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Foreword

The U.S. Environmental Protection Agency (EPA) Office of Research and Development (ORD) and the
Centers for Disease Control and Prevention (CDC) Agency for Toxic Substances and Disease Registry
(ATSDR) have worked collaboratively to complete the research activities on synthetic turf playing fields
under the “Federal Research Action Plan on Recycled Tire Crumb Used on Playing Fields and
Playgrounds” (FRAP). The Agencies have released the research activities’ results in two parts. The Part
1 Report (U.S. EPA & CDC/ATSDR, 2019) summarizes the research effort to characterize tire crumb
rubber, which includes characterizing the components of, and emissions from, recycled tire crumb
rubber. The exposure characterization report (Part 2 — this report) summarizes the potential exposures
that may be experienced by users of synthetic turf playing fields with recycled tire crumb rubber infill,
such as how people come in contact with the materials, how often and for how long. It includes the
results from a supplemental biomonitoring study conducted by CDC/ATSDR. This Part 2 exposure
characterization report completes FRAP efforts with respect to playing fields.

The study is not a risk assessment; however, the results of the research described in the FRAP reports
will advance our understanding of exposure to inform the risk assessment process. We anticipate that the
results from this multi-agency research effort will be useful to the public and interested stakeholders to
understand the potential for human exposure to chemicals found in recycled tire crumb rubber used on
synthetic turf fields.

This report has been prepared to communicate to the public the research objectives, methods, results and
findings for the exposure characterization research conducted as part of the Federal Research Action
Plan. The report has undergone independent, external peer review in accordance with EPA and CDC
policies. A response-to-peer review comments document accompanies the release of the Part 2 report.

The mission of the EPA is to protect human health and the environment so that future generations inherit
a cleaner, healthier environment that supports a thriving economy. Science at EPA provides the
foundation for credible decision-making to safeguard human health and ecosystems from environmental
pollutants. ORD is the scientific research arm of EPA, whose leading-edge research helps provide the
solid underpinning of science and technology for the Agency. ORD supports six research programs that
identify the most pressing environmental health research needs with input from EPA offices, partners
and stakeholders.

CDC works 24/7 to protect America from health, safety and security threats, both foreign and in the
United States. ATSDR is a non-regulatory, environmental public health agency that was established by
Congress under the Comprehensive Environmental Response, Compensation, and Liability Act of 1980.
ATSDR protects communities from harmful health effects related to exposure to natural and man-made
hazardous substances by responding to environmental health emergencies; investigating emerging
environmental health threats; conducting research on the health impacts of hazardous waste sites; and
building capabilities of and providing actionable guidance to state and local health partners.

Maureen Gwinn Aaron Bernstein
Principal Deputy Assistant Administrator for Science Director
EPA Office of Research and Development Agency for Toxic Substances and Disease

Registry
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1. Executive Summary

In 2016, the Centers for Disease Control and Prevention/Agency for Toxic Substances and
Disease Registry (CDC/ATSDR) and the U.S. Environmental Protection Agency (EPA), in
collaboration with the Consumer Product Safety Commission (CPSC), launched a multi-agency
research effort known as the Federal Research Action Plan on Recycled Tire Crumb Used on
Playing Fields and Playgrounds (FRAP). To address the public’s concerns about the use of
recycled tire crumb rubber on synthetic turf fields, the FRAP focused on assessing potential
human exposure, which includes conducting research activities to characterize the chemicals
associated with recycled tire crumb rubber and to identify the ways in which people may be
exposed to those chemicals based on their activities on synthetic turf fields [EPA and
CDC/ATSDR 2019].

In 2022, CDC/ATSDR conducted a biomonitoring study to supplement the FRAP’s pilot-scale
human exposure study conducted in 2017 [EPA and CDC/ATSDR 2024]. This report summarizes
key findings as they relate to the following objectives:

e Objective 1: Expand upon the FRAP’s pilot-scale study by including a larger sample size
of synthetic turf with recycled tire crumb rubber infill users and a comparison group of
natural grass field users.

e Objective 2: Examine potential associations in pre- and post-activity urinary polycyclic
aromatic hydrocarbon (PAH) metabolite concentrations with field type (i.e., synthetic
turf fields with recycled tire crumb rubber infill and natural grass fields).

e Objective 3: Compare study participants’ urinary concentrations to those found in the
noninstitutionalized general U.S. population using National Health and Nutrition
Examination Survey (NHANES) data.

CDC/ATSDR’s biomonitoring study included questionnaire administration to participants and
the collection of pre- and post-activity urine sampling. Results compiled from a total of 161
study participants aged between 7—77 years are included in this report. The 7 urinary PAH
metabolites assessed at the CDC National Center for Environmental Health (NCEH) Division of
Laboratory Sciences (DLS) included: 1-hydroxynaphthalene (1-NAP), 2-hydroxynaphthalene (2-
NAP), 2-hydroxyfluorene (2-FLU), 3-hydroxyfluorene (3-FLU), 1-hydroxyphenanthrene (1-PHE),
1-hydroxypyrene (1-PYR), and the sum of 2-hydroxyphenanthrene and 3-hydroxyphenanthrene
(2 & 3-PHE).

Notably:

e Pre- and post-activity differences in urinary PAH concentrations were not associated
with field type (i.e., synthetic turf with recycled tire crumb rubber infill and natural grass
fields).

e Pre- and post-activity differences in urinary PAH concentrations varied by statistical
method and urinary dilution adjustment (i.e., specific gravity, creatinine) method.




e The best predictor of post-activity urinary PAH concentration was pre-activity
concentration.

e Except for 2-NAP, pre-activity PAH concentrations were lower than those in the general
U.S. population (NHANES 2015-2016).

These results indicate recycled tire crumb rubber infill users and natural grass field users
experienced similar differences in pre- and post-activity PAH concentrations. Importantly,
CDC/ATSDR’s biomonitoring study as detailed in this report is not a risk assessment. However,
combined with the initiatives of the FRAP, this study’s findings contribute to the extensive
research portfolio regarding the use of tire crumb rubber infill in playing fields.

2. Introduction

There are more than 12,000 synthetic turf fields installed in the United States [STC et al. 2016].
Millions of people use and/or work at these synthetic turf fields across a range of settings,
including municipal and county parks; schools, colleges, and universities; professional sports
stadiums and practice fields; and military installations. Approximately 95% of synthetic turf
fields utilize small pieces of recycled tire (“recycled tire crumb rubber”) either as infill
exclusively or in mixture with sand or alternative infills [STC et al. 2016]. Tires are manufactured
with a range of chemicals; additionally, tires may also pick up and absorb chemicals over their
lifetime of use and serve as a sorbent for chemicals in the air and dust [EPA and CDC/ATSDR
2019]. Users of synthetic turf fields with recycled tire crumb rubber infill can potentially be
exposed to chemicals such as polycyclic aromatic hydrocarbons (PAHs) in a variety of ways,
including while breathing (i.e., inhalation exposure), contacting the material with their skin (i.e.,
dermal exposure), and by ingesting the material (i.e., ingestion exposure) [EPA, CDC/ATSDR,
and CPSC 2016; EPA and CDC/ATSDR 2019].

Parents, athletes, schools, and communities have raised concerns about the safety of recycled
tire crumb rubber used as infill for playing fields and playgrounds. To fill important data gaps
and address key environmental and human health questions regarding the use of recycled tire
crumb rubber, the Centers for Disease Control and Prevention/Agency for Toxic Substances and
Disease Registry (CDC/ATSDR), U.S. Environmental Protection Agency (U.S. EPA), and U.S.
Consumer Products and Safety Commission (CPSC) launched the Federal Research Action Plan
on Recycled Tire Crumb Used on Playing Fields and Playgrounds (FRAP) in 2016.! Key activities
since performed as part of the FRAP included: a literature review and data gaps analysis [EPA,
CDC/ATSDR, and CPSC 2016]; a tire crumb rubber characterization study [EPA and CDC/ATSDR
2019]; and a human exposure characterization study [EPA and CDC/ATSDR 2016 Research
Protocol; EPA and CDC/ATSDR 2024].

The primary aims of the human exposure characterization research study were to (1) collect
human activity data for synthetic turf field users that will reduce the reliance of default
exposure factor assumptions in exposure and risk assessment; and (2) conduct an exposure
measurement sub-study for people using synthetic turf fields with tire crumb rubber infill, in

!Additional information describing the FRAP are available at: https://www.atsdr.cdc.gov/frap/index.html.
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what are likely to be among the higher exposure scenarios to improve understanding of
potential exposures, particularly for the dermal and ingestion exposure pathways [EPA and
CDC/ATSDR 2016 Research]. To meet these objectives, CDC/ATSDR and U.S. EPA collaborated
on a pilot-scale human exposure characterization study among field users of synthetic turf with
tire crumb rubber infill (Office of Management and Budget [OMB] Control No. 0923-0058). The
pilot-scale study involved questionnaire administration and several types of sample collection,
including field environment samples, personal samples (air, dermal wipes), and biological
samples (urine and blood pre-activity and post-activity). The sample size for biological
measurements was small: 14 participants provided urine samples and 13 provided blood
samples. Urine samples were analyzed for 7 PAHs and serum samples derived from the blood
samples were analyzed for metals. Results from the pilot-scale study are detailed in the FRAP
Part 2 Report [EPA and CDC/ATSDR 2024].

In spring and summer 2022, CDC/ATSDR conducted participant recruitment for a supplemental
biomonitoring measurements study regarding exposure during activities performed on
synthetic turf fields with tire crumb rubber infill (OMB Control Number: 0923—0062). The design
of this study addressed limitations of the 2017 pilot study, including the small sample size of
participants and a lack of a comparison population. CDC/ATSDR’s supplemental biomonitoring
study included questionnaire administration and pre- and post-activity urine sampling among
users of synthetic turf fields with tire crumb rubber infill and users of natural grass fields. Data
collection efforts were consistent with those in the original pilot study’s research protocol [EPA
and CDC/ATSDR 2016 Research Protocol] but modified in scope (i.e., questionnaire
administration and urine sampling but no blood sampling) to achieve the following objectives:

Objective 1: Expand upon the pilot-scale study by including a larger sample size of synthetic turf
with recycled tire crumb rubber users and a comparison group of natural grass field users.

Objective 2: Examine potential associations in pre- and post-activity urinary PAH metabolite
concentrations with field type (i.e., synthetic turf fields with recycled tire crumb rubber infill
and natural grass fields).

Objective 3: Compare study participants’ urinary PAH concentrations to those found in the
noninstitutionalized general U.S. population using National Health and Nutrition Examination
Survey (NHANES) data.

3. Methods

3.1. Recruitment

Study participants were recruited from 3 athletic facilities (2 outdoor and 1 indoor, as shown in
Figure 1) in two U.S. census regions? during April-September 2022. The two outdoor facilities

2The U.S. census regions are four geographic groupings of states that subdivide the United States, including:
Midwest (lllinois, Indiana, lowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, North Dakota, Ohio, South
Dakota, and Wisconsin); Northeast (Connecticut, Maine, Massachusetts, New Hampshire, New Jersey, New York,




consisted of synthetic turf fields with tire crumb rubber infill co-located with natural grass
fields. The single indoor facility consisted of a synthetic turf field with tire crumb rubber infill. At
the time of study recruitment, the indoor field with recycled tire crumb rubber infill was
approximately 4 years old, while the 2 outdoor synthetic turf fields with recycled tire crumb
rubber infill were approximately 8 and 9 years old. Natural grass field users served as a
comparison group for examining the potential association between pre- and post-activity PAH
concentration differences with field type. The synthetic turf fields were previously included in
the tire crumb characterization research activity of the FRAP (OMB Control No. 0923-0054).

Eligible study participants included a convenience sample of field users ages 7 years and older
who engaged in physical activity on the synthetic turf fields with recycled tire crumb rubber or
natural grass fields. Exclusion criteria included those who self-reported smoking or living in a
household with someone who smokes. Additionally, natural grass participants were excluded if
they indicated playing on synthetic turf with tire crumb rubber infill in the past 24 hours. Field
users were asked to complete a study questionnaire and provide both pre- and post-activity
urine samples.

Figure 1. Overview of Three Facilities for Recruitment of Study Participants

- Facility 1
o * Qutdoor facility
E ¢ H_ =y * Natural grass and synthetic turf fields (co-located)
Facility 2
* Indoor facility
EE * Synthetic turf field

Facility 3

HoQ-i«

*  Qutdoor facility
* Natural grass and synthetic turf fields (co-located)

The study was performed in accordance with all required human subjects reviews and
protections specified in the Code of Federal Regulations (45 CFR part 46 for the U.S.
Department of Health and Human Services [HHS]) and in other applicable policies on human
subjects at CDC/ATSDR. The data collection components of the tire crumb rubber exposure
study went through the Office of Management and Budget (OMB) Information Collection
Request (ICR) review process (OMB Control Number: 0923-0062). As a waiver of documentation

Pennsylvania, Rhode Island, and Vermont); South (Alabama, Arkansas, Delaware, District of Columbia, Florida,
Georgia, Kentucky, Louisiana, Maryland, Mississippi, North Carolina, Oklahoma, South Carolina, Tennessee, Texas,
Virginia, and West Virginia); and West (Alaska, Arizona, California, Colorado, Hawaii, Idaho, Montana, Nevada, New
Mexico, Oregon, Utah, Washington, and Wyoming).




of informed consent was in place, the only record linking the participants to the research was a
consent document and study ID; no names or other personally identifiable data were
collected.® A two-year extension for the research study was granted due to delays encountered
with the COVID-19 pandemic.

3.2. Data Collection

3.2.1. Questionnaire Administration

Questionnaires were administered to eligible field users on the date of urine sampling
collection to obtain information on participant activity patterns that could affect the duration
or frequency of their potential exposures. Participants were informed the questionnaire would
take about 30 minutes to complete. Depending on the age of the participant, slightly different
guestionnaire versions were used for administration either directly to participants ages 13
years or older, or to a parent or guardian of participants ages 7-12 years. Questionnaire items
also included non-activity-related factors that could affect PAH concentrations, such as
demographics (e.g., age, gender, and race), mode of commute to the field, and consumption of
grilled foods in the past 24 hours, among others.

3.2.2. Urine Sample Collection and Processing

Both pre- and post-activity urine samples were collected to control for baseline body burden
levels and adjust for the effects of metabolic processes to better isolate the effects of activity
and potential exposure related to recycled tire crumb rubber infill. Consistent with the FRAP
pilot study protocol for urine collection, preparation, and storage procedures, participants were
provided with a sealed sterile urine collection cup to provide urine samples on-site using either
facility restrooms or port-a-potties. Samples were shipped on dry ice to the CDC National
Center for Environmental Health (NCEH) Division of Laboratory Sciences (DLS) for measurement
of PAH metabolites, specific gravity, and creatinine concentrations. In alignment with the CDC
NHANES panel [CDC 2020], 7 PAH metabolites were quantified using online solid phase
extraction high performance liquid chromatography/tandem mass spectrometry (SPE-HPLC-
MS/MS) [Wang 2017]. The PAH metabolites included 1-hydroxynaphthalene (1-NAP), 2-
hydroxynaphthalene (2-NAP), 2-hydroxyfluorene (2-FLU), 3-hydroxyfluorene (3-FLU), 1-
hydroxyphenanthrene (1-PHE), 1-hydroxypyrene (1-PYR), and the sum of 2-
hydroxyphenanthrene and 3- hydroxyphenanthrene (2 & 3-PHE).*

3Detailed information describing the consenting process, forms, and protocol including Supplemental Exposure
Measurement Supplemental Study Materials and questionnaires are available at:
https://www.reginfo.gov/public/do/PRAViewlICR?ref nbr=202106-0923-001.

4Consistent with NHANES, 2-3-PHE values are comparable to the sum of urinary levels of 2-hydroxyphenanthrene
and 3-hydroxyphenanthrene. Additional information is available at: https://wwwn.cdc.gov/Nchs/Nhanes/2013-

2014/PAH H.htm.
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3.3. Data Analysis

3.3.1. Specific Gravity and Creatinine Adjustments

To account for the effect of urinary dilution and facilitate comparisons with data produced from
other studies, all urinary PAH metabolites were adjusted for specific gravity and creatinine. The
outcome variables in this analysis were urinary PAH metabolite concentrations, their specific
gravity and creatinine adjusted values, and In-transformed versions of each.

Urine specific gravity (SG) was measured and used to adjust PAH concentrations for urine
dilution according to the formula,

CSG = Cmeasured x (1-0194 - 1)/(p - 1):

where Cmeasured Was the individual observed urine PAH concentration, p was the individual
observed SG, and 1.0194 was the average SG of all urine samples in this study [Alhamdow
2017].

Creatinine (CRE) was used to adjust PAH concentrations using the ratio method according to
the formula,

CRatio = Cmeasured /CRE

where Cmeasured Was the individual observed urine PAH concentration and CRE was the
corresponding creatinine concentration.

3.3.2. Covariates

Covariate data was collected from a questionnaire administered at the time of sample
collection. Categorical variables used in this analysis were age category (children [7-9 years],
youth [10-12 years], adolescent [13—17 years], adult [18+ years]); sex (male, female); Hispanic
ethnicity (Hispanic, Non-Hispanic); race (Asian, White, Other [Non-Hispanic participants who
indicated Black, Native Hawaiian/Other Pacific Islander, multiple races, or did not report race]),
field type (natural grass or synthetic turf), field environment (indoor or outdoor); consumption
of grilled, barbequed, smoked, or deep fried food in the last 24 hours (yes or no); facility
location by U.S. census region (i.e., South or West); activity (e.g., lacrosse, soccer, other); BMI
categories (underweight, normal, overweight, and obese; with cut points at <18.5, <25, <30,
and >=30, respectively, for adults).>

3CDC growth charts were used to calculate BMI for participants <20 years old with cut points defined at BMI
percentages (0,5), [5,85), [85,95), and 95+. Because age was only collected for whole years and age-in-months is
required to properly use growth charts, BMI calculations for participants under 20 years old were subject to
misclassification due to rounding. See SAS Program for CDC Growth Charts. See:
https://www.cdc.gov/nccdphp/dnpao/growthcharts/resources/sas.htm.
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Continuous variables used in the analysis included PAH concentrations, specific gravity
concentrations, creatinine concentrations, age (rounded to whole years), height, weight,
number of months that a participant reported having used a field, and time (minutes) spent
commuting to the field on a typical day.

Various measures were calculated to assess the probability distributions of PAH concentrations;
this included distribution plots, Q-Q plots, a statistical test of normality (Shapiro-Wilk test),
calculated distribution measures such as kurtosis (a measure of the heaviness of a distribution’s
tail) and skewness (a measure of the asymmetry of a distribution). Regression of non-
transformed concentrations can result in statistical associations solely attributable to outliers
and generally do not meet the assumptions of common statistical methods, such as normality.
Ln-transformation serves to lessen the influence of large concentrations that are typical of log-
normally distributed biomarker data. Distribution plots and tests of normality (data not shown)
indicated that the PAH concentrations were approximately log-normally distributed. Based on
these assessments, PAH concentrations were In-transformed for regression analyses.
Specifically, the difference of the individual In-transformed pre- and post-activity data were
examined, which is equivalent to the In of the ratio of concentrations on the original scale:

In(post) — In(pre)= In(post/pre)

3.3.3. Statistical Analysis

Analyses were conducted in SAS software, version 9.4 LTS Level 1M7 of the SAS System for
Windows. Copyright (c) 2002-2012 by SAS Institute Inc., Cary, NC, USA. Proc SGPLOT and
SGPANEL were used to create plots for data visualization; Procs TTEST and UNIVARIATE were
used to assess pre- and post-activity changes in PAH concentration; and Proc GLM was used to
investigate statistical associations between pre- and post-activity differences in PAH
concentration with covariates that were selected a priori based on their potential association
with PAH concentrations.

Regression modeling focused on three dependent variables: pre-activity, post-activity, and
differences between pre- and post-activity concentrations. The key independent variable was
field type (synthetic turf vs. natural grass), and models were adjusted for covariates. General
linear models were used to test whether variables such as field type were associated with
observed pre- and post-activity differences in concentrations (defined as post concentration
minus pre concentration). In these models, the intercept tested whether there was an overall
difference between pre- and post-activity mean concentrations. Additionally, the beta
coefficient for a covariable measured whether there was a difference in pre- and post-activity
differences between levels of the covariate. The focus of this investigation was the potential
association between field type (synthetic turf or natural grass) and increased PAH
concentration, post-activity.

3.3.4. PAH Metabolite Comparisons to the General U.S. Population

Study participants’ urinary PAH metabolite concentrations were compared to those among the
non-institutionalized U.S. population by age group using NHANES data from 2015-2016 and




2007-2008. The 2015-2016 NHANES cycle was the most recent cycle to contain PAH
concentrations. Because specific gravity was not measured in the 2015-2016 cycle, only
unadjusted and creatinine-adjusted concentrations could be compared. Pre-activity
concentrations from this study were used for comparison, as NHANES participants did not
engage in physical activity prior to specimen collection, and post-activity concentrations among
this present study’s participants were likely affected by hydration changes. The 2007—2008
cycle was used to compare the present study’s specific gravity adjusted PAH metabolite
concentrations; this was the only cycle that measured both creatinine and specific gravity.

4. Results

4.1. Study Population and Urine Sample Properties

A total of 172 participants were recruited for the study, among whom all provided
questionnaires and 171 provided pre- and/or post-activity urine samples. Among the 171
participants, a total of 10 participants were excluded from the analysis due to at least one of
the following factors: missing post-activity urine sampling (n=4), shipping-related delays of
urine samples which might have compromised sample integrity (n=3), or flagged upon sample
processing (n=3). Thus, 10 participants were excluded, leaving a total of 161 participants who
were included in this analysis. Finally, one participant had an interfering substance code for 1-
NAP, but valid measurements for all other analytes, and so the analysis sample size for 1-NAP
specifically was reduced to 160 participants. All participants were recruited in the evening or
afternoon due to activity schedules. Participants spent an average of 1 hour and 39 minutes
(range: 40 minutes to 2 hours and 58 minutes) between pre- and post-urine collections.

In total, 6% of PAH measurements were below the limit of detection (LOD). Specifically, 134 of
2252 PAH measurements (160 participants x 7 analytes x 2 measurements + 1 participant x 6
analytes x 2 measurements) were below the LOD. Four of these PAH measurements had a zero
value and were replaced by the limit of detection (LOD) divided by v/2; four creatinine
measurements that had missing values due to being less than the lowest standard were also

replaced by the LOD divided by V2. Non-zero values below LOD were unchanged.

4.2. Study Population Description

Table 1 presents the characteristics of the study participants. As shown, among the 161 study
participants, a total of 82% (n=132) played on synthetic turf with tire crumb rubber infill and
the remaining 18% (n=29) on natural grass. Moreover, 25% of study participants used an indoor
field of synthetic turf with tire crumb rubber infill, and all other participants utilized outdoor
fields. Across the three facilities and two U.S. census regions, 68% of the study participants
were recruited from the South and 32% from the West. The study population for this analysis
comprised 27% female and 73% male, with an age range of 7 to 77 years and a median age of
14 years at the time of specimen collection. Ages were distributed as approximately 15%
children (7-9 years), 17% youth (10-12 years), 32% adolescent (13-17 years), and 37% adult (18+




years).® By race, 63% of participants identified as White persons; 14% as Asian persons; and
23% as Black persons, Native Hawaiian or Pacific Islander persons, persons of multiple races, or
did not report race. By ethnicity, approximately 28% of participants identified as Hispanic or
Latino persons. The most common field activity was soccer (74%), followed by lacrosse (17%),
with various other activities (e.g., football, flag football, field hockey) making up the remaining
9%. By BMI, 60% of participants had a normal BMI, 20% had an overweight BMI, 10% had an
obese BMI, and 5% had an underweight BMI. As noted in the footnote above, because BMI
calculations for those under age 20 years depend on age-in-months, and because age was only
collected to the nearest whole year, these BMI results may be subject to misclassification. All
study participants reported having travelled to the facilities by car, with a median commute
time of 20 minutes. Responses to the question, “how long have you been coming to this
facility?” ranged from 0 to 120 months. Moreover, 33% of study participants reported having
eaten grilled, barbequed, smoked, or deep-fried food within the 24 hours prior to sample
collection.

Table 1. Study Participant Characteristics

Variable Group Value

Synthetic Turf with Tire

Field Type, n(%) Crumb Infill 132 (82)

Field Type, n(%) Natural Grass 29 (18)

Field Environment, n(%) Outdoor 120 (75)
Field Environment, n(%) Indoor 41 (25)
Facility’s US Census Region, n(%) South 109 (68)
Facility’s US Census Region, n(%) West 52 (32)
Sex, n(%) Male 118 (73)

Sex, n(%) Female 43 (27)
ﬁiig:f?%;;y;en;:/;]) Child (7-9 years) 24 (15)
ﬁiig:f?%;’;y;en;:/:]) Youth (10-12 years) 27 (17)

A G, ) Adolescent (13-17 years) 51 (32)

[range: 7-77 years]

%Percentages may not total to 100% due to rounding.




Variable Group Value
Age Category, n(%)
[range: 7-77 years] Adult (18+ years) 59 (37)
Race, n(%) White 102 (63)
Race, n(%) Asian 22 (14)
Mixed/Other: Black,
Native Hawaiian/Other
Race, n(%) Pacific Islander, multiple 37 (23)
races, or did not report
race
Hispanic Ethnicity, n(%) No 113 (72)
Hispanic Ethnicity, n(%) Yes 44 (28)
Hispanic Ethnicity, n(%) Refused 1(1)
Field Activity, n(%) Soccer 119 (74)
Field Activity, n(%) Lacrosse 27 (17)
Field Activity, n(%) Other 15 (9)
Past 24-Hour Grilled Food
Consumption, n(%) No 106 (67)
Past 24-Hour Grilled Food
Consumption, n(%) ves SBEE)
Weight (lbs), mean(med)[range] N/A 131 (125) [50-131]
Height (inches), mean(med)[range] N/A 64 (65) [48-76]
BMI, mean(med)[range] N/A 22 (20) [11-44]
Length of time coming to facility
(months), mean(med)[range] e SO [0
Length of commute to field (minutes), N/A 22 (20) [2-120]

mean(med)[range]

Note: N/A = not applicable

Percentages may not total to 100% due to rounding.

Data for race is presented in these categories due to small cell sizes.
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Length of time coming to facility was assessed by the question, “How long have you been coming to this facility?” and length of
commute to the field was assessed by the question, “How many minutes did it take you to get to practice today?”

4.3. Pre- and Post-Activity PAH Concentration Differences

As shown in the representative figures for 1-NAP (Figure 2), most study participants’ PAH
concentrations increased post-activity after adjustment for specific gravity (left). However, the
equivalent result for creatinine ratio adjustment demonstrated a more even distribution
between those whose concentrations increased compared to those whose concentrations
decreased (right). Moreover, the identification of the participants who had the largest post-
minus pre-activity degree of change in concentrations was dependent upon the adjustment
method. The participants identified as having the biggest increases (when based on specific
gravity adjustment) played on natural grass, whereas those identified based on creatinine
adjustment played on synthetic turf (see Supplemental Figures S1-1 through S1-6 for additional
plots). As shown later in this report, these differences in post- and pre-activity PAH
concentrations were not associated with field type.

Figure 2. Difference in post- and pre-activity concentration for 1-hydroxynapthalene
measurements, In-transformed, by participant and field type. Specific gravity-adjusted (left)
and creatinine-adjusted (right).

~
1

In(Post-Activity) minus In(Pre-Activity)
In(Post-Activity) minus In(Pre-Activity)

Study Participant Study Participant

[Field Type  m Natural Grass W Synthetic Turf | [Field Type  m Natural Grass m Synthetic Turf|

Statistical differences in pre- and post-activity body burden levels for urinary PAHs are
presented for specific gravity-adjusted concentration differences by all participants (Table 2)
and by field type (Table 3). Additionally, statistical differences in pre- and post-activity body
burden levels for urinary PAHs are presented for creatinine-adjusted concentration differences
by all participants (Table 4) and by field type (Table 5). For specific-gravity adjusted and In-
transformed PAH concentrations, there was a statistically significant difference in mean
concentrations when comparing pre- and post-activity differences for all 7 PAHs (p-values
<0.05). However, this was irrespective of whether participants played on synthetic turf with tire
crumb rubber infill or natural grass fields. Fewer differences were observed when examining
creatine-adjusted and In-transformed PAH concentrations; pre- and post-activity concentration
differences were statistically significant for 1-PYR (mean: -1.76 pg/L, p<0.05) and 2-NAP (mean:

11



0.163 pg/L, p<0.05). As with the specific gravity-adjusted results, differences observed with
creatinine-adjusted data were irrespective of whether participants played on synthetic turf with
tire crumb rubber infill or natural grass fields. Statistical analysis of differences by additional
measures are displayed in Supplemental Tables S1-1 through S1-7 (specific gravity-adjusted)
and Supplemental Tables S2-1 through S2-7 (creatinine-adjusted).

Generally, pre- and post-activity concentrations were correlated. Specifically, the pre- and post-
activity correlations of the urinary PAH metabolites ranged from 0.81 to 0.85 for specific
gravity-adjusted concentrations, and 0.76 to 0.86 for creatinine-adjusted concentrations. This
was consistent overall and by age group.
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Table 2. Properties of Differences in Ln-Transformed Pre- and Post-Activity Burden Levels for Specific Gravity-Adjusted Urinary

PAHs, by All Participants

P-Value

Standard P-Value of of Signed

Urinary PAH n Minimum Maximum Median Mean Deviation t Statistic  Rank Test
1-Hydroxynaphthalene (ug/L) 160 -2.32 2.32 436 .506 .633 <.0001 <.0001
1-Hydroxyphenanthrene (ug/L) 161 -1.91 3.02 437 473 .523 <.0001 <.0001
1-Hydroxypyrene (pg/L) 161 -1.86 2.61 231 .268 .538 <.0001 <.0001
2 & 3-Hydroxyphenanthrene ) -1.55 2.55 375 410 464 <.0001 <.0001

(kg/L)

2-Hydroxyfluorene (pg/L) 161 -2.04 2.20 .395 439 .489 <.0001 <.0001
2-Hydroxynaphthalene (ug/L) 161 -2.45 3.13 .548 .607 .646 <.0001 <.0001
3-Hydroxyfluorene (pg/L) 161 -1.66 2.52 417 451 .519 <.0001 <.0001

Note: PAH = Polycyclic Aromatic Hydrocarbon.
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Table 3. Properties of Differences in Ln-Transformed Pre- and Post-Activity Burden Levels for Specific Gravity-Adjusted Urinary
PAHs, by Field Type

P-Value
of
Signed
Standard P-Value of Rank
Field Type Urinary PAH n Minimum Maximum Median Mean Deviation t Statistic Test
Synthetic 1-
yTurf Hydroxynaphthalene 132 -2.32 1.91 446 497 .609 <.0001 <.0001
(ne/L)
Synthetic 1-
yTurf Hydroxyphenanthrene 132 -.831 1.69 437 471 428 <.0001 <.0001
(ng/L)
Synthetic  1-Hydroxypyrene 132 -1.86 1.45 232 260 490 <0001  <.0001
Turf (ng/L)
Synthetic 2&3-
yTurf Hydroxyphenanthrene 132 -1.55 1.54 .381 414 428 <.0001 <.0001
(ng/L)
Synthetic  2-Hydroxyfluorene ., -2.04 1.81 414 442 481 <0001  <.0001
Turf (ng/L)
Synthetic 2-
yTurf Hydroxynaphthalene 132 -2.45 3.13 .558 .605 .621 <.0001 <.0001
(ng/L)
Synthetic  3-Hydroxyfluorene ., -1.66 2.02 421 440 484 <0001  <.0001
Turf (ng/L)
Natural 1-
Hydroxynaphthalene 28 -1.02 2.32 .359 .545 747 0.0006 <.0001
Grass
(ng/L)
Natural 1-
Hydroxyphenanthrene 29 -1.91 3.02 .389 .482 .839 0.0044 <.0001
Grass
(ne/L)
Natural 1-Hydroxypyrene 29 115 261 166 304 727 00323  0.0131
Grass (ug/L)
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P-Value

of
Signed
Standard P-Value of Rank
Field Type Urinary PAH n Minimum Maximum Median Mean Deviation t Statistic Test
2 & 3-
Natural
Hydroxyphenanthrene 29 -.433 2.55 291 .390 .612 0.0019 0.0003
Grass
(ne/L)
Natural 2-Hydroxyfluorene 29 -223 2.20 311 426 533 00002  <.0001
Grass (ug/L)
2_
Natural
Hydroxynaphthalene 29 -.729 2.76 432 .619 .762 0.0002 <.0001
Grass
(ne/L)
Natural 3-Hydroxyfluorene 29 -.661 2.52 374 502 663 00003  <.0001
Grass (ng/L)

Note: PAH = Polycyclic Aromatic Hydrocarbon.
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Table 4. Properties of Differences in Ln-Transformed Pre- and Post-Activity Body Burden Levels for Creatinine-Adjusted Urinary
PAHs, by All Participants

P-Value
of Signed
Standard P-Value of Rank
Urinary PAH n Minimum Maximum Median Mean Deviation t Statistic Test
1-
Hydroxynaphthalene 160 -2.11 2.35 -.011 .061 .577 0.1866 0.4666
(18/8CRE)
1-
Hydroxyphenanthrene 161 -2.17 2.42 -.028 .029 .490 0.4560 0.9324
(1g/gCRE)
AR EEE 161 -3.47 1.72 -154 -176 619 0.0004  0.0002
(1g/gCRE)
2 & 3-
Hydroxyphenanthrene 161 -1.69 1.90 -.073 -.034 477 0.3622 0.0866
(1g/gCRE)
2-Hydroxyfluorene
161 -1.25 2.18 -.020 -.005 .458 0.8950 0.1987
(1g/8CRE)
2-
Hydroxynaphthalene 161 -1.43 2.75 .088 .163 .581 0.0005 0.0002
(1g/gCRE)
3-Hydroxyfluorene
161 -1.37 2.24 -.019 .007 .482 0.8575 0.5660
(1g/gCRE)

Note: PAH = Polycyclic Aromatic Hydrocarbon.
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Table 5. Properties of Differences in Ln-Transformed Pre- and Post-Activity Body Burden Levels for Creatinine-Adjusted Urinary
PAHs, by Field Type

P-Value

of

P-Value Signed

Standard of t Rank

Field Type Urinary PAH n Minimum Maximum Median Mean Deviation Statistic Test

SyminEte HapelagiEiiieEne o 211 235 -.012 049 585 03419  0.6207
Turf (ug/gCRE)

Synthetic  1-Hydroxyphenanthrene ., -1.30 2.42 -.034 022 429 0.5539  0.9550
Turf (ug/gCRE)

SyminEte RIS 132 -3.47 1.22 -.162 -.189 591 0.0003  0.0002
Turf (ng/gCRE)
Synthetic 283

¥ Hydroxyphenanthrene 132 -1.69 1.90 -.066 -.035 472 0.3993 0.1857

Turf

(ng/gCRE)

SyminEte PRI EEnE 132 -1.25 2.18 -.028 -.007 482 0.8762  0.2427
Turf (ug/gCRE)

Synthetic 2-Hydroxynaphthalene ., -1.43 2.75 .095 156 592 0.0029  0.0009
Turf (ng/gCRE)

SyminEte Sl ilueens 132 137 2.4 -.008 -.009 484 0.8308  0.4891
Turf (ug/gCRE)

Natural 1-Hydroxynaphthalene 28 -1.29 1.37 .003 117 547 0.2673  0.5484
Grass (ug/gCRE)

il EIEEEEEETE o 2.17 2.07 -.005 .059 712 0.6578  0.8911
Grass (1g/gCRE)

Natural 1-Hydroxypyrene 29 -1.42 1.72 -.024 -119 742 03956  0.4025
Grass (1g/gCRE)
Natural A&ek

Hydroxyphenanthrene 29 -.802 1.66 -.096 -.033 .509 0.7320 0.2365

Grass

(ug/gCRE)
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P-Value

of
P-Value Signed
Standard of t Rank
Field Type Urinary PAH n Minimum Maximum Median Mean Deviation Statistic Test

Natural 2-Hydroxyfluorene 29 -518 1.31 .000 .003 338 0.9588  0.7562
Grass (ug/gCRE)

il SR I e 29 -.545 1.81 011 196 535 0.0582  0.1413
Grass (1g/gCRE)

Natural 3-Hydroxyfluorene 29 -.924 1.63 -.065 079 473 03764  0.9245
Grass (1g/gCRE)

Note: PAH = Polycyclic Aromatic Hydrocarbon.
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4.4. Univariate Regression Modelling

Univariate general linear model (GLM) regression parameter estimates for differences in pre-
and post-activity concentrations by field type were examined using specific gravity-adjusted
(Table 6) and creatinine-adjusted (Table 7) data among participants with non-missing covariate
data (n=156). For all urinary PAHs, differences in pre- and post-activity concentrations could not
be explained by field type. Overall, mean differences between pre- and post-activity
concentration were statistically significant for specific gravity-adjusted results, but not
statistically significant for creatinine adjusted-results. Regardless of adjustment method,
however, these differences were not associated with field type in the univariate analyses.

Table 6. Univariate GLM models for Field Type, by Specific Gravity-Adjusted Urinary PAHs

P-Value
Dependent of t
Urinary PAH Variable Parameter Estimate Statistic
1-Hydroxynaphthalene (pg/L) Difference Intercept 0.60 <.001
. Field Type (Synthetic Turf
1-Hydroxynaphthalene (pg/L) Difference versus Natural Grass) -0.11 0.430
LA NCET R Difference Intercept 0.57 <.001
(mg/L)
1-Hydroxyphenanthrene Difference Field Type (Synthetic Turf 0.10 0.356
(ug/L) versus Natural Grass)
1-Hydroxypyrene (ug/L) Difference Intercept 0.36 <.001
. Field Type (Synthetic Turf
1-Hydroxypyrene (ug/L) Difference versus Natural Grass) -0.10 0.357
SRR O RN Difference Intercept 0.42 <.001
(mg/L)
2 & 3-Hydroxyphenanthrene Difference Field Type (Synthetic Turf -0.01 0.941
(ug/L) versus Natural Grass)
2-Hydroxyfluorene (pg/L) Difference Intercept 0.45 <.001
. Field Type (Synthetic Turf
2-Hydroxyfluorene (pg/L) Difference versus Natural Grass) -0.00 0.996
2-Hydroxynaphthalene (pg/L) Difference Intercept 0.62 <.001
. Field Type (Synthetic Turf
2-Hydroxynaphthalene (pg/L) Difference versus Natural Grass) -0.00 0.971
3-Hydroxyfluorene (ug/L) Difference Intercept 0.54 <.001
3-Hydroxyfluorene (ug/L) Difference Field Type (Synthetic Turf -0.10 0.357

versus Natural Grass)
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Table 7. Univariate GLM models for Field Type, by Creatinine-Adjusted Urinary PAHs

P-Value of t
Urinary PAH Dependent Variable Parameter Estimate Statistic
1-Hydroxynaphthalene .
Difference Intercept 0.17 0.127
(1g/gCRE) b
Field Type
1-Hydroxynaphthalene Difference (Synthetic Turf 012 0.324
(ug/gCRE) versus Natural
Grass)
1-
Hydroxyphenanthrene Difference Intercept 0.14 0.115
(1g/gCRE)
1 Field Type
Hydroxyphenanthrene Difference (Synthetic Turf -0.12 0.235
(118/2CRE) versus Natural
HE/E Grass)
ARG Difference Intercept -0.07 0.536
(1g/gCRE) ' '
Field Type
1-Hydroxypyrene Difference (Synthetic Turf 0.12 0.346
(1e/8CRE) versus Natural
Grass)
2 & 3-
Hydroxyphenanthrene Difference Intercept -0.01 0.922
(1g/gCRE)
283 (S Fr:iLdeL\éFfl?u rf
Hydroxyphenanthrene Difference y -0.03 0.790
(118/2CRE) versus Natural
HE/E Grass)
2-Hydroxyfluorene .
Difference Intercept 0.02 0.836
(1g/BCRE) b
Field Type
2-Hydroxyfluorene Difference (Synthetic Turf 0.02 0.836
(ug/gCRE) versus Natural
Grass)
2-Hydroxynaphthalene .
Difference Intercept 0.19 0.091
(1g/8CRE) P
Field Type
2-Hydroxynaphthalene Difference (Synthetic Turf 0.02 0.842
(ug/gCRE) versus Natural
Grass)
3-Hydroxyfluorene .
Difference Intercept 0.11 0.210
(1g/gCRE) P
3-Hydroxyfluorene . Field Type
(11g/2CRE) Difference (Synthetic Turf 0.12 0.236
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P-Value of t
Urinary PAH Dependent Variable Parameter Estimate Statistic

versus Natural
Grass)

Note: PAH = Polycyclic Aromatic Hydrocarbon.

