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ABSTRACT

Benzene is an important toxic chemical in urban air and known human carcinogen
released substantially by mobile sources. It's important to understand tilaé spa
variation of benzene concentrations in order to understand exposures of susceptible
subpopulations such as children and minority groups. Current monitoring networks use
large and expensive air samplers that require electricity and rés¢rilocation and
number of samplers, not allowing for fine spatial resolution data.

The goals of this study are to develop and evaluate protocols for passive sampling
and analysis of ambient benzene concentrations, and conduct a pilot study investigating
small-scale variations over an area where children are likely to be exgésedcols
were developed for the use and analysis of the Radiello RAD130 passive sampler for
field sampling over the spatial scale of a city park adjacent to an eleynscit@ol. A
pilot study was conducted from 4/27/11-5/4/11, where 11 samplers were exposed for a
seven day sampling period at the park. After sampler exposure, benzene atinosntr
were determined through solvent desorption followed by analysis using & \gaga
chromatograph/mass spectrometer. Co-location with the existing regldatve
sampler in the county and of two samplers at the same site was done to elaluate t
accuracy and precision of the methods, respectively. Health risk estimeates
calculated using risk assessment guidance from the U.S. and California Erentahm

Protection Agencies.



Concentrations over the park were found to range from 0.23-0.34wgjtia
coefficient of variation of 11%. A relative percent difference of 3% was foutwteba
the co-located sampler and the active sampler, and a 14% relative perezenhddfwas
found between the two duplicate samplers. The variation in health risk from
concentration variation due to sampler placement contributed less to the overall
uncertainty in the estimates than the uncertainty built in to the calculatiaongiara of
inhalation unit risk and cancer potency factor, as estimated by the U.S. EPA and
California EPA, respectively.

These results suggest that the exposure of an individual at the park would be
characterized sufficiently for standard health risk analysis through ¢hef ome sampler.
Further research is necessary into using passive samplers over bothdlspaaah scale
in other areas, as well as on a larger scale to determine intra-urban bemeEmration
distributions. The protocols developed here will be used in a future planned study of
benzene concentration measurements to characterize neighborhood-scaleesxposur

Hillsborough County.
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CHAPTER 1:

INTRODUCTION

Motivation

Benzene is a known human carcinogen with various other health effects,
including respiratory and neurological effects. However, there is vegykiitwn about
these health effects at environmental concentrations. Due to emissions fronobdéh m
sources (traffic) and point sources (such as gas stations), it has beentdettisgat the
distribution of benzene concentrations is heterogeneous over space (Health Effects
Institute, 2008). In order to study possible associations between health effects and
environmental concentrations of benzene it is necessary to know the exposures that
specific populations experience. A better understanding of benzene concentration
distributions would contribute to the ability of future studies to more accuisss
exposure of subpopulations, such as children or minorities. Neighborhood-scale
monitoring data would enhance understanding of environmental equity, i.e. diffeirences
exposure between minority or socioeconomic groups (Wheeler & Ben-Shlomo, 2005).
Better data for children’s exposures to benzene, such as concentrationserdeieer
a school ground, would play a part in improving research into the difference in
susceptibility between children and adults. With the current use of actiydessito
measure ambient concentrations of benzene, it is not possible to have extensiveysampl

networks capable of this fine spatial resolution. There is a need for teggarasing



passive samplers to measure ambient concentrations of benzene (Naniaisni065).
These samplers are less expensive and they do not need a power source to operate,
making it possible to attain higher spatial resolution measurements. Uarstualies

have used these samplers to study variations in benzene concentrations between urban
and rural environments, with distance from emission sources, or between indoor and
outdoor levels (Fushimi, Kawashima, & Kajihara, 2005; Godoi et al., 2009; Janssen et al
2001). However, there is a lack of available research into using passive samgledy

the distribution of benzene concentrations over a small area such as a scboolds gr

The specific aims of this thesis work were to: 1) develop protocols for thegass
sampling and analysis of benzene in the local environment, 2) evaluate the protocols
through a pilot study, and 3) investigate the spatial variation in concentrationszehbe
and calculated risk levels for chronic health effects (both cancer and nom}casrea
small area. These aims are designed to address the gap in our understanding of how
benzene exposures vary over small areas, such as parks and school grounds where
children are exposed.

The design and evaluation of a passive sampling protocol for benzene will
provide guidance for a larger study to be completed over the Hillsborough county area.
The pilot study investigating the spatial distribution of benzene concentratilbasgivimn
the development of a highly-spatially-resolved understanding of concentnatioassary
for regulatory network design. The subsequent risk assessment calculatianthe
pilot study data will improve knowledge of exposure differences over a smealhad
variations in calculated risk associated with sampler placement. Thisiatfon will

provide useful insight for future studies aiming to characterize exposuseszene as



well as help gauge the distribution and number of passive samplers needectiiebffe

monitor benzene concentrations where people are.

Background & Literature Review

Benzene is a volatile organic compound (VOC) found in the environment due to
emissions from industrial sources, mobile sources (such as car exhaust), burpadg of ¢
or oil, cigarette smoke, and natural sources such as volcanoes and foreAgéresy (for
Toxic Substances and Disease Registry, 2007). The distribution of environmental
benzene concentrations has been shown to vary with different anthropogenic sources.
Vehicular emissions of benzene cause concentrations to be approximately doubled in
urban environments when compared to rural environments (Health Effects énstitut
2008). Within urban environments, concentrations have also been shown to decrease
with distance from roads (Olson et al., 2009), and be higher in street cahgons t
adjacent parks (Upmanis, Eliasson, & Andersson-Skold, 2001). Although the dominant
source of benzene to the environment in urban areas is on-road mobile sources), it is als
emitted due to evaporation from gasoline stations and hazardous waste sités (Healt
Effects Institute, 2008). Measured benzene concentrations in Greecegnédieastly
higher near gas stations than background concentrations in urban, suburban, and rural
environments, indicating that this point source may play an important role in local
exposures (Karakitsios et al., 2007). Fushimi et al. (2005) found similar results when
measuring benzene concentrations in an area surrounding an industrial comgexin Ja
The relative contributions from point sources and mobile sources vary in spacderin or

to understand the distribution of benzene concentrations in an area, further studies



investigating the relative contributions of different sources through dpatablved
monitoring are necessary.

As a consequence of this distribution of benzene concentrations, exposures of
benzene have been shown to vary. Ruchirawat et al. (2007) measured concentrations of
benzene in the blood of school children and found significantly higher blood benzene
levels in children at urban schools in Bangkok versus children in rural Thai schools.
Similar results were found in a study measuring benzene biomarkerkaof $izhool
children (Protano et al., 2010). Karakitsios et al. (2007) estimated a 3%-21%seore
risk of leukemia from living in the vicinity of gas stations. These studdisate that
exposures to benzene vary spatially and that these exposure differersigaiicant
enough to be associated with increased health risks. However, more reseasplatial
distributions of pollutants and concurrent population exposures is hecessary in order to
obtain data than can contribute to the understanding of relationships between bedzene a
its health effects.

Since people generally spend most of their time indoors, another important fact
when considering an individual’'s benzene exposure is indoor benzene concentrations and
how these concentrations are related to outdoor sources. Benzene, as well as othe
VOCs, is generally present at higher concentrations indoors as opposed to outdoors
(Massolo et al., 2010). However, multiple studies have found that the ratio of indoor to
outdoor concentrations indicates that outdoor sources of benzene, particularly vehicle
emissions, are responsible for the majority of indoor benzene concentrationsy(&inne
al., 2002; Jia et al., 2008; Massolo et al., 2010). Even though people are mainly exposed

to benzene indoors, these studies highlight the importance of monitoring and eantrolli



outdoor sources of benzene as they are ultimately the driving force behiagpbsire.
Monitoring to improve knowledge of how benzene varies over space outdoors will be
helpful to the understanding of indoor benzene concentrations over the same areas.
Environmental equity is an area of research that investigates the disiribiut
environmental risk with regards to populations of different race or socioeconamis. S
Wheeler and Ben-Shlomo (2005) have observed that in urban areas, households of lower
socioeconomic status have been found to be located in areas with poor air quality. In
southern California, the structure of the cities and their transportatiomsysteate an
environment where a disproportionate amount of minority and low income children live
in areas of significantly higher traffic density and these areas hawealssociated with
higher amounts of traffic related pollutants (Houston et al., 2004). Pastor et al. (2002)
found that in Los Angeles, minority children were more likely to attend a schdol wit
higher health risks regarding outdoor air toxics exposure. Current resealsh ieing
completed in the Tampa Bay area concerning environmental equity. Chakr2008Qy (
used modeled data for mobile source air toxics from the 1999 National-Scale Air Tox
Assessment (NATA) to estimate the lifetime cancer risk and non-ceespratory risk
at the census tract level. The author found that census tracts with the highesiomopor
of black and Hispanic populations are located near roadways and experience haker le
of air toxics. Stuart et al. (2009) found that on the census block group level, ateas wit
higher proportions of black, Hispanic and below-poverty populations were located
disproportionately closer to air pollution sources and away from regulatoryarsonit
Stuart and Zeager (2011) used passive samplers to monisardd@entrations outside

75 elementary schools in Hillsborough County and found that schools with a higher



enrollment of black, Hispanic, or underprivileged school children were associéted wi
higher NQ levels and higher traffic counts on nearby roads. These studies demonstrate
not only the spatial variation in air toxics exposure, but also the variation andadotent
inequity of population exposure to traffic related pollutants on a neighborhood scale.
Spatially-resolved monitoring data would enhance research in this field byrajlow
investigation into more accurate exposure estimations and pollutant relalidddfiects

on the neighborhood scale.

The monitoring and regulation of air toxic substances in the environment is
important because of their associated human health effects. Benzendfistlass
known human carcinogen (Group A) by the U.S. Environmental Protection Agency
(EPA) due to sufficient human epidemiological data and animal studies; heattis effe
associated with benzene are leukemia, damage to the immune system, aj@astac a
respiratory effects, cardiovascular effects, neurological effackgastrointestinal effects
(Agency for Toxic Substances and Disease Registry, 2007; Bird et al., 20&28y. a¥
these listed health effects were demonstrated in occupational studlidsghigr airborne
concentrations than seen in the environment. However, Whitworth et al. (2008)
demonstrated that the census tracts with highest concentrations of benzene and 1,3-
butadiene (as modeled using the EPA’s Assessment System for Population Exposure
Nationwide) were associated with higher incidences of childhood leukemia inastuthe
Texas. A positive association has also been found between symptoms in asthmatic
Hispanic children and 24-hour ambient VOC concentrations in Los Angeles (mgludi
benzene) (Delfino et al., 2003). McCarthy et al. (2009) found that when using ambient

monitoring data for benzene with EPA chronic dose-response values for carcinogenic



effects, ambient concentrations of benzene result in a greater thaisk. @vel for
cancer in areas of the U.S. The previous studies have used modeled data, total VOC
concentrations, or low spatial resolution monitoring data to assess exposige Thale
is a lack of ambient concentration data for benzene at a spatial resolution high enou
characterize differences in exposure at the small spatial scalsagcesmatch human
activity patterns and study subgroup health effects and associated risk

High concentrations of combustion related pollutants (including benzene) have
been associated with higher incidences of acute respiratory infections irctiNiyers
& Maynard, 2005), who are more susceptible to air pollution health effects than adults
(Alexis et al., 2004). A study in Thailand found that school children in Bangkok had
levels of a benzene metabolite in their urine comparable to adult street veavaors
though street vendors were exposed to higher ambient concentrations of benzene
(Ruchirawat et al., 2007). The authors hypothesize that this difference may beadue t
higher rate of metabolism of benzene in children than in adults, indicating toaéchi
may be more likely to have effects to benzene exposure. The U.S. Environmental
Protection Agency (1998) has indicated in their toxicological support documents that
benzene carcinogenicity differs in type of leukemia and susceptibilityelatchildren
and adults; however, not enough data are available to quantify these observed dgferenc
in risk assessment calculations. Higher resolution data would contribut@aalditi
information for closer examination of potential health effect differencegsleet children
and adults from benzene.

In order to characterize the exposures experienced by children, it is [z nefic

understand how concentrations of benzene vary over small areas where children spend



time, such as parks and school grounds. Mejia et al. (2011) conducted a literature revie
of studies pertaining to assessing exposure of children to air pollutants at schools
focusing on the methods used in previous studies. The authors found that most studies
used data from remote monitoring stations or dispersion modeling, and many studies tha
placed monitoring devices on the school grounds did not indicate the location of the
samples. The focus of the literature available also appears to be on meld€hring
ozone, S@and particulate matter; few studies were available that included measiire
of benzene (Mejia et al., 2011). Janssen et al. (2001) measured indoor and outdoor
concentrations of traffic-related pollutants, including benzene, at 24 schoolsllocate
within 400 meters of motorways in the Netherlands. The authors found that outdoor
benzene concentrations decrease with distance from the motorway; however, indoor
concentrations were observed to be higher than outdoor concentrations. In Brazil, Godoi
et al. (2009) measured concentrations of benzene and other pollutants inside classrooms
at two schools, and compared the values to an outdoor measurement taken at each school.
The authors concluded that the indoor air concentrations could be credited to the outdoor
pollution sources, which is in agreement with studies mentioned previously. While these
studies give observations concerning benzene concentrations between schools and
indoor/outdoor concentrations at a school, there is a lack of monitored data with regard to
spatial variation in outdoor benzene concentrations over a small spatial scaldimbher
children may be exposed.

