg.”

Results of the model performance evaluations Uiyl species” labels for the
compared air toxics show similar performance ferdlder regional haze modeling and
the present NJ air toxics modeling, as shown in&&$-2. Though there are differences
in individual aspects of their performance, theaagl haze and air toxics models
showed similar behavior. Both were broadly capalbleproducing temporal trends
seen statewide, and both had common deficiencigs {ee gross overprediction of
species with the paraffin carbon-carbon bond).
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According to the summary-level statistics, modefg@enance for air toxics is
generally poor, perhaps due to poor representatiomodel chemistry or emissions in the
model, with metrics varying significantly by monspecies, and model. With a few
exceptions, these results are generally biasedfbrghoth models, and the regional haze
model shows somewhat lower levels of NMB (normalirmgean bias) and NME
(normalized mean error), but slightly higher levei$iFB (mean fractional bias) and
MFE (mean fractional error).

Both models grossly overpredict paraffin bond vitdatrganic compounds
(VOCs) by a factor of 10 or more in the summer;régional haze model outperforms
the air toxics model in the winter for paraffinsptigh the error is still seven-fold. Both
models do better in their average monthly predidifor olefins, which are highly
reactive. The regional haze model predictionfefins are more accurate in the winter,
with both models moderately overpredicting, while &ir toxics model has lower error in
the summer, when both models moderately undergreMonthly average predictions of
formaldehyde are generally biased low within adacf two and both models have
reasonable performance. Similarly, formaldehydelstively well-predicted in both
models, though better in the regional haze motigher aldehydes are biased high in
both models in both summer and winter, though ¢ggonal haze model does slightly
better, especially in winter. Monthly average pcadns for higher aldehydes are
generally within a factor of two, except for NMB time summer, when predictions of
both models are slightly higher. Predictions dfieme are biased slightly higher in both
models and in both summer and winter, but genenadlich well against observations,
with the regional haze model performing bettethi@ winter and the air toxics model
better in the summer. Both models performed ressgrwell for xylenes, except for the
regional haze model in the winter, which showedw-fold overprediction. Summer
monthly-average predictions of xylenes were withinpercent for the air toxics model.

Both models failed to adequately reproduce levefmbutants observed in New
Jersey. These problems in model performance pamiapily to the accuracy of the
emissions inventory, because the models were \aeig#é to reproduce other processes
and patterns seen in the monitoring data. Addiiamalysis is required to confirm this
result. Given the relative strengths and weakrseislantified here, we believe that these
models are not adequate for assessing absoluts [@Evar toxics in New Jersey at this
time. They may, however, be useful in providingight about relative changes expected
from policy or emission source measures.

xXxiii
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1. INTRODUCTION

Regulated under the Clean Air Act, hazardous dlufamts (HAPS), or air toxics,
are known or suspected to cause cancer or otheusdrealth effects. Air toxics are
emitted by a broad range of sources—from largesamall facilities, to on- and off-road
vehicles, to natural sources like wildfires andhpl@anspiration. Levels of air toxics and
the risks posed by them vary by species, locatiad,time. Despite their ubiquity and
role in increasing the risks of adverse health ictgaelatively little is known about the
ambient levels of air toxics that contribute tolleasks. Characterizing air toxics levels
remains one of the key challenges to effectivelytialing their risks.

Ambient measurements of air toxics can provideuwseformation on HAP
levels in the atmosphere and potential communifyaicts. However, monitoring
requires a significant investment of resources,leare limited precision for individual
species, and is often limited in spatial and terapooverage. As a result, air quality
modeling has the potential to play a valuable noleommunity scale air toxics
assessments. These models must be validated eindirtiitations addressed before they
can be used with confidence in such applications.

The Northeast States for Coordinated Air Use Mamegge (NESCAUM) and the
New Jersey Department of Environmental ProtectddDEP) completed a project to
better characterize air toxics levels and to evelaa quality models for use in assessing
policies to reduce levels of air toxics. The pwof this project is to provide a
comprehensive assessment of priority air toxiddew Jersey based on three primary
tasks: (1) analyze ambient air toxics data in Nergely; (2) compare between existing
ambient data, air quality modeling, and emissia@ntories; and (3) evaluate an updated
model for use with air toxics. This report deseslihe activities performed to complete
these tasks and presents the results.

1.1. Overview of air toxics

The 1990 Clean Air Act Amendments (CAAA, or “thetAddentified 174 types
of facilities or source categories that emit onenoire of 188 toxic air pollutants listed
under the Act. The CAAA requires that the U.S. iEmvmental Protection Agency (US
EPA) to regulate emissions of air toxics by estdtiig maximum achievable control
technology (MACT) standards for a set of large stdal sources, generally available
control technologies (GACT) or MACT for smaller argources, and technology and fuel
standards for vehicles.

The US EPA has specified 33 air toxics from thgeatist as urban air toxics,
which pose the greatest risks to human healthlaérvironment in urban areas. This
list is presented in Table 1-1. On a nationalescsix compounds pose the greatest risk to
public health, including the air toxics benzenenfaldehyde, 1,3-butadiene, hexavalent
chromium (chromium VI), and acrolein (Hafner et @D04). Sources of these
compounds include mobile sources (benzene, forrhgttee 1,3-butadiene), industrial
sources and power plants (chromium VI and acrglamnl formation through chemical
reactions in the atmosphere (formaldehyde and @alol Furthermore, while the US
EPA does not list diesel particulate matter (PMa&$AP, it is likely to pose the highest
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public health risk from on-highway motor vehicleission (Hafner et al., 2004).
Although these compounds have been identified ampa risk to human health and
welfare, there remain only a limited number of fedlstandards and guidelines
established as reference points for the evaluatidhese risks. The lack of information
on ambient concentrations of HAPs across the cpinats hindered efforts to assess
potential health effects and policy initiativesrémluce ambient levels.

Recognizing the need for further action on air¢sxithe US EPA’s Strategic
Plan, Sub-Objective 1.1.2 has set a goal to wotk partner organizations to reduce air
toxics’ risk to public health by 2011. To reackstboal, the agency has set two targets,
19 percent reductions of toxicity weighted emissbair toxics in 2010 from the
baseline year of 1993 for cancer risk and 55 pen@ztuctions for non-cancer risk (US
EPA, 2006). Understanding the nature and levedarabxics in communities and
developing reliable methods for predicting levetsaoneighborhood scale is a necessary
first step towards meeting these targets.

1.2. Air toxicsin New Jersey

New Jersey has been tracking levels of air toxinses1989. Data from monitors,
and from air toxics risk models, have been usexssess the relative levels of risk in
New Jersey. The US EPA’s National-Scale Air Todssessment (NATA) model
predicts cancer and non-cancer risk levels frontoaics at the census tract level using
predicted annual average air toxics levels. Momitpdata can be used to evaluate
NATA (and other model) results, and also to chandoe spatial and temporal variations
of individual air toxics.

Examination of NATA reveals that a few air toxige aesponsible for a large
majority of key measures of risk relative to all @xics. Among the compounds on this
list are many air toxics emitted by mobile sour@eg., benzene, acetaldehyde, acrolein,
formaldehyde, diesel engine exhaust). It is imgodrto know which compounds are the
highest contributors to risk in New Jersey, becaaseording to NATA, the top five air
toxics account for 77 percent of the cancer riSkp@rcent of the respiratory hazard, and

Table1-1. List of urban air toxics

Acetaldehyde Coke oven emissions Manganese compound
Acrolein Dioxin Mercury compounds
Acrylonitrile Ethylene dibromide Methylene chloride

Arsenic compounds Propylene dichloride Nickel coomts

Benzene 1, 3-Dichloropropene Polychlorinated bigtse(PCBs)
Beryllium compounds Ethylene dichloride Polycydiganic matter (POM)
1, 3-Butadiene Ethylene oxide Quinoline

Cadmium compounds Formaldehyde 1, 1, 2, 2-Tetraotibane
Carbon tetrachloride Hexachlorobenzene Perchloyteath

Chloroform Hydrazine Trichloroethylene

Chromium compounds Lead compounds Vinyl chloride

Note: The above 33 species are air toxics thatth&PA has identified as presenting the greatest
threat to public health in urban areas acrossahetcy.

Source: US EPA, “List of the 33 Urban Air Toxics.” httpasivw.epa.gov/ttn/atw/urban/list33.html. Updated:
September 2, 2008. Retrieved: June 3, 2011.
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94 percent of the neurological hazard from airdexdtatewide. These top risk
contributors and a summary of usage, emissiongesuatmospheric behavior, and
potential health effects for each cancer and nowaarisk contributor are presented in
Section 2.

It is important to be aware that NJDEP uses amdiffeapproach than that of
NATA in assessing health risks from exposure tdaiics. Therefore, while this study
only uses information from NATA to assess healsksiin New Jersey, the approach
used by NJDEP can result in different risk estirmditem exposure to air toxics than that
derived from NATA. Most notably, NJDEP’s approaelnks diesel exhaust as the
highest contributor for cancer risk in the staATA, however, does not assess diesel
exhaust for cancer risk (although it does assessetexhaust for non-cancer risks). In
1998, California identified particulate matter ileskl exhaust (“soot”) as an air toxic due
to its potential to cause cancer, premature deatt other health problems (CARB,
2011). In addition to particulate matter, diesdiaust includes over 40 other cancer-
causing substances. In New Jersey, the largestesoaf diesel emissions are on-road
and off-road vehicles, which include passenger, ¢arsks, buses, construction
equipment, agricultural equipment, locomotives, aratine vessels. Of additional
concern in New Jersey is the presence of hundresisall stationary diesel engines used
for emergency back-up and high demand day elestigeineration. With these myriad
and widely distributed diesel emission sources, BB@stimates that the New Jersey
county-level average cancer risk from exposuradeal exhaust ranges from 39 to 916
in a million. The statewide average diesel exhaaster risk is 324 in a million, which
is an order of magnitude higher than that of fodealde, the compound having the
highest ranked cancer risk in NATA 2005. Therefesgosure to diesel exhaust would
have been the highest ranked cancer risk in NAT@62tad it been included (NJDEP,
2011).

1.3. Previousreceptor modeling analysis

Positive matrix factorization (PMF) is a method feceptor modeling to detect
source signatures in observational data. A prinfeayure of PMF is the ability to
analyze a dataset across many factors, and tadi@iNy assign weights to data points to
account for detection levels, missing data, andsomegnent uncertainty (Hopke, 2000).
PMF allows the analyst to assert constraints toa@mate natural systems. PMF has
been successfully applied to identify factors esdaio variation in particulate matter
measurements (see Hopke, 2000).

Applied to air toxics, PMF can identify source tygignatures associated with
observed air toxics levels. A previous study (HeEk002) analyzed sources based on
the PMF methodology for two receptors in New Jee&y one in Connecticut to
determine factors associated with observed volatd@anic compounds (VOCs), some of
which are air toxics. The study used highly tiresalved (1-hr) data from New Jersey
monitoring stations at Rider University and New iBwick (see Section 3.1.2 for
descriptions of these monitors). Hopke (2002) wsedude assumption for error model
in estimating data uncertainties.

At the Rider University monitoring station, Hopldentified six factors
associated with observed species concentratioreselvere:
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(1) accumulation/aged air mass with an abundance ahethnd propane,;

(2) biogenic sources;

(3) evaporative emissions from motor vehicles;

(4) motor vehicle (gasoline and diesel fuel) combusé&omssions;

(5) accumulation/aged air mdssith small amounts of combustion products; and
(6) combustion of diesel fuel, and solvents.

Hopke indicated a low degree of confidence in tresstggnments because he had
limited experience interpreting VOC data. The g@sients appear reasonable, though
factor 4 in the list includes higher concentratiohgrimethylbenzenes and xylenes that
are not typically emitted as primary combustionduats. Also, because observed levels
for factor 4 are low, this may represent a regionabile and area source signature
profile, whereas factors 1, 3, and 5 may suffidieatcount for near source combustion
emissions. Factor 6 appears to represent industaigonary and area sources. Further
disaggregation may be possible.

Similarly, at the New Brunswick receptor, Hopkentiged 10 factor profiles (not
listed here). These were disaggregated into @iffieevaporative emissions subsets,
industrial/combustion signatures, biogenic souroestpr vehicles, and background
sources. It is unlikely that subset categoriesvaiporative emissions will be useful in
identifying unique sources or source categoriesdmtrol.

Given the magnitude of concentrations in the idiettifactor profiles at New
Brunswick and Rider University, background, biogemivaporative and combustion
emissions appear to be the largest drivers of ebdevOC levels.

1.4. Air toxics monitoring

The air toxics considered here vary considerabthé@ir atmospheric behavior.
The temporal and spatial variability of differepesies may be significant (Spicer et al.,
1996; Luecken et al., 2006). McCarthy et al. (90&amined the temporal variability of
a number of air toxics across the United States famnd some distinct seasonal and
diurnal behaviors for different groups of air taxicSpecies like 1,3-butadiene and
benzene show a diurnal pattern heavily influencedhbbile source emissions having a
“morning peak”. Formaldehyde shows a daytime pefikenced by photochemical
production, which may account for the majority oflaent formaldehyde (Luecken et al.,
2006; McCarthy et al., 2007). Formaldehyde is posdl from the oxidation of
aldehydes, alkenes, and alcohols in the atmosplferetaldehyde shows a daytime and
morning peak because it is heavily influenced bgtpbhemical production in addition to
mobile sources (McCarthy et al., 2007).

Air toxics measurements are typically in the forh24-hour averages. While
these cannot be used to determine diurnal beha&®imtochemical Assessment
Monitoring Stations (PAMS) measure some air toxicsterest at a higher temporal

1 “Aged air mass” is synonymous with background.
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resolution (1-3 hour samples, depending on specidseason), and these may be used in
conjunction with 24-hour average air toxics meaguets to examine diurnal variation
(Sistla and Aleksic, 2007).

Ambient measurements of air toxics provide the meltation of whether toxics
are prevalent in ambient air and, in turn, affegmommunities. Reliable measurements
can provide accurate information on near-field anblevels. Monitoring, however,
also requires significant human and resource invesst, can have limited precision for
individual species, and is often limited in spatiatl temporal coverage.

Air toxics monitors are usually sited in urban are®bservations are measured at
a single point, but the concentration gradientsiagomonitors may differ for each
species and location. Regional sources can bmdis¢ significant contributors to
concentrations of some air toxics observed at aitanvhile in other locations or for
other species, local sources may dominate. Sptcar (1996) found that if averaging
times are long enough to smooth out the tempoiti e, measurements made in one
neighborhood of some cities may be representafineost of the urban area. Luecken et
al. (2006), however, found in some cases a 2 wddifference in measurements from
monitors within one model grid cell. In a recentdy of VOC spatial variation in
Camden, New Jersey, spatial distributions in thghtmrhood that included the Camden
air toxics monitor were relatively uniform compatednmeasurements at a nearby hot
spot for a number of short measurement campaigms ¢Zal., 2008).

1.5. Air quality modeling

Ambient measurements of air toxics can provideuwlseformation on air toxics
levels in the atmosphere and potential communigaiatss. Monitoring, however,
requires a significant investment of resources,leare limited precision for individual
species, and is often limited in spatial and terapooverage. Conversely, air quality
modeling requires much lower investment of rescuiez®l can estimate air toxics levels
with broad spatial and temporal coverage. As altieair quality modeling has the
potential to play a valuable role in community scair toxics assessments. These
models, however, must be properly evaluated andIthetations addressed before they
can be used with confidence in such applications.

In addition to analyzing existing air toxics momitwy data and toxics emissions
inventories, we examined existing and new modedaig for 2002. Existing data are
available from simulations performed using the Camity Multi-scale Air Quality
modeling system (CMAQ) version 4.5 for the Mid-Attec/Northeast Visibility Union
(MANE-VU) regional haze modeling (see NESCAUM, 2p@& 2002, 2009, and 2018.
For the MANE-VU modeling, 2002 represented a basejear for evaluating and
demonstrating model performance, while 2009 and2@dre used to model haze control
strategies. Because the existing modeling wa®pedd with the older CB4 chemistry
mechanism, NESCAUM modeled air quality for seleatezhths in 2002 using CMAQ
version 4.7 and incorporated updated CB05 chemwgtltyadded air toxics.

Key model parameters included for the MANE-VU effare presented in Table
1-2. As detailed by NESCAUM (2006), the modeling MANE-VU made use of the
carbon bond IV (CB4) chemical mechanism. The n®&@%chemical mechanism
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(Yarwood et al., 2005) replaced the CB4 mechanisiof &MAQ version 4.7 (June 2010
release). CBO05 explicitly models some VOCs, manylach are air toxics. Though
CB4 has representation for formaldehyde, acetaldiegnd isoprene, the chemical
placeholder for acetaldehyde is actually a lumpgesgties, and the formaldehyde species
represents both primary and secondary productroAder range of air toxics are
explicitly represented in CBO5 including formaldéey(primary and secondary,
separately), acetaldehyde (explicitly), isoprend;dutadiene, acrolein, toluene, and
individual isomers of xylenent, o-, andp-xylene).

Table 1-2. Summary of model options and inputs selected for MANE-VU modeling

AQ Model: CMAQ v4.4
Domains: 36-km (145x102), 12-km (172x172)
AQ Vertical Layers: 22
Years: 2002, 2009, 2018
Chemistry: CB4 (Gery et al., 1989)

Met model: MM5

Met options: Blackadar BL, explicit cloud repres#itgn, KF cumulus
parameterization

Met model vertical layers: 29

Emissions: SMOKE v2.1
Biogenics: BEIS3 w/ BELD3
Onroad: MOBILEG6 (RPO data)
Other: CEM data
Canada: 2000. Mexico: 1999
Source: NESCAUM (2006).

1.6. Layout of thisreport

This report contains three separate and complemeatalyses, which are
described in the following sections:

» Section 2 provides an overview of the US EPA National Airias
Assessment (NATA), which NESCAUM used to identifiytaxics of
highest concern.

» Section 3 presents the results of ongoing air quality momtpfor air
toxics across New Jersey, and discusses year-tdrgeals as well as
geographic, seasonal, and daily patterns obsenvétimonitoring data.

» Section 4 presents the results of an air quality modelingusation and
performance evaluation, which is used to assesatitigy of the model to
reproduce monitored levels of air toxics in Newségr

» Section 5 presents a summary of the findings from Sectiotis@ugh 4.
» Section 6 is the reference list.
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2. ANALYSISOF THE NATIONAL AIR TOXICS
ASSESSMENT (NATA)

NESCAUM examined results from the US EPA’'s NatieBahle Air Toxics

Assessment (NATA) model to determine which air ¢syposed the greatest risks to
public health in New Jersey. The NATA model préslicancer and non-cancer risk
levels from air toxics at the census tract levéhgipredicted annual average air toxics

levels. NATA was developed as a screening toaktist communities and regulatory

bodies in assessing their air toxic priorities tgritifying those air toxics that pose the
greatest risk to the public. As part of NATA dey@inent, air toxics monitoring,
modeling, emissions inventories, exposures, anlithetiects research are regularly

updated. New assessments are projected to bamedavith the release of updated air

toxics emissions inventories that occur every tlyesgs. At the end of 2011, the US
EPA had completed three air toxics assessmentwasdh the process of finalizing a
fourth. A version of the fourth assessment, bagenh the 2005 National Emissions
Inventory (NEI), was released in February 2011isWersion incorporates data from the
US EPA’s Motor Vehicle Emission Simulator (MOVES&)) updated mobile source
emissions model.

NJDEP uses different health benchmarks for somepoamds. Of special note, while

the US EPA did not assess cancer risk from diedelst, NJDEP uses the California

Table 2-1. Top five statewide contributorsto cancer risk, respiratory hazard, and
neurological hazard according to NATA 2005 and NATA 2002

NJDEP interprets the data from NATA differently thdoes the US EPA, because

o —

Top Five Compounds | Top Five Compounds| Top Five Compounds
Rank Contributing to NJ Contributing to NJ Contributing to NJ
Cancer Risk Respiratory Hazard Neurological Hazard
41 Formaldehyde (2005) Acrolein (2005 and Cyanlcégoc(;)sr;]pounds
Benzene (2002) 2002) Xylenes (2002)
Benzene (2005? Formaldehyde (2005) Xylgnes (2005)
#2 Carbon tetrachloride Acetaldehyde (2002) Cyanide compounds
(2002) y (2002)
i3 Naphthalene (2005) | Acetaldehyde (2005) Mangar‘(‘;%%g)ompo““d
Acetaldehyde (2002) | Formaldehyde (2002) Lead compounds (2003
44 Acetaldehyde (2005) | Diesel engine emissions Methyl chloride (2005
Naphthalene (2002) (2005 and 2002) and 2002)
Carbon tetrachloride Naphthalene (2005) Lead compounds (2005
#5 (2005) Methyl bromide (2002) Manganese compound
1,3-Butadiene (2002) y (2002)

N—r

Source: NATA 2002 and 2005, US EPA.
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cancer risk factor to determine the health benckrfaardiesel particulate matter. Under
the NJDEP approach, diesel exhaust is the higleestilbutor for cancer risk in the state,
with the next five compounds of highest risk in Hane order as in the 2005 NATA top

five. Additional information on how NJDEP interpgghe NATA results is available on
its websitehttp://www.nj.gov/dep/airtoxics/ This site has maps of New Jersey
benchmark risk estimates at the census tract &wab with tabulated county and
statewide averages. In this report, we presenttbi results from the US EPA NATA

study.

2.1. About NATA 2005

The 2005 NATA assessment includes 178 air toxicsveas developed using
2005 emissions data, dispersion and photochemicdehmg to determine ambient
concentrations and exposure, and non-cancer hegf@rénce concentrations. Ambient
concentrations from major point sources, mobileces; area sources, background
concentrations, and formation in the atmosphereo(s#ary formation) were incorporated
in the assessment. Background concentrations jvéne not represented in the
dispersion models and are meant to capture comtiemis originating from long range
transport, natural emissions, and other unidedtiéimissions sources, were estimated
from ambient concentrations, comparison to are#is similar population levels, or

Table2-2. Top five contributorsto cancer risk by county

County #1 #2 #3 #4 #5
Atlantic Formaldehyde Benzene Carbon tetrachlofide Acetaldehyde Naphthalene
Bergen Formaldehydeé Benzene Naphthalene Acetaléehyd 1,3-butadiene
Burlington Formaldehyde Benzene Acetaldehyde Catbtvachloride Naphthalene
Carbon
Camden Formaldehyde Benzene Acetaldehyde Naphthalen tetrachloride
Cape May Formaldehyde Benzepe Carbon tetrachlgride Acetaldehyde 1,3-butadiene
Cumberland| Formaldehyde Benzene Carbon tetrackblorid Acetaldehyde Naphthaleneg
Essex Formaldehyde Benzepe Naphthalene 1,3-butadien Acetaldehyde
Gloucester Formaldehyde Benzene Acetaldehyde Caebachloride Naphthalene
Hudson Formaldehydeé Benzene Naphthalene Acetaléehyd 1,3-butadiene
Hunterdon Formaldehyde Benzehe Carbon tetrachlqgride Acetaldehyde Naphthalene
Carbon
Mercer Formaldehyde Benzene Acetaldehyde Naphtealen tetrachloride
Middlesex Formaldehyde Benzene Naphthalene Acdigttie 1,3-butadiene
Monmouth Formaldehyde Benzene Carbon tetrachloride Acetaldehyde Naphthalene
. Carbon
Morris Formaldehydel Benzene Acetaldehyde Naphtlealen tetrachloride
Ocean Formaldehyde Benzehe Carbon tetrachlgride  taldedyde Naphthalene
Passaic Formaldehyde Benzgne Naphthaleng Acetaldehy| 1,3-butadiene
Salem Formaldehyde¢ Benzepe Carbon tetrachlgride talskehyde . 1,1,2-
trichloroethane
Somerset Formaldehyde Benzgne Acetaldehyde Cagbachloride Naphthalene
Sussex Formaldehyde Benzene Carbon tetrachlgride etallehyde Naphthalene
Union Formaldehydg Benzene Naphthalene 1,3-butadien  Acetaldehyde
Warren Formaldehyde Benzene Carbon tetrachloride etafaehyde Naphthalene

Source: NATA 2005, US EPA.
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emissions data where possible (ICF InternatiorGi 1.

The NEI and MOVES emissions were processed fortiimga the dispersion
models. In addition, secondary formation (produiceithe atmosphere rather than
directly emitted) of formaldehyde, acetaldehydeoksin, and 1,3-butadiene was
estimated using the Community Multi-scale Air Qua(CMAQ) modeling system. The
Assessment System for Population Exposure Natiaan@&&bPEN) model was run for
area and mobile source emissions, and the Humaostr@ Model (HEM-3) was run for
stationary source emissions. ASPEN and HEM-3 asedb on data from the 2000
Census and provide ambient concentrations for eacsus tract or block. HAPEMS5, a
screening-level exposure model, can be used Wt ABPEN, HEM-3, and CMAQ
ambient concentration predictions to estimate alfaion-weighted median exposure
concentration for each census tract. From thi@gxe concentration, cancer risk and
non-cancer hazards can be estimated for each H&Paasociated health data.
HAPEMS5 was not run for NATA 2005. Instead, as WWATA 2002, exposure
concentrations were estimated by multiplying the322Modeled ambient concentrations
by a ratio of the 1999 HAPEM exposure concentratimn1999 ambient concentrations
for the same species, census tract, and source TypEse exposure concentrations were
used with unit risk estimates and inhalation refeeeconcentrations in order to estimate
lifetime cancer risk and respiratory and neurolabf@azard quotients.

While air toxics come from a variety of emissionsiikes, mobile sources are
believed to contribute a large percentage of timeearisk from outdoor air toxics

Table2-3. Top five contributorsto respiratory health quotient by county

County #1 #2 #3 #4 #5
Atlantic Acrolein| Formaldehyde Acetaldehyde Diesegjine emissions Methyl bromide
Bergen Acrolein|  Formaldehyde Acetaldehyde Diesglr@emissions Naphthalene
Burlington | Acrolein| Formaldehyde Acetaldehyde Dlegggine emissions Naphthaleng
Camden Acrolein  Formaldehyde Acetaldehyde  Diesgirenemissions Naphthalene
Cape May Acroleinl  Formaldehyde Acetaldehyde Diesgine emissions Methyl bromide
Cumberland| Acrolein  Formaldehyde Acetaldehyde Diesgine emissions Methyl bromide
Essex Acroleinl  Formaldehyde Acetaldehyde Dieselrengmissions Naphthalene
Gloucester | Acrolein  Formaldehyde Acetaldehyde Diesgine emission$ Chlorine
Hudson Acrolein Dlesgl engine Formaldehyde Acetaldehyde Methyl bromige
emissions
Hunterdon | Acrolein| Acetaldehyde Formaldehyde Diesgine emissions Naphthalene
Mercer Acrolein| Formaldehyde Acetaldehyde Diesegliememissions Methyl bromide
Middlesex | Acrolein| Formaldehyde Acetaldehyde Dies®iine emissions Naphthalene
Monmouth | Acrolein| Formaldehyde Acetaldehyde Diesajine emissions Naphthaleng
Morris Acrolein| Formaldehyde Acetaldehyde Diesajiap emissiong Naphthalene
Ocean Acroleinl  Formaldehyde Acetaldehyde Dieselrengmissiong Methyl bromidg
Passaic Acroleir Formaldehyde Acetaldehyde Diasgihe emissiong Methyl bromide
Salem Acrolein|  Formaldehyde Acetaldehyde Dieselrengmissions Naphthalene
Somerset Acroleirn Formaldehyde Acetaldehyde  Diesgine emissiong Naphthaleng
Sussex Acrolein Acetaldehyde| Formaldehyde Diesgihenemissions Naphthalene
Union Acrolein| Formaldehyde Acetaldehyde Dieselisag@missiong Naphthalene
Warren Acrolein|  Acetaldehyde Formaldehyde Diesgimemissions Naphthalene

Source: NATA 2005, US EPA.
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sources (US EPA, 1994). As with NATA 2002, NATAXdid not consider cancer risk
from diesel exhaust emissions as for other aic®kecause the US EPA felt there was
not enough data to quantitatively estimate theigagenic potency of diesel particulate
matter. Nevertheless, it is believed that diegbheast poses one of the largest relative
risks to the population at large (US EPA, 2009ay BJ DEP, using a cancer risk factor
taken from California, finds diesel exhaust to htheehighest cancer risk among air
toxics in New Jersey (NJ DEP 2011). Diesel exhmugtcomplex gas-particle phase
mixture of both known and unknown compounds theluitle confirmed carcinogens like
benzene (US EPA, 2002). Increased lung cancehaskeen linked to diesel exhaust in
a number of epidemiology studies, and diesel PMridmrtes to non-cancer health risks
as well. Fine particulate matter, like diesel Bids been linked to respiratory and
cardiovascular health effects. While the US EPAdoot consider cancer risks, non-
cancer hazards have been assessed for diesel exhBdsT A 2005 (ICF International,
2011).

