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CHAPTER 1: INTRODUCTION

Over the past decades, there have been increasing concerns abffetthefeair
qguality on human health. Despite environmental regulations, reductitraffic and
industrial emissions, ongoing changes in infrastructure such asrnmbdédings for
better energy efficiency, and ventilation (Jones, 1999), high concensatif toxic

agents in the air still remain across the United States.

The reported increase in asthma prevalence as well as thedmnger rates are
significant public health problems in the U.S. (CDC, 2006; American €zaBaciety,
2009). Previous studies have shown that exposure to volatile organic compoO@@ts (V
may contribute to respiratory health deterioration as wellaaser risk (Delfino, R.J,
Gong, H., Linn, W. S., Hu, Y. & Pellizzari, E. D., 2003; Boeglin, M. L., WksdB. &
Henshel, D., 2006). Exposure to concentrations even below standard rewtatiores
can lead to an increase in asthma outcome by about 2 folds amairgrcifiRumchev,
K., Spickett, J., Bulsara, M., Phillips, M. & Stick, S., 2004). Others haggested that
air pollution from mobile sources, which include VOCs, may beeaéltd the worldwide
increase in asthma (D’Amato, G., Liccardi, G., D’Amato, M., &z&ola, M., 2001).
Likewise, chronic VOC exposure has also been linked with caneer, (&, Lee, S. C.,
Chan, L. Y. & Li, W., 2004), many of which also originate from mobile sesir Studies
have also shown elevated risks for cancer among populations expse@as

(Woodruff, T. J., Caldwell, J., Cogliano, V. J. & Axelrad, D. A., 2000). Thgreke of



adverse health effect from exposure to VOCs may depend gdsirapan the frequency,

duration of exposures (UNEP, 1994).

There are several sources of VOCs in indoor environments, incletéaging
products, solvents, off-gassing from furniture/carpets as well gasetie smoking. In
addition to these indoor sources, outdoor sources also contribute to indosr dével
VOCs as they readily penetrate indoors. Even though indoor concentrati®@BCs
have been shown to be much higher than outdoor concentrations, outdoor exposures als
remain a concern to the public health. The levels of outdoor VOCs dependaysyal
factors including residential location (urban, semi-urban, ruralffictrdensity, and
industrial activities (Fischer et al., 2000; Lee, S.C., Chiu, M. Y., Hd;.KZou, S. C. &
Wang, X., 2002). Despite this, very little is known about outdoor VOCs exposures among
vulnerable populations such as children. Therefore, characterizing &@Gasures to
such populations is important, as this information may be helpful sigrmiag proper
intervention strategies. Within this context, the potential exposakasg place within
the school environment are important, as children spend a significamf plaeir day at

schools.

Hypothesis:

To estimate potential exposure to VOCs at schools, a crossrsgcstudy was
carried out with the following hypotheses-

1) Schools in urban areas have higher VOCs concentration than schoolslin rura

areas,



2) Schools near major industries have higher VOCs concentration thentitioset

industries.

The variables used to test these hypotheses included presence andedist mobile
sources (major traffic roads) and stationary sources (indusypg of location (urban,

rural), and region (Midwest, Northeast, South, and West).

The goal of this investigation was to find out whether some schériehifrom
specific areas are potentially exposed to high levels of V@@s, putting them at

greater risk for potential acute and/or chronic health outcomes.



CHAPTER 2: BACKGROUND

2.1 Volatile Organic Compounds

Volatile organic compounds (VOCs) are carbon-based chemicalexisain
gaseous forms at room temperature. They are characterizedbyapor pressure
and low water solubility. They are significant components of indsomwall as
outdoor air pollution. The list of VOCs contains hundreds of compounds, including
known human carcinogens such as benzene and 1,3-butadiene. The sources of thes

VOCs can be anthropogenic as well as natural.

Previous studies have shown that VOCs can react with oxides ofemitrog

(NOy) that are released from combustion products such as vehicle exhaliptsiger
plants, in the presence of sunlight, to form ozone (Carter, 1994). Thus 4@C
considered important from a regulatory standpoint, as they seraepescursor to
ozone formation, an important Criteria Air Pollutant. Ground levehezs made of
three oxygen atoms, and not directly released into the air, buedothrough a
reaction of NQ and VOCs in the presence of sunlight. Ground level ozone, also
referred to as “bad” ozone is different from stratospheric oza&iferred to as the
“good” ozone naturally formed in the stratosphere, which protects am harmful
ultraviolet rays from the sun (US-Environmental Protection Agenbygrefore, one
of the strategies of reducing ground level ozone is to redugeeitsirsors, NQand

VOCs.



The Clean Air Act, which describes the EPA’s task in pratgcipublic
health, has classified areas throughout the U.S. according to ¢ingliance with
national standards for ground-level ozone as attaining or not-attaimnéederal
standards. An attainment area is one with air quality sintolar better than that of
the national ambient air quality standards (NAAQS) per thenCAaaAct. It should
be noted that an area is designated an attainment area for artanpddasis. For
example, an area may be considered an attainment area for tanp@nd not for
another. Non-attainment areas are required to improve air quglitgdoicing VOC
emissions within their territory by 3% each year until théeonal standard for ozone

is met (American Chemistry Council, 2009).

Several factors associated with exposure to VOCs may laffdtit outcomes.
These factors include concentration of the agent, duration as svéiéguency of
exposure, and the chemical agent involved (Paustenbach, 2000). Exposure to some
VOCs may have acute (asthma exacerbation) or chronic (carcezjsa health
effects. The Environmental Protection Agency (EPA) developed agrinesl Risk
Information System (IRIS), which is a collection of electroreports on specific
toxic substances found in the environment and presenting risk to human health. In this
collection many VOCs have been identified as: a) known human caecisdglass
A), b) probable human carcinogen (class B), ¢) possible humeimn@gen (class C),
and d) not human carcinogen (class D). However, carcinogenicity haberat
determined for many more VOCs due to inadequate data foinagemicity

classification, or lack of assessment by the IRIS.



2.2 Sources of VOCs

The sources of VOCs can be divided into two major categories: pdixedr
sources (stationary) and non-point or non-fixed sources (mobile) mBEj& point
sources include man-made sources such as industries and smatatipglbusiness
as well as natural sources such as forest fires and vokahloe non-point sources
included mobile sources such as on-road and off-road sources, as wefisasner
products (fragrances), and household cleaning products. The diverse na{@€ of
sources suggest that the compounds can be detected in the indoor as tiell
outdoor environment. A wide range of measures has been taken to reg0@te
emissions from motor vehicles, power plants, industrial and comehgnmcesses.
Some examples of regulatory measures are controlling VOC contpnhting inks,

floor wax strippers, and reducing emission from devices on certain printing m&achine

2.2.1Indoor Sources
To provide comprehensive measures of indoor and outdoor sources of VOCs

among the U.S. population, the US-EPA conducted a Total Exposure Asaéssm
Methodology (TEAM) study, which began in 1980 (Wallace, 1987). This study,
broken down into three phases, provided a first quantitative measuneecddtivity
pattern and VOC exposures for the U.S. population. Phase | testectthedoiogy

for five months in Bayonne and Elizabeth, New Jersey, and ResEaacigle Park,

North Carolina. Phase Il, which last seventeen months, observed taeertitfs
between the distribution of exposure to selected substances faedgbepulations

living in industrial/chemical manufacturing areas (Bayonne andaB#ith, New



Jersey) to that in non-industrialized manufacturing areas (GraensiNorth
Carolina, and Devils Lake, North Dakota). Phase Il consisted ofiagpthe refined
version of the assessment from Phase Il to California opariad of four months.
Further investigations were conducted in other cities throughout tBe Wwhder
separate VOC TEAM studies. Overall, results showed much highe€ VO
concentrations in indoor than outdoor air. A later report showed about 99% of
personal exposure to benzene was from air, and highest concentrarensbserved
for personal exposure, followed by indoor, then outdoor air (Wallace, 198&). T
study further showed that majority of Americans spend over 90%hef time
indoors (Edwards, R. D., lurvelin, J., Saarela, K. & Jantunen, M., 2001). &dul, r
combined with earlier findings of higher indoor concentration (WeJlat987)
suggests that individuals may be exposed to high concentrations of tfitdGghout
their life. These findings brought the issue of indoor pollutanthedfdrefront and
highlighted that indoor concentrations of pollutants inside homes aydamportant

from an exposure perspective.