Due to the various health effects discussed previously, benzene is considered a
hazardous air pollutant (HAP), or air toxic, by the United States Environmental

Protection Agency. In accordance with the Clean Air Act, this class of po#lusant



regulated by the National Emissions Standards for Hazardous Air Pollutants
(NESHAPS), which control emissions of HAPs from sources based on the source
category (U.S. Environmental Protection Agency, 2010b). The requirements for each
source category can force them to implement a certain level of control tegimnutio
their process. A more recent rule enacted by the EPA in 2007, the Mobile Source Air
Toxics (MSAT) rule, holds fuel refiners responsible for meeting licotscerning the
average and maximum volume of benzene present in fuel (Hubbell et al., 2010). While
useful in reducing emissions, these techniques do not guarantee an overall dimtentra
of HAPs in air that is protective of human health. In 2009, the U.S. EPA held a
workshop to address the status of current methods of estimating economic benefits to
human health from reducing HAPs. It is helpful to understand the economic benefits of
reducing these concentrations before making changes to regulations. Among other
recommendations, the committee found that future research is necessalyatee
spatial distribution of pollutants in order to assess exposures and health effects of
susceptible populations, such as children (Gwinn et al., 2011). Taking this into account,
it is important to monitor these compounds at a fine spatial resolution to evakiate t
efficacy of the source regulations in protecting human health, and estimateenbéts
could come from stricter regulations.

Air toxics are monitored nationally by several networks. These inthale
National Air Toxics Trends Stations (NATTS), the Urban Air Toxics Monitoring
Program (UATMP) and the Photochemical Assessment Monitoring Strate@ySPA
The former two programs include benzene in their measurements and theredesteca

to complement one another; the UATMP focuses on air toxics in urban environments and



the goal of the NATTS is to generate long-term data in both urban and regional
environments (Eastern Research Group, Inc., 2008). There are 50 UATMP/NATTS
monitoring sites across the country, in rural, suburban and urban/city center areas
(Eastern Research Group, Inc., 2008). The purpose of the PAMS network is to measure
tropospheric ozone and its precursors; benzene is monitored by this network tecause
undergoes photochemical reactions in the environment which create tropospheric level
ozone (U.S. Environmental Protection Agency, 2009b). Severe, serious or extreme non-
attainment areas for ozone concentrations are required to have a PAMS netwatr(in or
to help them reach their attainment goals), in which at least five monitoriegasgte
required; this gives a better spatial resolution for the monitoring data fems af

highest concentration to those upwind and downwind than areas with only one
monitoring station (U.S. Environmental Protection Agency, 2009b). However, since the
PAMS networks are only required during times and in areas of non-attainmeatyites
not give consistent long-term concentration data. In the Houston area, a atudgne

to determine the representativeness of the monitoring locations chosen in two census
tracts by placing passive samplers at the centroid of each censas tnagdt as at the
current monitoring location (Stock et al., 2005). The authors found that the
concentrations observed at the centroids of the census tracts were sigyidictment

than those at the monitoring sites; for benzene, one significantly higher ahttuedce

and the other significantly lower. This study shows that a monitoring stationohég

able to sufficiently represent the concentrations seen over one censushexetisot

an existing network that measures benzene concentration variations at @resolut

which the population exposures have been shown to vary. Without this monitoring data

10



it is difficult to examine possible associations between adverse hdalttseft different
ambient exposure levels of benzene.

The two main approaches to ambient air monitoring are active and passive
sampling. Active sampling requires air to be pumped through the sampling device,
which can become rather expensive and require a power source. Passive satplers, w
don’t require a pump but rather work by diffusion or permeation across a membrane, are
a cheaper alternative to active sampling for higher spatial resolutioeasurements
(Partyka et al., 2007). A disadvantage to passive sampling is that the uptakitime
compounds at low concentrations are much longer, so the sampling time must be
increased and short-term variations in concentrations cannot be seen (Nagtiaknik
2005). Active sampling can take measurements much more often in order to see short-
term fluctuations in concentration, however due to the expensive nature of these
machines and the power requirements it is not typically possible to gain higlh spat
resolution of pollutant concentrations. Since most current sampling is done witHysparse
located active samplers, there is a need for research into methods usinggzaspiees
to determine how pollutant concentrations vary spatially. This will allow irgaggtin of
concentration distributions relative to where sensitive populations (such agmhildr
spend their time, and how representative the current levels monitored by atiplersa
are of population exposures.

In occupational environments, diffusive samplers have been used for about 30
years to measure the higher concentrations of workplace air (Aragorgat&n
Climent, 2000). More recently, researchers have been working to validatsetiog

passive samplers for lower environmental concentrations over longer sampiouts per

11



Evaluation of passive samplers for use in sampling ambient benzene has been done on
many brands, including Radiello (Bruno et al., 2005; Cocheo, Boaretto, & Sacco, 1996;
Strandberg et al., 2005; Strandberg et al., 2006), 3M Organic Vapor Monitors (Bergerow
et al., 1999; Chung et al., 1999), Perkin-Elmer type (Martin et al., 2003), andUgk&C-
(Strandberg et al., 2005; Strandberg et al., 2006). Many of the studies citedigisew

this literature review have used passive samplers to obtain their meassref@edoi et

al. (2009) used passive samplers to measure concentrations inside school classrooms.
Karakitsios et al. (2007) deployed the samplers near gas stations. SbqR@D5)

placed passive samplers at the centroids of census tracts to compare vativéhe a
monitoring sites. Passive sampling has been shown to be a portable and affordable way
to measure ambient benzene concentrations, however there is a lack of stutbesshat

on using passive sampling technology to determine the spatial variation of beneeae

small area. This study is designed to help fill that gap.
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CHAPTER 2:

RESEARCH DESIGN AND METHODS

Protocol Development

The first specific aim of this thesis was to develop protocols for the passive
sampling and analysis of benzene in the local environment. In order to accomplish the
first aim of the project, a sampler and sorbent must be chosen and then a protocol
developed for the use of the device in the study conditions. This was completed through
a thorough literature review of studies evaluating passive samplers farmasasuring

benzene and technical data sheets from the manufacturers’ websites.
Review of Samplers and Sorbents

There are various types of samplers and sorbents available for mgasubient
benzene concentrations. Types of sorbents for passive sampling include carbon
molecular sieves, activated charcoal and graphitized carbon black. Carbon anolecul
sieves are very hydrophilic and therefore should not be used when sampling in humid
areas (such as Florida) (Woolfenden, 2010). Charcoal samplers made by 3MqOrgani
Vapor Monitor 3500 and 3520) are used to sample organic compounds including benzene
(3M Occupational Health and Environmental Safety Divison, 2004). Charcoal sorbent
tubes can also be used in tube type samplers, with extraction using the solvent carbon
disulfide (CS) (Namiesnik et al., 2005). Graphitized carbon black has been found to be

the most sensitive type of sorbent for sampling of benzene (Brown & Shirey, 2001),

13



particularly Carbopack X (Strandberg et al., 2005; Strandberg et al., 2006). Carbopack X
requires thermal desorption to remove the analytes for GC/MS analysis astjgpose
solvent extraction and this technique allows for higher sensitivity in measueme

letting compound concentrations in the ppb range be detectable (Woolfenden, 2010).
Although Carbopack X and thermal desorption allow for more sensitive measureients
benzene, thermal desorption is associated with a higher cost than solvetibextiae

to the need for thermal desorption instrumentation. However, if a thermal desorpti
instrument is not available then benzene may be measured using an activateal char

sorbent capable of solvent extraction with,@&dichloromethane (Partyka et al., 2007).

Two commonly used types of activated charcoal samplers are the 3M OVM 3500
badge type sampler and the Radiello axial sampler with activated chardmadtsorhe
3M OVM sampler has a stable uptake rate of approximately 35 i fmira one week
sampling time for benzene (Oury et al., 2006), but the limit of detection has been found
to be around 0.34-0.4 ughfor a seven day sampling period in field studies (Mukerjee
et al., 2004; Schneider et al., 2001). The Radiello sampler with activated chacaal h
higher uptake rate of 80 ml mitrfor benzene for a 24 hour sampling period (Cocheo et
al., 1996), which has also been validated for sampling times of 4-7 days (Allou et al
2008). The limit of detection (LOD) for the Radiello sampler with activated cabfar
a seven day sampling period for benzene is 0.1 figamadvertised by Radiello and
experimentally determined by Angiuli et al. (2003). In order to detect I@wel
concentrations of benzene in the environment, the Radiello sampler with activated

charcoal (model RAD130) will be used for this protocol development. This allows for
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better detection than the OVM sampler and does not necessitate thermatialesor

equipment.
Development of Standard Operating Procedures

The first protocol developed for use of the Radiello sampler with activated
charcoal (RAD130) is for the preparation and deployment of the sampler fodthe
sampling period. The protocol is provided as Appendix A. It describes the set-up of the
sampler shelter, preparation of the sampler from its component parts, and field
deployment and retrieval of the sampling device. The primary documents used in
creating this protocol include EPA methods TO-15 and TO-17 (U.S. Environmental
Protection Agency, 1999a; U.S. Environmental Protection Agency, 1999b) and the

Radiello manual (Fondazione Salvatoremaugeri-IRCCS, 2006).

The Radiello RAD130 sampler consists of a sorbent cartridge stainldsnsste
tube filled with activated charcoal, a white polyethylene diffusive baddrim thick,
average pore size of 25 um) to hold the cartridge, and a plastic triangular gliggort
onto which the diffusive body is attached (Fondazione Salvatoremaugeri-|ROQS.
These three components form the sampling device. In the field, a plast shelt
erected that consists of a roof and two side panels. One open side is attached to a pole or
tree, and the front and bottom remain open. The sampling device is clipped on to a
hanging device inside the shelter, which protects the Radiello sampler fromaumd, r

direct sunlight, and other environmental conditions.

The sampling rate of the Radiello RAD130 sampler varies with temperatuie but i
constant with wind speeds between 0.1-10'marsd humidity between 10-90%

(Fondazione Salvatoremaugeri-IRCCS, 2006). The temperature adjusted samgpling rat
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(Qx) is calculated from the average temperature over the sampling perioad(K)ea

sampling rate at 298 K ¢@ = 80 ml min* for benzene):

15
Qx = Q298 ( ul ) Equation 2.1

298

Hourly weather data collected by the Tampa International Airport durengampling

period is used for determination of the temperature adjusted sampling rate.

The protocol also describes the use of field blanks in order to control for any
contamination experienced by the sampling cartridges during transporugr. seteld
blanks are taken at 10% of the sampling sites, or at a minimum two. The field bkanks a
used to calculate the limit of detection for the sampling method. The limit otidatex
defined as three times the standard deviation of the field blank values,Nvisettee
number of field blanksy is the concentration of field blamkandix is the average of the

field blank concentrations:

LOD =3 (\/ﬁZ?’:l(xi — X)? > Equation 2.2

Duplicate samplers are placed at 10% of the sampling sites, or at a minmeym
in order to make calculations of the uncertainties associated with this method. To
calculate precision from the duplicate samples, the relative perceneddéeof the two
duplicates at a single site is calculated, whxe@ndx, are the concentrations of the

duplicate samples andis their average:
%D = (@) -100% Equation 2.3

The second protocol developed is for the extraction of the sampling cartnibes a

GC/MS analysis of the samples. This protocol is provided as Appendix B. This protocol
16



was developed using guidance from the Radiello manual (Fondazione Salvat@emaug
IRCCS, 2006), US EPA compendium methods TO-15 and TO-17 (U.S. Environmental
Protection Agency, 1999a; U.S. Environmental Protection Agency, 1999b), standard
methods from the Health and Safety Executive (Health and Safety Executive,dri93)
journal articles describing the use of the Radiello RAD130 sampler (Allaly 2008;

Angiuli et al., 2003; Cocheo, Boaretto, & Sacco, 1996; Godoi et al., 2009).

After exposure for a seven day sampling period, each cartridge is edtveith
2 ml of carbon disulfide, and a uniform concentration of 2-fluorotoluene is added to each
sample as an internal standard. The solutions are analyzed using gast@trapiy
with mass spectrometry (GC/MS). Benzene standard solutions are d¢ozated
calibration, at concentrations that encompass the expected sample cocentiEtie
instrument responses to the samples are compared to the calibration standards and the
experimental ambient concentrations of benzene are calculated. In thisugiiotes
Varian Saturn 3800-GC, 2000-MS system was used. The column used was a Varian CP-
Sil 8 CB capillary column, with dimensions 50 m x 0.25 mm x 0.25 um. Helium was
used as the carrier gas at a flow rate of 1.2 mI'miFhe injector temperature was set to
240°C. The temperature programming started at 35°C for nine minutes, ramped to 60°C
at 5°C mint, and then held at 60°C for 46 minutes, creating a total run time of sixty
minutes. This protocol includes the description of laboratory blanks, which are used to
control for any contamination introduced during the extraction and laboratory hanfdling o

the samples.