2.2. Resultsfrom NATA 2005

According to NATA 2005, the average cancer riskfrair toxics in the United
States is 0.000050 (50 in a million), compared.@®0036 (36 in a million) as estimated
by the previous assessment, NATA 2002. Cances itfshATA are presented as the
lifetime probability of developing cancer as a fesfiexposure to air toxics over a 70-
year lifetime. Because these risk values are piibtied, they are not anticipated cancer
incidences.

The difference in reported cancer risk between 20622005 is mostly
attributable to changes in the methods for estimyatancer risk and exposure for
formaldehyd€. Per the US EPA, it is not meaningful to directhmpare the results of
NATA 2005 to those from NATA 2002 because of tharales in methodology (US
EPA, 2011). NATA 2002, based on the 2002 NEI, vedsased in June 2009 and
included 180 air toxics plus diesel PM, with canggks and non-cancer health hazards
assessed for the 124 compounds for which chromosxe health data existed. The
assessment gives an estimate of the cancer rgggudation might face if it was exposed
to 2002 emission levels for an assumed 70 yedintiee Non-cancer risks are presented
as hazard quotients. A hazard quotient is a bstween the estimated exposure
concentration and a reference concentration belbiglwadverse health effects are
unlikely. NJDEP uses risk ratios against healtficbenarks, rather than adopting the US
EPA'’s terminology for air toxics risk. A healthrmshmark is the level below which no
observable health effect is expected to resultisiratio is the actual level divided by
the health benchmark. Therefore, a risk ratioweld indicates that no health effects
are expected.

2 NATA 2005 made use of a chemical transformatioailable in the CMAQ model to estimate secondary
formation of formaldehyde (and other substanceb)¢hvaccounts for approximately 90 percent of amibie
concentrations, and which was not accounted fOfATA 2002. Furthermore, NATA 2005 makes use of
an estimate of cancer potency for formaldehydeithapproximately 2,200 times the value of the NATA
2002 estimate. These changes result in a carstecantribution of 22 per million for NATA 2005
compared to a less than 1 per million contribufmmNATA 2002 (ICF International, 2011).



Air Toxics Analysisin New Jersey: Ambient Data Review and Model Validation

Page 2-5

The top five contributors to New Jersey cancer, iskpiratory hazard, and
neurological hazard (statewide and by county) veateacted from NATA 2002 and
NATA 2005 and are presented in Table 2-1. Thobghordering of compounds differs,
there is considerable overlap between the list2@2 and 2005 for each type of risk;
there are no compounds in the top five list fromM2005 that are not also on the

Table2-4. Top five contributorsto neurological health quotient by county

County #1 #2 #3 #4 #5
Atlantic Meth_yl Cyanide Manganese Xylenes Lead
chloride compounds compounds compounds
Bergen Cyanide Xylenes Manganese Methyl chloride Lead
compounds compounds compounds
Burlington Manganese Cyanide Methyl chloride Lead compounds$ Xylenes
compounds | compounds
Camden Cyanide Manganese Xylenes Methyl chloride Lead
compounds | compounds compounds
Methyl Manganese Cyanide
Cape May chloride compounds Lead compounds compounds Xylenes
Cumberland Meth_yl Manganese Cyanide Lead compounds Xylenes
chloride compounds compounds
Essex Cyanide Xylenes Manganese Methyl chloride Lead
compounds compounds compounds
Cyanide Methyl Manganese Lead
Gloucester . Xylenes
compounds chloride compounds compounds
Hudson Cyanide Xylenes Manganese Lead compounds Methyl
compounds compounds chloride
Hunterdon Meth_yl Cyanide Manganese Lead compounds Xylenes
chloride compounds compounds
Mercer Cyanide Manganese Methyl chloride Xylenes Lead
compounds | compounds compounds
Middlesex Xylenes Cyanide Manganese Methyl chloride Lead
compounds compounds compounds
Monmouth Cyanide Methyl Xylenes Manganese Lead
compounds chloride compounds compounds
. Cyanide Methyl Manganese Lead
Morris . Xylenes
compounds chloride compounds compounds
Methyl Manganese Cyanide Lead
Ocean . Xylenes
chloride compounds compounds compounds
Passaic Cyanide Xylenes Methyl chloride Manganese Lead
compounds compounds compounds
Methyl Manganese Cyanide Lead
Salem . Xylenes
chloride compounds compounds compounds
Cyanide Methyl Manganese Lead
Somerset . Xylenes
compounds chloride compounds compounds
Sussex Meth_yl Cyanide Manganese Lead compounds Xylenes
chloride compounds compounds
Union Manganese Xylenes Cyanide Lead compounds Methyl
compounds compounds chloride
Warren Cyanide Methyl Manganese Lead compounds Xylenes
compounds chloride compounds

Source: NATA 2005, US EPA.
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Figure2-1. Top five pollutants contributing to New Jersey cancer risk by source

category
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Source Categories
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Note: Values presented in fractional cancer risk.
Source: NATA 2005

NATA 2002 list. At a statewide level, the top figentributors to cancer risk, respiratory
hazard, and neurological hazard account for 77eper®7 percent, and 94 percent of
total risk, respectively, according to NATA 200&.summary of usage, emissions
sources, atmospheric behavior, and potential heéiiats for each of the top five
statewide cancer and non-cancer risk contributopsesented in Section 2.3.

Results at the county level for NATA 2005, as showfable 2-2 through Table
2-4, generally indicate agreement with the statewssults. For cancer risk,
formaldehyde and benzene (in that order) are thaitotoxics in each county in New
Jersey. The third through fifth most importanttakics contributing to cancer risk in
individual counties in New Jersey vary dependindr@county, and include
acetaldehyde, carbon tetrachloride, naphthaleBeyutadiene, and 1,1,2-trichloroethane.

As seen in Table 2-3, the most important contribtdaaespiratory hazard in all
New Jersey counties is acrolein; the next threbdsgare typically in the order
formaldehyde, acetaldehyde, and diesel engine skh&wu some counties, however,
acetaldehyde is a more important contributor tltmméldehyde, except in Hudson
County where diesel engine exhaust is a more irapbdontributor followed by
formaldehyde and acetaldehyde. Other species athertgp five contributors to
respiratory hazard in individual counties are mebmgmide, naphthalene, and (in the
case of Gloucester County) chlorine.

Table 2-4 shows the top five contributors by countypeurological health
guotient. The top five contributors are the sagress each county, but the order in
which they occur varies from county to county. Toye contributors are cyanide
compounds, lead compounds, manganese compoundtg widbride, and xylenes. The
aggregate neurologic risk ratio is well below th@ threshold, indicating that expected
neurologic risk from air toxics is of low importama New Jersey.
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Figure2-2. Top five pollutants contributing to New Jersey respiratory hazard index
by sour ce category
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quotient is a ratio between the estimated expasomeentration and a reference concentration belbighw
adverse health effects are unlikedpurce: NATA 2005

In this figure, (b) is a zoom on (a) to clearly shithe emissions sources of pollutants two throung f

As shown in Figure 2-1 through Figure 2-3, spethes are in large part directly
emitted by mobile sources play a major role indaecer risk and respiratory health
guotients. Benzene, acetaldehyde, 1,3-butadienglem, formaldehyde, and diesel
engine emissions are mobile source air toxics (M§Aand they represent three of the
top five statewide contributors to HAP-related eanask and four of the top five species
contributing to the statewide respiratory hazaodnfiNATA 2002. For NATA 2005,
they represent four of the top five species for HA&Rted cancer-risk and all of the top
five for statewide respiratory hazard. Diesel eegemissions are not included in either

Page 2-7



Air Toxics Analysisin New Jersey: Ambient Data Review and Model Validation Page 2-8

NATA 2002 or 2005 estimates of cancer risk. Mapgemiological studies indicate that
the complex gas-particle mixture emitted from diesgines may contribute
significantly, and may even be the most significaitributor, to human cancer risk
from mobile sources (CARB, 2005; US EPA, 2002) DHP’s approach, which uses a
diesel cancer risk factor from California, rankes#il exhaust particulate matter as the
highest cancer risk among air toxics in New Je(delyDEP 2011).

The ubiquity of mobile sources and their significeontributions to statewide
cancer and non-cancer health hazard risk makeaatkaring the risks from mobile
source air toxics a priority. Because of the infation obtained through evaluation of
the NATA 2002 and 2005 results, NESCAUM focusedsessment of monitored air
toxics on MSATSs (see Section 3). While we will moldress diesel exhaust separately, a
number of the mobile source species that we widheixe (e.g., formaldehyde,
acetaldehyde, benzene, etc.) make up part of tm@lex mixture that is emitted by
diesel engines (US EPA, 2002).

As seen in Figure 2-1, cancer risks in New Jerseiveld from NATA are
dominated by secondary formation (chemical productiia reaction in the atmosphere)
of formaldehyde, and to a lesser extent, of acelalde, which together account for 37
percent of total cancer risk from air toxics statew Background accounts for 22
percent of total cancer risk from air toxics stateywhile on-road sources account for
19 percent, area sources for 14 percent, and remhsources for 7 percent; major point
sources account for less than 2 percent. As puslyionentioned, NATA does not assess
diesel exhaust for cancer risk, whereas NJDEP aisascer risk factor from California
that ranks exposure to diesel exhaust particulat®emas the highest cancer risk in the
state among the air toxics (NJDEP, 2011).

For respiratory hazard across the state, as shoWwigure 2-2, secondary
formation is a dominant source, with 41 percemnegpiratory hazard from ambient air
toxics. Secondary production of acrolein alonebaats for 31 percent of respiratory risk
from air toxics statewide. Area sources (24 pdjcem-road sources (22 percent), and
non-road sources (11 percent) make up the bulkeofémaining respiratory hazard from
air toxics, while major point sources and backgrbsaurces are both negligible
contributors (less than 1 percent).

Neurological hazard is dominated by area sourchshaaccount for 45 percent
of total statewide neurological hazard from airi¢texarea sources of cyanide compounds
alone account for 28 percent of statewide neurolidiazard from air toxics. Other
sources of neurological hazard are background é28pt), point sources (10 percent),
and on-road (8 percent) and off-road (7 percentjc&s. Figure 2-3 displays additional
details of the top five neurological hazard airitgxand their sources.
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Figure 2-3. Top five pollutants contributing to New Jersey neurological hazard
index by sour ce category
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hazard quotient is a ratio between the estimatpd®xe concentration and a reference concentration
below which adverse health effects are unlik8yurce: NATA 2005

2.3. Sour ces, atmospheric processes, and health effects of risk-driving
compounds

Profiles of each of the top risk-contributors inviNgersey (the compounds listed
in Table 2-1) from NATA 2002 and 2005 are preseftect in alphabetical order by
compound. These profiles include information onssion sources, atmospheric
processes, and health effects. Toluene and ettgdiperare also described in this section
and assessed in this report, though these compaueadswer risk contributors according
to the results from these NATA studies.

Acetaldehyde

Usage, emissions sour ces and atmospheric processes

Acetaldehyde is used as a solvent, as a presesyatnd in the production of other
chemicals. Itis produced in the atmosphere,agraponent of motor vehicle exhaust,
and is also a product of incomplete wood combugiigih EPA, 2009b). Atmospheric
acetaldehyde concentrations are influenced by tamdssions as well as chemical
production and removal. Acetaldehyde is formetheatmosphere when other organic
compounds degrade, and they are removed by dinetblysis and reactions with the
hydroxyl radical (Seinfeld and Pandis, 1998). At#gthyde concentrations tend to be
higher in the summer months due to higher tempegstiigher photolysis rates, and
higher biogenic emissions. Photochemical prodacticcounts for more than half of the
modeled total aldehyde concentrations but thabhthgnitude varies by location
(Luecken et al., 2006). While direct emissionsldiehydes are important, especially in
urban areas during the winter, due to the large ttzdt photochemical production may
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play in ambient aldehyde concentrations, VOC prsmsr must be considered in control
strategies for these species.

Health impacts

Short-term exposure to acetaldehyde leads totiomaf the respiratory tract, skin, and
eyes. Long-term exposure results in biologicat&H similar to those produced by
alcoholism. The US EPA (2009b) has classifiedadehyde as a probable human
carcinogen (group B2).

Acrolen

Usage, emissions sour ces and atmospheric processes

Acrolein can be formed during the combustion ofdwg other organic matter. It is used
as a biocide and as an intermediate in acrylic sypndhesis (US EPA, 2009b). Acrolein
can be emitted directly or formed via photochempraduction from 1,3-dienes (e.qg.,
1,3-butadiene). It is also destroyed in the atrhespthrough reactions with the
hydroxyl radical. Photochemical production is stied to account for 30-50 percent of
annual acrolein concentrations (Luecken et al.620@hotochemical production
contributes slightly more to summer acrolein coticions than winter.

Health impacts

Short-term exposure may lead to eye, nose andttirivation. Chronic exposure of
acrolein by inhalation may lead to irritation oétbpper-respiratory tract and congestion
(US EPA, 2009b).

Benzene

Usage, emissions sources and atmospheric processes

Benzene is emitted from mobile sources, gasoliakosts, and coal and oil combustion,
and is also used in industrial solvents (US EPA2R). Benzene is also found in
tobacco smoke. While not produced in the atmosphmnzene undergoes chemical
removal via reaction with the hydroxyl radical. erhydroxyl radical, which is produced
photochemically, will be more prevalent during dglgt hours and warmer months, and
so benzene will be removed more efficiently viarafsry during the summer as opposed
to the winter. Changes in emission patterns ontaty layer heights may also affect the
seasonal concentrations of benzene (Luecken &0l6). Benzene has an estimated
atmospheric lifetime of 12 days due to reactiorhwiite hydroxyl radical (Seinfeld and
Pandis, 1998). As a result, benzene concentratiam$e influenced by local emissions
or long-range transport from distant emissions cesir

Health impacts

Short-term exposure via inhalation may lead toidegs, drowsiness, headaches, and
irritation of the respiratory tract, eyes, and stanat very high levels, unconsciousness.
Chronic exposure may lead to blood disorders, adveaproductive effects, and
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leukemia. The US EPA (2009b) has classified bemzsna known human carcinogen
(group A).

1,3-Butadiene

Usage, emissions sources and atmospheric processes

1,3-Butadiene is emitted from mobile sources, itdidacilities (such as those involved
in the production of rubber and plastics), foragts, and, like many other compounds
described here, can be found in tobacco smoke @S E009b). Motor vehicle exhaust
is the most pervasive source of 1,3 butadiene @mniss While widely emitted, 1,3-
butadiene has a lifetime on the order of hourstdukegradation in the atmosphere, and
atmospheric concentrations tend to be low. Iretineosphere, 1,3-butadiene can be
oxidized to form acrolein (Luecken et al., 2006).

Health impacts

Short-term exposure may result in irritation of #yes, nose, throat, and lungs and, in
cases of significant acute exposure, may alsoteatlrred vision, fatigue, headache,
and vertigo. Chronic exposure has been linkeatdiovascular disease and leukemia or
other cancers. The US EPA (2009b) has classifigdbdtadiene as a probable human
carcinogen (group B2).

Carbon tetrachloride

Usage, emissions sour ces and atmospheric processes

Carbon tetrachloride was once widely used in tloelpection of refrigerants, aerosol can
propellants, in dry cleaning, as a chemical solvant as a pesticide/fumigant. Usage is
now mainly limited to industrial applications (AT&)2005; US EPA, 2009b). Carbon
tetrachloride has a long atmospheric residence dinadout 42 years (Seinfeld and
Pandis, 1998). The main atmospheric sink is likdlgtochemical destruction in the
stratosphere (Allen et al., 2009). Carbon tetraritée is an ozone-depleting substance
and greenhouse gas (Allen et al., 2009).

Health impacts

Short-term exposures via inhalation or oral intakey cause headache, weakness, nausea
or vomiting. If the short-term exposure is highfaxposure is chronic, it may lead to

liver and kidney damage. The US EPA (2009b) hassdlied carbon tetrachloride as a
probable human carcinogen (group B2).

Cyanide compounds

Usage, emissions sources and atmospheric processes

Cyanide, which is emitted by biogenic and anthreag processes, may be produced
naturally by certain types of bacteria, fungi, ahghe and can be found in certain plants
and foods (ATSDR, 2006; US EPA, 2009b). It is usedectroplating, metallurgy, as
an intermediate in chemical production, and asiaadticide. Most cyanide in the
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atmosphere comes from motor vehicle exhaust, indlanhd chemical processing, and
municipal waste incinerators (US EPA, 2009b). @ja smoke also contains cyanide
(ATSDR, 2006). Most cyanide in the atmosphera e form of gaseous hydrogen
cyanide with a small amount in fine particles. Taédf-life of cyanide is on the order of
1 to 3 years (ATSDR, 2006).

Health impacts

Cyanide is very toxic, and acute inhalation expegarhigh amounts of hydrogen
cyanide (> 100 mg/f) will result in death. At lower levels, short-teexposure may
result in headache, nausea, irritation of eyessiimg and weakness. Chronic exposures
may result in adverse effects on the central nesaystem, manifesting as headache,
dizziness, numbness, tremors, and vision probledisonic cyanide exposure may also
affect the thyroid gland, irritate the eyes andskind affect the cardiovascular and
respiratory systems. The US EPA (2009b) lists igaas “not classifiable” as to human
carcinogenicity (group D).

Diesd exhaust

Usage, emissions sources and atmospheric processes

Nonroad and onroad diesel engines emit a complsypgeicle mixture of both known
and unknown compounds that include confirmed cagins like benzene (US EPA,
2002). The physicochemical transformation and reahof diesel exhaust species in the
atmosphere varies across the spectrum of componAstwith the other toxic species
listed here, reactions with the hydroxyl radica an important sink for many
components of diesel exhaust (US EPA, 2002). lkkhdeene of the components of diesel
exhaust have been listed here already. Primasgdparticles, which are made up of
soot and organic carbon, provide a core upon wbikblr inorganic and organic species
can adsorb. These particles are subject to gdislpanass transfer, aqueous phase
chemistry, and deposition processes, and due iosize, may be transported significant
distances away from the source area (US EPA, 20023ddition, diesel PM can
contribute to visibility reduction and climate clygn(CARB, 2005).

Health impacts

Diesel exhaust has been linked to increased cais&an addition to non-cancer risks,
including adverse effects on the respiratory andiogascular systems that can
especially affect vulnerable segments of the pdmrigUS EPA, 2002). Short-term
exposures may cause lung irritation and exacenbati@sthma or allergies, while

chronic exposures may result in lung cancer or liamgage (US EPA, 2002). Though
the US EPA has not classified diesel engine exlesiatcarcinogen, the US EPA does
consider it “likely to be carcinogenic to humansiblyalation from environmental
exposures” (US EPA, 2012). NJDEP ranks diesel esthexposure as having the highest
cancer risk among air toxics (NJ DEP 2011). TheBP2 does not apply a cancer risk
factor for diesel exhaust in NATA.
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Ethylbenzene

Usage, emissions sources and atmospheric processes

Ethylbenzene is used in the production of styréums, in asphalt and naphtha, and as a
solvent. Exposure to ethylbenzene may occur thramegupational contact or through
the use of consumer products, gasoline, pesticadgents, carpet glues, varnishes,
paints, and tobacco smoke (US EPA, 2009b).

Health impacts

Short-term exposure can result in eye and thragdtion or dizziness. In human studies
of chronic exposure by inhalation, there have bmmsrilicting results on the effects on
blood; while animal studies have seen effects erbthod, liver, and kidneys. The US
EPA lists ethylbenzene as “not classifiable” fomtan carcinogenicity (group D) (US
EPA, 2009b).

Formaldehyde

Usage, emissions sources and atmospheric processes

Mobile sources, incinerators, industrial facilitiesd power plants are major emitters of
formaldehyde (US EPA, 2009b), and it is also presetobacco smoke. Formaldehyde
is used in the manufacturing of particleboard angroduction of other chemicals.
Atmospheric formaldehyde concentrations are infbeehby direct emissions as well as
chemical production and removal. Formaldehyde eontrations tend to be higher in the
summer months due to higher temperatures, phosalgies, and biogenic emissions
(Luecken et al., 2006). In an annual simulatiomiotoxic species, Luecken et al. (2006)
found that photochemical production accounted forarthan half of the modeled total
aldehyde concentrations. While direct emissionsld¢hydes are important, especially
in urban areas during the winter, photochemicatipction may have a greater impact on
ambient concentrations (Luecken et al., 2006).

Health impacts

Short-term exposure by inhalation may lead to agsg, and throat irritation. Short-term
exposure to a high level of formaldehyde may resutbughing, wheezing, chest pain,
and bronchitis. Chronic exposure may also leagspiratory and/or skin irritation as
well as lung or nasopharyngeal cancers. The US PB9b) has classified
formaldehyde as a probable human carcinogen (gBayp

Lead compounds

Usage, emissions sources and atmospheric processes

Lead was once used as an additive in gasolinesibcg the phase-out of leaded gasoline,
atmospheric levels have significantly decreaseeladls currently used in the production
of batteries, metal products, paints, and glatesd can also be released into the
atmosphere from the combustion of coal, oil, adlswaste and during iron and steel
manufacturing. Lead is contained in tobacco smkpipes, and in lead-based paints
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(US EPA, 2009b). It can be found in an array éfledent compounds, each with
different physical properties. Lead has an amhiesitience time of 7 to 30 days in the
atmosphere and is removed by deposition (SeinfalidPandis, 1998).

Health impacts

Exposure can occur through breathing contaminateat éngesting lead-containing dust
or paint chips. Children are at particularly hrggk of being exposed to lead through
ingestion. Short term exposure of high levelseafdl may lead to brain and kidney
damage and death. At lower levels, short-term &equbsure can also have adverse
effects on the gastrointestinal system. Chrorad kexposure can lead to anemia and
affect the central nervous system, blood pressiniagy function, and metabolism of
vitamin D. Children may be affected by diministegnitive ability and stunted growth
if suffering from chronic lead exposure. In adulitj lead exposure may lead to adverse
reproductive effects in men and women. The US ER)9b) has classified lead as a
probable human carcinogen (group B2).

Manganese compounds

Usage, emissions sources and atmospheric processes

Manganese is found naturally throughout the enwiremt. It is used in steel
manufacturing, and manganese compounds are aldarusbemical production,
batteries, matches, fertilizer, animal feed, vitasnglazes, and fireworks. Manganese
can be emitted into the atmosphere from iron aeel shanufacturing plants, coke ovens,
and power plants (US EPA, 2009b). Manganese congsoare solids, and atmospheric
manganese is generally found in small particlesclouds and fogs, manganese may
serve as a catalyst in the aqueous sulfur (IV)atod to sulfur (VI), leading to the
production of particulate sulfate (Seinfeld and d#ian1998).

Health impacts

While manganese is essential for healthy body fandit low levels, chronic exposure to
high levels by inhalation may adversely affect¢batral nervous system. Chronic
exposure may result in slower reaction time, imgzaitoordination, weakness, tremors,
and speech and psychological disturbances. Thaatsy system may also be
adversely affected. There are no reports of effassociated with short-term acute
exposure. The US EPA (2009b) lists manganeseaslassifiable” for human
carcinogenicity (group D).

Methyl bromide

Usage, emissions sources and atmospheric processes

Natural sources account for a significant percemtzégnethyl bromide emissions, with
oceans as the largest natural source (SeinfeldPandis, 1998). Methyl bromide is used
primarily as a fumigant, methylating agent, and/eot (US EPA, 2009b; ATSDR,
2007). Methyl bromide is found throughout the aspieere as a result of both biogenic
and anthropogenic sources. It has an atmospliketicne of a little over a year due to
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destruction by the hydroxyl radical, hydrolysisdateposition (Seinfeld and Pandis,
1998).

Health impacts

Methyl bromide is very toxic. Most exposure is inhalation or absorption through the
skin, and methyl bromide, which is a gas at roomperature, can penetrate most
protective clothing and skin (US EPA, 2009b; ATS2R07). Short-term, acute
exposures may severely injure the lungs, and ingddigh methyl bromide

concentrations may lead to pulmonary edema. Aatthlly, acute exposures may result

in headaches, dizziness, fainting, weakness, cmmfuspeech and vision effects,
numbness, twitching, and tremors. Very high expeswmay lead to paralysis or
convulsions. It is an irritant to the skin, eyasd mucous membranes. Chronic exposure
may cause mild neurological impairment. The US EP@09b) lists methyl bromide as
“not classifiable” for human carcinogenicity (groDy.

Methyl chloride

Usage, emissions sour ces and atmospheric processes

Methyl chloride is emitted by natural and anthroguig sources. It is used in chemical
plants and is also emitted from the ocean and kssrbarning. It can be found in
tobacco smoke (US EPA, 2009b). Methyl chloridehnesdominant halogen compound
found in the atmosphere and is a continuous nasoraice of chlorine to the stratosphere.
It has an atmospheric lifetime on the order of tx@ars, and the ocean is its largest
emissions source on a global level. The primamyoapheric sink of methyl chloride is

its reaction with the hydroxyl radical; though iaynalso be broken down by photolysis.
With the release of an active chlorine atom, thresetions can lead to stratospheric
ozone depletion (Seinfeld and Pandis, 1998).

Health impacts

Short-term exposures to high levels of methyl ddemay result in severe neurological
effects, such as convulsions or coma. Dizzinemsbl@ vision, slurred speech, nausea,
vomiting, and heart rate, liver, and kidney effettsy also occur. While the effects of
chronic exposure of methyl chloride on humans ateclear, animal studies point to
possible adverse effects on the liver, kidneyseapland central nervous system. The
US EPA (2009Db) lists methyl chloride as “not cléabie” for human carcinogenicity

(group D).
Naphthalene

Usage, emissions sources and atmospheric processes

Naphthalene is emitted during the combustion of and oil, can be found in tobacco
smoke, and is used in mothballs. Its primary gsa the production of phthalic
anhydride, which is an important industrial cherhicged mainly in the plastics industry
(US EPA, 2009b; OEHHA, 2000). The most significaotirces of naphthalene in an
urban environment are mobile sources and residdvgaing (Martinez et al., 2004).
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Naphthalene is the simplest and most volatile pallc aromatic hydrocarbon (PAH)
and is the most abundant PAH in urban areas. ifdigrle of naphthalene is shorter than
one day mainly due to the reaction of naphthaleiie thhe hydroxyl radical (Martinez et
al., 2004).

Health impacts

Short-term exposure can lead to hemolytic anenvier, lamage, and neurological
damage. Cataracts have been seen in workers euith exposure to naphthalene.
Additional symptoms of acute exposure can inclugiedache, nausea/vomiting,
confusion, convulsions, or coma. Long-term impauttude cataracts and retina
damage, and infants may be born with hemolytic aadéntheir mothers inhaled or
ingested naphthalene while pregnant. The US ERBJR) has classified naphthalene as
a possible human carcinogen (group C).

Toluene

Usage, emissions sources and atmospheric processes

Toluene is added to gasoline to improve octanagati It is also used as a solvent and in
the production of benzene, polymers, and other atedsn Toluene may be released into
the air from motor vehicle exhaust and throughube of household products. Toluene is
active in ozone chemistry and can contribute tddneation of secondary organic
aerosol (Seinfeld and Pandis, 1998).