Among the compounds assessed in the TEAM study, 1,1,1-trichoroethane,
tetrachloroethylene, benzene, two xylene isomers, and ethylrieenmre present in
60-98% of all breath measurements and air samples (Wallace 198@s lalso
reported that indoor VOC concentrations were higher than outdoor cotiogrstra
Furthermore, the benzene levels inside homes of smokers wé&@/3digher than
that of non-smokers (Wallace, 1986). The authors later reportedbémaiene

concentrations were higher among smokers than non-smokers by 90% é@/\Nallac



1991). The TEAM study further showed that personal exposure to benasngvar
times higher than that of outdoor levels. The researchers attrithiseelevation in
concentration level to “non-traditional sources of VOCs” including sntpkpassive
smoking, attached garages, and use/storage of cleaning products hosids
(Wallace, 1989). Subsequently, several studies have confirmed theisgdi (Lee et

al., 2002; Son, B., Breysse, P. & Yang, W., 2003; Sexton et al., 2004).

These studies have unequivocally documented the diverse sources of VOCs
which can be highly heterogeneous from one home to the next. Besisiestleces,
additional factors may play a role in indoor concentrations, including frequericg of
product usage, ventilation rates, and neighborhood-level outdoor sourceEngaref

industries, traffic density).

2.2.20utdoor Sources

The most common VOCs reported in outdoor ambient air are benzene,
toluene, ethyl benzene, and xylenes (BTEX) (Fischer et al., 2000arBslvet al.,
2001). Other VOCs include naphthalene, styrene, chloroform, etc. Two major outdoor
sources contributing to elevated levels of VOCs in ambient aitherse originating
from: a) mobile sources, and b) stationary sources. Mobile sourdadenan-road
sources (motorcycles, light-duty vehicles, bus, trucks), and off-roactes (farm
equipments, construction equipments), all of which release toxic sabsta the air
through combustion and fuel evaporation. VOC levels in ambient air have bee

shown to increase with increased traffic flow (Sapkota, A. &Bay; T., 2003). This



increase in VOC levels vary based on type and age of vehiclel spémffic, fuel
used, and environmental conditions of roads (Muezzinoglu, A., Odabasi, M. & Ona
L., 2001; Sapkota & Buckley, 2003). Despite high concentrations of VOCstiedfe
environmental regulations can lower concentrations in ambiertiair.et al. (2006)
have attributed reduction in VOC levels observed over the pasti@@caviexico
City to the implementation of traffic emission controls thédar(, X. & Naeher, L.

P., 2006). However, VOC levels in Mexico City are still higher than many oities

around the world (Gee, I. L. & Sollars, C. J., 1998).

The second category, stationary sources, includes industries, pontsrgmd
small industries including dry cleaners. Pollutants from indisstared power plants
are discharged into the atmosphere from smokestacks. Mintz and Kiadyhi
attributed 85% and 89% of VOCs observed in Fort Saskatchewan, Westeada,
to the industry in those areas (Mintz, R. & McWhinney, R. D., 2008x $eparate
study conducted in Spain, researchers reported traffic emissiomsnéed for 60% of
ambient VOCs while those from industrial emissions accounted for(BR%tserrat,
C. & Baldasano, J. M., 1996). Likewise, interesting data are alaifeom Korea,
which has undergone a rapid industrial growth, especially in petrochkeimidustries
in the past 30 years. Na et al. reported higher VOC concentratidgtmaan cities
located near petrochemical industries (Na, K., Kim, Y. P., MoorGC.KMoon, |. &

Fung, K., 2001).

2.3 VOCs and Health



The extent to which VOCs affect human health is not well under#tost of
the health effects identified are from occupational settingsem»grosures tend to be
an order of magnitude higher than those observed in environmental sdttingsst
cases, VOCs act as irritants, causing acute effects sughtesy eyes, itchy throat,
sneezing, and skin rash (US-EPA). These acute symptoms are usogdlyrary and
cease once the source of exposure has been identified and remote@@E®). But
in severe cases, VOCs can trigger exacerbation of asthrfan¢Det al., 2003), and,
in the case of chronic exposures, can lead to various adverse healbmesitc
including kidney failure, liver failure, central nervous system dgmand cancer
(Ashley, D. L., Bonin, M. A., Cardinali, F. L., McCraw, J. M. & Wontel. V. ,
1996). Individuals with respiratory complications such as asthma, ycutdyen,
elders, and individuals highly sensitive to chemicals face graskefor irritation and

health complications from exposure to VOCs.

2.3.1VOC Exposures and Asthma

Asthma is an inflammatory disorder of the lungs characterizedpisodic
and reversible symptoms of air-flow obstruction, and random airwpgrhctivity.
Asthma affects all age groups, with millions of children sufigfrom this condition
(Mannino, D. M., Homa, D. M. & Petrowski, C. A., 1998). Though the rate of
mortality from asthma has decreased, ambulatory care has cantmggow since

2000 (Akinbami, 2006).
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Exposure to mixtures of VOCs has been shown to increase neutropiiis, a
of white blood cells in the immune system, in nasal passages amoorgmoking
young adult men (Koren, H. S. & Delvin, R. B., 1992). Delfino et €008 who
observed an increase in asthma symptoms among Hispanic teenattersigw
concentrations of selected VOCs in breath and ambient air sufigleateacute and
chronic exposure to air toxics may contribute to a decline in lungtitmand an
increase in exacerbation symptoms among asthmatics (Delfaig 2003). The EPA
defines air toxics as pollutants confirmed or suspected to be hamifuman health.
A recent study by Elliott et al. (2006) reported decrease influmgion with increase
exposure to VOCs from air fresheners, mothballs, and cleaning psodilioott, L.,
Longnecker, M. P., Kissling, G. E. & London, S. J., 2006). Biomarkers, biologica
indicators such as biomechanical metabolites from exposure to a chemitahage

also been used as strong indicators of VOCs exposure.

Recently several epidemiological studies have established atssodetween
exposure to automobile exhaust and asthma. The findings suggestedtktimaatic
children living close to roads with high traffic density expereghtigher rates of
asthma exacerbation (Edwards et al., 1994; vanVliet, P., Knape, M., rtg H&,
Janssen, N., Harssema, H, & Bunekreef, B., 1997; Carbajal-Arrogph, €2007).
Although the observed association may have also resulted from exptswer
compounds such as particulate matter (PM) (Morgenstern et al., 2€8ergt al.,

2002) and nitrogen dioxide (ND(Gauderman et al., 2005; Nicolai et al., 2003) also

11



found in automobile exhausts, the possibility of VOC contribution cannotilbd r

out.

A case study investigated exposure to high VOC concentrations in a
residential area in Mont Chanin, France where industrial wastedwaped in the
mid 1980s. Results showed VOC levels as high as 433 3udghside homes.
Investigators also observed several health complications such alsolpgycal
disorders and pulmonary irritation among the local residents andusgtl such
outcomes to the unusually high levels of VOCs observed (Deloraingnéou, D.