4.5. Full Model Multivariable GLM Regression

The first step taken prior to conducting multivariable regression was to address concerns about
the potential for collinearity and data separation. For this study, all natural grass fields were
located outdoors and co-located with outdoor synthetic fields; thus the field environment
variable (indoor vs. outdoor) was also a measure of field type (synthetic turf vs. natural grass).
All indoor participants were recruited from the same field, and thus the same location (U.S.
Census Region; South or West). All volleyball players were female and recruited from the same
outdoor facility, and thus the same region. For these reasons, a new variable containing
mutually exclusive categories was generated and tested against models with individual
variables; models with individual variables performed best.

As an additional exploratory step, auto-selection algorithms were used to identify variables
associated with pre-activity, post-activity, and differences of concentrations as the dependent
variable in multivariable models for specific gravity-adjusted and creatinine-adjusted data (data
not shown). Field type was not statistically significant in any of the models of pre-and post-
activity differences in concentration. For both specific gravity- and creatinine-adjusted results,
the best predictor of post-activity concentration was the study participant’s pre-activity
concentration; this was consistent with the earlier finding that pre- and post-activity
concentrations were highly correlated.

Multivariable GLM regression parameter estimates for differences in pre- and post-activity
concentrations by field type, adjusted for all other previously described variables are described
in Table 8 (specific-gravity adjusted) and Table 9 (creatinine-adjusted). As with the univariate
analysis, the difference in pre- and post- concentrations were not associated with field type.

Table 8. Multivariable GLM models for Field Type, by Specific Gravity-Adjusted Urinary PAHs

Dependent P-Value of t
Urinary PAH Variable Parameter Estimate Statistic

TR T I ELEISS Difference Intercept 0.61 0.032

(mg/L)

Field Type

1-Hydroxynaphthalene Difference (Synthetic Turf 0.03 0.867

(ng/L) versus Natural

Grass)
1-

Hydroxyphenanthrene Difference Intercept 0.53 0.014

(vg/L)
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Dependent P-Value of t
Urinary PAH Variable Parameter Estimate Statistic
Field Type
1- (Synthetic Turf
Hydroxyphenanthrene Difference y -0.23 0.108
(ug/L) versus Natural
HE Grass)
1-Hydroxypyrene .
Difference Intercept 0.16 0.493
(kg/L)
Field Type
1-Hydroxypyrene Difference (Synthetic Turf 0.2 0.204
(ng/L) versus Natural
Grass)
2 &3-
Hydroxyphenanthrene Difference Intercept 0.34 0.101
(mg/L)
28&3- (S Frll('eche:cri?zl'eu rf
Hydroxyphenanthrene Difference y -0.16 0.234
(ug/L) versus Natural
HE Grass)
ARl UL Difference Intercept 0.44 0.049
(ng/L)
Field Type
2-Hydroxyfluorene Difference (Synthetic Turf 013 0.363
(ng/L) versus Natural
Grass)
AP EIEE Difference Intercept 0.51 0.082
(mg/L)
Field Type
2-Hydroxynaphthalene Difference (Synthetic Turf 02 0.299
(ng/L) versus Natural
Grass)
SRS C Difference Intercept 0.45 0.055
(mg/L)
Field Type
3-Hydroxyfluorene Difference (Synthetic Turf 0.24 0.107

(ng/L)

versus Natural
Grass)

Note: PAH = Polycyclic Aromatic Hydrocarbon.

Table 9. Multivariable GLM models for Field Type, by Creatinine Gravity-Adjusted Urinary

PAHs
Dependent P-Value of t
Urinary PAH Variable Parameter Estimate Statistic
1-Hydroxynaphthalene .
Difference Intercept -0.10 0.696
(1g/gCRE) P
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Dependent P-Value of t
Urinary PAH Variable Parameter Estimate Statistic
Field Type
1-Hydroxynaphthalene Difference (Synthetic Turf -0.01 0.939
(ng/gCRE) versus Natural
Grass)
1-
Hydroxyphenanthrene Difference Intercept -0.17 0.386
(18/8CRE)
Field Type
1- (Synthetic Turf
Hydroxyphenanthrene Difference v -0.21 0.108
(11g/2CRE) versus Natural
HE/E Grass)
A E RS ETEnE Difference Intercept -0.54 0.046
(1g/8CRE) ' '
Field Type
1-Hydroxypyrene Difference (Synthetic Turf 0.18 0.311
(ug/gCRE) versus Natural
Grass)
2 & 3-
Hydroxyphenanthrene Difference Intercept -0.37 0.080
(1g/8CRE)
283 (S Frchde:cri?zl'eu rf
Hydroxyphenanthrene Difference y -0.14 0.298
(11g/2CRE) versus Natural
HE/E Grass)
2-Hydroxyfluorene .
Difference Intercept -0.27 0.198
(1ug/BCRE) g
Field Type
2-Hydroxyfluorene Difference (Synthetic Turf 011 0.401
(ng/gCRE) versus Natural
Grass)
2-Hydroxynaphthalene .
Difference Intercept -0.20 0.444
(1ug/BCRE) g
Field Type
2-Hydroxynaphthalene Difference (Synthetic Turf 0.21 0.206
(ng/gCRE) versus Natural
Grass)
3-Hydroxyfluorene .
Difference Intercept -0.26 0.230
(1g/8CRE) P
Field Type
3-Hydroxyfluorene Difference (Synthetic Turf 023 0.105

(ng/gCRE)

versus Natural
Grass)

Note: PAH = Polycyclic Aromatic Hydrocarbon.
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4.6. Comparison to NHANES PAH Concentrations

Pre-activity PAH concentrations among study participants were compared to values in the
general U.S. population using secondary analysis of publicly available NHANES data. To facilitate
these comparisons, PAH concentrations were adjusted for specific gravity or creatinine
concentration. Specific gravity was only collected in the 2007-2008 NHANES cycle, whereas
creatine was collected in all NHANES cycles including the most recent cycle available (2015—
2016) at the time of data analysis. 2-3 PHE was not available in 2007-2008 NHANES.

Comparison of this study’s specific gravity-adjusted results to those of the 2007-2008 NHANES
cycle may not be entirely comparable due to the observed trend of decreasing concentrations
over time for most PAHs. In NHANES, PAH concentrations markedly decreased over time,
except for 2-NAP where creatinine-adjusted geometric mean concentrations were 3.88 (5.45-
4.26) ug/gCRE in 2007-2008 and 5.35 (4.86-5.90) ug/gCRE in 2015-2016 (Supplemental Table
S3). Additionally, pre-activity PAH geometric mean concentrations of study participants were
lower than corresponding NHANES values except for adjusted 2-NAP concentrations (Figure 3).
Additional stratifications by age category and NHANES 2015-2016 PAH comparison values are
displayed in Table 10. This observation was consistent by age category except youth, where
concentrations were 4.97 (3.49-7.09) ug/gCRE among youth in the study compared to 5.22
(4.24-6.44) ug/gCRE among youth in NHANES 2015-2016, indicating no significant difference.
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Figure 3. Comparison of Urinary PAH Concentrations Across Biomonitoring Study Participants
and NHANES 2007-2008 and 2016—-2017 Participants Overall, by Adjustment Method
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Table 10. Comparison of Geometric Means (95% Cl) by Age and Urinary PAH, Pre-Activity Biomonitoring Study Concentrations
versus NHANES 2015-2016

Study
Participants NHANES 2015-
NHANES 2015- Pre-Activity 2016
2016 Geometric Geometric
Study Participants Geometric Mean, Mean,

Pre-Activity Mean, Creatinine- Creatinine-

Age Study NHANES Geometric Mean, Unadjusted Adjusted Adjusted

Category Urinary PAH n n Unadjusted (pg/L) (ng/L) (ng/gCRE) (ng/gCRE)
Children 1-Hydroxynaphthalene 24 111 .997 (.557-1.79) .817 (.625-1.07) 1.47(.842-2.57) 1.17(.908-1.50)
Children 1-Hydroxyphenanthrene 24 112 .052 (.029-.090) .083 (.068-.100) .076 (.049-.119) .119(.097-.146)
Children 1-Hydroxypyrene 24 112 .077 (.048-.124) .134 (.104-.172) .114 (.071-.183) .193(.145-.257)

. 2 &3-
Children 24 112 .082 (.046-.144) .098 (.078-.122) .121 (.075-.194) .140(.112-.176)
Hydroxyphenanthrene

Children 2-Hydroxyfluorene 24 112 .096 (.053-.173) .132(.101-.171) .142 (.089-.225) .189 (.140-.256)
Children 2-Hydroxynaphthalene 24 112 7.52 (4.31-13.1) 3.31 (2.49-4.40) 11.1(6.41-19.2) 4.76(3.84-5.89)
Children 3-Hydroxyfluorene 24 112 .055 (.030-.099) .063 (.048-.082) .081 (.049-.133) .090 (.067-.122)
Youth 1-Hydroxynaphthalene 27 175 .709 (.499-1.01) .864 (.695-1.07) .728 (.522-1.02) 1.03(.847-1.25)
Youth 1-Hydroxyphenanthrene 27 176 .069 (.054-.089) .085 (.074-.097) .071 (.059-.087) .101 (.089-.115)
Youth 1-Hydroxypyrene 27 176 .084 (.066-.108) 124 (.111-.140) .086 (.072-.104) .148(.132-.166)
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Study

Participants NHANES 2015-
NHANES 2015- Pre-Activity 2016
2016 Geometric Geometric
Study Participants Geometric Mean, Mean,

Pre-Activity Mean, Creatinine- Creatinine-

Age Study NHANES Geometric Mean, Unadjusted Adjusted Adjusted

Category Urinary PAH n n Unadjusted (pg/L) (ng/L) (ng/gCRE) (ng/gCRE)
Youth 28&3- 27 175 .094 (.073-.121) .106 (.093-.120) .096 (.081-.114) .126(.113-.139)

Hydroxyphenanthrene
Youth 2-Hydroxyfluorene 27 176 .100 (.075-.135) .129(.112-.149) .103 (.088-.121) .154(.135-.174)
Youth 2-Hydroxynaphthalene 27 176 4.84 (3.14-7.45) 4.39 (3.50-5.51) 4.97(3.49-7.09) 5.22 (4.24-6.44)
Youth 3-Hydroxyfluorene 27 176 .047 (.034-.065) .061 (.050-.073) .049 (.039-.060) .072 (.060-.086)
Adolescents 1-Hydroxynaphthalene 51 267 .603 (.450-.808) .860 (.745-.994)  .945(.724-1.23) .795 (.697-.907)
Adolescents  1-Hydroxyphenanthrene 51 272 .049 (.035-.069) .094 (.080-.110) .077 (.066-.091) .086 (.077-.097)
Adolescents 1-Hydroxypyrene 51 272 .078 (.065-.094) 124 (.107-.144)  .123(.097-.156) .115(.103-.128)
2 &3-
Adolescents 51 272 .079 (.058-.107)  .114(.098-.133) .123(.103-.148) .105 (.095-.115)
Hydroxyphenanthrene

Adolescents 2-Hydroxyfluorene 51 272 .090 (.066-.123) .151(.130-.175) .142(.118-.170) .139(.126-.154)
Adolescents  2-Hydroxynaphthalene 51 269 492 (3.36-7.19) 5.11 (4.15-6.29) 7.71(5.82-10.2) 4.72(3.91-5.70)
Adolescents 3-Hydroxyfluorene 58 272 .039 (.029-.051) .067 (.057-.080) .060 (.050-.074) .062 (.055-.070)
Adults 1-Hydroxynaphthalene 59 1767 .929 (.611-1.41) 1.75(1.50-2.04) .970(.710-1.33) 1.90(1.65-2.19)

27



Study

Participants NHANES 2015-
NHANES 2015- Pre-Activity 2016
2016 Geometric Geometric
Study Participants Geometric Mean, Mean,

Pre-Activity Mean, Creatinine- Creatinine-

Age Study NHANES Geometric Mean, Unadjusted Adjusted Adjusted

Category Urinary PAH n n Unadjusted (pg/L) (ng/L) (ng/gCRE) (ng/gCRE)
Adults 1-Hydroxyphenanthrene 59 1868 .113 (.085-.150) .109 (.099-.120) .118(.097-.143) .119(.109-.130)
Adults 1-Hydroxypyrene 59 1866 .121 (.090-.163) 122 (.111-.134) 127 (.099-.162) .133(.124-.142)

2 &3-
Adults 59 1867 .135(.102-.178)  .126(.113-.141) .141(.117-.169) .137(.125-.151)
Hydroxyphenanthrene
Adults 2-Hydroxyfluorene 59 1867 .146 (.109-.195) .205(.180-.233)  .152(.126-.184) .224(.201-.249)
Adults 2-Hydroxynaphthalene 59 1819 7.31 (5.34-10.0) 499 (4.36-5.71) 7.64(6.12-9.54) 5.45 (4.92-6.03)
Adults 3-Hydroxyfluorene 59 1863 .059 (.043-.081) .090 (.077-.106)  .062 (.050-.077) .099 (.086-.113)
All 1-Hydroxynaphthalene 161 2320 .782 (.638-.959) 1.56 (1.36-1.79) .976(.822-1.16) 1.69 (1.50-1.91)
All 1-Hydroxyphenanthrene 161 2428 .071 (.060-.085) .106 (.097-.116)  .089(.079-.100) .115(.106-.125)
All 1-Hydroxypyrene 161 2426 .093 (.080-.108) 123 (.112-.134) .116(.101-.133) .133(.125-.141)
2 &3-
Al 161 2426 .099 (.084-.117)  .123(.111-.137) .124(.110-.139) .134(.123-.146)
Hydroxyphenanthrene

All 2-Hydroxyfluorene 161 2427 .111 (.093-.131) 194 (.172-.218)  .138(.123-.155) .211(.191-.232)
All 2-Hydroxynaphthalene 161 2376 6.04 (4.97-7.35) 492 (4.33-5.59) 7.54(6.45-8.80) 5.35(4.86-5.90)

28



Study

Participants NHANES 2015-
NHANES 2015- Pre-Activity 2016
2016 Geometric Geometric
Study Participants Geometric Mean, Mean,
Pre-Activity Mean, Creatinine- Creatinine-
Age Study NHANES Geometric Mean, Unadjusted Adjusted Adjusted
Category Urinary PAH n n Unadjusted (pg/L) (ng/L) (ng/gCRE) (ng/gCRE)
Al 3-Hydroxyfluorene 161 2423 .049 (.041-.059)  .086 (.074-.099)  .061 (.054-.070) .093 (.083-.105)

Note: Age Category includes children (ages 7-9 years), youth (ages 10-12 years), adolescents (13-17 years), and adults (18 and older).

PAH = Polycyclic Aromatic Hydrocarbon.
“NHANES n” corresponds to number of NHANES Participants with unadjusted urinary concentrations.
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5. Discussion

Synthetic turf with recycled tire crumb rubber infill contains many substances, including PAHs
[Armada 2021; Gomes 2021; Marsili 2014; Murphy 2022; US EPA and ATSDR 2019]. PAHs are a
large class of widespread chemicals generally produced during the incomplete burning of
organic substances, such as coal, oil and gas, garbage tobacco, and charbroiled meat [ATSDR
1995]. Routes of PAH exposure include ingestion, inhalation, and dermal contact both in
occupational and non-occupational settings [ATSDR 1995]. Once inside the body, PAHs are
metabolized by the liver into monohydroxylated metabolites and excreted rapidly in urine and
feces with half-life in the human body of less than 30 hours (Hudson-Hanley). Therefore,
urinary PAH metabolites represent useful non-invasive biomarkers for assessing recent PAH
uptake from all exposure routes [Ganzleben et al. 2017; Gunnier 2006; Srogi 2007].

Supplementing the pilot-scale human exposure measurements collected under the FRAP [EPA
and ATSDR 2024], this biomonitoring study examined urinary PAHs to assess the exposure
potential for individuals who performed activities on turf fields with recycled tire crumb rubber
infill. The same 7 urinary metabolites assessed in both studies are regularly monitored in the
general U.S. population [CDC 2020], and the four parent PAHs (anthracene, fluorene,
phenanthrene, pyrene) are among EPA’s 16 Priority Pollutants [US EPA 2014]. This
supplemental study distinguishes itself in several ways. First, it featured a larger convenience
sample of study participants compared to the pilot study conducted under the FRAP; urine
samples from 161 participants with age ranging from 7—77 years were analyzed, compared to
urine samples from 14 participants in the pilot study with an age range of 11-21 years. This
larger sample size allowed for the examination of potential differences by select demographic
characteristics and behaviors. Additionally, this supplemental study also included a group of
participants whose activities took place on natural grass fields. Although the sample size of
natural grass participants was relatively small, this comparison group provided an important
examination of pre- and post-activity differences by field type.

In this study, pre- and post-activity urinary PAH concentration differences were not associated
with field type, regardless of urine adjustment method or statistical method applied. Consistent
with the pilot-scale study [EPA and CDC/ATSDR 2024], most participants demonstrated an
increase in specific gravity-adjusted PAH concentrations after performing field activities.
However, the increase occurred irrespective of field type, among both natural grass participants
as well as synthetic turf with recycled tire crumb rubber participants. Also consistent with the
pilot-scale study, our findings indicated fewer significant pre- and post-activity differences
when utilizing creatinine-adjusted results, underscoring the influence of urine-dilution
methods. These differences may potentially be attributed to how the degree of correlation of
specific gravity and creatinine with the true hydration status of an individual may vary due to
endogenous and exogenous factors [Kuiper 2021]. In the context of PAHs, for example, children
are generally a vulnerable group with potential for higher exposure to PAHs compared to adults
due in part to their less efficient detoxification system, lower body weight, and higher
inhalation rates [Oliveira et al. 2019]. Though age was not associated with post-activity PAH
concentrations, it was associated with some pre-activity concentrations. Additionally, potential
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sex-specific effects or differential responses to PAH exposure continue to be areas of
exploration [Farzan 2016; Xing 2023; Yang 2021], and differences in BMI or body composition
may contribute to differential PAH metabolism [Stallings 2018; Wang 2022]. However, in this
study, neither sex nor BMI were statistically associated with pre- and post-activity differences in
PAH concentrations in univariate or multivariate regression models.

In the absence of other measures of urinary dilution such as osmolality and urine flow rate
[Middleton 2016], the comprehensive approach taken in this present study facilitated
examination of other datasets, including NHANES 2007-2008 and 2015-2016. NHANES 2007-
2008 data, which collected both specific gravity and creatinine, also revealed large differences
between specific gravity- and creatinine-adjusted PAH concentrations. Our comparison of
creatinine-adjusted PAH concentrations available in both NHANES cycles indicated that urinary
PAH concentrations markedly decreased over time, except for 2-NAP. Differences in creatinine-
adjusted urinary 2-NAP were detected in pre- and post-activity samples from this biomonitoring
study as well as the previous pilot-scale study [EPA and CDC/ATSDR 2024]. In both the studies,
the creatinine adjusted 2-NAP concentration (geometric mean) was higher pre- and post-
activity when compared to the general US population based on available NHANES data. In our
biomonitoring study, this observation held for all age groups except for youth (participants
aged 10-12 years). Previous urinary biomarker investigations utilizing NHANES have also
indicated naphthalene, the parent PAH of 2-NAP with widespread presence in ambient and
indoor air, as the dominant PAH in the U.S. population [Li 2008]. Data from the pilot-study,
however, indicated low levels of naphthalene in tire crumb rubber infill, field air, field dust, field
wipe, and drag sled samples [U.S. EPA and CDC/ATSDR 2024].

Overall, measurable amounts of urinary hydroxylated metabolites of PAHs were found in users
of both synthetic turf fields and natural grass fields. However, finding a measurable amount of
urinary hydroxylated metabolites of PAHs does not indicate they cause an adverse health effect
[ATSDR PAH Clinical Assessment 2023]. Previous biomonitoring studies have demonstrated that
nearly 100% of the general U.S. population have detectable levels of urinary PAH metabolites
[Grainger 2006]. Exposure to PAHs in the general population occurs mostly through inhalation
of polluted air and cigarette smoke, and ingestion of food containing PAHs [ATSDR 1995].
Others have demonstrated that an exposure-free period of 24—48 hours is often required for
PAH biomarkers to reach pre-exposure baseline [Zheng 2012; Brzeznicki 1997; Chien 2010; Viau
1995]. More recently, data from Choi et al. 2023 demonstrated that the fractional urinary
excretion of urinary PAHs ranged from 0.07 % to 11.3% and that most were excreted within 24
hours after exposure, though the obtained fractional urinary excretion values only reflected
oral intake [Choi 2023]. Accordingly, this study excluded participants who were smokers,
excluded natural grass participants who had played on synthetic turf within the past 24 hours,
and accounted for the ingestion of grilled foods within the past 24 hours. Outdoor synthetic
turf fields were also co-located with natural grass fields to help account for potential PAHs in
ambient air. Nevertheless, this study could not fully control for potential exposures to
chemicals from other sources and environmental media that could occur off the field. As
described previously [EPA and CDC/ATSDR 2019], while there is concern about chemical
exposures resulting from the use of recycled tire in synthetic turf fields, it is important to
consider that some PAHs and other chemicals are also found in surface soil and may be present
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in other types of fields, including natural grass fields. For example, metals (including lead) and
PAHSs (including benzo[a]pyrene) of potential concern at synthetic turf fields with tire crumb
rubber infill are also often found in surface soil present at natural grass playing fields [EPA and
CDC/ATSDR 2019].

5.1. Limitations and Recommendations

Like the pilot-scale human exposure measurement study conducted as part of the FRAP, this
current study’s examination of participant activity on synthetic turf fields was limited in design
to assess exposure to recycled tire crumb rubber (infill alternatives were not included) and did
not investigate exposure to synthetic turf field materials or components such as synthetic grass
blades and backing material. Also consistent with the constraints of the research activities in
the FRAP, there was no way to determine the specific tire sources for tire crumb rubber at the
participating fields. While the facility and indoor or outdoor field environment was considered,
this study did not examine the potential of dust transfer or effects of water-runoff between the
co-located natural grass fields and synthetic turf fields. Future research activities may also
choose to expand the scope of exposure measurement studies to incorporate synthetic turf
fields that use alternative types of infill as another means of comparison further allowing
communities to make more informed choices.

Though some statistical models indicated a difference between pre- and post-activity PAH
concentrations, these differences were dependent on choices such as In-transformation, urine
dilution adjustment method, and model specification. In all cases, observed pre- and post-
activity differences were not explained by field type (exposure to synthetic turf). Observed
differences could be due to unmeasured variables, such as changes in hydration level through
perspiration. However, it is unknown whether a participant drank fluids between the two
specimen collections, nor how much fluid they lost due to intensity of activity. For the urine
collection, participants were directed to not touch the inside of the urine specimen container to
prevent or minimize chances of sample contamination. However, the study recruitment team
cannot confirm that all participants followed the specified procedures.

For future related studies, additional information obtained at the time of specimen collection
might help provide insights on factors affecting PAH concentrations. For example, asking about
fluid consumption during the activity (between pre- and post-specimen collections), and taking
pre- and post-body-weight measurements (to measure potential fluid loss or gain) could help
tease out factors driving pre- and post-activity concentration differences. As previous studies
have indicated the potential effect of vaporization and weathering on organic chemical level
concentrations [Marsili et al. 2014; EPA and CDC/ATSDR 2019], additional efforts could examine
or account for the role of fluctuations in weather or field temperatures over time. Moreover,
although information including the time recorded between samplings and general patterns of
activity were captured in this study, these data may not directly correspond to the level of
activity each participant exerted on the field; additional measures could be included to account
for behaviors specific to the day-of specimen collection.
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6. Conclusions

Although this study’s findings cannot be generalized to the universe of synthetic field users with
exposures to tire crumb rubber infill in the United States, this study provides valuable
information to better understand and identify the potential chemical exposures. Notably, pre-
and post-activity differences in urinary PAH concentrations were not associated with field type
(i.e., synthetic turf with recycled tire crumb rubber infill compared to natural grass). This was
consistent regardless of the urine dilution adjustment method applied or the statistical
regression technique employed. When examining pre- and post-activity urinary PAH
concentration differences overall, results varied by statistical method; methods that mitigated
the effect of extreme observations were more likely to yield results that were not statistically
significant, indicating that outliers could be driving some of the results. After exploring the role
of different variables associated with pre- and post-activity concentrations, the best predictor
of post-activity urinary PAH concentration was pre-activity concentration. Except for 2-NAP,
pre-activity PAH concentrations were lower than those in the general U.S. population using
2015-2016 NHANES comparison data. It is important to note that this report is not a risk
assessment. However, this study’s findings supplement the pilot-scale human exposure
measurements collected under the FRAP and contribute to the overarching portfolio of
research activities needed to understand the potential for human exposure to chemicals found
in recycled tire crumb rubber used on synthetic turf fields.
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Appendix A: Supplemental Figures

Figure S1-1. Difference in post- and pre-activity concentration for 1-hydroxyphenanthrene
measurements, In-transformed, by participant and field type. Specific gravity-
adjusted (left) and creatinine-adjusted (right).

Figure S1-2. Difference in post- and pre-activity concentration for 1-hydroxypyrene
measurements, In-transformed, by participant and field type. Specific gravity-
adjusted (left) and creatinine-adjusted (right).

Figure S1-3. Difference in post- and pre-activity concentration for 2 & 3-hydroxyphenanthrene
measurements, In-transformed, by participant and field type. Specific gravity-
adjusted (left) and creatinine-adjusted (right).

Figure S1-4. Difference in post- and pre-activity concentration for 2-hydroxyfluorene
measurements, In-transformed, by participant and field type. Specific gravity-
adjusted (left) and creatinine-adjusted (right).

Figure S1-5. Difference in post- and pre-activity concentration for 2-hydroxynapthalene
measurements, In-transformed, by participant and field type. Specific gravity-
adjusted (left) and creatinine-adjusted (right).

Figure S1-6. Difference in post- and pre-activity concentration for 3-hydroxyfluorene
measurements, In-transformed, by participant and field type. Specific gravity-
adjusted (left) and creatinine-adjusted (right).
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Figure S1-1. Difference in post- and pre-activity concentration for 1-hydroxyphenanthrene
measurements, In-transformed, by participant and field type. Specific gravity-adjusted (left)
and creatinine-adjusted (right).
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Figure S1-2. Difference in post- and pre-activity concentration for 1-hydroxypyrene
measurements, In-transformed, by participant and field type. Specific gravity-adjusted (left)
and creatinine-adjusted (right).
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Figure S1-3. Difference in post- and pre-activity concentration for 2 & 3-
hydroxyphenanthrene measurements, In-transformed, by participant and field type. Specific
gravity-adjusted (left) and creatinine-adjusted (right).
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Figure S1-4. Difference in post- and pre-activity concentration for 2-hydroxyfluorene
measurements, In-transformed, by participant and field type. Specific gravity-adjusted (left)
and creatinine-adjusted (right).
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Figure S1-5. Difference in post- and pre-activity concentration for 2-hydroxynapthalene
measurements, In-transformed, by participant and field type. Specific gravity-adjusted (left)
and creatinine-adjusted (right).
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Figure S1-6. Difference in post- and pre-activity concentration for 3-hydroxyfluorene
measurements, In-transformed, by participant and field type. Specific gravity-adjusted (left)
and creatinine-adjusted (right).

In(Post-Activity) minus In(Pre-Activity)

Study Participant

Field Type

B Natural Grass B Synthetic Turf

In(Post-Activity) minus In(Pre-Activity)

Study Participant

Field Type @ Natural Grass B Synthetic Turf

42



Appendix B: Supplemental Tables

Table S1-1.

Table S1-2.

Table S1-3.

Table S1-4.

Table S1-5.
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Table S2-5.

Table S2-6.

Table S2-7.

Table S2-8.

Properties of differences in In-transformed pre- and post-activity body burden
levels for Specific Gravity-adjusted urinary PAHs, by field environment

Properties of differences in In-transformed pre- and post-activity body burden
levels for Specific Gravity-adjusted urinary PAHs, by age category

Properties of differences in In-transformed pre- and post-activity body burden
levels for Specific Gravity-adjusted urinary PAHs, by sex

Properties of differences in In-transformed pre- and post-activity body burden
levels for Specific Gravity-adjusted urinary PAHs, by race

Properties of differences in In-transformed pre- and post-activity body burden
levels for Specific Gravity-adjusted urinary PAHs, by field location

Properties of differences in In-transformed pre- and post-activity body burden
levels for Specific Gravity-adjusted urinary PAHs, by facility

Properties of differences in In-transformed pre- and post-activity body burden
levels for Specific Gravity-adjusted urinary PAHs, by BMI category

Properties of differences in In-transformed pre- and post-activity body burden
levels for Specific Gravity-adjusted urinary PAHs, by activity

Properties of differences in In-transformed pre- and post-activity body burden
levels for Creatinine-adjusted urinary PAHs, by field environment

Properties of differences in In-transformed pre- and post-activity body burden
levels for Creatinine-adjusted urinary PAHs, by age category

Properties of differences in In-transformed pre- and post-activity body burden
levels for Creatinine-adjusted urinary PAHs, by sex

Properties of differences in In-transformed pre- and post-activity body burden
levels for Creatinine-adjusted urinary PAHs, by race

Properties of differences in In-transformed pre- and post-activity body burden
levels for Creatinine-adjusted urinary PAHSs, by field location

Properties of differences in In-transformed pre- and post-activity body burden
levels for Creatinine-adjusted urinary PAHs, by facility

Properties of differences in In-transformed pre- and post-activity body burden
levels for Creatinine-adjusted urinary PAHs, by BMI category

Properties of differences in In-transformed pre- and post-activity body burden
levels for Creatinine-adjusted urinary PAHs, by activity
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Table $3. Comparison of creatinine-adjusted urinary PAH concentrations, NHANES 2015—2016
and 2007—2008
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Table S1-1. Properties of differences in In-transformed pre- and post-activity body burden levels for Specific Gravity-adjusted
urinary PAHs, by field environment

P-Value

of

Signed

Field Standard P-Value of Rank

Environment Urinary PAH n Minimum Maximum Median Mean Deviation t Statistic Test
1-

Outdoor Hydroxynaphthalene 119 -1.09 2.32 434 .514 .638 <.0001 <.0001
(ne/L)
1-

Outdoor Hydroxyphenanthrene 120 -1.91 3.02 433 476 .545 <.0001 <.0001
(ne/L)

Outdoor 1""”{5;78“‘3”8 120 -1.20 261 230 284 534 <0001  <.0001
2 & 3-

Outdoor Hydroxyphenanthrene 120 -.822 2.55 .359 414 466 <.0001 <.0001
(ne/L)

2-Hydroxyfluorene

Outdoor (ug/L) 120 -.780 2.20 .384 .440 464 <.0001 <.0001
2-

Outdoor Hydroxynaphthalene 120 -.732 3.13 .539 .637 .646 <.0001 <.0001
(ng/L)

3-Hydroxyfluorene

Outdoor (ug/L) 120 -716 2.52 .390 441 .511 <.0001 <.0001
1-

Indoor Hydroxynaphthalene 41 -2.32 1.50 .453 .482 .624 <.0001 <.0001
(ng/L)
1-

Indoor Hydroxyphenanthrene 41 -.796 1.69 437 464 .459 <.0001 <.0001
(ne/L)

Indoor 1'Hyd(r5;‘}'8yre”e 41 -1.86 1.14 233 221 551 0.0139  0.0004
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P-Value

of
Signed
Field Standard P-Value of Rank
Environment Urinary PAH n Minimum Maximum Median Mean Deviation t Statistic Test
2 & 3-
Indoor Hydroxyphenanthrene 41 -1.55 1.42 .395 .396 .465 <.0001 <.0001
(mg/L)
2-Hydroxyfluorene
Indoor 41 -2.04 1.72 452 437 .563 <.0001 <.0001
(mg/L)
2-
Indoor Hydroxynaphthalene 41 -2.45 1.51 .586 .522 .646 <.0001 <.0001
(mg/L)
3-Hydroxyfluorene
Indoor (ug/L) 41 -1.66 2.02 475 481 .547 <.0001 <.0001

Note: PAH = Polycyclic Aromatic Hydrocarbon.
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Table S1-2. Properties of differences in In-transformed pre- and post-activity body burden levels for Specific Gravity-adjusted
urinary PAHs, by age category

P-Value
of
P-Value Signed
Age Standard of t Rank
Category Urinary PAH n Minimum Maximum Median Mean Deviation Statistic Test

Adolescent 1'Hydr°’zrlgjf)htha'e”e 51 -385 1.91 510 671 549 <0001  <.0001

Adolescent 1'Hydr°"z'52/e[;a”thre”e 51 -171 2.45 539 647 491 <0001  <.0001

Adolescent 1-Hydroxypyrene (ug/L) 51 -1.86 2.61 .219 .270 .670 0.0059 0.0011
2 & 3-

Adolescent Hydroxyphenanthrene 51 -.160 2.55 424 .535 475 <.0001 <.0001
(mg/L)

Adolescent  2-Hydroxyfluorene (ug/L) 51 -.518 2.20 476 .535 .488 <.0001 <.0001

Adolescent Z'Hydro’&;jf)htha'ene 51 -.239 2.58 700 793 632 <0001  <.0001

Adolescent  3-Hydroxyfluorene (ug/L) 51 -.698 2.52 .519 .547 .531 <.0001 <.0001

Adult 1'Hydr°’m;f)htha'e”e 58 2.32 2.32 378 419 713 <0001  <.0001

Adult 1-Hydroxyphenanthrene g 1.91 3.02 344 319 601 0.0001  <.0001
(mg/L)

Adult 1-Hydroxypyrene (ug/L) 59 -1.20 2.05 .207 .187 .519 0.0074 0.0005
2 & 3-

Adult Hydroxyphenanthrene 59 -1.55 1.57 .306 272 454 <.0001 <.0001
(ne/L)
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P-Value

of
P-Value Signed
Age Standard of t Rank
Category Urinary PAH n Minimum Maximum Median Mean Deviation Statistic Test

Adult 2-Hydroxyfluorene (ug/L) 59 -2.04 1.72 .351 .335 .523 <.0001 <.0001

Adult 2-Hydroxynaphthalene ;o -2.45 3.13 435 517 792 <0001  <.0001
(mg/L)

Adult 3-Hydroxyfluorene (ug/L) 59 -1.66 2.02 374 .376 .568 <.0001 <.0001

Child 1'Hydr°’zrlgjf)htha'e”e 24 -1.09 1.35 358 271 583 0.0322  0.0338

Child 1-Hydroxyphenanthrene | -223 1.39 460 474 397 <0001  <.0001
(mg/L)

Child 1-Hydroxypyrene (ug/L) 24 -.720 1.45 .299 372 .450 0.0005 0.0002
2 & 3-

Child Hydroxyphenanthrene 24 -.539 1.54 .398 438 472 0.0001 <.0001
(mg/L)

Child 2-Hydroxyfluorene (pg/L) 24 -.517 1.81 .355 .399 466 0.0004 <.0001

Child 2-Hydroxynaphthalene -, | -.044 1.15 525 500 306 <0001  <.0001
(mg/L)

Child 3-Hydroxyfluorene (ug/L) 24 -.433 1.16 .287 .346 421 0.0005 0.0002

Youth 1'Hydr°’&gjf)htha'e”e 27 -596 1.48 636 587 569 <0001  <.0001

Youth 1-Hydroxyphenanthrene -236 1.31 401 479 400 <0001  <.0001
(mg/L)

Youth 1-Hydroxypyrene (ug/L) 27 -.144 1.00 .284 .348 324 <.0001 <.0001
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P-Value

of
P-Value Signed
Age Standard of t Rank
Category Urinary PAH n Minimum Maximum Median Mean Deviation Statistic Test

2 &3-

Youth Hydroxyphenanthrene 27 -.330 1.20 .382 .449 .398 <.0001 <.0001
(mg/L)

Youth 2-Hydroxyfluorene (pg/L) 27 -.400 1.44 .511 .523 401 <.0001 <.0001

Youth Z'Hydm’&gjf)htha'e”e 27 -.260 1.52 484 549 466 <0001 <0001

Youth 3-Hydroxyfluorene (ug/L) 27 -.214 1.38 .498 .527 .439 <.0001 <.0001

Note: PAH = Polycyclic Aromatic Hydrocarbon.
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Table S1-3. Properties of differences in In-transformed pre- and post-activity body burden levels for Specific Gravity-adjusted
urinary PAHs, by sex

P-Value
of
Signed
Standard P-Value of Rank
Sex Urinary PAH n Minimum Maximum Median Mean Deviation t Statistic Test
Male 1'Hydr°’zrlgjf)htha'e”e 117 2.32 2.32 394 479 605 <0001  <.0001
Male 1-Hydroxyphenanthrene o -.796 3.02 437 509 503 <0001  <.0001
(ne/L)

Male 1-Hydroxypyrene (ug/L) 118 -1.86 2.61 .228 .288 .546 <.0001 <.0001
2 & 3-

Male Hydroxyphenanthrene 118 -1.55 2.55 .376 422 .470 <.0001 <.0001
(ne/L)

Male 2-Hydroxyfluorene (pg/L) 118 -2.04 2.20 .394 446 .502 <.0001 <.0001

Male 2-Hydroxynaphthalene -2.45 3.13 525 569 608 <0001  <.0001
(ne/L)

Male 3-Hydroxyfluorene (ug/L) 118 -1.66 2.52 .408 .451 .514 <.0001 <.0001
Female 1'Hydr°’m;f)htha'e”e 43 -1.08 1.97 648 578 706 <0001  <.0001
Female l'Hydroxz'ngSa”thre”e 43 -1.91 1.38 401 374 568 <0001  <.0001
Female 1-Hydroxypyrene (ug/L) 43 -1.20 1.37 .256 212 .517 0.0103 0.0016

2 & 3-
Female Hydroxyphenanthrene 43 -.822 1.28 .368 377 451 <.0001 <.0001
(ne/L)
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Sex Urinary PAH

P-Value
of
Signed
Rank
Test

Female 2-Hydroxyfluorene (ug/L)

2-Hydroxynaphthalene
(mg/L)

Female 3-Hydroxyfluorene (ug/L)

Female

<.0001

<.0001

<.0001

Note: PAH = Polycyclic Aromatic Hydrocarbon.