Health impacts

Adverse effects on the central nervous system msyltrfrom both short-term and
chronic exposures. Fatigue, headache, and nausgeesult from lower exposures;
exposures to higher levels of toluene can leagral nervous system depression and
death. Cardiac arrhythmia may also result fromteenposure. Chronic exposure may
lead to central nervous system depression, iwitadf the eyes and upper respiratory
tract, and mild kidney and liver effects. Toluengosure in pregnant women may also
lead to adverse developmental effects. The US E®toluene as “not classifiable” for
human carcinogenicity (group D) (US EPA, 2009b).

Xylenes

Usage, emissions sources and atmospheric processes

Mixed xylenes (m-xylene, p-xylene, and o-xylenamgos) are emitted from industrial
and mobile sources. Xylenes are used to makebsthyene, are found in gasoline, and
used as solvents. Xylenes are active in ozone islignand can contribute to the
formation of secondary organic aerosol. Xylenensws’ reactions with hydroxyl radical
are a major atmospheric sink; m-xylene has afifeton the order of seven hours
(Seinfeld and Pandis, 1998).
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Health impacts

Short-term exposure can lead to irritation of thiese nose, throat, skin, or
gastrointestinal system. It may also result inrakagical effects like slowed reaction
time and impaired short-term memory and balanderodc exposure leads to adverse
neurological effects like headache, dizzinessgtej anxiety, tremors, impaired short-
term memory and concentration, and may also leadverse effects on the lungs, heart,
and kidneys. The US EPA (2009b) lists mixed xyteag “not classifiable” for human
carcinogenicity (group D).

2.4. Grouping air toxic species
The air toxics species examined in this analysimsbeadivided into three main
groups linked according to common spatial and tealgmehavior:

Group A: Species that are directly emitted, readkiypoved by direct and/or
indirect photolysis or other chemical processab@atmosphere but not
significantly affected by atmospheric productiorg(ebenzene, 1,3-butadiene,
xylenes, toluene, ethylbenzene)

Group B: Species that have limited emissions aad/ery slowly removed in the
atmosphere, are well-mixed, and have long atmosgplietimes (e.g., carbon
tetrachloride)

Group C: Species that are directly emitted, ardingaemoved by direct and/or
indirect photolysis in the atmosphere, and are pteduced by other species (e.qg.,
formaldehyde, acetaldehyde, acrolein)

These groupings will be used throughout this report

2.5. Comparison of NATA data with monitoring data

For consistency with CMAQ modeling, which was opgrformed for 2002, only
NATA 2002 data are compared against CMAQ resHis: select species, measured
concentrations at Camden, Chester, Elizabeth, awdBiunswick (see Section 3.1)
were compared with county-averaged NATA ambienteotrations for 2002. Itis
important to note that while the observations repné concentrations at a single point,
the NATA 2002 ambient concentrations representtimial average concentrations of
an entire county. In spite of this, the compariebthe two datasets at Camden and
Elizabeth match well for most species, and theivgaoncentration levels between
species are similar for NATA county-averaged amibagmcentrations and measurements
at the Chester and New Brunswick sites. The lamg@mscentration differences are not
much more than a factor of 2 from one another.s Timagnitude of difference is
reasonable given that the comparison is betwe@uiatg averaged concentration and a
concentration measured at a single point. Compasiare presented in Figure 2-4
through Figure 2-7.
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Figure 2-4. Comparison of NATA 2002 predicted and observed concentrations at
Camden (Camden County)
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Note: Monitoring data are annual average conceoirsifrom the NJ Air Toxics site at Camden. NATA

2002 data are for Camden County.

Figure 2-5. Comparison of NATA 2002 predicted and observed concentrations at
Chester (Morris County)
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Note: Monitoring data are annual average conceoirsifrom the NJ Air Toxics site at Chester. NATA
2002 data are for Morris County.
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Figure 2-6. Comparison of NATA 2002 predicted and observed concentrations at
Elizabeth (Union County)
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Note: Monitoring data are annual average conceoirsifrom the NJ Air Toxics site at Elizabeth. WA
2002 data are for Union County.

Figure2-7. Comparison of NATA 2002 predicted and observed concentrations at
New Brunswick (Middlesex County)
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Note: Monitoring data are annual average concgotrsfrom the NJ Air Toxics site at New Brunswick.
NATA 2002 data are for Middlesex County.

Based on these comparisons between the observamtedidted annual average
concentrations of key air toxics, we conclude thatNATA 2002 model performed
reasonably well.
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3. ANALYSISOFAIR TOXICSMONITORING DATA

Analysis of ambient monitoring data for individwaat toxics species in New
Jersey and surrounding states provides a real-waodeérstanding of air toxics levels that
exist in and around New Jersey. The data alsageavbasis for identifying geographic
and temporal patterns of air toxics levels. Ptaathis report, analysis of the air toxics
data collected by New Jersey'’s air toxics netwa#t penerally been limited to basic
summary statistics on annual averages and ineesinparisons. Additional analyses
on temporal and spatial variability, charactermatof localized impacts, and analysis of
nearby sources will give a better understandinh@fature of air toxics in the region
and allow better comparison to modeling data, #idsg the development of exposure
mitigation strategies.

The analysis presented here is focused on thosdensalurce air toxics that are

Figure 3-1. Air toxics monitoring sitesin New Jer sey
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most prevalent in the state and pose the largdsicphealth risk (acetaldehyde, benzene,
formaldehyde, and 1,3-butadiene), though datalfatl@er monitored air toxics
compounds were also reviewed. This section presestimmary of findings from this
analysis.

3.1. Air toxics monitoring networ ks

Two monitoring networks were used to gather aird®xnonitoring data. NJDEP
has measured a group of toxic volatile organic aaumpls (VOCs) in Camden as part of
the Urban Air Toxics Monitoring Program (UATMP) se1989. Three other sites were
established to monitor air toxics in the stateiz&teth in 1999, and Chester and New

Table 3-1. Relevant parameters measured for the PAM S program

Param. CAS No. Chemical Species Param. CAS No. Ché®pecies
43202  74-84-0 Ethane 43291 565-59-3 2,3-Dimethyhoen
43203  74-85-1 Ethylene 43249 589-34-4 3-Methylhexan
43204  74-98-6 Propane 43250 540-84-1 2,2,4-Trinhpémgane
43205 115-07-1 Propylene 43232 142-82-5 n-Heptane

43214  75-28-5 Isobutane 43261 108-87-2 Methylcyekaime
43212 106-97-8 n-Butane 43252  565-75-3 2,3,4-Trimethylpentane
43206  2122-48-7  Acetylene 45202 108-88-3 Toluene

43216  93196-02-2 trans-2-Butene 43960 592-27-8 2-Methylheptane
43213 9003-28-5 1-Butene 43253 589-81-1 3-MethytHrep
43217 590-18-1 cis-2-Butene 43233 111-65-9 n-Octane

43282  287-92-3 Cyclopentane 45203 100-41-4 Edmngdbne

43221 92046-46-3 Isopentane 45109 179601-23Aip-Xylenes

43220 8031-35-4 n-Pentane 45220 9003-53-6 Styrene

43226  68956-55-8 trans-2-Pentene 45204  95-47-6 o-Xylene

43224  8029-09-2 1-Pentene 43235 111-84-2 n-Nonane

43227 627-20-3 cis-2-Pentene 45210 98-82-8 Isopropylbenzene

43244  75-83-2 2,2-Dimethylbutane 45209 103-65-1 n-Propylbenzene
43284  79-29-8 2,3-Dimethylbutaneg 45212  620-14-4 m-Ethyltoluene

43229 107-83-5 2-Methylpentane 45213 622-96-8 p-Ethyltoluene

43230 96-14-0 3-Methylpentane 45207 108-67-8 IT3imethylbenzene
43243  78-79-5 Isoprene 45211 611-14-3 o-Ethyltoluene

98040 763-29-1 2-Methyl-1-penteng 45208 95-63-6 /A1T2imethylbenzene
42231 110-54-3 n-Hexane 43238 124-18-5 n-Decane

43262  96-37-7 Methylcyclopentane 45225  526-73-8 ,312imethylbenzene
43247  108-08-7 2,4-Dimethylpentane 45218 141-93-5 m-Diethylbenzene

45201 71-43-2 Benzene 45219 105-05-5 p-Diethylbenzene
43248  110-82-7 Cyclohexane 43954 1120-21-4 n-Undecane
43263 591-76-4 2-Methylhexane 43102 - Total nethane organi¢

compounds (NMOC)
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Brunswick in 2001. These sites are collectivefemed to as the New Jersey Air Toxics
network throughout this report. In addition to thew Jersey Air Toxics network, there
are three Photochemical Assessment Monitoring@istiPAMS) at Rider University,
Rutgers University, and Camden. A map of theseitoienis provided in Figure 3-1.
Additional details for the New Jersey Air ToxicstiWerk and the PAMS network are
provided in Sections 3.1.1 and 3.1.2, respectively.

3.1.1. New Jersey Air Toxics networ k

The four air toxics monitoring stations in New &rsollect samples every six
days, according to the TO-15 analysis method fo€Cg(and the TO-11A method for
formaldehyde and other carbonyl compounds. Thelb@nalysis method involves use
of a steel canister for collecting air samplesM@C analysis, and the TO-11A method
uses a DNPH cartridge for measurement of carbonyls.

3.1.2. Photochemical Assessment M onitoring Stations (PAMYS)

PAMS were established based on February 1993 oexdo Title 40 Part 58 of
the Code of Federal Regulations (40 CFR Part 58xpand the existing networks in
o0zone nonattainment areas. PAMS were specifida$igned to monitor volatile organic
compounds (VOCs), which are precursor compoundzane formation. Because many
VOCs are classified as air toxics, the PAMS netwsrk valuable tool for assessing the
levels of some air toxics at an hourly average sitake. There are three PAMS network
sites in New Jersey. The Rider University PAMS wsisblished as a Type 3 site,
meaning it is likely to experience maximum ozoneaamntrations as it is downwind from
major precursor sources. The Camden Lab PAMStégjoaized as a Type 2 site,
indicating that it is likely to experience maximwnone precursor concentrations due to
nearby sources. The Rutgers University PAMS ig@eTl (upwind) site from the New
York City area. The PAMS database provides hodaltya on several air toxics that can
be used to analyze temporal (including diurnalifesf and spatial variability of certain
gas-phase air toxics in the state. These sitesrdyeoperational during the summer
ozone season. A list of VOC compounds measurgtddf? AMS network is presented in
Table 3-1, with each compound’s applicable US ERAAuality System (AQS)
parameter code and Chemical Abstract Service (@AS)ber.

3.1.3. Measurements from neighboring states

Air toxics measurements are also collected at sitegighboring states. The air
toxics data from these regional sites were dowrdddcbm the AQS Data Mart and
analyzed using Excel to generate plots demonsty&ti@ annual, quarterly, and diurnal
trends of species at these locations. The sitdsdad: Sherwood Island, CT; Botanical
Gardens, NY; Community College, NY; East LycomiRd,; and Lums Pond, DE. A
map showing the locations of air toxics monitorgiigs in relation to those operating in
New Jersey is presented in Figure 3-2 (reproduced NJDEP, 2003). NESCAUM
focused on four air toxics from Group A (benzendere, toluene, and ethylbenzene)
and two air toxics from Group C (formaldehyde andtaldehyde) for this comparison.
Note that not all species were measured duringealfs of interest at these sites. Also
note that data from these sites were not usedgltlisnmodel evaluation. Results of this
regional comparison are discussed in context ini@e8.4.4.
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Figure 3-2. Air toxics monitoring sitesin states neighboring New Jer sey
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Source NJDEP, 2003. Reproduced from the original.

3.2. Monitoring data sources and processing

The data for select air toxics species were rezdeor all New Jersey sites for
years 2000-2009 from the US EPA’s AQS Data Mand also from NJDEP staff. The
downloaded XML files were organized by site, spgcand measurement type and saved
into separate comma separated value (CSV) files.

Table 3-2 contains a description of data files inesmefrom NJDEP. For the data
analyses presented in Section 3.4 and AppendixE5SGAUM used the data from the
AQS Data Mart (Table 3-3) rather than NJDEP filestee former included information
on the minimum detection limit (MDL) for each mee=mment and had a uniform format.
Minimum detection limits are defined as “the loweshcentrations at which laboratory
equipment have been experimentally determinedliabig quantify concentrations of
selected pollutants to a specific confidence leyEkstern Research Group, 2008). Such
data should be used with caution due to the ingrgasicertainty at or below the MDL.
NESCAUM used data from NJDEP to spot check the filewnloaded from the AQS
Data Mart. NESCAUM developed Perl scripts to rde@CSV data files and calculate
averages, replaced concentrations below the MDh haif the MDL, counted the
number of replacements of below MDL values, ancegated data files to import into
Excel.

3 US EPA, Air Quality System (AQS) Data Mart, httpw.epa.govi/ttn/airs/agsdatamart/
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Table 3-2. Data filesobtained from NJDEP

File Name Site Y ear Compound(s)
toxics 1.mdb All sites 2004-2008 VOCs and carbonylg
data sumary.xls All sites 1995-2008  Summary oflabée data
Camdencarb96.xls Camden Lab 1996 Carbonyls
Camdencarb97.xls Camden Lab 1997 Carbonyls
Camdencarb98.xls Camden Lab 1998 Carbonyls
Camdencarb99.xls Camden Lab 1999 Carbonyls
Camdencarb00.xls Camden Lab 2000 Carbonyls
Camdencarb01.xls Camden Lab 2001 Carbonyls
cam2002alde.xls Camden Lab 2002 Carbonyls
camden carbs 2003.xls Camden Lal 2003 Carbonyls
camden1994-2000-vocs.xls Camden Lak 1994-2000 VOCs
cam-vocs99.xls Camden Lab 1999 VOCs
Cam2001Rawvoc.xls Camden Lab 2001 VOCs
cam2002rawvoc.xls Camden Lab 2002 VOCs
camden voc 2003.xls Camden Lab 2003 VOCs
Chest2001alde2.xls Chester 2001 Carbonyls
che2002alde.xls Chester 2002 Carbonyls
chester carbs 2003.xls Chester 2003 Carbonyls
chester2001rawvoc.xls Chester 2001 VOCs
che2002rawvoc.xls Chester 2002 VOCs
chestervocs 2003.xls Chester 2003 VOCs
eliz-carbs-sum-2000.xls Elizabeth 2000 Carbonyls
eliz2001alde2.xls Elizabeth 2001 Carbonyls
eliz2002alde.xls Elizabeth 2002 Carbonyls
elizabeth carbs 2003.xls Elizabeth 2003 Carbonyls
eliz-voc-sum-2000.xls Elizabeth 2000 VOCs
eliz2001rawvoc.xls Elizabeth 2001 VOCs
eliz2002vocraw.xls Elizabeth 2002 VOCs
elizabeth voc 2003.xls Elizabeth 2003 VOCs
NewBruns200lalde2.xls New Brunswick 2001 Carbonyls
NewB2002alde.xls New Brunswick 2002 Carbonyls
NewBrunswick carbs 2003.xls New Brunswic 2003 ©anhs
NewBruns2001rawvoc.xIs New Brunswic 2001 VOCs
NewB2002rawvoc.xls New Brunswick 2002 VOCs
NewBrunswick voc2003.xls New Brunswicl 2003 VOCs
warren county 2003.xls Warren County 2003 VOCs

Source: Joshua Ray, NJDEP

1. The Warren County Air Monitoring Program (WCAMP) nitmred several parameters,
including selected volatile organic compounds,sieveral years. Additional information about
this monitor is available at http://dsmcap.com/sspsut.htm.



Air Toxics Analysisin New Jersey: Ambient Data Review and Model Validation

Page 3-6

Table 3-3. Data obtained from the AQS Data Mart

Species Sites Years Time Resolution
Camden 2000-2008 24-hour, limited 3-hour
Acetaldehyde C_hester 2001-2009 24-hour
Elizabeth 2000-2009 24-hour
New Brunswick | 2001-2009 24-hour
Camden 2005-2008 24-hour
Acrolein C_hester 2005-2009 24-hour
Elizabeth 2005-2009 24-hour
New Brunswick | 2005-2009 24-hour
Camden 2000-2008 24-hour, limited 1-hour
Benzene C_hester 2001-2009 24-hour
Elizabeth 2000-2009 24-hour
New Brunswick | 2001-2009 24-hour
Camden 2000-2008 24-hour
1 3-Butadiene C_hester 2001-2009 24-hour
’ Elizabeth 2000-2009 24-hour
New Brunswick | 2001-2009 24-hour
Camden 2000-2008 24-hour
. Chester 2001-2009 24-hour
Carbon Tetrachloride Elizabeth 2000-2009 24-hour
New Brunswick | 2001-2009 24-hour
Camden 2000-2008 24-hour, limited 1-hour
Ethylbenzene C_hester 2001-2009 24-hour
Elizabeth 2000-2009 24-hour
New Brunswick | 2001-2009 24-hour
Camden 2000-2008 24-hour, limited 3-hour
Formaldehyde C_hester 2001-2009 24-hour
Elizabeth 2000-2009 24-hour
New Brunswick | 2001-2009 24-hour
Camden 2000-2008 24-hour, limited 1-hour
mp-Xylene C_hester 2001-2009 24-hour
’ Elizabeth 2000-2009 24-hour
New Brunswick | 2001-2009 24-hour
Camden 2000-2008 24-hour, limited 1-hour
o-Xylene C_hester 2001-2009 24-hour
Elizabeth 2000-2009 24-hour
New Brunswick | 2001-2009 24-hour
Camden 2000-2008 24-hour, limited 1-hour
Toluene C_hester 2001-2009 24-hour
Elizabeth 2000-2009 24-hour
New Brunswick | 2001-2009 24-hour

Source: US EPA, AQS Data Mart.
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NESCAUM calculated annual, quarterly, seasonal,dinchal average$.No
data-completeness requirements were imposed atathecomprising the annual,
guarterly, or seasonal averages for any specisieor

Most of the figures in Section 3.4.4 and in AppeediA and B were generated
using these data files in Excel. The programs mlatthed measurement days to
facilitate comparison between the PAMS and NJ Aixits networks described in
Appendix A. The PAMS to NJ Air Toxics network seaitplots in Appendix A were
generated using R statistical software.

Annual, quarterly, and seasonal (summer and wigtarentrations were
calculated for benzene, acetaldehyde, acroleirbdti&diene, formaldehyde, carbon
tetrachloride, xylenes, toluene, and ethylbenzéte data completeness requirements
were imposed on the data comprising the annualtepyg or seasonal averages for any
species or site. PAMS data were extracted for émmztoluene, xylenes, ethylbenzene,
formaldehyde, and acetaldehyde. The PAMS data wsed to estimate diurnal behavior
(weekday/weekend). Twenty-four hours of data wetplired for a day’s measurements
to be included in the averages representing “typdiarnal behavior in Section 3.4.2.
Excel was used to create the figures in this sectithe scripts also matched
measurement days to facilitate comparisons betwteeRAMS and NJ Air Toxics
networks.

NESCAUM conducted the following analyses usingrtianitoring data: analysis
of spatial characteristics including inter-site gamsons and analysis of local emission
sources or transport patterns; analysis of temmbralacteristics including descriptions
of annual averages and seasonal variation; andieaian of diurnal profiles when
PAMS data were available.

3.3. Sampling methods and uncertainty

As with all ambient monitoring, there can be unaiatly in the observed
measurements due to environmental variability anditaring error in sample collection
and laboratory analysis. For the majority of datthe UATMP network, it was
determined that environmental variability, espégitdmporal, accounts for the overall
variability observed; however, monitoring error bews more significant at lower
ambient concentrations (Bortnick and Stetzer, 20@yen that NJDEP has maintained
and operated the air toxics and PAMS sites in Newwe) for many years, there are
robust data quality assurance and control procedarplace. Despite carefully
following procedures, it is still possible to hawenitoring uncertainty as evidenced by
acrolein growth in monitoring canisters due to ffisient canister cleaning practices
(Jones, 2010).

The New Jersey PAMS sites use gas-chromatographwW@iCflame ionization
detector (FID) technology with thermal desorptidampling occurs over the first 40
minutes of each hour followed by measurement. #althl details of the technologies,

* Quarter 1 (Q1) includes January, February, anccMa®2, April, May, and June; Q3, July, August, and
September; and Q4, October, November, and Decen8sasonal averages are for summer (June, July,
and August) and winter (January, February, and Dbee of the previous year).
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procedures, maintenance, and operation of systeatsfor sampling and measuring air
toxics concentrations are presented in the AppeAdxkthe Quality Assurance Project
Plan (QAPP).

3.4. Monitoring data results

This section presents a summary of data analysiewof Jersey Air Toxics and
PAMS monitoring data. The species examined indhalysis are divided into the three
main groups described in Section 2.4.

Data for certain compounds collected using thedstethmethod have been
subject to additional data quality scrutiny in metcgears (US EPA, 2010a). Monitoring
data for acrolein in particular have been deterohimgthe US EPA to be an issue across
its monitoring program (US EPA, 2010b). Communamafrom Charles Pietarinen of
NJDEP indicated that the quality of the data fonfaldehyde and acetaldehyde
monitored through the NJ Air Toxics program arewetl understood, that the quality of
acrolein data was poor, and that the quality ofduadiene data varied (Pietarinen,
2011). The analysis presented here should be stoderin light of these data quality
problems.

General discussion of multi-year and seasonal sranel examined in
Section 3.4.1 using data from the NJ Air Toxicsnwek, and diurnal behavior using the
PAMS network data is examined in Section 3.4.Z2cofparison between NJ Air Toxics
data and PAMS data is presented in Section 312€ailed results arranged into the
groups are presented in Section 3.4.4.

3.4.1. Summary of New Jersey Air Toxics monitoring data results

This section presents a summary of data analysieof Jersey Air Toxics
monitoring data. The different groups of compouexisibited different trends during the
years considered (2000-2009).

For most species in Group A, there was an oveaalindvard trend in annual
average concentrations at most sites. Howevesdore species at some sites, the data
did not clearly point toward a trend. These anaesahay be due to high individual
readings from event plumes (a significant toxidease from an industrial facility, for
instance), or could be due to an across-the-boaréase in emissions of those
compounds. The Elizabeth site typically had tighbast concentrations of these species,
followed by Camden, New Brunswick, and Chester.

Seasonal patterns amongst Group A compounds wereiform. For benzene
and 1,3-butadiene, the summer concentrations efteeeded winter concentrations of
the same year. For xylenes, toluene, and ethyyenzhe relationship between seasonal
concentrations was more variable.

Carbon tetrachloride is the only species examingdrbup B. At all sites, it
showed a rough upwards trend from year to years Ojpward trend is not surprising
given the long lifetime of carbon tetrachloride ¢ddes), even despite the lack of strong
domestic emission sources. Because of the relatespheric stability of carbon
tetrachloride, even small, distant emission souncag be able to sustain and increase
concentrations in New Jersey. According to theBPA (2008), there are no significant
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sources of carbon tetrachloride within New Jergggtionally, 7 sources accounted for
the majority of domestic carbon tetrachloride emiss, and only 34 sources emitted
more than 1 ton per year, accounting for 89 peroedbmestic emissions. Because there
are few emission sources of carbon tetrachlorideharound New Jersey, monitors in
the region are influenced by regional, nationad] externational sources, and therefore
all sites had similar concentration levels. Sumaomgrcentrations often surpassed winter
concentrations for a given year.

Group C compounds’ concentrations rose steadigpime cases or were more
volatile from year to year. Concentrations betwsiégs were also variable, and sites
with the highest concentrations often changed fyear to year. Summer concentrations
for all Group C compounds often surpassed wintacentrations. Because these
compounds are formed in the atmosphere through ichémteraction requiring sunlight
and relatively higher temperatures, it is expethed summer concentrations would be
higher than those seen in the winter. Because IRJiD&icated that there are data quality
issues related to the monitoring data for theseiepéPietarinen, 2011), NESCAUM
does not have a high degree of confidence to makensents about year-to-year trends
or spatial relationships between the sites fordlsgecies.

3.4.2. Summary of New Jersey PAM S data results

There are limited data capturing diurnal behawbait, for those species with data,
there are similarities in diurnal behavior amorggstcies within a group. Group A
compounds (benzene, xylenes, toluene, and ethydnefzhow early morning peaks,
minimums in the early afternoon, and rising concarins starting in the early evening.
The morning peak may be due to early morning eomssiand the afternoon low is likely
due to indirect photolysis and a rising atmospheniing height. The rise in
concentration following the afternoon trough maydoe to a fresh influx of emissions
that are much more slowly depleted at night aloit & lowering mixing height.

Carbon tetrachloride is not among the species medsu the PAMS locations
(see Table 3-1), and therefore Group B is not sepred in the PAMS data.

Concentrations of Group C compounds (formaldehyakaeetaldehyde) rise
from early morning to an early afternoon peak, akgdéely associated with increased
photochemical production. These species’ conceotiare gradually reduced until the
early morning when fresh emissions are releasecdtive atmosphere and photochemical
production leads to higher concentrations. BechlH2EP indicated that there are data
quality issues related to the monitoring data fi@se species (Pietarinen, 2011),
NESCAUM does not have a high degree of confideacadke statements about year-to-
year trends or spatial relationships between ties $br these species.

3.4.3. Summary of PAM S and NJ Air Toxics data comparisons

While year-round 24-hour samples are typicallyextitd at the New Jersey Air
Toxics measurement sites, hourly (or 3-hour averagde case of carbonyls) samples
are collected at PAMS network sites during the semozone season. Because some
compounds measured by PAMS sites are also mealsyithé NJ Air Toxics sites,
PAMS may be compared with nearby NJ Air Toxics mieasients and used to
investigate the diurnal patterns for those compsund
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PAMS and NJ Air Toxics data were also examinedttugyeto determine if
collocated and concurrent PAMS and NJ Air Toxicasugements were comparable.
Limited data comparisons were made for formaldehgdetaldehyde, benzene, toluene,
xylenes, and ethylbenzene. Daily NJ Air Toxics adehour average PAMS
measurements at the Camden Lab site were comparéalys when there were data for
both samplers. Only days with at least 75 perP&NIS data completeness (18 or more
hours) were used in the comparison. Time seridsaatter plots were generated for
benzene, toluene, xylenes, and ethylbenzene, andifferent methods of linear
regression (“ordinary least squares” and the legigeo-sensitive “least trimmed
squares”) were employed to fit the data. Whileg¢heas significant scatter in the data,
the slope of the regression lines (NJ Air ToxicsRAMS) estimated for benzene,
toluene, and ethylbenzene were between 0.8 anfdrlbbth methods. The slope of the
trend line for xylenes was 0.6-0.7. Because x\deare composed of three isomears (
xylene,m-xylene, angp>-xylene) and-xylene is more likely than benzene or toluene to
have concentrations below the reported MDLs, thay mave affected the PAMS-NJ Air
Toxics comparison for xylenes. While the slopetheftrend lines are not very far from
1, there are many days for which the NJ Air Toxang PAMS data diverge significantly.
This can be due to some of the PAMS averages loaileglated with fewer than 24 hours
of data or due to differences in monitoring metHodes. A seasonal comparison of NJ
Air Toxics and PAMS measurements for the samefsgpecies also indicates that both
datasets are comparable for most years. Furthaitslef these comparisons can be
found in Appendix A.

3.4.4. Summary of regional air toxics monitoring data

This section presents a summary of data analysesgadnal air toxics monitoring
data compared to New Jersey Air Toxics and PAMSitaong data. In general, data
from neighboring states exhibit the same tempoealds seen for Group A and C species
in New Jersey (Group B was not examined). For gpt@enfior benzene (Group A), there
is an overall downward annual trend, the highesteatrations are generally in the
quarters 1 and 4 (the colder months), and the diyattern shows a morning peak (not
as high on the weekend) with an afternoon low.inAdew Jersey, there does not appear
to be a consistent seasonal trend at regionalfsite®me species, including
acetaldehyde. And, as in New Jersey, formaldehyal@itoring data across the region
indicate higher concentrations in the warmer motttas in the cooler months, and a
diurnal profile featuring high afternoon concentyas. Regional patterns for xylenes,
toluene, and ethylbenzene are the same as theyitare New Jersey; the annual values
show a slight downward trend, there is no cleardna the quarterly data, and the diurnal
plots illustrate a morning maximum and an afternoonimum, though this effect is less
pronounced on weekend days compared to weekdaygsxdnining the specific air
toxics measurements in neighboring states to tloaseed in New Jersey, NESCAUM
determined that there is a general consistenagnporal characteristics of these air
toxics across the region.