Tillier, C., Boucharlat, A. & Bouti, H., 1995).

2.3.2VOC Exposures and Cancer
Cancer is characterized by uncontrolled growth, invasion, and soasetim

metastasis of a group of cells. In the uncontrolled growth, the wetlergo division
beyond the normal division limits (American Cancer Soci2fg9). Cells intruding
and destroying adjacent tissues characterize the invasion.tdéetasvhich mostly
occurs in advanced stages of the disease, is the spreading abuaarzmdls to other
locations in the body via lymph or blood. Cancer can affect allgagaps, but this
risk increases with age. Cancer can result from mutations ¢hemical carcinogens,
ionizing radiation, heredity, immune system dysfunction, and other c#uesestill

remain unknown (American Cancer Society).

12



Early studies focused on cancer and inherited genetic disorders,
chemotherapeutic agents, and ionizing radiation (Reynolds, P., Von Behren, J.,
Gunier, R. B., Goldberg, D. E., Hertz, A. & Smith, D. F., 2003). It is amithe past
decades that researchers have included toxic agents fromoenssarces in studies
on cancer (Pearson, R. L., Watchel, H. & Ebi, K. L., 2000). Despitedébrease in
cancer deaths in the U.S. (by 18.4% in men, and 10.5% in women), cartber of
lungs and bronchus are among the most common types of cancer in drotinch
women, with smoking having been shown as the most contributing risk (&a«ithy
R., Peto, R., Boreham, J. & Sutherland, I., 2005). Cancer has also been reported as the
second leading cause of death among children under the age ofrfousteerican

Cancer Society, 2008).

Woodruff et al. (2000) estimated cancer risk with ambient concemtsabf
toxic substances, using the EPA Cumulative Exposure Project (Woaatrt.,
2000). Most of the cancer cases were attributable to exposure te {@kzene, 1,3-
butadiene), and other toxic agents (chromium, formaldehyde). Sitmi¢angs were
observed in Great Britain in geographical clustering of childvigh leukemia living
near industries (oil refineries, oil storage sites, paper raatwrfng) releasing large
emissions containing VOCs (Knox, 1997). This study suggested thathabd
cancer was associated with geographical location, later supdwyted follow-up
study by Knox and Gilman (1998), who reported that the increassngecrisk was
primarily attributable to exposures to benzene, 1,3-butadieney, Nd

benz(a)pyrene (Knox, E. G. & Gilman, E. A., 1998; Knox, 2005). On the btrel,

13



Wilkinson et al. (1999) who followed the same study design as KnoxGanthn
(1998), did not find any association between cancer risk among children and exposure
to oil refineries (Wilkinson et al., 1999). With scarce data on adyergkh outcomes

from exposure to mixed agents, one cannot conclude whether VOCs wprartaey
contributors to cancer outcomes from studies such as Knox andrGloraif the
observed outcomes were associated with some confounding variablegethatot

accounted for.

To date, most studies have brought more focus on single chemicals as
opposed to mixed exposures from indoor and outdoor air. Moreover, inviesisgat
have taken place in areas such as workplaces, home, and storasffiearteries.
However, little has been done on outdoor VOCs air assessment healssevhere
children spend significant amounts of time. Therefore, it is impbttaevaluate the
air around these schools for VOCs to understand if there is asaged risk of

adverse health outcomes among the schoolchildren.
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CHAPTER 3: METHODS

3.1 Instrument
3.1.1Gas Chromatograph Mass-Spectrometer

The Gas Chromatograph Mass-Spectrometer (GC-MS) is annmestt used
for qualitative as well as quantitative analyses. During yaisl samples are
introduced into the system via injection through a heated injection @ornpl8s are
separated using a capillary column and introduced into the massospetetr, where
they get ionized. The ions are detected based on their massrge chtos (m/z).
Each chemical has a unique m/z, which enables the instrument to thetacwith

high accuracy.

For this thesis, samples were analyzed with a Schimadzu GQabi&l
QP2010 (Shimadzu Scientific, Columbia, MD). Samples were analgz8dlective

lon Monitoring (SIM) mode.

3.1.2Calibration

The GC-MS was calibrated to assess the GC-MS response amdcycn
identifying compounds. The calibration would be used as a referenem wh
guantifying unknown agents by measuring the response of the unknown anthasing
calibration curve to determine the concentration of the unknown. Seiibraian
standards were prepared using a method of serial dilution, with coate@mtranging
from 0-2,000 ng/mL for each standard. A working stock solution of 40 pg/fnL

VOC mixture was prepared using 200 pg/mL VOC mixture with MTE analytes

15



stock solution (Ultra Scientific, Cat# DWM-596-1). Calibration staddawere
prepared diluting known amounts of the compound of interest with calculated

amounts of carbon disulfide and acetone.

Exactly 10 pL of internal standards of volatile monitoring spikiotuteon
was added to each calibration standard. These standards weresghrepar5 mL
screw thread amber vials. A 1 pL aliquot was injected into BeMS using an auto
sampler injector (5, helium flow, 1.00 mL/min for 26 minutes). The 7-point
calibration curves were prepared each week. The GC-MS underwetl eof 8
calibrations. All calibration curves had a linear response witjuai® greater than

0.98.

16



Figure 1. Spectral Peak for Chloroform with 50 ng/mL Concentration
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Figure 1 shows one calibration curve done during this study. Thetvfiost
figures representing spectral peaks for chloroform, the sthnddh the highest
concentration (2,000 ng/mL) having a greater area within its spemedd. This

calibration curve had an r-square equal to 0.99994.

3.2 Chemicals

Solvents - carbon disulfide (OmniSolv Cat# EM-CX0396-6), acetone, and
methanol (Burdick & Jackson Cat# BJ010-4, BJAH230-4 respectivelye wer
purchased from VWR International, Bridgeport, New Jersey. latestandards and
VOC standards containing 55 different VOCs (Cat# STM-262, DWM-596-1

respectively) were purchased from Ultra Scientific, Kingstown, Rhodadsl|

3.3 Air Sampling
3.3.1Study Site

Reporters of the USA-TODAY were interested in issues of VDEar
schools throughout the U.S. Investigators at the University of iadyl College
Park, and the Johns Hopkins University, Baltimore, were approached tgptiréers
to provide expert guidance on VOC sample collection and analygiseseatatives
of the USA-TODAY and affiliated newspaper and television @taticollected 85
samples. Sites for sample collection were from proximitydoosls identified as
being highly exposed to industrial emissions (elementary, middle,gbrsichool)
from different geographical locations throughout the U.S. Thesedsitesed by type
of location: rural vs. urban, distance from and presence of pollutioneso(mmbile

and stationary). Air samples were collected using 3M-3500 passpjamiorvapor
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monitors (OVMs). The 3M-3500 OVMs are comprised of one charcoal lzetstopad
to collect organic vapors in the air. Air samples are absorbatieoPVMs by the
process of diffusion where organic vapors move from high (ambientcalow

concentration (into monitor).

3.3.2Sample Collection

Once a location was identified, field staff placed OVM sanspleithin 100
yards from schools and 7-8 feet above the ground. A pail was ugedtéat the
samplers from excessive wind and rain. To ensure sufficididvaifor the diffusion

process, samplers were placed at least 3 feet from any walls.