Table S1-4. Properties of differences in In-transformed pre- and post-activity body burden levels for Specific Gravity-adjusted

urinary PAHs, by race

P-
Value
of

P-Value Signed

Standard of t Rank

Race Urinary PAH n Minimum Maximum  Median Mean Deviation  Statistic Test

White 1'Hydr°’zrlgjf)htha'e”e 101 -1.09 1.97 429 505 603 <0001  <.0001

White 1'Hydroxz'52/e£a”thre”e 102 -236 2.45 399 489 446 <0001  <.0001

White 1-Hydroxypyrene (ug/L) 102 -1.86 2.61 227 .248 .502 <.0001 <.0001
2 & 3-

White Hydroxyphenanthrene 102 -.539 2.55 .359 424 .443 <.0001 <.0001
(ne/L)

White 2-Hydroxyfluorene (ug/L) 102 -.518 2.20 .369 452 .445 <.0001 <.0001

White Z'Hydro’a';;";[’)htha'e”e 102 -729 3.13 539 638 629 <0001  <.0001

White 3-Hydroxyfluorene (ug/L) 102 -.698 2.52 .365 .455 474 <.0001 <.0001

Mixed,Other,Unknown 1'Hydr°’a'lg";[’)htha'e”e 37 -596 2.32 510 573 597 <0001  <.0001

Mixed,Other,Unknown 1'Hydroxz'ﬁgfga”thre”e 37 -351 3.02 426 .463 578 <0001  <.0001

Mixed,Other,Unknown  1-Hydroxypyrene (ug/L) 37 -.948 2.05 .293 .360 .543 0.0003  <.0001
2 & 3-

Mixed,Other,Unknown Hydroxyphenanthrene 37 -.330 1.57 407 412 .395 <.0001 <.0001
(ne/L)
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P-

Value
of
P-Value Signed
Standard of t Rank
Race Urinary PAH n Minimum Maximum  Median Mean Deviation Statistic Test
Mixed,Other,Unknown  2-Hydroxyfluorene (ug/L) 37 -.400 1.72 .370 425 .448 <.0001 <.0001
Mixed,Other,Unknown Z'Hydm’a'lgjf)htha'e”e 37 -.509 2.76 435 525 589 <0001  <.0001
Mixed,Other,Unknown  3-Hydroxyfluorene (ug/L) 37 -.419 2.02 405 456 .540 <.0001 <.0001
Asian 1'Hydr°’zrlgjf)htha'e”e 22 2.32 1.16 628 395 819 0.0344  0.0083
Asian 1-Hydroxyphenanthrene ), -1.91 1.28 596 414 742 0.0160  0.0147
(mg/L)
Asian 1-Hydroxypyrene (ug/L) 22 -1.20 1.45 .219 .207 .681 0.1683  0.0950
2 &3-
Asian Hydroxyphenanthrene 22 -1.55 1.14 469 341 .651 0.0228 0.0118
(mg/L)
Asian 2-Hydroxyfluorene (ug/L) 22 -2.04 1.18 .648 404 .725 0.0163  0.0034
Asian 2-Hydroxynaphthalene ), -2.45 1.49 800 .604 813 0.0022  0.0006
(mg/L)
Asian 3-Hydroxyfluorene (ug/L) 22 -1.66 1.29 .551 422 .687 0.0089  0.0057

Note: PAH = Polycyclic Aromatic Hydrocarbon.
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Table S1-5. Properties of differences in In-transformed pre- and post-activity body burden levels for Specific Gravity-adjusted
urinary PAHs, by field location

P-Value

of

P-Value Signed

Standard of t Rank

U.S. Census Region Urinary PAH n Minimum  Maximum Median Mean Deviation Statistic Test

South l'Hydro’Xl;jf)htha'e”e 109  -2.32 1.91 432 484 609 <0001 <0001
1-

South Hydroxyphenanthrene 109 -.831 2.45 442 492 479 <.0001 <.0001
(ug/L)

South 1-Hydroxypyrene (ug/L) 109 -1.86 2.61 .232 .257 .550 <.0001 <.0001
2 &3-

South Hydroxyphenanthrene 109 -1.55 2.55 .378 418 472 <.0001 <.0001
(ng/L)

2-Hydroxyfluorene
South (ug/L) 109 -2.04 2.20 .408 446 .503 <.0001 <.0001
South Z'Hydm’&rg‘jf)htha'e”e 109 -2.45 3.13 536 561 615 <0001  <.0001
3-Hydroxyfluorene

South (ug/L) 109 -1.66 2.52 472 466 .516 <.0001 <.0001

West 1-Hydroxynaphthalene ., -1.08 2.32 448 553 685 <0001  <.0001
(ne/L)
1-

West Hydroxyphenanthrene 52 -1.91 3.02 .399 433 .608 <.0001 <.0001
(ne/L)

West 1-Hydroxypyrene (pg/L) 52 -1.15 2.05 .230 291 .515 0.0002 <.0001
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P-Value

of
P-Value Signed
Standard of t Rank
U.S. Census Region Urinary PAH n Minimum  Maximum Median Mean Deviation Statistic Test
2 &3-
West Hydroxyphenanthrene 52 -.539 1.57 .365 .393 452 <.0001 <.0001
(ng/L)
2-Hydroxyfluorene
West (1g/L) 52 -.518 1.81 .368 425 463 <.0001 <.0001
West Z'Hydro’x;jf)htha'e”e 52 -.729 2.76 573 704 702 <0001 <0001
3-Hydroxyfluorene
West (ug/L) 52 -.698 1.92 .360 419 .529 <.0001 <.0001

Note: PAH = Polycyclic Aromatic Hydrocarbon.
The U.S. census regions are four geographic groupings of states that subdivide the United States, including: Midwest (Illinois, Indiana, lowa, Kansas, Michigan, Minnesota,
Missouri, Nebraska, North Dakota, Ohio, South Dakota, and Wisconsin); Northeast (Connecticut, Maine, Massachusetts, New Hampshire, New Jersey, New York, Pennsylvania,
Rhode Island, and Vermont); South (Alabama, Arkansas, Delaware, District of Columbia, Florida, Georgia, Kentucky, Louisiana, Maryland, Mississippi, North Carolina, Oklahoma,
South Carolina, Tennessee, Texas, Virginia, and West Virginia); and West (Alaska, Arizona, California, Colorado, Hawaii, Idaho, Montana, Nevada, New Mexico, Oregon, Utah,

Washington, and Wyoming).
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Table S1-6. Properties of differences in In-transformed pre- and post-activity body burden levels for Specific Gravity-adjusted
urinary PAHs, by facility

P-Value
of
Signed
Standard P-Value of Rank
Facility Urinary PAH n Minimum Maximum Median Mean Deviation t Statistic Test
Facility 1 l'Hydro’Xl;jf)htha'e”e 68 -1.09 1.91 431 485 604 <0001  <.0001
Facility 1 1'Hydr°X}'E£fLr)'a”thre”e 68 _.831 2.45 455 509 493 <0001  <.0001
Facility 1 1-Hydroxypyrene (ug/L) 68 -1.20 2.61 .228 279 .553 <.0001 <.0001
2&3-
Facility 1 Hydroxyphenanthrene 68 -.822 2.55 .353 431 479 <.0001 <.0001
(kg/L)
Facility 1 2-Hydroxyfluorene (pg/L) 68 -.780 2.20 .389 .452 467 <.0001 <.0001
Facility 1 Z'Hydro’m;jf)htha'e”e 68 _.732 3.13 487 585 599 <0001  <.0001
Facility 1 3-Hydroxyfluorene (ug/L) 68 -.716 2.52 430 .457 .500 <.0001 <.0001
Facility 2 1'Hydr°’zzl;jf)htha'e”e 41 2.32 1.50 453 482 624 <0001  <.0001
Facility 2 l'Hyde}'ngSa”thre”e 41 -.796 1.69 437 464 459 <0001  <.0001
Facility 2 1-Hydroxypyrene (ug/L) 41 -1.86 1.14 .233 221 .551 0.0139 0.0004
2 &3-
Facility 2 Hydroxyphenanthrene 41 -1.55 1.42 .395 .396 465 <.0001 <.0001
(bg/L)
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P-Value

of

Signed

Standard P-Value of Rank

Facility Urinary PAH n Minimum Maximum Median Mean Deviation t Statistic Test

Facility 2 2-Hydroxyfluorene (ug/L) 41 -2.04 1.72 452 437 .563 <.0001 <.0001

Facility 2 Z'Hydro’;ﬁ;jf)htha'e”e 41 2.45 1.51 586 522 646 <0001  <.0001

Facility 2 3-Hydroxyfluorene (ug/L) 41 -1.66 2.02 475 481 .547 <.0001 <.0001

Facility 3 l'Hydro’Xl;jf)htha'e”e 51 -1.08 2.32 448 553 685 <0001  <.0001

Facility 3 1'Hydr°X}'E£fLr)'a”thre”e 52 -1.91 3.02 399 433 608 <0001  <.0001

Facility 3 1-Hydroxypyrene (ug/L) 52 -1.15 2.05 .230 291 .515 0.0002 <.0001
2&3-

Facility 3 Hydroxyphenanthrene 52 -.539 1.57 .365 .393 452 <.0001 <.0001
(kg/L)

Facility 3 2-Hydroxyfluorene (ug/L) 52 -.518 1.81 .368 425 463 <.0001 <.0001

Facility 3 Z'Hydro’ng)htha'e”e 52 -.729 2.76 573 704 702 <0001  <.0001

Facility 3 3-Hydroxyfluorene (ug/L) 52 -.698 1.92 .360 419 .529 <.0001 <.0001

Note: Facility 1 and Facility 3 consisted of outdoor, co-located fields (natural grass, synthetic turf with tire crumb rubber infill). Facility 2 consisted of an indoor, synthetic turf
field with tire crumb rubber infill.
PAH = Polycyclic Aromatic Hydrocarbon.
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Table S1-7. Properties of differences in In-transformed pre- and post-activity body burden levels for Specific Gravity-adjusted
urinary PAHs, by BMI category

P-Value
of
Signed
BMI Standard P-Value of Rank
Category Urinary PAH n Minimum Maximum Median Mean Deviation t Statistic Test

Normal l'Hydro’Xl;jf)htha'e”e 101 -2.32 1.97 453 519 687 <0001  <.0001

Normal 1'Hydr°X}'E£fLr)'a”thre”e 102 -1.91 2.45 440 462 542 <0001  <.0001

Normal 1-Hydroxypyrene (ug/L) 102 -1.86 2.61 .225 227 .575 0.0001 <.0001
2&3-

Normal Hydroxyphenanthrene 102 -1.55 2.55 371 .394 497 <.0001 <.0001
(kg/L)

Normal 2-Hydroxyfluorene (ug/L) 102 -2.04 2.20 402 421 .514 <.0001 <.0001

Normal Z'Hydro’m;jf)htha'e”e 102 -2.45 3.13 582 645 696 <0001  <.0001

Normal 3-Hydroxyfluorene (ug/L) 102 -1.66 2.52 421 427 .544 <.0001 <.0001

Obese 1'Hydr°’zzl;jf)htha'e”e 17 -519 1.09 346 302 465 0.0164  0.0305

Obese l'Hyde}'ngSa”thre”e 17 020 1.29 365 440 371 0.0002  <.0001

Obese 1-Hydroxypyrene (ug/L) 17 -.192 .952 241 272 324 0.0032 0.0021
2 &3-

Obese Hydroxyphenanthrene 17 -.049 1.42 .362 404 .365 0.0003 <.0001
(ng/L)
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P-Value

of
Signed
BMI Standard P-Value of Rank
Category Urinary PAH n Minimum Maximum Median Mean Deviation t Statistic Test
Obese 2-Hydroxyfluorene (pg/L) 17 -.089 1.34 .370 437 .381 0.0002 <.0001
Obese Z'Hydro’;ﬁ;jf)htha'e”e 17 -.729 1.40 473 510 507 0.0008  0.0011
Obese 3-Hydroxyfluorene (ug/L) 17 -.162 1.28 .405 436 426 0.0006 0.0007
Overweight l'Hydro’Xl;jf)htha'e”e 33 -.634 2.32 574 560 573 <0001  <.0001
Overweight 1'Hydr°X}'E£fLr)'a”thre”e 33 -351 3.02 491 547 585 <0001  <.0001
Overweight 1-Hydroxypyrene (ug/L) 33 -.571 2.05 .234 405 .524 0.0001 <.0001
2&3-
Overweight Hydroxyphenanthrene 33 -.351 1.57 407 .459 404 <.0001 <.0001
(kg/L)
Overweight 2-Hydroxyfluorene (pg/L) 33 -.157 1.72 406 .495 440 <.0001 <.0001
Overweight Z'Hydro’m;jf)htha'e”e 33 -.509 2.76 477 590 614 <0001  <.0001
Overweight 3-Hydroxyfluorene (ug/L) 33 -.419 2.02 472 .527 .521 <.0001 <.0001
Underweight 1'Hydr°’zzl;jf)htha'e”e 8 -.026 1.48 501 573 468 00105  0.0156
Underweight l'Hyde}'ngSa”thre”e 8 054 862 328 410 301 0.0063  0.0078
Underweight 1-Hydroxypyrene (ug/L) 8 -.593 .944 173 .207 472 0.2548 0.1953
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P-Value

of
Signed
BMI Standard P-Value of Rank
Category Urinary PAH n Minimum Maximum Median Mean Deviation t Statistic Test

2 & 3-

Underweight Hydroxyphenanthrene 8 -.090 1.54 273 461 .533 0.0443 0.0234
(ng/L)

Underweight  2-Hydroxyfluorene (pg/L) 8 -.103 1.81 .347 .522 .608 0.0455 0.0156

Underweight Z'Hydro’;ﬁ;jf)htha'e”e 8 070 1.13 360 468 354 0.0073  0.0078

Underweight  3-Hydroxyfluorene (pg/L) 8 .048 1.16 434 .503 428 0.0127 0.0078

Unknown l'Hydro’Xl;jf)htha'e”e 1 266 266 266 266 N/A N/A 1.0000

Unknown 1'Hydr°X}'E£fLr)'a”thre”e 1 210 210 210 210 N/A N/A 1.0000

Unknown 1-Hydroxypyrene (ug/L) 1 .330 .330 .330 .330 N/A N/A 1.0000
2 & 3-

Unknown Hydroxyphenanthrene 1 .057 .057 .057 .057 N/A N/A 1.0000
(kg/L)

Unknown 2-Hydroxyfluorene (pg/L) 1 -.139 -.139 -.139 -.139 N/A N/A 1.0000

Unknown 2-Hydroxynaphthalene 160 160 160 160 N/A N/A 1.0000
(kg/L)

Unknown 3-Hydroxyfluorene (ug/L) 1 226 226 .226 .226 N/A N/A 1.0000

Note: N/A = not applicable.

PAH = Polycyclic Aromatic Hydrocarbon.
BMI categories (underweight, normal, overweight, and obese) corresponded to cut points at <18.5, <25, <30, and >=30, respectively, for adults 20 years and older. CDC growth
charts were used to calculate BMI for participants <20 years old with cut points defined at BMI percentages (0,5), [5,85), [85,95), and 95+. Because age was only collected for
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whole years and age-in-months is required to properly use growth charts, BMI calculations for participants under 20 years old were subject to misclassification due to rounding.
See SAS Program for CDC Growth Charts. See: https://www.cdc.gov/nccdphp/dnpao/growthcharts/resources/sas.htm.
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Table S1-8. Properties of differences in In-transformed pre- and post-activity body burden levels for Specific Gravity-adjusted
urinary PAHs, by activity

P-Value
of
P-Value Signed
Standard of t Rank
Main Activity Urinary PAH n Minimum Maximum Median Mean Deviation Statistic Test

Soccer l'Hydro’Xl;jf)htha'e”e 118 2.32 1.85 494 517 599 <0001 <0001

Soccer 1'Hydroxz'52/‘aga”thre”e 119 -831 2.45 442 449 445 <0001 <0001

Soccer 1-Hydroxypyrene (pg/L) 119 -1.20 2.61 .234 .292 494 <.0001 <.0001
2&3-

Soccer Hydroxyphenanthrene 119 -1.55 2.55 .395 412 469 <.0001 <.0001
(kg/L)

Soccer 2-Hydroxyfluorene (ug/L) 119 -2.04 2.20 441 454 .513 <.0001 <.0001

Soccer Z'Hydro’m;jf)htha'e”e 119 -2.45 3.13 569 624 654 <0001 <0001

Soccer 3-Hydroxyfluorene (ug/L) 119 -1.66 2.52 411 .453 .520 <.0001 <.0001

Lacrosse 1'Hydr°’zzl;jf)htha'e”e 27 -1.09 1.91 385 503 636 0.0004  0.0001

Lacrosse 1'Hydr°"}'52f£a”thre”e 27 -072 1.69 468 588 455 <0001 <0001

Lacrosse 1-Hydroxypyrene (ug/L) 27 -1.86 1.14 137 119 .565 0.2819 0.0929
2 &3-

Lacrosse Hydroxyphenanthrene 27 -.030 1.42 .350 423 .393 <.0001 <.0001
(ng/L)
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P-Value

of
P-Value Signed
Standard of t Rank
Main Activity Urinary PAH n Minimum Maximum Median Mean Deviation Statistic Test
Lacrosse 2-Hydroxyfluorene (pg/L) 27 -.134 1.37 310 423 .400 <.0001 <.0001
Lacrosse Z'Hydro’;ﬁ;jf)htha'e”e 27 -.239 1.51 483 555 435 <0001 <0001
Lacrosse 3-Hydroxyfluorene (pg/L) 27 -.276 1.29 377 436 .455 <.0001 <.0001
Other l'Hydro’Xl;jf)htha'e”e 15 -1.02 2.32 182 422 887 0.0864  0.0946
Other 1-Hydroxyphenanthrene —, ; -1.91 3.02 365 454 1.02 0.1060  0.0181
(ug/L)
Other 1-Hydroxypyrene (pg/L) 15 -1.15 2.05 251 .346 .776 0.1060 0.0833
2&3-
Other Hydroxyphenanthrene 15 -.433 1.57 291 .364 .567 0.0261 0.0302
(ug/L)
Other 2-Hydroxyfluorene (pg/L) 15 -.223 1.34 .385 .352 .457 0.0098 0.0151
Other Z'Hydro’;ﬁ;jf)htha'e”e 15 -.729 2.76 470 568 894 0.0275  0.0215
Other 3-Hydroxyfluorene (pg/L) 15 -.661 1.92 .455 462 .642 0.0146 0.0181

Note: PAH = Polycyclic Aromatic Hydrocarbon.
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Table S2-1. Properties of differences in In-transformed pre- and post-activity body burden levels for Creatinine-adjusted urinary
PAHs, by field environment

P-Value
of
P-Value Signed
Field Standard of t Rank
Environment Urinary PAH n Minimum Maximum Median Mean Deviation Statistic Test
Outdoor 1-Hydroxynaphthalene 2.11 2.35 -.006 061 593 0.2626  0.4553

(1g/gCRE)
Outdoor 1-Hydroxyphenanthrene 2.17 2.42 -.029 025 521 0.6038  0.8473

(1g/gCRE)
Outdoor 1-Hydroxypyrene 120 -1.91 1.72 122 -.168 596 0.0026  0.0020

(1g/gCRE)

28&3-

Outdoor Hydroxyphenanthrene 120 -1.69 1.90 -.087 -.037 481 0.4029 0.1202

(1g/gCRE)
Outdoor 2-Hydroxyfluorene 120 -1.25 2.18 025  -011 427 07764  0.2220

(1g/gCRE)
Outdoor 2-Hydroxynaphthalene ) 121 2.75 064 185 596 0.0009  0.0015

(ng/gCRE)

3-Hydroxyfluorene
Outdoor 120 -1.37 2.24 043  -011 467 0.8014  0.3588

(1g/gCRE)
Indoor 1-Hydroxynaphthalene = -1.30 138 -.066 059 538 04879  0.8040

(1g/gCRE)
Indoor 1-Hydroxyphenanthrene -1.02 1.37 -.017 041 390 05062  0.9949

(1g/gCRE)
Indoor 1-Hydroxypyrene 41 -3.47 1.22 169 -.202 689 0.0681  0.0335

(1g/gCRE)

28&3-

Indoor Hydroxyphenanthrene 41 -1.51 1.23 -.031 -.027 473 0.7149 0.4868

(1g/gCRE)
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P-Value

of

P-Value Signed

Field Standard of t Rank

Environment Urinary PAH n Minimum Maximum Median Mean Deviation Statistic Test

Indoor 2-Hydroxyfluorene 41 113 1.64 -.020 014 545 0.8727  0.6329
(ug/gCRE)

Indoor PAETOYMEELEIG 4 -1.43 1.51 114 098 533 0.2440  0.0722
(ng/gCRE)

3-Hydroxyfluorene

Indoor 41 -.889 1.93 .031 .058 527 0.4831 0.7455

(ug/gCRE)
Note: N/A = not applicable
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Table S2-2. Properties of differences in In-transformed pre- and post-activity body burden levels for Creatinine-adjusted urinary
PAHs, by age category

P-Value
of
P-Value Signed
Standard of t Rank
Age Category Urinary PAH n Minimum Maximum Median Mean Deviation Statistic Test
pelsrany o VCCMEEAERRE -1.06 2.35 033 177 582 0.0348  0.1076

(1g/8CRE)
Adolescent  LTHvdroxyphenanthrene ., -1.09 2.42 029 152 541 0.0502  0.1590

(1g/8CRE)
Adolescent e 51 3.47 1.72 _154 -225 802 0.0506  0.0379

(1g/8CRE)

283-

Adolescent Hydroxyphenanthrene 51 -1.69 1.90 -.061 .040 .601 0.6330 0.8898

(1g/8CRE)
Adolescent TS 51 -1.13 2.18 -.020 040 543 0.5996  0.8607

(1g/8CRE)
Adolescent 2 Hydroxynaphthalene . -.897 2.75 091 299 697 0.0035  0.0012

(1g/8CRE)

3-Hydroxyfluorene
Adolescent 51 -1.01 2.24 023 052 575 0.5183  0.7959

(1g/8CRE)
Adult 1-Hydroxynaphthalene o -1.30 1.38 -.067 041 589 0.6013  0.9178

(1g/8CRE)
Adult LAREOGEEETIETS 2.17 2.07 -.045 -.058 531 04083  0.1599

(1g/8CRE)
Adult 1-Hydroxypyrene 59 -1.68 1.22 -.168 -.189 549 00104  0.0126

(1g/8CRE)

283-

Adult Hydroxyphenanthrene 59 -1.30 1.21 -.100 -.105 .387 0.0411 0.0180

(1g/gCRE)
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P-Value

of
P-Value Signed
Standard of t Rank
Age Category Urinary PAH n Minimum Maximum Median Mean Deviation Statistic Test
Adult 2-Hydroxyfluorene 59 -1.25 1.64 -.025 -.042 438 04640  0.1395
(ng/gCRE)
Adult Hideyedidelen: oo -1.43 2.59 114 140 634 0.0953  0.0420
(ng/gCRE)
3-Hydroxyfluorene
Adult 59 -1.19 1.93 -014 -.001 478 0.9854  0.7149
(ng/gCRE)
Child Iahelose e 2.11 919 .006 -.156 653 02525  0.6573
(ng/gCRE)
Child 1-Hydroxyphenanthrene | -1.25 956 -.058 047 428 05986  0.6573
(ng/gCRE)
Child el 24 -1.75 1.08 -.074 -.056 583 0.6420  0.5597
(ng/gCRE)
28 3-
Child Hydroxyphenanthrene 24 -1.57 1.28 -.050 .010 .543 0.9270 0.8464
(ng/gCRE)
Child AT EEnE 24 -1.14 1.55 -.031 -.029 494 0.7756  0.5597
(ng/gCRE)
Child 2-Hydroxynaphthalene | -.900 596 053 073 330 02922  0.2156
(ng/gCRE)
. 3-Hydroxyfluorene
Child 24 -1.37 906 -.106 -.082 432 03636  0.2050
(ng/gCRE)
Youth 1-Hydroxynaphthalene -.500 1.05 -.030 077 426 03572  0.5581
(ng/gCRE)
Youth SLREIDEETEmNETD -.605 452 -.041 -.031 268 05567  0.5268
(ng/gCRE)
Youth 1-Hydroxypyrene 27 -.964 484 -154 -.162 357 0.0260  0.0276
(ng/gCRE)
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P-Value

of

P-Value Signed

Standard of t Rank

Age Category Urinary PAH n Minimum Maximum Median Mean Deviation Statistic Test

2 & 3-

Youth Hydroxyphenanthrene 27 -.730 .525 -.068 -.061 .295 0.2939 0.3841
(1g/gCRE)

Youth 2-Hydroxyfluorene 27 -518 765 -.020 013 274 0.8023  0.7613
(1g/gCRE)

Youth B -464 925 -.033 039 292 04939  0.7792
(1g/gCRE)

3-Hydroxyfluorene

Youth 27 -476 .788 -.022 .017 .329 0.7902 0.9070

(1g/gCRE)
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Table S2-3. Properties of differences in In-transformed pre- and post-activity body burden levels for Creatinine-adjusted urinary

PAHs, by sex

P-Value
of
P-Value Signed
Standard of t Rank
Sex Urinary PAH n Minimum Maximum Median Mean Deviation Statistic Test
Male 1-Hydroxynaphthalene ., 4 1.38 -.040 031 515 05163  0.9860

(ng/gCRE)
Male 1-Hydroxyphenanthrene ), o -1.09 2.07 -.004 062 418 0.1073  0.4189

(ng/gCRE)
Male el 118 -3.47 1.72 -123 -.158 622 0.0066  0.0023

(ng/gCRE)

28 3-

Male Hydroxyphenanthrene 118 -1.69 1.66 -.068 -.025 449 0.5516 0.1982

(ng/gCRE)
Male PR T EEnE 118 -1.13 1.64 -.020 -.001 444 09819  0.3271

(ng/gCRE)
Male 2-Hydroxynaphthalene -1.43 2.59 064 123 493 0.0078  0.0028

(ng/gCRE)

3-Hydroxyfluorene
Male 118 -1.01 1.93 -.027 004 452 0.9190  0.3670

(ng/gCRE)
Female 1-Hydroxynaphthalene 2.11 235 068 141 721 02071  0.1873

(ng/gCRE)
Female SREIDSEETEMNETD 217 2.42 -.070 -.063 644 05219  0.1360

(ng/gCRE)
Female 1-Hydroxypyrene 43 -1.75 1.37 -192 -226 616 00206  0.0270

(1g/8CRE)

28 3-

Female Hydroxyphenanthrene 43 -1.57 1.90 -.090 -.061 .551 0.4729 0.2460

(1g/gCRE)
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P-Value

of
P-Value Signed
Standard of t Rank
Sex Urinary PAH n Minimum Maximum Median Mean Deviation Statistic Test
Female 2-Hydroxyfluorene 43 -1.25 2.18 -.025 -.015 502 0.8422  0.3913
(ug/gCRE)
Female AaelagEpilielne 121 2.75 207 274 768 0.0240  0.0262
(ng/gCRE)
3-Hydroxyfluorene
Female 43 -1.37 2.24 .070 014 563 0.8716 0.7576
(ng/gCRE)

Note: PAH = Polycyclic Aromatic Hydrocarbon.
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Table S2-4. Properties of differences in In-transformed pre- and post-activity body burden levels for Creatinine-adjusted urinary

PAHs, by race

P-Value
of
P-Value Signed
Standard of t Rank
Race Urinary PAH n Minimum  Maximum Median Mean Deviation  Statistic Test

White l'Hydro’Xl;jf)htha'e”e 101 -2.11 235 -.011 056 580 03384  0.5391

White 1'Hydr°X}'E£fLr)'a”thre”e 102 -1.25 2.42 026  .041 432 03354  0.9775

White 1-Hydroxypyrene (ug/L) 102 -3.47 1.72 -.157 -.200 .601 0.0011 0.0004
28 3-

White Hydroxyphenanthrene 102 -1.57 1.90 -.080 -.024 .480 0.6134 0.1316
(ng/L)

White 2-Hydroxyfluorene (ug/L) 102 -1.14 2.18 -.016 .004 .448 0.9247 0.3533

White Z'Hydro’m;jf)htha'e”e 102 -1.04 2.75 .089 190 611 0.0022  0.0020

White 3-Hydroxyfluorene (ug/L) 102 -1.37 2.24 -.024 .007 .459 0.8734 0.6295

Mixed,Other,Unknown 1'Hydr°’zzl;jf)htha'e”e 37 -.445 1.38 130 249 540 0.0080  0.0407

Mixed,Other,Unknown l'Hyde}'ngSa”thre”e 37 -.840 2.07 008  .139 521 01142  0.3528

Mixed,Other,Unknown  1-Hydroxypyrene (ug/L) 37 -1.91 1.37 -.010 .036 .597 0.7154 0.7844
28 3-

Mixed,Other,Unknown Hydroxyphenanthrene 37 -.747 1.21 .003 .088 .376 0.1642 0.4184
(ng/L)
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P-Value

of
P-Value Signed
Standard of t Rank
Race Urinary PAH n Minimum  Maximum  Median Mean Deviation  Statistic Test
Mixed,Other,Unknown  2-Hydroxyfluorene (pg/L) 37 -.618 1.64 -.008 .101 .458 0.1868 0.7700
Mixed,Other,Unknown Z'Hydro’;ﬁ;jf)htha'e”e 37 -59 1.81 104 201 511 0.0222  0.0361
Mixed,Other,Unknown  3-Hydroxyfluorene (pg/L) 37 -.958 1.93 .047 132 .542 0.1457 0.2539
Asian l'Hydro’Xl;jf)htha'e”e 22 -1.30 686 102 -234 519 0.0471  0.0359
Asian L-Hydroxyphenanthrene —,, —, ;; 559 077 -214 617 0.1182  0.1951
(ug/L)
Asian 1-Hydroxypyrene (ug/L) 22 -1.78 .852 -.293 -.421 .653 0.0064 0.0034
2 & 3-
Asian Hydroxyphenanthrene 22 -1.69 .541 -.202 -.287 .538 0.0205 0.0164
(ug/L)
Asian 2-Hydroxyfluorene (ug/L) 22 -1.25 .489 -.082 -.225 .452 0.0295 0.0703
Asian 2-Hydroxynaphthalene -, ) 1.05 010 -.024 534 0.8338  0.7897
(ug/L)
Asian 3-Hydroxyfluorene (ug/L) 22 -1.19 .496 -.106 -.206 422 0.0322 0.0428

Note: PAH = Polycyclic Aromatic Hydrocarbon.
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Table S2-5. Properties of differences in In-transformed pre- and post-activity body burden levels for Creatinine-adjusted urinary

PAHs, by field location

P-Value

of

P-Value Signed

Standard of t Rank

U.S. Census Region Urinary PAH n Minimum  Maximum Median Mean Deviation Statistic Test

South AR IE T e g0 -1.98 235 041 .041 571 04507  0.9749
(ng/gCRE)
1_

South Hydroxyphenanthrene 109 -1.30 2.42 -.005 .050 471 0.2720 0.8160
(ng/gCRE)

South RIS 109 -3.47 1.72 167  -.185 627 0.0026  0.0009
(ng/gCRE)
2 &3-

South Hydroxyphenanthrene 109 -1.69 1.90 -.072 -.025 .497 0.6062 0.1429
(ng/gCRE)

South AAEERILEEE oo -1.25 2.18 -031  .004 501 0.9315  0.2432
(ng/gCRE)

South 2-Hydroxynaphthalene o -1.43 2.75 056 119 576 0.0333  0.0289
(ng/gCRE)

3-Hydroxyfluorene

South 109 -1.19 2.24 -.003 024 515 0.6259  0.9509
(ng/gCRE)

West 1-Hydroxynaphthalene ) 211 1.70 053 101 594 0.2283  0.1706
(ng/gCRE)
]__

West Hydroxyphenanthrene 52 -2.17 2.07 -.041 -.015 .529 0.8380 0.5651
(ng/gCRE)

West 1-Hydroxypyrene 52 -1.75 1.37 -112  -157 607 0.0672  0.0586
(ng/gCRE)

73



P-Value

of

P-Value Signed

Standard of t Rank

U.S. Census Region Urinary PAH n Minimum Maximum Median Mean Deviation Statistic Test
2 & 3-

West Hydroxyphenanthrene 52 -1.57 1.28 -.092 -.055 437 0.3696 0.3212
(ng/gCRE)

West 2-Hydroxyfluorene 52 1.14 1.55 005  -023 356 0.6367  0.5292
(ug/gCRE)

West AARETOYREFIELNG o) -.900 2.63 139 256 585 0.0027  0.0008
(ng/gCRE)

3-Hydroxyfluorene

West 52 -1.37 971 -.066 -.029 .408 0.6057 0.3439

(ug/gCRE)

Note: PAH = Polycyclic Aromatic Hydrocarbon.
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Table S2-6. Properties of differences in In-transformed pre- and post-activity body burden levels for Creatinine-adjusted urinary
PAHs, by facility

P-Value
of
Signed
Standard P-Value of Rank
Facility Urinary PAH n Minimum Maximum Median Mean Deviation t Statistic Test
Sflia, T LCTEEREERS -1.98 235 -.041 031 594 0.6692  0.8895
(1g/8CRE)
Facility1 ~ L'Hvdroxyphenanthrene o -1.30 2.42 .000 055 516 03811  0.8514
(1g/8CRE)
Facility 1  1-Hydroxypyrene (ug/gCRE) 68 -1.91 1.72 -.154 -.175 .592 0.0172 0.0132
283-
Facility 1 Hydroxyphenanthrene 68 -1.69 1.90 -.083 -.023 .515 0.7126 0.1869
(1g/8CRE)
Facility 1 TS 68 -1.25 2.18 -.038 -.002 477 09774  0.2511
(1g/8CRE)
Facility1 2 Hydroxynaphthalene o 121 2.75 020 131 604 00774  0.2150
(1g/8CRE)
. 3-Hydroxyfluorene
Facility 1 68 1.19 2.24 _.024 .003 510 09551  0.6943
(1g/8CRE)
Facility2 - Hydroxynaphthalene -1.30 138 -.066 059 538 04879  0.8040
(1g/8CRE)
Sl VAR g -1.02 1.37 -.017 041 390 0.5062  0.9949
(1g/8CRE)
Facility 2  1-Hydroxypyrene (ug/gCRE) 41 -3.47 1.22 -.169 -.202 .689 0.0681 0.0335
283-
Facility 2 Hydroxyphenanthrene 41 -1.51 1.23 -.031 -.027 473 0.7149 0.4868
(1g/gCRE)
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P-Value

of

Signed

Standard P-Value of Rank

Facility Urinary PAH n Minimum Maximum Median Mean Deviation t Statistic Test

Facility 2 2-Hydroxyfluorene 41 -1.13 1.64 -.020 014 545 08727  0.6329
(1g/8CRE)

Sl 2 CISYREREER g -1.43 1.51 114 098 533 0.2440  0.0722
(1e/8CRE)

- 3-Hydroxyfluorene

Facility 2 41 889 1.93 031 058 527 04831  0.7455
(ng/8CRE)

Sl CISYREREER g 2.11 1.70 053 101 594 0.2283  0.1706
(1g/8CRE)

Facility3 L -Hydroxyphenanthrene o, 217 2.07 -.041 -.015 529 0.8380  0.5651
(ng/gCRE)

Facility 3  1-Hydroxypyrene (ug/gCRE) 52 -1.75 1.37 -.112 -.157 .607 0.0672 0.0586

283-

Facility 3 Hydroxyphenanthrene 52 -1.57 1.28 -.092 -.055 437 0.3696 0.3212
(1g/8CRE)

Facility 3 ARSI 52 1.14 155 _.005 -.023 356 06367  0.5292
(1e/8CRE)

Facility3 2 Hydroxynaphthalene o, -.900 2.63 139 256 585 0.0027  0.0008
(ng/8CRE)

. 3-Hydroxyfluorene

Facility 3 52 11.37 971 066 ~.029 408 0.6057  0.3439

(1g/8CRE)

Note: Facility 1 and Facility 3 consisted of outdoor, co-located fields (natural grass, synthetic turf with tire crumb rubber infill). Facility 2 consisted of an indoor, synthetic turf

field with tire crumb rubber infill.
PAH = Polycyclic Aromatic Hydrocarbon.