In addition to their temporal characteristics,taKics patterns and trends are
reasonably consistent across the region. Thougtbgisite concentration differences
underscore the importance of local sources on iddal locations, this analysis suggests
that many air toxics levels are influenced by regigatterns of air toxics sources. Itis
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unsurprising that many of the air toxics examinethis report show similar patterns
across the region, as they are dominated by mebileces. Plots of air toxics discussed
in this analysis for regional sites are presemefigpendix B.

3.4.5. Detailed monitoring data results

Monitoring results for each species of interest@esented in this section and
arranged by the groups described in Section 3esuls are presented for annual,
guarterly, seasonal, and diurnal averages, asadail For diurnal patterns, because
sample sizes are generally small, single evergs, @plume with high air toxics
concentrations) can have a large effect on thendlprofile. These occurrences are
noted when they occur in the diurnal profiles. déenedian concentrations rather than
mean (simple average) concentrations would mititjaseeffect.

Group A compounds

Group A compounds are air toxics that are direetiytted, are readily removed
by direct and/or indirect photolysis or other chemhprocesses in the atmosphere, but are
not significantly impacted by atmospheric productid®iscussions of toluene and
ethylbenzene are included here, although they@remthe top lists from NATA for
cancer or non-cancer health risks in New Jerseg.indlude them because they are
mobile source air toxics that are measured at typébs of monitoring networks and are
often measured at levels well above their MDLs.

Benzene

Since 2002, annual benzene concentrations hawenved an overall downward
trend at New Jersey’s long-term air toxics measerdrsites with a couple upswings in
concentration in 2005 (for three sites) and 2008 fl sites) (see Figure 3-3 through
Figure 3-6). With few exceptions, benzene coneioins were highest in the first and
fourth quarters and lowest in the second and tuatters. Benzene is not produced in
the atmosphere and is removed through reactiormsthét hydroxyl radical, which is
highest in the warmer months (quarters 2 and 8 differences in summer and winter
concentrations in Figure 3-7 illustrate more chedine seasonal dependence of ambient
benzene levels. As shown in Figure 3-7, winterage concentrations were higher, and
often considerably higher, than summer averageesurations for nearly every site and
year. The only exception was at Elizabeth in 2008n the average third quarter
concentration was more than double that of all ogjuarters and the highest quarterly
average benzene concentration of all the yearsigesliconsidered here. This exception
is the result of an outlying observation that ipragimately 50 times higher than the
other observations in that time period. Benzemeentrations may also be higher in the
winter months due to higher emissions or lower lolauy layer (mixing level) heights.
Only 0.4 percent of the total benzene measurenfengs! sites and years fall below the
MDL in the AQS data files.

A spatial comparison of annual average benzeneecwrations across the four
sites is shown in Figure 3-8. Elizabeth consi¢ydmd the highest annual benzene
concentrations of the four toxics sites followed imyorder of decreasing annual
concentrations, Camden, New Brunswick, and Chester.
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Figure 3-9, Figure 3-10, and Figure 3-11 contaehburly average benzene
concentrations measured at the PAMS sites of CaniRlgigers University, and Rider
University, respectively. These figures presenhhbe average hourly concentrations
for each day of the week (a) and the average okelaeand weekend concentrations (b).
Only days with 24 hours of measurements were usedlculating the averages. While
the exact peak and trough hours vary across tee aitd across the days, the basic shape
of the diurnal curves for benzene is similar fdrsétes. Peak benzene is in the early
morning, the minimum is during the mid-afternoongd @oncentrations start to rise again
in the early evening. Emissions and reductionnayttydroxyl radical are major
contributors to benzene’s diurnal behavior, whicyralso be affected by a rising mixing
height during the day. The peak is likely duenaréased mobile emissions during the
early morning commute. Benzene is destroyed byykeoxyl radical, which is higher
during daylight hours and substantially diminista¢dight. Fresh emissions may
contribute to the rise of benzene concentratiotes &6 early afternoon minimum.

While the peak hour varies across the weekdayS#&onden, it is clear that
benzene peaks in the early morning and reaches elthe early afternoon, when the
hydroxyl radical concentrations and mixing heiglg highest. The average peak hour on
a weekday is 5:00 AM, and the weekend peak is lE1v6e00 and 7:00 AM. There are
likely not as many early morning emissions on tleekend. The minimum
concentration timing and level is similar for weakd and weekends and is around 2:00
or 3:00 PM at the Camden site. The weekday peadksraughs are more uniform for
Rutgers University. The average weekday seeslalpgaene concentration at
6:00 AM, and the concentrations are rather flatnfit2:00 PM to 4.00 PM on average
days. The minimum concentration is around 2:00d?PMhe average weekday or 4:00
PM on the average weekend day. The Rider Uniyesgit sees a peak around 6:00 and
7:00 AM for weekdays and weekends. The low is adadt00 PM on the average
weekday and 4:00 PM on the average weekend.
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Figure 3-3. Quarterly and annual aver age benzene concentrations for 2000-2008 at

Camden
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Figure 3-4. Quarterly and annual aver age benzene concentrations for 2001-2009 at
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Figure 3-5. Quarterly and annual aver age benzene concentrations for 2000-2009 at

Elizabeth
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Note: At the time of retrieval, data were not aahié for the last quarter of 2009 at Elizabeth.

Figure 3-6. Quarterly and annual aver age benzene concentrations for 2000-2009 at
New Brunswick
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Note: At the time of retrieval, data were not aahlié for the last quarter of 2009 at New Brunswick.
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Figure 3-7. Summer and winter aver age benzene concentrations at Camden,
Chester, Elizabeth, and New Brunswick
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Figure 3-8. Comparison of annual aver age benzene concentrations by site
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Figure 3-9. Comparison of average hourly benzene concentrations for 2000-2008 at
the Camden PAMS
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Figure 3-10. Comparison of average hourly benzene concentrations for 2000-2008
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Figure 3-11. Comparison of average hourly benzene concentrations for 2000-2008
at the Rider University PAMS
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1,3-Butadiene

Figure 3-12 through Figure 3-15 contain the qubrtend annual average 1,3-
butadiene concentrations for the four long-term Newsey Air Toxics measurement
sites. Of measured 1,3-butadiene concentratighpebcent are below the MDL, though
the ratio has improved in later years. As a resulirge portion of the concentrations in
these plots will be heavily weighted towards 50cpat of the MDL, especially in the
early years. In some cases, what appeared talbeaward trend in measured
concentrations was actually the result of a dowvieend in reported MDL. At the
Chester and New Brunswick sites, for example, tea@ped that there was a clear
downward trend between 2003 and 2004, but in yealie MDL data from AQS
decreased from 2003 to 2004. Because of the legteptage of points below the MDL,
it is difficult to draw conclusions about 1,3-buieak concentrations at these sites in the
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early years. Itis clear that the concentratioesadow. One of the reasons for this is
that 1,3-butadiene is readily broken down in threasphere to form other species (e.g.,
acrolein). Years 2006-2008 have markedly feweenlkaions below the reported
MDLs. During these years, the first and fourthrigis (cooler months) had higher 1,3-
butadiene concentrations than the second anddhaders (warmer months). The
seasonal variation is even clearer in Figure 3\Miter concentrations were nearly
always higher than summer average concentratiares gdoven year. This is a pattern
typical of a species that is heavily influencedatwptochemical degradation in the
atmosphere.

For all years, the relative concentration level®ss the sites were similar.
Elizabeth concentrations were highest, followedlaynden, then New Brunswick, and
Chester. While the quarterly concentrations shoinfluence that photochemistry has
on 1,3-butadiene concentrations, the consisteniaspléstribution seen for each year in
Figure 3-17 indicates that ambient 1,3-butadiemel$eare also heavily influenced by the
amount of local emissions as well.

Figure 3-12. Quarterly and annual average 1,3-butadiene concentrationsfor 2000-

2008 at Camden
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Note: Data were not available for 2009 or the tpgtrter of 2003 at Camden.
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Figure 3-13. Quarterly and annual average 1,3-butadiene concentrations for 2001-
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Figure 3-14. Quarterly and annual average 1,3-butadiene concentrationsfor 2000-
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Figure 3-15. Quarterly and annual average 1,3-butadiene concentrations for 2000-
2009 at New Brunswick
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Figure 3-16. Summer and winter average 1,3-butadiene concentrations at Camden,
Chester, Elizabeth, and New Brunswick
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Figure 3-17. Comparison of annual average 1,3-butadiene concentrations by site
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Xylenes

Xylene isomers are measured separately at eachFsdgare 3-18 through Figure
3-21 show the quarterly and annual avenmnagexylene and-xylene concentrations at
the four long-term air toxics measurement sitelNemv Jersey. Only 2.4 percent of the
m,p-xylene measurements are below the MDL, while &regnt of thed-xylene
measurements are. The measurements at Chesteanatmomost of these low
concentrations.

For all sites, there was an overall downward tneftd concentration spikes in
2004 and 2008 at Elizabeth and slight jump in 280@amden. The first quarter of 2001
at New Brunswick had very high average concentnatimf xylenes, but this average was
only based on six measurements. By 2003, the NeewvdBvick concentrations were at
similar levels to the other sites.

The quarterly behavior varied considerably betwgsars and sites. For some
years and sites, the concentrations in cooler gusa(l and 4) were higher than warmer
guarters (2 and 3), and in other years, the oppess true. In Figure 3-22, Camden
winter concentrations often exceeded summer corateris. At Camden and at other
sites, however, there were years when the sumneeag® concentration exceeded that of
the winter. There were also many years when weersummer xylenes concentrations
were very similar. This lack of a consistent gedyttrend may be related to the
competing effects of emissions and chemistry or beayelated to the more complex
chemistry in which xylenes are involved (Seinfetdl &#andis, 1998).

In Figure 3-23, the annual average xylenes conatoiis are compared for the
four sites. While New Brunswick had the highestwal average total xylenes
concentrations in earlier years, Elizabeth hachigbest annual average concentrations
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among the four sites in more recent years. Carhddrthe lowest concentrations in 2001
and 2002, and for the remaining years, Chesteresurations were the lowest.

Figure 3-24 through Figure 3-29 contain the hoaxgragem,p- ando-xylene
isomer concentrations measured at the PAMS sit€aiatden, Rutgers University, and
Rider University, respectively. In the (a) pldtse average hourly concentrations for
each day of the week are given. The (b) plotsaiorinly the average weekday and
weekend concentrations. Charts are separatelgqexsfor then,p- ando-xylene
isomers. Only days with 24 hours of measuremeetg wsed in calculating the
averages. For most sites, the average peak inegleoncentrations is between 5:00 and
6:00 AM. There is a deep trough in the afternawith xylenes concentrations reaching a
minimum between 1:00 and 3:00 PM at all sites feekdays and weekends. Weekend
concentrations follow the same diurnal trend askdags though the morning peak is
diminished and the concentrations tend to be lowére early morning peak is likely due
to morning mobile source emissions and the abrigy th concentrations can be
attributed to the degradation of xylenes by therbyd radical that is more prevalent
during daylight hours, as well as a rising mixiregdit.
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Figure 3-18. Quarterly and annual average xylenes concentrations for 2000-2008 at

Camden
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Figure 3-19. Quarterly and annual average xylenes concentrations for 2001-2009 at

Chester
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Figure 3-20. Quarterly and annual average xylenes concentrations for 2000-2009 at

Elizabeth
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Figure 3-21. Quarterly and annual average xylenes concentrations for 2000-2009 at
New Brunswick
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Figure 3-22. Summer and winter aver age xylenes concentrations at Camden,
Chester, Elizabeth, and New Brunswick
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Figure 3-23. Comparison of annual aver age xylenes concentrations by site
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Figure 3-24. Comparison of average hourly o-xyleneisomer concentrationsfor
2000-2008 at the Camden PAM S
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Note: The peak for hours 21-23 on Friday is dugeteeral events where monitored concentrations were
much higher than typical.
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Figure 3-25. Comparison of average hourly m,p-xylene isomers concentrations for
2000-2008 at the Camden PAM S
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Figure 3-26. Comparison of average hourly o-xyleneisomer concentrationsfor
2000-2008 at the Rutgers University PAMS
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Figure 3-27. Comparison of average hourly m,p-xylene isomers concentrations for
2000-2008 at the Rutgers University PAMS

0.4
0.35 |

- —(a)MON

= —e—TUES

o

;’ —=— WED

S THURS

< FRI

g —%— SAT
—e— SUN

o+
0 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24
0.35

_ (b)

o)

o

&

@ —e— WEEKEND

(0]

=, —=— WEEKDAY

X

Q

e

0 T T T T T T T T T T T T

01 2 3 45 6 7 8 9 10111213 14 1516 17 18 19 20 21 22 23 24

Hour of Day
(a) Every day of the week. (b) Weekday and wedk.



Air Toxics Analysisin New Jersey: Ambient Data Review and Model Validation Page 3-34

Figure 3-28. Comparison of average hourly o-xyleneisomer concentrationsfor
2000-2008 at the Rider University PAMS
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Figure 3-29. Comparison of average hourly m,p-xylene isomers concentrations for
2000-2008 at the Rider University PAMS
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Toluene

Annual and quarterly concentrations for toluenepaesented in Figure 3-30
through Figure 3-33 for the four NJ Air Toxics siteToluene concentrations followed a
downward trend for the most part, with a jJump im@entrations in 2008 at Camden and
Elizabeth and a jump in 2007 at Chester. The qugrbehavior varied significantly
between years and sites. Some of the extremetioasan average quarterly
concentration are due to extreme outliers in tigireal dataset. For instance, a single 24-
hour observation for toluene at Camden in the §tstrter of 2008 was over 17 times the
next highest observation in that time period, gmgreximately 50 times the median
concentration for that time period. Conversely, élevated levels of toluene during 2008
third quarter at Elizabeth and the second quattsieas Brunswick are the result of
consistent measurement of high concentrations.l8/hiCamden the average winter
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concentrations often exceeded the summer concenisgbr a given year, there were
many years and sites that saw similar summer antemtioluene concentrations (Figure
3-34). This lack of a consistent seasonal tremdsscall the sites might be due to the
competing effects of emissions and chemistry otinigflect a more complex chemistry
involving toluene compared to other species thafpaimarily influenced by
direct/indirect photolysis only.

Only 0.1 percent of the toluene measurements wamnthe MDL for the years
and sites considered here. Most of the sub-MDlcebptrations were measured in earlier
years.

Annual average toluene concentrations are compan@ss the four measurement
sites in Figure 3-35. Camden and Elizabeth comagohs were similar for most years,
though Elizabeth had the highest concentrationl gitas from 2003 onwards. For most
years, Chester saw the lowest annual toluene ctmatiens. There was more variability
in “spatial trends” for toluene from year to yelaamn for some other chemicals. For
species like benzene, the relation between sifesaly did not vary from year to year
(e.g., Elizabeth > Camden > New Brunswick > Chgstérhile toluene concentrations
usually followed a similar pattern, deviations warere common. New Brunswick
provides a good example. New Brunswick saw theekiwoncentration in 2007-2008
(instead of Chester) and the highest concentrati@®01-2002 (instead of Elizabeth).

Figure 3-36 through Figure 3-38 contain the hoaxstgrage toluene
concentrations measured at the PAMS sites at CarRilggers University, and Rider
University. In the (a) plots, the average houdynecentrations for each day of the week
are given. The (b) plots show only average weelathalyweekend concentrations. Only
days with 24 hours of measurements were used culeding the averages. For most
sites, the average peak in toluene concentratsoasound 5:00 or 6:00 AM, but at Rider
University and Camden, the average weekend valoe®mtpeak very much. Toluene
levels go down at all sites over the course oftidng reaching a minimum in the early
afternoon. Concentrations rise again startingpéndarly evening, as the sun goes down.
Weekend concentrations follow the same diurnaldseas weekdays, but weekend
concentrations are lower from about 5:00 or 6:00 é&dards. The early morning peak
is likely due to morning mobile source emissiond #re afternoon trough is likely due to
photochemical reactions that consume toluene imtim®sphere as well as a higher
mixing height.
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Figure 3-30. Quarterly and annual average toluene concentrations for 2000-2008 at
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Figure 3-31. Quarterly and annual aver age toluene concentrations for 2001-2009 at
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Figure 3-32. Quarterly and annual aver age toluene concentrations for 2000-2009 at
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Figure 3-33. Quarterly and annual aver age toluene concentrations for 2000-2009 at
New Brunswick
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Figure 3-34. Summer and winter average toluene concentrations at Camden,
Chester, Elizabeth, and New Brunswick
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Figure 3-35. Comparison of annual average toluene concentrations by site
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Figure 3-36. Comparison of average hourly toluene concentrations for 2000-2008
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Figure 3-37. Comparison of average hourly toluene concentrations for 2000-2008 at
the Rutgers University PAM S
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Figure 3-38. Comparison of average hourly toluene concentrations for 2000-2008 at
the Rider University PAMS
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was much higher (approximately 600 times more) tigpital for that time.

Ethylbenzene

At each of the four measurement sites, ethylbenf@lmeved a decreasing trend
until 2008, when there was a slight upturn, as seé&mngure 3-39 through Figure 3-42.
As with toluene and xylenes, the quarterly behawias variable. While at Camden, the
fourth quarter most often had the highest conceatrathe third quarter most often saw
the highest concentration at New Brunswick and @nedVhile there were many years
in Figure 3-43 when Camden winter concentratiorteegded summer concentrations, at
other sites the opposite was true. There werenatsty years when summer and winter
concentrations were similar. While 9.7 percenthefethylbenzene measurements were
below the MDL, most of those sub-MDL concentratiorese measured in earlier years.
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Figure 3-44 shows the comparison of annual avesttydbenzene across the four
long-term New Jersey air toxics measurement si@@nden and Elizabeth had similar
ambient ethylbenzene levels for most years, yeaBkth typically had the highest
annual average concentration. New Brunswick hadighest annual average
concentration in 2001 and 2002. After 2001, Chrestasistently had the lowest annual
average ethylbenzene concentration of all foussite

The diurnal behavior of ethylbenzene is illustrateé&igure 3-45 through Figure
3-47, which contain the hourly average ethylbenzmmeentrations measured at the
PAMS sites at Camden, Rutgers University, and Rittaversity. In the (a) plots, the
average hourly concentrations for each day of teeknare given. The (b) plots show the
average weekday and weekend concentrations. Qb with 24 hours of
measurements were used in calculating the averdg@smost sites, the average peak in
ethylbenzene concentrations is around 5:00 or AMQwith the exception of the
average weekday peak at Rider University, whicht i5:00 AM. Weekends do not see as
much of an early morning peak as weekdays, andd&-6000 AM is either only slightly
higher than or at the same level as the previousshoEthylbenzene levels go down at all
sites over the course of the day, reaching a mimmuthe early afternoon that is typical
of species consumed in the atmosphere by hydraxiytals or direct photolysis.
Ethylbenzene concentrations rise again startirtgerearly evening, as the sun goes
down. Weekend ethylbenzene concentrations arealpiower than corresponding
weekday concentrations. As with similar species,garly morning peak is likely due to
morning mobile source emissions and the trougiketyl due to reactions with the
hydroxyl radical and a higher mixing height in @féernoon.

Figure 3-39. Quarterly and annual aver age ethylbenzene concentrations for 2000-
2008 at Camden
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Figure 3-40. Quarterly and annual average ethylbenzene concentrations for 2001-
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Note: At the time of retrieval, data were not aablé for the last quarter of 2009 at Chester. &heame
online in 2001.

Figure 3-41. Quarterly and annual average ethylbenzene concentrations for 2000-
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Figure 3-42. Quarterly and annual aver age ethylbenzene concentrations for 2000-
2009 at New Brunswick
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Figure 3-43. Summer and winter aver age ethylbenzene concentrations at Camden,
Chester, Elizabeth, and New Brunswick
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Figure 3-44. Comparison of annual aver age ethylbenzene concentrations by site
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Figure 3-45. Comparison of average hourly ethylbenzene concentrations for 2000-
2008 at the Camden PAM S
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Figure 3-46. Comparison of average hourly ethylbenzene concentrations for 2000-
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Figure 3-47. Comparison of average hourly ethylbenzene concentrations for 2000-
2008 at the Rider University PAMS
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Group B compounds

Group B compounds are characterized as havingdth@tmissions, are very
slowly depleted in the atmosphere, are well-mixad| have long atmospheric lifetimes.
Therefore, these compounds are likely to be rathéorm in both spatial and temporal
distribution. Carbon tetrachloride is the onlyaps in Group B for the purposes of this
analysis.



Air Toxics Analysisin New Jersey: Ambient Data Review and Model Validation Page 3-50

In 2005, there were no sources that emitted mane thton of carbon
tetrachloride within New Jersey. In the same yéaources accounted for the majority of
domestic carbon tetrachloride emissions, and oflgdirces emitted more than 1 ton per
year, accounting for 89 percent of domestic emissidexas (26 percent) and Louisiana
(21 percent) accounted for nearly half of all dofieesmissions. Because there are few
emission sources of carbon tetrachloride in andraddNew Jersey, monitors in the
region are influenced by regional, national, artdnmational sources, and therefore all

Table 3-4. Summary of domestic carbon tetrachloride emissionsin 2005

Total emissions of carbon| Count of source
State . o

tetrachloride (tons per year) facilities
Texas 56.4 324
Louisiana 45.2 248
Alabama 13.1 312
South Carolina 9.5 102
Oregon 9.4 262
Wisconsin 8.7 209
Oklahoma 8.5 119
Minnesota 8.3 717
Kansas 7.3 127
Virginia 6.9 265
Kentucky 6.7 217
MO 6.1 81
Ohio 51 136
Arkansas 5.1 78
Maine 4.7 99
North Carolina 3.2 331
Mississippi 3.0 120
California 2.4 3,451
Pennsylvania 2.3 37
lllinois 1.2 372
Tennessee 0.8 199
Utah 0.7 23
West Virginia 0.6 79
Colorado 0.5 782
Michigan 0.4 1,349
lowa 0.4 85
Washington 0.3 81
Nebraska 0.2 43
Florida 0.2 234
Maryland 0.2 44
New York 0.1 731
Vermont 0.1 52
New Hampshire 0.1 42

Note: States are ordered from highest to lowest aggeeggbon tetrachloride emissions. Emissions are
rounded to the nearest 0.1 tons per year. Stathgatal emissions below 0.05 are omitted fromlite
Source: 2005 National Emissions Inventory, US EPA (2008).
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sites had similar concentration levels (US EPA,800

Carbon tetrachloride

Annual and quarterly average carbon tetrachlorateentrations at the four air
toxic measurement sites are given in Figure 3-A48uiljh Figure 3-51. For the years
examined here, 28 percent of the carbon tetracdaneasurements were below the
detection limit; however, the percentage of measerdgs above the MDL showed an
increase since 2004. Only three values were bttewIDL between 2006 and 2009.
As a result, the pre-2004 concentrations are sagmfly influenced by the value for half
of the MDL in the quarterly and annual average riggu

Though the concentrations fluctuated from yeardarythere was an apparent
overall upward trend for carbon tetrachloride conictions at each site. The reason for
this upward trend is not clear, as emissions sguiaecarbon tetrachloride in the United
States are limited, and many uses of carbon tdoada have been discontinued over the
years. The rising concentrations may be due bogiglobal levels of carbon
tetrachloride emissions. Also, because the atnesgplifetime of carbon tetrachloride is
very long (decades), even small, distant emissiomnces may be able to sustain and even
increase ambient levels, though the budget of catiwachloride is still poorly
understood (Allen et al., 2009). The relative antcation levels between the quarters
varied from year to year; however, the first quanb@st often had the lowest quarterly
concentration. The third quarter most frequendlgl the highest quarterly average
concentration of carbon tetrachloride (Figure 3-5&) each site, summer concentrations
of carbon tetrachloride were typically higher thinter concentrations for most years.

Figure 3-53 compares the level of annual averagsooaetrachloride at each
measurement site. As might be expected for a lwegd; well-mixed chemical, the
concentrations were similar for all sites in a giyear.

Figure 3-48. Quarterly and annual aver age carbon tetrachloride concentrations for
2000-2008 at Camden
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Figure 3-49. Quarterly and annual aver age carbon tetrachloride concentrations for
2001-2009 at Chester
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online in 2001.

Figure 3-50. Quarterly and annual aver age carbon tetrachloride concentrations for
2000-2009 at Elizabeth
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Figure 3-51. Quarterly and annual average car bon tetrachloride concentrations for
2000-2009 at New Brunswick
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Figure 3-52. Summer and winter average carbon tetrachloride concentrations at
Camden, Chester, Elizabeth, and New Brunswick
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Figure 3-53. Comparison of annual average carbon tetrachloride concentrations by

ste
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Group C compounds

Group C compounds are directly emitted into theosiphere, readily removed by
direct and/or indirect photolysis in the atmospharel also produced in the atmosphere
through chemical reactions.

Formaldehyde

The long-term temporal “trends” in formaldehydewbetween sites (Figure 3-54
through Figure 3-57). Similar to acetaldehyde,aheual average formaldehyde
concentration in Camden dropped from 2000 to 26p&ed in 2004 and was level for
2005 through 2008, with only slight fluctuationt the Chester site, there was a bumpy
downward trend between 2000 and 2006. Concentisatinse between 2006 and 2007,
and the 2008 formaldehyde concentration was oty lower. At the Elizabeth site,
formaldehyde dropped between 2000 and 2002, thepgd significantly in 2003.
Concentrations were level from 2004 through 2004d,ia 2008, the concentration
dropped again. At New Brunswick, there was a simdck of long-term trend. The
annual average concentration dropped between 2602@02, was high in 2004 and
2005, and then dropped again in 2006. Only 0.1dem of the total formaldehyde
measurements for all sites and years fall belowMbé. given in the AQS data file,
while NJDEP has indicated that formaldehyde momigpdata from the NJ Air Toxics
sites are of unknown quality (Pietarinen, 2011).

Quarterly concentrations in Figure 3-54 throughuFeg3-57 indicate a clear
tendency at all sites for the second and thirdteusito have higher formaldehyde
concentrations than the first and fourth quarterany given year. Second and third
guarter concentrations of formaldehyde at Camdemausually high, indicating
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equipment malfunction or other monitoring errorgugh levels are also elevated at the
Chester and New Brunswick monitors. The seasor@riience is also evident in Figure
3-58 where summer concentrations of formaldehydeed winter concentrations in a
given year for nearly all years and sites. Whilerfaldehyde concentrations are
influenced by direct emissions, photochemical potidn of formaldehyde may account
for a significant fraction of ambient levels (Luecket al., 2006). However, it is possible
that this seasonal trend may also be an artifattteotiata quality issue discussed in
Section 3.3. A higher formaldehyde concentrat®likely observed in the warmer
months due to the higher temperatures, photolgsésy and biogenic emissions.

The relative level of formaldehyde measured at es#tehvaried from year to year
(Figure 3-59). Each site had the maximum annuatage formaldehyde concentration at
least once. Of all the sites, Chester most oféentbe lowest formaldehyde
concentrations.

On certain days in years 2000, 2001, 2003, and,ZB05ur average
formaldehyde concentrations were measured at thedl€a PAMS. Figure 3-60 contains
the weekday and weekend average formaldehyde ctvattens measured at Camden.
Only days for which there was a complete set ofsneanents were included in the
average. Only weekday and weekend concentratiatiger than averages for individual
days, are included here due to there being relgthee measurements. Formaldehyde
concentrations show a maximum in the early aftenrfomurs. The weekday peak is more
pronounced than the weekend peak, which is likal/ t higher primary anthropogenic
emissions on the weekdays. The early afternook gea be attributed to the combined
effects of emissions and the photochemical prodoaif formaldehyde.

Figure 3-54. Quarterly and annual aver age formaldehyde concentrations for 2000-
2008 at Camden
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Figure 3-55. Quarterly and annual average formaldehyde concentrationsfor 2001-
2009 at Chester
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Note: At the time of retrieval, data were not aahié for the last quarter of 2009 at Chester. Eheame
online in 2001.