At sampling location samplers were removed from their containgne
airtight cap of the samplers was removed and replaced byaaap, the diffusive
cover. Samplers’ identification number, opening date and time vesm@ded in
sample log sheet. Samplers were then hung above ground level, andegréiact
rain and/or high winds. Additional items recorded in the log sheet edliatation
of sampling, presence/absence of industries, major roads in the neighborhood,
population size of the town for subsequent evaluations. Sampling perioglgl we 7
days. Periodical visits were done at collection sites to checkkon®for any possible
damages, and any relevant observations were reported. If notlpretpeed, OVMs
can adsorb additional agents in the ambient air after the doflepéeriod. Thus,
protection of the OVMs after sampling is critical. At the endcollection period,

field staff removed and replaced samplers’ diffusive coverhiyairtight cap. The

19



samplers were then placed in their original containers. Fielifls sthen recorded
ending date and time of sample collection in the log sheet. Ssateglers were

shipped with ice packs in a zip lock bag to the lab.

Once delivered to the lab, samplers were removed from zip-lock, bags
observed for any physical damage, recorded, and placed in arfage20 degrees
Celsius. To minimize contamination by other chemicals in the Iadrgraall

monitors were assigned to one freezer free of other items.

3.4 Sample Analysis
3.4.1Sample Extraction

For extraction, monitors were taken out of freezer, placed undemthe f
hood and allowed to equilibrate to room temperature for one hour witfhaicbvers
in place. The airtight covers were removed, and replaced byl¢he cap. The
monitors were spiked with 10 pL of internal standard (200 pg/mL),hwtonsisted
of 1,2-dichloroethane-D4, toluene-D8, and 4-bromofluorobenzene in methanol
through a tab located on the clear cap. Tabs were closed imrhedifits each
spiking. Spiked monitors sat under fume hood at room temperature fddiiorzal
hour. After the second hour, clear caps were removed, and using teféenets,
activated charcoal pads from the monitors were removed from the amsomihd
placed into 12x32 screw thread amber vials with PTFE/Silicone @dils.a 100-
1000 pL pipette, 1mL of solvent mix (carbon disulfide and acetone, 1:2 &s) w
added to each vial containing the charcoal pads spiked with 10 phteshal

standards. Vials were put in a Bransonic sonication bath and sonicatetb
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minutes. Solution in the vials was drawn using a 146-millimetem) Pasteur
Pipette, and transferred onto a new vial. Chromatographic sepanag@achieved
using a Restek-1 column, 60 mm X 0.25 mm internal diameter (ID) W0 pm

thickness (Restek Corp., catalog no. 10156).
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3.4.2Sample Recovery

We used a new set of blank monitors from our laboratory to deterammeles
recovery. Nine monitors were injected with 20 pL of 40 pg/mL VOg&ure and left
at room temperature for one hour with the clear caps in place. The monitortherere
put back in their original containers and transferred to the assigeerer. The
following morning, monitors were removed from the freezer amdsileat room
temperature for one hour. The monitors were then spiked with 15 plnahter
standards with a concentration of 200 pg/mL using a 2500 pg/mL lgotgstem
monitoring spiking solution with 3 analytes: 1,2-dichloroethane-D4, toluenexiiB,
4-bromofluorobenzene in methanol (Ultra Scientific, Cat# STM-262). Spiked
monitors sat at room temperature for one hour under the fume hoodc@psawvere
removed, and using tefflon tweezers the activated charcoal padghfeomonitors
were transferred into 1.5mL screw thread amber vial, then edragith 1.5mL
solvent mix (carbon disulfide and acetone, 1:2, v/v). All vials werecated for 45-
minutes using Bransonic sonicator. Sonicated solutions were thesfetrad into
new vials, using a new Pasteur pipette for each vial transferpl8aecovery was
calculated as the percent of analyte recovered with respéut &piked amount by

dividing the extracted concentration to the injected concentration.

3.4.3Limit of Detection
Limit of Detection (LOD) refers to the lowest amount of an yeathat can
be distinguished from the background (absence) with a certain defgreafidence.

When an analyte was present at detectable levels on blank sampleswas

22



calculated using the blanks. When the analytes were not preskstéetable level on
the blank samples, a lowest level spike was used for calculaDby In either case,
the samples allocated for LOD determination were handledatine svay as badges
with actual samples in terms of transportation and delivery tostordge in the
laboratory. LOD was calculated by multiplying the field blardnstard deviation by
three. Measured concentrations below the LOD were replachcawialue equal the
LOD divided by two. Seven monitors previously stored in the lab fresaeat room
temperature under the laboratory fume hood for one hour. Each monitohevas t
spiked with 15uL internal standards of volatile system monitormkirgy solution
with 1,2-dichloroethane-D4, toluene-D8, 4-bromofluorobenzene in methanol,
recapped and sat for one hour. Charcoal films from monitors nokee, transferred
into 1.5mL screw thread amber vials using teflon tweezers, andetteacted with
1.5mL solvent mix (carbon disulfide and acetone, 1:2, v/v). All vialewgenicated
for 45-minutes using Bransonic sonicator. Sonicated solutions werdré#msferred
into new vials, using a new Pasteur pipette for each vial trafidferlevel of analyte
was calculated using the calibration curve. Following this stedintiieof detection
(LOD) was calculated by multiplying the standard deviation (8Cthe seven blank
samples by the Student’s t -value associated with 99% confidetezgal with 6
degrees of freedom. For those compounds that were not detected on the blank
samples, 7 badges were spiked with low level of the analytes amgtdbtess was
repeated to calculate LOD. All samples that were below OB lere assigned a

value that was %2 the LOD. All reported values were corrected for field blanks.
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3.5 Statistical Methods

All statistical analyses were performed using the IntercoSkatl, version 10.0 for
Windows (Stata Corp., TX). Differences in VOC concentrations lgyonewere
tested using the paired t-test. Correlations between compoundseste asing the

Spearman’s rank correlation. Statistical significance was assoeidth p<0.05.
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CHAPTER 4: RESULTS

Table 1-Sample Location Description by State

State Total SamplesRural Semi-Urban Urban Unspecified
Arkansas 1 0 1 0 0
California 13 0 4 7 2
Colorado 2 0 1 1 0
Delaware 3 3 0 0 0
Georgia 2 0 2 0 0
lllinois 4 1 1 2 0
Indiana 5 1 1 3 0
lowa 2 0 2 0 0
Louisiana 5 0 5 0 0
Maryland 4 1 1 2 0
Massachusetts 1 0 1 0 0
Michigan 3 0 3 0 0
Missouri 4 1 3 0 0
New Jersey 1 0 0 1 0
New York 1 0 0 1 0
Ohio 5 2 2 1 0
Oklahoma 1 0 1 0 0
Oregon 3 0 0 3 0
Pennsylvania 6 1 4 1 0
South Carolina 1 0 0 0 1
South Dakota 2 0 0 2 0
Tennessee 4 1 1 2 0
Utah 1 0 1 0 0
Vermont 1 0 1 0 0
Virginia 4 0 3 1 0
Washington 2 0 1 1 0
West Virginia 2 1 1 0 0
Wisconsin 2 0 1 1 0
United States 85 12 41 29 3
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4.1 General Characteristics of the Samples Collected

All samples were collected between August and October of 2008. The
characteristics of the locations where samples were calleate summarized in
Table 1. A total of eighty-five samples from 75 towns in 27estatere collected
throughout the US. Of the 85 samples, 12 were from rural areas andr@8rom
urban areas while 44 were from semi urban or non-specified. 8feasnajority of
the samples was collected in the vicinity of elementary schools (70), avfale were

collected around middle (5), and high (10) schools.

4.2 Recovery Rate

The recovery rate varied significantly across the diffeagalytes and ranged
from 16.9% to 129.3%. Ten compounds had recovery rates above 100% (chloroform,
1,2-dichloroethane, 1,1,1-trichloroethane, carbon tetrachloride, 1,1,2-trichloregtha

ethylbenzene, m,p-xylene, o-xylene, 2-chlorotoluene, chlorotoluene).