To choose an appropriate calibration range for the calibration standardspdata f

an active sampler run by the Hillsborough County Environmental Protection Coommissi

17



were considered. Figure 2.1 shows the distribution of benzene concentrationsetheas
by the EPC'’s active sampler from 1/1/2008 to 3/27/2010. As the distribution illustrates,
the concentrations were generally below 1 iy however, this active sampler is located
in rural Sydney, FL, away from the urban center of Tampa, which may expldowthe
levels. The Health Effects Institute (2008) completed a literature refiesported
concentrations in many settings, and the range of concentrations reported irregsan a
was approximately 1-10 pg¥n To determine an appropriate calibration range for this
study, these concentrations were also taken into account. To determine thd range o
calibration standards needed to encompass the estimated ambient concentrations,
Equation 2.4 was used to calculate the mass of benzene that would accumulate on the

sampler over a one week exposure time:
Mrinat = Cair * Q208 t 107° Equation 2.4

Wheremyny is mass of benzene (u@air is the ambient concentration of benzene

(kg nm), tis the sampling time (min), and 6 a conversion factor from¥o ml. To
determine the concentration of calibration standards needed, the mass of benzene
calculated by Equation 2.4 is divided by a 2 ml extraction volume. This gives a
concentration in pg il The initial concentrations chosen for the calibration standards
were (in pg mif): 0.15, 0.5, 1.0, 2.5 and 4.0. The calibration curve is shown in Figure

2.2.
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The calibration curve shown in Figure 2.2 is used to calculate the concentration of

benzene in the unknown samples as:

j—f = mCC—f' +b Equation 2.5

The equation for the calibration line takes the form seen in Equation 2.5, with the slope
defined asn and the y-intercept ds The area response for benzend; ié\s is the area
response for 2-fluorotoluen€; is the concentration of benzene, &igls the

concentration of 2-fluorotoluene, with concentrations in units of [Ig\fien an

unknown sample is run in the GC/MS, a ratio of the area of the benzene peak to the area
of the internal standard peak is obtained. This value is put into Equation 2.5 and the

concentration of benzene in the &Blution C) is calculated as:

C; = ﬁ(ﬁ — b) Equation 2.6

m \Ajs

Cisis a known value. By multiplying by the total sample volume of 2.08 ml, the mass of
benzene desorbed from the sampese) is calculated in pg. This value is corrected

by subtracting the average mass found in the field blanks:
Mginal = Msample — Mfp,avg Equation 2.7

The blank-corrected massx(,a) is used to calculate the ambient concentration measured

over the 7-day sampling period. The following equation is used:

Coir = % 10° Equation 2.8
K

WhereCy; is the ambient benzene concentration in [ @x is the temperature

adjusted sampling rate in ml mMinandt is the sampling duration in minutes.
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A preliminary sampling run was done with one Radiello sampler in March 2011
in order to test the draft protocols. The calibration data shown in Figure 2.2 were used
for quantification, and the measured air concentration for the one week sampling period
from 3/4/11-3/11/11 was 0.44 pgmThis is similar to previous observations in the
Tampa area from the Hillsborough EPC, as seen in Figure 2.1. This preliminary run
suggested that concentrations of benzene in the sampling area would be towards the
lower range of the calibration standard solutions, and thus the range of solutions for the
pilot study was lowered to 0.10-1.75 pg'nh order to better characterize lower
concentrations. These standard solutions were created before the pilot study and
analyzed via GC/MS to ensure the quality assurance criteria were metalilination

curve developed for quality assurance purposes is shown in Figure 2.3.
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1- y = 0.886x + 0.0811
0.5 - R2 = 0.999
0 . . . . .
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Concentration (Benzene/Internal Standard)

Peak Area (Benzene/Internal
Standard)

Figure 2.3 Calibration curve generated from standards developed for the pilot study.
Concentrations range from 0.10-1.75 ug'fnénzene.

In addition to the field and laboratory blanks, quality assurance criteria must be

met by the calibration standards. These criteria are detailed in tlysiamabtocol in
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Appendix B. In general, the relative response factors (RRFs) of all sfiandast have a
relative standard deviation (RSD) of less than 30% and the relative retemasn ti
(RRTs) must be within 0.06 minutes of the mean RRT. The internal standard in all
calibration solutions must have an area within 40% of its mean area, and a retemion ti
within 20 seconds of its mean retention time. These criteria must be éstdhlEon

initial calibration in order to ensure the calibration equation can precigebsent the
range of the standards. The protocol also establishes a method to be used for daily
calibration checks to ensure the system remains in control; however, for theéupijot s
daily calibration curves were run during analysis of the unknown sampleslyA dai
control chart was still kept in order to assess the between day confidenceatathd he

guality assurance data from the pilot study analyses are provided in Ap@endix
Evaluation of Protocols

The second specific aim is to evaluate these protocols through the co-location of
passive sampler with an existing active sampler during the pilot studyuatieal of
precision is also achieved through the co-location of two passive samplersatrte
sampling site during the pilot study. The Radiello RAD130 activated chaaoaler
has already been shown to be effective in previous studies to measure ambient
concentrations of benzene over 4-7 day sampling periods (Allou, et al., 2008; Angiuli, et
al., 2003). Thus, these co-located observations will allow for evaluation of the standard

operating procedures developed through the first specific aim of this project.

There is an active sampler present at the Sydney, Florida monitoring saeedper
by the Hillsborough County Environmental Protection Commission (EPC). The method

used at this air monitoring site to measure benzene is canister samplirg2dvbour
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sampling period (midnight to midnight), every six days. Since the sampling periods of
these two methods are different, concentrations are not expected to be directly
comparable. However, a comparison of the two concentrations is still important for
gualitative evaluation. The relative percent difference between tGed&fa and the

Radiello value will be calculated according to Equation 2.3. The sampling peribe for t
pilot study overlapped the final 13 hours of one sampling run and a full day for a second
sampling run for the active sampler; 24-hour samples were taken on 4/27/11 and 5/3/11.
These two measurements from the active sampler were averaged, anddirsge was

used in the relative percent difference calculation. These measured,\abng with the

one week measurement, are compared with benzene concentrations frometiuediter

that have been experienced in other urban areas. For example, Janssen et al. (2001)
measured weekly average benzene concentrations of 0.3-5.8 putside of schools

near motorways, and concentrations in parks in urban areas of Sweden were measured a

2-4 ug n® (Upmanis, Eliasson, & Andersson-Skold, 2001).

To evaluate the precision of these methods, two Radiello samplers were co-
located at one sampling site during the sampling period. These samplers weeel éaxpos
the same airborne concentrations of benzene, so any differences ioticeintcations
will be due to uncertainties in the methods. Relative percent difference of the
measurements will be used to quantify the repeatability, using Equation 2.3..S'he U
Environmental Protection Agency (1999a) indicates in their compendium method TO-15
that an acceptable level for precision of a method should fall within 25%. The percent
difference calculated from the two duplicate samplers in the pilot stilidyenused to

represent error bars when presenting the data, through Equation 2.9:
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error = (%D - Xx,) Equation 2.9

Wherek, is the average benzene concentration (after three replicate analyses) of
sampling site. This method will allow for the determination of error due to the sampler
and subsequent analysis. Using the standard deviation of replicate GC/M®&sanalys

would only characterize the error from the instrumentation.
Pilot Study

The third specific aim was to investigate the spatial variation in condens aif
benzene over a case study area, such as a school, and determine the resatians vari
risk levels for chronic cancer and non-cancer health effects. This was achieeghta

seven day pilot study using the Radiello RAD130 passive sampler.
Sampling Design

The pilot study was carried out from 4/27/11-5/4/11 over Riverhills Park in
Temple Terrace, FL. A set of Radiello RAD130 passive samplers was deplogpsd
eleven sampling sites over the grounds of a case study city park containiggraysia
adjacent to an elementary school. The sampling site selection involved choosing
available trees/utility poles in a saturated distribution, approximeatglidistant from
one another. A satellite image of the sampling locations is shown in Figure 2.4. The
samplers were brought back to the laboratory and stored at 4°C until June 2011, when
extraction with carbon disulfide and analysis using the GC/MS system was teshple
The concentration distributions were mapped using ArcGIS software andyisual
displayed using the kriging analysis technique, which interpolates from thpdaiiats

given to create concentration contours over a rectangular area containing the points
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Quantitative analysis of variation in concentrn over thesampling area vs done
through calculation ahe coefficieit of variation. The coefficient of variation isethatio
of the standard deviatiow)to the mean (i) of the observations, and is ¢ated using

the following:

CV(%) = E 100% Equation 2.10

A coefficient of vaiation of greater than 20% has beesed to indicate heterogenec
concentrations over a spa area for other air pollutan{Blanchard et al., 1999; Wils

et al., 2005).

® 2011 ELTropa Technoloui# .

lmagr_ﬁ}c -td"fﬂcl 28°01 'Il 93" N 92 23'09.30°W elevi9m -

Figure 2.4 Satellite image of the sampling locations usedeilot study The area
inside the white box corresponto the area pictured in Figure 3.3ource: “Riverhills
Park.” 28°01'11.93” Nanc 82°2309.30” W. Google Earth. April 4, 2010. Access
June 10, 2011.
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Health Risk Calculations

Since children are a susceptible subpopulation to pollutant health effects, health
risk calculations were carried out using parameters that describe a dekd’&lthough
concentrations at the park may or may not be representative of exposures exgeatienc
the adjacent elementary school, the health risk assessment will assusrgredions
measured during the pilot study are experienced by a hypothetical stuttenseliool.

The calculated risk estimates will only represent the contribution of risk frorehe
exposure at school and are not indicative of cumulative overall lifetime healtiTask.
calculate the cancer risk from exposure to the measured concentrationsfavemdif
methods were used and compared. According to the U.S. EPA, the average exposure
concentration for benzene should be calculated from the observed concentrations and
then multiplied by the inhalation unit risk (IUR) from the Integrated Risk in&tion
System (IRIS) (U.S. Environmental Protection Agency, 2009c). The following

calculations were used to calculate the excess lifetime cancer risk:

_ CqirET-EF-ED
AT

EC Equation 2.11

Excess Cancer Risk = IUR - EC Equation 2.12

In Equation 2.11 and 2.1EC is the exposure concentration of an individual based on the
amount of time spent where the ambient concentration measuréPpgnués taken.

Both EC andC.;, have units of pg M The variabl€ET represents exposure time

(hours day). The exposure time used is 6.5 hours'jéye school day at the elementary
school runs for 6 hours and 20 minutes (Hillsborough County Public Schools, 2011), so

6.5 hours should approximately represent time spent before school after drop-off and
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after school before pick-ufEF represents the exposure frequency (days'yedte

value used here is 180 days, since there are 180 days in the Hillsborough County public
school year (Hillsborough County Public Schools, 2010). These calculations also assume
an exposure duratiofD) of six years, which assumes a child attends the school from
kindergarten through'bgrade. The denominatéi in Equation 2.11 represents the
averaging time. For cancer risk calculations, the averaging time isear Ofgtime, in

units of hours. The inhalation unit risSkJR) is a range of risk values for a specific
compound given by the U.S. EPA in their IRIS database. It represents deesettr

lifetime risk per pg i of the exposure concentration. For benzene, the range of values
for the inhalation unit risk is 2.2xfo 7.8x10° (U.S. Environmental Protection

Agency, 2010a). Although the toxicological support documents in IRIS outline probable
differences in susceptibility and resultant cancer type for children anig &auh

benzene exposure, the authors maintain that there is not enough available d&& to ma
modifications to the calculations to account for this (U.S. Environmental Postecti
Agency, 1998). In order to attempt to represent the susceptibility of children, the upper
bound of thdUR (7.8-10°) was used to assess children’s health risk for this pilot study,

though the range was also considered in the uncertainty analysis.