Figure 3-56. Quarterly and annual aver age formaldehyde concentrations for 2000-
2009 at Elizabeth
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Note: At the time of retrieval, data were not aahblé for the last quarter of 2009 at Elizabeth.
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Figure 3-57. Quarterly and annual average formaldehyde concentrations for 2000-
2009 at New Brunswick
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Figure 3-58. Summer and winter aver age for maldehyde concentrations at Camden,
Chester, Elizabeth, and New Brunswick
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Figure 3-59. Comparison of annual average formaldehyde concentrations by site
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Figure 3-60. Comparison of weekday and weekend aver age 3-hour formaldehyde
concentrations for 2000, 2001, 2003, and 2005 at the Camden PAMS

Average Diurnal Profiles of Formaldehyde at Camden (2000-
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Acetaldehyde

Quarterly and annual average acetaldehyde contiensat the four New Jersey
Air Toxics sites are given in Figure 3-61 througbufe 3-64. Only 0.8 percent of the
total acetaldehyde measurements for all sites aadsyfall below the MDL in the AQS
data file, and most of those are in 2002. NJDESimdicated that acetaldehyde
monitoring data from the NJ Air Toxics sites araiaknown quality (Pietarinen, 2011).

Annual acetaldehyde concentrations did not folloslear trend. In Camden,
concentrations dropped from 2000 to 2003, spike2Diovt (due to a high second quarter
concentration that is an average of only six vgluesd were level for 2006 through
2008, with only slight fluctuation. At the Chesstie, there was a bumpy downward
trend between 2000 and 2006, and concentratioreshetsveen 2006 and 2008. At the
Elizabeth site, concentrations dropped between 2002002, jumped significantly in
2003, and then rose through 2007. In 2008, theardration dropped down to pre-2003
levels. The annual concentration fluctuated bstnslar for many years at New
Brunswick with the exception of highly elevated aahconcentrations in 2004 and 2005.

The quarterly behavior also varied from year toryeal site to site. At New
Brunswick and Elizabeth, the third quarter hadthighest average concentration for most
years. At Camden and Chester, it was the secoadeguhat most often had the highest
guarterly concentration. The lowest concentratiwagee most often in the first or fourth
guarter, but in some cases, those quarters algained the highest. Figure 3-65
illustrates more clearly the seasonal dependenaebfent acetaldehyde concentrations
at the four sites. Figure 3-65 gives the summerane and winter averagecetaldehyde
concentrations for each site and year. Thereciea tendency for higher concentrations

® Note that year 2000 values only include JanuadyFebruary data, and do not include data from
December of the previous year.
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in the summer compared to winter for the same yé&ars holds true for most years at
most sites, although there are some anomalies.

Acetaldehyde is not only depleted in the atmosphbatalso chemically
generated there. One might expect a higher coratamt of acetaldehyde in the warmer
months because biogenic emissions and higher textopes can lead to higher
acetaldehyde concentrations. That there is naysdwa clear quarterly trend or the fact
that colder quarters sometimes see the highestotnation in a year might be due to the
competing effects of atmospheric chemistry and sioms. The contributions of
emissions and chemistry to ambient acetaldehydeetdrations may be of similar
magnitudes, and higher direct emissions duringezanbnths may compensate for the
lower chemical production of acetaldehyde in theasphere.

The annual average acetaldehyde levels varieddenadily between the four sites
(Figure 3-66). Each site had the maximum conceatrat least once. Chester most
frequently had the lowest concentration of the fates.

On certain days in years 2000, 2001, 2003, and,2ZB05ur average
acetaldehyde concentrations were measured at tneé&@aPAMS site. Figure 3-67
contains the weekday and weekend average acetdeleoycentrations measured at
Camden. Only days for which there was a completefsmeasurements were included
in the average. Only weekday and weekend condentsarather than averages for
individual days, are included here due to theradpetlatively few measurements.
Acetaldehyde concentrations show a maximum inateerhorning and early afternoon
hours. The weekday peak is more pronounced (att®tater) than the weekend peak;
however there is not a very large fluctuation in@ntration over the course of the day
for weekends or weekdays. One might expect ay aftdrnoon peak when
photochemical production is high.
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Figure 3-61. Quarterly and annual aver age acetaldehyde concentrations for 2000-
2008 at Camden
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Note: Data were not available for 2009 or the ¢pgtrter of 2003 at Camden.

Figure 3-62. Quarterly and annual aver age acetaldehyde concentrations for 2001-

2009 at Chester
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Note: At the time of retrieval, data were not aablé for the last quarter of 2009 at Chester. &heame
online in 2001.
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Figure 3-63. Quarterly and annual aver age acetaldehyde concentrations for 2000-
2009 at Elizabeth
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Note: At the time of retrieval, data were not aahblé for the last quarter of 2009 at Elizabeth.

Figure 3-64. Quarterly and annual aver age acetaldehyde concentrations for 2000-
2009 at New Brunswick
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Figure 3-65. Summer and winter aver age acetaldehyde concentrations at Camden,
Chester, Elizabeth, and New Brunswick
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Figure 3-67. Comparison of weekday and weekend average 3-hour acetaldehyde
concentrations for 2000, 2001, 2003, and 2005 at the Camden PAMS
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Acrolein

There are limited data available for acrolein. @aere not available until the
third quarter of 2005 (Figure 3-68 through Figuréld. NJDEP staff has advised against
using acrolein monitoring data from the NJ Air TexBites (Pietarinen, 2011).
Therefore, these monitoring data are discussednerglly qualitative terms and should
not be interpreted as conclusive of trends or Ewéhcrolein in New Jersey.

Just under 15 percent of the measured acroleirectrations are below the
MDL, but as with 1,3-butadiene, the percentageavd @bove the MDL increased in the
last few years due to lower reported MDLs. Fomegke, there are only three values
below the MDL across all sites for 2007-2009. ¥ears with data for all four quarters
(2006-2008), there is an upward trend in annualamemeasurements at all four sites.

There also appears to be a seasonal differenagotean measurements, which
may be an artifact of the data quality issue, oy bea true reflection of ambient
variation. Quarter 1 has the lowest concentrati@most often, and the third quarter has
the highest concentration the most often. In FB#72, summer acrolein levels
typically exceeded winter concentrations for thesaear. Ambient acrolein
concentrations may increase by direct emissionsagphotochemical production from
1,3-dienes. The chemical production of acroleitht@nd to be more significant in
warmer months, and this production likely accodotgshe seasonal variation in ambient
acrolein concentrations illustrated in Figure 3-72.

The relation of acrolein concentrations acrossfabie measurement sites is
shown in Figure 3-73. If restricted to 2006-20 years for which there were data for
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all quarters, Camden and Elizabeth had the higlestentrations of all the sites. In
2006 and 2007, Camden had a slightly higher arenelage concentration, and in 2008,
Elizabeth had a considerably larger annual avesag®dein concentration. New
Brunswick had the lowest acrolein concentratioalbthe sites for 2006-2008.

Figure 3-68. Quarterly and annual average acrolein concentrations for 2005-2008 at
Camden
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Figure 3-69. Quarterly and annual average acrolein concentrations for 2005-2009 at
Chester
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Figure 3-70. Quarterly and annual average acrolein concentrations for 2005-2009 at
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Figure 3-71. Quarterly and annual average acrolein concentrations for 2005-2009 at
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Figure 3-72. Summer and winter average acrolein concentrations at Camden,
Chester, Elizabeth, and New Brunswick
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Figure 3-73. Comparison of annual average acrolein concentrations by site
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4. PHOTOCHEMICAL AIR TOXICSMODEL
EVALUATION

While ambient measurements of air toxics can pmwuskeful information on air
toxics levels in the atmosphere and potential conmitpimpacts, air quality monitoring
is subject to a number of constraints. Monitomeguires a significant investment of
resources and, as a result, is often limited inialp@nd temporal coverage. In the
absence of spatially dense long-term monitoringgaality modeling can play a vital
role in community-scale air toxics assessmentdorBeahey can be used with confidence
in such applications, however, models must be etatland their limitations addressed
to assess their ability to reproduce existing ctooils and to determine their efficacy for
testing potential policies and scenarios.

NESCAUM and other modeling centers in the regi@vimusly performed
Community Multi-scale Air Quality Modeling Syster@MAQ) simulations over the
eastern United States for 2002, 2009, and 2018dpast regional haze evaluations (see
NESCAUM, 2006). The CMAQ platform is a state-oétbcience “one-atmosphere”
system that treats major atmospheric and land psese(e.g., advection, diffusion, gas
phase chemistry, gas-particle mass transfer, nimteaoagulation, wet and dry
deposition, aqueous phase chemistry, etc.) andgeraf species (e.g., anthropogenic and
biogenic, primary and secondary, gaseous and pkat#) in a comprehensive
framework. CMAQ has been extensively peer-reviewsdell-documented, and is
regularly updated to reflect the latest changesciantific understanding. CMAQ has
been applied successfully in a range of environsxantl on many spatial and temporal
scales.

For the present analysis, NESCAUM built upon thevipus modeling platform
used in a regional haze evaluation (NESCAUM, 20863 launched a 2002 simulation
of a more recent version of CMAQ, version 4.7. At fincludes a new chemical
mechanism capturing the chemistry of key air tosjescies, “cb05txhg.” Even when
building upon an existing modeling platform, sigreint effort is required to develop the
necessary modeling inputs (e.g., emissions, mdtaproinitial and boundary conditions,
photolysis rates, etc.) and parameters (e.g.,catrind horizontal extent of the modeling
domain, grid resolution, simulation length, etor) & new model run.

This section describes NESCAUM'’s use of CMAQ fastbroject. Section 4.1
provides an overview of air quality modeling for tixics. Observational data available
for comparison with model results are discusseSection 4.2, and the model evaluation
methodology is discussed in Section 4.3. Modeti§ipations for the current CMAQ
modeling are presented in Section 4.4. The resiilise model performance evaluation
for the regional haze modeling and the present hragare presented in Section 4.5.
We discuss these results in Section 4.6.

4.1. Modeling air toxics

Some toxic species are inert, while others arelpigdactive. They are emitted
from a range of sources, are composed of primadysanondary species, and often have
both significant regional and local components eSencharacteristics make air toxics
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particularly challenging to model. Significant &sources of air toxics in some areas
may lead to locally elevated levels (“hot spotdipee the urban and regional
background. The ability to capture and charactemaximum short-term concentrations
of air toxics in addition to long-term averages fiational, regional, urban, and
community or local-scale areas is necessary tmagti acute and chronic exposures for
health risk assessments. Monitoring for air toxicgeneral is spatially sparse, of low
temporal resolution, and limited primarily to urbareas. As a result, models are
important tools to provide the temporal and spatifdrmation that cannot be ascertained
from observations (Touma et al., 2006).

4.1.1. Typesof models: strengths and weaknesses

Different types of models can be used to assesgeatribvels of air toxics on
wide chemical and spatial scales, determine th@itapce of emissions sources, and
estimate the impacts of emissions control strasegitistorically, Gaussian dispersion
models have been used in local assessments okaist These models are limited in
that they often do not include a rigorous desaiptf chemistry or biogenic emissions,
in some cases do not include non-steady-state nodbgy, and are valid only a short
distance from the source (less than 50 km) (Touna&,2006). Regional background
concentrations of air toxics may be significansame areas, however, and thus long
range transport should be considered in urbans@assessments (Seigneur et al., 2003).

In an annual simulation by Luecken et al. (2000B)as determined that
photochemistry accounts for most ambient formalderand acetaldehyde and also
significantly influences acrolein. Because thgsecges cannot be accurately modeled
without taking chemistry into account, and becahsg also account for significant
health effects (see Section 2), an assessmernhtuaporates chemical transformations
of air toxics will be highly valuable to any asseest of risk. Gridded chemical
transport models (CTMs), like CMAQ, simulate thatsptemporal evolution of many
species in a “one-atmosphere” approach with comghexnical mechanisms, emissions
from biogenic and anthropogenic sources, and compkteorology at a range of spatial
scales. One major constraint of CTMs is the régmiumposed by its grid cell size. The
model has difficulty resolving strong gradientsyelose to emissions sources and so
may not always be able to capture the maximum gbart concentrations responsible
for acute exposures. Recent improvements in caatipnal power and model
representation at finer scales are allowing faatreély more reliable modeling at
resolutions as fine as 1 kilometer (km).

While the effects of subgrid variability will bedeened by modeling increasingly
smaller cells, model physics limit current CTM gaells to sizes no less than 1 km
(Isakov et al., 2007). Even at 1 km resolutioeyéhis subgrid variability (SGV) lost in
the average values for the cell, and incorporadinigscription of the SGV with gridded
model outputs might be necessary to identify hotsfChing et al., 2006b). The
characterization of SGV for gridded models is ativacarea of research, and there are
currently a number of approaches to capture bafiomal and local contributions in air
toxics modeling. One approach includes combinipgadabilistic description of the
subgrid spatial variability with regional modelingncentrations using information from
finer-scale modeling studies or coupled large-esichulation and photochemistry
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models (Ching et al., 2006a; Isakov et al., 2005dditionally, the results of separate
regional chemical transport model and local digparsnodel simulations can be
combined while taking care to avoid double counthgmissions (Stein et al., 2007;
Isakov et al., 2007; Isakov and Venkatram, 20068)ough increasingly computationally-
intensive for each additional source, integratesha-in-grid modeling within a chemical
transport model can be activated for select sour@@sime-in-grid modeling is no longer
available in CMAQ as of version 4.7.) Plume-inegmodeling allows the urban
background and local source impacts to be simukitaditaneously while avoiding the
concerns of double-counting (Karamchandani e2@D9). Many air toxics modeling
studies employing these techniques have been dppligrban areas around the country,
including Houston, Philadelphia, southern Califayrand New York City (Stein et al.,
2007; Ching et al., 2006b; Isakov et al., 2007kdsaand Venkatram, 2006;
Karamchandani et al., 2009). While techniques&timating and applying SGV are still
being developed, a representation of SGV couldnaltely be used in conjunction with
modeled grid concentrations to offer a distributadrgrid values for comparison with
point measurements rather than just a single vfalumodel evaluation (Ching et al.,
2006b).

While a CTM may not be able to capture maximum eotm@tions close to a
strong source, the ability of a grid model to captaverage temporal and spatial trends is
valuable, especially for species that have streggnal components or are chemically
reactive. In this analysis, NESCAUM generally doVled the recommended model
evaluation guidelines for fine particulate matted @zone to guide our statistical and
graphical analyses (US EPA, 2007). In doing soywlerefrain from setting strict model
performance goals for air toxics at this time duéhe fact that the observations from a
limited monitoring network may not well represeim tvolume-average concentrations
simulated by the model.

4.1.2. Modél uncertainty and sensitivity

There are many independent, potential sourcescedrtainty and model bias.
Model biases can come from errors in air toxicsssions inventories, inventories of
other species involved in chemistry leading toftrenation of air toxics (e.g.,
biogenics), meteorology, chemistry, boundary coodg, and incorrect or incomplete
parameterizations of physical and chemical proces&idded CTMs are subject to
some numerical diffusion from advection routined artificial dilution in grid cell
volumes. Sensitivities to inputs and parametdonatcan be highly variable and depend
upon many factors, such as chemical species, tirdayoand year, location, grid
resolution, temporal averaging, and more.

There have been many studies to date examiningethstivity of model outputs
to inputs and parameterizations (e.g., Appel e2807; Appel et al., 2008; Appel et al.,
2009). NESCAUM did not perform sensitivity anal/sin the model to identify highly
sensitive parameters. Such an analysis would geanisight and suggest future
improvements to model parameterization and inputs.



Air Toxics Analysisin New Jersey: Ambient Data Review and Model Validation Page 4-4

4.2. Observational data

The temporal and spatial variability of differepesies may be considerable
(Spicer et al., 1996; Luecken et al., 2006). Mc¢aet al. (2007) examined the temporal
variability of a number of air toxics across theitdd States, and found some distinct
seasonal and diurnal behaviors for different graafpasr toxics. Species like 1,3-
butadiene and benzene show a diurnal pattern lyaaflilenced by mobile source
emissions having a “morning peak.” The analysiarabient data in New Jersey and the
broader region presented in Section 3 is consistghtthis national finding.
Formaldehyde shows a daytime peak influenced byoghemical production, which
may account for the majority of ambient formaldedayduecken et al., 2006; McCarthy
et al., 2007). Acetaldehyde shows a daytime anchimg peak because it is heavily
influenced by photochemical production in additiormobile sources (McCarthy et al.,
2007). Air toxics measurements are typically ia tbrm of 24-hour averages. While
these cannot be used to determine diurnal behd®AdvlS stations measure some air
toxics of interest at a higher temporal resolutome- or three-hour samples, depending
on species and season), and these may be usedjumction with 24-hour average air
toxics measurements to examine diurnal variatiostléSand Aleksic, 2007).

The toxics considered in this analysis vary consioly in their atmospheric
behavior, as described in Sections 2 and 3. Faolehgbe and acetaldehyde are emitted
directly and are also heavily influenced by photoaistry. Benzene is not produced in
the atmosphere but is depleted by reactions weéthtfdroxyl radical, whose
concentrations vary by season and location andrmogipe very well characterized in
CMAQ for all locations and time periods. Benzem@adt very reactive and remains in
the atmosphere long enough to be transported cmasild distances from its source.
Conversely, 1,3-butadiene has a much shorter atmosgdifetime. Benzene and 1,3-
butadiene are far more heavily influenced by disntssions than formaldehyde and
acetaldehyde. Acrolein is also significantly imigacby chemistry (e.g., production from
species like 1,3-butadiene and destruction by yladedxyl radical) (Luecken et al., 2006).
The different physicochemical behaviors of thesecic species in conjunction with the
spatial and temporal differences in meteorology @mdssions suggest that the model
will likely have non-uniform levels of success siating the evolution of each species.

For the model evaluation described below, NESCAWddI24-hour
measurements from NJ Air Toxics sites and New ydPgeMS sites only (see
Section 3.1). The data were processed into CASTFhkeTformat for use with model
evaluation software using NESCAUM-generated PytBarscripts.

4.3. Model evaluation methodology and discussion

Model results and measurements are not alwaystigimmparable, as model
results represent the average concentration oged @ell volume, while observations
are measured at a single point. Due to this “charigupport” problem, even in the case
of perfect model performance, one cannot expectateddconcentrations, which are
volume-averages, to match the observed concenisatiat are point values (Gelfand et
al., 2000; Ching et al., 2006a). As Ching et2D06a) put it, “any observation reflects
an event out of a population, while model preditsioepresent an average of the
population.” As a result, in some cases, compassgetween modeled and observed
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concentrations may not effectively address how tellmodel simulates the
physicochemical behavior of pollutants (Park et2006). When modeled
concentrations are compared with observationssboald consider whether the
measurements are representative of a wider anéghermonitor area is characterized by
strong spatial concentration gradients (McNairletl®96). Indeed, for certain species
and locations, monitors may be sited such that theasurements may approximate grid
cell average concentrations. Air toxics monitaes asually sited in urban areas, and the
concentration gradients around monitors may difieeach species and location.
Regional sources can be the most significant dauttisrs to toxics concentrations at a
monitor, while in other locations or for other s local sources may dominate. Spicer
et al. (1996) found that if averaging times argglemough to smooth out the temporal
patterns, measurements made in one neighborhasmme cities may be representative
of most of the urban area. Conversely, Lueckeal. ¢2006) found in some cases, a
factor of two to three difference in measuremerasifmonitors within one model grid
cell. In a study of VOC spatial variation in Camdg was found that, for a number of
short measurement campaigns, the spatial distoibsiin the neighborhood including the
Camden air toxics monitor were relatively uniforomgpared to measurements at a
nearby hot spot (Zhu et al., 2008).

If an area contains a few concentrated sourcespéeies rather than a more
homogeneous spread of sources throughout thesageéjcant spatial concentration
gradients may exist. Toxics “hot spots” may regulireas that are not well-
characterized by the volume-average modeled coratemts. Monitors may be near a
major point source or roadway or in an area witmglex microscale meteorology that
may not be resolved by the grid-based model. Matlebncentrations may better
capture local effects as grid resolution is incegladut some fast, local processes may
not be well represented in a grid model even atithies of grid cell size. NESCAUM'’s
goal for this project is not necessarily to deveatlop model so that its concentrations
match observations as closely as possible, buerédhevaluate the model in its current
state with these limitations in mind and to chageee the extent of agreement between
model and observational data.

Due to the strong seasonal variations for someiepespecial care needs to be
taken when generating the average values thabwillsed for comparisons with model
outputs. McCarthy et al. (2007) found that for sgpollutants, concentrations may vary
by season by a factor of two, and that such diffeee could significantly bias annual
average concentrations if more measurements aga talone season than another.
Formaldehyde and 1,3-butadiene have very strorgpsahvariability, with 1,3-
butadiene peaking in colder months while the ogpasitrue for formaldehyde. When
calculating averages, NESCAUM matched model resutts observations in space and
time to assess the day-by-day and monthly perfocenahthe model, in addition to
producing summary statistics.

Models have more difficulty accurately simulatingry low concentrations as the
model signal to noise ratio becomes smaller. Wideemploy statistical measures to
guantify the model evaluation, in cases when el@&centage of measurements are
below the MDL for a species, the model evaluatieadmes more qualitative in nature.
When developing metrics and goals for model peréroe for particulate matter, Boylan
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and Russell (2006) suggested using less stringedehperformance goals for lower
concentrations, as these concentrations would be difficult to simulate and possibly
less important from a policy standpoint.

There are no standard metrics or performance goaésr toxics model
evaluation, but a number of statistics have beatuated for use in model performance
evaluations for other species (Yu et al., 2006;IBowand Russell, 2006). For 24-hour
and monthly average concentrations, NESCAUM catedlaormalized mean bias
(NMB) and normalized mean error (NME) for companisaith Luecken et al. (2006);
and mean fractional error (MFE) and mean fractidmas (MFB), as recommended by
Boylan and Russell (2006) for performance evalutitat incorporate both
observations and predictions in the normalizatidEE and MFB are “symmetric”
metrics, contrary to NME and NMB which give moreigig to model overpredictions
than underpredictions (Boylan et al., 2006; Yulgt2906). Past performance indicates
that it is not unusual for model predictions td Yaithin a factor of two of observations
(Luecken et al., 2006; Touma et al., 2006). Iaststudy for a 2001 simulation,
modeled and observed annual averages of 1,3-bnggd@mmaldehyde, acetaldehyde,
and benzene were compared for the Camden sited@hial., 2004). Ratios of modeled
(at 4 km resolution) to measured mean concentmmfionl,3-butadiene, formaldehyde,
acetaldehyde, and benzene were 0.55, 0.79, 1.d9).88, respectively. These were
somewhat better results than those for a 36 kmugsi model simulation.

Luecken et al. (2006) evaluated formaldehyde, é&behtgde, 1,3-butadiene,
benzene, and acrolein concentrations from an arsimaillation of CMAQ version 4.4,
The model was run over the continental U.S. foryisar 2001 with a grid cell resolution
of 36 kmx36 km. They compared model results ferdhove species (minus acrolein
due to the lack of valid measurements) to obseymatat 35 monitors in eight cities. In
general, though the model had a tendency to uneldigirconcentrations, it reproduced
temporal behavior. The majority of model predinsavere within a factor of two of the
observations with the exception of 1,3-butadiengene only 46 percent of the modeled
monthly-average concentrations fell within a facbtwo of observations. They noted
that comparisons with 1,3-butadiene were madecditfby the low concentrations and
the “potential analysis difficulties due to elutiohl,3-butadiene on the tail of
acetaldehyde” (Luecken et al., 2006). We notetthiatstudy relied upon monitoring data
that are highly uncertain, given the difficulti@smonitoring acrolein as discussed in
Section 3.3.

We present the model performance evaluation rebalishmarked against the
Luecken et al. (2006) study. While the smalled getll size of 12 km used in our
analysis should allow the model to capture smailtate variations, the model will still
likely have difficulties capturing observed congatibns for areas and species with
strong concentration gradients around the monitdesnporal averaging may minimize
the impacts of different causes of some subgritiapmnd temporal variability (Spicer et
al., 1996). Section 4.5 presents the results ohmdel performance evaluations.

Statistics offers a quantitative evaluation of mqueformance, but graphical
analysis was also performed. We generated box plud scatter plots to elucidate
toxics’ temporal and spatial characteristics aso atdicated the location of any obvious
errors or anomalies. Plots of temporal pattertg inelicate whether there is any time of
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day, day of the week, or season when model perfocenauffers. Scatter plots may

indicate sections of the concentration distribufjer., very high or very low

concentrations) where the model does not perforth(W& EPA, 2007). These plots in

conjunction with standard statistical measures foiin the foundation for the evaluation
of CMAQ version 4.7.1 with air toxics for the nogtst U.S. with a focus on New Jersey
monitoring sites.

The discussion above highlights the uncertaintnies@mplexities of comparing
observed values for air toxics against model ptexhs. Furthermore, the model
chemistry for the original modeling (the CB4 cheahimechanism without explicit
representation of individual air toxics) does nattoh that of the new modeling (the

Table4-1. Mapping CBO05 speciesto CB4 species

\"2J

CBO05 CB4
Species Description Carbons Species Description Carbon
ALD2 Acetaldehyde 2
: Acetaldehyde and
Prionaldehyde and ALD2 ) 2
ALDX higher aldehydes higher aldehydes
ETH Ethene 2 ETH Ethene 2
FORM Formaldehyde 1 FORM Formaldehyde 1
ISOP Isoprene 5
TERP  Terpene 10 ISOP Isoprene 5
Terminal olefin
OLE carbon bond (R- 2
C=C) Olefin carbon bond
Internal olefin OLE (R-C=C) 2
IOLE  carbon bond (R- 4
C=C-R)
Paraffin carbon
PAR bond 1 Paraffin carbon bond
(C-C) PAR (C-C) 1
ETHA Ethane 2
Toluene and other Toluene and other
TOL monoalkyl 7 TOL . 7
: monoalkyl aromatics
aromatics
Xylenes and other
XYL  polyalkyl g |xyL Xvlenesand other 8
: polyalkyl aromatics
aromatics

The CBO05 chemical mechanism (Yarwood et al., 2@@&yides more explicit representation of

reactive oxidative species as compared to the @CBical mechanism (Gery et al., 1989). This
mapping scheme between CB4 species and CBO05 specgstricted to model species that are

relevant to air toxics observations.
Note: CB4 species MEOH (methanol) and ETOH (ethare not represented here because no
observations were available for these species.
Source: Yarwood et al. (2005).
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CBO05 chemical mechanism with explicit toxics reprgstion for a variety of species).
Comparing the two models’ individual performanceasnplicated by the differences in
their representation of air toxics species. Howeobservations of individual air toxics
can be aggregated into model species for direcpaoison with predicted concentrations
using model chemistry. CBO5 predictions can aksedsily converted into CB4 lumped
species, as they are less refined. For instaheesum of CB05 species ALD2
(acetaldehyde) and ALDX (higher aldehydes) is egjent to the CB4 species ALD2
(acetaldehyde and higher aldehydes). The mapgi@#®05 lumped model species into
CB4 model species is presented in Table 4-1. @Bb8ens of reactive organic
compounds (not necessarily air toxics) were traedlanto model species through use of
the emitdb.xIs workbook (Carter, 2011). Therefdmeassessing each model's
performance against observations lumped into CR4isp, both models are evaluated on
an equivalent basis.

NESCAUM used the Atmospheric Model Evaluation TGAMET) version 1.1
(Gilliam et al., 2005) to generate plots and stiagor this model evaluation. Because
AMET is hard-coded to evaluate only a certain $eheteorological and chemical data,
NESCAUM adjusted some of the key R, Perl, and csipts so that it would
accommodate air toxics comparison data. Statisgsalts from AMET were
additionally processed using custom Python 3.psstd develop summaries by site and
time.

4.4. CMAQ model settings

This section presents key settings used in modalinigxics in New Jersey using
the CMAQ version 4.7.1 modeling system. Differesbetween the regional haze
modeling and current modeling are highlighted. Tualel domain is discussed in
Section 4.4.1, meteorology in Section 4.4.2, erarssin Section 4.4.3, and boundary and
initial conditions in Section 4.4.4.