4.3 Limit of Detection (LOD)

The limit of detection (LOD) calculated from field blanks Far 18 VOCs are
provided in Table 2. Of the 18 VOCs sampled, four of the compounds (1,2-
dichloroethane, 1,1,1-trichloroethane, 1,1,2-trichloroethane, and bromoform) were
below the LOD in all instances. Likewise, compounds such as benzam®nc
tetrachloride, toluene, m,p-xylene, and chlorotoluene were above h@iajority of

the samples.
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Table 2-Compound Retention Time (RT), and Limit of Detection (LOD)

lon 1 lon 2 RT LOD %
Analyte (m/z) (m/z)  (min) _ (ug/m’)  >LOD

Chloroform 83 85 8.88 0.29 11%
Ethane, 1,2-dichloro 62 27 9.44 0.38 0%
Ethane, 1,1,1-

trichloro- 97 99 9.65 0.38 0%
Benzene 78 77 10.2 0.50 66%
Carbon Tetrachloride 117 119 10.15 0.56 80%
1,1,2-

Trichloroethane 97 83 12.36 0.51 0%
Toluene 91 92 1266 0.35  100%
Chlorobenzene 112 77 14.71 0.44 33%
Ethylbenzene o1 106 15.12 0.45 48%
m,p-Xylene 91 106  15.95 0.45  80%
Bromoform 173 252 15.53 0.93 0%
Styrene 104 78 15.81 0.64 2%
o-Xylene 91 106  15.95 072  33%
1,2,3-

Trichloropropane 75 110 16.12 0.68 24%
2-Chlorotoluene 91 126 17.45 0.59 4%
Chlorotoluene 01 126 17.53 0.59 58%
Dichlorobenzene 146 148 18.77 1.11 5%
Naphthalene 128 102 228 0.80 4%
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The average distance of samplers from schools was 57.86 yardssdfmoys
were reported to be in proximity to industries with an averagendistaf 1.28 miles.
Fifteen schools were near highways with an average distance of D50 Twenty-

four schools were near major roads with an average distance of 0.19 miles.

Altogether, eighteen VOCs were identified in this study. The rggse
characteristics of the samples, including the mean, standard deyiatinima,
maxima, median, 2% and 75% percentiles are in Table 3. Out of all samples, the
highest upper limit concentration was observed for benzene, chlosstgenand
toluene (76.36, 43.71, and 30.51 pytmspectively). Likewise, the highest average
concentration was observed for toluene and benzene (4.86, and 2.28 pg/m

respectively).
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Table 3-Total VOC average concentration (uLg/m3)

Std.

Compounds Mean Dev. Min Max P50° IQR? P25 P75
Chloroform 0.18 0.13 0.14 0.99 0.14 0.00 0.14 0.14
Ethane, 1,2-
dichloro 0.19 0.00 0.19 0.19 0.19 0.00 0.19 0.19
Ethane, 1,1,1-
trichloro- 0.19 0.00 0.19 0.19 0.19 0.00 0.19 0.19
Benzene 228 839 025 76.36 0.85 1.79 0.25 2.04
Carbon
Tetrachloride 0.69 050 0.28 471 0.66 0.15 0.60 0.75
1,1,2-

Trichloroethane 0.25 0.00 0.25 0.25 0.25 0.00 0.25 0.25
Toluene 486 472 036 3051 3.50 2.60 2.28 4.88
Chlorobenzene 1.07 477 0.22 4371 0.22 0.37 0.22 0.59
Ethylbenzene 0.59 0.61 0.23 3.33 0.23 0.41 0.23 0.64
M,p-Xylene 1.05 1.00 0.22 5.21 0.79 0.59 0.50 1.09
Bromoform 0.47 0.00 047 0.47 0.47 0.00 047 0.47
Styrene 0.34 0.13 0.32 1.39 0.32 0.00 0.32 0.32
0-Xylene 0.73 0.71 0.36 3.76 0.36 0.44 0.36 0.80
1,2,3-

Trichloropropane 0.68 0.95 0.34 7.76 0.34 0.00 0.34 0.34
2-Chlorotoluene 0.33 0.19 0.30 1.60 0.30 0.00 0.30 0.30
Chlorotoluene 1.14 1.03 0.30 532 0.84 1.27 0.30 1.57
Dichlorobenzene 0.60 0.25 0.55 2.00 0.55 0.00 0.55 0.55
Naphthalene 0.45 0.37 0.40 3.74 0.40 0.00 0.40 0.40
1 .

Median

Z Interquartile Ratio
325% percentile
* 75% percentile
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4.3 Concentration Differences in Rural and Urban Areas

Figure 2 illustrates the distribution of mean concentration il amd urban
areas. For all compounds, the mean concentrations measured werdrhite urban
areas than rural areas. In urban locations, toluene, benzene, and cldengbeere
the most dominant compounds, with concentrations of 6.40, 4.04, and 2.1% pg/m
respectively. In rural locations, the concentrations of these compousrds 2.60,
0.95, and 0.49 pgfnThe mean concentrations observed in the urban locations were
significantly higher then those observed for the rural locations .Q@8Q), as

determined by the two-tailed statistical t-test.

4.4 Concentration Differences by Presence of Industries

We compared VOC concentrations based on presence of industrieg &igur
demonstrates the variation of concentrations for all compounds in @réasnd
without industries. Overall average concentrations were highechiools within
proximity to industries than schools without industries in their surrogsdi
Toluene, benzene, chlorobenzene and m,p-xylene were the most dominastfdrOC
schools that were close to industries. For schools that were noindeatries, the
most dominant VOCs were toluene, chlorotoluene, and benzene, although the
concentrations were much lower. We observed almost 3-fold higherereenz
concentrations in schools that were closer to the industries cairipateose that had

no known industries in nearby areas.
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Figure 2.

VOC Average Concentration (ug/m3) by Area Type
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- Toluene Chlorobenzene - Ethylbenzene
- m,p-Xylene - Bromoform - Styrene
- o-Xylene 1,2,-Trichloropropane 2-Chlorotoluene
- Chlorotoluene - Dichlorobenzene - Naphthalene

Graphs by Area Type
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Figure 3.

VOC Average Concentration (ug/m3) by Presence of Industry

Graphs by Industry

No Yes
Compounds Compounds
Chloroform - 1,2-Dichloroethane - 1,1,1-Trichloroethane
- Benzene - Carbon Tetrachloride - 1,1,2-Trichloroethane
- Toluene Chlorobenzene - Ethylbenzene
- m,p-Xylene - Bromoform - Styrene
- o-Xylene 1,2,3-Trichloropropane 2-Chlorotoluene
- Chlorotoluene - Dichlorobenzene - Naphthalene

32




4.5 Concentration differences by traffic
Information on presence of major roads near schwaks available for thirty-

eight schools. Out of those thirty-eight schoalgnty-four schools were near major
roads. The distance of major roads from schoolgedrfrom 10-1000 yards. Toluene
and chlorotoluene were the most dominant amongatshess than 300 yards from
major roads. Toluene and benzene were the mostndotmamong schools more than
300 yards away from major roads. Toluene and benzencentrations from schools
over 300 yards away from major roads were alsodritjian that of schools less than

300 yards away from major roads.

We also looked into presence of highways. Infororaton highways was
given for forty-three schools. Out of the fortyebrreports, fourteen schools were
close to highways. Highway distances from schoasewwithin 3600 yards. When
we observed VOCs concentrations between scho@dHas and over 500 yards from
highways, toluene and benzene were the most dominampounds in both
categories (Fig. 4). Toluene was higher in the gmate less than 500 yards (6.5
1g/nt) compared to the category over 500 yards (3.4tf)giway from highways.
Benzene was also higher in the category less tbaryards (1.81 pg/th compared

to the category over 500 yards (1.73 pj/away from highways.
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Figure 4.