76



Table S2-7. Properties of differences in In-transformed pre- and post-activity body burden levels for Creatinine-adjusted urinary
PAHs, by BMI category

P-Value
of
P-Value Signed
Standard of t Rank
BMI Category Urinary PAH n Minimum Maximum Median Mean Deviation Statistic Test
Normal 1-Hydroxynaphthalene ) 2.11 2.35 017 067 628 0.2847  0.3111

(1g/8CRE)
Normal 1-Hydroxyphenanthrene 2.17 2.42 -.020 012 508 0.8159  0.8489

(1g/8CRE)
Normal 1-Hydroxypyrene 102 -3.47 1.72 138 -223 665 0.0010  0.0010

(1g/8CRE)

283-

Normal Hydroxyphenanthrene 102 -1.69 1.90 -.072 -.056 .503 0.2648 0.1248

(1g/8CRE)
Normal 2-Hydroxyfluorene 102 -1.25 2.18 017  -.029 451 0.5140  0.3309

(1g/8CRE)
Normal 2-Hydroxynaphthalene =, -1.43 275 120 195 643 0.0029  0.0001

(1g/8CRE)

3-Hydroxyfluorene
Normal 102 -1.37 2.24 .007 -.023 479 0.6247  0.5831

(1g/8CRE)
Obese 1-Hydroxynaphthalene -1.06 1.15 205 -074 502 0.5509  0.3289

(1g/8CRE)
Obese LAREMOECETIICE o -.453 1.09 -.003 063 360 04800  1.0000

(1g/8CRE)
Obese 1-Hydroxypyrene 17 -1.16 756 168 -.104 527 04266  0.6112

(1g/8CRE)

283-

Obese Hydroxyphenanthrene 17 -.802 1.23 -.115 .027 435 0.8018 0.8900

(1g/gCRE)
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P-Value

of
P-Value Signed
Standard of t Rank
BMI Category Urinary PAH n Minimum Maximum Median Mean Deviation Statistic Test

Obese 2-Hydroxyfluorene 17 -354 1.15 ~.020 060 393 0.5358  0.8176
(1g/8CRE)

Obese 2-Hydroxynaphthalene -.545 1.20 022 133 434 02237  0.4874
(1g/8CRE)

3-Hydroxyfluorene

Obese 17 461 1.08 -.026 060 393 0.5409  0.7819
(1g/8CRE)

Overweight l'Hydr(‘Lxgy/r;ac":'Et)ha'e”e 33 -.921 138 -.028 101 507 02618  0.7202

Overweight 1'”""'“;’;‘;22;:;“”6”6 33 -840 2.07 -.030 088 542 03596  0.9930

Overweight 1"*%3;‘/’;‘%?&;6”6 33 111 1.37 119 -.055 552 0.5724  0.1873

283-

Overweight Hydroxyphenanthrene 33 -747 1.21 -.031 -.001 416 0.9904 0.7202
(1g/8CRE)

Overweight Z'Hy(durg/xgég‘ge”e 33 -.696 1.64 -.031 035 480 0.6770  0.5936

Overweight Z'Hydr(ixgy/;?;it)ha'e”e 33 -.594 1.81 030 130 511 0.1529  0.4144

. 3-Hydroxyfluorene

Overweight S 33 -.958 1.93 -.067 067 552 04882  0.9791

Underweight  » Tvdroxynaphthalene 8 -.413 656 165 128 348 03335  0.4609
(1g/8CRE)

Vidawadn o AOUEEIES -.239 604 147  -035 286 07399  0.3828
(1g/8CRE)

Underweight 1-Hydroxypyrene 8 -.974 686 357 -238 476 0.2004  0.1953
(1g/gCRE)
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P-Value

of
P-Value Signed
Standard of t Rank
BMI Category Urinary PAH Minimum Maximum Median Mean Deviation Statistic Test
283
Underweight Hydroxyphenanthrene -.373 1.28 -.182 .016 .543 0.9359 0.5469
(1g/8CRE)
Underweight 2-Hydroxyfluorene -.386 155 -.100 077 621 07348  0.5469
(ng/gCRE)
e LI S SO -214 314 -.046 023 200 07596  0.8438
(1g/8CRE)
. 3-Hydroxyfluorene
Underweight 445 906 068 058 447 07245  1.0000
(1g/8CRE)
Unknown 1-Hydroxynaphthalene -.188 -.188 -.188 188 N/A N/A 1.0000
(1g/8CRE)
Unknown 1-Hydroxyphenanthrene -244 -244 -244 244 N/A N/A 1.0000
(ng/8CRE)
1-Hydroxypyrene
Unknown _124 _124 _124 124 N/A N/A 1.0000
(1g/8CRE)
283-
Unknown Hydroxyphenanthrene -.398 -.398 -.398 .398 N/A N/A 1.0000
(1g/8CRE)
2-Hydroxyfluorene
Unknown -.594 -.594 -594 594 N/A N/A 1.0000
(1g/8CRE)
Unknown 2-Hydroxynaphthalene -.295 -.295 -.295 295 N/A N/A 1.0000
(1g/8CRE)
Unknown 3-Hydroxyfluorene -.229 -.229 -.229 229 N/A N/A 1.0000
(ug/gCRE) ' ' ' ' '

Note: N/A = not applicable.
PAH = Polycyclic Aromatic Hydrocarbon.
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Table S2-8. Properties of differences in In-transformed pre- and post-activity body burden levels for Creatinine-adjusted urinary

PAHs, by activity

P-Value of
Standard P-Valueoft Signed Rank
Main Activity Urinary PAH n Minimum Maximum Median Mean Deviation Statistic Test
1-
Soccer Hydroxynaphthalene 118 -2.11 2.35 .006 .076 .567 0.1465 0.2606
(18/8CRE)
1-
Soccer Hydroxyphenanthrene 119 -1.30 2.42 -.029 .010 .449 0.8081 0.6655
(H8/gCRE)
Soccer 1-Hydroxypyrene 119 -1.91 1.72 121 -.148 551 0.0042 0.0027
(1g/8CRE)
2 &3-
Soccer Hydroxyphenanthrene 119 -1.69 1.90 -.068 -.027 484 0.5462 0.2660
(1g/8CRE)
Soccer I LIEIETE 119 -1.25 2.18 019  .015 480 0.7373 0.4569
(1g/gCRE)
2-
Soccer Hydroxynaphthalene 119 -1.43 2.75 .104 .185 .604 0.0011 0.0002
(1g/8CRE)
Soccer 3-Hydroxyfluorene 5 1.37 2.24 026  .014 489 0.7635 0.5372
(18/8CRE)
1-
Lacrosse Hydroxynaphthalene 27 -1.98 1.18 -.107 -.024 .572 0.8267 0.7613
(1g/gCRE)
1-
Lacrosse Hydroxyphenanthrene 27 -.464 1.09 -.005 .060 .355 0.3872 0.7972
(18/8CRE)
Lacrosse 1-Hydroxypyrene 27 3.47 756 -345  -.408 763 0.0100 0.0016
(Hg/gCRE)
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Main Activity

Urinary PAH

n

Minimum

Maximum Median

Mean

Standard
Deviation

P-Value of t
Statistic

P-Value of
Signed Rank
Test

Lacrosse

Lacrosse

Lacrosse

Lacrosse

Other

Other

Other

Other

Other

Other

Other

2 &3-
Hydroxyphenanthrene
(18/gCRE)
2-Hydroxyfluorene
(Hg/gCRE)

2-
Hydroxynaphthalene
(18/8CRE)
3-Hydroxyfluorene
(Hg/8CRE)

1-
Hydroxynaphthalene
(H8/8CRE)

1-
Hydroxyphenanthrene
(1g/8CRE)
1-Hydroxypyrene
(18/8CRE)

2 & 3-
Hydroxyphenanthrene
(1g/8CRE)
2-Hydroxyfluorene
(18/8CRE)

2-
Hydroxynaphthalene
(1g/8CRE)
3-Hydroxyfluorene

(ng/gCRE)

27

27

27

27

15

15

15

15

15

15

15

-1.51

-1.13

-.897

-.895

-1.29

-2.17

-1.42

-.697

-.413

-.545

-.924

1.23

1.15

1.20

1.08

1.37

2.07

1.37

.892

541

1.81

971

-.062

-.088

.056

-.066

-.068

.005

-.024

-.117

.009

.011

.099

-.104

-.105

.028

-.091

.090

122

.014

.032

.020

.236

.130

469

440

401

438

.692

.893

.766

453

.279

.661

497

0.2588

0.2269

0.7209

0.2905

0.6223

0.6048

0.9450

0.7911

0.7864

0.1891

0.3288

0.0630

0.1087

0.7972

0.3340

0.9341

0.7197

0.9780

0.9780

0.9341

0.4543

0.3591

Note: PAH = Polycyclic Aromatic Hydrocarbon.
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Table S3. Comparison of creatinine-adjusted urinary PAH concentrations, NHANES 2015—2016 and 2007—2008

NHANES 2007-2008 NHANES 2015-2016
NHANES 2007-2008 geometric mean NHANES 2015-2016 geometric mean
Urinary PAH n (95% ClI) n (95% ClI)
1-Hydroxynaphthalene
2395 2.61(2.20-3.08 2318 1.69 (1.50-1.91
(H8/8CRE) ( ) ( !
1-Hydroxyphenanthrene
2503 .140 (.130-151 2426 .115 (.106-.125
(Hg/gCRE) ( ) ( )
1-Hydroxypyrene
2476 .118 (.108-.128 2424 133 (.125-.141
(18/8CRE) ( , ( )
2 & 3-Hydroxyphenanthrene
N/A N/A 2424 134 (.123-.146
(H8/8CRE) ( )
2-Hydroxyfluorene (ug/gCRE) 2477 .304 (.272-.341) 2425 211 (.191-.232)
2-Hydroxynaphthalene
2431 3.88 (3.45-4.36 2374 5.350 (4.86-5.90
(H8/8CRE) ( ) ( )
3-Hydroxyfluorene (ug/gCRE) 2479 .118 (.104- .133) 2421 .093 (.083-.105)

Note: N/A = not applicable.
PAH = Polycyclic Aromatic Hydrocarbon.
2&3-Hydroxyphenanthrene was not assessed in NHANES 2007-2008.
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Appendix B

Quality Assurance and Quality Control
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B.1 Quality Overview and Planning

Appendix B does not describe quality assurance/quality control (QA/QC) activities and results for the
biomonitoring portions of the exposure characterization pilot study. Appendix B describes only those

QA/QC documentation, procedures, and results for EPA-led activities. Biomonitoring QA/QC
procedures and results are described in Appendix A.

The U.S. Environmental Protection Agency (EPA) requires that all data collected for the
characterization of environmental processes and conditions are of the appropriate type and quality for
their intended use. This is accomplished through an EPA-wide quality system for environmental data.
Components of the EPA quality system can be found at http://www.epa.gov/quality/. EPA policy is
based on ANSI/ASQ E4-2004 (an American National Standard). This standard recommends a tiered
approach that includes the development and use of Quality Management Plans (QMPS). The
organizational units in EPA that generate and/or use environmental data are required to have EPA-

approved QMPs. Programmatic QMPs may also be written when program managers and their QA staff

decide a program is of sufficient complexity to benefit from a QMP.

A programmatic QMP was developed for the research conducted under the Federal Research Action
Plan on Recycled Tire Crumb Used on Playing Fields and Playgrounds, described here as the Tire
Crumb Research Study (TCRS). The TCRS QMP describes the program’s organizational structure,
defines and assigns QA and QC responsibilities, and describes the processes and procedures used to
plan, implement and assess the effectiveness of the quality system. The TCRS QMP is supported by
project-specific QA project plans (QAPPS).

The TCRS QAPPs provide the technical details and associated QA/QC procedures for the research
activities that address TCRS objectives as described in the TCRS Research Protocol, “Collections
Related to Synthetic Turf Fields with Crumb Rubber Infill.” Written sample collection and analysis
research-level standard operating procedures (SOPs) were also prepared to support the QAPPs, when
appropriate.

The following elements were critical for producing high-quality research results:

e Research projects comply with Agency requirements and guidance for QAPPs, including the
use of systematic planning;

e Technical system audits (TSAs) and data quality reviews, as described in the QMP or project-
specific QAPPs;

e QA review of all products that include environmental data; and

e Inclusion of a QA/QC section in the final study report.

This research was supported by a Program QA Manager (PQAM) who was independent of the technical

work and who assisted the QA staff in the implementation of the TCRS quality program and QMP
requirements. Requirements specified in the TCRS QMP and QAPPs were intended to ensure
consistency in the QA approach for all participating organizations.
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B.2 Quality Assurance Activities and Results
B.2.1 Quality Assurance Project Plans

As part of the QA processes implemented in this research study, QAPPs were prepared by research staff
for several components of the TCRS, including the Literature Review/Gaps Analysis and the tire crumb
rubber characterization, and the exposure characterization. QAPPs were reviewed and approved by the
respective research staff supervisors and QAMs. QAPPs (or QAPP addendums) prepared for the tire
crumb characterization portion of the study were described in the Part 1 Report (EPA/600/R-19/051).
One QAPP and two QAPP addendums were prepared for the TCRS exposure characterization pilot
study (Table B-1) and related activity assessment research.

Table B-1. Quality Assurance Project Plans (QAPPs) and Addendums for Exposure Characterization

# QAPP Title Approval Date

1 Activity Characterization for the Tire Crumb Research Study June 2016

2 QAPP Addendum for the Tire Crumb Research Study -Exposure August 2017
Characterization Pilot Study

3 QAPP Addendum for the Tire Crumb Research Study Exposure March 2018
Characterization Pilot Study Procedures for Exposure Pathway Modeling

B.2.2 Standard Operating Procedures

Research-level SOPs were developed for all sample collection, data collection and sample analysis
activities. Prior to undertaking the activities covered by a SOP, the SOP was reviewed and approved by
the respective research staff supervisors and QAMs. Research-level SOPs developed or applied in the
exposure characterization pilot study are provided in Appendix C.

B.2.3 Technical Systems Audits

The EPA Office of Research and Development (ORD) quality program requires at least one audit be
conducted per project, at a minimum. However, due to the high visibility and multi-component nature of
the TCRS, a robust quality review process (including technical system audits and data quality reviews)
was implemented to identify and correct issues immediately. Several audits for tire crumb sample
collection and sample analysis activities were previously described in the Part 1 Report (U.S. EPA &
CDC/ATSDR, 2019). Additional technical system audits (TSAS) were conducted on exposure pilot
study field sampling and for the publicly-available videography data compilation. The purpose of each
audit was to ensure that the research tasks prescribed within the QAPPs or SOPs were verified and
documented. These audits are summarized in Table B-2. No significant findings were identified
during the audits, and minor findings that were identified did not directly affect the integrity or
quality of the data.

B.2.4 Deviations from the QAPPs or SOPs

There were no significant deviations from the QAPP addendums listed in Table B-1. Deviations from
SOPs identified during field or laboratory activities were documented and confirmed, if applicable,
during field or laboratory audits. All SOPs unique to this project that deviated from the original
procedure were amended and, if needed, reviewed by the QAM and approved by the analyst’s
supervisor. Minor changes such as mislabeled sampling containers, contaminated sampling tools or
issues identified in the field related to specific samples or information collection were documented on
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the TCRS field forms and chain of custody.
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Table B-2. Tire Crumb Research Study Exposure Characterization Technical System Audits®?

Video. Coding of the extant videography data had not been performed prior or
during the audit, therefore, only those activities involving collection and handling
of videography files could be assessed. Findings included lack of research
notebooks to document daily activities. Corrective action was issued to the group
coding the collected data and to the task lead.

Date Target Description Interviewed Auditor
09/25 — Exposure TSA of field data collection activities and adherence to planned activities was Kent Thomas, Matt | Christine Alvarez
27/2017 Characterization Field | conducted at a one exposure pilot study location. In addition, data extraction Allen, team lead for
Sampling and activities taken from videos recorded during the field collection at this location was | JTI and team
Monitoring conducted upon return to the RTP EPA NERL laboratory by JTI. This TSA was members which
extended to assess if JTI followed the approved SOP for Videography of Activity included Denise
Characterization Study Participants. No corrective actions were deemed necessary Popeo-Murphy,
and no findings were identified. Patrick Lawler, and
Guy Fazzio
12/06/2016 | Videography and Onsite TSA was conducted at the NERL laboratory, RTP office to assess QA/QC Marsha Morgan Brittany Stuart,
Surveys procedures specified in the SOP for Collecting and Using Extant Publicly Available

Christine Alvarez
reviewed the
research notebook
after completion
of audit

@ All documentation associated with these audits including audit reports, corrective actions and email correspondence is documented and saved in the TCRS QA
SharePoint, https://usepa.sharepoint.com/sitesflORD Work/TCRS%20QA/SitePages/Home.aspx

®TSA = technical system audit; TCRS = Tire Crumb Research Study; QAPP = quality assurance project plan; SOP = standard operating procedure; RTP = Research
Triangle Park; EPA = U.S. Environmental Protection Agency; NERL = National Exposure Research Laboratory; JTI = Jacobs Technology, Incorporated; QA = quality
assurance; QC = quality control
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B.2.5 Data Quality Reviews

Reviews of data quality were performed at several stages throughout the course of the research study
(Table B-3). Data produced through field sample collection, data collection and sample analysis
received data quality reviews by QAMs and/or secondary technical expert reviewers. Reviews were
performed after data were produced and before they were submitted for data processing or included in
data analysis.

Much of the analytical chemistry measurement data for the exposure characterization pilot study was
compiled, standardized and processed by data managers to prepare data analysis files. Data quality
reviews were performed to verify that the data in the data analysis files were correct and complete and
that all processing calculations were performed correctly.

Using the data analysis files, data were organized to prepare outputs for reporting, such as tables and
figures. Statistical summaries of the data were prepared and in some cases, statistical testing was
performed. Data quality reviews were performed to ensure that the data analysis outputs were complete
and correct and that data calculations and analyses were performed correctly.

Finally, multiple data quality reviews were performed to verify that the outputs from the data analyses
were correctly and completely compiled in report tables and figures. This set of data quality reviews is
depicted in the Table B-3, but does not quantify the number of reviews completed for data compilation
and analysis.

Table B-3. Data Quality Reviews of Tire Crumb Exposure Characterization®?

Data/Information Type Technical Lead Reviewer Completion Date
Field Data Kent Thomas Margie Vazquez 02/09/2018
Metals ICP/MS Digests Kasey Kovalcik Clay Nelson 02/26/2018
SVOC GC/MS/MS Scott Clifton/Dawn Mills Elin Ulrich 01/25/2018, 02/13/2018
SVOC LC/MS Larry McMillan, Elin Ulrich | Jim Starr 02/14/2018, 02/27/2018
VOC TOFMS Don Whitaker Christine Alvarez and Rachel | Final date: 03/08/2018
Porter
Filter Weighing Chen Fu-Lin Kent Thomas, Rachel Porter, | 01/24/2018
Christine Alvarez check
Characterization and Jacobs Technology Marsha Morgan/Christine 10/2017 and 12/2017
Videography Summary Incorporated Alvarez

& |CP/MS = inductively coupled plasma/mass spectrometry; SVOC = semivolatile organic compound; GC/MS/MS = gas
chromatography/tandem mass spectrometry; GC/MS = gas chromatography/mass spectrometry; LC/MS = liquid
chromatography/mass spectrometry; VOC = volatile organic compound; TOFMS = time of flight mass spectrometry

® Errors or issues identified during data quality reviews (e.g., transcription errors) are documented on the TCRS QA
SharePoint, https://usepa.sharepoint.com/sitessfORD_Work/TCRS%20QA/SitePages/Home.aspx
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B.3 Quality Control Overview

Numerous quality control activities and analyses were performed over the course of the study and
included, but were not limited to the following:

Sample collection media and sample containers were pre-cleaned or purchased as certifiably
clean, when appropriate;

Whenever possible, media were evaluated prior to field deployment to ensure minimal
background or interferences, and blank media were analyzed to assess potential background
contamination;

Chain of custody procedures were implemented for all samples;

Field quality control samples, consisting of blank, spike, and duplicate samples, were taken
when applicable; location-specific field blanks were taken to and handled in the field in the
same manner as samples, including opening and closing of containers, where appropriate;
Laboratory quality control samples were applied, as appropriate, for each analysis method and
included one or more of the following: procedure or method blanks and spikes, matrix blanks
and spikes where feasible, and replicate sample analysis;

Reference standards were obtained from reputable and traceable sources, where available;
Solvents used for device cleaning, media preparation, or sample extraction were HPLC-grade or
better in purity;

Appropriate methods were used to determine analytical detection or quantifiable limits and to
quantify target chemical amounts in samples;

Blank and recovery correction were applied, as appropriate;

Research notebooks were maintained.

Key quality control measures and their results are reported in this Appendix, including:

Completeness: a measure of the amount of verified data obtained from a measurement system
compared to the amount of data that was expected to be obtained under normal conditions.
Quantification Limits: the lowest concentration or amount of analyte that can be measured in an
analytical method to a known and acceptable degree of confidence and precision. This is
determined in a manner that is appropriate and applicable for each type of measurement.
Background: the amount of analyte or signal present that was not associated with the sample
and can interfere with or inflate measurement results. Background is assessed by using unspiked
field and/or laboratory media and analyses.

Precision: a measure of mutual agreement among individual measurements of the same
property, usually under prescribed similar conditions. Precision is best expressed in terms of the
standard deviation.

Accuracy: the degree of agreement of measurements (or an average of measurements) with an
accepted reference or true value. Accuracy is a measure of the bias or systematic error in a
system and was assessed by measuring recovery of target analytes through laboratory analysis
and where applicable, through combined field and laboratory conditions and procedures.

Each of these general quality criteria and the process by which they were addressed were not universal
throughout the study. Each analyst’s task and characterization process could differ substantially;
therefore, it was impossible to have a single standard operating procedure or consistent approach for
addressing or validating all methods used in tire crumb rubber characterization and exposure
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measurement analysis. This Appendix describes how each method addressed the general quality control
measures described above.

Each analytical method had its own set of quality control measures appropriate for that method. In
addition to the assessments listed above, the SOPs for the sample collection and sample analysis
methods described quality control elements that were implemented for each method. Not all quality
control procedures and results are reported here. For example, calibration procedures and acceptance
criteria, mass spectrometer tuning check procedures, and other quality-related activities related to
quantitative analysis were described in the quantitative analysis SOPs. Quality control procedures for
field sample collection and analysis were also described in their respective SOPs.

B.3.1 Exposure Characterization Pilot Study

The exposure characterization pilot study included several types of quality control samples for each field
and lab medium that was sampled (Tables B-4 and B-5, respectively). Field blanks were used to assess
potential contamination or background. Where applicable, the field blanks (e.g., dermal wipes and field
wipes) were handled at the field site in the same way the samples were handled to account for any
potential contamination during handling (e.g., chemical transfer from gloves). Spiked field controls were
deployed where possible to assess overall analyte recovery through the field condition, transport,
storage, and analysis activities. Duplicate samples were collected when possible to assess overall
measurement precision. Laboratory blanks and laboratory spiked controls were prepared to assess
background and recovery for media not deployed to the field sites.
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Table B-4. Number and Types of Field Quality Control Samples for Exposure Field Study?

Sample Type Analytes First Field First Field First Field Remaining Remaining Remaining
Sampled - Sampled - Spiked | Sampled - Fields - Fields - Spiked | Fields —
Field Blanks Field Control Co-located Field Blanks Field Control | Co-located
(# per field) (# per field) Duplicate Sample | (# per field) (# per field) Duplicate Sample

(# per field) (# per field)

Personal Samples Air® VOCs 0 0 0 0 0 0

Personal Samples Dermal SVOCs 2 2 0 1 1 0

Personal Samples Dermal Metals 2 2 0 1 1 0

Field Air VOC:s (passive) 2 2 1 1 1 1

Field Air VOCs (active) 2 2 1 1 1 1

Field Air SVOCs 2 2 1 1 1 1

Field Air Particulates/Metals | 2 0 1 1 0 1

Field Drag Sled SVOCs 2 2 1 1 1 1

Field Surface Wipe SVOCs 2 2 1 1 1 1

Field Surface Wipe Metals 2 2 1 1 1 1

Field Dust SVOCs 2 0 0 1 0 1

Field Dust Metals 2 0 0 1 0 1

2\VOC = volatile organic compound; SVOC = semivolatile organic compound
bQC samples for personal air VOCs are covered in the passive facility air VOC collection since they use the same sampler
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Table B-5. Number and Types of Laboratory Quality Control Samples®

Sample Type Analytes First Field First Field First Field Remaining Remaining Remaining
Sampled - Sampled - Spiked | Sampled — Fields - Fields — Spiked | Fields — Lab
Lab Blank Lab Control Lab Replicate® Lab Blank Lab Control Replicate®
(# per field) (# per field) (# per field) (# per field) (# per field) (# per field)

Personal Samples Air° VOCs 0 0 0 0 0 0

Personal Samples Dermal SVOCs 2 2 2 1 1 1

Personal Samples Dermal Metals 2 2 2 1 1 1

Field Air VOCs (passive) 2 2 0 1 1 0

Field Air VOCs (active) 2 2 0 1 1 0

Field Air SVOCs 2 2 2 1 1 1

Field Air Particulates/Metals 2 0 2 1 1 1

Field Drag Sled SVOCs 2 2 2 1 1 1

Field Surface Wipe SVOCs 2 2 2 1 1 1

Field Surface Wipe Metals 2 2 2 1 1 1

Field Dust SVOCs 2 2 1 1 1 1

Field Dust Metals 2 2 1 1 1 1

2\VOC = volatile organic compound; SVOC = semivolatile organic compound
bReplicate analysis of sample extract
¢ QC samples for personal air VOCs are covered in the passive facility air VOC collection since they use the same sampler
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Overall project-level DQI are listed in Table B-6. Because there are no standard methods for sample
collection and analysis procedures for measuring environmental and personal exposures at synthetic turf
fields, the DQI target values developed for exposure characterization were considered to be objectives
and were assessed as the work proceeded and following work completion. Additional data quality
indicators were described, where applicable, in the technical SOPs for each experimental or analytical
method.

Table B-6. Target Exposure Characterization Pilot Study Quantitative Data Quality Indicator Objectives®?

Metric Precision Accuracy (%) % Completeness - % Completeness -
(%) Collection Analysis

Metals ICP/MS +25 75125 90 95

VOC TD/GC/TOFMS | £25 70 -130 90 95

SVOC GC/MS/MS +25 70-130 90 95

SVOC LC/MS +25 70 -130 90 95

aCollection completeness is based on the number of samples attempted for collection. It is not based on the overall design
goals for numbers of fields and participants

b VOC = volatile organic compound; TD/GC/TOFMS = thermal desorption/liquid chromatography/time-of-flight mass
spectrometry; SVOC = semivolatile organic compound; GC/MS/MS = gas chromatography/tandem mass spectrometry;
LC/MS = liquid chromatography/mass spectrometry; ICP/MS = inductively coupled plasma/mass spectrometry

B.4 Exposure Characterization Pilot Study Quality Control Results

Exposure characterization pilot study quality control information, measurements, and results are
reported in the following subsections for:

e Measurement of total suspended particulate in field air samples (Section B.4.1),

e Measurement of metals by ICP/MS in field air, field dust, field wipe, and dermal wipe samples
(Section B.4.2),

e Measurement of VOCs by TD/GC/TOFMS in field air samples (Section B.4.3),

e Measurement of SVOCs by GC/MS/MS in field air, field dust, field wipe, drag sled, and dermal
wipe samples (Section B.4.4),

e Attempted measurement of SVOCs by LC/MS in field air, field dust, field wipe, drag sled, and
dermal wipe samples (Section B.4.5),

e Field user questionnaires (Section B.4.6), and,

e Video activity data analysis (Section B.4.7).

B.4.1 Total Suspended Particulate in Field Air QC Samples

Total suspended particulate was measured in field air during four sample collection events. All
scheduled samples were successfully collected and analyzed. Five field blanks carried to the field sites
and returned with the samples had average weight increases on the filters of 5.8 + 4.4 ug/filter. Five lab
blanks that remained in the laboratory had average weight increases on the filters of 1.6 + 3.4 ug/filter.
The average field blank result was subtracted from the total suspended particulate measurement prior to
calculating concentrations in air. The average percent relative standard deviation for four duplicate
sample collection and analysis measurements was 11 + 5.0%.
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B.4.2 Metals in Field Air, Field Dust, Field Wipe, and Dermal Wipe QC Samples

Completeness — All (100%) of the scheduled exposure characterization pilot study samples were
successfully analyzed for metals by ICP/MS.

Quantification Limits — Table B-7 reports the minimum reportable limits for metal analytes for field
wipe, dermal wipe, field dust, and field air samples.

Table B-7. Minimum Reportable Limits for Metals in Field and Dermal Wipe, Field Dust, and Field Air
Filter Samples Analyzed by ICP/MS?

Chemical Field Wipes Dermal Wipes Field Dust Samples | Field Air Filters
Minimum Minimum Minimum Minimum
Reportable Limit Reportable Limit Reportable Limit Reportable Limit
(ng/cm?) (ng/cm?) (mg/kg) (ng/md)®
Aluminum 0.00686 0.05692 0.783 2.93
Antimony 0.00019 0.00155 0.035 0.03
Arsenic 0.00319 0.02646 0.039 0.50
Barium 0.00192 0.01594 1.460 1.29
Beryllium 0.00041 0.00343 0.031 0.79
Cadmium 0.00007 0.00057 0.023 0.16
Chromium 0.00090 0.00749 0.147 0.20
Cobalt 0.00008 0.00069 0.012 0.46
Copper 0.00060 0.00501 0.144 1.06
Iron 0.01037 0.08602 1.743 11.22
Lead 0.00070 0.00583 0.549 0.30
Magnesium 0.00579 0.04805 1.855 13.85
Manganese 0.00023 0.00190 0.084 0.33
Molybdenum 0.00014 0.00116 0.028 0.05
Nickel 0.00009 0.00078 0.015 0.57
Rubidium 0.00760 0.06302 0.045 1.82
Selenium 0.01153 0.09565 3.344 2.92
Strontium 0.00094 0.00783 0.295 0.22
Tin 0.00005 0.00045 0.017 0.05
Vanadium 0.00101 0.00834 0.113 0.19
Zinc 0.00677 0.05614 0.425 2.84

8 |CP/MS = inductively coupled plasma/mass spectrometry
b Based on a nominal air sampling volume of 3.43 m?

Blanks — Table B-8 reports average concentrations of metals across field and laboratory blanks for field
and dermal wipes and field air filters. Relatively high background levels were observed in the wipe
materials for aluminum, iron, magnesium and zinc. These were also elements with relatively high
measurement results in the tire crumb rubber samples. Metals concentrations were adjusted for each
sample by subtracting the field blank result obtained for each field site from the analysis result for each
metal in samples collected at that field site.
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Table B-8. Field and Laboratory Blank Quality Control Results for Metals in Field and Dermal
Wipes and Field Air Filters Analyzed by ICP/MS#P

Chemical Field and Dermal | Field and Dermal Field Air Filter | Field Air Filter
Wipe Blanks Wipe Blanks Blanks Mean Blanks Standard
Mean (ng/wipe) Standard Deviation | (ng/filter) Deviation
(ng/wipe) (ngffilter)
Aluminum 4120 3370 137 44
Antimony 38.5 3.8 3.87 7.13
Arsenic 74.2 11.5 <MRL N/A
Barium 147 36 < MRL N/A
Beryllium 6.72 1.47 <MRL N/A
Cadmium 104 1.6 <MRL N/A
Chromium 72.9 11.1 49.1 2.7
Cobalt 2.78 0.95 <MRL N/A
Copper 728 79 25.9 20.8
Iron 3610 637 729 55.4
Lead 19.6 6.3 1.61 1.08
Magnesium 18,800 619 219 13.8
Molybdenum 39.6 35 0.320 0.099
Nickel 53.5 12.8 4.44 3.24
Rubidium <MRL N/A <MRL N/A
Selenium <MRL N/A <MRL N/A
Strontium 140 21 1.05 0.53
Tin 7.29 11.53 1.53 1.02
Vanadium 119 1.8 0.872 0.084
Zinc 81,700 6760 122 87.9

2 |CP/MS = inductively coupled plasma/mass spectrometry; MRL = minimum reportable limit; N/A = not applicable
® Wipe Blanks (n=18), Field Air Sample Blanks (n=8)

Recovery — Table B-9 reports recovery results for metal analytes from the method spike solution and
field and dermal wipe spiked controls across field and laboratory sampling. Average recoveries from the
spiked controls ranged from 83% to 120%.

No standard synthetic turf field dust sample is available, and there are no methods for spiking an
equivalent dust with metals. The National Institute of Standards and Technology (NIST) standard
reference material (SRM) 1648a (urban particulate matter) was used to prepare field and laboratory
controls. Recovery of metals from this material were uneven, and not all metals had certified values.
Results are shown in Table B-10. Recoveries for cadmium, cobalt, lead and zinc ranged from 74% to
110%. However, the average recovery for chromium was only 20%. It is not known how well this urban
particulate matter SRM represents dust collected from synthetic turf fields. No recovery adjustments
were performed for the exposure characterization pilot study samples.
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Table B-9. Spike Recovery Quality Control Results for Metals in Field and Dermal Wipes After Microwave

Digestion by ICP/MS?P

Chemical Method Spike Method Spike Wipe Spiked Controls | Wipe Spiked Controls
Mean % Recovery % Recovery Mean % Recovery % Recovery
Standard Deviation Standard Deviation

Aluminum 97 7 85 25
Antimony 92 3 94 5

Arsenic 78 8 87 3

Barium 99 4 98 5

Beryllium 89 5 91 3

Cadmium 89 4 91 5

Chromium 96 5 98 8

Cobalt 97 5 95 4

Copper 94 4 95 5

Iron 96 5 93 7

Lead 97 4 96 5
Magnesium 94 4 93 5
Molybdenum 94 5 95 4

Nickel 94 4 95 6

Rubidium 96 4 96 5

Selenium 70 7 83 5

Strontium 98 5 94 5

Tin 98 5 91 6

Vanadium 96 5 95 4

Zinc 92 6 120 48

2|CP/MS = inductively coupled plasma/mass spectrometry
b Method Spikes (n=8), Wipe Spiked Controls (n=18); Spike = 250 microliters (uL); Spike solution from SCP Science

(Champlain, NY)

Table B-10. Recovery Quality Control Results for Metals in Dust Surrogate (NIST SRM 1648a
Urban Particulate Matter) Analyzed by ICP/MS?P

Chemical NIST 1648a NIST 1648a
Mean % Recovery % Recovery Standard Deviation

Aluminum 34 6

Antimony 68 13

Arsenic 116 21

Barium * N/A

Beryllium * N/A

Cadmium 94 15

Chromium 20 3

Cobalt 74 14

Copper 106 19

Iron 55 10

Lead 97 15

Magnesium 95 17
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Table B-10 Continued

Chemical NIST 1648a NIST 1648a
Mean % Recovery % Recovery Standard Deviation
Molybdenum * N/A
Nickel 78 13
Rubidium 30 5
Selenium 88 13
Strontium 88 15
Tin * N/A
Vanadium 86 15
Zinc 110 20

aNIST = National Institute of Standards and Technology; SRM = standard reference material;
ICP/MS = inductively coupled plasma/mass spectrometry; N/A = not applicable

® NIST SRM 1648a (n=8); approximately 20-30 mg of sample used
* Several elements do not have certified reference values

Precision —Duplicate samples were collected for field air and for field wipe samples. Measurement
precision results for metals in these duplicate samples are reported in Table B-11. Average % relative
standard deviation (%RSD) values for metals in field air duplicates ranged from 3.7% to 98%. The
average %RSDs for cobalt, lead, and zinc in field air duplicates were 6%, 11%, and 39%, respectively;
the average %RSD for chromium was 56%. Average %RSD values for metals in field wipes ranged
from 7% to 24% for all metals except cobalt, which had an average %RSD of 53%. Duplicate
measurement results for field wipes may include components of both measurement precision as well as
spatial heterogeneity in loading levels across sampled surfaces.
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Table B-11. Measurement Precision Quality Control Results for Metals in Duplicate
Field Air and Field Wipe Samples Analyzed by ICP/MS

Chemical Field Air Duplicate Samples Field Wipe Duplicate Samples
Average % Relative Standard | Average % Relative Standard
Deviation Deviation

Aluminum 6.8 12

Arsenic 12 10

Barium 9.1 24

Beryllium 31 11

Cadmium 98 16

Cobalt 6.0 53

Chromium 56 13

Copper 46 11

Iron 7.0 15

Magnesium 3.7 7

Manganese 9.1 11

Molybdenum 21 9

Nickel 75 14

Lead 11 19

Rubidium 7.0 15

Antimony 12 12

Selenium 32 ND¢

Tin 66 23

Strontium 8.1 14

Vanadium 8.5 11

Zinc 39 21

2]CP/MS = inductively coupled plasma/mass spectrometry
® Field Air Duplicate Samples (n=4 sample pairs), Field Wipe Duplicate Samples (n=3 sample pairs)
¢ Selenium was not detected in field wipe samples

DQI — Based on the quality control measurement results, DQI objectives were met for lead in all media.
All metals met recovery objectives in the field air and the field and dermal wipe media; however,
recoveries were uneven in the dust surrogate (NIST SRM 1648a) media. Precision was uneven in the
field air media, but all metals except cobalt met the precision objective in the wipe media.

B.4.3 VOCs in Field Air QC Samples

Completeness — All (100%) of the scheduled exposure characterization pilot study active fence line
monitor (FLM) field air samples were successfully collected and analyzed. None of the sample
measurement results from the Radiello passive field air samples or personal air samples were reported in
Volume 1 of this report due to inconsistent sample collection rates determined between laboratory and
field trials and because of unacceptably low recoveries for benzothiazole and methyl isobutyl ketone.
However, results for the Radiello quality control samples are reported in this Appendix.

Quantification Limits — Table B-12 reports the method detection limits for VOC analytes in FLM field
air samples.
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Table B-12. Minimum Detection Limits for VOCs Measured in
Fence Line Monitor Air Samples Analyzed by TD/GC/TOFMS?

Chemical FLM Air Samples
Minimum Detection Limits
(ng/md)®
Freon 12 2.94
1,3-Butadiene 8.24
trans-2-Butene 6.47
cis-2-Butene 8.24
Freon 11 5.29
1,1-Dichloroethene 14.7
Freon 113 4.12
1,1-Dichloroethane 21.2
cis-1,2-Dichloroethene 435
1,2-Dichoroethane 21.2
1,1,1-Trichloroethane 453
Benzene 49.4
Carbon tetrachloride 35.3
1,2 -Dichloropropane 29.4
Trichloroethene 81.2
Methyl isobutyl ketone 64.1
Toluene 14.7
Tetrachloroethene 2.35
Chlorobenzene 1.76
Ethylbenzene 471
m,p-Xylene 941
Styrene 14.1
0-Xylene 5.29
4-Ethyltoluene 30.6
1,3,5-Trimethylbenzene 20.0
m-Dichlorobenzene 5.88
p-Dichlorobenzene 9.41
o-Dichlorobenzene 5.29
Benzothiazole 282

aTD/GC/TOFMS = thermal desorption/liquid chromatography/time-of-flight mass spectrometry; VOC = volatile organic
compound; FLM = fence line monitor

® Based on a nominal air sample volume of 0.017 m?3

Blanks — Table B-13 reports average amounts of VOC analytes measured in FLM run blanks (blank
tubes prepared in the analysis laboratory), laboratory blanks, and field blanks. All average VOC results
for the FLM blanks were < 1.02 ng/tube. Table B-14 reports average amounts of VOC analytes
measured in Radiello passive field air and personal air laboratory and field blanks. All average VOC
results for the Radiello blanks were < 1.62 ng/tube. Air sample concentrations were adjusted by
subtracting the field blank result obtained for each field site from the analysis result for each VOC in
samples collected at that field site.
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Table B-13. Run, Laboratory, and Field Blank Quality Control Results for VOCs in Fence Line Monitor
Air Samples Analyzed by TD/GC/TOFMS?

Chemical FLM Run FLM Run FLM Lab | FLM Lab FLM Field | FLM Field
Blank Blank Blank Blank Blank Blank
Mean Standard Mean Standard Mean Standard
(ng/tube) Deviation (ng/tube) | Deviation (ng/tube) Deviation
(ng/tube) (ng/tube) (ng/tube)
Freon 12 0.15 0.06 0.19 0.07 0.17 0.04
1,3-Butadiene 0.47 0.27 0.33 0.06 0.58 0.40
trans-2-Butene 0.14 0.07 0.11 0.03 0.16 0.07
cis-2-Butene 0.13 0.06 0.11 0.02 0.12 0.09
Freon 11 0.25 0.17 0.33 0.01 0.34 0.01
1,1-Dichloroethene 0.01 0.05 0.04 0.09 0.04 0.08
Freon 113 0.19 0.22 0.24 0.19 0.24 0.19
1,1-Dichloroethane 0.00 0.00 0.00 0.00 0.00 0.00
cis-1,2-Dichloroethene -0.01 0.03 0.00 0.00 0.00 0.00
1,2-Dichoroethane 0.00 0.00 0.00 0.00 0.00 0.00
1,1,1-Trichloroethane 0.06 0.18 0.12 0.23 0.00 0.00
Benzene 0.60 0.16 0.50 0.07 0.57 0.19
Carbon tetrachloride 0.00 0.00 0.00 0.00 0.00 0.00
1,2 -Dichloropropane 0.00 0.00 0.00 0.00 0.00 0.00
Trichloroethene 0.31 0.21 0.32 0.16 0.32 0.16
Methyl isobutyl ketone 0.00 0.00 0.00 0.00 0.00 0.00
Toluene 0.56 0.16 0.61 0.07 0.74 0.17
Tetrachloroethene 0.31 0.21 0.32 0.16 0.32 0.16
Chlorobenzene 0.08 0.15 0.14 0.17 0.08 0.16
Ethylbenzene 0.38 0.13 0.30 0.15 0.31 0.15
m,p-Xylene 0.94 0.21 0.88 0.03 0.73 0.36
Styrene 0.41 0.39 0.26 0.32 0.40 0.33
0-Xylene 0.41 0.14 0.33 0.16 0.33 0.17
4-Ethyltoluene 0.12 0.20 0.00 0.00 0.07 0.14
1,3,5-Trimethylbenzene 0.11 0.13 0.00 0.00 0.04 0.09
m-Dichlorobenzene 0.17 0.22 0.07 0.15 0.07 0.15
p-Dichlorobenzene 0.16 0.22 0.07 0.14 0.07 0.14
o-Dichlorobenzene 0.34 0.20 0.33 0.16 0.24 0.20
Benzothiazole 0.90 0.45 1.02 0.04 1.00 0.11

2\/OC = volatile organic compound; TD/GC/TOFMS = thermal desorption/liquid chromatography/time-of-flight mass
spectrometry; FLM = fence line monitor

b FLM Run Blanks (n=18), FLM Laboratory Blanks (n=5), FLM Field Blanks (n=5)

107



Table B-14. Laboratory and Field Blank Quality Control Results for VOCs in Radiello Passive Air Samples
Analyzed by TD/GC/TOFMS#P

Chemical Radiello Lab | Radiello Lab Blank | Radiello Field | Radiello Field Blank
Blank Mean Standard Deviation | Blank Mean Standard Deviation
(ng/tube) (ng/tube) (ng/tube) (ng/tube)
Freon 12 0.09 0.08 0.20 0.05
1,3-Butadiene 0.00 0.00 0.00 0.00
trans-2-Butene 0.00 0.00 0.01 0.01
cis-2-Butene 0.00 0.00 0.01 0.02
Freon 11 0.13 0.15 0.20 0.16
1,1-Dichloroethene 0.00 0.00 0.04 0.08
Freon 113 0.15 0.18 0.29 0.15
1,1-Dichloroethane 0.00 0.00 0.07 0.14
cis-1,2-Dichloroethene 0.00 0.00 -0.03 0.05
1,2-Dichoroethane 0.00 0.00 0.09 0.18
1,1,1-Trichloroethane 0.00 0.00 0.11 0.22
Benzene 1.62 0.95 1.14 0.36
Carbon tetrachloride 0.00 0.00 0.12 0.24
1,2 -Dichloropropane 0.00 0.00 0.12 0.23
Trichloroethene 0.31 0.16 0.24 0.19
Methyl isobutyl ketone 0.02 0.05 0.03 0.03
Toluene 0.40 0.03 0.48 0.14
Tetrachloroethene 0.31 0.16 0.24 0.19
Chlorobenzene 0.22 0.18 0.30 0.15
Ethylbenzene 0.22 0.18 0.22 0.18
m,p-Xylene 0.51 0.42 0.68 0.34
Styrene 0.13 0.26 0.13 0.26
0-Xylene 0.24 0.19 0.24 0.19
4-Ethyltoluene 0.07 0.13 0.07 0.13
1,3,5-Trimethylbenzene 0.05 0.09 0.04 0.08
m-Dichlorobenzene 0.00 0.00 0.14 0.18
p-Dichlorobenzene 0.00 0.00 0.07 0.14
o-Dichlorobenzene 0.25 0.20 0.41 0.01
Benzothiazole 0.20 0.40 0.40 0.50

2\VOC = volatile organic compound; TD/GC/TOFMS = thermal desorption/liquid chromatography/time-of-flight mass
spectrometry

b |_aboratory Blanks (n=5), Field Blanks (n=5)

Recovery — Table B-15 reports average recoveries of VOC analytes measured in FLM calibration
checks, spiked laboratory controls, and spiked field controls. Average recoveries ranged from 60% to
139% in the calibration checks, 75% to 176% in the spiked lab controls, and 66% to 170% in the spiked
field controls. Most analytes had recoveries in the range of 70% to 130%. No recovery adjustments were
performed for the exposure characterization pilot study samples.