4.4.1. Domain

The domain used in our previous simulations wag2x172 lateral cell 12 km
resolution domain over the eastern United StategwsLambert Conformal Conic
(LCC) projection with parallels at 33°N and 45°MNhere were 22 model layers, spanning
from the ground to 50 millibar (mb). For the namslation with CMAQ version 4.7.1
with air toxics, a new domain has been developdim of the intensive computational
requirements necessary for a long term simulatrwhthis new chemical mechanism.
This new domain, marked with a red boundary, issshm relation to the regional haze
domain in Figure 4-1. It shares the same versitrakcture, resolution, and north and east
boundaries as the previous domain but is nearlyeldah size. The new domain contains
112x132 lateral cells. The NOAA HYSPLIT model wesed to choose a western
boundary that was about two days’ transport digtdram New Jersey.

4.4.2. Meteor ology

A non-hydrostatic MM5 simulation for 2002 was pregghby the University of
Maryland for the regional haze CMAQ simulationshe$e MM5 outputs were used to
generate meteorological inputs for the present CM#iQulation. While meteorological
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Figure4-1. CMAQ modeling domains
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Note: The smaller domain, indicated in red, wasldse the annual simulation of CMAQ version 4.7.1
with toxics. The larger domain was used in presi@MAQ simulations for regional haze and will be
used for a subset of days to test the sensitifigpecies’ concentrations to domain size.

inputs had been previously generated for CMAQ,gheputs needed to be reprocessed
using a newer version of the Meteorology-Chemisitgrface Processor (MCIP v. 3.4.1)
in order to generate the additional meteorologreailables required in CMAQ version
4.7.1.

4.4.3. Emissions

National Emissions Inventory (NEI) files for toxand criteria pollutants for 2002
were obtained from the US EPA. The Sparse Matper@tor Kernel Emissions
(SMOKE) model was used to develop model-ready eamsdiles for January and July.
These months are used as representative of windeswammer conditions, respectively.

4.4.4. Boundary conditions and initial conditions

NESCAUM worked closely with Deborah Luecken of th& EPA’s Atmospheric
Modeling and Analysis Division to develop boundaonditions for our simulation.
Boundary conditions were derived from a combinatbtwo simulations run at 12 km
resolution over the eastern half of the UnitedetatMost species were derived from an
annual CMAQ version 4.6 CB4 with Toxics simulatioBecause there were significant
updates to the aerosol module between CMAQ vergidhand 4.7, organic aerosol and
semi-volatile species were taken from a separatdQMersion 4.7 simulation (not run
with the toxics mechanism). NESCAUM also obtaittegl necessary boundary files and
received an updated acrolein yield that improveohuibe yield in the default chemical
mechanism in the model. The model was run onearide dual-processor Linux
cluster. The January simulation included a thragspin-up period, and the July
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simulation a 14-day spin-up period to reduce thgaot of clean initial condition fields
on the model results.

45. Model evaluation results

This section presents the results of the perforemamadel evaluations for both
the regional haze CMAQ model (labeled NJ_haze 2868)new CMAQ with air toxics
model (labeled NJ_tox_2002). A summary of complaratatistics from these two
model evaluations is presented in Table 4-2, ataildd results for each of the models
are presented in Sections 4.5.1 and 4.5.2, induaionthly box plots and scatter plots
for all available months using data from the NJ Paxics network. Charts using data
from the PAMS network are also presented when ailifor diurnal profiles, daily
scatter plots, and monthly plots similar to thasetiie NJ Air Toxics network.

According to the summary-level statistics for CR#&es shown in Table 4-2,
model performance for air toxics is generally paath metrics varying significantly by
month, species, and model. With a few exceptitirese results are generally biased
high for both models, and the NJ_haze 2002 modelsisomewhat lower levels of
NMB and NME, but slightly higher levels of MFB aMFE.

Both models grossly overpredict paraffin bond V@@sa factor of 10 or more in
the summer; NJ_haze 2002 outperforms NJ_tox_20@iwinter for paraffins, though
the error is still seven-fold. Both models do eeth their average monthly predictions
for olefins, which are highly reactive. The NJ_&a2002 predictions for olefins are
more accurate in the winter, with both models matidy overpredicting, while
NJ_tox_2002 has lower error in the summer, wheh baidels moderately underpredict.
Monthly average predictions of formaldehyde areegelty biased low within a factor of
two (except for winter MNB for NJ_haze 2002) andhbmodels have reasonable
performance. Higher aldehydes are biased higlotihn imodels in both summer and
winter, though NJ_haze 2002 does slightly bettgeeially in winter. Monthly average
predictions for higher aldehydes are generally withfactor of two, except for NMB in
the summer, when predictions of both models aghtli higher. Predictions of toluene
are biased slightly higher in both models and ithlsummer and winter, but generally
match well against observations, with NJ_haze_ Z@frming better in the winter and
NJ_tox 2002 better in the summer. Both modelsoperéd reasonably well for xylenes,
except for NJ_haze 2002 in the winter, which shoadefold overprediction. Summer
monthly-average predictions of xylenes were withinpercent for NJ_tox_2002.

The overpredictions may be due to the inherentagadcies of comparing model
species against incomplete measurements of modigpecies. For instance, some
species of paraffins may have gone undetecteceahtinitors. Direct comparison of
specific species for the NJ_tox 2002 model may igeadditional insight into the
performance of the model for paraffins and oleffdther sensitivity analyses will
provide insight into how to improve model performan
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Table4-2. Domain-wide summary of model performance evaluation results against
2002 NJ Air Toxicsdata

Month CB4 Model N Obs. Mod. %NMB %NME %MFB %MFE
species mean mean
January ALD2 NJ_haze_2002 18 0.862 1.269 47.25 859.4 36.0 46.5
January ALD2 NJ_tox_2002 18 0.862 1.670 93.76 93.7661.3 61.3
January FORM NJ_haze_2002 18 1.798 0.934 -43.06 2548. -58.3 58.4
January FORM NJ_tox_2002 18 1.798 1.399 -22.19 439.3-22.9 42.7)
January  OLE NJ_haze 2002 18 1577 1.822 15.56 93.950.1 89.2
January  OLE NJ_tox_2002 18 1.577 2.610 65.56 130.9094.9 107.9
January  PAR NJ_haze 2002 18 8.284 71.863 767.44 4467 158.7  158.7
January  PAR NJ_tox_2002 18 8.2834 96.384 1063.44 3286 167.8 167.8
January  TOL NJ_haze_2002 18 2.463 2.581 4.80 85.9336.6 72.4
January  TOL NJ_tox_2002 18 2.463 3.069 2460 105.8951.0 85.7
January XYL NJ_haze 2002 18 1.306 4.425 238.78 7338. 108.8  108.9

January XYL NJ_tox_2002 13 1.306 1.935 48.15 3.4038.0 63.9
July ALD2 NJ_haze 2002 16 1.516 3.054 101.48 105.4372.2 75.1
July ALD2 NJ_tox_2002 3 1595 3.772 136.53 136.5383.5 83.5

July FORM NJ_ haze 2002 16 4.511 4.434 -1.72 4323 151 46.6
July FORM NJ_tox_2002 13 4.783 3,533 -26.14 40.7915.9 46.7
July OLE NJ_haze 2002 16 2.232 2.198 -1.53 85.98 .050 80.1
July OLE NJ_tox_2002 13 2.388 1.751 -26.68 77.07 630 70.2
July PAR NJ_haze 2002 16 7.504 84.397 1024.64 6@24. 164.7 164.71
July PAR NJ_tox_2002 13 8.032 92925 1057.01 1057.0165.7 165.7
July TOL NJ_haze 2002 16 1.377 2.314 68.02 110.00 7.4 4 748

July TOL NJ_tox_2002 3 1552 1.808 16.53 77.63 9.962.0
July XYL NJ_haze 2002 16 0.946 1.457 54.06 103.25 793 75.0
July XYL NJ_tox_2002 13 1.079 1.242 15.05 77.07 8.4 66.5

NJ_haze_2002 = regional haze model with CB4 cheynilit] _tox_2002 = NJ air toxics model with CB05
chemistry. NMB = Normalized mean bias. NME = Natired mean error. MFB = Mean fractional bias.

MFE = Mean fractional error.
Note: Slight differences in observational datarealare the result of differences in model settfogs

start- and end-time. NJ_haze 2002 was set with GMT as the start/end time; NJ_tox_2002 was set
with 0:00 eastern as the start/end time.

4.5.1. Regional haze model evaluation results

This section presents results of the model evalndtom the regional haze model
(labeled NJ_haze 2002). Results are presentéa ifotm of summary statistics for
domain-wide (all monitors) and specific monitors veell as in box plots, which help
characterize the model versus observed temport@rpat and scatter plots that show
accuracy and precision of the model predictions.
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Statistics

Domain-wide results

Table 4-3. Domain-wide summary of regional haze model performance evaluation
results against 2002 NJ Air Toxicsdata for January

Month  CB4 Model N Obs. Mod. NMB %NME %MFB %MFE
species mean mean

January PAR  NJ_haze 2002 18 8.284 71.863 767.44 .4%67 158.7 1581

January OLE  NJ_haze 200218 1577 1822 1556 93.95 701  89.2

January ALD2  NJ_haze 200218 0.862 1.269 47.25  59.48 36 465

January TOL  NJ_haze 200218 2.463 2.581 48 8593 366 714

January XYL  NJ_haze 200218 1.306 4.425 238.78 23878 108.8 10B.8
January FORM NJ haze 200218 1.798 0934 -48.06 4825 -58.3 586

Table 4-4. Domain-wide summary of regional haze model performance evaluation
results against 2002 NJ Air Toxics data for February

Month CB4 Model N Obs. Mod. NMB %NME %MFB %MFE
species mean mean
February  PAR NJ_haze 2002 19 12.63 84.98 572.93 .9372148.70 148.7
February OLE NJ_haze 2002 19 1.85 1.99 7.66 57.71 41.10 063.7
February ALD2 NJ_haze 2002 19 1.12 1.43 27.74 47.76 26.60 .2
February TOL NJ_haze_2002 19 1.72 3.21 86.83 95.39 53.60 2
February XYL  NJ_haze 2002 19 1.31 478 265.23 265.91 110.000.40
February FORM NJ_haze 2002 19 2.79 1.00 -64.17 64.85 -76.508.50

Table 4-5. Domain-wide summary of regional haze model performance evaluation
results against 2002 NJ Air Toxicsdata for March

Month CB4 Model N Obs. Mod. NMB  %NME %MFB %MFE
species mean mean
March PAR NJ_haze_2002 18 8.35 60.09 620.12 620.128.20 148.2¢
March OLE NJ_haze 2002 18 1.92 1.16 -39.80 85.88 .3045 78.30
March  ALD2 NJ_haze 2002 18 0.95 1.00 5.93 40.76 07.6 39.60
March TOL NJ_haze 2002 18 1.18 1.99 68.65 81.17 3M5. 59.10
March XYL  NJ_haze 2002 13 1.19 2.08 75.36 100.34 .2®2 78.40
March FORM NJ_haze 2002 18 2.46 0.65 -73.56 74.940.40 86.50
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Table 4-6. Domain-wide summary of regional haze model performance evaluation
results against 2002 NJ Air Toxicsdatafor April

Month CB4 Model N Obs. Mod. NMB  %NME %MFB 9%MFE
species mean mean
April PAR NJ_haze 2002 20 7.65 53.38 598.19 598.1919.70 149.7(
April OLE NJ_haze_2002 20 1.09 1.18 7.48 64.74 @6.266.30
April ALD2  NJ_haze 2002 18 1.06 1.10 3.92 3569 03.6 35.00
April TOL NJ_haze_2002 20 0.90 1.61 78.38 97.19 465. 65.90
April XYL NJ_haze_2002 20 0.73 1.73 120.76 13091 4.00 79.50
April FORM NJ haze 2002 13 2.90 1.06 -63.50 63.5973.20 73.20

Table 4-7. Domain-wide summary of regional haze model performance evaluation
results against 2002 NJ Air Toxics data for May

Month CB4 Model N Obs. Mod. NMB  %NME %MFB 9%MFE
species mean mean
May PAR NJ_haze 2002 21 6.95 59.38 754.00 754.005.105 155.10
May OLE NJ_haze 2002 20 0.64 1.21 88.78 91.62 70.00 8071.
May ALD2  NJ_haze 2002 20 1.04 1.21 15.85 44.18 14.90 .804
May TOL NJ_haze 2002 20 0.96 1.84 92.20 131.36 66.10 .6084
May XYL NJ_haze 2002 20 0.54 1.63 198.57 203.97 96.107.90®
May FORM NJ haze 2002 20 3.73 1.29 -6541 68.24 -62.500.80

=

Table 4-8. Domain-wide summary of regional haze model performance evaluation
results against 2002 NJ Air Toxicsdatafor June

Month CB4 Model N Obs. Mod. NMB  %NME %MFB %MFE
species mean mean
June PAR NJ_haze_2002 19 7.39 8532 1054.54 10541B4.60 164.6(
June OLE NJ_haze 2002 19 1.56 1.93 24.26 9293 62.70 6091.
June  ALD2 NJ_haze 2002 19 1.04 247 138.56 14550 82.788.10
June TOL NJ_haze 2002 19 1.10 271 147.13 155.14  74.901.209
June XYL NJ_haze 2002 19 0.88 1.64 86.81 112.74 50.60 .7®
June  FORM NJ haze 2002 19 3.14 2.99 -5.05 65.60 3.30 8068.

00 O

Table 4-9. Domain-wide summary of regional haze model performance evaluation
results against 2002 PAM S data for June

Month  CB4 Model N Obs. Mod. NMB %NME  %MFB %MFE
species mean mean
June PAR NJ_haze 2002 2068 29.50 71.00 140.69 871102.60 108.0(¢
June OLE NJ_haze 2002 2068 0.58 1.73 198.17 218.02 001.007.20
June ALD2 NJ_haze_2002 1802 0.25 2.48 897.51 902.15 6D62.163.10
June ISOP NJ_haze_2002 1905 0.29 1.43 399.28 410.32 090.224.70
June TOL NJ_haze 2002 2065 0.61 1.71 178.52 199.75 003.608.30
June XYL NJ_haze_2002 1923 0.36 1.02 183.74 202.62 12.316.20
June ETH NJ haze_2002 2063 0.80 1.37 72.42 95.89 66.706.307
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Table 4-10. Domain-wide summary of regional haze model performance evaluation
results against 2002 NJ Air Toxicsdata for July

Month CB4 Model N Obs. Mod. NMB  %NME %MFB 9%MFE
species mean mean
July PAR NJ_haze 2002 16 7.504 84.397 1024.64 6@24. 164.7 164.7
July OLE NJ_haze 2002 16 2.232 2.198 -1.53 85.98 5080.1
July ALD2  NJ_haze 200z 16 1.516 3.054 101.48 105.4372.2 75.1
July TOL NJ_haze 2002 16 1.377 2.314 68.02 110 47.474.8
July XYL NJ_haze 2002 16 0.946 1.457 54.06 103.25 7.93 75
July FORM NJ haze 2002 16 4.511 4.434 -1.72 4323 151 46.6

Table4-11. Domain-wide summary of regional haze model perfor mance evaluation

results against 2002 PAM S data for July

Month  CB4 Model N Obs. Mod. NMB %NME  %MFB %MFE
species mean mean
July PAR NJ_haze_2002 2180 26.73 75.41 182.12 208.015.00 118.9(
July OLE NJ_haze 2002 2086 0.57 2.12 270.76 289.195.00 119.20
July  ALD2 NJ_haze 2002 1771 0.26 3.05 1077.99 1185.169.50 170.0(
July ISOP NJ_haze 2002 1859 0.38 1.80 368.48 375.487.80 123.00
July TOL NJ_haze 2002 2188 0.62 1.73 180.46 203.198.30 114.04
July XYL NJ_haze_2002 2024 0.3 0.94 193.30 207.6613.00 116.8(
July ETH NJ_haze 2002 2012 0.82 1.53 87.41 103.253.807  83.00

Table4-12. Domain-wide summary of regional haze model performance evaluation
results against 2002 NJ Air Toxics data for August

Month  CB4 Model N Obs. Mod. NMB %NME %MFB %MFE
species mean mean
August PAR  NJ haze 2002 12 7.33 10241 1297.18 189717540 1754
August OLE  NJ haze 2002 12 257 250  -2.73 100.37  69.10 .0093
August ALD2 NJ haze 2002 10 0.99 263 16577 165.77 95.805.80
August TOL  NJ_haze 2002 12 4.63 3.35 -27.72 102.71 35.905.4
August XYL  NJ haze 2002 12 0.99 217 119.02 119.02 68.008.0(5
August FORM NJ haze 2002 10 2.80 2.67 -458 28.02 -2.50 .0

Table 4-13. Domain-wide summary of regional haze model performance evaluation

results against 2002 PAM S data for August

Month  CB4 Model N Obs. Mod. NMB %NME ~ %MFB  %MFE
species mean mean
August PAR NJ_haze 2002 2116 26.85 84.11 213.24 223.44 .3015117.40
August OLE NJ_haze_2002 2115 0.58 2.27 293.60 305.43 018.822.10
August ALD2 NJ_haze_2002 1873 0.27 3.17 1058.13 1059.498.206 168.30
August ISOP NJ_haze 2002 1946 0.41 2.00 390.72 402.91 082.725.80
August TOL NJ_haze 2002 2115 0.68 2.06 20557 224.85 014.918.30
August XYL NJ_haze 2002 1918 0.41 1.17 182.85 196.48 113.116.30
August ETH NJ_haze_2002 2094 0.90 1.74 93.95 123.36 82.891.70
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Table 4-14. Domain-wide summary of regional haze model perfor mance evaluation
results against 2002 NJ Air Toxics data for September

Month CB4 Model N Obs. Mod. NMB %NME %MFB %MFE
species mean mean

September PAR  NJ_haze 2002 19 4.26 77.72 1726.526.3F 176.90 176.9p
September OLE  NJ haze 2002 18 0.68 199 191.71 191.71 103.203.20
September ALD2 NJ_haze 2002 19 0.79 2.06 161.82 161.82 89.789.70
September TOL  NJ_haze 2002 13 1.20 2.39 99.78 115.86 64.00 .1076
September XYL NJ_haze 2002 18 0.61 2.01 229.47 229.47 102.602.60
September FORM NJ_haze_ 2002 19 2.18 2.32 5.98 43.15 11.70 6042.

Table 4-15. Domain-wide summary of regional haze model performance evaluation
results against 2002 NJ Air Toxics data for October

Month CB4 Model N Obs. Mod. NMB  %NME %MFB 9%MFE
species mean mean

October  PAR NJ_haze_2002 19 599 9051 1411.82 .8211174.30 174.3
October OLE NJ_haze 200z 18 1.53 2.05 33.51 82.56  60.90 7080.
October ALD2 NJ_haze 2002 19 0.58 1.67 190.90 200.14 96.000.60
October TOL NJ_haze 2002 13 1.69 3.35 98.07 101.85 58.50 .4046
October XYL NJ_haze 2002 18 0.90 294 22590 226.36 96.507.10®
October FORM NJ_haze 2002 19 1.11 1.06 -4.32 76.14 -6.10 .2

Table 4-16. Domain-wide summary of regional haze model performance evaluation
results against 2002 NJ Air Toxics data for November

Month CB4 Model N Obs. Mod. NMB %NME %MFB %MFE
species mean mean
November PAR NJ_haze 2002 20 6.69 9541 1325.135.132 173.00 173.0
November OLE NJ_haze 2002 20 1.48 2.4 44.32 87.38  69.70 3084.
November ALD2 NJ_haze 2002 20 0.77 1.46 88.40 103.14 69.800.8(8
November TOL NJ_haze_2002 20 131 3.64 17876 17876  95.705.709
November XYL NJ_haze 2002 19 0.89 3.77 325.25 325.25 127.1@7.70
November FORM NJ_haze 2002 20 1.11 0.68 -38.68 67.50 -23.589.90

Table4-17. Domain-wide summary of regional haze model performance evaluation
results against 2002 NJ Air Toxics data for December

Month CB4 Model N Obs. Mod. NMB %NME %MFB %MFE
species mean mean
December PAR NJ haze 2002 15 5.84 71.29 1121.19 1121.19 5068168.50
December OLE NJ_haze 2002 15 1.00 1.76 75.48 87.15  74.20 3077.
December ALD2 NJ haze 2002 14 0.69 1.18 69.71 99.96 54.60 .207|
December TOL NJ haze 2002 15 1.23 255 106.71 11891  85.407.809
December XYL NJ_ haze 2002 15 0.64 4.14 551.66 551.66 153.983.50
December FORM NJ haze 2002 14 1.01 0.92 -9.03 80.52 4.20 3088.

~ ~
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Ste-specific results

Table4-18. Summary of regional haze model performance evaluation results
against 2002 NJ Air Toxicsdata for January at Camden Lab

Site Month CB4 Model N Obs. Mod. NMB %NME %MFB %MFE
species mean mean

Camden January PAR NJ haze 2002 4 8.36 82.98 893843.21 163.70 163.7p
Camden January OLE NJ haze 2002 4 150 2.03 35.79 55.17 50.70 06R.6
Camden January ALD2 NJ haze 2002 4 0.84 1.3 64.17 64.17 49.70 704P.
Camden January TOL NJ_haze 2002 4 4.15 2.73 -34.25 97.53 42.40 .20017
Camden January XYL NJ haze 2002 4 0.86 3.89 353.03 353.03 126.926.9D
Camden January FORM NJ haze 2002 4 145 1.22 -16.06 17.13 -15.206.601

Table 4-19. Summary of regional haze model performance evaluation results

against 2002 NJ Air Toxicsdata for January at Rutgers University

Site Month CB4 Model N Obs. Mod. NMB %NME %MFB %MFE
species mean mean
Rutgers January PAR NJ_haze 2002 5 9.22 69.33 651.58 65188.50 153.5(
Rutgers January OLE NJ_haze 2002 5 0.64 1.79 180.88 180.88  93.40 .4098
Rutgers January ALD2 NJ haze 2002 5 0.90 1.26 38.87 45.07 3.90 6@g.
Rutgers January TOL NJ_haze 2002 5 3.40 2.37 -30.09 41.93 -15.80 .7(Bp
Rutgers January XYL NJ_haze 2002 5 2.39 4.41 84.46 84.46 58.80 (8.8
Rutgers January FORM NJ haze 2002 5 1.93 0.86 -55.44 55.44 -67.607.608

Table 4-20. Summary of regional haze model performance evaluation results
against 2002 NJ Air Toxicsdata for January at Chester

Site Month CB4 Model N Obs. Mod. NMB %NME %MFB %MFE
species mean mean
Chester January PAR NJ_haze 2002 5 4.80 45.68 ®5282.06 160.70 160.7pD
Chester  January OLE NJ_haze 2002 5 0.32 1.20 27835 27835 115.805.80
Chester January ALD2 NJ_haze 2002 5 0.96 0.87 -9.70 24.06 -9.20 224.
Chester  January TOL NJ haze 2002 5 1.09 1.46 33.67 67.42 32.30 056.8
Chester  January XYL NJ haze 2002 5 1.01 3.35 231.62 231.62 106.006.0D
Chester January FORM NJ haze 2002 5 2.28 0.63 -72.38 72.38 -113.603.60

Table4-21. Summary of regional haze model performance evaluation results
against 2002 NJ Air Toxicsdata for January at Elizabeth

Site Month CB4 Model N Obs. Mod. NMB %NME %MFB %MFE
species mean mean
Elizabeth January PAR NJ_haze 2002 4 1140 96.64 747.93 3J47X67.40 157.4(
Elizabeth January OLE NJ_haze 2002 4 441 2.43 -44.84 74.80 -2.90 007[L.
Elizabeth January ALD2 NJ_haze 2002 4 0.71 1.68 136.62 136.62 81.301.3(8
Elizabeth January TOL  NJ_haze 2002 4 1.32 4.09 210.38 210.38 101.601.6D
Elizabeth January XYL  NJ_haze 2002 4 0.77 6.33 722.05 722.05 156.786.7D
Elizabeth January FORM NJ haze 2002 4 1.38 1.12 -18.54 18.54 -20.500.507
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Table4-22. Summary of regional haze model performance evaluation results
against 2002 NJ Air Toxicsdata for July at Camden Lab

Site Month  CB4 Model N Obs. Mod. NMB %NME %MFB %MFE
species mean mean
Camden  July PAR NJ_ haze_2002 5 555 8325 1400.eD0.61 172.30 172.3p
Camden July OLE NJ haze_2002 5 1.04 2.05 97.38 97.38 68.40 068.4
Camden July ALD2 NJ haze_2002 5 0.66 292 34045 340.45 1283.408.40
Camden July TOL NJ_haze 2002 5 153 2.07 3541 108.33  44.20 4088.
Camden July XYL NJ haze_2002 &5 0.62 1.11 78.62 78.62 53.30 3.3
Camden July FORM NJ_haze 2002 5 2.04 438 11447 11447  80.000.00§

Table 4-23. Summary of regional haze model performance evaluation results
against 2002 NJ Air Toxicsdata for July at Rutgers University

Site Month CB4 Model N Obs. Mod. NMB %NME %MFB %MFE
species mean mean
Rutgers July PAR NJ_haze 2002 3 7.40 71.82 870.93 870.93 159B89.30
Rutgers July OLE NJ_haze 2002 3 0.73 2.33 21832 21832 104.904.90
Rutgers July ALD2 NJ_haze_2002 3 2.09 3.20 53.04 54.22 39.10 2¢4
Rutgers July TOL NJ_haze_2002 3 1.07 155 4479 48.38 36.80 040.7
Rutgers July XYL NJ_haze_2002 3 1.10 0.87 -20.70 55.01 -11.10 .5@%
Rutgers July FORM NJ_ haze 2002 3 6.17 4.86 -21.26 27.46  -24.501.303

O

Table4-24. Summary of regional haze model performance evaluation results
against 2002 NJ Air Toxicsdata for July at Chester

CB4 Model N Obs. Mod. NMB %NME %MFB %MFE
species mean mean
Chester Juy  PAR  NJ_haze_2002 6.43 57.561 796.65 796.65 1551%5.10
Chester Juy OLE  NJ_haze_2002 0.52 1.89 267.38 267.38 112.902.90
Chester July ALD2 NJ_haze_2002 242 250 3.33 2159 0.00 2].20
Chester Juy TOL NJ_haze_2002 2 1.63 0.94 -4246 67.02 -38.20 .307f
Chester Juy XYL NJ haze 2002 2 175 051 -70.94 70.94 -90.90 .9®(
Chester Juy FORM NJ_ haze 2002 2 9.36 4.23 -5480 54.80 -76.106.107

Site Month

D
~INN

N

Table4-25. Summary of regional haze model performance evaluation results
against 2002 NJ Air Toxicsdata for July at Elizabeth
Month ~ CB4 Model N Obs. Mod. NMB %NME %MFB %MFE
species mean mean
Elizabeth  July PAR NJ_haze 2002 6 9.55 100.57 953.27 953.27 164D164.20
Elizabeth  July OLE NJ_ haze 2002 6 455 235 -4827 66.28 -13.70 .5066
Elizabeth July  ALD2 NJ_haze_2002 6 1.64 3.28 100.19 100.19 66.106.109

Site

Elizabeth July  TOL NJ haze 2002 6 1.32  3.36 154.31 154.31  83.90 .9063
Elizabeth July XYL NJ haze 2002 6 0.83 2.36 169.50 169.50 92.70 .7(P
Elizabeth July FORM NJ haze 2002 6 412 433 508 1682 160 1B.

Box plots

Box plots showing average monthly concentratiorfdJaAir Toxics network sites
and average predicted monthly concentrations asepted in Figure 4-2 through Figure
4-7. These charts illustrate that the model ie &blreproduce the general pattern of
seasonal concentration change, although the lef¢he species are often overpredicted
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by a factor of two or more. The box plots showtfeind third quartile values as the
bottom and top of the boxes, respectively, anccémdral line represents the median
value for both observed and predicted concentration

The model is fairly accurate for lower, winter centrations of acetaldehyde (and
other higher aldehydes) as shown in Figure 4-2higiter, summer concentrations
tailing into the fall are overestimated. Though thonth-to-month trends for
formaldehyde are represented well in the modelptbdel has some difficulty in
reproducing the observed values seen in the lateemand early spring, as shown in
Figure 4-3. Monthly patterns for both olefins dnlliene are well reproduced as well,
though consistently overestimated by a factor af twmore, as seen in Figure 4-4 and
Figure 4-6. Summer concentrations of xylenes degjaately represented (though still
overpredicted), but winter concentrations are dyosgerestimated (Figure 4-7), as are
those for paraffins year-round (Figure 4-5).