VOC Average Concentration (ug/m3) by Highway Distance
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4.5 Concentration differences across regions

We also compared VOC concentrations by region wkarapling locations
were divided into West, Midwest, South and Northg®sg. 5). In all regions,
toluene and benzene were the most dominant VOQwudBe concentration was the
highest in the Northeast. For the Northeast, bemzmtuene, and chlorobenzene had
average concentrations above 2 py/amd these concentrations were above the total

average concentration for all 85 samples combined.

Table 4 describes the significance in regional eatration from total
concentration average. Chlorobenzene was signtficéower that the total average
in the Midwest, South and West regions. Benzene sigrsficantly lower than the
total average in the South, and West regions. Teweas significantly lower than the
total average in the South region. However, it ii§icdlt to make a meaningful

interpretation of these results as the samplirgs sitere not randomly selected.
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Figure 5.

VOC Average Concentration (ug/m3) by Region

Graphs by Region
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Table 4- Regional average concentration (ut)/ns. Total average concentration (pgyfior all 85

Variable

Std.Err.

Std. Dev. [95% Conf. Interval]

Ho?

P-value®

Midwest

Chloroform

Ethane, 1,2-dichloro
Ethane, 1,1,1-trichloro-
Benzene

Carbon Tetrachloride
1,1,2-Trichloroethane
Toluene
Chlorobenzene
Ethylbenzene
m,p-Xylene
Bromoform

Styrene

0-Xylene
1,2,3-Trichloropropane
2-Chlorotoluene
Chlorotoluene
Dichlorobenzene
Naphthalen

Obs Mean*
26 0.15
26 0.19
26 0.19
26 1.87
26 0.70
26 0.25
26 5.35
26 0.57
26 0.66
26 1.21
26 0.47
26 0.34
26 0.83
26 0.58
26 0.31
26 1.12
26 0.55
26 0.43

0.01
0.00
0.00

0.52
0.04
0.00

0.94
0.14
0.13

0.22

0.00

0.02

0.17
0.11
0.01
0.19
0.00

0.03

0.06
0.00
0.00

2.59
0.20
0.00

4.78
0.69
0.67

111

0.00

0.11

0.84
0.56
0.06
0.98
0.00

0.13

0.13-0.18
0.19-0.19
0.1180.
0.80-2.94
0.62-0.78
0.25-0.25
3.42-7.28
0.29-0.85
0.39-0.93
0.77-1.66
0.47-0.47
0.30-0.39
0.49-1.17
0.36-0.81
0.29-0.34
0.72-1.52
0.55-0.55
0.37-0.48

0.18
190.
0.19
2.28
69 0.
250
4.86
1.07
0.59
1.05
0.47
0.34
0.73
0.68
0.33
1.14
0.61
0.45

0.03

0.44
0.78

0.61
10.00
0.54
0.46

0.92
0.57
0.38
120.
0.92

0.34
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Ho?  P-valuée’

Northeast

Variable
Chloroform
Ethane, 1,2-dichloro
Ethane, 1,1,1-trichloro-
Benzene
Carbon Tetrachloride
1,1,2-Trichloroethane
Toluene
Chlorobenzene
Ethylbenzene
m,p-Xylene
Bromoform
Styrene
o-Xylene
1,2,3-Trichloropropane
2-Chlorotoluene
Chlorotoluene
Dichlorobenzene
Naphthalen

Obs Mean'
11 0.25
11 0.19
11 0.19
11 8.72
11 1.16
11 0.25
11 7.66
11 4.97
11 0.99
11 1.52
11 0.47
11 0.32
11 1.10
11 1.45
11 0.42
11 1.53
11 0.84
11 0.76

Std.Err.

0.08
0.00
0.00

6.82
0.37
0.00

2.84
3.93
0.34

0.56

0.00

0.00
0.36
0.67
0.12
0.34
0.15
0.30

Std. Dev.

0.26
0.00
0.00

22.62
121
0.00

9.43

13.02
1.14

1.84

0.00

0.00

1.19
2.21

0.39

1.14

0.49
1.01

[95% Contf. Interval]

0.08-0.43
0.19-0.19
0.1180.
-6.48-23.92
0.34-1.97
0.25-0.25
1.33-13.99
-3.77-13.72
0.22-1.75
0.28-2.76
0.47-0.47
0.32-0.32
0.30-1.90
-0.03-2.94
0.15-0.68
0.77-2.29
0.50-1.17
0.09-1.44

0.18 0.37
190.
0.19 .

2.28 0.3
690. 0.23
250 :

4.86 0.3%
1.07 340
0.59 0.2B

1.05 0.44

0.47

0.34 :

0.73 0.33

0.68 0.27

0.33 470.
1.14 0.28
0.61 160.

0.45 0.33
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Variable Obs Mean' Std.Err. Std. Dev. [95% Conf. Interval] Ho?  P-valué®
Chloroform 27 0.14 0.00 0.00 0.14-0.14 0.18
Ethane, 1,2-dichloro 27 0.19 0.00 0.00 0.19-0.19 190.
Ethane, 1,1,1-trichloro- 27 0.19 0.00 0.00 0.19-0.19 0.19 :
Benzene 27 1.15 0.16 0.82 0.83-1.48 2.28 0.0000
Carbon Tetrachloride 27 0.61 0.04 0.20 0.53-0.69 69 0. 0.05
1,1,2-Trichloroethane 27 0.25 0.00 0.00 0.25-0.25 250
Toluene 27 3.72 0.47 2.47 2.74-4.69 4.86 0.2
Chlorobenzene 27 0.47 0.07 0.39 0.32-0.63 1.07 00.00
South Ethylbenzene 27 0.44 0.06 0.31 0.32-0.56 0.59 0.p2
m,p-Xylene 27 0.77 0.11 0.55 0.55-0.99 1.05 0.1
Bromoform 27 0.47 0.00 0.00 0.47-0.47 0.47 .
Styrene 27 0.36 0.04 0.21 0.28-0.44 0.34 0.42
0-Xylene 27 0.61 0.08 0.44 0.43-0.78 0.73 0.16
1,2,3-Trichloropropane 27  0.53 0.09 0.45 0.35-0.70 0.68 0.09
2-Chlorotoluene 27 0.34 0.04 0.22 0.26-0.43 0.33 770.
Chlorotoluene 27 1.19 0.23 1.18 0.72-1.65 1.14 0.$4
Dichlorobenzene 27 0.60 0.05 0.28 0.49-0.71 0.61 910.
Naphthalen 27 0.40 0.00 0.00 0.40-0.40 0.45
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Variable Obs Mean® Std.Err.  Std. Dev. [95% Conf. Interval] Ho? P-value’
Chloroform 21 0.21 0.03 0.15 0.14-0.28 0.18 0.33
Ethane, 1,2-dichloro 21 0.19 0.00 0.00 0.19-0.19 190.