Table B-16 reports average recoveries of VOC analytes measured in Radiello passive field air and personal
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air spiked laboratory controls and spiked field controls. Average recoveries ranged from 4% to 370% in the
spiked field controls. Mean recovery values of 12% or less were observed for methyl isobutyl ketone and
benzothiazole. Mean recovery values of 370% to 373% were observed for cis-1,2-dichloroethene.

Table B-15. Calibration Check and Spike Recovery Quality Control Results for VOCs in Fence Line
Monitor Air Samples Analyzed by TD/GC/TOFMS?2b<

Chemical FLM Run FLM Run FLM Spiked FLM Spiked | FLM Spiked FLM Spiked
Calibration | Calibration Lab Control® | Lab Control® | Field Control | Field Control
Check Check Mean % % Recovery | Mean % % Recovery
Mean % % Recovery | Recovery Standard Recovery Standard
Recovery Standard Deviation Deviation
Deviation
Freon 12 105 5 101 4 100 2
1,3-Butadiene 86 11 110 3 104 9
trans-2-Butene 96 4 103 3 97 5
cis-2-Butene 95 4 102 4 98 6
Freon 11 98 8 105 3 99 4
1,1-Dichloroethene 97 8 106 4 104 3
Freon 113 99 5 104 3 102 2
1,1-Dichloroethane 99 12 125 12 115 8
cis-1,2-Dichloroethene | 133 27 150 27 134 8
1,2-Dichoroethane 123 30 132 25 115 8
1,1,1-Trichloroethane 98 12 111 10 102 4
Benzene 93 6 100 3 99 4
Carbon tetrachloride 139 42 109 19 99 6
1,2 -Dichloropropane 109 27 128 22 117 7
Trichloroethene 95 5 103 2 101 1
Methyl isobutyl ketone | 60 32 176 79 170 28
Toluene 91 9 101 3 101 4
Tetrachloroethene 95 5 103 2 101 1
Chlorobenzene 99 1 101 2 104
Ethylbenzene 86 6 92 3 95
m,p-Xylene 86 7 98 2 101 10
Styrene 83 6 95 5 100 13
0-Xylene 88 7 97 2 98 8
4-Ethyltoluene 99 17 99 11 105 21
1,3,5-Trimethylbenzene | 97 19 93 14 97 24
m-Dichlorobenzene 101 94 94 8
p-Dichlorobenzene 101 93 94 9
o-Dichlorobenzene 101 89 90 8
Benzothiazole 120 29 75 22 66 6

2VOC = volatile organic compound; TD/GC/TOFMS = thermal desorption/liquid chromatography/time-of-flight mass

spectrometry; FLM = fence line monitor

® FLM Run Calibration Check (n=14), FLM Lab Control (n=5), FLM Field Control (n=6); Spike=2.2—-14.8 ng/tube
¢ Recoveries are calculated using the blank corrected tube results and the theoretical mass (ng) loaded.
4 All Lab Spikes were prepared on Carbopack™ X tubes at nominal concentrations of either 1 or 2 ppbv
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Table B-16. Field and Laboratory Spike Recovery Quality Control Results for VOCs in Radiello Passive

Samples Analyzed by TD/GC/TOFMS &P

Chemical Radiello Spiked | Radiello Spiked | Radiello Spiked | Radiello Spiked
Lab Control Lab Control Field Control Field Control
Mean % % Recovery Mean % % Recovery
Recovery Standard Recovery Standard
Deviation Deviation
Freon 12 83 5 84 6
1,3-Butadiene 38 9 56 10
trans-2-Butene 86 3 90 7
cis-2-Butene 83 4 88 6
Freon 11 88 3 91 6
1,1-Dichloroethene 93 7 96 11
Freon 113 95 3 94 5
1,1-Dichloroethane 25 15 33 11
cis-1,2-Dichloroethene 373 12 370 15
1,2-Dichoroethane 130 29 155 21
1,1,1-Trichloroethane 24 12 26 3
Benzene 90 12 113 28
Carbon tetrachloride 81 36 57 29
1,2 -Dichloropropane 36 28 38 6
Trichloroethene 96 3 94 5
Methyl isobutyl ketone 3 3 4 3
Toluene 79 3 80 5
Tetrachloroethene 96 3 94 5
Chlorobenzene 95 2 94 2
Ethylbenzene 78 10 74 10
m,p-Xylene 77 12 73 11
Styrene 56 16 55 13
0-Xylene 79 11 75 9
4-Ethyltoluene 69 12 65 14
1,3,5-Trimethylbenzene 63 13 60 15
m-Dichlorobenzene 83 2 85 2
p-Dichlorobenzene 83 2 84 1
o-Dichlorobenzene 80 1 81 2
Benzothiazole 10 6 12 2

2VOC = volatile organic compound TD/GC/TOFMS = thermal desorption/liquid chromatography/time-of-flight mass

spectrometry

b Radiello Laboratory Control (n=5), Radiello Field Control (n=4); Spike=2.2-14.8 ng/tube

¢ Recoveries are calculated using the blank corrected tube results and the theoretical mass (ng) loaded.
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Precision — Duplicate FLM field air measurement precision results are reported in Table B-17. Average
%RSD values for VOCs in field air duplicates ranged from 2% to 43%, with most %RSD values < 25%.

DQI — Most DQI objectives were met for most field air VOC analytes collected using FLM tubes.
Benzothiazole had an average recovery of 66% in spiked field controls. Methyl isobutyl ketone had an
average 170% recovery in the spiked field controls. Trichloroethylene and o-dichlorobenzene had
average relative percent standard deviations greater than 25% in duplicate samples.

Table B-17. Measurement Precision Quality Control Results for Duplicate
Field Air VOC Fence Line Monitor Samples Analyzed by TD/GC/TOFMS?P

Chemical Field Air FLM Duplicate Samples
Average % Relative Standard Deviation
Methyl isobutyl ketone 20
Benzothiazole 15
1,3-Butadiene 24
Styrene 20
Benzene 17
Toluene 17
Ethylbenzene 16
m/p-Xylene 17
0-Xylene 17
trans-2-Butene 18
cis-2-Butene 21
4-Ethyltoluene 11
1,3,5-Trimethylbenzene 16
1,1-Dichloroethene
1,1-Dichloroethane 3
cis-1,2-Dichloroethene NM
1,2-Dichloroethane 19
1,1,1-Trichloroethane 7
Carbon Tetrachloride 33
1,2-Dichloropropane NM
Trichloroethylene 43
Tetrachloroethylene 16
Chlorobenzene
m-Dichlorobenzene
p-Dichlorobenzene
o-Dichlorobenzene 35
Trichlorofluoromethane (Freon 11) 14
Dichlorodifluoromethane (Freon 12) 4
Trichlorotrifluoroethane (Freon 113) 13

2VOC = volatile organic compound; TD/GC/TOFMS = thermal desorption/liquid chromatography/time-of-flight mass
spectrometry; FLM = fence line monitor; NM = not measured in samples

b Field Air Duplicate Samples (n=4 sample pairs)
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B.4.4 SVOCs in Field Air, Field Dust, Field Wipe, Field Drag Sled and Dermal Wipe QC

Samples

Completeness — All (100%) of the scheduled exposure characterization pilot study field air, field dust,

field wipe, field drag sled, and dermal wipe samples were successfully collected and analyzed for

SVOCs by GC/MS/MS.

Quantification Limits — Minimum quantifiable limits (MQLs) for SVOC analytes were determined for

field air, field dust, drag sled, field wipe, and dermal wipe samples. Results are shown in Table B-18.

Table B-18. Minimum Quantifiable Limits for SVOCs in Field Air, Field Dust, Drag Sled, Field Wipe, and

Dermal Wipe Sample Extracts Analyzed by GC/MS/MS?

Chemical Field Air Field Dust | Drag Sled Field Wipe Dermal Wipe
MQL MQL MQL MQL MQL
(ng/m3)P (mg/kg) (ng/cm?) (ng/cm?) (ng/cm?)

Aniline 0.148 0.01 0.000010 0.00108 0.0006 — 0.0089
n-Butylbenzene 0.074 0.0025 0.000005 0.00027 0.0012 —0.0089
Naphthalene 0.148 0.025 0.000005 0.00269 0.0060 — 0.0222
Benzothiazole 0.148 0.005 0.000010 0.00054 0.0024 — 0.0222
Cyclohexylisothiocyanate 0.148 0.005 0.000020 0.00054 0.0012 - 0.0089
2-Methylnaphthalene 0.740 0.025 0.000050 0.00269 0.0060 — 0.0089
1-Methylnaphthalene 0.296 0.005 0.000020 0.00054 0.0024 —0.0089
Dimethyl Phthalate 0.148 0.005 0.000010 0.00054 0.0002 - 0.0044
Acenaphthalene 0.148 0.005 0.000020 0.00054 0.0012 - 0.0089
2,6-Di-tert-butyl-p-cresol 0.148 0.01 0.000020 0.00108 0.0024 - 0.0222
Diethyl phthalate 0.074 0.25 0.000005 0.02691 0.0024 — 0.0089
n-Hexadecane 0.740 0.01 0.000050 0.00108 0.0060 — 0.0222
Fluorene 0.030 0.005 0.000005 0.00054 0.0012 - 0.0044
4-tert-Octylphenol 0.740 0.05 0.000100 0.00538 0.0120 - 0.0044
2-Bromomethylnaphthalene | 0.740 0.01 0.000050 0.00108 0.0060 — 0.0222
2-Hydroxybenzothiazole NA 0.005 0.000020 0.00054 0.0602 —0.222
Dibenzothiophene 0.074 0.005 0.000020 0.00054 0.00060 — 0.0044
Phenanthrene 0.740 0.025 0.000050 0.00269 0.0024 - 0.0444
Anthracene 0.740 0.01 0.000020 0.00108 0.0060 — 0.0444
Diisobutyl phthalate 0.740 0.025 0.000020 0.00269 0.0120 - 0.222
3-Methylphenanthrene 0.740 0.025 0.000050 0.00269 0.0120 - 0.222
2-Methylphenanthrene 1.479 0.05 0.000050 0.00538 0.0120 - 0.0889
1-Methylphenanthrene 0.148 0.01 0.000010 0.00108 0.0012 —0.0089
Dibutyl phthalate 1.479 0.1 0.000100 0.01076 0.0060 — 0.0444
Fluoranthene 0.148 0.01 0.000020 0.00108 0.0012 - 0.0044
Pyrene 2.959 0.025 0.000050 0.00269 0.0120 - 0.0444
Benzyl butyl phthalate 0.074 0.025 0.000100 0.00269 0.0006 — 0.0222
bis(2-ethylhexyl) adipate 0.740 0.01 0.000020 0.00108 0.0060 — 0.0222
Benz(a)anthracene 0.296 0.01 0.000020 0.00108 0.0024 —0.0222
Chrysene 0.074 0.005 0.000010 0.00054 0.0024 - 0.0089
Bis(2-ethylhexyl)phthalate 0.740 0.01 0.000050 0.00108 0.0060 — 0.0222
Di-n-octyl phthalate 0.740 0.005 0.000050 0.00054 0.0006 — 0.0044
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Table B-18 Continued

Chemical Field Air Field Dust Drag Sled Field Wipe Dermal Wipe
MQL MQL MQL MQL MQL
(ng/m?3) (mg/kg) (ng/cm?) (ng/cm?) (ng/cm?)
Benzo(b)fluoranthene 1.479 0.01 0.000050 0.00108 0.0012 - 0.0222
Benzo(k)fluoranthene 0.074 0.01 0.000002 0.00108 0.0024 —0.0089
Benzo(e)pyrene 0.296 0.001 0.000005 0.00011 0.0012 - 0.0089
Benzo(a)pyrene 0.740 0.025 0.000050 0.00269 0.0012 - 0.0222
Bis(2,2,6,6-tetramethyl- 0.148 0.25 0.000050 0.02691 0.0024 - 0.0222
4piperidyl) sebacate
DBA + ICDP® 0.740 0.01 0.000010 0.00108 0.0024 —0.0222
Benzo(g,h,i)perylene 0.030 0.01 0.000010 0.00108 0.0060 - 0.0222
Coronene 2.959 0.005 0.000020 0.00054 0.0012 - 0.0222

& MQL = minimum quantifiable limit; SVOC = semivolatile organic compound; GC/MS/MS = gas chromatography/tandem
mass spectrometry

b Based on a nominal air sample volume of 3.38 m?
¢DBA + ICDP = Dibenz(a,h)anthracene + Indeno(1,2,3-cd)pyrene

Blanks — Table B-19 reports average concentrations of SVOC analytes in air filter field and laboratory
blanks. High background levels were observed for diisobutyl phthalate, with other analytes much lower.

Field dust quality control samples were prepared using solvent-cleaned and heat-baked diatomaceous
earth. Table B-20 reports average concentrations of SVOC analytes in dust field and laboratory blanks.
Cyclohexylisothiocyanate was found at 50 ng/sample, with other analytes much lower.

Field air and field dust sample concentrations were adjusted by subtracting the field blank result
obtained for each field site from the analysis result for each SVOC in samples collected at that field site.

Table B-19. Field and Laboratory Blank Quality Control Results for SVOCs in Field Air Samples
Analyzed by GC/MS/MS2P

Chemical Field Blank Field Blank Lab Blank Lab Blank
Mean Standard Mean Standard
(ng/sample) Deviation (ng/sample) Deviation
(ng/sample) (ng/sample)
Aniline 0 0 0 0
n-Butylbenzene 1.8 0.6 2 0.4
Naphthalene 4.9 1.1 4 2
Benzothiazole 60.8 16.5 44.1 17.1
Cyclohexylisothiocyanate 0 0 0 0
2-Methylnaphthalene 7 1.4 5.5 2.6
1-Methylnaphthalene 3.6 0.8 2.8 1.2
Dimethyl Phthalate 1.1 0.3 1 0.5
Acenaphthalene 0.4 0.1 0.5 0.1
2,6-Di-tert-butyl-p-cresol 6.5 5 1.7 3.3
Diethyl phthalate 142 53.5 69.8 61.4
n-Hexadecane 80.1 454 38.5 10.5
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Table B-19 Continued

Chemical Field Blank Field Blank Lab Blank Lab Blank
Mean Standard Mean Standard
(ng/sample) Deviation (ng/sample) Deviation
(ng/sample) (ng/sample)
Fluorene 1.1 0.3 0.6 0.2
4-tert-octylphenol 3.6 2.6 3.6 1.4
2-Bromomethylnaphthalene 0 0 0 0
Dibenzothiophene 0.1 0.1 0 0.1
Phenanthrene 5.7 24 4.6 4.1
Anthracene 0.4 0.1 0.5 0.1
Diisobutyl phthalate 799.5 306.3 573 137.8
3-Methylphenanthrene 1.8 0.1 1.7 0.2
2-Methylphenanthrene 2.7 0.1 2.7 0.2
1-Methylphenanthrene 0.3 0.1 0.3 0.1
Dibutyl phthalate 47.6 23.7 334 17.4
Fluoranthene 0.3 0 0.3 0.1
Pyrene 2.9 0.1 2.9 0.1
Benzyl butyl phthalate 48.8 34.2 30.4 35.8
bis(2-ethylhexyl) adipate 15.8 10.5 16.3 10.3
Benz(a)anthracene 0.2 0.1 0.3 0
Chrysene 0 0 0 0
Bis(2-ethylhexyl)phthalate 89.9 57.8 37.8 11.9
Di-n-octyl phthalate 6.9 8.9 1 0.5
Benzo(b)fluoranthene 0 0 0 0
Benzo(k)fluoranthene 0 0 0 0
Benzo(e)pyrene 0.4 0.2 0.5 0.1
Benzo[a]pyrene 1.1 0 1.2 0.1
Bis(2,2,6,6-tetramethyl-4piperidyl) sebecate | 0 0 0 0
DBA + ICDP® 0 0 0 0
Benzo[ghi]perylene 0 0 0 0
Coronene 0 0 0 0

2SVOC = semivolatile organic compound; GC/MS/MS = gas chromatography/tandem mass spectrometry

®Field Blanks (n=5), Lab Blanks (n=4),

¢ DBA + ICDP = Sum of Dibenz[a,h]anthracene and Indeno(1,2,3-cd)pyrene
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Table B-20. Field and Laboratory Blank Quality Control Results for SVOCs in Field Dust Samples

Analyzed by GC/MS/MS?#P

Chemical Field Blank | Field Blank Lab Blank Lab Blank
Mean Standard Mean Standard
(ng/sample) Deviation (ng/sample) Deviation
(ng/sample) (ng/sample)

Aniline 0 0 0 0
n-Butylbenzene 0 0 0.3 0.6
Naphthalene 0 0 0 0
Benzothiazole 5.5 3.2 3.3 0.3
Cyclohexylisothiocyanate 49.6 4.8 40.8 6.4
2-Methylnaphthalene 0.3 0.2 0.2 0
1-Methylnaphthalene 0.4 0.1 0.4 0
Dimethyl Phthalate 0.2 0 0.3 0
Acenaphthalene 0 0 0 0
2,6-Di-tert-butyl-p-cresol 4.3 5 0 0
Diethyl phthalate 0 0 0 0
n-Hexadecane 20.2 4.2 16.9 3.9
Fluorene 0.5 0.1 0.5 0
4-tert-octylphenol 0 0 0 0
2-Bromomethylnaphthalene 0 0 0 0
2-Hydroxybenzothiazole 3.1 1.9 1.6 0.1
Dibenzothiophene 0.3 0 0.4 0
Phenanthrene 1 0.1 1 0.1
Anthracene 0 0 0 0
Diisobutyl phthalate 55 0.5 5.3 0.9
3-Methylphenanthrene 0 0 0 0
2-Methylphenanthrene 0 0 0 0
1-Methylphenanthrene 0 0 0 0
Dibutyl phthalate 4.5 0.1 4.3 0.1
Fluoranthene 0.4 0 0.4 0
Pyrene 0 0 0 0
Benzyl butyl phthalate 3.5 0.7 35 1.6
bis(2-Ethylhexyl) adipate 0 0 0 0
Benz(a)anthracene 0 0 0 0
Chrysene 0 0 0 0
Bis(2-ethylhexyl)phthalate 13.9 2.7 12 2.1
Di-n-octyl phthalate 0 0 0 0
Benzo(b)fluoranthene 0.2 0.5 0 0
Benzo(k)fluoranthene 0 0 0 0
Benzo(e)pyrene 0 0 0 0
Benzo(a)pyrene 0 0 0 0
Benzo(ghi)perylene 0 0 0 0
Coronene 0.6 0.1 0.7 0.2

2SVOC = semivolatile organic compound; GC/MS/MS = gas chromatography/tandem mass spectrometry
®Field Blanks (n=4), Lab Blanks (n=4)
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Table B-21 reports average concentrations of SVOC analytes in field wipe field and laboratory blanks.

Bis(2-ethylhexyl) phthalate had the highest measured background levels (79 ng/wipe). Table B-22
reports average concentrations of SVOC analytes in drag sled field and laboratory blanks. Bis(2-
ethylhexyl) phthalate had the highest measured background levels (930 ng/wipe) followed by
benzothiazole (216 ng/wipe).

Table B-23 reports average concentrations of SVOC analytes in dermal wipe field and laboratory
blanks. Diisobutyl phthalate had the highest measured background levels (2100 ng/wipe) followed by
benzyl butyl phthalate (151 ng/wipe). The field wipe and dermal wipe field blank wipe material was

handled in the field using gloved hands to mimic handling for the samples. Sample concentrations were
adjusted by subtracting the field blank result obtained for each field site from the analysis result for each

SVOC in samples collected at that field site.

Table B-21. Field and Laboratory Blank Quality Control Results for SVOCs in Field Wipes Analyzed by

GC/MS/MS2P
Chemical Field Blank Mean Field Blank Lab Blank Result
(ng/wipe) Standard Deviation | (ng/wipe)
(ng/wipe)
Aniline 0 0 0
n-Butylbenzene 2.5 15 1.9
Naphthalene 0 0 0.2
Benzothiazole 11.5 3.7 10.7
Cyclohexylisothiocyanate 15.3 19.8 0
2-Methylnaphthalene 0.4 0.3 1.4
1-Methylnaphthalene 0.7 0.3 1.6
Dimethyl Phthalate 0.3 0.1 0.3
Acenaphthalene 0.4 0.2 0.6
2,6-Di-tert-butyl-p-cresol 9.3 2 10.7
Diethyl phthalate 21.7 6.1 18
n-Hexadecane 42.6 11 24.8
Fluorene 0.6 0.2 0.7
4-tert-octylphenol 6.9 0.9 4.8
2-Bromomethylnaphthalene 0 0 0
2-Hydroxybenzothiazole 26.1 15.3 10.9
Dibenzothiophene 0.6 0.3 0.3
Phenanthrene 1.3 0.4 0.9
Anthracene 1 0.3 0.6
Diisobutyl phthalate 44.9 8.1 60.2
3-Methylphenanthrene 2.2 04 1.7
2-Methylphenanthrene 2.5 0.3 2
1-Methylphenanthrene 1.3 0.5 0.6
Dibutyl phthalate 39.8 18.6 35.2
Fluoranthene 0.9 0.2 0.5
Pyrene 2.2 0.2 1.8
Benzyl butyl phthalate 71.4 37.2 199.5
bis(2-ethylhexyl) adipate 43 20.5 6.6
Benz(a)anthracene 0.6 0.2 0.5
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Table B-21 Continued

Chemical Field Blank Mean | Field Blank Lab Blank Result
(ng/wipe) Standard Deviation | (ng/wipe)
(ng/wipe)
Chrysene 0.6 0.2 0.3
Bis(2-ethylhexyl)phthalate 78.6 38.7 69.8
Di-n-octyl phthalate 34 3.9 1
Benzo(b)fluoranthene 0.9 0.1 0.6
Benzo(k)fluoranthene 0.7 0.1 0.5
Benzo(e)pyrene 0.5 0.2 0.1
Benzo(a)pyrene 0.9 0.1 0.7
Bis(2,2,6,6-tetramethyl-4piperidyl) sebecate 0 0 0
DBA + ICDP® 0.5 0.1 0.6
Benzo(ghi)perylene 0.7 0.1 0.4
Coronene 0.4 0 0.2

2SVOC = semivolatile organic compound; GC/MS/MS = gas chromatography/tandem mass spectrometry

bField Blanks (n=4), Lab Blanks (n=1)

¢ DBA + ICDP = Sum of Dibenz[a,h]anthracene and Indeno(1,2,3-cd)pyrene

Table B-22. Field and Laboratory Blank Quality Control Results for SVOCs in Drag Sled Wipes Analyzed

by GC/MS/MS
Chemical Field Blank | Field Blank | Lab Blank Lab Blank
Mean Standard Mean Standard
(ng/sample) | Deviation (ng/sample) | Deviation
(ng/sample) (ng/sample)
Aniline 0 0 0 0
n-Butylbenzene 5.2 3.3 111 14
Naphthalene 35 1.8 3.8 15
Benzothiazole 215.7 217.5 333.3 437.5
Cyclohexylisothiocyanate 0 0 0 0
2-Methylnaphthalene 3.5 16 3.7 15
1-Methylnaphthalene 2.1 1 2.2 0.9
Dimethyl Phthalate 15 0.7 2.3 2.4
Acenaphthalene 0.6 0.2 0.7 0.2
2,6-Di-tert-butyl-p-cresol 9.3 5.2 9.2 7.4
Diethyl phthalate 61.4 10.8 82.7 62.8
n-Hexadecane 95.5 18.2 86.7 67.5
Fluorene 1.1 0.8 1.3 15
4-tert-octylphenol 8 2.3 6 1.1
2-Bromomethylnaphthalene 0 0 0 0
2-Hydroxybenzothiazole 23.1 15.6 41 36.4
Dibenzothiophene 0.5 0.1 0.5 0.2
Phenanthrene 2.7 1.7 4.6 5.3
Anthracene 0.2 0.1 0.3 0.2
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Table B-22 Continued

Chemical Field Blank | Field Blank | Lab Blank Lab Blank
Mean Standard Mean Standard
(ng/sample) | Deviation (ng/sample) | Deviation
(ng/sample) (ng/sample)
Diisobutyl phthalate 87.2 29.5 78 14.9
3-Methylphenanthrene 1.6 0.2 18 0.5
2-Methylphenanthrene 1.4 0.2 1.7 0.5
1-Methylphenanthrene 0.6 0.3 14 11
Dibutyl phthalate 135.6 315 78.1 25.2
Fluoranthene 0.6 0.3 14 1.9
Pyrene 24 1 4.4 5.2
Benzyl butyl phthalate 148.7 141.7 136.9 100.3
bis(2-ethylhexyl) adipate 61.5 30.8 22.7 14
Benz(a)anthracene 0.2 0 0.4 0.2
Chrysene 0.2 0.1 0.8 1
Bis(2-ethylhexyl)phthalate 930.4 1004.9 1109.7 1840.4
Di-n-octyl phthalate 1.9 0.5 2.1 0.8
Benzo(b)fluoranthene 0.2 0.3 0.5 0.4
Benzo(k)fluoranthene 0.1 0.2 0.2 0.1
Benzo(e)pyrene 0.2 0.2 0.8 1.7
Benzo(a)pyrene 0.5 0.6 0.9 14
Bis(2,2,6,6-tetramethyl-4piperidyl) sebecate 5.1 4 135 3.4
DBA + ICDP® 0 0 0 0
Benzo(ghi)perylene 0.2 0.1 0.6 0.9
Coronene 0.3 0 0.3 0.1

2SVOC = semivolatile organic compound; GC/MS/MS = gas chromatography/tandem mass spectrometry

bField Blanks (n=4), Lab Blanks (n=4)

¢ DBA + ICDP = Sum of Dibenz[a,h]anthracene and Indeno(1,2,3-cd)pyrene

Table B-23. Field and Laboratory Blank Quality Control Results for SVOCs in Dermal Wipes Analyzed by

GC/MS/MS2P
Chemical Field Blank | Field Blank | Lab Blank Lab Blank
Mean Standard Mean Standard
(ng/sample) | Deviation (ng/sample) | Deviation
(ng/sample) (ng/sample)
Aniline 0 0 0 0
n-Butylbenzene 4.6 1.9 55 2.2
Naphthalene 2.2 0.4 1.9 0.2
Benzothiazole 5.4 1.4 10.2 2.2
Cyclohexylisothiocyanate 9.8 20.3 12.9 22.1
2-Methylnaphthalene 1.6 0.2 3.6 1.6
1-Methylnaphthalene 0 0 0.9 0.8
Dimethyl Phthalate 0.5 0.4 0.1 0.2
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Table B-23 Continued

Chemical Field Blank | Field Blank | Lab Blank Lab Blank
Mean Standard Mean Standard
(ng/sample) | Deviation (ng/sample) | Deviation
(ng/sample) (ng/sample)
Acenaphthalene 0.4 0.1 0.2 0.2
2,6-Di-tert-butyl-p-cresol 8.6 54 155 11.7
Diethyl phthalate 38.2 16.7 41.2 8.9
n-Hexadecane 86.1 26.2 169.4 111.3
Fluorene 0.4 0.1 0.2 0.2
4-tert-octylphenol 30.5 34.9 16.8 8.7
2-Bromomethylnaphthalene 0 0 11.3 11.8
Dibenzothiophene 0.4 0.1 0.3 0.3
Phenanthrene 0.5 0.4 1.6 1.4
Anthracene 2.1 0.3 0.8 1.2
Diisobutyl phthalate 2102.3 581.9 2146.5 643.8
3-Methylphenanthrene 3.2 0.2 3 1.7
2-Methylphenanthrene 35 0.3 3.7 0.2
1-Methylphenanthrene 0.7 0.2 0.9 0.3
Dibutyl phthalate 85.6 43.7 122.8 39.4
Fluoranthene 0.6 0.2 0.6 0.3
Pyrene 3.2 0.1 2.7 0.7
Benzyl butyl phthalate 151.1 115.1 224.1 160
bis(2-ethylhexyl) adipate 25.3 20.8 374.6 777.2
Benz(a)anthracene 0.3 0.2 0.3 0.4
Chrysene 0.4 0.1 0.3 0.3
Bis(2-ethylhexyl)phthalate 79.9 13.1 108.1 61.2
Di-n-octyl phthalate 8.5 7.4 25 2.2
Benzo(b)fluoranthene 0 0 0 0.1
Benzo(k)fluoranthene 0.3 0.2 0.2 0.4
Benzo(e)pyrene 0.1 0.1 0.2 0.3
Benzo(a)pyrene 0.2 0.3 0.3 0.5
Bis(2,2,6,6-tetramethyl-4piperidyl) sebecate 3.7 1.3 1.6 0.9
DBA + ICDP® 0 0 0.4 0.4
Benzo(ghi)perylene 0 0 0.9 0.2
Coronene 0 0 0 0

2SVOC = semivolatile organic compound; GC/MS/MS = gas chromatography/tandem mass spectrometry

®Field Blanks (n=5), Lab Blanks (n=5)
®DBA + ICDP = Dibenz(a,h)anthracene + Indeno(1,2,3-cd)pyrene
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Recovery — Table B-24 reports recovery results for SVOC analytes measured in air filter spiked field
controls and spiked laboratory controls. Average recoveries ranged from 0% to 232% for controls not
corrected for blank levels. Most SVOCs had average spiked field control recoveries in a range from 70%
to 120%. Aniline had an average recovery of 18% in spiked field controls, while n-butylbenzene and
napthalene had recoveries of 54% each. These were the three most volatile analytes and there may have
been losses during the extraction solvent volume reduction step. Diisobutyl phthalate and bis(2-
ethylhexyl) adipate had recoveries of 232% and 190%, respectively, in spiked field controls. The
diisobutyl phthalate recovery was inflated by the relatively high background levels (reported in Table B-
23).

Table B-24. Field and Laboratory Spike Quality Control Results for SVOCs in Field Air Samples Analyzed
by GC/MS/MS#P

Chemical Field Spike Field Spike Lab Spike Lab Spike
Mean % % Recovery | Mean% % Recovery
Recovery Standard Recovery Standard
Deviation Deviation
Aniline 18.2 9.1 20.2 3.8
n-Butylbenzene 53.6 2.3 62.4 3.1
Naphthalene 53.5 14.9 64.7 7.2
Benzothiazole 112 8.2 117.3 10.6
Cyclohexylisothiocyanate 119.6 10 127.3 18.8
2-Methylnaphthalene 75 5.1 84.6 7
1-Methylnaphthalene 78.1 4.7 87.8 8
Dimethyl Phthalate 74.8 5.2 73.4 4.1
Acenaphthalene 73.6 5 77.2 9.5
2,6-Di-tert-butyl-p-cresol 72.4 5.9 73.4 9.7
Diethyl phthalate 103.6 8.3 97.7 5.7
n-Hexadecane 76.4 5.3 92 11.9
Fluorene 91.2 3.6 96.4 25
4-tert-octylphenol 72 9.2 109.7 79.8
2-Bromomethylnaphthalene 1.7 0.9 6.8 24
Dibenzothiophene 104.3 4.6 103.1 6.1
Phenanthrene 90.2 4.8 87.3 4.9
Anthracene 97.6 4.5 94.1 4.7
Diisobutyl phthalate 232.5 63.1 220.9 111
3-Methylphenanthrene 107.3 3.9 104.5 4.3
2-Methylphenanthrene 101.5 6.5 100.8 6.4
1-Methylphenanthrene 110 6.5 109.2 4.7
Dibutyl phthalate 1141 16.4 123.2 3.9
Fluoranthene 85 4.7 81.9 2.3
Pyrene 82.5 3.8 81.9 2.6
Benzyl butyl phthalate 108.3 27 92 8.8
bis(2-ethylhexyl) adipate 189.6 81.3 211.9 72.5
Benz(a)anthracene 81.8 4.1 82.4 7.3
Chrysene 111.2 6.4 106.8 4.3
Bis(2-ethylhexyl)phthalate 96.5 8.7 94 5.4
Di-n-octyl phthalate 82.9 2.8 82.6 4.9
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Table B-24 Continued

Chemical Field Spike Field Spike Lab Spike Lab Spike
Mean % % Recovery | Mean% % Recovery
Recovery Standard Recovery Standard
Deviation Deviation
Benzo(b)fluoranthene 113.8 14.5 105.5 8.9
Benzo(k)fluoranthene 108.6 4.1 108.4 10.6
Benzo(e)pyrene 69.4 7.7 76.1 6.7
Benzo(a)pyrene 72.9 7.9 75.8 115
Bis(2,2,6,6-tetramethyl-4piperidyl) sebecate 0.3 0.6 0 0.1
DBA + ICDP¢ 120.8 29.7 115.4 3.5
Benzo(ghi)perylene 95.3 1.4 100.9 111
Coronene 100.7 18.2 71.5 11.8

2SVOC = semivolatile organic compound; GC/MS/MS = gas chromatography/tandem mass spectrometry
b Field Spikes (n=5), Lab Spikes (n=5); Spike=500 ng
¢ DBA + ICDP = Dibenz(a,h)anthracene + Indeno(1,2,3-cd)pyrene

Table B-25 reports recovery results for SVOC analytes in field dust surrogate spiked field controls and
spiked laboratory controls. Average recovery levels were low and ranged from 36% to 70% for most
analytes. Aniline had an average recovery of 10% in spiked field controls, while n-butylbenzene and
napthalene had recoveries of 19% and 29%, respectively. 2-bromomethylnaphthalene had an average
recovery of 17% in the spiked field controls. The reason for the relatively low recoveries is not clear.
Uniform spiking of dust surrogate material is difficult, and some portion of the spiking solution may not
have been applied directly to the material. It is possible that recoveries from the diatomaceous earth are
not complete using the solvent and extraction method used. It is also not clear whether the surrogate
material provides a quality control measure that can accurately represent recoveries obtained from actual
field dust.