Equations 2.11 and 2.12 provide the current method used when carrying out U.S.
EPA risk assessments on Superfund sites. However, there are no varialias beat
adjusted to examine differences in susceptibility or exposure between chiidraduts.
The California Environmental Protection Agency provides different guidance orohow t
calculate excess lifetime cancer risk, which includes variableslifferentiate adult and

child exposure (Hickox & Denton, 2000). In this approach, the dose of benzene received
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by inhalation is calculated and then multiplied by a cancer potency factoh tés been
developed by the California EPA (Office of Environmental Health Hazardsassmnt,

2009). The formula for dose given by Hickox & Denton (2000) is as follows:

EF-ED
AT

D=Cyy [%] 11076+ A - Equation 2.13

Excess Cancer Risk = D - CPF Equation 2.14

The calculated dos®j is the amount of benzene inhaled per kilogram of body
weight, per day (mg kfjday"). The daily breathing rate (BR) (L d&yis used, which is
divided by the body weighBW) in kg. The daily normalized breathing rate used in this
analysis is 0.6 L mihkg™ for moderate activity of school aged children, or 864 L'day
kg™, taken from guidance provided by the California EPA (Office of Environmental
Health Hazard Assessment, 2004). The terihi¢@ combined conversion factor from
g to mg and L to fa The averaging time used in the dose calculation is also 70 years in
order to estimate the contribution to lifetime cancer risk, but the uni$ of the dose
calculation are days instead of hours. The t&nmmapresents the inhalation absorption
factor, which accounts for the proportion of inhaled benzene that is absorbed by the body.
The default value for this variable is one, meaning all inhaled benzene is absorbed, unless
the cancer potency factdCRF) was developed using a different value. The cancer
potency factor is a parameter estimated by the Office of Environment#h Hisaard
Assessment (2009) through a review of published studies using both animal and human
subjects; the value used is 0.1 (mg kiay)™. It was not developed using an absorption

factor, so in this risk assessment the valué\faiill be the default value of one.
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To quantify the chronic non-cancer effects from inhalation of benzene, thedHaza
Quotient HQ) was calculated using the Reference Concentraifsr) from the IRIS
database. ThRfC given for benzene exposure is the concentration at which humans
experience a decreased lymphocyte count (U.S. Environmental Protection Agency,

2010a). The Hazard Quotient is calculated as follows:

EC .
HQ = RFC Equation 2.15

The exposure concentratioB®) used in Equation 2.15 is calculated using the same
method as Equation 2.11, except the averaging time is equal to the exposure duration (6
years), in hours. ThiefC is a value estimated by the U.S. Environmental Protection
Agency (2010a) as 3xFomg m°, or 30 pg rit. A value of theHQ of greater than one
indicates the population is potentially at risk for hematological effeats fine observed
concentration (U.S. Environmental Protection Agency, 2002). This method once again
does not take into account differences between children and adults; however, the authors
did not find any significant evidence to suggest that children are more susceptiige
non-cancerous health effects of benzene exposure (U.S. Environmental Protection

Agency, 2002).

The calculation of these values will allow investigation of uncertainties in
children’s health risk calculations associated with high resolution spatialioas over
the small sampling area of this city park. For instance, if a sampleraveegplaced at
one location rather than the other, these results will show if there are ardecalle
differences associated with the health risk calculations due to sampgiemplat. To
consider the contribution of uncertainty in risk calculations from sampler péatethe

percent difference between the minimum and maximum health risk estimates were
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calculated for each method. These were compared to the percent differeremnbetw
average health risk when calculated using minimum and maximum values for the
inhalation unit risk and cancer potency factor. This allows for an illustration of the
amount of uncertainty contributed by sampler placement compared to the amount of
uncertainty contributed by estimation of the cancer potency factor/inmalatibrisk

values. This method for comparison places less importance on the accuracy of the
variables chosen when calculating the exposure concentration and dose, since the sam
values are used when estimating the risk at each site. The uncertaintysthaatysis is

focused on is the contribution from sampler placement.
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CHAPTER 3:

RESULTS AND DISCUSSION

Concentrations Observed During Pilot Study

This pilot study was carried out between 4/27/11-5/4/11 over Riverhills Park in
Temple Terrace, FL. The average temperature over the sampling pasd@®w1 °F,
or 299.3 K; the hourly wind speed and humidity fluctuated within their acceptable ranges
for constant sampling rate. The temperature adjusted sampling rate pdottstudy
was calculated as 80.53 ml rlinsing Equation 2.1, which is slightly higher thand
Table 3.1 shows a summary of the concentrations found over the study area. The
measured concentrations ranged from 0.23-0.34 figThe mean value observed at
these sites was 0.30 pg’rhenzene. This is comparable to previously measured values
taken by the Hillsborough County EPC; as seen in Figure 2.1., the mode value of the
observations taken between 1/1/2008-3/27/2010 was the range between 0.2-8.3 pgm
benzene. These results are also comparable to the lower end of outdoor weekly
concentrations taken at schools near motorways in the Netherlands, where Jaaissen et
(2001) observed concentrations of 0.3-5.0 13 ffihe results from this pilot study also
show concentrations comparable to the low end of the range from observations taken in
other urban areas as seen in a review compiled by the Health Effeittddr{008) of
1-10 pg rit. They are lower than measurements taken in urban parks in Sweden where

concentrations were found to range from 2-4 pi(bpmanis, Eliasson, & Andersson-
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Skold, 2001). The low concentrations observed during the pilot study may be due to the
location of the pilot study park within a neighborhood without major roadways as an

immediate border.

Table 3.1Data and summary statistics for the pilot study. Concentrations measamred f
eleven sampling sites over Riverhills Park during the pilot study fromJUZrA/11.

The percent difference was calculated using the minimum and maximum observed
concentrations. The limit of detection is calculated using the benzene conaestrat
from the two field blanks and one laboratory blank.

Site Concentratiop
Benzene (ug 1)
1 0.33
2 0.33
3 0.34
4 0.28
5 0.31
6 0.27
7 0.29
8 0.29
9 0.26
10 0.23
11 0.31
Mean 0.30
Standard Deviation 0.03
Minimum 0.23
Maximum 0.34
Catye Perce
Coefficient of Variation 11%
Limit of Detection 0.18

Evaluation of Methods through Co-location

Table 3.2 shows the results obtained from the two duplicate samplers as well as

their percent difference.
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Table 3.2Precision data from co-location of duplicate samplers. The samplers were both
exposed at sampling site number eight during the pilot study. The percemntiffevas
calculated previous to rounding to two significant digits.

Benzene
Duplicate 1 (ug ni°) 0.29
Duplicate 2 (ug ni°) 0.34
Relative Percent
Difference 14%

The percent difference of these two measurements is 14%. The U.S. EPA guidance for
the sampling of VOCs through compendium method TO-15 recommends a percent
difference value for duplicate samples within 25% (U.S. Environmental Pootecti

Agency, 1999a). The percent difference of 14% seen in this pilot study fits within the

recommended precision guidelines.

Table 3.3 shows measurements taken by the EPC sampler and the results from the
passive sampler in the pilot study. The results given by the EPC are unddfdiaky

have not completed the entire quality control verification process.

Table 3.3Accuracy data from co-location with the active sampler. The calculatieres w
done previous to rounding to two significant digits.

Benzene
Active Sample 4/27/11 (ug M) 0.24
Active Sample 5/3/11 (ug i) 0.28
Active Sample Average (g i) 0.26
Passive Sample (ug M) 0.26
Percent Difference 3.0%

The percent difference of 3% is calculated using the passive sample abseamdtthe

average of the two active sampler measurements, before rounding. Even though the
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sampling times are not the same, this result indicates that the passiviegangbhods

used for the pilot study give very similar results to currently used aetmplsg

methods. To two significant digits, the concentrations measured by both methods are the
same. The value of 3% is also within the precision of the method (14%) as indicated by
the duplicate samplers, signifying that the values are effectively.eGhad result

encourages the use of the methods developed in this thesis for future use in adbrger sc

passive sampling campaign over Hillsborough County.
Spatial Variation of Concentrations

In order to visually interpret the concentrations of benzene over the sampling
area, a kriging interpolation was performed on the data using ArcGlSaseftwhis
technique estimates concentration contours from the concentration data points given. The
contour map can be seen in Figure 3.1. Figure 3.2 shows the individual meassirement
taken at each sampling location, in decreasing order. While the magnitude in
concentration variation may be small, Figure 3.1 illustrates that the highest
concentrations were found in the northwest corner of the sampling area. This part of t
park contained the entrance from the street and two parking lots, which may contribute t
the higher concentration. This area also is near a playground where childrehdrom
elementary school were observed playing during sampler retrieval. Tatoraover
the study area can be characterized by the 39% relative percent ddfsemmcbetween
the highest and lowest concentrations. This variation is larger than the values used t
describe the precision (14%) and accuracy (3%) error estimates, imgliaatactual

difference in measured concentrations.
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Figure 3.1Concentration contours over the study area. The map was created using the
kriging interpolation technique in ArcGIS software. The area pictured in thigans
the area inside the white box in Figure 2.4.
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Figure 3.2Individual measurements taken during the pilot study. The error bars
represent an uncertainty of +14%, which is the percent difference between toatdupl
sample measurements. The data is arranged from highest to lowest etiocentr
measured.
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Previous studies have used the coefficient of variation to quantify the spatial
heterogeneity of air pollutants (Blanchard et al, 1999; Wilson et al., 2005)autihers
suggest that a coefficient of variation of greater than 20% indicatefi¢hat t
concentrations of a pollutant are heterogeneous over the sampling area. Hitveege
is no real standard for quantifying spatial heterogeneity. In this shelgpefficient of
variation of the samples taken over Riverhills Park is 11%. Although Figure 3.1 shows
an uneven concentration distribution over the area of the park, this result impliég that t
measured concentrations of benzene have little variation and can be considavetyrela
homogenous. This is better illustrated through Figure 3.2, which shows that all

measurements have overlapping error bars.

Health Risk Estimations

Since the low coefficient of variation indicated somewhat homogeneous
concentrations over the sampling area, it seems reasonable to assume that these
measurements may be representative of levels experienced by childremdjacent
school. The minimum and maximum values for lifetime cancer risk contribution are
given in Table 3.4. The hazard quotient was also calculated, which is used tatdlustr

risk of non-cancer health effects.
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Table 3.4Summary of health risk estimates. Minimum and maximum estimates of

health risks were calculated using the highest and lowest observed concenft@tions
the pilot study. The percent difference is equal to the percent differenceebetve high
and low concentrations, and is the same for all risk estimates.

Cancer Risk Cancer Risk, Percent
EPA Method’ California EPA  Hazard Quotient Difference
Method (%)
Minimum 2.0E-08 8.3E-07 0.0010
39
Maximum 3.0E-08 1.2E-06 0.0015

The U.S. EPA recommends that when calculating risk assessment estanate
in a million level (or 10) is an acceptable upper limit of risk for health effects. The
overall magnitude of the added health risk is lower than the stand&ralL@ at all sites
when calculated using the inhalation unit risk. When calculated using the more
conservative values for cancer potency factor from the California EPAstineages are
near this 18 level, meeting or exceeding it at nine of the eleven sites. These daftsilat
only take into account the risk contribution from exposure to benzene over a 6 year
school period and are not indicative of any individual’s total risk. To quantify the
uncertainty in the health risk estimate due to sampler placement, a periezahdd
calculation was used. The percent difference between the health riskestcalated
using the highest observed concentration (site 3) and the lowest (site 10) is 39%. For a
comparison of what the magnitude of this uncertainty means, an examination of the
uncertainty inherent in the risk estimate calculations was done. Insteadohiexgthe
uncertainty in the variables chosen by the researcher (such as the time aneigbdl
estimates that are specific to the particular study), both the EPA andlifioenaEPA

provided possible ranges for the values of the inhalation unit risk and the cancey potenc
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factor. The percent difference was calculated between the high and lovedeyaittes
for each parameter. As seen in Table 3.5, the uncertainty in the calculatidogitrie
parameters used was 112% and 148%. The uncertainty inherent in the risk calcslations i

much greater than the uncertainty introduced by sampler placement in this study.

Table 3.5Uncertainty due to parameters used in health risk calculations. The range of
values reported for the inhalation unit risk by the U.S. EPA is shown, as well asdke ra
of values for the cancer potency factor reported by the California EPA. Tdenper
difference of the minimum and maximum values for each parameter is tadcula

Inhalation Unit Risk ~ Cancer Potency Factor
Range (ug n)™* Range (mg kg' day™®)™

Minimum 2.20E-06 0.03
Maximum 7.80E-06 0.2
Percent 112% 148%
Difference

A study in Pittsburgh looked at the spatial variation in toxic air pollutant
concentrations over a larger intra-urban scale in order to investigate envitahatglity
issues for populations near the heavily industrialized parts of the city. Hagalesrs
found that while concentrations of individual pollutants varied between the sites, the
additive risk from organic air pollutants (driven mainly by formaldehyde and behze
ranged from 6.1x10to 9.5x10° (Logue et al., 2010). This is a relative percent
difference of approximately 44%, which is comparable to the relative pertienence
of 39% found in this study. The comparison between health risk uncertainty
contributions from the sampler placement versus parameter estimatssupia
guestion about what is spatially resolved “enough” in terms of measuring thigovaina
benzene, or other air toxics, concentrations. Variation in levels may need toibelyelat

large (compared to this study) to overcome the uncertainty inherent in thesgeskragnt
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calculations, which implies that there is a limit to what resolution in monitoritagisia
necessary to determine if levels are protective of human health fortoegulak

purposes. However, monitoring data at a resolution higher than what is necessary to
show variation in exposure estimates may aid epidemiological studies inafisgoci
health effects of pollutants with exposures at environmental levels. Rese#rshfield
may in turn lower the amount of uncertainty in current calculation parametersngllow
more variation to be useful. Future studies should continue to investigate spatial
distributions of concentrations and the benefits gained from these data imdlifjspes

of studies.
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CHAPTER 4:

CONCLUSIONS AND IMPLICATIONS

Little is known about the health effects of benzene exposures at environmental
levels. The use of active monitors in regulatory monitoring stations coesibuthis
gap. Due to the expensive nature of the instruments there may only be a hantHal of si
that monitor air toxic substances in a state. This low spatial resolution innemast
data does not allow for precise characterization of the exposure of an individual or
susceptible subpopulation, which hampers epidemiologic studies attempting to find
associations between exposure and health effects. Concentration differemoésef
source air pollutants within an urban area due to the distribution of roadways have been
found to cause large exposure differences between neighborhoods or schools in an urban
area, depending on their location. In order to ensure that the measurementakiaegsing t
at the regulatory monitoring site are protective of all people living in the laetar
spatial resolution of concentration data is necessary. Passive samplvgyfall a cost-
effective method of gaining high spatial resolution monitoring data to better warderst
subpopulation exposures.