Ethane, 1,1,1-trichloro- 21 0.19 0.00 0.00 0.19-0.19 0.19 .
Benzene 21 0.85 0.18 0.82 0.48-1.22 2.28 0.0p0oo
Carbon Tetrachloride 21 0.54 0.05 0.21 0.45-0.64 690. 0.005
1,1,2-Trichloroethane 21 0.25 0.00 0.00 0.25-0.25 250
Toluene 21 4.26 0.53 2.41 3.16-5.36 4.86 0.27
Chlorobenzene 21 0.41 0.10 0.47 0.19-0.62 1.07 00.qo0
West Ethylbenzene 21 0.50 0.06 0.29 0.37-0.64 0.59 0J19
m,p-Xylene 21 0.95 0.12 0.56 0.70-1.21 1.05 0.44
Bromoform 21 0.47 0.00 0.00 0.47-0.47 0.47
Styrene 21 0.32 0.00 0.00 0.32-0.32 0.34 .
0-Xylene 21 0.59 0.08 0.38 0.42-0.77 0.73 0.11
1,2,3-Trichloropropane 21 0.58 0.13 0.58 0.31-0.84 0.68 0.42
2-Chlorotoluene 21 0.30 0.00 0.00 0.30-0.30 0.33
Chlorotoluene 21 0.89 0.18 0.82 0.52-1.27 1.14 0.8
Dichlorobenzene 21 0.55 0.00 0.00 0.55-0.55 0.61
Naphthalen 21 0.40 0.00 0.00 0.40-0.40 0.45

! Regional average concentration
% Total average concentration for all 85 samples

3 Significance of difference in concentration (p<&).0
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Figure 6- Association among Five Selected VOCs

Benzene
7 e
Carbon
’ Tetrachloride
4 ® ®
® ® o
P Toluene
- i
| ™ ™ °
1® ® ® o
‘o “o “. ® m,p-Xylene
] o
e ® ® P
> > pe S S g Chlorotoluene
L S e
® [ W [ = ]
T T T T T T T T T
0 50 10 50 10 20 300 2 4 6

43




4.5 Correlation between VOC Levels Concentrations

For the VOCs that were routinely detected (50%amhgles over LOD), we
investigated the relationship between individualG&using simple linear regression
(Figure 6). The Spearman’s correlation coefficieiotsthese VOCs are provided in
Table 5. Most of the correlation coefficients weneall (R<0.45), with the exception
of benzene and carbon tetrachloride, benzene dondng, and toluene and m,p-
xylene. The highest correlation was observed withene and m,p-xylene with’R
0.87. When additional VOCs were considered (<50 % ofdamabove LOD) strong
correlations were observed between toluene andtedl®ther VOCs (ethylbenzene,
o-xylene, m,p-xylene and o-xylene) with correlatemefficients ranging from 0.76 to
0.87. When we broke down this correlation of commtsuby region, we observed a
much stronger correlations for toluene and m,p#xglen the South (0.91) and West
(R°=0.94 respectively). Likewise a strong correlatizes observed between benzene

and carbon tetrachloride in the West£B.78), and Northeast {R0.75 respectively).
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Table 5- Correlation Between VOCs Using Spearman’s Rank Tes

Carbon Chloro  Ethyl #’rizt;ﬁloro 2-Chloro Dichloro
Chloroform Benzene Tetrachloride Toluene benzene benzene m,p-Xylene Styrene o-Xylene propane toluene Chlorotoluene benzene Naphthalene
Chloroform 1.00
Benzene 0.06 1.00
Carbon Tetrachloride 0.00 0.53 1.00
Toluene 0.33 0.50 0.19 1.00
Chlorobenzene 0.01 0.42 0.72 0.14 1.00
Ethylbenzene 0.37 0.42 0.16 0.81 0.06 1.00
m,p-Xylene 0.34 0.44 0.15 0.87 0.05 0.91 1.00
Styrene -0.05 -0.06 0.05 0.04 0.17 0.00 -0.08 1.00
o-Xylene 0.31 0.50 0.20 0.76 0.14 0.87 0.82 -0.10 1.00
1,2,3-Trichloropropane 0.16 0.14 0.23 -0.02 0.22 -0.08 -0.07 -0.09 -0.10 1.00
2-Chlorotoluene 0.24 0.05 0.21 0.03 0.11 0.08 0.03 -0.02 0.11 0.19 1.00
Chlorotoluene -0.04 0.26 0.74 0.22 0.22 0.19 0.22 0.12 0.28 -0.05 0.01 1.00
Dichlorobenzene 0.31 0.05 0.13 0.16 0.15 0.22 0.16 -0.05 0.26 0.18 0.32 0.22 1.00
Naphthalene 0.90 0.31 0.31 0.18 0.22 0.17 0.18 -0.03 0.20 0.38 0.41 0.15 0.54 1.00
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CHAPTER 5: DISCUSSION

This thesis tested the hypotheses that schoolsb@anuareas have higher VOCs
concentration than in rural areas, and that schoels industries have higher VOCs
concentration than those away from industries. tiely few studies have looked into
all the variables in this study and VOC concentrati simultaneously. Data on outdoor
VOC concentrations near schools are also limitedaddress this data gap, a total of 85

samples were collected from across the countrpgysassive organic vapor monitors.

Of all the VOCs measured, toluene had the highestntoncentration, followed
by benzene. These findings are consistent with \klaat been previously reported on
ambient environments (Gee & Sollars, 1999; Paynegss, D. C., Burke, T. A,
Breysse, P., Diener-West, P. & Buckley, T. J., 30Qkewise, styrene, 2-chlorotoluene,
dichlorobenzene, and naphthalene were the leagidrgly detected. The compounds for
which most samples were below the LOD could bearpt by the absence of sources

where sampling occurred.

This study indicates that urban areas had the kigh®C average concentrations.
Concentration levels were much higher for benztateene, and chlorobenzene. Toluene
concentrations were higher in urban areas, aremserclto highways, and areas with
industries. These findings support the hypothdsas traffic and industrial emissions are
major sources of ambient toluene. Previous stuldieéa® shown the level of toluene to

vary closely with vehicle flow in areas characteddy heavy traffic density (Sapkota &

46



Buckley 2003). The high concentrations for benzane toluene observed in the urban
areas are consistent with previous observatiortd ihaso (urban), Texas, and Underhill
(rural), Vermont (Mohamed, M. F., Kang, D. & Anej4, P., 2002), and Izmir, Turkey

(Muezzinoglu et al., 2001).

Our results are also consistent with the obsenagdton of VOCs in the urban
atmosphere (Yamamoto, N., Okayasu, H., MurayamaMs®ri, S., Hunahashi, K. &
Suzuki, K., 2000), suggesting that traffic actesti contribute increased VOC
concentrations. Kwon et al. (2006), who observedidauor-residential VOCs
concentrations, also reported similar findings. hilghest mean VOCs concentrations in
that study were toluene (6.82 pdjnmethyl tert-butyl ether (MTBE) (5.75 pgimand
m,p-xylene (3.25 pg/M. Burstyn et al. (2007) observed benzene levetsiial areas in
Western Canada (Burnstyn, 1., You, X. I., Cherry,&Senthilselvan, A., 2007). Their
findings suggested that benzene maximum concemragéivel occurred in the winter
compared to the minimal concentration observedndusummer months. The U.S.
Census Bureau defines an urban area as a commuitiitea population density of 1,000
of more people per square mile. Son et al. (20@8ened two cities in Korea: Asan, a
medium city, with a population of about 200,000 &=bul, the capital metropolitan city,
with a population of about 10 million people. Usitlte Spearman’s coefficient test,
outdoor/personal exposure had a strong correldiobenzene (r= 0.829) in Seoul, and
for ethylbenzene (r= 0.724) in Asan. These findiatg® reported strong indoor/outdoor
correlation with great significance for benzene@653) and toluene (r= 0.605) in Seoul.

Our results also showed highest VOCs concentratiotiee Northeast. The Northeast has
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the highest population density (U.S. Census Esam&006), with increase in traffic and
overcrowded cities, which may explain the high VO€&mcentrations in our results.
Some of these concentrations have been shown joaamording to traffic flow and

hours of the day (Muezzinoglu et al., 2001).