Table B-25. Field and Laboratory Spike Quality Control Results for SVOCs in Field Dust Surrogate
Analyzed by GC/MS/MS?P

Chemical Field Spike Field Spike | Lab Spike Lab Spike
Mean % % Recovery | Mean % % Recovery
Recovery Standard Recovery Standard
Deviation Deviation
Aniline 9.8 1.7 10.5 1.4
n-Butylbenzene 18.7 9.8 22.8 1.9
Naphthalene 28.9 19.3 38.2 1.8
Benzothiazole 50.1 115 47.6 2.3
Cyclohexylisothiocyanate 58.1 145 65.2 4.6
2-Methylnaphthalene 44.8 17.4 51 25
1-Methylnaphthalene 40.5 15.9 47.9 2.2
Dimethyl Phthalate 65.9 2 67.9 3.3
Acenaphthalene 37.2 4.6 35.2 2.2
2,6-Di-tert-butyl-p-cresol 25.6 25 22 4
Diethyl phthalate 46.8 1.8 47.6 1.9
n-Hexadecane 441 3.2 45.2 3.3
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Table B-25 Continued

Chemical Field Spike Field Spike | Lab Spike Lab Spike
Mean % % Recovery | Mean % % Recovery
Recovery Standard Recovery Standard
Deviation Deviation
Fluorene 52.4 3.1 55.1 1.9
4-tert-octylphenol 40.5 0.9 40 1.6
2-Bromomethylnaphthalene 17.2 3 14.9 1.7
2-Hydroxybenzothiazole 36.1 45 34.5 3.4
Dibenzothiophene 52.4 1.3 53.7 25
Phenanthrene 47.4 21 48.2 1.6
Anthracene 36.4 3.3 32.1 0.8
Diisobutyl phthalate 39.6 24 42.2 2.2
3-Methylphenanthrene 42.8 2.6 41.2 2.2
2-Methylphenanthrene 41.7 3.3 40 2.7
1-Methylphenanthrene 42.3 3 40.8 2.6
Dibutyl phthalate 37.3 3.2 395 3
Fluoranthene 43.3 15 44.1 18
Pyrene 43.4 2.2 44.6 1.2
Benzyl butyl phthalate 38.4 0.9 40.9 1.3
bis(2-ethylhexyl) adipate 56.5 21.3 87.3 25.9
Benz(a)anthracene 35.6 1 35.6 16
Chrysene 57.8 25 59.5 2.6
Bis(2-ethylhexyl)phthalate 43.3 0.9 45.6 0.5
Di-n-octyl phthalate 47 6.2 46.6 24
Benzo(b)fluoranthene 50.3 2.2 54.7 14
Benzo(k)fluoranthene 54 1.8 61.5 24
Benzo(e)pyrene 53.3 3 55.3 5.8
Benzo(a)pyrene 38.1 4.3 36.4 3.8
Bis(2,2,6,6-tetramethyl-4piperidyl) sebecate 32.1 7.8 0 0
DBA + ICDP°® 48 34 50.2 4.1
Benzo(g,h,i)perylene 47 19 47.7 2.0
Coronene 70.1 4.7 83.1 3.3

2SVOC = semivolatile organic compound; GC/MS/MS = gas chromatography/tandem mass spectrometry
b Field Spikes (n=4), Lab Spikes (n=4); Spike=1667 ng/g (0.1 g sample)
¢ DBA + ICDP = Dibenz(a,h)anthracene + Indeno(1,2,3-cd)pyrene

Table B-26 reports recovery results for SVOC analytes in field wipe spiked field controls and spiked
laboratory controls. Average recovery levels above 150% were measured for 2,6-di-tert-butyl-p-cresol,
4-tert-octylphenol, 2-hydroxybenzothiazole, benzyl butyl phthalate, and bis(2,2,6,6-tetramethyl-
4piperidyl) sebacate in spiked field controls. Aniline had an average recovery level of 32% in spiked
field controls, likely due to losses during the solvent extraction volume reduction step. Average
recoveries ranged from 62% to 144% for the remainder of the SVOC analytes.
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Table B-26. Field and Laboratory Spike Quality Control Results for SVOCs in Field Wipes Analyzed by

GC/MS/MSzb
Chemical Field Spike Field Spike Lab Spike | Lab Spike
Mean % % Recovery | Mean % % Recovery
Recovery Standard Recovery Standard
Deviation Deviation
Aniline 31.7 14.9 29.8 4.9
n-Butylbenzene 79.8 8.4 91.7 7.8
Naphthalene 97.2 6.3 107.9 3
Benzothiazole 97.7 17.7 104.5 24.2
Cyclohexylisothiocyanate 97.7 13.8 106.6 4.6
2-Methylnaphthalene 107.5 55 118.1 3.7
1-Methylnaphthalene 107.1 5.8 117.3 3.2
Dimethyl Phthalate 71.9 8.9 76.6 45
Acenaphthalene 72.2 26.9 77.8 19.1
2,6-Di-tert-butyl-p-cresol 229.1 129.1 201.4 60
Diethyl phthalate 89 11 89.9 2.4
n-Hexadecane 106.3 16.9 132.2 30.3
Fluorene 102.5 4.8 105.8 55
4-tert-octylphenol 200.8 26.1 219.2 69.6
2-Bromomethylnaphthalene 18.3 14 21.4 3.4
2-Hydroxybenzothiazole 179.2 51.4 180.4 37.9
Dibenzothiophene 100.1 1.8 102.5 2.8
Phenanthrene 95.9 34 99.1 3.1
Anthracene 95.9 34 99.1 3.1
Diisobutyl phthalate 115 12.7 1114 12.2
3-Methylphenanthrene 103.7 8.4 109.4 5.2
2-Methylphenanthrene 94.5 16.2 92.6 3.3
1-Methylphenanthrene 100 16.3 101 4.7
Dibutyl phthalate 144.6 15.4 132.9 10.5
Fluoranthene 75.9 14 74.9 2.1
Pyrene 78.8 41 80 6.3
Benzyl butyl phthalate 167.7 115.8 69.9 4.6
bis(2-ethylhexyl) adipate 181.1 54 147.7 16.5
Benz(a)anthracene 61.7 5.9 63.3 2.7
Chrysene 102.4 1.9 104.2 4.1
Bis(2-ethylhexyl)phthalate 101.8 22.1 83.6 13.3
Di-n-octyl phthalate 93.9 21 80.1 2
Benzo(b)fluoranthene 81.8 5.6 88 9.5
Benzo(k)fluoranthene 95.1 2.3 95.9 3.3
Benzo(e)pyrene 82.2 5.8 83.2 9.2
Benzo(a)pyrene 80.5 135 85.6 6.3
Bis(2,2,6,6-tetramethyl-4piperidyl) sebecate 298.4 97 300 39.3

123



Table B-26 Continued

Chemical Field Spike Field Spike Lab Spike | Lab Spike
Mean % % Recovery | Mean % % Recovery
Recovery Standard Recovery | Standard
Deviation Deviation
DBA + ICDP® 82.1 0.8 87.3 6.5
Benzo(ghi)perylene 77.4 1.9 82.9 3.6
Coronene 86.3 17.7 79.5 8.1

2SVOC = semivolatile organic compound; GC/MS/MS = gas chromatography/tandem mass spectrometry
®Field Spikes (n=4), Lab Spikes (n=4); Spike=500 ng
®DBA + ICDP = Dibenz(a,h)anthracene + Indeno(1,2,3-cd)pyrene

Table B-27 reports recovery results for SVOC analytes in drag sled spiked field controls and spiked
laboratory controls. Average recovery levels above 140% were measured for cyclohexylisothiocyanate,
4-tert-octylphenol, diisobutyl phthalate, dibutyl phthalate, benzo(e)pyrene, and benzo[a]pyrene in field
spike controls. Aniline had average recovery levels of 7% in spiked field controls, likely as a result of
losses during the solvent extraction volume reduction step. 2-bromomethylnaphthalene had an average
recovery of 2% in the spiked field controls. Average recoveries ranged from 46% to 123% for the
remainder of the SVOC analytes.

Table B-27. Field and Laboratory Spike Quality Control Results for SVOCs in Drag Sled Wipes Analyzed
by GC/MS/MS#b

Chemical Field Spike Field Spike Lab Spike | Lab Spike
Mean % % Recovery Mean % % Recovery
Recovery Standard Recovery Standard
Deviation Deviation
Aniline 7 7.3 10.5 8.2
n-Butylbenzene 107.7 10.2 111.6 14
Naphthalene 110.8 2.8 107 3.3
Benzothiazole 122.2 3.9 1185 3.9
Cyclohexylisothiocyanate 172.8 24.7 151.3 58.7
2-Methylnaphthalene 106 1.8 100 1.7
1-Methylnaphthalene 104.8 2 98.4 2
Dimethyl Phthalate 88.4 4.8 85.1 5.1
Acenaphthalene 83.2 75 78.6 2
2,6-Di-tert-butyl-p-cresol 109.5 20.6 85.2 16.1
Diethyl phthalate 104.9 4 103.5 31
n-Hexadecane 99.4 8.7 93.2 2.7
Fluorene 95.1 5 91.9 1.6
4-tert-octylphenol 147.7 10 150 22.4
2-Bromomethylnaphthalene 1.9 0.2 3.8 0.7
2-Hydroxybenzothiazole 108.1 211 96.3 7.2
Dibenzothiophene 61.9 7.1 57.2 4
Phenanthrene 103.9 4.1 105.8 4.8
Anthracene 101.7 3.3 104.1 8.9
Diisobutyl phthalate 142.3 3.8 141 16.4
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Table B-27 Continued

Chemical Field Spike Field Spike Lab Spike | Lab Spike
Mean % % Recovery Mean % % Recovery
Recovery Standard Recovery | Standard
Deviation Deviation
3-Methylphenanthrene 120.1 5.6 119.8 5.7
2-Methylphenanthrene 114.7 7.2 119.5 10.9
1-Methylphenanthrene 1225 55 124.1 10.8
Dibutyl phthalate 174.4 7.5 163.3 16.2
Fluoranthene 77.1 45 73.9 2.2
Pyrene 79.7 4.2 77.1 2.5
Benzyl butyl phthalate 117.6 28.6 101.2 8.2
bis(2-ethylhexyl) adipate 88.7 315 65.7 14
Benz(a)anthracene 87 2.4 83.8 4.5
Chrysene 96.4 5 95.5 2.7
Bis(2-ethylhexyl)phthalate 105.1 10.5 104.4 9
Di-n-octyl phthalate 1141 7.3 116.4 3.7
Benzo(b)fluoranthene 47.3 6.4 41.2 2.2
Benzo(k)fluoranthene 70.1 5.9 66.2 24
Benzo(e)pyrene 154.3 13 161.1 13.9
Benzo(a)pyrene 147.1 7.5 147.5 7.8
Bis(2,2,6,6-tetramethyl-4piperidyl) sebecate 91.7 53.3 194.1 82.2
DBA + ICDP°® 55.5 7.6 49.1 2.7
Benzo(ghi)perylene 78.4 5 74.9 2.8
Coronene 45.6 11.2 38.1 6.4

2SVOC = semivolatile organic compound; GC/MS/MS = gas chromatography/tandem mass spectrometry
b Field Spikes (n=4), Lab Spikes (n=4); Spike=500 ng

¢DBA + ICDP = Dibenz(a,h)anthracene + Indeno(1,2,3-cd)pyrene

Table B-28 reports recovery results for SVOC analytes in dermal wipe spiked field controls and spiked
laboratory controls. Average recovery levels above 150% were measured for 2,6-di-tert-butyl-p-cresol,

4-tert-octylphenol, diisobutyl phthalate, dibutyl phthalate, and bis(2,2,6,6-tetramethyl-4piperidyl)

sebacate in spiked field controls. The average recovery of 2-bromomethylnaphthalene was 6% in spiked

field controls. Average recoveries ranged from 60% to 144% for the remainder of the SVOC analytes.

No recovery adjustments were performed for the exposure characterization pilot study samples.
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Table B-28. Field and Laboratory Spike Quality Control Results for SVOCs in Dermal Wipes

Analyzed by GC/MS/MS#P

Chemical Field Spike | Field Spike Lab Spike | Lab Spike
Mean % % Recovery | Mean% % Recovery
Recovery Standard Recovery | Standard
Deviation Deviation
Aniline 729 30.7 46.5 18.8
n-Butylbenzene 77.4 27.2 96.5 17.8
Naphthalene 95.5 2.9 109.2 10.3
Benzothiazole 86.1 31.3 81.4 16.3
Cyclohexylisothiocyanate 74.3 27.9 935 27.4
2-Methylnaphthalene 97.1 8.5 82.9 28.6
1-Methylnaphthalene 102.5 8.6 109.1 24.8
Dimethyl Phthalate 70.6 8.7 91.1 13.9
Acenaphthalene 60.4 14.9 70.4 19.3
2,6-Di-tert-butyl-p-cresol 169.4 35.5 166.1 31.1
Diethyl phthalate 954 2.3 103.6 14.2
n-Hexadecane 144.1 24.9 126.9 61.4
Fluorene 99.7 20.3 114 23.6
4-tert-octylphenol 188.8 42.1 135.5 61.9
2-Bromomethylnaphthalene 5.7 4.1 10.3 25
Dibenzothiophene 89.5 9.6 92.3 13
Phenanthrene 96.1 10.5 103.4 35
Anthracene 96.5 3.1 94.7 9.1
Diisobutyl phthalate 644.3 28.1 852.7 168.8
3-Methylphenanthrene 126.7 7.5 124.2 8.5
2-Methylphenanthrene 104.1 9 105.5 15.3
1-Methylphenanthrene 115.6 4.9 111.3 14.8
Dibutyl phthalate 237.5 14.5 310.2 70
Fluoranthene 78.8 3.7 81.4 3.2
Pyrene 76.4 3.1 78.9 2.3
Benzyl butyl phthalate 95.1 55 98.7 3.7
bis(2-ethylhexyl) adipate 144 22.1 145.1 17.3
Benz(a)anthracene 69.1 15 85.2 31.6
Chrysene 98 5.2 102.6 2.8
Bis(2-ethylhexyl)phthalate 100.9 4.7 104.2 3
Di-n-octyl phthalate 92.8 2.8 101.9 2.7
Benzo(b)fluoranthene 60.7 11.2 63.9 4
Benzo(k)fluoranthene 96.2 7.1 95.9 4.9
Benzo(e)pyrene 95.5 8.7 93.3 7.5
Benzo(a)pyrene 100.6 8.7 96.5 9.8
Bis(2,2,6,6-tetramethyl-4piperidyl) sebecate 241 46.6 248.8 22.8
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Table B-28 Continued

Chemical Field Spike | Field Spike Lab Spike | Lab Spike
Mean % % Recovery | Mean% % Recovery
Recovery Standard Recovery | Standard
Deviation Deviation
DBA + ICDP® 717 15.8 74.2 8
Benzo(ghi)perylene 86.6 4.8 90 31
Coronene 51.1 24.4 50.3 6.7

2SVOC = semivolatile organic compound; GC/MS/MS = gas chromatography/tandem mass spectrometry
®Field Spikes (n=5), Lab Spikes (n=5); Spike=500 ng
¢DBA + ICDP = Dibenz(a,h)anthracene + Indeno(1,2,3-cd)pyrene

Precision — Table B-29 shows precision results for SVOC analytes in field air, field wipe and drag sled
duplicate samples when both of the measurement results in a pair were > 0. Average %RSD values for
SVOCs in field air duplicates ranged from 1% to 101%. In many cases, the higher %RSDs were the
result of measurements near or below the minimum quantifiable limits. Average %RSD values for
SVOCs in field wipe duplicates ranged from 2% to 119%, with results for most analytes < 50 %RSD.
Field wipe duplicates may reflect spatial heterogeneity in analytes on the field surface in addition to
measurement precision. In many cases, the higher %RSDs were the result of measurements near or
below the minimum quantifiable limits. Average %RSD values for SVOCs in drag sled duplicates
ranged from 10% to 71%, with results for most analytes < 35%. Drag sled duplicates may reflect spatial
heterogeneity in analytes on the field surface in addition to measurement precision. In many cases, the
higher %RSDs were the result of measurements near or below the minimum quantifiable limits.

Table B-29. Measurement Precision Quality Control Results for Duplicate SVOC Field Air, Field Wipe,
and Drag Sled Samples Analyzed by GC/MS/MS?P

Chemical Field | Field Air - | Field | Field Wipe - | Drag Drag Sled -
Air- | Average | Wipe - Average Sled - Average
n°® | % Relative n° % Relative nP % Relative
Standard Standard Standard
Deviation Deviation Deviation
Phenanthrene 4 42 3 15 3 10
Fluoranthene 4 11 3 12 3 11
Pyrene 4 18 3 14 3 13
Benzo(a)pyrene 1 1 3 4 3 16
Benzo(ghi)perylene 1 40 3 10 3 12
Sumi15PAH® 0 NR 3 13 3 10
Benzothiazole 2 49 3 21 3 43
2-Hydroxybenzothiazole 0 NR 3 18 3 25
Dibutyl phthalate 4 89 1 8 3 60
Bis(2-ethylhexyl) phthalate 2 30 3 34 2 35
Aniline 1 20 3 17 0 NR
4-tert-octylphenol 4 31 3 14 3 17
n-Hexadecane 1 48 0 NR 2 40
Naphthalene 2 32 0 NR 1 14
1-Methylnaphthalene 1 101 3 44 2 30

127




Chemical Field | Field Air - | Field | Field Wipe - | Drag Drag Sled -
Air - | Average | Wipe- Average Sled - Average

n® | % Relative nP % Relative nP % Relative

Standard Standard Standard

Deviation Deviation Deviation
2-Methylnaphthalene 0 NR 3 49 2 33
Acenaphthylene 3 21 2 119 3 14
Fluorene 4 7 2 73 3 33
Anthracene 3 56 2 72 3 15
1-Methylphenanthrene 4 34 3 35 3 14
2-Methylphenanthrene 4 28 3 23 3 13
3-Methylphenanthrene 4 30 3 21 3 13
Benz(a)anthracene 2 14 3 3 18
Chrysene 3 15 3 3 10
Benzo(b)fluoranthene 0 NR 3 12 3 18
Benzo(k)fluoranthene 0 NR 3 27 2 33
Benzo(e)pyrene 1 9 3 2 3 13
DBA + ICDP¢ 0 NR 3 22 3 12
Coronene 1 75 3 24 3 11
Dibenzothiophene 3 18 2 25 3 17
2-Bromomethylnaphthalene 0 NR 0 NR 0 NR
n-Butylbenzene 0 NR 0 NR 0 NR
Dimethyl phthalate 4 29 2 60 3 69
Diethyl phthalate 2 46 1 77 3 71
Diisobutyl phthalate 2 19 1 10 3 51
Benzyl butyl phthalate 2 60 1 60 3 43
Di-n-octyl phthalate 2 96 1 88 3 38
2,6-Di-tert-butyl-p-cresol 1 9 2 47 3 25
Bis(2,2,6,6-tetramethyl-4piperidyl) sebecate 0 NR 3 45 2 44
Cyclohexylisothiocyanate 0 NR 1 34 0 NR
bis(2-Ethylhexyl) adipate 4 65 2 60 3 56

2SVOC = semivolatile organic compound; GC/MS/MS = gas chromatography/tandem mass spectrometry; NR = not
reported
b Number of duplicate sample pairs in which both measurements are >0.

¢Sum15PAH = Sum of 15 of the 16 EPA ‘priority’ PAHs, including Acenaphthylene, Anthracene, Benz[a]anthracene,
Benzo[a]pyrene, Benzo(b)fluoranthene, Benzo[ghi]perylene, Benzo(k)fluoranthene, Chrysene, Dibenz[a,h]anthracene,
Fluoranthene, Fluorene, Indeno(1,2,3-cd)pyrene, Naphthalene, Phenanthrene, Pyrene

4DBA + ICDP = Sum of Dibenz[a,h]anthracene and Indeno(1,2,3-cd)pyrene

DQI — Recovery and precision DQI objective values were not met for a portion of the SVOC analytes
across the exposure characterization pilot study field air, field dust, field wipe, drag sled and dermal
wipe samples. For each sample type, the quality control results were examined as a whole, and decisions
were made to not report measurement results for some chemicals in Volume 1 of this report. Exclusion
decisions were primarily made because of high background, high recovery or very low recovery.
Analytes that were retained in the report may have not met all DQI objectives in all media.
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Analyte measurement results that were not reported in Volume 1 of this report are shown below for each
sample type:

e Field air samples — aniline, napthalene, n-butlybenzene, 2-bromomethylnaphthalene, diisobutyl
phthalate, bis(2-ethylhexyl) adipate, and bis(2,2,6,6-tetramethyl-4piperidyl) sebacate
measurement results were not reported.

e Field dust samples — aniline, napthalene, n-butylbenzene, cyclohexylisothiocyanate, 2-
bromomethylnaphthalene, bis(2-ethylhexyl) adipate, and bis(2,2,6,6-tetramethyl-4piperidyl)
sebacate measurement results were not reported.

e Field wipe samples — aniline, n-butylbenzene, diethyl phthalate, n-hexadecane, 2-
bromomethylnaphthalene, 2-hydroxybenzothiazole, diisobutyl phthalate, dibutyl phthalate,
benzyl butyl were not reported.

e Field drag sled samples — aniline, n-butylbenzene, cyclohexylisothiocyanate, 2-
bromomethylnaphthalene, bis(2-ethylhexyl) phthalate, and bis(2,2,6,6-tetramethyl-4piperidyl)
sebacate measurement results were not reported.

e Dermal wipe samples — cyclohexylisothiocyanate, dimethyl phthalate, diethyl phthalate, 2-
bromomethylnaphthalene, 2-hydroxybenzothiazole, anthracene, diisobutyl phthalate, dibutyl
phthalate, and bis(2,2,6,6-tetramethyl-4piperidyl) sebacate were not reported.

Overall, the methods for SVOC collection and analysis by GC/MS/MS performed adequately, but not
perfectly, for most target analytes. It is likely that better performance in field air sampling would be
obtained through the use of higher flow rates or collection volumes. For this study, it was decided that
portability and battery operation were necessary due to the nation-wide scope of the potential sampling
territory. It was also not certain how much time would be available to set up and take down equipment at
the fields, and whether suitable power supplies would be available. Relatively small amounts of some
analytes were captured with the field wipes and dermal wipes, with some degradation of quality
performance at very low concentrations. The much larger surface area sampled by the drag sled helped
alleviate some of the problems with small analyte amounts for that method. The field dust is a unique
material that may be hard to replicate for preparing suitable quality control samples. The time and
difficulty in collecting dust samples also impacts the ability to collect duplicate samples at fields.

B.4.5 Attempted Measurement of SVOCs by LC/MS in Field Air, Field Dust, Field Wipe,
Field Drag Sled and Dermal Wipe QC Samples

During the tire crumb rubber sample analyses, tire crumb rubber was extracted using an acetone:hexane
(1:1) solvent mixture for analysis of target SVOC analytes by GC/MS/MS. Extraction was accomplished
using a simple vortex mixing procedure and, due to the relatively high concentrations of most target
analytes, no solvent volume reduction step was required. For tire crumb rubber extracts, a solvent
exchange into methanol was successfully performed to allow analysis of the following analytes in crumb
rubber by LC/MS:

2-Mercaptobenzothiazole,
2-Hydroxybenzothiazole,
Cyclohexylamine,

Dicyclohexylamine,
N-Cyclohexyl-N-methylcyclohexanamine,
Diisononylphthalate, and,
Diisodecylphthalate.
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As part of the exposure characterization pilot study, there was interest in learning whether LC/MS
analysis methods could successfully be applied for analysis of SVOCs using the exposure study
environmental and personal samples that were collected and analyzed by GC/MS/MS. All of the air,
wipe, and dust sample media were extracted for GC/MS/MS analysis using an acetone:hexane (1:1)
solvent mixture. Other than for field dust, a solvent volume reduction step was performed to concentrate
the analytes which were present at relatively low levels. Following the GC/MS/MS analyses, the sample
extracts were solvent exchanged into methanol to attempt LC/MS analyses.

The LC/MS quality control results for duplicate samples, field and laboratory blanks, field and
laboratory spiked controls, matrix spike samples, recovery spike samples, and calibration check analyses
were reviewed. Overall, the methods did not meet data quality indicator objectives for any of the target
analytes. Recoveries of spiked analytes in lab and field controls and in matrix spike samples were below
30% in all test samples, and often below 10%. The duplicate samples, when target analytes were
detected, often showed poor reproducibility. Therefore, no exposure characterization pilot study LC/MS
measurement results are included in this report.

Due to the multiple steps needed for extraction, solvent reduction, and solvent exchange to generate
extracts for GC/MS/MS and LC/MS analyses, there are several places where analyte losses could occur
due to volatilization or adsorption to materials. This problem becomes more acute due to the relatively
low amounts of target analytes collected in most samples. In the future, it may be necessary to collect
environmental and personal samples expressly for LC/MS analysis and to develop and test suitable
extraction procedures for those samples.

B.4.6 Field User Questionnaire Quality Control

Field user activity questionnaires were administered to exposure pilot research study participants by
trained interviewers. Interviewers filled out the questionnaire forms during the oral interview.
Questionnaires were reviewed for completeness at the field site. All questionnaires received 100%
duplicate keyed entry; any discrepancies between the two entries were resolved and the data entry was
finalized. Following data entry, the questionnaire results received a data quality review by an
independent staff member. All result compilations for reporting were verified through report table
reviews.

B.4.7 Video Activity Data Analysis Quality Control

B.4.7.1 Publicly-Available Video Data Quality Control

Quality control measures for the publicly available video data acquisition and analysis are described in
Volume 1, Section 3.5.1.

B.4.7.2 Participant Video Quality Control

Quality control measures for the exposure pilot study participant video data acquisition and analysis are
described in Volume 1, Section 3.5.2.
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Appendix C
Standard Operating Procedures (SOPs)

for Exposure Characterization Research
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Tables C-1 and C-2 list the standard operating procedures (SOPs) that were prepared or used for
the exposure characterization research activities by research area. The SOPs follow the tables
These are research-level SOPs.

Table C-1. Summary of the Exposure Characterization Sample and Data Collection Standard
Operating Procedures (SOPs)

Analytes/Sample Type

SOP Title

EPA SOP Identification Number

Field Metadata

Collection of Field and Activity Metadata
During Exposure Characterization Pilot Study
Field Sampling

D-SED-IEMB-030-SOP-01

Air PUF

Collection of Semi-Volatile Organic Compound
(SVOC) Air Samples at Activity Fields
Involving Tire Crumb Rubber

D-EMMD-SSAB-012-SOP-01

Active air sampling

Collection of Tire Crumb Active Field Ambient
Air Samples for VOCs using Thermal
Desorption Tubes and Low-Flow Pumps

D-EMMD-AQB-024-SOP-01

Passive Air sampling

Radiello Carbopack X Diffusive Sampler
Handling: Field Deployment and Shipping for
Tire Crumb Exposure Studies

D-EMMD-AQB-019-SOP-01

Surface Wipe

Collection of Surface Wipe Samples from
Synthetic Turf Fields

D-SED-IEMB-026-SOP-01

Dermal Wipe

Collection of Dermal Wipe Samples

D-SED-IEMB-028-SOP-01

Field Dust

Collection of Dust Samples from Synthetic Turf
Fields

D-SED-IEMB-029-SOP-01

PM filter sampling

Collection of Particulate Matter (PM) Air
Samples at Activity Fields Constructed using
Crumb Rubber

D-EMMD-SSAB-007-SOP-01

Human activity data
collection

Standard Operating Procedure for Collecting and
Using Extant Publicly- Available Video

D-SED-EHCAB-001-SOP-01

Human activity data
collection

Videography of Activity Characterization Study
Participants

D-SED-EHCAB-005-SOP-01

Questionnaire data

user questionnaire

Child User Procedure for administering the facility child D-SED-EHCAB-004-SOP-01
Questionnaire data user questionnaire
Adult User Procedure for administering the facility adult D-SED-EHCAB-003-SOP-01
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Table C-2. Summary of the Exposure Characterization Sample Analysis Standard Operating

Procedures (SOPs)

Analytes/Sample Type

SOP Title

EPA SOP Identification Number

Air sample analysis

Determination of Volatile Organic Compounds
Desorbed from Sorbent Tubes Using the Markes
International Ultra/Unity Thermal Desorption
System

D-EMMD-AQB-018-SOP-01

(Updated Identification Number:

D-EMMD-AQB-SOP-3465-0)

SVOC Air Samples by
GC/MS

Standard Operating Procedure for Preparation of
Air Samples Collected on PUF Plugs for
GC/MS Analysis

D-EMMD-PHCB-036-SOP-01

SVOC Air Samples by
LC/MS

Determination of Selected Organic
Contaminants in Tire Crumb Rubber
Subsamples for Multi-Residue Characterization
by Ultra Pressure Liquid Chromatography/
Tandem Mass Spectrometry (UPLC-MS/MS)

D-EMMD-PHCB-SOP-2327-0

TCR SVOC Extraction

Extraction and Analysis of SVOCs in Tire

D-EMMD-PHCB-033-SOP-01

and Analysis by Crumb Rubber Samples

GC/MS

SVOC Field Dust Preparation of Synthetic Field Dust Samples for | D-EMMD-PHCB-068-SOP-01
Samples by SVOC Analysis

GC/MS/MS

SVOC Field Wipe
Samples and Dermal
Wipe Samples by
GC/MS

Preparation of Dermal and Surface Wipe
Samples for SVOC Analysis

D-EMMD-PHCB-067-SOP-01

PM filter and dust
metals analysis by HR-
ICP/MS

Extraction of Filter Media for lon
Chromatography and High Resolution
Inductively Coupled Plasma Mass Spectrometry

D-EMMD-PHCB-071-SOP-01

(Updated Identification Number:

D-EMMD-AQB-SOP-3465-0)

Metals Extraction for

Total Nitric Acid Extractable Metals from Solid

D-EMMD-ECB-003-SOP-01

Solid Samples Samples by Microwave Digestion
Metals Extraction for Total Nitric Acid Extractable Metals from Wipe | D-EMMD-ECB-013-SOP-01
Wipe Samples Samples by Microwave Digestion

ICP/MS analysis

Operation and Maintenance of the Element
High-Resolution Inductively Coupled Plasma
Mass Spectrometry Instrument

D-EMMD-PHCB-042-SOP-03
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1.0  SCOPE AND APPLICATION

This standard operating procedure (SOP) describes the collection of ‘meta data’ to describe activities
and conditions at a field during exposure characterization pilot field study activities in the tire crumb
rubber research study (TCRS).

2.0 SUMMARY OF THE METHOD

Several types of information will be collected on structured forms regarding activities and conditions
that may be relevant for interpreting measurement results obtained from the TCRs exposure
characterization pilot field sampling events. The general categories of information include:

Meteorological information Collected on each sampling day Appendix A pg. 10
General field observations and information Collected on each sampling day Appendix A pg. 11
General activity information for the field Collected on each sampling day Appendix A pg. 12
Specific information for participant activities Collected for each research participant Appendix A pg. 13
Field sampling location record Collected for each air and field wipe sampling day ~ Appendix A pg. 14
Field environment record Collected once Appendix A pg. 15

Field staff are responsible for recording information on the forms included in this protocol. One form
allows for open-ended observational information to be collected regarding any condition or activity
that might be important in understanding and interpreting results at the specific field or across fields in
the study.

3.0  DEFINITIONS

SOP — Standard operating procedure

TCRS — Tire Crumb Rubber Research Study

CDC — Centers for Disease Control and Prevention
QC — Quality Control

RTP — Research Triangle Park

4.0 CAUTIONS

4.1 No photography is to be performed by any field staff member other than the planned participant
video recordings. No GPS coordinate information will be collected or recorded. All information is to
be based on visual observations and written information on the forms provided with this SOP.
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5.0  RESPONSIBILITIES
5.1 The EPA project staff will prepare the SOP and the data collection record forms.

5.2 The field coordinator will assign data collection responsibilities for field staff members, will
review the collected information for content and completeness, and will transmit completed records to
the EPA WACOR.

5.3 The EPA contractor field staff will be responsible for collection and recording data and
observations on these forms:

Meteorological information (pg. 10)
General field observations and information (pg. 11)
Field sampling location record (pg. 14)

Field environment record (pg. 15)

5.4 CDC/ATSDR has agreed to have their field staff record information for the General Field Activity
(pg. 12) and Participant Information (pg. 13) forms. The forms will be provided by the field
coordinator to CDC/ATSDR staff prior to the monitored activities and obtained from CDC staff at the
end of research activities at a field.

6.0 MATERIALS AND RESOURCES

6.1 Meteorological Conditions data collection form

6.2 General Field Information/Observations information collection form
6.3 General Activity Information collection form

6.4 Participant Information collection form

6.5 Field Sampling Location Record Form

6.6 Field Environment Record Form

6.7 Kestrel 5500 or equivalent handheld meteorological measurement device
6.8 Compass

6.9 Portable wind direction vane or streamer

6.10 Ink pen with black ink

6.11 Stopwatch or watch with stopwatch function

7.0 PROCEDURES
7.1 General Data and Information Collection Information

Information regarding field conditions, field environment, and activities will be collected as part of the
exposure characterization pilot field study conducted at each participating fields. Information will be
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collected on structured record forms, but will allow for open-ended observations to be recorded. Data
and information collection procedures are described below for each of the six categories of
information.

7.2 Meteorological Conditions Data Collection

7.2.1 Select meteorological information will be measured and recorded at three time points around the
monitored participant activities each day at each field. The three time points include the approximate
start of monitored participant activities, the approximate middle time point of the monitored participant
activity, and at the approximate end time of participant activities. If field staff must prioritize their
time, the priority should be in deploying and collecting participant samples. Meteorological
information can be measured and recorded shortly before or after working with participants, if
necessary. Meteorological measurements should be performed on the synthetic turf field and as close
to the participant activities as is practical and safe.

7.2.2 At each time point, use the Kestrel 5500 handheld meteorological measurement device.
7.2.2.1 Record the time of day the observations were begun for each time period.
7.2.2.2 Power on the device by pressing and holding the ‘on’ button.

7.2.2.3. Allow the device to equilibrate to current conditions at 1 m above the field surface for five
minutes.

7.2.2.4 Press the ‘mode’ button to obtain the temperature reading in °C and record the temperature
measurement at a 1-m height above the field. Note: the Kestrel 5500 will be shaded during this
measurement period to avoid direct sunlight causing and incorrect reading of ambient air temperature.

7.2.2.5 Power the device off by holding the ‘on’ button. Determine the prevalent wind direction at a 1-
m height using a portable vane or streamer. Aim the wind meter rotor at the prevalent wind direction at
a 1-m height above the field. Turn the device on, and after 60 seconds press the ‘mode’ button until the
average wind speed is displayed. Record the average 60-second wind speed. Press the ‘mode’ button
again to get the peak wind speed during the 60-second period and record the peak wind speed. Record
wind speeds in units of km/h.

7.2.2.6 Use a compass to determine the predominant direction the wind is coming from. Record the
direction the wind is coming from in compass degrees from magnetic north.

7.2.2.7 Place the device flat on the surface of the field in an exposed location for five minutes to
measure the field surface temperature. After five minutes, and while the device is still on the field,
cycle through the ‘mode’ button to obtain the temperature reading. Record the field surface
temperature in °C.

7.2.2.8 By observation, record whether the field surface is wet from dew (yes/no), whether the field is
wet from rain or other source of water besides dew (yes/no), and the current general sky conditions
(sunny, partly cloudy, cloudy, drizzle, rain).

7.2.9 7.2.9For each day of meteorological data collection, record the field ID number, date, and
whether the field is an indoor or outdoor field.

7.3 General Field Information/Observations
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7.3.1 Use the General Field Information/Observations collection form to record information about the
field and surrounding environment that may be useful for understanding and interpreting the exposure
characterization pilot study measurement results. This is an open-ended observational record form that
should be completed on each day of monitored participant activities.

7.3.2 The form lists several examples of types of observations of interest as examples. However, the
field staff should record information for any observations they believe should be communicated.

7.3.3 The form can be partially completed prior to or after monitored participant activities if the
observations are about something that will not change or vary during the monitored activities.
However, observed conditions potentially affecting or relevant to measurements performed should be
recorded during the monitored participant activities. For example, the level of traffic on adjacent roads
or parking areas could be relevant to the air sample collection measures.

7.3.4 Depending upon the type of observation, it may be necessary to also include the time or time
interval that you observed the condition or activity. Such examples might include a car, truck or bus
idling in the parking lot or road; precipitation conditions or construction activities.

7.3.5 For each day of information collection, record the field ID number and date.

7.4 General Activity Information

7.4.1 Use the General Activity Information collection form to record information about the overall
activities (types and estimated numbers of people) that occur on the participant activity field and
surrounding fields during the monitored participant activity. A new form should be used for each day
of monitored participant activities at each field.

7.4.2 Information should be collected at three time points including the approximate start of monitored
participant activities, the approximate middle time point of the monitored participant activity, and at
the approximate end time of participant activities.

7.4.3 The structured form lists specific types of information to collect.

7.4.4 For each day of information collection, record the field ID number and date.

7.5 Participant Information

7.5.1 Use the Participant Information collection form to record information about each participant
during their monitored activity at the synthetic turf field. A new form should be used for each
participant. The form should be completed for all participants, including those that are participating in
the video recording portion of the study. The research team plans to have participants wear pinnies
with unique participant identifiers (1 — 8) to differentiate the participants. A maximum of four
participants per day is expected.

7.5.2 Information about participant activities should be at the start, at approximately 30-minute
intervals, and at the end of their monitored activity. Information about participant clothing and
equipment should be collected once during the monitored activity; if the clothing or equipment
changes then that should be recorded as well.
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7.5.3 The structured form lists specific types of information to collect.

7.5.4 For each participant information collection record, record the field ID number, date, and
participant number.

7.6 Field Sample Location Record

7.6.1 Use the Field Sample Location Record form to record the sample collection location for each
type of sample collected. The form should not be used for quality control samples. Only one form
should be completed for each field even if samples are collected on more than one day.

7.6.2 A single letter code should be used for type of sample:
Field SVOC wipe locations S
Field metals wipe locations M
Field SVOC drag sled locations D
Air sample station locations A

7.6.3 On the field diagram, write the sample type code at each place on the field where samples are
collected. For the upwind off-field air sample station, place the code in the correct direction for the
field orientation, and write down an estimate of the distance (in meters) from the center point of the
field.

7.6.4 In the upper right corner box, draw a directional arrow representing magnetic north using a
compass.

7.6.5 Record the field ID number and sample collection date (or the first day of sample collection if it
is performed over more than one day; for example, if air samples are collected on one day and wipe
samples on another).

7.7 Field Environment Record Form

7.7.1 Use the Field Environment Record form to sketch and label the built and natural structures
within approximately 100 meters of the field in each direction. The form needs to be completed only
one time, and can be completed during times that don’t involve participant activities.

7.7.2 Of interest are parking areas, other fields, buffers, buildings, roads and other natural and built
features.

7.7.3 Note the approximate off-field sampling station location.

7.7.4 In the upper right corner box, draw a directional arrow representing magnetic north using a
compass.

7.7.5 Record the field ID number and sample collection date (or the first day of sample collection if it
is performed over more than one day; for example, if air samples are collected on one day and wipe
samples on another).
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8.0  RECORDS

The data and information will be collected on the forms described above and shown in Appendix A.

9.0 QUALITY CONTROL AND QUALITY ASSURANCE

The field coordinator should collect all forms at the end of each sample collection day to verify
completeness and to ensure the content meets the data and information requirements described in this
SOP.

10.0 REFERENCES

No references are cited for this SOP.
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Appendix A

Data and Information Collection Forms



Meteorological Conditions

TCRS Exposure Characterization Study

Note: Complete this form for each day of monitored participant activities at each field.
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Page:
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Meteorological Conditions

DRAFT

Field ID Number

Date

Outdoor or Indoor Field

Metric/Information

Near Start of
Participant Activities

Near Middle of
Participant Activities

Near End of
Participant Activities

Time of Day (Military time format)

Field Air Temperature at 1 m (°C)

Field Surface Temperature (°C)

Wind 1-minute average speed (km/h)

Wind 1-minute maximum speed (km/h)

Wind direction (compass degrees,
where wind is coming from)

Dew on field (yes/no)

Field wet from rain or watering (yes/no)

Conditions (sunny, partly cloudy,
cloudy, drizzle, rain)
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DRAFT

TCRS Exposure Characterization Study General Field Information/Observations

Use this form to record observations that may be relevant to the research study.

Examplesinclude, but are not limited to, condition of field, field maintenance, construction on/near field,

adjacent high traffic on roads or parking areas, ventilation information for indoor fields, other relevant information.
Use a different row for each type of observation.

Field ID Number

Date




TCRS Exposure Characterization Study
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General Activity Information

Note: Complete this form for each day of monitored participant activities at each field. DRAFT
Field ID Number
Date
At Start of Near Middle of At End of

Metric/Information

Participant Activities

Participant Activities

Participant Activities

Approx. Number People in Active Play
on Study Field

Approx. Number People as Bystanders
on Study Field

Sport Name on Study Field (soccer,
football, etc.)

Type of Active Play on Study Field (1)

Type of Active Play on Study Field (2)

Type of Active Play on Study Field (3)

Type of Active Play on Study Field (4)

Type of Active Play on Study Field (5)

Adjacent Synthetic Fields in Use
(yes/no)

Approx. Number People at Adjacent
Synthetic Fields

Adjacent Grass Fields in Use (yes/no)

Approx. Number People at Adjacent
Grass Fields




TCRS Exposure Characterization Study
Note: Complete this form for each participant at each field.

Participant Information

Field ID Number

Date

Participant ID
(from 1to 8)
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DRAFT

Metric/Information

At Start of
Participant Activities

Approx. 30 minutes Into

Participant Activities

Approx. 60 minutes Into

Participant Activities

Approx. 90 minutes Into

Participant Activities

Approx 120 minutes Into
Participant Activities

At End of
Participant Activities

Time of Day (military time format)

Activities

Sport Name (soccer, football, etc.)