This study aimed to develop and evaluate methods for the passive sampling and
analysis of ambient benzene concentrations in Hillsborough County, as well as conduct a
pilot study investigating the spatial variation in benzene concentrations on a highly

resolved scale. Methods for the use and GC/MS analysis of the Radiello gasspler
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with activated charcoal sorbent were developed. Co-location with an achpéesaun
by Hillsborough County resulted in effectively no difference betweersunements. A
pilot study was performed over a city park adjacent to an elementary school ireTempl
Terrace, FL. Eleven sampling locations were chosen over the park, and the
concentrations were found to range from 0.23-0.34 jigvith a mean of 0.30 pg
and precision of 14%. This range is on the low end of concentrations seen in other urban
areas, but comparable to measurements taken by the active sampler in the cdwanty. W
concentration contours are created using the data points, the concentrations in the
northwest corner of the sampling area tend to be higher. This area encortipasses
entrance and parking lots for the park, illustrating the potential impact of nsobitee
emissions from those areas on the park benzene concentrations. However, thertoeffic
of variation of the measurements was 11%, indicating that the observed vasiatioall
in magnitude.

Risk estimates for cancer and non-cancer health effects were caldalagechild
attending the adjacent elementary school. The calculated values for camirtbut
lifetime cancer risk were below the currently acceptable risk level dfvt@n calculated
using the inhalation unit risk, but risk estimates were near to but exceeding dwlgurr
recommended value at several sites when the more conservative paréno@tdng
California EPA were used. The hazard quotients calculated were muchrsheailéhe
1.0 limit that indicates possible chronic, non-cancer health risk for regujairposes.
Only for the calculation using the California EPA method does the uncertainsk idue
to sampler placement lead to different categorization of the result as@dosiew the

standard. This uncertainty could therefore have some significance faatoegul
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purposes. However, the uncertainty in risk due to sampler placement over the park was
found to contribute substantially less to the overall uncertainty in the calculdtaomthe
uncertainty inherent in the parameters used in the calculations given byaggulat
agencies.

The successful use of the samplers in the pilot study, and the agreement between
the measurements taken by the co-located sampler with the activersbotiplsuggest
that these protocols are applicable for use in measuring ambient benzene cooreentrat
in Hillsborough County. The pilot study results imply that for the area of this pdrk in t
pilot study, only one sampler may be necessary to characterize the exposure of an
individual while in the park due to uncertainty in health risk estimate calculations
However, since people do not spend all of their time in one location, a larger study is
necessary in order to better understand the variation in concentrations on a neighborhood
scale. While the concentrations seen in this study did not result in large magnitude
variation in risk levels, these factors still need to be considered in future silndiss
observed concentrations may be higher or have larger variation. Thesewedkaitsin
the development of a larger passive sampling campaign to be completed over

Hillsborough County.
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1.

3.

APPENDIX A:

SOP: SAMPLER DEPLOYMENT & RETRIEVAL

Purpose and Applicability

This standard operating protocol (SOP) is written to create a consistesdymeéor

the passive sampling of outdoor benzene concentrations using Radiello activated
charcoal sampling cartridges for a seven day sampling period. Usiegstraplers

and protocol, spatial variations in concentrations of benzene will be determined and
the resultant variations in exposures and health effect risks will be estimat

Problems encountered with this SOP during the pilot study should be noted and fixed,
allowing for a more successful application of this SOP during future appfiecati

Summary of Method

In this method, Radiello pre-packed activated charcoal sampler cartiggesed to
collect ambient benzene over a seven day sampling period for subsequent analysis t
determine ambient concentrations. The sampling cartridges will be jtestee of a
Radiello diffusive body, which is then hung on the inside of a protective shelter for
the seven day sampling period. At the end of the seven days, the samplers are
removed and taken back to the lab for storage and analysis. They are stable for 6
months at 4°C before elution.

Interferences
3.1 The sampling rate of the Radiello sampler varies with temperature carhis
be expressed through the following equation:
K 1.5
Qi = Q298 (m)

Q« = The sampling rate at temperature K.
Q208 = The sampling rate for the compound at 298 Kelvin. For benzene, this is
80 ml miri*,
K = Average temperature during sampling period.

3.2 The sampling rate is stable within the humidity range of 15-90% and between
wind speeds of 0.1-10 nts

3.3 Hourly weather data (temperature, wind speed, and humidity) measured at the
Tampa International Airport should be obtained through the National Weather
Service website.
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4. Definitions
4.1 Field Blank

A field blank is a sampling cartridge that is brought into the field during
sampler deployment, taken out of the plastic bag, and uncapped for 5 seconds
at one site. This helps control for any contamination of the cartridges that
could have occurred from transport or handling of the device during
deployment. The field blank is subsequently analyzed with all of the field
samples and laboratory blanks.

5. Equipment and Materials
5.1 Sampling Equipment
51.1 Radiello Cartridge Adsorbents- code RAD130 (pack of 20)
= For sampling VOCs/BTEX with GSlesorption
Matrix: stainless steel net (100 mesh, 5.8mm diameter), with activated
charcoal (30-50 mesh)
= Dimensions: 60 mm length x 5.8 mm diameter
Stored in a glass tube with a polypropylene cap
An adhesive barcode label is included
5.1.2 Radiello Diffusive Body, white- code RAD120 (pack of 20)
= Polyethylene body
= 25[Im average pore size
= Thickness of 1.7 mm with a diffusive path length of 18 mm
= Dimensions: 60 mm length x 16 mm diameter
= Stored in a polypropylene container
5.1.3 Radiello Triangular Support Plate- code RAD121 (pack of 20)
= Made of polycarbonate
= Includes clip for hanging
» Includes transparent adhesive pocket for label
514 Radiello Outdoor Shelter- code RAD196 (pack of 10, need 2
packs)
= Made of polypropylene
= Can house up to four Radiello samplers
= Each shelter is comprised of three identical panels, two bars for
suspending samplers, and two support bars
» Includes two mounting strips per shelter, but extra strips should be
brought during field deployment of the samplers in case they are
necessary for attachment around larger objects.

5.2 Materials
5.2.1 A VOC-free ballpoint pen is necessary for labeling samplers.
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5.2.2 A cooler with ice packs is necessary for the transport of the
samplers from the field back to the laboratory.

5.2.3 A step ladder is necessary for reaching the appropriate height when
placing the samplers.

5.24 A measuring tape and masking tape are necessary for measuring
and marking sampler height.

5.2.5 Labels to place on the shelters with contact information in case of
guestions or concerns.

5.2.6 A laboratory notebook for recording sampler information and
observations.

6. Preparation and Assembly of Shelters and Support Plates
6.1 These procedures should be done at least 24 hours prior to the start of the
sampling period. The assembly should take place in the laboratory. The
assembly instructions are for one shelter and one support plate; repeat as
necessary.
6.2 Assembly of Shelters
6.2.1 Choose one of the three identical panels to be the roof. Insert the
two bars for suspending samplers into the slots of the roof panel, so that
they run along the length of the panel on the inside of the shelter.

8

Figure Al Insertion of the suspension bars. Used for suspending the

Radiello sampler.

6.2.2 Attach each side panel to the roof panel, putting the hooks from the
roof panel into the slots on the side panels. Make sure that the curved ends
of all three panels are on the same side of the shelter.
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Figure A2 Attachment of the side panels.

6.2.3 Use the two support bars and place them inside the shelter,
connecting the two side panels. The support bars should go into the first
and third slots on the side panels. Once the support bar is in the slot on
each side, turn the support bar ninety degrees until it clicks.

“r F

Figure A3 Assembly of the support bars.

6.2.4 Place two mounting strips on the curved end of the shelter, through
a hole on each side of the shelter. One strip will be on top and the other
will be on the bottom. The square box on one end of the mounting strip
should be facing the outside when a circle is made with the strip.
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= Do not close the strips; they will be used to mount the shelter in the
field.

y 1

Figure A4 Insertion of the mounting strips.
6.3 Assembly of Support Plates
6.3.1 Insert the strip with the clip into the slot at the top of the triangular
support plate. Click the peg into the hole so the strip hangs from the plate.
This clip will be used to hang the sampler from the shelter.

Figure A5 Attachment of the clip to support plate.

6.3.2 Peel off the backing to the transparent pocket that will be used to
hold the label. Place the pocket on the support plate near the center, with
the opening for the label on the side (to protect the label from rain).

Figu'ré A6 Attachment of transparent pocket to support plate.
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7. Deployment and Retrieval of Samplers
7.1 These procedures should take place in the field at the sampling site. The
following instructions are for one Radiello sampler; repeat as necessary.
7.2 Deployment of Shelters

7.2.1 Twenty-four hours prior to the sampling period, take the shelter to
its sampling location. This will help to judge the safety of the location for
the sampler as well as facilitate deployment of the Radiello sampler. The
shelter should be attached to a stable object, such as a tree or utility pole.

= At the predetermined location, use the measuring tape and masking
tape to mark a height of 3m on the object (tree or pole).
= Place the curved end of the shelter against the tree/pole, and close the
mounting strips around the object. Do not close them so tightly that the
shelter becomes deformed. If the mounting strips are too short,
multiple strips can be attached to one another to form a larger circle.
7.3 Deployment of Samplers

7.3.1 Deployment of the samplers will take place on the first day of the
sampling period at least twenty-four hours post shelter deployment.

7.3.2 Standing away from and downwind of the vehicle at the sampling
site, open the plastic bag containing the glass tube with sorbent cartridge.
Remove the white diffusive body from its polypropylene container, holding
it by the blue plastic ends. Do not touch the white diffusive body.

= Close the polypropylene container and keep it for sampler retrieval.

7.3.3 Holding the diffusive body so the cartridge slot is facing upwards,
uncap the glass tube containing the sampling cartridge and tip the glass
tube so that the cartridge slides into the hole of the diffusive body.

= Make sure that the cartridge does not stick out at all from the top of the
diffusive body. If any cartridge sticks out over the rim, tap on the blue
plastic of the diffusive body until it falls into its seat inside.

= Store the capped glass tube inside of the plastic bag that it came with.
Make a note in the laboratory notebook of the sampler location and
code on the plastic bag that corresponds to that sampler.

7.3.4 Continue to hold the diffusive body with the hole upwards, and
screw the triangular support plate onto the diffusive body.

7.3.5 Use a VOC-free pen to mark the sampling start time and date on a
label. Insert the label into the pocket on the triangular support plate.

= Also mark the starting time and date in a laboratory notebook, in case
the environment causes the label to fade. Take notes on any features of
the sampling site that may be relevant to benzene concentrations, such
as nearby traffic or other sources of air contaminants.
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7.3.6 Use the clip on the triangular support plate to hang the diffusive
body from a rod on the inside of the roof of the shelter. The diffusive body
should be facing the inside of the shelter.

7.4 Field Blank

7.4.1 At a location where a sampler is deployed, take the field blank
cartridge out of its plastic bag, uncap the tube and immediately reseal it.
Transport the field blank back to the laboratory and store at 4°C until
analysis.

= One field blank should be taken in at least 10% of the sampling
locations, or two field blanks minimum.
7.5 Replicate Samplers

7.5.1 At 10% of the field sites (or one at a minimum), two samplers
should be deployed to the same shelter. These samplers will be exposed to
approximately the same air. This will allow for analysis of the precision
associated with these passive sampling methods.

7.6 Retrieval of Samplers

7.6.1 Retrieval of the samplers will take place seven days after
deployment.

7.6.2 Find the same plastic bag and glass tube that the sampling
cartridge originally came in, using the code on the plastic bag. Remove the
triangular support plate and sampler from the inside of the shelter.

7.6.3 Unscrew the diffusive body from the support plate, holding the
blue plastic of the diffusive body and positioned with the triangular support
plate on top. Open the glass tube and slide the sampling cartridge from the
diffusive body into the tube. Cap the tube.

7.6.4 Take the label from the inside of the pocket on the triangular
support plate and mark the ending date and time with a VOC-free pen.
Place the label on the glass tube so that the barcode runs vertically along
the tube.

= Place the tube back into its plastic bag and put it into a cooler with
icepacks for transport back to the laboratory.

7.6.5 Place the white diffusive body into its polypropylene container and
close it.

7.6.6 Remove the shelter and bring all materials back to the laboratory.

7.6.7 Once in the laboratory, remove the plastic bag containing the tube
and cartridge from the cooler and store at 4°C until extraction and analysis.