Out of all eighteen compounds, higher concentratioh toluene followed by
benzene were observed. These results are in agneemitd Mintz and McWhinney
(2008) who assessed VOCs concentrations in two gofnam proximity to a highly
industrialized zone in the western area of Canadane site, situated downwind from
the industrialized zone, toluene and benzene wesehighest concentrations. On the
other hand, the second site, which was closergaitly, had toluene and m,p-xylene with
the highest concentrations, toluene having levetaiathree times higher than that of the
first site. Na et al. (2001) observed VOCs conemn variation in Ulsan, Korea in
industrial areas, one near a petrochemical com@fedustrial site) and the other near
residential and commercial (downtown site) areahiedVVOCs concentrations were
combined, the industrial site had the greater totacentration. Benzene, p-xylene, and
styrene were much higher in the industrial sitelu#oe and m-xylene had the same
average concentration in both industrial and downtagites. These findings on toluene
contradicts our and Mintz and McWhinney resultsisTduggests that certain industries

may release higher concentrations of specific camgs.

The differences in VOCs concentration observed sactbe geographical areas

suggest that some health outcomes related to esgposay be more dominant in some
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geographical locations compared to others. Theserag outcomes may also vary by

frequency, duration of exposure.

The Spearman’s coefficient test was performed agt borrelations (r>0.80)
were detected for toluene and ethylbenzene, tolaenke m,p-xylene, chloroform and
naphthalene, ethylebenzene andm,p-xylene, ethyéioenand o-xylene, and m,p-xylene
and o-xylene (r=0.81; 0.87; 0.90; 0.91; 0.87; Or82pectively). The strength of the
observed correlation between compounds is consistth those reported by
Muezzinoglu et al. (2001). Benzene primarily oragggd from traffic emissions in that
study, so any strong correlation with other compisuould suggest they also were
originating form traffic emission. Benzene correthtwell with toluene, m,p-xylene, o-
xylene, and ethylbenzen€<£r0.50; 0.65; 0.73; and 0.55 respectively) in lmra near
highway. The strong correlations that we observedour study suggest that these

compounds may also be originating from the samecssu

This study provided a snapshot of VOCs concentnatit a given point in time.
We established possible associations with sevemspeas influencing VOCs
concentrations. However, this study has severaitdtrons. First, sampling locations
were not selected at random. Higher concentratodos®rved in the Northeast could be
explained by an increase in number of industriespared to other regions. Second, data
on presence of industry, major roads, and highwegte available for only half of the
samples. We collected samples at one point in bwer one season. Third, collected

samples included both weekdays and weekends. \ariat traffic flow over a full week
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may have altered VOC concentrations, consideriagweekends would have less traffic
flow than weekdays. Weather variation could haweaéd different concentrations as
shown in previous studies. There was also a lackatd on industry smokestack height,
emission rate that would allow assessing how thesessions were distributed and

possibly affecting the community.
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CHAPTER 6: CONCLUSION

Despite the limitations, this study provides thestfiquantitative estimates of
ambient VOCs concentrations near schools. Condentrigvels were much higher in the
urban area compared to the rural area, area atoseltistries, and highways. Overall,
toluene and benzene had the highest average coamitems. The distribution of
compounds varied and suggests that some of theggotmds might be originating from
different emission sources. The findings suggest $ishool children in some areas may
be exposed to high levels of VOCs. As a resulhdf study with the USA-TODAY, the
US-EPA announced an air-monitoring plan near 62aishin 22 states that include small

towns and large cities throughout the U.S.
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Standard of Procedure: Calibration Curve

using Working Stock [40 pg/mL]

1. Creating 7 stocks for calibration curve with following final concentrations:

Stock-1= 2,000 ng/mL

Stock-2= 1,000 ng/mL

Stock-3= 500 ng/mL

Stock-4= 200 ng/mL

Stock-5= 100 ng/mL

Stock-6= 50 ng/mL

Stock-7= 0 ng/mL

2. An additional stock (STD-A) with [2,000 ng/mL] will be made using working stock [40 ug/mL]

to make stocks 3-6 considering that using working stock [40 ug/mL] instead of STD-A

would result in extracting really small volume of the working stock which could lead to possible

inaccuracy in making stocks 3-6.

3. Stocks will be made using :

Working stock [40 ug/mL]
+

Solvent Mix (1:2 CS2:ACN)
+

10 uL surrogate [200 ug/mL]

Final volume or V2 of new stock (volume from working stock + volume solvent) prior to adding surrogate

will equal to 1,000 uL

4. Making Stocks: C1V1=C2Vv2

Stock-1= 2,000 ng/mL C1= 40 ug/mL= 40,000ng/mL
V1= 2,000 ng/mL x 1,000 uL
40,000 ng/mL

V1= 50 uL of working stock
+
950 uL solvent mix
+
| 10 uL surrogate

Stock-2= 1,000 ng/mL C1= 40,000 ng/mL V1i="?

V1= 1,000 ng/mL x 1,000 uL
40,000 ng/mL

V1= 25 uL of working stock
+

975 uL solvent mix
+

10 uL surrogate
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Making STD-A to create stocks 3-6 using working stock [40 ug/mL]

STD-A= 2,000 ng/mL

Stock-3=500 ng/mL

Stock-4= 200 ng/mL

Stock-5=100 ng/mL

C1=40,000 ng/mL V1="2?

V1= 2,000 ng/mL x 1,000 uL
40,000 ng/mL

V1= 50 uL of working stock
+

950 uL solvent mix

C1=2,000 ng/mL V1="?

V1=500 ng/mL x1,000 uL
2,000 ng/mL

V1= 250 uL of STD-A
+
750 uL solvent mix
+
10 uL surrogate

C1=2,000 ng/mL V1="?

V1= 200 ng/mL x1,000 uL
2,000 ng/mL

V1=100 uL of STD-A
+
900 uL solvent mix
+
10 uL surrogate

C1=2,000 ng/mL V1="2?

V1= 100 ng/mL x1,000 uL
2,000 ng/mL

V1="50 uL of STD-A
+
950 uL solvent mix
+
10 uL surrogate
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C2=2,000 ng/mL

C2=500 ng/mL

C2=200 ng/mL

C2=100 ng/mL

V2=1,000 uL

V2=1,000 uL

V2=1,000 uL

V2=1,000 uL



Sock-6=50 ng/mL

Sock-7=0ng/mL

Cl=2,000 ng/mL V=7 C2=50ng/mL VZ2=1,000uL

V1=50 ng/ml_ x1,000 ul
2,000 ngyimL

VI=25uL STDA
+

975 uL solvent mix
+

10 uL surrogate

Cl=2,000 ng/mL V=7 C2=0ng/mL VZ2=1,000uL

Stock-7 will comprise of 1,000 ul of solvert mix and 10 ul surrogete

1,000 ul_ solvert mix
+

10 ul surogate

All 7 stocks are transferred to GOMS, sorting vials fromleast to most concentrated.
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Extraction Procedure for Calculating Recovery Rate

Materials used: working stock [40 ug/mL]**
100 uL syringe
Internal Standard (IS) [200 ug/mL surrogate]
OVM badge (7)

Badges are spiked with 20 uL of working stock [40 ug/mL]
using syringe previously used to spike blanks

After first spike, tightly sealed badges sit for 10 mins
After 10 minutes, spike badges with 10 uL IS using 2-20 uL pipette

After second spike, tighly sealy badges sit for 3.5 hours

SONICATION
1. Badges are removed from plastic container in vial by rolling them using tefflon tweezers
2. Once in vials, add 1mL of solvent mix using 100-1000 uL pipette

3. Tightly sealed vials are placed in sonicator for 45 mins.

EXTRACTION

1. Extract sonicated solution and tranfer into fresh vial using Pasteur pipette.

ANALYSIS
**Mass for badges extracted with working stock
20 uL of working stock x 40 ug/mL 10 uL IS x 200 ug/mL
= 20 uL x 40 ng/uL + = 10 uL x 200 ng/uL
= 800 ng = 2000 ng
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