Average diurnal trends (July only) from the PAMSwiark are compared against
model predictions in box plots in Figure 4-8 thrbuggure 4-14. Similar to the monthly
box plots, these plots show that while observed §@=kties patterns are generally well
reproduced in the model, the levels are often ¢yaseerpredicted. Overpredictions
seem to be worst during morning peak hours, angensgstent over the nighttime hours,
indicating that formation and destruction rate clstry and/or advection are not well
represented in the model. Predicted concentrabbhgyher aldehydes are much higher
(about one order of magnitude) than observatiodsate (Figure 4-8). Ethylene is
overpredicted by a factor of about two, as showhigure 4-9, though the diurnal pattern
is fairly accurate. Isoprene, which is primarilpigted from trees and plants, is well
predicted at night (close to 0 ppb), but highlymvedicted in the daytime (Figure 4-10).
Such overprediction indicates that either emisgwoels are too high or modeled
vertical/horizontal transport is insufficient tdude the isoprene (and the other species) to
observed levels. Modeled olefin levels show theveose trend, with low midday values
and high nighttime values, though this patterraigeély unobserved (Figure 4-11). The
diurnal pattern for paraffins, toluene, and xyleasswell reproduced by the model, as
shown in Figure 4-12, Figure 4-13, and Figure 4¢&4pectively, though the
concentrations are from two to four times too hidglinese compounds show similar
diurnal trends, with higher and accumulating niigihdt concentrations followed by
daytime lows.
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Figure4-2. Comparison of monthly average higher aldehyde concentrationsfor the
NJ Air Toxics network at all sitesfor theregional haze model
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Figure4-3. Comparison of monthly average for maldehyde concentrationsfor the
NJ Air Toxics network at all sitesfor theregional haze model
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Figure4-4. Comparison of monthly average olefin concentrations for the NJ Air
Toxics network at all sitesfor theregional haze model
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Figure4-5. Comparison of monthly average paraffin concentrationsfor the NJ Air
Toxics network at all sitesfor theregional haze model
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Figure4-6. Comparison of monthly average toluene concentrationsfor the NJ Air
Toxics network at all sitesfor theregional haze model
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Figure4-7. Comparison of monthly aver age xylenes concentrationsfor the NJ Air
Toxics network at all sitesfor theregional haze model
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Figure4-8. Comparison of July diurnal patternsfor higher aldenydesfrom the
PAMS network at all sitesfor theregional haze model
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Figure4-9. Comparison of July diurnal patternsfor ethylenefrom the PAMS
network at all sitesfor theregional haze model
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Figure4-10. Comparison of July diurnal patternsfor isoprenefrom the PAMS
network at all sitesfor theregional haze model
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Figure4-11. Comparison of July diurnal patternsfor olefinsfrom the PAMS
network at all sitesfor theregional haze model
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Figure4-12. Comparison of July diurnal patternsfor paraffinsfrom the PAMS
network at all sitesfor theregional haze model
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Figure4-13. Comparison of July diurnal patternsfor toluene from the PAMS
network at all sitesfor theregional haze model

Hourly boxplot NJ_haze 2002 20020701 - 20020731, TOL

ln —]
O0— PAMS
B---- NJ haze 2002
ﬁ- —
—~ )
0
o
o K
5 |
N - \ ’ .
o —_

T T T T T T T T T T T T T T T1
0 2 4 6 8 10 12 14 16

Hour (LST)

T
18 20 22



Air Toxics Analysisin New Jersey: Ambient Data Review and Model Validation Page 4-31

Figure4-14. Comparison of July diurnal patternsfor xylenesfrom the PAMS
network at all sitesfor theregional haze model
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Scatter plots

Results are shown for January and July only folNBé\ir Toxics network. Data
are paired in space and time. Data are plotted th@élobservational value on the x-axis
and modeled data on the y-axis. Perfect agreenatwekn the model and observations
would be seen as a series of points along the geddine.

Scatter plots for the winter generally show poaeagient for the model against
observed concentrations, as shown in Figure 4+utfn Figure 4-20. Aldehydes
(shown in Figure 4-15) appear to be better prediatéhigher concentrations; lower
observed concentrations are not well-predictechbymodel. Conversely, for
formaldehyde (see Figure 4-16), lower concentrateme better predicted than higher
observed concentrations. Olefins are generally prelicted (though somewhat
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overpredicted at lower concentration levels), betihodel failed to predict the highest
observed concentration, which greatly affected bras error metrics (see Figure 4-17).
Paraffins are almost universally overpredictedeobsd levels rarely exceed 20 ppb
while modeled levels are often in excess of 70 (pgure 4-18). Similarly, xylenes are
also almost universally overpredicted (Figure 4-2ZDpluene (Figure 4-19) is more like
formaldehyde, with lower concentrations achieviegtdr predictions than higher
concentrations, which appear to be significantlgarastimated. Such large
underestimates may be the result of a gap in eomssventories.

Summertime scatter plots paired in space and tifigei(e 4-21 through Figure
4-26) show different patterns of agreement betvwadeervations and predictions than the
winter scatter plots do for some species, and ampitterns for others. As with winter
levels, for higher aldehydes (Figure 4-21), the etathows better agreement at higher
concentration levels than at lower levels. Unlik¢he winter, formaldehyde (Figure
4-22) is well represented in the model, which showgonsistent bias at higher or lower
values. Summertime olefin values (Figure 4-23)veet represented in the model at
lower concentration levels, and poorly reprodudeigher observed levels. Summer
levels of paraffins are even more grossly overpmtedi (Figure 4-24) than in the winter.
Levels of toluene (Figure 4-25) and xylenes (Figih26) are often overpredicted, though
there appears to be no consistent trend for whadhes (high or low) suffer worst from
this effect.
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Figure4-15. Comparison of January scatter plot for higher aldehydesfrom NJ Air
Toxicssitesfor theregional haze model
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Figure4-16. Comparison of January scatter plot for formaldehyde from NJ Air
Toxicssitesfor theregional haze model
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Figure4-17. Comparison of January scatter plot for olefinsfrom NJ Air Toxics
sitesfor theregional haze model
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Figure4-18. Comparison of January scatter plot for paraffinsfrom NJ Air Toxics
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Figure4-19. Comparison of January scatter plot for toluene from NJ Air Toxics
sitesfor theregional haze model
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Figure4-20. Comparison of January scatter plot for xylenesfrom NJ Air Toxics
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Figure4-21. Comparison of July scatter plot for higher aldehydesfrom NJ Air
Toxicssitesfor theregional haze model
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Figure4-22. Comparison of July scatter plot for formaldehyde from NJ Air Toxics
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Figure 4-23. Comparison of July scatter plot for olefinsfrom NJ Air Toxics sitesfor
theregional haze model
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Figure 4-24. Comparison of July scatter plot for paraffinsfrom NJ Air Toxics sites
for the regional haze model
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Figure4-25. Comparison of July scatter plot for toluenefrom NJ Air Toxics sites

CMAQ

for the regional haze model

NJ_haze_2002 TOL for 20020701 20020731

O NJAirToxics (NJ haze 2002)

o u]
o TOL (ppm)
NJ_haze 2002
= IA RMSE; RMSE, MdnhB MdnhE
NJAirToxics 0.18 1.47 116 059 1.48
I I I I
1 2 3 4

Observation



Air Toxics Analysisin New Jersey: Ambient Data Review and Model Validation

Page 4-44

Figure 4-26. Comparison of July scatter plot for xylenesfrom NJ Air Toxics sites

for the regional haze model
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45.2. Air toxics model evaluation results

This section presents results of the model evandtom the air toxics model
(labeled NJ_tox_2002). Results are presenteckificitim of summary statistics for

domain-wide (all monitors) and specific monitors veell as in box plots, which help
characterize the model versus observed temporarpat and scatter plots that show

accuracy and precision of the model predictions.
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Statistics

Domain-wide results

Table 4-26. Domain-wide summary of air toxics model performance evaluation
results against 2002 NJ Air Toxicsdata for January

Month  CB4 Model N Obs. Mod. NMB %NME %MFB %MFE
species mean mean
January PAR  NJ_tox 2002 18 8.284 96.384 1063.44 3486 167.8 167.8
January OLE  NJ tox 2002 18 1577 261 6556  130.9 499 107.9
January ALD2  NJ tox_2002 18 0.862 1.67  93.76 3.7661.3  61.3
January TOL  NJ_tox 2002 18 2.463 3.069 246 10589 51  85.7
January XYL  NJ tox 2002 18 1.306 1935 4815 834 8 3 63.9
January FORM  NJ tox 2002 18 1798 1.399 -22.19 439.3-22.9 427

Table4-27. Domain-wide summary of air toxics model perfor mance evaluation
results against 2002 NJ Air Toxicsdata for July

Month CB4 Model N Obs. Mod. NMB  %NME %MFB 9%MFE
species mean mean
July PAR NJ_tox_2002 13 8.032 92925 1057.01 1057.0165.7 165.7
July OLE NJ_tox_2002 13 2.388 1.751 -26.68 77.07 630 70.2
July ALD2 NJ_tox_2002 3 1595 3.772 136.53 136.53835 83.5
July TOL NJ_tox_2002 13 1.552 1.808 16.53 77.63 9.9 62
July XYL NJ_tox_2002 13 1.079 1.242 15.05 77.07 8.4 66.5
July FORM NJ_tox_2002 13 4.783 3,533 -26.14 40.7915.9 46.7

Table 4-28. Domain-wide summary of air toxics model perfor mance evaluation
results against 2002 PAM S data for July

Month  CB4 Model N Obs.  Mod. NMB  %NME 9%MFB %MFE
species mean mean
July PAR  NJ_tox_2002 2190 26.73 75.41 18212 208.025.00 118.9(
July OLE  NJ_tox_2002 2086 0.57 212 270.76 289.7945.00 119.2(¢
July  ALD2 NJ_tox_2002 1771 0.26 3.05 1077.99 1085.1169.50 170.0(¢
July ISOP  NJ_tox_2002 1859 0.38 1.80 368.48 375.487.80 123.0Q
July TOL  NJ_tox_2002 2183 0.62 1.73 180.46 208.738.30 114.00
July XYL  NJ_tox_2002 2024 0.32 0.94 193.30 207.6513.00 116.80
July ETH NJ_tox_2002 2012 0.82 1.53 87.41 108.25 .803 83.00
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Ste-specific results

Table4-29. Summary of air toxics model performance evaluation results against
2002 NJ Air Toxicsdata for January at Camden Lab

Table4-30. Summary of air toxics model performance evaluation results against
2002 NJ Air Toxicsdata for January at Rutgers University

Site Month CB4 Model N Obs. Mod. NMB  %NME %MFB %MFE
species mean mean
Camden January PAR NJ tox 2002 4 8.36 107.70 1%891089.05 170.80 170.80
Camden January OLE NJ tox 2002 4 1.50 2.83 89.21 89.21 76.20  76.20
Camden January ALD2 NJ_tox 2002 4 0.84 1.73 10554 105.54 67.40 .4@f
Camden January TOL NJ tox 2002 4 4.15 272 -3441 103.68 42.20 .20
Camden January XYL NJ tox 2002 4 0.86 1.79 108.22 108.22 70.30 3@Q.
Camden January FORM NJ tox 2002 4 1.45 1.53 4.97 29.59 4.10 2%.50

Site Month ~ CB4 Model N Obs. Mod. NMB %NME %MFB %MFE
species mean mean
Rutgers January PAR  NJ tox 2002 5 9.22 91.40 890.85 890.863.20 163.2(
Rutgers January OLE  NJ tox 2002 5 0.64 240 277.30 277.30 119.209.201
Rutgers January ALD2 NJ tox 2002 5 090 140 5478 5478 4270 @3.7
Rutgers January TOL  NJ tox 2002 5 3.40 254 -2531 43.99 -11.30 2a].
Rutgers January XYL  NJ tox 2002 5 239 165 -31.07 31.07 -37.60 687
Rutgers January FORM NJ tox 2002 5 193 120 -37.84 37.84 -41.10 .1@]
Table4-31. Summary of air toxics model performance evaluation results against
2002 NJ Air Toxicsdata for January at Chester
Site Month  CB4 Model N Obs. Mod. NMB %NME %MFB %MFE
species mean mean
Chester January PAR  NJ tox 2002 5 4.80 63.55 17242447 169.50 169.50
Chester January OLE  NJ tox 2002 5 0.32 1.90 496.98 49698 139.709.78
Chester January ALD2 NJ tox 2002 5 0.96 151 57.97 57.97 4270 @37
Chester January TOL  NJ tox 2002 5 1.09 216 9755 121.86 6520 1.4
Chester January XYL  NJ tox 2002 5 1.01 1.22 2098 38.02 17.00 35.00
Chester January FORM NJ tox 2002 5 223 116 -49.06 49.06 -67.10 .1G

Table4-32. Summary of air toxics model performance evaluation results against
2002 NJ Air Toxicsdata for January at Elizabeth

Site Month  CB4 Model N Obs. Mod. NMB %NME %MFB %MFE
species mean mean
Elizabeth January PAR  NJ_tox_2002 4 11.40 13235 1061.22 .2@61168.50 168.50
Elizabeth January OLE  NJ tox 2002 4 4.41 354 -1959 8562 27.30 ®%.5
Elizabeth January ALD2 NJ tox 2002 4 0.71. 215 20222 202.22 101.5®1.30
Elizabeth January TOL  NJ _tox 2002 4 132 521 29565 29565 120.000.0
Elizabeth January XYL  NJ_tox 2002 4 0.77 3.34 333.18 333.18 126.306.3@
Elizabeth January FORM NJ tox 2002 4 133 1.82 3214 3214 2830 @8.3
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Table4-33. Summary of air toxics model performance evaluation results against

2002 NJ Air Toxicsdata for July at Camden Lab

Site  Month  CB4 Model N Obs. Mod. NMB %NME %MFB %MFE
species mean mean
Camden July PAR  NJ tox 2002 4 6.41 83.79 1208.120812 169.70 169.7)
Camden July OLE NJ tox 2002 4 116 1.66 4277 4892 3750 42.40
Camden July ALD2 NJ tox 2002 4 0.81 3.36 316.59 316.59 123.923.90
Camden July TOL NJ tox 2002 4 1.79 115 -3578 60.44 -14.80 363.
Camden July XYL NJ tox 2002 4 0.69 086 2385 40.50 20.20 34.20
Camden July FORM NJ tox 2002 4 240 330 3747 5751 4230 @f.9
Table4-34. Summary of air toxics model performance evaluation results against
2002 NJ Air Toxicsdata for July at Rutgers University
Site Month  CB4 Model N Obs. Mod. NMB %NME %MFB %MFE
species mean mean
Rutgers  July PAR  NJ tox 2002 2 7.85 69.10 780.75 780.75 155.865.8D
Rutgers  July OLE  NJ_tox 2002 2 060 1.42 136.92 136.92 80.40 4.
Rutgers  July  ALD2 NJ tox 2002 2 221 397 7946 7946 5370 637
Rutgers  July TOL  NJ tox 2002 2 131 087 -33.15 3315 -39.20 2G9.
Rutgers  July XYL  NJ tox 2002 2 144 063 -56.62 56.62 -79.70 709
Rutgers July FORM NJ tox 2002 2 6.60 3.81 -42.28 4228 -54.70 .7G4
Table 4-35. Summary of air toxics model perfor mance evaluation results against
2002 NJ Air Toxicsdata for July at Chester
Site Month  CB4 Model N Obs. Mod. NMB %NME %MFB %MFE
species mean mean
Chester Juy PAR  NJ tox 2002 2 6.43 62.60 874.32 874.32 158.268.2D
Chester Juy OLE  NJ tox 2002 2 052 1.38 167.09 167.09 90.80 8®D.
Chester Juy ALD2 NJ tox 2002 2 242 379 56.94 56.94 40.80 @(.8
Chester Juy TOL  NJ tox 2002 2 1.63 074 -54.47 60.09 -56.80 467.
Chester Juy XYL  NJ tox 2002 2 1.75 050 -71.36 71.36 -92.90 993
Chester Juy FORM NJ tox 2002 2 936 3.72 -60.29 60.29 -87.40 .4@]
Table 4-36. Summary of air toxics model performance evaluation results against
2002 NJ Air Toxicsdata for July at Elizabeth
Site Month  CB4 Model N Obs. Mod. NMB %NME %MFB %MFE
species mean mean
Elizabeth  July PAR  NJ_tox 2002 5 10.05 121.90 111294 1112.94 4169.169.40
Elizabeth  July OLE NJ_tox 2002 5 483 211 -56.44 75.68 -18.80 1@3%.
Elizabeth July ALD2 NJ_tox 2002 5 1.65 4.01 143.20 143.20 80.30 .3@
Elizabeth July = TOL  NJ tox_ 2002 5 143 3.14 11890 11890 76.10 106.
Elizabeth July XYL NJ_tox 2002 5 098§ 210 113.76 113.76 74.80 804.
Elizabeth July FORM NJ tox 2002 5 414 354 -14.43 1443 -18.20 .20
Box plots

and average predicted monthly concentrations asepted in Figure 4-27 through
Figure 4-32. It is more difficult to determine wher observed seasonal patterns are well
reproduced by the model because only two monthe wedeled. However, as seen in

Box plots showing average monthly concentratiorfdJaAir Toxics network sites
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the analysis of the regional haze model, July \saiuere generally on par with other
summertime values, as were January values withr atimtertime values. Therefore, we
can examine the seasonal variation using thesegeptative months. Results indicate
that the air toxics model generally overestimatses in both summer and winter
months, but observations better match predictioriee summer. The box plots show
first and third quartile values as the bottom adf the boxes, respectively, and the
central line represents the median value for bbgeoved and predicted concentrations.

The air toxics model uniformly overpredicts by atta of approximately two for
higher aldehydes, as shown in Figure 4-27, withntleelel reproducing the observed
higher summertime concentrations and lower wintextconcentrations pattern. The
model reproduces concentration levels in both sunamé winter for formaldehyde, as
shown in Figure 4-28. Olefins and toluene are pregticted by a factor of three in the
winter, but well-reproduced in the summer (Figw24and Figure 4-31, respectively).
Levels of xylenes match well for both summer andteri months, as shown in Figure
4-32. Levels of paraffins are grossly overprediagteboth summer and winter (Figure
4-30).

Average diurnal trends (July only) from the PAMSwark are compared against
model predictions in box plots in Figure 4-33 thgburigure 4-39. Similar to the
seasonal box plots, these plots show that whilervlesl CB4 species patterns are
generally well reproduced in the model, the lewetsoften grossly overpredicted.
Modeled diurnal profiles are similar for ethyleégfins, paraffins, toluene, and xylenes;
high nighttime levels with daytime lows due to piatemistry. While the pattern is
present in observations, levels match well onlyefitnylene, toluene, and xylenes
(generally overpredicted by a factor of two or Jess shown in Figure 4-34, Figure 4-38,
and Figure 4-39, respectively. Olefins (Figure6}-8re grossly overpredicted at night,
and paraffins (Figure 4-37) are universally ovedpreed. The modeled diurnal profile
for isoprene matches the observed profile excefttariate evening, when the model
shows a peak while the observations show a getalia off of levels, as shown in
Figure 4-35. Acetaldehyde and higher aldehydesimingersally overpredicted at all
hours of the day (Figure 4-33).
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Figure4-27. Comparison of monthly average higher aldehyde concentrations for
the NJ Air Toxics network at all sitesfor the air toxics model
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Figure 4-28. Comparison of monthly average for maldehyde concentrationsfor the
NJ Air Toxicsnetwork at all sitesfor theair toxics model
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Figure 4-29. Comparison of monthly average olefin concentrationsfor the NJ Air
Toxics network at all sitesfor theair toxics model
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Figure 4-30. Comparison of monthly average paraffin concentrationsfor the NJ Air
Toxicsnetwork at all sitesfor theair toxics model
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Figure 4-31. Comparison of monthly average toluene concentrationsfor the NJ Air
Toxicsnetwork at all sitesfor theair toxics model
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Figure 4-32. Comparison of monthly average xylenes concentrationsfor the NJ Air
Toxics network at all sitesfor theair toxics model
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Figure 4-33. Comparison of July diurnal patternsfor higher aldehydes from the

ALD2 ( ppb )

PAM S network at all sitesfor theair toxics model
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Figure4-34. Comparison of July diurnal patternsfor ethylene from the PAMS
network at all sitesfor theair toxics model
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Figure4-35. Comparison of July diurnal patternsfor isoprenefrom the PAMS
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network at all sitesfor theair toxics model
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Figure4-36. Comparison of July diurnal patternsfor olefinsfrom the PAMS
network at all sitesfor theair toxics model
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Figure4-37. Comparison of July diurnal patternsfor paraffinsfrom the PAMS
network at all sitesfor theair toxics model
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Figure 4-38. Comparison of July diurnal patternsfor toluene from the PAMS
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Figure 4-39. Comparison of July diurnal patternsfor xylenesfrom the PAMS
network at all sitesfor the air toxics model
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Scatter plots

Results of scatter plots are shown for JanuaryJahdfor the NJ Air Toxics
network. Data are paired in space and time.

Scatter plots for the winter show reasonable agee¢mith some overprediction
for the model against observed concentrations.e®ydes (shown in Figure 4-40) appear
to have similar overpredictions at high and lowesled concentrations, with some
predictions agreeing reasonably well with obseoreti Formaldehyde predictions also
match observations reasonably well, though theescistwide (see Figure 4-41). Olefins
are generally well predicted (though somewhat anesligted at lower concentration
levels), but the model failed to predict the high@sserved concentration, which greatly
affected bias and error metrics (see Figure 4-#2xaffins are almost universally
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overpredicted; observed levels rarely exceed 20vwiple modeled levels are often in
excess of 100 ppb (Figure 4-43). Performance ytanes is similar to acetaldehyde,
with significant overprediction but adequate periance at points (Figure 4-45).
Toluene (Figure 4-44) is more like formaldehydethviower concentrations achieving
better predictions than higher concentrations, Wihigpear to be significantly
underestimated. Such large underestimates mayebesult of a gap in emission
inventories.

Summertime scatter plots paired in space and tifigeife 4-46 through Figure
4-51) show different patterns of agreement betwarservations and predictions than the
winter scatter plots do for some species, and apiatterns for others. Levels of higher
aldehydes (Figure 4-46) are overpredicted congigtemith considerably more error than
during the summer month. Unlike in the winternhatdehyde (Figure 4-47) is well
represented in the model, though the model doeszpodduce high observed values
well. Summertime olefin values (Figure 4-48) amdlwepresented in the model at lower
concentration levels, and poorly reproduced atdrigibserved levels, when the model
fails to reproduce high concentration events. iAthe winter, summer levels of paraffins
are grossly overpredicted (Figure 4-49). Leveltobafene (Figure 4-50) and xylenes
(Figure 4-51) are often overpredicted, and higheseoved values tend to the highest
scatter (i.e., error).
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Figure 4-40. Comparison of January scatter plot for higher aldehydesfrom NJ Air
Toxicssitesfor the air toxics model
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Figure4-41. Comparison of January scatter plot for formaldehyde from NJ Air
Toxicssitesfor the air toxics model
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Figure 4-42. Comparison of January scatter plot for olefinsfrom NJ Air Toxics
sitesfor theair toxics model
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Figure 4-43. Comparison of January scatter plot for paraffinsfrom NJ Air Toxics
sitesfor theair toxics model
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Figure 4-44. Comparison of January scatter plot for toluene from NJ Air Toxics
sitesfor theair toxics model

NJ_tox_2002 TOL for 20020101 20020131

Y + o NJAirToxics (NJ_tox_2002)
[aV I
N
o _|
=
w —
ag
X
=
O
a
(o —
]
a TOL (ppm)
ﬁ- —
g a
a
"5 D c NJ_tox_2002 o
I B i IA RMSE, RMSE, MchB McdhE
NJAirToxics 0.09 3.43 125 128 1.89
O —]

| T | | T T T T
0 2 4 6 8 10 12 14

Observation



Air Toxics Analysisin New Jersey: Ambient Data Review and Model Validation

Page 4-68

Figure 4-45. Comparison of January scatter plot for xylenesfrom NJ Air Toxics
sitesfor theair toxics model
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Figure 4-46. Comparison of July scatter plot for higher aldehydesfrom NJ Air
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Figure 4-47. Comparison of July scatter plot for formaldehyde from NJ Air Toxics
sitesfor theair toxics model
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Figure 4-48. Comparison of July scatter plot for olefinsfrom NJ Air Toxicssitesfor
the air toxics model
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Figure 4-49. Comparison of July scatter plot for paraffinsfrom NJ Air Toxics sites
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Figure 4-50. Comparison of July scatter plot for toluenefrom NJ Air Toxics sites
for theair toxics model
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Figure4-51. Comparison of July scatter plot for xylenesfrom NJ Air Toxics sites
for theair toxics model
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4.6. Comparison of theregional haze and air toxics models

Although there are differences in individual aspeafttheir performance, the
regional haze and air toxics models showed siroNarall performance. Both were
broadly capable of reproducing temporal trends sésewide, and both had common
deficiencies (e.g., the gross overprediction otgsewith the paraffin C-C bond).

This analysis suggests that large overpredictiers #n the model for CB4
species (which represent aggregates of VOCs, imgjutie air toxics we considered in
our previous analysis as described in Section 2) lmeadue to poor representation of
model chemistry or emissions in the model.
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4.7. Conclusions about the models

Both models failed to adequately reproduce levefsotiutants observed in New
Jersey. These problems in model performance pamiply to the accuracy of the
inventory. Because the models were largely abtepooduce the temporal profiles
identified in the monitoring data, we conclude timaportant meteorological processes
are relatively well represented in the models. lkenmrnore, because formaldehyde is
reasonably reproduced in both models and it is rgé@@ primarily through
photochemistry rather than through direct emissia@gsconclude that at least some
chemical processes are reasonably reproduced mdHdels. We conclude that the
emissions inventory may be grossly overestimatomgcentrations of air toxics, though
additional analysis is required to confirm thisules

Given the relative strengths and weaknesses idehtiere, we believe that these
models are not adequate for assessing absoluts l&Evar toxics in New Jersey at this
time. However, they may be useful in assessingdlagive changes expected to result
from policy or emission source measures.
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5. SUMMARY

This report provides a basis for future analysiaiptoxics in New Jersey that can
build upon the following key findings:

» The top five risk contributors to cancer risk statie from NATA 2005 are
formaldehyde, benzene, carbon tetrachloride, nadrile, acetaldehyde, and
1,3-butadiene. The NATA 2005, however, does ns¢ss diesel exhaust for
cancer risk in NATA, which NJDEP identifies as thighest cancer risk
contributor in New JerseY.

* The top five contributors to respiratory hazardestade are acrolein,
formaldehyde, acetaldehyde, diesel engine emissimsnaphthalene.

* Neurological hazard from ambient air toxics is@#Irelative importance in
New Jersey.

» At a statewide level, the top five contributorsctmcer risk, respiratory
hazard, and neurological hazard account for 77eper®7 percent, and 94
percent of total risk, respectively, according &TH 2005.

 The US EPA’'s NATA 2005 model performed reasonabdi i reproducing
average annual concentrations of key air toxiciggec

* Most Group A species had an overall downward tiarahnual average
concentrations at most New Jersey monitoring sitesicentrations were
typically higher at Elizabeth, followed by Camd&ew Brunswick, and
Chester.

» Concentrations of carbon tetrachloride are trendigher from year to year.
Domestic sources of carbon tetrachloride are dotaghlay only a few large
sources, and by sources in Texas and Louisiana.

» Concentrations of Group C compounds increased g wagied from year to
year. Data quality issues raise significant conosmr how to interpret these
monitoring data.

* Monitoring data for air toxics from the PAMS and Ai# Toxics networks
showed reasonable agreement.

» Data from neighboring states generally exhibitsame temporal trends seen
for Group A and C species in New Jersey.