Sport Position (goal keeper, soccer
field player, football receiver, etc)

Type of Activities on Study Field

Physical Activity Level (low,
medium, high)

Contacting Turf (yes/no)

Types of Turf Contact (hands,
arms, legs, face, body)

Frequency of Turf Contact (2
1/min; 2 1/5min; < 1/5min)

Clothing/Equipment Types (record

only once - not at each time period)

Shirt (yes/no; long/short)

Pants (long/short)

Socks (yes/no; high/mid/low)

Gloves (yes/no and type)

Head Gear (yes/no and type; hat,
helmet, other)

Mouth Guard (yes/no)

Pads (yes/no and type; shoulder,
hip, leg, other)

Wearing sunscreen

Wearing bug repellent

Other Information




Field Sampling Location Record Form

Field ID Number

Field SVOC wipe locations
Field metals wipe locations
Field SVOC drag sled locations
Air sample station locations
(For off-field upwind air sample station estimate and record
distance from field center; record type of ground surface)

>020m
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Draw Magnetic North Direction Arrow Here

ah
N




Field Environment Record Form

Field ID Number | |

Sketch and label features within approx.. 100 m of field
Include roads, parking areas, other fields, buffers, buildings
or other natural and built features

Record approximate off-field sampling station location
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NOTICE

This Analytical Procedure has been prepared for use by the Sensing and Spatial Analysis Branch
of the U.S. Environmental Protection Agency, Research Triangle Park, North Carolina and may
not be specifically applicable to the activities or objectives of other organizations. This procedure
has not been fully validated and should be used for research purposes only. Adequate QA/QC
measures must be implemented with this procedure to allow assessment of data quality.
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1.0 Scope and Application

This method applies to the collection of semi-volatile organic compounds (SVOCs) from
ambient air at activity fields that utilize crumb rubber and/or artificial turf. Samples will be
analyzed for a suite of SVOCs.

2.0 Summary of Method

Portable, battery operated, air sampling pumps equipped with polyurethane foam (PUF)
cartridges will be used to absorb gas-phase and particle-phase SVOCs from ambient air.

2.1 Definitions

COC - chain-of-custody

Field Blank - sampling media that travels with and is handled like regular sampling media
with the exception that it is never opened and exposed to the environment for sampling
Field Control - sampling media that has been spiked with a known concentration of select
compounds. This media also travels with and is handled like regular sampling media with
the exception that it is never opened and exposed to the environment for sampling

PUF - polyurethane foam

QAPP - quality assurance project plan

SOP - standard operating procedure

SVOCs - semi-volatile organic compounds

VOC - volatile organic compounds

OD - outer diameter

ID — inner diameter

Ipm — liters per minute

3.0 Prerequisites Prior to Field Sampling

» JTI will test sampling pumps. Use the procedure outlined in Section 5.2 to verify the
sampler can achieve and maintain a flow rate of 20 Ipm. EPA has provided a number
of working pumps including spares. If a pump is not working, switch out the pump with
one that can.

* JTI will replace the Tygon tubing (%2 inch OD, 5/16 inch ID, 3/16 inch wall) if visually
dirty, sticky, or occluded in order to protect the pump only. It does not need to be
replaced after each field study. EPA provided new, clean tubing at the start of the study
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and it should last for the duration.

JTI will charge batteries. EPA has supplied a working 4-Bank Battery Charger (Battery
Tender P/N 022-0148-DL-WH). After connecting the charger to power and connecting
the batteries to the charger using the attached cords, charging will be automatic and
lights will turn solid green when battery charging is complete. More charging
information is available in the user’s manual (Appendix II).

JTI will test the flow meter. EPA has supplied a working BIOS DryCal DC- Lite (Model
DCL-H Rev. 1.08) and JTI should only need to charge the unit using the power cord
supplied. If needed, a manual including operating, charging, maintenance, calibration,
and leak check procedures is available (Appendix III).

EPA will clean and prepare PUF cartridges, including blanks.

EPA will spike field control PUF cartridges.

EPA will print and label resealable bags containing sample media. Section 5.4 covers
the naming convention for the samples.

JTI will pack all field supplies listed in Section 3.1. Most equipment loaned by the EPA
has transportation enclosures. All equipment should be packed so as to avoid damage.

Equipment and Supplies

Sampling Media (University Research Glassware URG- 2000-25 Personal Pesticide
Sampler)
0 PUF filter media (URG-2000-25CC) — qty. 7+ per sampling day
0 Glass tubes (URG-2000-25D) — qty. 7+ per sampling day
0 Cartridge caps (URG-2000-25J and H) — qty. 2 per cartridge
0 Cartridge plugs (URG-2000-DUSTCAP and DUSTPLUG) — qty. 2 per cartridge
= For these experiments, the clean PUF media will be installed in the glass
tubes which will be stored inside the cartridge caps, plugged on the ends
with orange cartridge plugs, wrapped in clean aluminum foil, and placed
in a resealable bag for transport to and from the field.
Sampling Setup
0 Protective enclosure (e.g., 18 in X 18 in X 12 in) for pumps/batteries — qty. 5
Sampling pumps - SKC AirCheck HV30 pump — qty. 5
Flathead screwdriver for adjusting pump flowrate
Battery - 12V DC, 17Ah sealed lead-acid battery or equivalent — qty. 5
Battery Power Adapter — qty. 5
Sampling stand (vertical rod that connects to the enclosure) — qty. 5
Three pronged clasps for the ring stand — qty. 5
Tygon flexible plastic vacuum tubing (%2 inch OD, 5/16 inch ID, 3/16 inch wall)
0 Measuring tape
Flow Measurement
0 Flowmeter — BIOS DryCal DC- Lite (Model DCL-H Rev. 1.08) or equivalent
0 PUF cartridge flow adapter (PUF cartridge with tubing for connecting to BIOS)
Sample Handling and Storage
0 Brown cardboard shipping box for sample tubes (a box roughly 7”x5”x5” will

O O0OO0O0O0OO0O0
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hold a day’s worth of samples)
O Bubble wrap or bubble envelopes for sample protection during shipment
0 Sample cooler for storing samples (10qt or larger as needed to hold sample
shipping box(s) and ice packs)
0 Re-freezable ice packs
O Zip closure bags for storage/shipment of PUF cartridges
» Sample Tracking
0 SVOC Air Samples Data Collection Sheet and Chain of Custody Form (see
Appendix I)
0 Pen (Black, Permanent Ink)
0 Time enabled device - cell phone is ok
0 Shipping labels
* Spare and other potentially useful supplies
0 Plastic kitchen size garbage bag (non-scented)
Aluminum foil
Packaging tape
Kimwipes
Scotch tape
Extra labels

O O0OO0OO0OoOo

Training Requirements

All training required is provided by the US EPA. Sample collection will be conducted by
qualified scientific staff trained in the use of the specific field monitoring equipment.
Training will include a demonstration and hands-on training by qualified persons with air
sampling expertise. At a minimum, all SOPs and operating instructions will be reviewed,
understood, and followed exactly by the field staff. Training records will be maintained by
the exposure study project lead (Kent Thomas).

Cautionary Notes or Special Considerations

The sampling systems are powered by sealed lead acid batteries (gel cell). The battery and
pump system should be protected from excessive heat or cold (<50 °F, >104 °F). Pumps
and batteries are shielded from direct exposure by means of an outer protective enclosure
(see Figure 1). Precautions must be taken against shorting across the battery terminals or
reversing polarity of the power leads. Shorting of the battery may cause a rapid discharge
that will generate excessive heat and may result in a fire or severe burns. Reversing the
polarity (attaching positive to negative) may damage the pump or battery. Red (+) wires
should be attached to the red (+) battery terminal and black (-) wires should be attached to
the black (-) terminal.

Sampling may take place outside and personnel should be equipped to shield the samples
from possible weather events. Plastic trash bags or a tarp or other plastic bin can be used to
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cover the pumps/batteries. If sampling is stopped, the entire apparatus may be covered,
simply stop the pump and put the cap back onto the PUF sampler.

Sampling stands should be set-up so that they are provided protection from tampering.
Sampling stands must also be placed and secured such that no harm will come to children
or others playing in the vicinity of the equipment. Protective enclosures and plastic fencing
are provided and should be used to insure safety.

5.0 Procedures

The following procedures are listed below for Section 5.0.

1
2
3.
4.
5
6

. Pump and Sampling Set-up
. Pre- and Post-Sampling Flow Rate Measurement

Sample Collection

Labeling the Samples

Pump/Equipment Take Down

Return Filter Samples to the EPA Laboratory

NOTE: Set up the pump system at the correct location in advance of the anticipated on-field

activity so all sampling stations will be ready prior the beginning of the monitored on-field

activity.

5.1 Pump and Sampling Set-up

5.1.1

Transport the sampling setup and flow measurement equipment to the field location.
This will include protective enclosures, sampling pumps, batteries, power cords,
sampling stands, 3-pronged clasps, vacuum tubing, small screwdriver, and
measuring tape to the field location along with the data collection sheets, PUF
cartridge flow adapter, flow meter, pen, and any materials needed to secure the
monitoring site.

Three sampling sites will be identified for each field location and positioning of the
SVOC samplers is defined in the project Quality Assurance Project Plan (QAPP).
Two sites will be located next to or as close as possible to the activity field. One
site will be located off of the field, in an upwind position if possible. One sampler
will be located at each site and an additional sampler will be positioned at one of the
on-field locations to collect a duplicate sample. The project QAPP provides
guidance for drawing a map of the field to document the position of samplers. (See
D-SED-IEMB-030-SOP-01 Collection of Field and Activity Metadata During
Exposure Characterization Study Field Sampling for details.)

Figure 1 shows the sampler configuration and the major components are identified.
Use this diagram to setup each sampling location. Note that only part of the URG-
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2000 cartridge is being used to collect the SVOC sample (the larger cap containing
the impactor plate has been removed).

e

Lid

*—_ Vacuum
Vacuum Tubing
Pump (do not pinch)

Tubing

Power
Adapter

PUF
Cartridge

Sampling [ : "
e = s
Holder ; Stand

>

Figur 1: SVOC Sampler Configuration

5.1.3.1 Open the metal protective case and set it on the ground.

5.1.3.2 Setup the sampling stand by inserting one end of the sampling stand into the
holder on the metal protective enclosure and attaching the 3-prong clasp to the
other end of the sampling stand.

5.1.3.3 Adjust the placement of the clamp on the ring stand until the measured
distance between the ground and the clamp is approximately 1 meter.

5.1.3.4 Open the pump, remove the tubing tucked inside the lid, and connect one end
to the hose barb found on the right rear of the pump unit. The attached hose
should be snug and not easily removed without use of applied force. Set the
pump into the protective enclosure on its side so that the hose is positioned
straight up.

5.1.3.5 The vacuum tubing will connect to the PUF cartridge once installed. For now,
loop the tubing up and over into the clasp. The upper loop of tubing will
ensure the tubing will not kink once the sampler is attached. (Note: If the
tubing kinks, secure the tubing with a zip tie (not tape) to the sampling stand
to maintain the upper loop.)
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5.1.3.6 Place the battery into the lid of the protective enclosure. Attach the battery

power adapter to the pump unit by inserting the adapter into the 12V input
jack on the right rear of the pump unit near the hose barb. Attach the battery
adapter leads to the appropriate terminals of the battery. Attach the red lead to
the positive (+) red terminal and the black lead to the negative (-) black
terminal. Make sure good contact is made.

Pre- and Post-Sampling Flow Rate Measurement

5.2.1

522

523

524

525

5.2.6

5.2.7

Note: Flow rate measurement will take place before and after field
sample collection.

A “dummy” PUF cartridge and tubing (collectively referred to as the SVOC flow
adapter) will be sent along in a bag marked “flow adapters for SVOC sampling.”

Remove the SVOC flow adapter and remove the orange/red plug from the end of the
“dummy” PUF cartridge. Inset this end into the vacuum tubing connected to the
sample pump.

The other end of the “dummy” PUF cartridge will be connect to a piece of tubing.
Connect this tubing to the bottom barb (outlet) on the BIOS flowmeter.

Turn on the pump by opening the pump lid and sliding the on/off switch located on
the pump deck to the “on” position (up). Allow the pump to run for 3-5 minutes to
warm-up and stabilize.

Note: The pump flow rate should be close to 20 Ipm because the flow
rate was adjusted to this point using the flow adjustment screw
in the laboratory prior to field deployment. This will minimize
the amount of time required to fine adjust the pump flow after
the PUF sampler is attached.

After the stabilization period, press the “on” button of the BIOS unit.
Press and hold the “Read” button for approximately 3 seconds. This will activate the
unit to make continuous measurements and automatically average 3 replicate

readings.

Observe the flow rate values being displayed.
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If needed, adjust the flow rate to 20.0 + 1.0 Ipm. While observing the calibrator
display, use a small screwdriver to adjust the flow adjustment screw (located just to
the left of the on/off switch) to adjust the flow rate. Adjustment should be made by
gently turning the screw clockwise or counterclockwise to increase or decrease the
pump flow rate. Make adjustments in partial turns.

Once adjusted to 20.0 + 1.0 Ipm allow the flow to stabilize for one minute. After 3
readings, record the average flow rate on the SVOC Air Samples Data Collection
Sheet and Chain of Custody Form in the ‘Flow’ column. There is space for the
measurement before and after sample collection (Appendix I).

Turn off the pump, remove the “dummy” PUF cartridge from the sample pump
tubing and move-on to check the flow on the other sampling setups.

Sample Collection

5.3.1

532

The PUF cartridge will be sent wrapped in aluminum foil and stored in a resealable
bag labeled with the sample ID (see Section 5.4 for details). Prior to the anticipated
start of the monitored on-field activity, determine the appropriate sample ID and
retrieve the appropriate bag. Section 5.4 gives details about how the sample media
is labeled. Briefly, the ID numbers will have the form TCRS-R-VV-W-X-Y-Z
where position W (F for field or D for duplicate) and Y (on-field position 1, on-field
position 2, off-field position 8) will help you identify the appropriate filter media for
each sampling station.

Note: The next step will begin handling of the PUF cartridge. Please clean
your hands to the best of your ability using water and kimwipes. For
SVOC sampling, technicians should use clean hands and minimize
contact with the sample cartridge rather than don gloves as most nitrile
gloves contain phthalates that can contaminate these samples.
Technicians can use the aluminum foil that comes wrapped around the
cartridge as a barrier to minimize contact with the sample cartridge.

Remove and unwrap the PUF cartridge being sure to retain the bag and place the
aluminum foil inside to keep it clean. (If the foil becomes soiled, throw it away.)
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Figure 2: PUF filter cartridge

Looking at the PUF cartridge, you will see that the caps are two different sizes.
Remove the longer orange/red plug from the smaller/shorter cap and place it into the
resealable bag.

Insert the open end of the PUF cartridge into the vacuum tubing attached to the
sample pump. Secure the PUF cartridge on the sampling stand using the 3-prong
clasp being sure that the clasp is centered on the upper, shorter cartridge cap (see
Fig. 1).

Note: The next step will expose the PUF filter media. DO NOT touch the PUF
plug (white foam-like piece). If you MUST touch the glass tube, do so
with a clean, dry kimwipe or gloves if you must. Gloves should NOT be
worn unless absolutely necessary for cleanliness as compounds from the
gloves may interfere with this SVOC measurement.

Remove the bottom, longer cartridge cap (with the smaller orange plug) and place it
back into the resealable bag. Place the resealable bag in or under the pump or pump
box for safe keeping until sample retrieval. DO NOT separate the resealable bag
from the sampling media as this will increase the likelihood that samples will be
mixed up.

The sampling setup should now look exactly like Figure 1. Double check the length
of tubing and remove any kinks. Adjust the clamp so the inlet to the PUF cartridge
is at 1.0 + 0.1 meters

Sample collection should be initiated prior to the start of the monitored on-field
activity so that sampling at all three locations is underway at the time the on-field
activity begins. Ideally, sample collection will be initiated within 30 minutes of the
start of the monitored activity (with a maximum time of 60 minutes prior). To
collect field samples, turn on the pump by opening the pump lid and sliding the
on/off switch located on the pump deck to the “on” position (up).
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Record the sample start time on the SVOC Air Samples Data Collection Sheet and
Chain of Custody Form (Appendix I)

Close the pump lid and settle it into the protective case with the vacuum tubing
pointing up. Double check the tubing for kinks and correct if necessary.

Sampling may continue for a period after participant on-field activities are
completed so that all personal participant samples can be collected as quickly as
possible. Ideally, sample collection will be completed within 30 minutes of the
completion of the monitored activity (with a maximum time of 60 minutes after).
As soon as feasible following the monitored on-field activity, open the pump lid and
turn off the pump by sliding the on/off switch located on the pump deck to the “off”
position (down).

Record the sample stop time on the SVOC Air Samples Data Collection Sheet and
Chain of Custody Form (Appendix I).

Retrieve the original resealable bag containing the aluminum foil, cartridge cap, and
orange plug. Double check the sample ID to be sure the sample is appropriately
labeled. Remove the longer cartridge cap from the bag and press it on to the open
end of the PUF cartridge. Detach the PUF cartridge from the vacuum tubing and
insert the long orange plug onto the shorter cartridge cap. Wrap the entire cartridge
back in the aluminum foil (if clean and available, otherwise omit) and place it in the
resealable bag with the sample ID.

Place the sample in the cooler chilled with frozen ice packs until placed into freezer
storage (no higher than -4°C) until they are shipped to the EPA Laboratory (see
Section 5.6).

Repeat the flow rate measurement (described in Section 5.2) and record the stop
flow on the SVOC Air Samples Data Collection Sheet and Chain of Custody Form
(Appendix I).

Labeling the Samples

54.1

542

Labels for these samples will be generated at the EPA lab (using the convention
outlined in Section 5.4.2) and placed on the resealable bags containing the clean
PUF cartridges before they are transported to the field. At the end of sampling
period, the sampled PUF will be returned to this bag in accordance with Section 5.3.

Samples are labeled according to the convention:
TCRS-R-VV-W-X-Y-Z

where:
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TCRS designates the tire crumb rubber research study.

R designates the participant identification number
Use 0 for these samples as they are not associated with a specific
participant.

VV designates the field ID
This two-digit code will be a unique identifier for each field
numbered in the range of 70-79.

W designates the sample type
F = sample
D = duplicate sample
B = field blank
C = field control

X designates the analysis method
Use B to denote field air SVOC sampling.

Y designates the sample collection location
1 or 2 will be for on-field air locations
8 will be for the off-field air location

Z designates the parent/sub-sample as needed
Use 0 to designate these samples as the parent sample.
Use L to designate laboratory QC samples.

Pump/Equipment Take Down

5.5.1

552

553

554

Remove the sample pump from the protective enclosure.
Disconnect the tubing from the sample pump and store it inside the pump box.

Disconnect the power adapter from the sample pump and battery. Store the adapter
inside of the pump box.

Re-pack all supplies into their original shipping containers and prepare for departure
and transport of all supplies to the EPA laboratory.

Return Filter Samples to the EPA Laboratory

5.6.1

All filter media should be stored at the field location in a cooler chilled with frozen
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ice packs until they can be shipped to EPA. The samples should be shipped back to
the EPA laboratory within two days following sample collection. Samples may be
driven back to the laboratory provided they are stored in a cooler with frozen ice
packs.

For sample shipment, pack the cooler just prior to shipping as follows:

5.6.2.1 Pack the PUF sample cartridges in bubble wrap inside a brown cardboard
box. Tape the box shut and add it to the bottom of the cooler.

5.6.2.2 Add a layer of frozen ice packs to completely cover the storage boxes.

5.6.2.3 Repeat the previous 2 steps as needed until all filter media has been packed
for transport.

5.6.2.4 As available and as necessary to keep the exposed filter media from shifting
and breaking during transport, add any available ice packs to the cooler
followed by unexposed filter media and any padded packing material.

5.6.2.5 Snap a photo of the sample data collection and COC forms (retain in case of
damage during shipping, discard after they are recorded by EPA) and then
add the data collection and COC forms to a resealable bag. Place the bag on
top of the cooler contents and then seal the cooler.

Mail the packed cooler to the EPA laboratory using next day air FedEx or similar
overnight delivery service. Address the shipment to:

US EPA Chemical Services

Kent Thomas or Scott Clifton

109 T.W. Alexander Drive

Building E Loading Dock, Rm E178
Research Triangle Park NC 27709-0002
Telephone:919-541-7939

Immediately notify Kent Thomas (thomas.kent@epa.gov) or Scott Clifton
(clifton.matthew(@epa.gov) of the incoming shipment via email. Include the
shipment tracking number.

Quality Control

The quality control requirements will allow assessment of the quality of the samples
collected. Determination of possible contamination and reproducibility of the method will
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be targeted as data quality indicators.
Field Blanks and Field Controls

A minimum of 1 field blank and 1 spiked field control will be collected each sampling day.
The project’s quality assurance project plan will detail the quality control sample types,
numbers, and deployment plan (see Section B5 of Quality Assurance Project Plan
Addendum for the Tire Crumb Research Study - Exposure Characterization Pilot Study (D-
SED-IEMB-006-QAPP-02)).

6.1.1 As stated in Section 5.2.1, the PUF cartridge will be sent plugged with orange
fittings, wrapped in aluminum foil, and stored in a resealable bag. Resealable bags
containing PUF cartridges meant for field sampling and for field blanks and controls
will be marked with the sample ID (see Section 5.4)

6.1.2 Field blank(s) and field control(s) will be taken to the synthetic turf field along
with the sample filters. The field blank(s) and field control(s) will NOT be
opened or deployed but should be handled just like field samples in that they
should be transported to the field and put into cold storage at the same time as
the field samples. These blanks will NEVER be removed from the resealable
storage bags.

6.1.3 The field blank(s) and field control(s) will be stored and shipped along with the
sample filters.

Duplicate Samples

Duplicate samples shall be collected at a single on-field location during each day of field
measurement. Two sampling systems (pump/inlets) shall be positioned within 2 meters of
each other and operated as specified in Section 5. The purpose of duplicate samples is to
determination of precision of the sampling method in its entirety.

BIOS Flow Calibrator Calibration

The BIOS flow meter will be used to determine the flow rate through the sampling media.
Because the unit is equipped with a mass flow controller and because of sampling conditions
(pump not operated at max flow and pressure drop sufficiently low), the flow rate can be
considered stable during sampling.

This BIOS flow meter was calibrated by the manufacturer and no adjustment or additional
calibration of this device is needed. The flow meter should be sent back to the manufacturer
or to another source for re-calibration if it has been greater than 1 year since the calibration
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certification date or if flow meter is not operating properly.

General Sampling Precautions

0 Pumps should never be operated without a filter in-line.

0 Pumps should be calibrated against the reference BIOS. Calibration should take
place just prior to sampling initiation and after sampling as noted in section 5.2.

0 The flow rate will be used in conjunction with the total elapsed sampling time to
calculate total air volumes sampled and integrated analyte concentrations observed
during the sample capture period.

Possible Corrective Actions for Observed Problems During Sampling
Pump Failure
o0 If a pump fails, correct any obvious errors such as kinked lines, battery not fully
charged, etc. If possible, replace the pump or battery.
0 Document any pump failures in the data collection sheet.

Possible Contamination of Filters or Supplies

Clean resealable bags and aluminum foil will be available. Simple replace the contaminated
items being sure to transfer the sample ID sticker to a new resealable bag.

When possible, a spare PUF sampling cartridge will also be sent along. This PUF cartridge
may be used in place of a contaminated cartridge if a field sample cartridge is contaminated
prior to sample collection.

Contact the NERL-EMMD staff scientists for possible replacement items or directions for
decontamination. Be sure to document in the data collection sheets any suspicion of possible
contamination of filters or supplies.

Recordkeeping

Data Sheets

All information concerning sample collection will be recorded by the appropriate operator
on the SVOC Air Samples Data Collection and COC form attached in Appendix I.

Calculations
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The sample flow rate is directly measured using the average of the pre and post BIOS flow
measurements. The elapsed time in minutes is the sum total of minutes the pump operated
during the sampling episode. A normal 3 hour run period should have approximately 3 hours
X 60 min/hour = 180 minutes. Sample volume calculations will be made during data
processing, not as part of the field sampling activities.

Chain-of-Custody

The original of the SVOC Air Samples Data Collection Sheet and Chain of Custody Form
will accompany the filter samples back to the NERL-RTP laboratory. A copy of the SVOC
Air Samples Data Collection Sheet and Chain of Custody Form is attached in the Appendix
L.

Sample collection, shipping, receipt, and analysis will be indicated on the sample COC form
by responsible parties. Original copies of all data forms will be returned to the EPA project
coordinator Kent Thomas (thomas.kent@epa.gov) and maintained in the NERL TCRS
project files.


mailto:thomas.kent@epa.gov

Crumb Rubber SVOC Sampling
D-EMMD-SSAB-012-SOP-01
Page 17 of 22

8/21/2017

Appendix I. SVOC Air Samples Data Collection Sheet and Chain of
Custody Forms

Each form included in this appendix has been given a unique form number (COC-XX) at the
request of JTI so that all sample collection forms for this study can be more easily tracked.

Four forms are attached and are differentiated by the Field Location ID and the sub-header
referring to field or blank samples. For air samples, locations 1 and 2 designate on-field air
sampling locations and 8 designates the off-field air location. The lasts form has a sub-header
designating its use for blanks/controls.
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Receipt notes:
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Appendix II. Battery Tender — Portable Battery Chargers - Owner’s

Manual
(4BankBatteryChargerUserManual.pdf attached)

Appendix III. BIOS DryCal DC-Lite Flow Calibrator Manual
(DryCalDCLiteFlowCalibratorManual.pdf attached)



Portable Battery Chargers

from 1.2 — 200Ah.

Designed for six cell lead-acid batteries

IMPORTANT SAFETY INSTRUCTIONS

CAREFULLY READ AND
SAVE THESE INSTRUCTIONS

| DOWNLOAD MANUAL

This manual can be read or downloaded from the BATTERY TENDER®
website @ www.batterytender.com

WARNING AND CAUTION LABEL DEFINITIONS:

|

WARNING indicates a potentially hazardous situation which, if not
avoided, could result in serious injury or death.

A CAUTION

CAUTION indicates a potentially hazardous situation which, if not
avoided, may result in minor or moderate injury.

é

CAUTION used without the safety alert symbol indicates a
potentially hazardous situation, which if not avoided, may result
in property damage.

GENERAL PRECAUTIONS

|

Always charge the battery in a well ventilated area. Explosive
hydrogen gas may escape from the battery during charging. Keep
open flames, electrical sparks and smoking materials away from
the battery at all imes. pajjyre to do so could result in serious
injury or death.

NOTE :
Gas hot water heaters are a source of open flame to be avoided.

CAUTION

Locate the charger as far away from the battery as is allowed by
the length of the output cable harness. NEVER set the charger
above or below the battery. Gasses or fluids from the battery may
corrode and damage the charger.

CAUTION

Do not set the charger on a combustible surface. Locate in awell
ventilated area to dissipate heat generated by the charger.

P/N 392-0215-RC

CAUTION

NEVER use a battery charger unless the battery voltage matches
the output voltage rating of the charger. For example, do not use
a 12-volt charger with a 6-volt battery and vice versa.

A WARNING

Do not expose the charger to rain or snow to avoid risk of electric
shock or fire.

A WARNING

Do not use attachments or accessories that are not recommended
or sold by the battery charger manufacturer. Doing so may cause
electric shock, fire, or other unforeseen situations resulting in
serious injury or death.

A CAUTION

When handling electric power cords, always pull by the plug
rather than by the cord. This reduces the risk of damage to both
the plug and cord, and minimizes the likelihood of electric shock.

CAUTION

Make sure all electric power cords are located so that they cannot
be stepped on, tripped over, or otherwise subjected to damage or
stress.

CAUTION

Study all of the battery manufacturer's precautions and specific
recommendations for safe operation such as not removing cell
caps while charging and the recommended rates of charge
(charger output current). This is important to avoid damage to the
battery.

CAUTION

When leaving a battery charger connected to a non-sealed,
flooded battery for extended periods of time (weeks, months,
etc.), periodically check individual cell fluid levels against
manufacturer's recommendations for safe operation.

CAUTION

If the battery releases an excessive amount of gas or if the battery
gets hotter than 130°F (55°C) during charging, disconnect the
charger and allow the battery to cool. Overheating may result in
plate distortion, internal shorting, drying out or other damage.


www.batterytender.com

A WARNING

NEVER disassemble the charger or attempt to do internal repairs. Take
it to a qualified service technician. Assembling the charger incorrectly
may result in the risk of electric shock or create a fire hazard. If the
supply cord is damaged, it must be replaced by the manufacturer, its
service agent or similarly qualified persons in order to avoid a hazard.

PREPARING TO CHARGE

PERSONAL PRECAUTIONS

Battery posts, terminals and related accessories contain lead and
lead components, chemicals known to the State of California to
cause cancer and birth defects or other reproductive harm. Wash
hands after handling.

1. Someone should be within range of your voice or close enough to come to
your aid when you work near a lead-acid battery;

2. Have plenty of fresh water and soap nearby in case battery acid contacts skin,
clothing, or eyes;

3. Wear complete eye protection and clothing protection. Avoid touching eyes
while working near battery;

4. If battery acid contacts skin or clothing, wash immediately with soap and
water. If acid enters an eye, immediately flood eye with running cold water for
at least 10 minutes and get medical attention immediately;

5. NEVER smoke or allow a spark or flame in vicinity of battery or engine.

6. Be extra cautious to reduce risk of dropping a metal tool onto battery. It might
spark or short-circuit battery or other electrical part that may cause an
explosion;

7. Remove personal metal items such as rings, bracelets, necklaces, and
watches when working with a lead-acid battery. A lead-acid battery can
produce a short-circuited current high enough to weld a ring or the like to
metal, causing a severe burn;

8. Use the charger for charging a lead-acid battery only. It is not intended to
supply power to an extra low-voltage electrical system or to charge dry-cell
batteries. Charging dry-cell batteries may cause them to burst and cause
injury to persons and damage to property;

NOTE

There are some wet, non-spillable, lead acid batteries on the market whose

manufacturers' make the claim that they are dry-cell batteries. These batteries are

sealed, gas-recombinant, starved electrolyte, possibly with AGM (Absorbed Glass

Matte) type construction. It is perfectly safe to use the INTERNATIONAL

BATTERY TENDER® to charge these types of batteries. The dry-cell battery

warning is intended for non-rechargeable, alkaline and other similar types of

batteries. If you have any doubt about the type of battery that you have, please
contact the battery manufacturer before attempting to charge the battery.

9. NEVER charge a visibly damaged or frozen battery.

10. Do not recharge non-rechargeable batteries.

If it Is necessary to remove battery from vehicle to charge it, always
remove grounded terminal from battery first. Make sure all accessories in
the vehicle are off in order to prevent an arc;

Be sure area around battery is well ventilated while battery is being
charged. Gas can be forcefully blown away by using a piece of cardboard
or other nonmetallic material as a fan;

Clean battery terminals. Be careful to keep corrosion from coming in
contact with eyes;

Add distilled water in each cell until battery acid reaches level specified by
battery manufacturer. This helps purge excessive gas from cells. Do not
overfill. For a battery without cell caps, carefully follow manufacturers’
recharging instructions;

Study all battery manufacturers’ specific precautions such as removing or
not removing cell caps while charging and recommended rates of charge;
Determine voltage of battery by referring to owner's manual and make
sure it matches output rating of the battery charger.

Locate charger:

a. Locate the charger as far away from battery as the DC cables
permit;
b. Never place the charger directly above or below the battery

being charged. Gases or fluids from the battery will corrode
and damage the charger;

C. Never allow battery acid to drip on the charger when reading
gravity or filling battery;

d. Do not operate the charger in a closed-in area or restrict
ventilation in any way.

e. Do not set a battery on top of the charger.

Connect and disconnect DC output clips only after setting any charger

switches to the off position and removing AC cord from the electric outlet.

Never allow clips to touch each other.

Follow these steps when battery is installed in a vehicle. A spark near

gattery may cause a battery explosion. To reduce risk of a spark near
attery:

a. Position AC and DC cords to reduce risk of damage by hood,
door, or moving engine parts like fan blades, belts, and
pulleys.

b. Check polarity of battery posts. A positive (pos, p, +) battery
post may have a larger diameter than a negative (neg, n, -)
post;

C. Determine which post of battery is grounded (connected) to

the chassis. If negative postis grounded to the chassis (as in
most vehicles), see item (d). If positive post is grounded to
the chassis, see item (e);

d. For a negative-grounded vehicle, connect the positive (red)
clip from the battery charger to the positive (pos, p, +)
ungrounded post of battery. Connect the negative (black) clip
to the vehicle chassis or engine block away from battery. Do
not connect the clip to carburetor, fuel lines, or sheet-metal
parts. Connect to a heavy gauge metal part of the frame or
engine block;
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e. For a positive-grounded vehicle, connect the negative (black)
clip from battery charger to negative (neg, n, -) ungrounded
post of battery. Connect the positive (red) clip to the vehicle
chassis or engine block away from battery. Do not connect
clip to carburetor, fuel lines, or sheet-metal parts. Connect to
a heavy gauge metal part of the frame or engine block;

f. Connect charger AC supply cord to an electric outlet;

g. When disconnecting the charger, turn switches to off,
disconnect AC cord, remove clip from vehicle chassis, and

then remove clip from battery terminal.
10. Follow these steps when battery is outside the vehicle. A spark near the
battery may cause a battery explosion. To reduce risk of a spark near battery:

a. Check polarity of battery posts. A positive (pos, p, +) battery
post may have a larger diameter than a negative (neg, n, -)
post;

b. Attach at least a 24 inch long 6-gauge (AWG) insulated
battery cable to the negative (neg, n, -) battery post;

C. Connect the positive (red) charger clip to the positive (pos, p,
+) post of battery;

d. Position yourself and the free end of cable as far away from

battery as possible, then connect negative (black) charger clip
to free end of cable;

e. Do not face battery when making final connection;
f. Connect charger AC supply cord to an electric outlet;
g. When disconnecting the charger, always do so in reverse

sequence of connecting procedure and break first connection
while standing as far away from the battery as is practical.

USER INSTRUCTIONS

AUTOMATIC CHARGING AND BATTERY STATUS MONITORING: All
BATTERY TENDER® chargers are completely automatic and may be left
connected to both AC power and to the battery that it is charging for long
periods of time. The charger output power, voltage, and current depends on
the condition of the battery itis charging. BATTERY TENDER® chargers have
2 status indicator lights that provide a visual means to determine the operating
mode of the charger and hence the condition of the battery connected to the
charger.

The two-colored status indicator lights are available to determine whether the
charger is operating in one of the 3 primary charge modes: the bulk mode (full
charge, constant current, battery is 0% to 85% charged), the absorption mode
(high constant voltage, battery is 85% to 100% charged), or the storage/float
maintenance mode (low constant voltage, battery is 100% to 103% charged).

When the battery is fully charged, the green status indicator light will turn on
and the charger will switch to a storage/maintenance charge mode. The
BATTERY TENDER® charger will automatically monitor and maintain the
battery at full charge.

ELECTRICAL CONNECTIONS BETWEEN THE CHARGER AND THE

BATTERY: Before charging, connect the alligator clips or ring terminals to the
battery terminals. Then connect the charger AC power cord to the AC power outlet.
When you want to disconnect the charger from the battery, first disconnect the charger
AC power cord from the AC power outlet. Then disconnect the charger leads from the
battery terminals.

A WARNING

Always unplug or turn OFF the battery charger before connecting or
disconnecting the charger clamps to the battery. Connecting or disconnecting
clamps with the charger on could cause a spark resulting in a battery explosion.
A battery explosion may rupture the battery case causing adischarge or spray of
sulfuric acid which could result in serious injury or death.

CONNECTIONS FOR ALL LEAD-ACID BATTERY TYPE: (See item 10 under

General Precautions.)

< In General: First connect the red positive (+) charger output lead to the
positive terminal of the battery. Then connect the black negative (-) charger
output lead to the negative terminal of the battery. However, pay particular
attention to the next two items and the instructions under item 18 under
General Precautions.

< As an added measure of safety, particularly when working with standard,
flooded, lead acid batteries, UL recommends that the second, negative (-)
charger output lead connection be made to the grounded equipment chassis
rather than directly to the negative battery post.

< In similar fashion, for positive ground systems, the positive post of the battery
is now at the same electrical potential as the grounded equipment chassis.
Therefore UL recommends that the positive (+) charger output lead
connection be made at the grounded equipment chassis rather than directly
to the positive battery post.

ATTENTION: BATTERY TENDER® CHARGERS HAVE A SPARK FREE
CIRCUITRY. The output alligator clips or rin%terminals will not spark when they are
touched together. The BATTERY TENDER™ chargers will not produce an output
voltage until it senses at least 3 volts from the battery. It must be connected to a battery
with the correct polarity before it will start charging a battery. Therefore, if you plug the
AC power cord into an AC power outlet, and if the output alligator clips or ring terminals
are not connected to a battery, and if you touch the alligator clips or ring terminals
together, there will be no electrical spark.
NOTE:

THE OUTPUT CLIPS OR RING TERMINALS MUST BE CONNECTED TO A
BATTERY BEFORE THE CHARGER CAN PRODUCE AN OUTPUT VOLTAGE.

If the charger is hooked up backwards, the amber light will continue flashing
(International Plus and EUROA400), indicating that a charge has not been initiated
(WP800 does not show any light at all). The alligator clips or accessory ring terminals
must be connected to the battery, with the proper polarity, Red to Positive (+ output to
+ battery post) and Black to Negative (- output to - battery post), before the charger will
generate any output voltage.



WORKING WITHA DEAD BATTERY ORA BATTERY WITH A VERY

LOW VOLTAGE:
If you try to charge a dead battery having a voltage below 3 Volts, BATTERY
TENDER® chargers will not start.  An internal safety circuit prevents the
BATTERY TENDER® chargers from generating any output voltage unless it
senses at least 3 Volts at the charger output. In this situation, the amber light will
continue to flash (International Plus and EURO400), indicating that a charge has
not been initiated (WP800 does not show any light at all).

NOTE:
If a 12 Volt, Lead-Acid battery has an output voltage of less than 9 volts when it is
at rest, when it is neither being charged nor supplying electrical current to an
external load, there is a good chance that the battery is defective. As a frame of
reference, a fully charged 12-Volt, Lead-Acid battery will have a rest-state, no-load
voltage of approximately 12.9 volts. A fully discharged 12-Volt, Lead-Acid battery
will have a rest-state, no-load voltage of approximately 11.4 volts. That means
that a voltage change of only 1.5 volts represents the full range of charge 0% to
100% on a 12-Volt, Lead-Acid battery. Depending on the manufacturer, and the
age of the battery, the specific voltages will vary by a few tenths of a volt, but the
1.5-volt range will still be a good indicator of the battery charge %.

STATUS INDICATING LIGHTS: If neither light is lit, then the battery is not

properly connected and/or the charger is not plugged into AC power. The

following describes light operation:

< AMBER LIGHT FLASHING — The amber light flashing indicates that the
battery charger (International Plus and EURO400) has AC power available
and that the microprocessor is functioning properly. If the amber light
continues to flash, then either the battery voltage is too low (less than 3 volts)
or the output alligator clips or ring terminals are not connected correctly.

< AMBER LIGHT ON STEADY — Whenever the amber light is on steady, a
battery is connected properly and the charger is charging the battery. The
amber light will remain on until the charger completes the charging stage.

< GREEN LIGHT FLASHING - (International Plus and EURO400 only) When
EUROA400 shows a green light flashing, the battery is 80% charged and may
be used if necessary. When the green light is flashing, and the amber light is
on (International Plus), the battery is greater than 80% charged and may be
removed from the charger and used if necessary. Whenever possible, leave
the battery on charge until the green light is solid.

< GREEN LIGHT ON STEADY - All chargers: When the green light stops
flashing and burns steady, the charge is complete and the battery can be
returned to service if necessary. It can also stay connected to maintain the
battery for an indefinite period of time

STATUS INDICATING SYMBOLS: The following symbols are located next to the
status indicator lights.

o | —1

The symbol next to the AMBER light represents a partially charged
battery. The solid band across the bottom is green in color. The
background is yellow. The green area indicates the charged portion of
the battery and the yellow area represents the uncharged portion.