= Cartridges are stable for 6 months before extraction when properly
stored.
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8. Quality Control
8.1 The field blanks taken according to section 7.4 will help to discern if any
benzene became absorbed onto the cartridge during the transport or set-up of
the sampling device. Opening the cartridge tube and immediately resealing
allows for an approximation of the time it takes to slide the cartridge into the
diffusive body.
8.1.1 The limit of detection (LOD) is calculated from the field blanks.
The LOD
is calculated as three times the standard deviation of the field blank values.

1 _
8.1.2 LOD =3 (\/E ’ivzl(xl- - X)2>

N = The number of field blanks.
X = The concentration of field blamk
X = The average of the field blank concentrations.

8.2 Replicate samples will be taken at 10% of the sampling sites, or at a minimum
one site, according to section 7.5. These samples will be analyzed in the same
manner and they will allow for precision calculations. Since they were
exposed to the same airborne concentrations, any differences in the measured
concentrations will be due to imprecision in these methods.

8.2.1 To calculate the analytical precision, the relative difference
between the two samples is calculated, expressed as a percentage.

[x1—%|

8.2.2 Precision = (T) X 100%

X1 = The measured concentration of one of the two tubes taken from the
same sampling site.

X2 = The measured concentration of the second of the two tubes taken from
the sampling site.

X = The average of; andx..
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APPENDIX B:

SOP: PREPARATION AND GC/MS ANALYSIS OF SAMPLES

1. Purpose and Applicability
The purpose of this standard operating procedure is to provide guidelines for the
analysis of benzene, as collected through the sampling SOP, from the anibrent ai
Hillsborough County, Florida. The analysis of benzene is carried out through gas
chromatography (GC) separation followed by mass spectrometry (Mig$$ianar his
analysis is based on the United States Environmental Protection Agency (EPA)
Compendium Method TO-15, EPA Compendium Method TO-17, and the Health &
Safety Executive Methods for the Determination of Hazardous Substances 88.

2. Summary of Method
Air samples are collected by passive sampling following the sampling SOP.
Samplers are stored at 4°C until they are desorbed with low benzene carbadedlisulf
and then the solvent and analyte solution is stored at 4°C until analysis. A Varian ga
chromatograph (3800-GC) and mass spectrometer (2000-MS) system is used for the
analysis, fitted with an autosampler and using helium as the carrier gasetditteon
times and peak areas are compared with a standard calibration curve for henzene
guantitatively determine the concentration of the samples.

3. Definitions

3.1 Calibration Standards
Solutions with known concentrations of the analyte of interest (for this
method, benzene) that encompass the range of concentrations of the unknown
samples. All calibration standards must also have an equal concentration of
internal standard.

3.2 Daily Calibration Check
A procedure that must be done once every 24 hours of GC/MS analysis, after
the first initial calibration check is completed. The calibration standard used
during the daily calibration check must be the same as one of the calibration
standards used in the initial calibration check. This procedure makes sure that
the linearity and sensitivity of the instrument are within the results
demonstrated by the initial calibration check.
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3.3 Field Blank
A field blank is a sampling cartridge that is taken into the field with the other
sampling devices, opened and immediately resealed. It is subsequently
analyzed using the same procedures as the field samples. It helps to
distinguish actual concentrations from any contamination that may have
occurred during sample preparation and transport. At least two field blanks
must be taken, or at 10% of the sampling locations.

3.4 Initial Calibration Check
A procedure that must be run once at the start of the GC/MS analysis of
samples, immediately after any cleaning or maintenance is done on the, system
or if the daily calibration check does not meet acceptance criteria. This
procedure checks for the linearity of the GC/MS response and sensitithiy of
instrument.

3.5 Instrument Performance Check
This procedure needs to be completed initially, and once every 24 hours of
sample analysis. If any cleaning or maintenance is done on the GC/MA syste
the instrument performance check should be immediately performed. This
performance check is used to ensure that the mass calibration and resolution of
the machine are accurate.

3.6 Laboratory Blank
A laboratory blank is a sampling cartridge that was not taken into the field and
has not been exposed to the environment. The extraction and analysis
procedures are carried out on this cartridge in the same manner as the field
samples. This can help reveal any contamination that occurs during the
extraction and analysis procedures. Two laboratory blanks are used for each
sampling period.

4. Equipment and Materials
4.1 Supplies
41.1 All glassware should be cleaned and baked prior to use.
Calibrated, sterilized micropipettes (0.5 pl-5 ml) (Finnipipette)
GC 1 ml vials with crimp tops
10 sterile, 15 ml brown glass vials with screw top lids
Two sterile, 100 ml beakers for holding £8hd waste
Syringe and needle for removal of &8m container
o  Stainless steel syringe needle with non-coring point: size 16
gague, 12 inch length
o Luer lock glass syringe, 20 ml volume
Fume hood for extraction procedures

4.2 Equipment
4.2.1 Gas Chromatograph (GC) and Mass Spectrometer (MS) System
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=Varian CP-3800 Gas Chromatograph
=Varian Saturn 2000 Mass Spectrometer
=Varian CP-8400 Autosampler
=Varian Capillary Column CP-Sil 8 CB 50m x 0.25mm x 0.25um
#CP7453
=Helium Carrier Gas
4.3 Personal Protective Equipment
43.1 Personal protective equipment should be worn at all times when
inside the laboratory.
» Closed-toed sneakers
= Long sleeved laboratory coat
= Laboratory goggles
= Laboratory specialty PVA (Silver Shield) gloves

5. Reagents and Chemicals
5.1 Chemicals
5.1.1 The chemicals should be stored in accordance with their
flammability or toxicity guidelines on their MSDS, or according to storage
instructions on the manufacturer’s technical data sheet.
= Benzene standard
o Fluka, Benzene puriss p.a., standard forx5@.9%
o Stored in the refrigerator at 4°C
= 2-Fluorotoluene internal standard
o Sigma-Aldrich,>99%
o Stored in the refrigerator at 4°C
= Carbon disulfide
o Sigma-Aldrich, ReagentPlus99.9%, low benzene
o Stored in the refrigerator at 4°C

6. Creating the Standard Solutions
6.1 Creating the Internal Standard Stock Solution
6.1.1 The internal standard to be used is 2-fluorotoluene.
6.1.2 The internal standard should be present at approximately the same
concentration as the analyte of interest in the samples.
= The range of concentrations of benzene measured in the Tampa Bay

area over the last two years is approximately 0.1-1.0 fi (U8
Environmental Protection Agency). However, this monitoring station
is located in a rural area outside of downtown Tampa. A general range
of concentrations of benzene measured in urban areas around the world
of 1-10 ug it should be considered (Health Effects Institute, 2008).
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= |f the ambient concentration of benzene sampled is 1.0} dghen this
would lead to a concentration of approximately 0.40 pigjimthe

extracted solution.
l

hg _ mug o106
m

o Cair 22 =
air .
m3 Qg—=-tmin

o mug = Cgy, %x Qx n%x tmin X 10‘67:1—3
o mpug = 1.0%% x 80 x 10080 min x 107"
m = 0.8064 ug
o Added to 2 ml of C&during the extraction process:
0.8064 pg/2 ml CS= 0.40 pg mf
» The internal standard is originally pure liquid 2-fluorotoluene. A lower
concentration stock solution must be created so that a conveniently
measurable amount can be added to each solution during extraction.
o If we want to add 80 pl of internal standard to each tube during
extraction, then the final volume of solution in the tube would be
2.08 ml. The final concentration of internal standard should be 0.4
g mi*, so the concentration of stock solution can be calculated:
Cfinal X Vfinal

Cstock = % .
stoc
0449 « 2.08mi
C _ ml
stock 0.08ml
1g
Cstock = 10.4 —~

= To obtain an initial diluted solution, add 0.05 ml of the pure 2-
fluorotoluene to 9.95 ml of GS This creates 10 ml of a 5005 pgml
solution.

o The density of the pure 2-fluorotoluene is 1.001 g atl25C.

_ Ciitiat X Vinitial

Cfinal -

Vfinal
1.001% x 0.05ml
fina 10ml
59 ug

= To obtain a 25.025 ml solution of g®&ith 2-fluorotoluene present at a
concentration of 10.4 pg fi52 pl of the initial solution must be
added to 24.973 ml of GS

Cfinal X Vfinal

Vinitiat = C
initial
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10.429 « 25.025ml
ml

500529
ml

Vinitian = 0.052 ml

o This process must be done under the fume hood, using sterile,
calibrated micropipettes and sterile volumetric flasks (or other
glassware). The final solution must be stored in a sealed brown
glass vial and labeled with the concentration, date, and initials.
Store the final solution at 4°C.

Vinitiar =

6.2 Creating Standard Solutions for Calibration

6.2.1

The standard solutions should encompass the range of

concentrations likely to be seen in the samples taken in Hillsborough
County.

Since the concentrations in Hillsborough County are taken in a rural
area and actual concentrations in the urban area of the county are
unknown, concentrations seen in other urban areas of 1-10°pg m
should be taken into account when creating calibration standards
(Health Effects Institute, 2008).

Using the calculation given in section 6.1.2, the five calibration
standards should range from 0.10-4.0 pg mlorder to correspond to
the range seen in other areas. A preliminary sampling run was
completed with one sampler using this calibration range, and the
measured concentration was low, 0.44 pbanzene. A lower
calibration range should be used in order to better represent the lower
end of the calibration range.

The calibration standards created here will range from

0.10-1.75 pg mt.

The lower four standard concentrations should be made from serial
dilutions of the highest concentration standard.

All dilutions must be done underneath the fume hood, using sterile,
calibrated micropipettes and sterile volumetric flasks (or other
glassware).

The stock solution is benzene, with a density of 0.874gan25°C.

o This solution must first be diluted so that the very low
concentrations of benzene can be attained.

o To create a diluted working solution, 15 pl of benzene is added to
26.07 ml of CSto create 26.22 ml of a 500 pg hdolution of
benzene.

o To reduce the concentration even further, 1 ml of the previously
created 500 pg Misolution is added to 4 ml of G® create 5 ml
of a 100 pg mt solution.
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= Using this 100 pg i solution, the first standard solution of 1.82 ug
ml™ can be created using a dilution.

o _ (Vnewstandard)(cnewstandard)
0 Voriginal standard —

(Coriginal standard)

o Therefore, 167 pl of the 100 pg heolution must be added to
9.008 ml of CSto create 9.175 ml of the 1.82 pg'hstandard.
= From this first 1.82 pg riistandard, 4.848 ml are pipetted into a clean
vial, and it is diluted with 3.636 ml of GSThis creates a total of 8.485
ml of a 1.04 pg mt standard.
o A final volume of 4.327 ml of the 1.82 pg fnétandard remains.
= From this second 1.04 pg Métandard, 4.157 ml are pipetted into a
clean vial, and it is diluted with 5.081 ml of £SThis creates a total of
9.238 ml of a 0.47 ug Mistandard.
o A final volume of 4.327 ml of the 1.04 pg étandard remains.
= From this third 0.47 pg Mistandard, 4.911 ml are pipetted into a clean
vial, and it is diluted with 3.929 ml of GSThis creates a total of 8.840
ml of a 0.26 pg mt standard.
o A final volume of 4.327 ml of the 0.47 pg fnétandard remains.
= From this fourth 0.26 pg fistandard, 4.513 ml are pipetted into a
clean vial, and it is diluted with 6.770 ml of £SThis creates a total of
11.283 ml of a 0.104 ug rhistandard. Discard 6.956 ml of this final
standard solution so that a final volume of 4.327 ml remains.
o A final volume of 4.327 ml of the 0.26 pg Métandard remains.

6.2.2 Each calibration standard must have the internal standard present
at the same concentration. The internal standard stock solution created in
section 6.1 should now be added to each calibration standard solution
created in section 6.2.1.

= As specified in section 6.1, the final concentration of internal standard
in each calibration standard solution should be 0.4 g ml

= To obtain a concentration of 0.4 ugha-fluorotoluene, add 173 pl of
internal standard stock solution to every calibration standard for a final
total volume of 4.5 ml.

6.2.3 Since the volume has changed now that the internal standard has
been added, the new concentration of benzene in the calibration standard
must be calculated.

= This can be done using the equation in section 6.2.1.

(Vintial solution) (Cinitial solut:ion)

0 Cfinal solution —

(Vfinalsolution)

o For 4.327 ml of the 1.82 pg thktandard with 173 pl of the
internal standard stock solution added, the new concentration of the
standard will be 1.75 pg fhl
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(4.327 mi)(4.16 22
0 Cfinal solution = (4.5 ml)

o Cfinal solution = 4.0 —
The final concentrations of the five calibration standards are as
follows: 0.10 pg mf, 0.25 ug mf, 0.45 pg mf, 1.00 pg mt, 1.75 pg
mi™,

7. GC/MS Setup and Calibration
7.1 Creating the GC/MS Method Program

7.1.1

Create a new method using the “Method Builder” application in

the Star Toolbar.

Choose “Create a new method file” and click ok.

Choose the appropriate instrument file that contains both the GC and
MS.

Choose “2000 Mass Spec at address 40” as the detector module.
Choose “Channel 1=MS Data” for the channel to process and also
choose both “Standard MS Reports” and “MS Data Handling” for post
run processes for the MS detector.

Click finish, and using the Method Builder window click File and save
the method as “RAD130benzene”.

To edit the method, click each item on the left side table.