» Both air quality model simulations assessed inrdyport failed to adequately
reproduce levels of air toxics observed in Newelers

* Problems in model performance point primarily te #ttcuracy of the
emissions inventory because other processes afgpbaradequately
represented in the models.

® As previously mentioned, NJDEP and US EPA userfit methodologies for determining the health
benchmark for diesel exhaust. The results presdrgeslare from US EPA’s methodology in NATA 2005.
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* While the models assessed in this report are rmo¢mtlly adequate for
estimating absolute levels of air toxics, they rhayuseful in assessing
relative changes resulting from policy or emisssonrce measures.

It is important to emphasize that NJDEP interptie¢ésdata from NATA
differently than does the US EPA, because NJDER disierent health benchmarks. Of
special note, while the US EPA did not assess carstefrom diesel exhaust, NJDEP
uses the California cancer risk factor to deterntieehealth benchmark for diesel
particulate matter. Under the NJDEP approach, tedeust is the highest contributor
for cancer risk in the state, and would have blergteatest contributor to cancer risk in
the 2005 NATA assessment had it been included. E¥)8stimates that cancer risk from
exposure to diesel exhaust averaged across tleeis@24 in a million, which is an order
of magnitude higher than that of formaldehyde,abepound having the highest ranked
cancer risk in NATA 2005.
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Appendix A: Comparison of photochemical assessment
monitoring stations and New Jersey air toxics site data

While 24-hour samples are typically collected at@xics measurement sites (NJ
Air Toxics), hourly (or 3-hour average, in the ca$earbonyls) samples are collected at
Photochemical Assessment Monitoring Stations (PAMB)Ng the summer ozone
season. PAMS sites measure a host of VOCs, anbsetsof those species are also
measured as part of the toxics program. In Se@&iéi, the PAMS toxics measurements
were used to get a sense for the diurnal behavitrose toxics species measured every
24 hours at the NJ Air Toxics measurement sites.

In this section, 24-hour NJ Air Toxics measuremeamd averaged hourly PAMS
measurements are compared for collocated mon@ébiSamden) and concurrent
measurement days.

Formaldehyde and acetal dehyde

Three-hour PAMS measurements of formaldehyde aethidehyde were only
made during a subset of the years examined hdreseTmeasurements were averaged to
generate 24-hour averaged PAMS data for compangtbirthe 24-hour NJ Air Toxics
measurements. Data for the limited number of days/hich measurements were made
at both collocated samplers (at Camden) are givéigure A-1 for formaldehyde and
Figure A-2 for acetaldehyde. While the pointsewrenly spaced along the x-axis, the
days for which there are matching data are notssacgy evenly spaced. Note that if
there was more than one entry for a NJ Air Toxieasurement on a given day, the
entries were averaged. In 2000, for the five matgldata points, the trend was similar
between PAMS and NJ Air Toxics samplers for botimi@ldehyde and acetaldehyde, but
PAMS measurements (pink line with squares) weragdwower than NJ Air Toxics
measurements (blue line with diamonds). In 2004 RAMS and NJ Air Toxics
concentrations were similar, but there were a faysdvhen one monitor failed to
capture the peak of another. There were only thoggs each in 2003 and 2005 for
comparison. There were significant differencessfame days, but the overall
concentration levels were similar for both sampyees. These differences underscore
the uncertainty around data quality for these caimgs discussed in Section 3.4.5.
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Figure A-1. Comparison of averaged PAM S and NJ Air Toxics measur ementsfor
formaldehyde at Camden
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Note: Measurements were collected on the samefdagsllocated monitors. Only days with 75 percent
data completeness (at least 18 hours) were inclubady measurements are from the NJ Air Toxits;si
three-hour data from the PAMS network are averaxyed the 24-hour period to match with the NJ Air
Toxics data. Note that all days that passed theeréent data completeness requirement were actL@l
percent complete.

Figure A-2. Comparison of averaged PAM S and NJ Air Toxics measurementsfor
acetaldehyde at Camden
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Note: Measurements were collected on the samefdagsllocated monitors. Only days with 75 percent
data completeness (at least 18 hours) were inclubady measurements are from the NJ Air Toxits;si
three-hour data from the PAMS network are averaxyed the 24-hour period to match with the NJ Air
Toxics data. Note that all days that passed theeréent data completeness requirement were actlGll
percent complete.
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Benzene

Figure A-3 and Figure A-4 show time-series andtecaliots of benzene
measurements for the 24-hour air toxics (NJ Airitexnarked as TOX, as a blue line
with diamonds) and PAMS (pink line with squaresppers. PAMS measurements
were averaged to generate data for comparisonthet4-hour measurements. There
were only limited data during each year for whisre were simultaneous PAMS and NJ
Air Toxics measurements. For most years in Figuf® there was good agreement
between the PAMS and NJ Air Toxics benzene dat&idure A-4, in addition to the
observational data, the results of two differenthrods of linear regression are included —
1) ordinary least squares (OLS), the method thigfpisally used in Excel charts and is
best for data without large outliers, and 2) leastmed squares (LST), which is
considered a robust regression method that isskgssitive to outliers. In a comparison
of PAMS and NJ Air Toxics data at sites in New Y,d08kstla and Aleksic (2007) used
least trimmed squares to assess the linear retfippetween PAMS and NJ Air Toxics
data, because it was robust and “essentially uctaffeby extreme values.” For both
regressions, the intercepts are not very high atichated slopes are not very far from
one, indicating that PAMS and NJ Air Toxics daifyncentrations for benzene are
similar for the limited data comparison. Summegrages for both datasets also indicate
that both datasets are comparable for most yeaysréA-5).

Figure A-3. Comparison of averaged PAM S and NJ Air Toxics measurementsfor
benzene at Camden
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Note: Measurements were collected on the samefdagsllocated monitors. Only days with 75 percent
data completeness (at least 18 hours) were inclubady measurements are from the NJ Air Toxits;si
hourly data from the PAMS network are averaged tiver24-hour period to match with the NJ Air Toxics
data.
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Figure A-4. Scatter plot of averaged PAMS and NJ Air Toxics measurements for
benzene at Camden
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Note: Measurements were collected on the samefdagsllocated monitors. Only days with 75 percent
data completeness (at least 18 hours) were inclubady measurements are from the NJ Air Toxits;si
hourly data from the PAMS network are averaged tiver24-hour period to match with the NJ Air Toxics
data. Two different methods of linear regressi@meaused to develop trend lines, ordinary leashissu
(OLS) and least trimmed squares (LTS).
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Figure A-5. Summer average PAM S and NJ Air Toxics measurementsfor benzene
at Camden for 2000-2008
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Note: Half of the minimum detection limit (MDL) wasibstituted for data points below the MDL, but no
data completeness restrictions were imposed oddteeused in the averages.

Xylenes

Hourly PAMS measurements oip-xylenes ana-xylene isomers were available
for 2000-2008. These measurements were averagghtvate 24-hour averaged PAMS
data for comparison with the 24-hour NJ Air Toxieeasurements on days when both
measurements were taken and PAMS data were a7leg@s&rcent complete. Thep-
xylenes ana-xylenes were combined for comparison. Figure éeftains a time-series
plot of the two datasets, the average of the hdRliy1S data (pink line with squares)
and the daily NJ Air Toxics measurements (blue Vit diamonds). A scatter plot of
NJ Air Toxics and PAMS xylenes data is given inlFgA-7. Figure A-7 also includes
the results of two different methods of linear esggion. During some years in Figure
A-6 there was good agreement between the PAMS dniifToxics xylenes data (e.qg.,
2003-2004). There were other years, when there astantial deviations (e.g., 2000).
On average, the daily NJ Air Toxics xylenes conkaigns are higher than the averaged
hourly PAMS concentrations. There is a significamount of scatter in the points in
Figure A-7, and OLS and LTS regressions give slagb€s7 and 0.6, respectively. This
indicates more substantial differences in the dailgrage xylenes concentrations
measured by the two collocated monitors compardeibzene. Summer averages of
m,p-xylenes ana-xylene for both datasets indicate, however, tlo#h lblatasets are
comparable for most years (Figure A-8).
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Figure A-6. Comparison of averaged PAM S and NJ Air Toxics measurementsfor
xylenes at Camden
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Note: Measurements were collected on the samefdagsllocated monitors. Only days with 75 percent
data completeness (at least 18 hours) were inclubadly measurements are from the NJ Air Toxi¢s;si
hourly data from the PAMS network are averaged ¢iver24-hour period to match with the NJ Air Toxics
data.
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Figure A-7. Scatter plot of averaged PAMS and NJ Air Toxics measurements for
xylenes at Camden
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Note: Measurements were collected on the samefdagsllocated monitors. Only days with 75 percent
data completeness (at least 18 hours) were inclubady measurements are from the NJ Air Toxits;si
hourly data from the PAMS network are averaged tiver24-hour period to match with the NJ Air Toxics
data. Two different methods of linear regressi@meaused to develop trend lines, ordinary leashissu
(OLS) and least trimmed squares (LTS).
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Figure A-8. Summer average PAM S and NJ Air Toxics measurementsfor xylenes
at Camden for 2000-2008
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Note: Half of the minimum detection limit (MDL) wasbstituted for data points below the MDL, but no
data completeness restrictions were imposed oddteeused in the averages.
(a) m,p-Xylenes. (b)-Xylene.

Toluene

Figure A-9 and Figure A-10 show time-series andtscalots of toluene
measurements for the NJ Air Toxics (blue line vdthmonds) and PAMS (pink line with
squares) samplers. PAMS and NJ Air Toxics tolumreentrations are very similar for
the most part, though there are several peak®iNfAir Toxics data that are not seen in
the averaged PAMS data for that same day. Théesgddt for toluene (Figure A-10)
shows an obvious linear relationship between canagons given by the two monitors,
though there are a number of “outliers.” A leashined squares regression has a low
intercept and a slope close to one, indicatingtt@PAMS and NJ Air Toxics daily
measurements for toluene are very similar. Sunawerages of toluene for both datasets
also indicate that both datasets are comparabi@dst years (Figure A-11).
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Figure A-9. Comparison of averaged PAM S and NJ Air Toxics measurementsfor
toluene at Camden
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Note: Measurements were collected on the samefdagsllocated monitors. Only days with 75 percent
data completeness (at least 18 hours) were inclubady measurements are from the NJ Air Toxits;si
hourly data from the PAMS network are averaged ¢iver24-hour period to match with the NJ Air Toxics
data.
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Figure A-10. Scatter plot of averaged PAM S and NJ Air Toxics measurements for
toluene at Camden
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Note: Measurements were collected on the samefdagsllocated monitors. Only days with 75 percent
data completeness (at least 18 hours) were inclubady measurements are from the NJ Air Toxits;si
hourly data from the PAMS network are averaged tiver24-hour period to match with the NJ Air Toxics
data. Two different methods of linear regressi@meaused to develop trend lines, ordinary leashissu
(OLS) and least trimmed squares (LTS).
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Figure A-11. Summer average PAM S and NJ Air Toxics measurementsfor toluene
at Camden for 2000-2008
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Note: Half of the minimum detection limit (MDL) wasibstituted for data points below the MDL, but no
data completeness restrictions were imposed oddteeused in the averages.

Ethylbenzene

Figure A-12 and Figure A-13 contain time-series scakter plots of ethylbenzene
measurements for the NJ Air Toxics (blue line vdihmonds) and PAMS (pink line with
squares) samplers. For some years, the colloaa@doncurrent measurements of
ethylbenzene do not match very well (e.g., 200®jjenin others they do correspond in
terms of absolute values and trends (e.g., 20085200/hen all data are combined in a
scatter plot (Figure A-13), there appears to bheeat relationship between the two types
of data, although there is a significant amourgaaitter. The slope is close to 1 (0.88 and
0.84) and the intercept is low for both OLS and Lim&thods of linear regression,
indicating that the daily ethylbenzene concentretimeasured from the two different
types of samplers are similar on average. Sumrerages of ethylbenzene for both
datasets also indicate that both datasets are cabipdor most years (Figure A-14).
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Figure A-12. Comparison of averaged PAM S and NJ Air Toxics measurements for
ethylbenzene at Camden

0.4

0.35 +

0.3

0.25 -

0.2 —— DAILY
—0— AVG

0.15 -

Ethylbenzene (ppb)

0.1 -

[ |
||
0.05 ':SZ s -

L [
0

2000 2001 2002 2003 2004 2005 2006 2007 2008

Note: Measurements were collected on the samefdagsllocated monitors. Only days with 75 percent
data completeness (at least 18 hours) were inclubadly measurements are from the NJ Air Toxits;si
hourly data from the PAMS network are averaged ¢iver24-hour period to match with the NJ Air Toxics
data.
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Figure A-13. Scatter plot of averaged PAM S and NJ Air Toxics measurements for
ethylbenzene at Camden
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Note: Measurements were collected on the samefdagsllocated monitors. Only days with 75 percent
data completeness (at least 18 hours) were inclubady measurements are from the NJ Air Toxits;si
hourly data from the PAMS network are averaged tiver24-hour period to match with the NJ Air Toxics
data. Two different methods of linear regressi@meaused to develop trend lines, ordinary leashissu
(OLS) and least trimmed squares (LTS).
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Figure A-14. Summer average PAM S and NJ Air Toxics measurementsfor
ethylbenzene at Camden for 2000-2008
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Note: Half of the minimum detection limit (MDL) wasibstituted for data points below the MDL, but no
data completeness restrictions were imposed oddteeused in the averages.
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Appendix B: Regional air toxics measurements
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Appendix B: Regional air toxics measurements

This appendix presents the results of NESCAUM’sw@ration of regional air
toxics measurements, as discussed in Section 3Mositoring results for several
species of interest are presented in this seatitine same order as presented in
Section 3.4. Results are presented for annuatterba and diurnal averages, as
available. For diurnal patterns, because sampéssre generally small, single events
(e.g., a plume with high air toxics concentratiore) have a large effect on the diurnal
profile. These occurrences are noted when theyrandhe diurnal profiles. Use of
median concentrations rather than mean (simpleage¢iconcentrations would mitigate
this effect.

Benzene

Figure B-1. Quarterly and annual average benzene concentrations at Sherwood
Island, Connecticut
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Note: Data were not available for Q1, Q4, or y@4183-2006 at this location. Sherwood Island,
Connecticut has only PAMS data; no 24-hour yeandodata are available at this site. JFM = January,
February, March; AMJ = April, May, June; JAS = Julugust, September; OND = October, November,
December.
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FigureB-2. Quarterly and annual average benzene concentrations at Botanical
Gardens, NY
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Note: Data were not available for Q3 2004 to preaéthis location. Data presented are only fram24-
hour measurement site, not the collocated PAMS g = January, February, March; AMJ = April,
May, June; JAS = July, August, September; OND =oBet, November, December.
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FigureB-3. Quarterly and annual average benzene concentrations at Queens
Community College, New York
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Note: Data were not available for 2001 to presettiia location. Data are only from the 24-hour
measurement site, not the collocated PAMS sitdd 3RPanuary, February, March; AMJ = April, May,
June; JAS = July, August, September; OND = Octdlevember, December.
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FigureB-4. Quarterly and annual average benzene concentrations at East
L ycoming, Pennsylvania
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Note: Data were not available for Q3 2000 or Q3420Data are only from the 24-hour measurement site
not the collocated PAMS site. JFM = January, FatyuMarch; AMJ = April, May, June; JAS = July,
August, September; OND = October, November, Decembe
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FigureB-5. Quarterly and annual average benzene concentrationsat L ums Pond,
Delaware
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Note: The site became active in Q4 2001 and stofleéndg air toxics measurements in Q4 2005. Deta a
only from the 24-hour measurement site, not thiocated PAMS site. JFM = January, February, March;
AMJ = April, May, June; JAS = July, August, SepteamtOND = October, November, December.
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Figure B-6. Comparison of average hourly benzene concentrations at the Sherwood

Island, Connecticut PAM S
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Note: The peak for hours 5-6 on Wednesday is diseveral events where monitored concentrations wer

much higher than typical for those times.

Figure B-7. Comparison of average hourly benzene concentrations at the Botanical

Gardens, New York PAMS
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FigureB-8. Comparison of average hourly benzene concentrations at the Queens

Community College, New York PAMS
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Figure B-9. Comparison of average hourly benzene concentrations at the East

Lycoming, Pennsylvania PAM S
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Figure B-10. Comparison of average hourly benzene concentrations at the Lums

Pond, Delaware PAM S
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Note: The peak for hours 6 and 9 on Wednesdaprarerily due to single events where monitored

concentrations were much higher than typical fosétime.
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m,p-Xylene

FigureB-11. Quarterly and annual aver age m,p-xylene concentrations at Sherwood

| sland, Connecticut
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Note: Data were not available for Q1, Q4at thistan. Sherwood Island, Connecticut has only PAMS
data; no 24-hour year-round data are availableisstte. JFM = January, February, March; AMJ xiAp
May, June; JAS = July, August, September; OND =obet, November, December.
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Figure B-12. Quarterly and annual aver age m,p-xylene concentrations at Botanical
Gardens, New York
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Note: Data were not available for Q3 2004 to preaéthis location, except during Q1 2006. Data
presented are only from the 24-hour measurementrsit the collocated PAMS site. JFM = January,
February, March; AMJ = April, May, June; JAS = Julugust, September; OND = October, November,
December.
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Figure B-13. Quarterly and annual aver age m,p-xylene concentrations at Queens
Community College, New York
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Note: Data were not available for 2001 to presettiia location. Data are only from the 24-hour
measurement site, not the collocated PAMS sitdd 3RPanuary, February, March; AMJ = April, May,
June; JAS = July, August, September; OND = Octdlevember, December.

Figure B-14. Quarterly and annual aver age m,p-xylene concentrations at East
Lycoming, Pennsylvania

Q1 (JFM) s Q2 (AMJ)  memm Q3 (JAS)  mmmm Q4 (OND)  —4—Annual

1.4

0.8 -

0.6 -

0.4 -

02 -

o

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Note: Data were not available for Q3 2000. Dataanly from the 24-hour measurement site, not the
collocated PAMS site. JFM = January, February,dlaAMJ = April, May, June; JAS = July, August,
September; OND = October, November, December.
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Figure B-15. Quarterly and annual aver age m,p-xylene concentrationsat Lums

Pond, Delaware
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Note: The site became active in Q4 2001 and stofgdéng air toxics measurements in Q4 2005. Deda a
only from the 24-hour measurement site, not thiocated PAMS site. JFM =

January, February, March;
vember, December.

Figure B-16. Comparison of average hourly m,p-xylene concentrations at the

Sherwood | dand, Connecticut PAM S
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FigureB-17. Comparison of average hourly m,p-xylene concentrations at the

Botanical Gardens, New York PAMS
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Figure B-18. Comparison of average hourly m,p-xylene concentrations at the

Queens Community College, New York PAMS
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Note: The peak for hours 8-10 on Tuesday is dwedsimgle event where monitored concentrations were

much higher than typical for those times.
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Figure B-19. Comparison of average hourly m,p-xylene concentrations at the East

Lycoming, Pennsylvania PAM S
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Figure B-20. Comparison of average hourly m,p-xylene concentrations at the Lums

Pond, Delaware PAM S
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Note: The peak for hour 12 on Monday is due tingle event where the monitored concentration was

much higher than any other time (more than thmreegithe next highest observed concentration).
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Toluene

FigureB-21. Quarterly and annual average toluene concentrations at Sherwood

I sland, Connecticut
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Note: Data were not available for Q1, Q4 at thiation. Sherwood Island, Connecticut has only PAMS
data; no 24-hour year-round data are availableigstte. JFM = January, February, March; AMJ FiA\p
May, June; JAS = July, August, September; OND =obet, November, December.

FigureB-22. Quarterly and annual average toluene concentrations at Botanical

Gardens, New York
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Note: Data were not available for Q3 2004 to preaéthis location. Data presented are only fram24-
hour measurement site, not the collocated PAMS siEM = January, February, March; AMJ = April,
May, June; JAS = July, August, September; OND =oBet, November, December.
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FigureB-23. Quarterly and annual aver age toluene concentrations at Queens

Community College, New York
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Note: Data were not available for 2001 to presetthia location. Data are only from the 24-hour

measurement site, not the collocated PAMS sitéd 3Banuary, February, March; AMJ = April, May,
June; JAS = July, August, September; OND = Octddevember, December.
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FigureB-24. Quarterly and annual average toluene concentrations at East
Lycoming, Pennsylvania
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Note: Data are only from the 24-hour measureme®t 8ot the collocated PAMS site. JFM = January,

February, March; AMJ = April, May, June; JAS = Julugust, September; OND = October, November,
December.
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Figure B-25. Quarterly and annual aver age toluene concentrations at L ums Pond,
Delaware
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Note: The site became active in Q4 2001 and stofgdéng air toxics measurements in Q4 2005. Deda a
only from the 24-hour measurement site, not thiocated PAMS site. JFM = January, February, March;
AMJ = April, May, June; JAS = July, August, SepteamtOND = October, November, December.
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Figure B-26. Comparison of average hourly toluene concentrations at the Sherwood

Island, Connecticut PAM S
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Figure B-27. Comparison of average hourly toluene concentrations at the Botanical

Gardens, New York PAMS
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Note: The peaks for hour 23 on Friday and houssol+ Saturday are due to a single event where

monitored concentrations were much higher tharcaigor those times.
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Figure B-28. Comparison of average hourly toluene concentrations at the Queens

Community College, New York PAMS
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Note: The peaks for hours 7-11on Monday are diregpily to a single event where the monitored

concentrations were much higher than typical fos#times.
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Figure B-29. Comparison of average hourly toluene concentrations at the East

Lycoming, Pennsylvania PAM S
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Figure B-30. Comparison of average hourly toluene concentrations at the Lums

Pond, Delaware PAM S
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Note: The peaks for hours 9-10 on Wednesday azdalseveral events where the monitored

concentrations were higher than typical for thases.
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Ethylbenzene

Figure B-31. Quarterly and annual aver age ethylbenzene concentrations at
Sherwood Iland, Connecticut
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Note: Data were not available for Q1, Q4 at thation. Sherwood Island, Connecticut has only PAMS
data; no 24-hour year-round data are availableisisite. JFM = January, February, March; AMJ =ilAp
May, June; JAS = July, August, September; OND =oBet, November, December.



Air Toxics Analysisin New Jersey: Ambient Data Review and Model Validation Page B-24

Figure B-32. Quarterly and annual aver age ethylbenzene concentrations at
Botanical Gardens, New York
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Note: Data were not available for Q3 2004 to presgnept for Q1 2006 at this location. Data présgn
are only from the 24-hour measurement site, notttlecated PAMS site. JFM = January, February,
March; AMJ = April, May, June; JAS = July, AuguSeptember; OND = October, November, December.



Air Toxics Analysisin New Jersey: Ambient Data Review and Model Validation Page B-25

Figure B-33. Quarterly and annual aver age ethylbenzene concentrations at Queens
Community College, New York

(1 (JFM) =02 (AMI] & 3 {JAS] e Q4 {(OND] =—s=—Annuai

0.14 -

0.06 -

i

Note: Data were not available for 2001 to presetthia location. Data are only from the 24-hour
measurement site, not the collocated PAMS sité IBanuary, February, March; AMJ = April, May,
June; JAS = July, August, September; OND = Octddevember, December.
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Figure B-34. Quarterly and annual aver age ethylbenzene concentrations at East
L ycoming, Pennsylvania
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Note: Data were not available for Q3 2000 or Q3420Data are only from the 24-hour measurement site
not the collocated PAMS site. JFM = January, FatyruMarch; AMJ = April, May, June; JAS = July,
August, September; OND = October, November, Decembe

Figure B-35. Quarterly and annual aver age ethylbenzene concentrationsat Lums
Pond, Delaware

Q1 (JFV) s Q2 (AM))  mmm Q3 (JAS) mmm Q4 (OND]  —#—Annual

0.06

0.05

0.04

0.03

0.02 ~

001 -~

0 -

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Note: The site became active in Q4 2001 and stofeéndg air toxics measurements in Q4 2005. Deta a
only from the 24-hour measurement site, not thiocated PAMS site. JFM = January, February, March;
AMJ = April, May, June; JAS = July, August, SepteamOND = October, November, December.
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Figure B-36. Comparison of average hourly ethylbenzene concentrationsat the

Sherwood | dand, Connecticut PAM S
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Figure B-37. Comparison of average hourly ethylbenzene concentrations at the

Botanical Gardens, New York PAMS
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Figure B-38. Comparison of average hourly ethylbenzene concentrationsat the

Queens Community College, New York PAMS
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Figure B-39. Comparison of average hourly ethylbenzene concentrations at the East

Lycoming, Pennsylvania PAM S
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Figure B-40. Comparison of average hourly ethylbenzene concentrationsat the

Lums Pond, Delaware PAM S
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Formaldehyde

Figure B-41. Quarterly and annual aver age formaldehyde concentrations at
Botanical Gardens, New York
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Note: Data were not available for 2003 or 2007rspnt at this location. Data presented are oo the
24-hour measurement site, not the collocated PAS §FM = January, February, March; AMJ = April,
May, June; JAS = July, August, September; OND =obet, November, December.
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Figure B-42. Quarterly and annual aver age formaldehyde concentrations at Queens
Community College, New York
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Note: Data were not available after 2001 for tbisakion for formaldehyde. Data are only from tHe 2
hour measurement site, not the collocated PAMS siEM = January, February, March; AMJ = April,
May, June; JAS = July, August, September; OND =obet, November, December.

Figure B-43. Quarterly and annual aver age formaldehyde concentrations at East
L ycoming, Pennsylvania
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Note: Data are only from the 24-hour measuremeé®j S0t the collocated PAMS site. JFM = January,
February, March; AMJ = April, May, June; JAS = Julugust, September; OND = October, November,
December.
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Figure B-44. Quarterly and annual aver age formaldehyde concentrationsat Lums
Pond, Delaware
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Note: Data are only available between 2003 and @@% 2 Data are only from the 24-hour measurement
site, not the collocated PAMS site. JFM = JanuBefgruary, March; AMJ = April, May, June; JAS =ylul
August, September; OND = October, November, Decembe

Figure B-45. Comparison of average hourly for maldehyde concentrations at the
Botanical Gardens, New York PAMS
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Figure B-46. Comparison of average hourly for maldehyde concentrations at the

Queens Community College, New York PAMS
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Figure B-47. Comparison of average hourly for maldehyde concentrations at the

East Lycoming, Pennsylvania PAM S
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Acetaldehyde

Figure B-48. Quarterly and annual aver age acetaldehyde concentrations at

Botanical Gardens, New York
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Note: Data were not available for 2003 or 2007respnt except for Q1 2006 at this location. Data

presented are only from the 24-hour measurementrsit the collocated PAMS site. JFM = January,

February, March; AMJ = April, May, June; JAS = Julugust, September; OND = October, November,
December.
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Figure B-49. Quarterly and annual aver age acetaldehyde concentrations at Queens
Community College, New York
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Note: Data were not available after 2001 for tbisakion for acetaldehyde. Data are only from t#hén@ur
measurement site, not the collocated PAMS sitdd IRPanuary, February, March; AMJ = April, May,
June; JAS = July, August, September; OND = Octddevember, December.
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Figure B-50. Quarterly and annual aver age acetaldehyde concentrations at East
L ycoming, Pennsylvania
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Note: Data are only from the 24-hour measureme®t 8ot the collocated PAMS site. JFM = January,
February, March; AMJ = April, May, June; JAS = Julugust, September; OND = October, November,
December.
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Figure B-51. Quarterly and annual aver age acetaldehyde concentrations at Lums

Pond, Delaware
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Note: Data were only available between 2003 an@@@%. Data are only from the 24-hour measurement
site, not the collocated PAMS site. JFM = JanuBejgruary, March; AMJ = April, May, June; JAS =\yjul
August, September; OND = October, November, Decembe

Figure B-52. Comparison of average hourly acetaldehyde concentrations at the

Botanical Gardens, New York PAMS
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Figure B-53. Comparison of average hourly acetaldehyde concentrations at the

Queens Community College, New York PAMS
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Figure B-54. Comparison of average hourly acetaldehyde concentrations at the East

Lycoming, Pennsylvania PAM S
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