To edit the GC parameters, click each of the following items under the
“3800 GC Control” tab.

o “Autosampler”: Choose the appropriate model for the autosampler;
since the autosampler is model CP-8400, choose “8400".

o “Injector”: Since the injector is installed to the front injector
position, choose Front Injector Type “1079”. Change the injection
temperature to 240°C held for 0.00 min.

o “Flow/Pressure”: Since the injector is in the front position and
Electronic Flow Control is set-up, choose Front EFC Type “Type 1
(for 1079/1177 Injectors)”. Choose Constant Flow “On”, and
Column Flow “1.2” ml/min to set the rate of carrier gas through the
column.

o “Column Oven”: The first row will contain the first step of the
temperature program, so change it to Temp: 35, Hold: 9.00 min.
For the second part of the temperature program, set the second row
to Temp: 60, Rate: 5.0, Hold: 46.00 min. This will create a total
time of 60 minutes.

= To edit the MS parameters, use the folder level “2000 Mass Spec

Control”.
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o Under “MS Acquisition Method”, change the End of Delay (first
row)/Start time (second row) to “3.00” min so that the filament and
multiplier are turned off until after the solvent peak elutes. The End
time in the second row should be “60.00” min, since the entire
temperature program runs for 60 minutes. In the second row, Low
Mass should be set to 35 and High Mass should be set to 150, in
order to scan for all the possible ions from the analytes.

7.2 Instrument Performance Check
7.2.1 The first daily procedure is to perform the Instrument Performance
Check to ensure that there are appropriate air/water levels and to verify the
mass calibration and electron multiplier tuning.
= Open the System Control window and click on Manual Control.
= First, check the radio frequency (RF) voltage tuning of the ion trap by
clicking “Adjustments” and “Adjust RF Tuning”.

o If necessary, use a screwdriver to adjust the screw labeled “RF
Adjustment” inside the MS door until the screen reads “RF
Response is within limits”. Click “Done”.

= Next, adjust the calibration gas flow rate by clicking “Adjust Cal Gas”.
Turn the valve inside of the MS door clockwise to decrease or
counterclockwise to increase the calibration gas until the statuses at t
“OK” level. Click “Done”.
= Set the GC at 60°C, the high temperature for the method, for the Auto
Tune process.
= |n the “Manual Control” window, click the “Auto Tune” button and
choose “Air/Water Check” to check for leaks in the system, “Electron
Multiplier Tune” to auto-set the electron multiplier voltage, and “FC-43
Mass Calibration” to calibrate the mass axis. Click on “Start Auto
Tune”.
= |f any of the above checks falil, the system must be inspected for
possible problems and the samples may not be run until all checks are
acceptable.
7.2.2 A daily log of the instrument performance check parameters must
be kept.
7.3 Initial Calibration Check
7.3.1 To determine the sensitivity and linearity of the instrument, an
initial calibration run must be done before the first batch of samples, but
after an instrument performance check.
= The initial calibration check is done using a set of five standard
solutions of benzene that incorporate the range of concentrations
anticipated from the pilot sampling. The calibration standards are
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7.3.2

created using the method outlined in section 6. They should all contain
the internal standard, 2-fluorotoluene, at equivalent concentrations.
Use the following six concentrations of benzene for the calibration
standards, created as discussed in 6.2.3:

o 0.10 pg mit

o 0.25 pg mt

o 0.45 pg mt

o 1.00 pg mt

o 1.75 pg mt

The procedure for running the GC/MS system to analyze the initial

calibration standards is as follows:

Turn on the Saturn 3800-GC, 2000-MS, and open the helium flow gas.
Open the “System Control” program on the desktop computer that
controls the GC/MS system.
Run the instrument performance check, as instructed in section 7.2.
In the MS window “2000.407, click on the “Open Method” icon and
open the method “RAD130benzene” as created in section 7.1.1.
Click on the “Acquisition” button and wait until the screen shows
“Ready” and “No Faults”.
Open the GC window “3800.40” and make sure the GC says “Ready”.
Place the calibration standards in the autosampler carousel, noting
which sample is in each number slot.
Open the autosampler window “8400 Sampler” and create a sampler
list for the samples in the carousel.
o Sample Name: The name of the calibration standard in each slot,
the concentration of each standard can be used as the name.
o Sample Type: Specify that it is a calibration standard.
o Cal Level: For calibration standards, use 1 for the lowest
concentration standard and 5 for the highest concentration standard.
o Inj: Since no replication for calibration standards is necessary, enter
1.
o Vial: Enter the number position of the standard in the autosampler
carousel.
o Injection Volume: Enter 1.0; the volume of standard that will be
injected in microliters.
Click “Data File...” in the bottom right corner and choose where the
results will be saved.
Check both the GC (“3800.40”) and MS (“2000.40”) windows to make
sure the status is still “Ready”.
Open the “8400 Sampler” window and click “Begin” to start the runs.
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= To view the results, right click the tab for your method on the left side
of the screen and click “View Chromatograph”, then choose the folder
where the results are saved and open the file for the sample to see the
chromatogram.

7.3.3 In order to facilitate the analysis of unknown samples, these
calibration results should be added to the method created previously. To
view a chromatogram from the calibration standards, right click the tab for
your method on the left side of the screen and click “View
Chromatograph”, then choose the folder where the results are saved and
open the file for the 1.75 pg thstandard to see the chromatogram.

= |In the open window with the chromatogram, click “Spectrum List” and
then “Create New Spectrum List”. Save it in the desired folder and
click “Yes” to make it the active spectrum list.
= To build the list automatically, click the “Spectrum List” menu and
select “Build the Spectrum List from Active Chromatogram”. A new
window will appear that contains a list of the peaks found in the
chromatogram. Click “Library Search Spectrum List” and the table
will be updated with compound identifying information for each peak.
Delete all peak entries except for benzene and 2-fluorotoluene. Click
“Update all Searches with Matches” to save these results to the list.
= To edit the method, click on the method button on the side of the
workstation and select “View/Edit Method”. Under “MS Data
Handling” in the right menu, select the “Calculations” menu. Make
sure the following parameters are selected:
o “Measurement Type”: Area
o “Calibration Type”: Internal Std
o “RF to Use”: Nearest Internal Std
o Check the boxes for “Report Missing Peaks”, “Report Unknown
Peaks”, and “Library Search Unknown Peaks”.
= Under “MS Data Handling” in the right menu, select the “Compound
Table” menu. A dialog box will pop up to ask to select a file to create
the list; select the 1.75 pg Thfile used to create the spectrum list
earlier. Below the Compound Table, click the button that says “Import
Compound List” and select the spectrum list created earlier in this
section. Click “Select” and this list will be imported into the Method
Builder window.
= |In the table, double click on the entry for benzene in the “Compound
ID” table. Change the following parameters:
o Click “Analyte” as Compound Type.
o Enter the CAS number for benzene without dashes, 71432.
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7.3.4

o Click the “Next” button for 2-fluorotoluene and change Compound
Type to “Internal Standard” and enter the CAS number, 95523.
Click “previous” to return to benzene.

Click on the “Calculations” tab at the top of the window. Change the
following parameters:

o For “# Calibration Levels” choose 5, since there are five calibration
standards.

o Choose linear for the “Curve Fit Type” and ignore for “Origin
Point”, so the calibration will be a line that is not forced to go
through the origin.

o Enter the concentrations of the calibration standards in the “Cali
Level Amounts” boxes, placing the lowest concentration (0.10) in
the number one box and going in order so the highest concentration
(1.75) is in the number five box. For “Results Units” enter
“‘ug/ml”.

o Click “Next” to see the information for 2-fluorotoluene. The
concentration of the internal standard is the same in all of the
samples, so for the “Cali Level Amounts” enter 0.4 in all five of the
boxes. Click previous to return to benzene.

Save the changes to the method and exit the Method Builder.
Next, a Recalculation List needs to be created that will contain all

of the data files for establishing the calibration curve and later analysis
files. To create this, click the “Automation File Editor” button on the
workstation toolbar. Under the File menu, choose “New” and then “Recalc
List”. Create a name for the list and save in the desired folder.

In the first row, select “New Calib Block” in the Sample Type field in
order to start a new calibration block.

In the second row, select the “Data File” box and click “Add” and
browse for the result file for the first calibration sample of 0.10 ul ml
Select “Calibration” in the “Sample Type” field and enter the “Cal.

Level” as 1 since this concentration was set as the first calibration level
in the method.

Repeat the above steps in rows 3-5, selecting the file for each
calibration standard in order of increasing concentration.

Save the list and exit the Automation File Editor.

To view the calibration curve results, click the “Results” button in the
MS Data Review toolbar. To manually choose the area to be
integrated, click on the peak name in the top table. The integration area
will be shown in the bottom of the window. Click on the white arrows
pointing to either end of the integration area and drag to the appropriate
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points, if necessary. Repeat for both the benzene and the internal
standard peak in each file. Save the results.

7.3.5 The calibration curve can be viewed by clicking on the
“Maximize/Restore Calibration Curves” button in the bottom left corner of
the window. The %RSD, coefficient of determination, and equation of the
line of best fit are calculated and shown above the graph.

7.3.6 For each calibration standard, several calculations should be made.

= Create a table of the following form:

Table B1 Sample quality control table. Used to establish the quality assurance gaideline
for the initial calibration check.

Calibration
Standard
Number RRF; RRT; Ais,i RTis,i
1
2
3
4
5
Mean RRF RRT Ajq RT;q
Standard
Deviation SRR
Ajsi—As
| ma [
Quality ax|[RRT; ' max| Tis,;
Value | %RSD R_]I 100| — RT,]|
Criteria < 30% < 0.06 minutes <40% < 20 seconds

» The RRFis the relative response factor of benzene versus the internal
standard. For each standard, it is calculated as:

AiCis

A5, Gy

RRF, =

o A; = Area of the primary ion for benzene, count.
o Aisj = Area of the primary ion for the internal standard, count.
o Cisj = Concentration of the internal standard spiking mixture, ppbv.
o C; = Concentration of benzene in the calibration standard, ppbv.
» The RRT s the relative retention time for benzene (RRT) for each
calibration standard. It can be calculated as:
T;

RRT; =
" RTy;
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o RT; = Retention time of benzene.
o RTisj = Retention time of the internal standard in the calibration
standard.
Next, calculate the mean of each column in the table, i.e. calculate
RRF, RRT, A, RT;,, and insert the values in the table as shown. The
mean of any variable can be calculated as:

- _ yn X
0 X = Li=17,

Calculate the standard deviation (B and the percent relative
standard deviation (%RSD) for the relative response factor of benzene

using theRRF. They can be calculated as follows:

n
1 S
SDRRF = HE(RRFL - RRF)Z
i=1

SD
%RSD = R_I’;;‘;F x 100

o Insert these values into the table, as shown. The %RSD is the
guality value for the RRF column.

Calculate the quality value for the RRT column. For this column, the
guality value is the maximum absolute difference between; RRT
RRT, i.e..
max|[RRT; — RRT]|

o Insert this value into the table, as shown.
Calculate the quality value for thgs&olumn. For the area response of
the internal standard, the quality value is the maximum absolute
percentage difference betweep;AndA;;, i.e.:

Aigi — Ay
max [M x 100

LS
o Insert this value into the table, as shown.
Calculate the quality value for the retention time (R Tolumn. The
quality value for this column is the maximum absolute difference
between RT; andRT;, i.e.:
max|[RT;s; — RTs]|
o Insert this value into the table, as shown.
The quality values calculated above must fall within the following
ranges in order to pass the initial calibration check.
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o The %RSD and RRF for benzene at each standard concentration
must be less than 30%, with at most two exceptions that do not
exceed 40%.

o The RRT for benzene at each calibration standard concentration
must be within 0.06 minutes of tRRT for benzene.

o The area response{f of each internal standard must be within
40% of the mean area respondg

o The retention time shift of the internal standard over the calibration
range must be within 20 seconds of the mean retention time for the
internal standard.

If the above criteria are not met, inspect the GC/MS system for any
problems or maintenance that may be necessary. Rerun the initial
calibration standards.

7.4 Daily Calibration Check

7.4.1

After the first initial calibration check, a daily calibration check

needs to be run once every 24 hours when analyzing samples.

The daily calibration check is run once every 24 hour period, after an
instrument performance check but prior to analyzing samples.
Run the 0.45 mi benzene initial calibration standard solution using the
method and procedure given in section 7.3.2.
Calculate the relative response factor for benzene, as in section 7.3.3.
Calculate the percent difference (%D) of the daily RRF fromRR&Y
that was calculated in the most recent initial calibration.

RRE. — RRE,
%D = ———— x 100

RRE,

o RRF. = RRF of benzene in the daily calibration standard.

o RRF; = Mean RRF of benzene in the most recent initial calibration.
The value calculated above must fall within the following ranges in
order to pass the daily calibration check.

o The %D for benzene must be within £30% in order to proceed with

sample analysis.
If the daily calibration check does not meet the above criteria, the
system must be inspected for any problems or maintenance that may be
needed. After any maintenance on the machine, the initial calibration
check must be run again.
If there are a small number of samples to be analyzed spanning only a
few days time, a daily calibration curve may be developed each day
using the initial calibration check parameters. In order to assess
between day confidence, the daily calibration check criteria should still
be met.
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7.4.2 A control chart of %D values from the daily calibration checks
must be maintained.

Daily Control Chart

%D

¢ —+/- 30%

01 2 3 45 6 7 8 9 1011
Day

Figure B1 Sample daily control chart. Used to ensure the daily calibration checks meet
quality assurance criteria.

8. Sample Analysis
8.1 Sample Preparation
8.1.1 The sampling cartridges should be removed from the field and

stored in their respective glass tubes at 4°C before desorption.

8.1.2 The field blank cartridges should be stored in their glass tubes at
4°C. They will be extracted and analyzed with the other samples.

8.1.3 Laboratory blanks will be extracted in the same way as the field
samples. Two laboratory blanks will be extracted and analyzed for every
sampling deployment.

8.1.4 The cartridges should be extracted within six months from when
the sampling period ended.

8.2 Sample Extraction

8.2.1 The cartridges to be extracted are described in section 8.1; they
include all field samples, the field blanks and laboratory blanks.

8.2.2 The following steps should be taken underneath a fume hood, with
proper personal protective equipment, due to health effects associated with
carbon disulfide.

= Pipette 2 ml of Cginto the glass vial containing the RAD130
cartridge.

= Add 0.80 pul of the 2-fluorotoluene internal standard stock solution, as
created in section 6.1.

= Recap the glass vial securely, and gently shake the tube, allowing the
sorbent cartridge to act as an internal stirrer.

75



= Allow the cartridge to sit in the solution for 30 minutes, agitating
occasionally.

= After 30 minutes, transfer 1 ml of the solution into a clean, labeled 1 ml
GC vial.

= Seal the GC vial using an aluminum crimp top with septum. Discard
the cartridge and store the remaining solution in the capped glass tube.
Both of these containers must be stored at 4°C until analysis.

8.2.3 These solutions are stable at 4°C until analysis, but thesCS
capable of evaporating through the plastic cap of the cartridge tube. Since
an internal standard has been added, the only concern with the evaporation
is the loss of solution.

8.3 GC/MS Analysis of Samples

8.34 Prior to sample analysis, an instrument performance check should
be performed as well as the appropriate initial/daily calibration, in
accordance with section 7.

8.3.5 The analysis is performed under the following conditions and
specifications:

= Column: CP-Sil 8 CB; 5% Phenyl 95% Dimethylpolysiloxane (50m x
0.25mm x 0.25um)

= Carrier Gas. Helium

= Flow Rate: 1.2 ml min*

= Temperature Programming: Initial Temperature of 35°C for 5 minutes,
ramped to 60°C at 5°C nifnhold for 46 minutes

= |[njection Volume: 1 pl

8.3.6 The sequence of analysis for each group of samples should consist

of:
= The initial or daily calibration check, in accordance with section 7.
= One laboratory blank and two field blank samples.
o Must be analyzed for every group of 20 samples.
o Must be analyzed in triplicate.
= Field samples of unknown concentration for analysis.
o Must be analyzed in triplicate. This is done by using the
autosampler sampling list, as described in section 8.3.4.
= Remaining laboratory blank.
8.3.7 The procedure for running the GC/MS system to analyze each
batch of samples consists of the following:
= Turn on the Saturn 3800-GC, 2000-MS, and open the helium flow gas.
= Open the “System Control” program on the desktop computer that
controls the GC/MS system.
= Run the instrument performance check, as instructed in section 8.2.
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In the MS window “2000.40", click on the “Open Method” icon and
open the method “RAD130benzene” as created in section 7.1.1.
= Click on the “Acquisition” button and wait until the screen shows
“Ready” and “No Faults”.
= Open the GC window “3800.40” and make sure the GC says “Ready”.
= Place the samples in the autosampler carousel, noting which sample is
in each number slot.
= Open the autosampler window “8400 Sampler” and create a sampler
list for the samples in the carousel.
o Sample Name: Enter the name of the sample.
o Sample Type: Specify that these are analysis samples.
o Cal Level: These are not calibration standards, so this can be left
blank.
o Inj: Enter how many times the sample should be injected
(replicated); this is 3 for unknown samples and blanks.
o Vial: Enter the position of the sample in the autosampler carousel.
o Injection Volume: Enter 1.0; the amount of sample to be injected in
microliters.
= Click “Data File...” in the bottom right corner and choose where the
results will be saved.
= Check both the GC (“3800.40”) and MS (“2000.40”) windows to make
sure the status is still “Ready”.
= Open the “8400 Sampler” window and click “Begin” to start the runs.
= To view the results, right click the tab for your method on the left side
of the screen and click “View Chromatograph”, then choose the folder
where the results are saved and open the file for the sample to see the
chromatograph.
8.4 Chromatograph Results Analysis
8.4.1 In the MS Data Review window, select the chromatograph of the
first analysis sample as the active file.
= Click the “Process Data” box in the menu toolbar. Make sure that the
boxes for “Make Reports” and “Preview Reports” are checked. Click
“Process”. This will calculate the concentration of the analysis sample
(in pg mi*) based on the previously run calibration data.
= Choose “Print™= “Summary Reports=> “Printed” to view the print
preview screen for the analysis. The retention time, area, and
concentration of benzene and 2-fluorotoluene are shown in the report.
Save this data for further calculations.
= Repeat these steps for each of the analysis samples run in section 8.3.
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8.4.2 The results from the previous section contain the concentration of
benzene in each of the analysis samples, in units of jig id determine
the mass of benzene recovered from each cartridge, this number must be
multiplied by the total volume of G&dded during elution.

" m (,ng) = Csample (%) X Vtotal (ml)

* m (ug) = Csample (%) X 2.08 ml
= Use the above equation to calculate the mass of benzene collected from
each cartridge.

8.4.3 Calculate the average mass found in the field blank samples.
Subtract this mass from the mass found in each exposed cartridge. This
new mass is the value that will be used to calculate the ambient
concentration of benzene.

" Mginat = Msample — Mblank,avg

8.4.4 The sampling rate, Q, is dependent on the average temperature
during the sampling period. Using the hourly temperature data from the
Tampa International Airport collected during the sampling period, cédcula
the average temperature. Use the following equation to determine the
sampling rate:

1.5

" Qr = Q298 (TI,(S)
Where Q is the sampling rate at average temperature,lg iQthe
sampling rate for the compound at 298 K (for benzene, this is 80 ml
min™), and K is the average temperature during the sampling period.

= Hourly wind speed and humidity data should also be collected from the
Tampa International Airport. This calculated sampling rate has been
demonstrated to be stable for wind speeds of 0.1-16 anag within
the humidity range of 15-90%.

8.4.5 Calculate the ambient concentration of benzene observed at each
sampling location using the following equation:

m ml
- airu_ggz ml#g X106_3
m Qx——-tmin m

Where G;; is the ambient concentration of benzene, m is the final mass
of benzene calculated in section 8.4.3j$the sampling rate as
calculated in section 8.4.3, and t is the sampling time for the sample in
minutes.

9. Quality Control
9.1 Standard Operating Procedures
These standard operating procedures for the GC/MS analysis of benzene from
Radiello RAD130 samplers have been created for guidance in the laboratory.
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The SOP should be followed and understood in order to minimize human
procedure error.

9.2 GC/MS System Performance
The instrument performance check is done in order to make sure the GC/MS
system is in good working order. The RF voltage for the ion trap is checked
and calibrated, as well as the level of the calibration gas. The Auto Tune
procedure checks the air and water levels to ensure that there are no leaks in
the system. It also performs mass calibration and tuning of the electron
multiplier.

9.3 Sensitivity
The sensitivity of the instrument towards the target analyte is determined
through the initial calibration check. A table of area response for both benzene
and 2-fluorotoluene is created, with the corresponding concentrations and
retention times. The relative retention time, the mean area response and the
retention time shift for the compounds in the table must fall in the guidelines
set by section 7.3.3. If the criteria are not met, the GC/MS system must be
inspected for any problems or routine maintenance that may be needed.

9.4 Control Chart
To ensure that the system stays in control, a daily calibration check is run once
every 24 hour period during analysis. The percent difference (%D) between
the relative response factor of the daily calibration standard and the mean
relative response factor from the initial calibration is calculated. T¥&se
values are recorded in a chart (as seen in section 7.4.2) and kept as a log to
ensure the method is in control and the samples analyzed are valid. If the
criteria are not met, the GC/MS system must be inspected for any praiiems
routine maintenance that may be needed.

9.5 Blanks
Two different types of cartridge blanks are extracted and analyzed in this
procedure: laboratory blanks and field blanks. Laboratory blanks control for
any contamination that may have been introduced during the extraction and
analysis process of the samples. Field blanks controls for any contamination
that may have been introduced during the transport and handling of the
sampling devices.

9.6 Limit of Detection
The limit of detection for the method is determined by using the measurements
of the field blanks. The limit of detection is calculated as three times the
standard deviation of the field blank samples.
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n

1 —\2

LOD = 3- |&+— 1Z(Xﬂ,,i — Xrp)
=

Where X, is the concentration of benzene in the field blank.

9.7 Precision
The precision of the samplers will be assessed by duplicate samplers exposed
at the same sampling site. The precision of the GC/MS analysis will be
achieved through replicate analysis (three injections) of each sample.

9.7.1 The percent difference (%D) will be calculated as a measurement
of the precision for the samplers. The average value of the three replicate
analyses for each of the duplicate samplers will be used to calculate the
%D for the duplicate samplers.

|, — x| )

%D = 100

Wherex; andx, are the measurements to be comparedyxasadheir
average.

9.7.2 The percent difference between the two duplicate samplers will be
used to represent the uncertainty of the measurements taken during the
sampling period.
error = +(%D - x,)

= The variablex, represents the average concentration of three replicate
analyses of the sample taken at one sampling site.
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APPENDIX C:

QUALITY ASSURANCE DATA

In Appendix B, guidelines for quality assurance regarding GC/MS perfoananc
are outlined. Since this pilot study contained a relatively small number pfesgra full
batch of calibration standards were run on each day of analysis, immegdratding
the samples. Three days were needed to analyze all samples, there¢osetthod
calibration standards were run and checked against the criteria outlinkd foitial

calibration check in Appendix B. The data obtained met all criteria and aykomest

Table C1Quality assurance data obtained on 6/13/2011.

Calibration

Standard RRF; RRT; Ais; RTisj

Number
1 1.4752 0.5409 30013 12.322
2 0.8924 0.5531 37970 12.426
3 0.9742 0.5427 25266 12.341
4 0.8917 0.5459 27519 12.368
5 0.9650 0.5459 25284 12.369
Mean 1.0397 0.5457 29210.4 12.3652
Standard
Deviation 0.2465
Quality Value 23.7116 0.0074 13.0942 0.0608
Criteria < 30% < 0.06 minutes <40% < 0.33 minutes
Criteria Met? yes yes yes yes
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Table C2Quality assurance data obtained on 6/14/2011.

Calibration

Standard RRFi RRTi Ais,i RTis,i

Number
1 1.4567 0.5486 23373 12.399
2 1.0153 0.5520 23819 12.418
3 0.9957 0.5506 21396 12.417
4 0.8384 0.5515 25937 12.411
5 0.8966 0.5504 20573 12.401
Mean 1.0406 0.5506 23019.6 12.4092
Standard 0.2436
Deviation
Quality Value 23.4144 0.0020 7.0726 0.0102
Criteria < 30% < 0.06 minutes <40% < 0.33 minutes
Criteria Met? yes yes yes yes

Table C3Quality assurance data obtained on 6/15/2011.
Calibration

Standard RRFi RRTi Ais,i RTis,i

Number
1 1.5658 0.5505 18760 12.406
2 1.0331 0.5517 19451 12.408
3 1.0095 0.5522 18066 12.415
4 0.8739 0.5498 24276 12.393
5 1.0855 0.5517 16275 12.427
Mean 1.1136 0.5512 19365.6 12.4098
Standard 0.2646
Deviation
Quality Value 23.7623 0.0014 10.3189 0.0172
Criteria < 30% < 0.06 minutes <40% < 0.33 minutes
Criteria Met? yes yes yes yes
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In order to assess the between-day confidence through quality control, a daily
calibration check was done using the 0.45 pgstandard. The relative response factor
(RRF) of this standard each day was compared to the mean relative respamnsd fhet
day one calibration data. The percent difference of the daily RRF frometiie RRF

was calculated. A system in control gives a percent difference within 30%.

40 -
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-40 T T T 1
0 1 2 3 4
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Figure C1 Daily control chart. The mid-level calibration standard was used as the daily
control check.
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APPDENIX D:

CHROMATOGRAMS FROM SAMPLE ANALYSIS
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Figure D1 Chromatogram of the 0.1 pg Tntalibration standard.
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Figure D2 Chromatogram of the 0.25 pg intalibration standard.
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Figure D3 Chromatogram of the 0.45 pg intalibration standard.
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Figure D4 Chromatogram of the 1.0 pg Tntalibration standard.
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Figure D6 Sample chromatogram of an unknown sample. This chromatogram is from
sampling site 5.
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