Cl = The symbol next to the GREEN light represents a fully charged
battery. The entire area inside the battery outline is green.

TROUBLESHOOTING CHECK LIST:
1. CHARGER LIGHTS DO NOT TURN ON:

a. Remove the charger from the AC outlet and recheck
that the battery charger clamps are connected to the
correct terminals and are making a clean tight
connection.

b. Check to make sure AC outlet is supplying power by
plugging in a lamp, an appliance, or a voltage meter.
2. THE GREEN LIGHT GOES ON IMMEDIATELY WHEN
CHARGING A DISCHARGED BATTERY:
a. The battery may be defective, take battery to the dealer
to be tested.
3. CHARGER IS CHARGING BUT THE GREEN LIGHT DOES

NOT GO ON:

a. The battery may be defective, take battery to the dealer
to be tested.

b. The battery has an excessive current draw, remove

battery from equipment.
4. THE AMBER LIGHT COMES ON WHEN STORAGE
CHARGING BATTERIES:

a. The battery may be defective, take battery to the dealer
to be tested.
b. The battery has an excessive current draw, remove

battery from equipment.

e This appliance can be used by children aged from 8 years
and above and persons with reduced physical, sensory or
mental capabilities or lack of experience and knowledge if
they have been given supervision or instruction concerning
use of the appliance in a safe way and understand the
hazard involved.

¢ Children shall not play with the appliance. Cleaning and user
maintenance shall not be mad by children without supervision.

e The supply cord cannot be replaced. If the cord is damaged
the appliance should be scrapped.

e Examine the battery charger regularly for damage, especially
the cord, plug and enclosure, if the battery charger is damaged,
it must not be used until it has been repaired.

E This symbol indicates separate collection for electrical
and electronic equipment
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DryCal® DC-Lite Specifications

Size 5"x5"x2.75" ¢ 127 mm x 127 mm x 70 mm

Weight 42 0z 1200 g

Flow Ranges | Air Flow Accuracy Specifications based on averaged readings.
Lower limit is based on self-tested maximum leakage.

Model Optimum Flow Range (+1%) Extended Flow Range
L 10-500 ml/min 1 ml/min-500 ml/min
ML 50 ml/min-2 L/min 5 ml/min-5 L/min

M 100 ml/min-7 L/min 10 ml/min-12 L/min

MH 200 ml/min-20 L/min 20 ml/min =20 L/min

H 500 mI/min-30 L/min 50 ml/min-30 L/min

Contact Bios for extended flow range specifications, or visit our website
at www.biosint.com/products/dclite_models.htm

Battery System 6V rechargeable, sealed lead-acid, 6-8 hours typical operation
AC Battery Charger | Power Adapter Wall-mounted, single-station charge,
input: 100 to 120 VAC, 60 Hz., output: 12 VDC. Optional input: 200 to 240 VAC,
50 Hz., output 12 VDC.

Operating Modes Single reading, 10 readings, or auto-mode.

Temperature Range 0-55 °C

Humidity Range 0-70% non-condensing

Printer Port Standard parallel (Not compatible with printers that require
Microsoft® Windows"™)

Warranty Product, 1 year; battery, 6 months

The annual recalibration program offered by Bios is elective and is not included

as a warranty item. All specifications are subject to change.

Please contact Bios or visit our web site at www.biosint.com for the most
current information.
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1.0 DC-Lite Features 2.0 Unpacking Checklist

Your DryCal DC-Lite has been packaged with care and includes all components
necessary for operation. Please take a moment to check that you have received
the following items. If you believe you have not received a full shipment or have
any other questions, please contact Bios immediately.

Front and Side Your DryCal DC-Lite Includes
e Single-Station Battery Charger
e Tubing Kit
Charging Jack e Additional High Flow Tubing (with DCL-MH and DCL-H only)
Cell Viewing Window e (Certificate of Calibration
rf@r;, e |nstruction Manual
(S Inlet Port i .
Connect tubing here for e Reglstratlon Card
) pressure applications
Uil o Outlet Port
Connect tubing here for . .
suction applications 3.0 General Description
_,_/’" The DryCal DC-Lite is a field-portable primary flow calibrator used for industrial
) ._f,-»""' hygiene, environmental and laboratory flow measurement applications.

The DC-Lite uses patented dry piston technology and infrared sensors to obtain
volumetric flow rates quickly and accurately.

Housed in a small, sturdy case, each unit employs a variety of popular user con-
veniences such as push-button read and auto-read functions, a large alphanumeric
display, battery level indicator, 5-minute automatic shut-off and a parallel printer
port for data-logging.

Back and Side 4.0 Theory of Operation
The DryCal DC-Lite can be used to measure air flow rates for either a vacuum flow

source (connected to the outlet port) or a pressure flow source (connected to the
inlet port). Before a reading is initiated, or between readings, a computer-directed
valve performs a bypass function. This allows the air to pass through the DryCal
R .- valve, bypassing the flow-measuring cell which is then able to reset.
6{5\[} ] Parallel Printer Port As a reading is initiated (by pressing the Read button) the internal valve closes
T ‘ o Reset Button and the flow source evacuates or pressurizes the air in the flow-measuring cell. The
i .f_-:.;\h - piston rises at the rate of evacuation or pressurization. A precision encoder system
Q.ja'\jj_lu' ) provides two finely collimated light beams with a known distance between the
beams.
H.“'“'R.H_‘ After a suitable acceleration interval the piston breaks the first infrared light beams

as it passes. The flow reading is completed when the second infrared beam



is broken. A crystal clock measures the time interval as the piston passes the two
infrared light beams. The internal computer then calculates the volumetric flow
based upon these parameters.

After a completed cycle, the valve is opened by the computer and the piston
resets. The flow measurement is instantly displayed on the LCD in milliliters
per minute (ml) or liters per minute (L).

Any time the valve is open, the air flow is allowed to pass through the DryCal
valve, bypassing the flow-measuring cell.

5.0 Operating Instructions
The following pages will guide you through the operation of your DC-Lite primary
flow calibrator.

5.1 DC-Lite Button Panel

Print Status

Off eTurns off Parallel Port output

10 © Prints 10 readings and stops
Single Flow Reading All ¢ Prints all readings

Front
o -
Charging Hushef Hald T
Hegot Auto Mede
nees[1997  ml OFF]«& Unit ndicator
Fang. 199_-'| |'|'|L #81 .Jq [} ml e Milliliters per minute
L e Liters per minute
'y
Mumbier In Sweroage
Average Flow in Battery Status
Sequence e Full
(10 readings maximum) * Mid-Level

* Low

5.2 Turning the Power On

The DC-Lite has an energy saving 5-minute auto shut-off feature.

1 Press the On button to turn the DC-Lite on.
2 Aninitializing screen will display the microprocessor revision number,
then the standard screen will be displayed.

5.3 Disabling & Re-Enabling the 5-Minute
Auto-Shutoff Feature

5-minute auto-shutoff is the default setting for the DC-Lite. This feauture can be
disabled if your application requires a longer standby time. The 5-minute
auto-shutoff feature must be disabled each time the unit is powered on or reset.

The DC-Lite features protective circuitry that prevents the battery from becoming
over-depleted. If the battery is allowed to become too weak, the DC-Lite may
automatically shut off due to low battery voltage. This is more likely to occur more
if the 5-minute auto-shutoff feature is disabled.

Disabling the 5-minute auto-shutoff feature

1 Press and hold the Read button, then press the On button (or the Reset
button if the unit is already on).

2 The display will read, “Auto-Off Disabled” until the Read button is released.

Re-enabling the 5-minute auto-shutoff feature
With the unit on, push the Reset button.

5.4 Taking Readings

Taking Single Readings

The inlet and outlet ports are located on the right side of the unit. The lower

port is for suction (outlet) and the upper port is for pressure (inlet). All successive
readings will automatically be used to calculate the average flow. The unit

will automatically clear the average after ten readings and begin averaging

a new sequence.

A reading has been initiated when the green LEDs in the flow cell viewing
window turn on, the valve can be heard closing and the piston begins to move
up the flow cylinder.

1 Connect tubing between the flow source and the DC-Lite with sampling
medium in-line if the application requires it. Turn the DC-Lite and
flow source on.



2 Press and release the Read button to obtain a single flow measurement.
The flow measurement will appear on the LCD.
3 Continue this procedure to obtain the required number of flow readings.

Taking Auto-Repeat Readings

Readings can be taken continuously in the auto-repeat mode for hands-free
operation. The unit will automatically clear the average after ten readings
and begin averaging a new sequence.

1 Press and hold the Read button until a reading starts then release.
This will begin a continuous read session.
2 To stop the continuous read session, press the Stop button once.
The display will indicate the current flow reading (Flow), the average flow
value (Average) and the number of readings in the average (Number
in Average) up to 10.

5.5 Resetting the Averaging Sequence

The number of readings in an averaging sequence can be reset to (00) at any time
by pressing and holding the Stop button for 2 full seconds.

5.6 Printing

The DC-Lite must be turned on prior to connecting a printer cable to the back

of the unit. Failure to do so will result in the display reading “Nexus Control.”

If this occurs, remove the printer cable and reset the unit using the white recessed
Reset Button located on the back of the unit as described in Section 5.10.

The DC-Lite does not support any printers except those supplied by Bios. The DC-
Lite sends basic ASCII text in IBM/Centronics parallel format to a printer. Although
it may work with older and some stand-alone, IBM-compatible office printers
(printers that do not require drivers to be installed on an attached computer in
order to operate), we do not recommend their use.

If you wish to experiment nonetheless, try the "Wide 1" and "Wide 2" formats to
test compatibility. You may get one page per line or other incompatible results.

Bios offers the BP-1 stand-alone battery powered printer for hard copy output of
DryCal data. This printer is small, portable, convenient and easy to use. It makes an
excellent dedicated printer for use with Bios products.

Bios cannot guarantee compatibility with any printer other than the Bios BP-1
portable thermal printer.

Print Setup

1 The flow source should be turned on and connected to the appropriate
air boss on the right side of the DC-Lite.

2 Turn the DC-Lite on before connecting the printer cable. Failure to do so will
result in the display reading “Nexus Control” If this occurs, remove the printer
cable and reset the unit using the white recessed Reset Button located on
the back of the unit as described in Section 5.10.

3 Plug the printer cable into the parallel printer port located on the back of
the DC-Lite. Make sure DC-Lite and the printer are on.

Selecting a Print Setting

After the printer setting selection has been made a print mode selection

(All, 10 or Off) must also be made to initiate printing. The Print button will toggle
between three print settings.

1 The default setting is “Off” When the power is turned on the printer
setting will always be in the “Off” position.

2 To engage the printer, press the Print button once for the “Print 10” setting
(this will allow the printer to print ten readings and stop). Press the Print
button twice for the “Print All” position (to print continuously).

3 After the printer setting selection has been made, a Read mode selection
(single or auto) must also be made to initiate the flow measurement process
as described in Section 5.4.

5.7 Stop & Reset

A flow reading can be stopped at any time by pressing and releasing the Stop
button. This process opens the valve and allows air to bypass the flow-measuring
cell. The piston will fall to the bottom of the flow-measuring cell.

The DC-Lite can be reset by pressing and holding the Stop button for two full
seconds. During a reset, the display is cleared and the number of readings in an
averaging sequence is reset to zero.

5.8 Resetting a Printed Sequence

When connected to a printer, the reset process initiates a printed heading for a
sequence of readings and resets the number of readings in an averaging sequence
to zero. The printed heading includes a column for each flow reading (Flow), the
running average (Average) and the number of samples in the average (# Samples).



5.9 Printing to a PC

Bios International offers a parallel-to-serial converter kit, part PSC-1, that allows
the information from a DC-Lite to be printed to a computer via the HyperTerminal
utility included with Microsoft® Windows".

This information can be imported into many commonly used spreadsheet
programs, such as Microsoft Excel or Quattro Pro. The DryCal parallel-to-serial
converter kit includes everything you will need to print flow readings from your
DryCal to a Windows-based PC.

Bios International only guarantees compatibility with parallel-to-serial converters
purchased through Bios International. Bios International does not offer technical
support on serial port configuration. For assistance with determing the correct
Com Port number or port configuration, please contact your IT professional.

5.10 Hard Reset Button

If for any reason the DC-Lite does not respond to push-button commands, it may
be necessary to reset the instrument. For this purpose there is a white recessed
button on lower right side of the back panel near the parallel printer port. The but-
ton resets the unit back to the initializing screen and the printer setting will revert
to the “Off” position. Before resetting, be sure to remove the printer cable from
the back of the DC-Lite. Failure to do so will result in the display reading “Nexus
Control” If this occurs, remove the printer cable and reset the unit again.

6.0 Battery System

The DryCal DC-Lite is powered by an internal lead-acid battery. The battery will
power the instrument for 6-8 hours of continuous use and has a typical service life
of approximately 2-5 years, depending on use. The DC-Lite provides a convenient
5-minute automatic shut-off feature to extend battery life. Use of a printer does not
affect the battery life.

The DC-Lite can be charged by the Bios single-station charger when plugged into
a standard 115V AC power source outlet (220V AC optional). Provided that the
battery has sufficient charge to operate the DC-Lite, the DC-Lite can be charged
indefinitely using the AC wall adapter provided.

Although the DC-Lite may be plugged into AC power, if the battery is exceptionally
weak the DC-Lite may not function. Please read all setup and charging instructions
indicated in this manual before using equipment.

6.1 Charging the Battery

Before using your DryCal DC-Lite, be sure that the battery system has been fully
charged to ensure that unit will perform without interruption. Using the DC-Lite
with a low battery will not affect the product’s accuracy.

The DC-Lite is equipped with a battery indicator that provides battery charge
indication at three levels. When the battery indicator on the display is empty the
unit will continue to operate for a limited period of time before shutting itself off.

To Charge the DC-Lite

To view the actual charging status during the charging period, disconnect the
battery charger and wait 3-5 minutes. When the indicator is solid black the battery
is fully charged. Bios recommends leaving the DC-Lite on charge when not in use
to prevent battery degradation.

1 Connect only the appropriate Bios 12VDC charger, provided with the DC-Lite
calibrator, into a standard wall outlet.

2 Insert the charger barrel plug into the charging jack located on the right side
of the DC-Lite housing above the inlet and outlet air bosses. A green Charge
LED will illuminate while the unit is charging. Full charge takes 8 to 12 hours,
and the DryCal can charge while being used.

6.2 Battery Maintenance & Storage

The DC-Lite’s lead-acid battery will not exhibit the memory effect common to
nickel-cadmium batteries. It may be left on charge for an indefinite time period
without damage.

Long-term storage without charging can damage the battery pack,
therefore if the DC-Lite cannot be left charging continuously, it should be
fully charged at least once every three months and should be placed in
storage only after achieving a full charge.

7.0 Isolating the DryCal from Other Instruments
The DryCal DC-Lite will mimic the flow source being used. Therefore, if the flow
source exhibits air flow pulsation, Bios recommends the use of an isolation device.

Use of a 25mm, 0.8m filter cassette makes a suitable load for most flow rates used
in industrial hygiene applications. This method stabilizes variations in flow due
to the slight pulsation caused by the stroke of the pump’s piston.

In addition, when taking flow readings with the DryCal DC-Lite, an internal valve
closes, placing an insertion pressure spike into the flow stream. Generally, the



pressure spike is invisible to the flow source; however, it can cause an interaction
with some instruments (example: some mass flow controllers, Magnehelic
manometers and rotameters). The most common solution is to isolate the DryCal
with a restriction as described in Sections 7.1-7.4.

7.1 Use with Instruments that Contain Internal
Mass Flow Controllers (MFCs)

For some flow instruments with MFCs and large dead volumes (example: some
PM 2.5 monitors) results may not correlate between the instrument’s display and
the DryCal. To eliminate these discrepancies, Bios offers an active regulation
device, part DC-IR-H, to provide a constant insertion pressure.

7.2 Use with Personal Air Samplers

The DryCal DC-Lite may be used to calibrate or check the flow rate of personal air
samplers. To ensure accurate flow calibrations, Bios recommends the use of an
isolating flow restriction as described in Section 7.0. A standard MSHA approved
respirable dust filter or equivalent 25-37 mm 0.5 micron casette should be suffi-
cient to provide an appopriate isolation.

7.3 Calibrating Rotameters

When calibrating rotameters the DryCal DC-Lite should be used as a transfer
standard only. Do not use the DC-Lite in series with a rotameter. For optimum
accuracy, use a rotameter over its mid-range.

1 Attach an isolating load or sample medium, with a pressure drop of about
8 to 12 inches of water column, in series with a stable pump and a DryCal.

2 Calibrate the sampling pump at the desired flow setting (ie: 2.00 Lpm)
with the DryCal. When the desired flow setting is obtained, disconnect the
DryCal and attach the tubing to the outlet boss of the rotameter.

3 When the rotameter ball stabilizes, mark the rotameter for the true flow
rate (2.00 Lpm for example) using tape and a permanent marker to denote
the calibrated flow setting or note the point on a rotameter flow chart.
Repeat this procedure for any additional flow settings.

7.4 Use with Magnehelic Manometers
High-capacitance spring-loaded gauges such as Magnehelic manometers can
cause vibration of the DryCal piston. This is not a defect in the DryCal. The piston is
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accurately mirroring the transient internal vibrations of the gauge. This type of
gauge must be isolated from the DryCal by inserting a suitable restriction between
the gauge and the calibrator

8.0 Maintenance, Quality Assurance
Although the DryCal DC-Lite is a rugged instrument, certain care and maintenance
requirements must still be met.

Current service and calibration information and pricing can be found at
www.biosint.com/service/dclite.htm.

8.1 Maintenance

When not in use always store your DC-Lite in a clean, dry environment. When
possible leave the unit on charge. Wipe only with a damp cloth and do not spray
with liquid solvents or use abrasive cleaners.

8.2 Leak-Test Procedure

A quality assurance self-test feature is provided to verify proper integrity

of the flow cell. It is recommended that the self-check leakage test be conducted
periodically as part of an on-going quality assurance program.

Passing the leak test does not ensure proper function of the DC-Lite. It does
ensure that total leakage is within the product’s allowable limits. To ensure proper
function of the DC-Lite annual factory calibration is recommended.

To Initiate the Leak-Test

The leak-test tubing accessory is a short piece of latex tubing with a red plug
that is found in the tubing kit shipped with your DC-Lite. Place the leak-test
tubing accessory over the top (inlet) air boss. The low flow range DC-Lite requires
a miniature leak-test tubing accessory that is supplied in addition to the

standard tubing kit. Any maintenance to the DryCal must be performed by Bios
maintenance personnel.

1 Press and hold the Stop button while pressing the On button. If the DC-Lite
is already on, press and hold the Stop button while pressing the hard reset
button on the back of the unit as described in Section 5.10. After a leak-test is
initiated, the display will read “LeakTest, Invert & Push Read.”

2 Invert the DC-Lite so the piston moves to the top of the cell. While the piston
is resting at the top of the cell press the Read button and the internal
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valve will close. Return the unit to an upright position and it will time the
descent of the piston.

3 Place the DC-Lite on a flat, vibration-free surface.

4 Observe the location of the piston to ensure that it is at the top of the cell
when the test begins (the test may take as long as 15-20 minutes). If the
test is completed successfully, the display will read: “Test OK Push Read.

5 Push the Read button as directed and the internal valve will open
and the piston will fall.

6 Repeat the test with the leak-test tubing accessory connected to the
lower (outlet) air boss. If the unit fails the Leak-test, the display will
read: “Maintenance Reqd Push Read”

8.3 Air Containing Particulates

As of January 1, 2001, the DryCal DC-Lite comes standard with either a 5-micron or
30-micron inlet filter inside the inlet fitting (depending on model ordered).
Additionally, all older DC-Lites sent in for calibration will be retrofitted with new
style inlet filters, free of charge. However, air containing cigarette smoke or other
excessive dust and particulates should be additionally pre-filtered. An additional
particulate filter, part AF-516, is available for this purpose. The filter should be
placed ahead of the DryCal in the flow stream, on the inlet side.

8.4 Return Authorization

Prior to returning your DryCal for repair or recalibration, please contact Bios
International for technical support, troubleshooting assistance and an RMA
number if necessary.

You can telephone Bios at (800) 663 4977 or (973) 492 8400, or send an email to
service @biosint.com.

8.5 Shipment

When shipping the DryCal DC-Lite please ensure that the packaging is adequate
to protect the instrument. When possible the DC-Lite should be shipped in

the original packaging. Bios International Corp. is not responsible for damage that
occurs during shipment.

8.6 Long-Term Storage
DryCal calibrators can remain on charge until needed without causing damage
to the battery. If the DryCal is stored for long periods of time the battery should be
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charged at least once every three months.

Always store DryCal calibrators in a clean, dry environment and recharge
the unit prior to use after long-term storage.

8.7 Calibration

As a quality assurance measure, Bios recommends annual calibration of all meas-
urement instruments, although how often you have your DryCal calibrated is

an internal quality control decision. The determining factors are whether the unit
passes the internal leak-test, quality system requirements if applicable, and

the conditions in which the unit is used. Units used in a laboratory setting may
require calibration less frequently than a unit that is used in a dusty environment.
The annual calibration program is an elective and is therefore not included as

a warranty item. “As received” flow test data and expedited “48 hour” turnaround
service are also available at an additional cost. Please contact the factory for more
information on available calibration services and pricing.

Calibration Includes

e Cleaning (if required)

e Valve adjustment (if required)

e Battery capacity test

e Internal computer program upgrade as necessary
e Mechanical upgrades as necessary

e Dynamic Performance Test

e NIST-Traceable Calibration Certificate

9.0 Calibration Statement

The DC-Lite is dynamically tested by comparing it to a Laboratory Standard pri-
mary piston prover of much higher accuracy (+0.25%), but of similar operating
principles. Flow generators of +0.01% stability (included in prover accuracy) are
used for the comparison. Use of provers of similar construction to the devices
under test assures the validity of the flow generator as a transfer standard.

The primary Laboratory Standards are qualified by direct measurement of their
dimensions (diameter, length of measured path, time base) against NIST-traceable
gauges and instruments. A rigorous analysis of their accuracy in accordance with
the International Guide to Uncertainty in Measurements has been performed,
assuring their traceable accuracy. Test procedures assure temperature matching of
the Laboratory Standards to the devices under test.

The calibration dates of the laboratory standards for each parameter (diameter,
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encoder spacing, time base) are included in our calibration reports, along with Notes
identification of the devices used for calibration, their calibration dates and NIST
calibration numbers.

10.0 Limited Warranty

The Bios DryCal DC-Lite is warranted to the original end user to be free from
defects in materials and workmanship under normal use and service for a period
of one year from the date of purchase as shown on the purchaser’s receipt. The
DC-Lite’s battery is warranted for 6 months from the original purchase date. If the
unit was purchased from an authorized reseller a copy of an invoice or packing
slip showing the date of purchase may be required to obtain warranty service.

The obligation of Bios International Corporation under this warranty shall be lim-
ited to repair or replacement (at our option), during the warranty period, of any
part which proves defective in material or workmanship under normal use and
service provided the product is returned to Bios International Corporation, trans-
portation charges prepaid.

Notwithstanding the foregoing, Bios International Corporation shall have no

liability to repair or replace any Bios International Corporation product:

1 Which has been damaged following sale, including but not limited to damage
resulting from improper electrical voltages or currents, defacement, misuse,
abuse, neglect, accident, fire, flood, act of God or use in violation of the
instructions furnished by Bios International Corporation,

2 When the serial number has been altered or removed or

3 Which has been repaired, altered or maintained by any person or party
other than Bios International Corporation’s own service facility or a Bios
authorized service center.

This warranty is in lieu of all other warranties, and all other obligations or liabilities
arising as a result of any defect or deficiency of the product, whether in contract or
in tort or otherwise. All other warranties, expressed or implied, including any
implied warranties of Merchantability and fitness for a particular purpose, are
specifically excluded.

In no event shall we be liable for any special, incidental or consequential damages
for breach of this or any other warranty, express or implied, whatsoever.
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NOTICE

This Analytical Procedure has been prepared for use by the Air Quality Branch of the U.S.
Environmental Protection Agency, Research Triangle Park, North Carolina and may not be
specifically applicable to the activities or objectives of other organizations. This procedure has
not been fully validated and should be used for research purposes only. Adequate QA/QC
measures must be implemented with this procedure to allow assessment of data quality.
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1.0 Scope and Application

This method applies to the collection of air samples from stationary locations on or near synthetic
turf fields with crumb rubber infill. Samples will be analyzed for a suite of volatile organic
compounds (VOCs). This SOP incorporates many of the procedures previously detailed in standard
operating procedure (SOP) D-EMMD-ABQ-004-SOP-01 (Formerly ECAB-152.1) “SOP for
Carbopack X Sorbent Tube Handling: Field Deployment and Shipping.” The streamlined field
deployment checklist in this SOP will be useful to field operators.

2.0 Summary of Method

Portable, battery operated, air sampling pumps attached to 3.5-inch x % inch o.d. stainless steel
thermal desorption (TD) tubes packed with Carbopack X adsorbent are used to capture gas-phase
VOCs from ambient air. Air samples are collected from two stationary locations (duplicate samples
at one of these locations) at each synthetic field as close as possible to where activities occur
without posing an obstruction or safety hazard. A third location will be sampled upwind and at a
sufficient distance from the field to represent background.

3.0 Definitions

COC chain of custody NERL National Exposure Research
Laboratory
EMMD Exposure Methods and Measurement PTFE  polytetrafluoroethylene
Division
FEP fluorinated ethylene propylene qty quantity
ID identification TD thermal desorption

4.0 Precautions

The sampling systems are powered by internal battery packs. The battery pack must be completely
charged before operating the pump. The battery and pump system should be protected from
excessive heat or cold (<-4 °F, >104 °F) as specified in the operator’s manual.

Sampling will take place at outside and inside activity fields. Equipment should be shielded as
much as possible from moisture and should not be used during periods of heavy rain (protective
enclosures are not provided). Sampling stands should be set up so that they are provided protection
from tampering. Sampling stands must also be placed and secured such that no harm will come to
children or others playing in the vicinity of the equipment.

5.0 Personnel Qualifications

Required training is provided by the US EPA. Sample collection will be conducted by qualified
scientific staff trained in the use of the specific field monitoring equipment. Training will include
a demonstration and hands-on training by qualified persons with air sampling expertise. At a
minimum, all SOPs and operating instructions will be reviewed, understood, and followed exactly
by the field staff. Training records will be maintained by the EPA exposure study project lead
(currently Kent Thomas).
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6.0 Sampling Media and Supplies

6.1

6.2

6.3

6.4

Sampling Media

Supelco FLM Carbopack X deactivated 89-mm (3.5 in. x 0.25 in. o.d.) stainless steel
thermal desorption tube (part no. 28686-U, Millipore Sigma, St. Louis, MO) fitted with
0.25-in. brass Swagelok fittings with combined (one-piece) polytetrafluoroethylene
(PTFE) ferrules (Note: Conditioned TD tubes will be capped and stored inside the glass
culture tubes, which will be stored inside sealed metal cans for transport to and from the
sampling site.)

Sampling Setup

Sampling pumps - SKC Pocket Pump (Cat. No. 210-1000) — qty. 4

Charging System — SKC Pocket Pump Multi-charger (Cat. No. 223-247)

Tripod sampling stand - custom modified — qty. 3

Tygon flexible vacuum tubing (5/16 in. o.d., 3/16 in. i.d.)

Ya in. Swagelok stainless steel straight union with PTFE ferrules and a knurled nut for
holding sampling tube—qty. 4 each

Yain. o.d. “U” shaped acrylic adapter for attaching Swagelok fitting to Tygon tubing —
qty. 4 each

Measuring tape (at least 6 ft length)

Flow Measurement

Flowmeter — MesalLabs flow calibrator, low-flow (or equivalent) (Defender 520 model,
Lakewood, CO)

Sample Handling and Storage

Powder-free nitrile gloves

Kimwipes

Metal tray

Clean forceps (e.g., Teflon coated, 5 in. stainless steel)

CapLok tool (part no. C-CPLOK, Markes International, Gold River, CA)

Glass culture tubes (part no. 45066A-25150, Kimble/Kontes, Vineland, NJ) — qty. 12
per sampling day (10 for TD tube storage and 2 for spares)

Unlined caps for glass culture tubes (custom order, Scientific Specialties Service, Inc.,
Randallstown, MD) — qty. 1 per tube

Septrseal Septa and Teflon liners for culture tube caps (part no. B69800-24 and
B68800-24, Scientific Specialties Service, Inc.) — qty. 1 each type per tube fluorinated
ethylene propylene (FEP) Teflon tubing, 0.25 in. o.d

Clean unlined gallon metal cans with lids (part no. 5501-07B, SKS Bottle and
Packaging, Inc., Mechanicville, NY)

Note: Conditioned TD tubes will be capped and stored inside the glass culture tubes,
which will be stored inside sealed metal cans for transport to and from the sampling site.

Cooler (example part no. 5248-5286-5296, Coleman Products, Inc., Wichita, KS)
Foam inserts for coolers (Instapack quick foam packaging, Sealed Air Corporation,
Danbury, CT)

Rex protective sleeves, 1.021 in. i.d. by 5.750 in. length with wall thickness of 0.125
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in. (custom order, Yazoo Mills, Inc., New Oxford, PA)
e Closed cell foam, assorted thicknesses

Sample Tracking

e Data Collection and Chain of Custody (COC) Record forms (see Appendix A) and
meta data form shown in Appendix C
Pen (Black, archival quality Ink)
GPS and time enabled device - Garmin or cell phone with GPS capabilities
Shipping labels

Spare and other potentially useful supplies

Paint can opener
Resealable closure bags
Packaging tape

Extra labels

Quality Control and Quality Assurance

The quality control requirements will allow assessment of the quality of the samples collected.
Determination of possible contamination and reproducibility of the method will be targeted as data
quality indicators.

7.1

7.2

7.3

Field Blanks and Field Controls

A minimum of one field blank and one field control will be collected on each sampling day.

As stated in Section 8.4.2, the thermal desorption tubes will be sent sealed with brass
fittings, secured in glass culture tubes, and stored in a metal can. Metal cans containing
thermal desorption tubes meant for field sampling and for field blanks will be pre-labeled
with sample ID codes.

Field blanks and controls will not be removed from their packing in the metal can; they
will remain sealed and returned to the laboratory.

Duplicate Samples

Duplicate samples will be collected at a single on-field location during each day of field
measurement. Two sampling systems (pump/inlets) shall be positioned on the same
sampling tripod and operated as specified in Section 8.3. The purpose of duplicate samples
is to determine the precision of the sampling method in its entirety.

Mesa Labs Defender Flow Calibrator

The Mesa Labs Defender flow calibrator will be used at the beginning and end of each
sampling period to measure the pump flow rate. The flow calibrator should have been
certified within the past year by the manufacturer or the flow rates verified against a unit
that is under current certification and deemed appropriate (within 2%). The sampling pump
is equipped with a flow controller and the flow rate is stable during sampling.
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8.0 Procedures

8.1

8.2

83
83.1

832

833

General Sampling Considerations

Samplers must be placed in an area representative of the average ambient conditions (i.e.,
away from roadways, parking lots or high traffic areas).

Pump flow rates are measured using the Mesa Labs Defender. Flow measurements should
take place immediately prior to and immediately after sampling as noted in sections 8.5.5
through 8.5.14.

The flow rate will be used in conjunction with the total elapsed sampling time to calculate
total air volumes sampled and integrated analyte concentrations observed during the
sample capture period.

Pre-Deployment Preparation

Charge batteries and flow meter

Test sampling pumps

Clean field supplies (forceps, glass culture storage tubes, trays, etc.)
Condition TD tubes for use

Prepare spiked tubes for use as field controls and lab controls

Pre-label glass culture tubes and data collection forms with sample codes.
Pack all field supplies

Pump and Sampling Equipment Set-up

Transport the sampling setup and flow measurement equipment to the field location (listed
in sections 6.1-6.6). This will include sampling pumps, sampling stands, vacuum tubing,
and measuring tape along with the data collection sheets, flow meter, pen, and any
materials needed to secure the monitoring site.

Three sampling sites will be identified for each location. Two sites will be located on the
activity field. One site will be located off of the field, in an upwind position if possible.
One sampler will be located at each site and an additional sampler will be positioned at one
of the on-field locations (using same tripod stand) to collect duplicate samples.

Note: Ensure that the information regarding specific site locations and conditions have
been recorded as meta data (on the sheet shown in Appendix C) according to SOP D-SED-
IEMB-005-SOP-01.

Figure 1 shows the sampler configuration with major components identified. Use this
diagram to setup each sampling location.
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Radiello (passive) . -*_ __, Thermal
sampler --________"' : desorption tube

: *Vacuum
.~ tubing -

X

Figure 1: VOC Sampler Configuration

1. Set up the sampling stand by spreading the tripod base and extending the vertical rod.
The tripods are each outfitted with a TD tube holder, a Radiello passive tube holder
(see SOP D-EMMD-AQB-019-SOP-01 for Radiello deployment procedures) and a
metal plate to mount the pump.

2. Connect one end of the tubing to the hose barb found on the pump. The attached hose
should be snug and not easily removed without the use of applied force. Attach the
pump to the metal plate on the tripod such that the pump is between the plate and the
tripod post. This will provide some shielding to the pump.

3. Turn the pump on by sliding down the protective cover, pressing any keypad button to
activate the pump, and using the up (A) or down (V) arrow buttons simultaneously to
toggle from “Hold” to “Run.” Allow the pump to run while the rest of the equipment
is being set up.

4. Adjust the tripod so the TD tube inlet is at a height of 1.0 + 0.1 meters (35.4 in. - 43.3
in.) above ground level.

Sample Setup
Refer to SOP D-EMMD-ABQ-004-SOP-01 for instructions on handling the TD tubes.

The TD tubes will be sent with the inlets capped with brass fittings, sealed in glass culture
tubes, and stored in a metal can. Thermal desorption tubes meant for field blanks and
controls will be labeled as such. Tubes meant for sampling will be pre-labeled with the
appropriate sample ID codes. Spare sampling tubes will be shipped to the sampling
locations and can be used in the event of damage to the pre-labeled sampling tubes. Be sure
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to retain the fittings, culture tubes, cans, and packaging for return to the laboratory for
future use.

To set up sampling, determine the appropriate sample code and sampling location. Enter
the TD tube ID number of the pre-labeled tube on the corresponding Data Collection and
COC Record Form.

Immediately before sampling is set to begin, don a pair of nitrile gloves and remove the
glass-enclosed TD tube from the metal can labeled with the field sampling date. Remove
the vial cap and then the Teflon strips from the culture tube one at a time. Remove the
Teflon strips using forceps and place them on a clean surface such as a laboratory tissue or
clean aluminum foil. Next remove the TD tube from the glass culture tube and return the
Teflon strips to the glass culture tube.

Remove the brass fitting from the outlet side (non-grooved end) of the TD tube and insert
this end into the vacuum tubing. Gently place the brass fitting back into the glass culture
tube. Secure the TD tube to the sampling stand using the clamp. Ensure that the other end
of the vacuum tubing is attached to the pump inlet.

Remove brass fitting from the inlet side (grooved end) of the TD tube and place it back
into the glass culture tube, and then return the glass culture tubes to the metal can. The
sampling setup should now look exactly like Figure 1. Double check the length of tubing
and remove any kinks.

Conducting Active Sample Collection

To collect field samples, turn on the pump by sliding down the protective cover, press any
keypad button to activate the pump, and then press both the up (A) and down (V) keys
together to turn the pump on. Allow the pump to run for at least five minutes to warm-up
and stabilize.

Note: The up (A) and down (V) keys pressed at the same time toggle from “Hold” to “Run”
and from “Run” to “Hold”.

The pump flow rate should be set to 100 mL/min in the laboratory prior to field
deployment. This will minimize the amount of time required to fine adjust the pump flow
after the TD tube is attached.

Note: Refer to the pump manual for complete instructions on how to adjust flows. Basic
flow adjustment instructions are shown on the PocketPump Quick Guide in Appendix B.

Insert the non-grooved end of the TD tube into the Swagelok fitting of the Tygon tubing
sample train and tighten the knurled nut finger tight. Insert the TD tube into the mounting
bracket on the sampling stand by inserting the grooved end of the TD tube into the “ears”
of the mounting bracket. This is the sample start time.

Record the sample ‘Start Time’ on the Data Collection and COC Record Form (Appendix A).

Measure the air sampling flow rate through the TD tube by attaching the grooved end of
the TD tube to a length of Tygon tubing that is then attached to the upper port (suction) of
the Mesa Labs Defender flow calibrator. Press the “ON” button (lower right corner) of the
flow calibrator and hold for approximately one second until the display lights up and the
optical light in the cell illuminates.
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Note: If the on button is depressed too long it will turn the unit off and you must then press
the “ON” button again to turn on.

The display should show the Defender information and highlight the word “Measure.”
Press the Enter button twice to begin flow measurements. This will activate the unit to
make continuous measurements and automatically average 3 replicate readings.

Note: Be sure that the Defender unit is set up to measure the volumetric flow rate in units
of mL/min. Do not measure as STP. Refer to the manual on how to change the setup
features.

Note: If the Defender unit is used in bright sunlight, the flow cell may need to be shielded
in order for the sensors to work properly. Simply hold the unit close to your body or hold
the unit in a shaded area while taking the readings.

Observe the flow rate values being displayed. Flow rates should be 100 £ 10 mL/min.

If needed, adjust the flow rate to 100 = 10 mL/min. While observing the calibrator display,
use the up and down arrow buttons on the pump keypad to adjust the flow. The security
code “¥ A V ¥’ must be pressed in sequence within 10 seconds to change operating
parameters (refer to Appendix B for full details).

Once adjusted to 100 £ 10 mL/min allow the flow to stabilize for one minute, reset the
calibrator by pressing the “Stop” button followed by holding the “Read” button for three
seconds. The unit will automatically collect three flow readings and average them. Record
the average flow rate of the three readings on the datasheet in the *Start Flow’ column of
the Data Collection and COC Record Form (Appendix A).

Remove the flow calibrator tubing from the TD tube and attach the TD screen inlet to the
grooved end of the TD tube.

Close the protective sliding cover on the pump and attach it into the bracket near the bottom
of the sampling stand with the vacuum tubing pointing out. Double check the tubing to
verify there are no kinks.

After sampling for the desired time period (presumed to be an approximate three-hour
duration), re-check the flow and record the average flowrate in the ‘Stop Flow’ column of
the Data Collection and COC Record Form. To do so, simply remove the inlet screen from
the TD tube, attach the flow calibrator with the Tygon tubing, turn on the flow calibrator,
measure three readings, and record the average reading on the form. No stabilization wait
time is required as the pump has been running continuously.

Open the pump protective sliding cover and turn off the pump by pressing the up (A) and
down (V) keys simultaneously to toggle pump mode to “Hold.” The pump enters “sleep”
mode after five minutes in “Hold” without activity (there is no manual off option).

Record the sample ‘Stop Time’ on the Data Collection and COC Record Form (Appendix A).

Retrieve the glass culture tubes containing the brass fittings from the metal can. Make sure
the label on the glass vial and the TD tube ID (etched on the TD) match those shown on
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the data sheet. Don a clean pair of nitrile gloves. Remove the TD tube from the mounting
bracket and remove the inlet screen. Place the brass fitting caps on the TD tube. Hand
tighten the brass fittings and then tighten an additional one-eighth turn using the CapLok
tool. Perform the tug test described in SOP D-EMMD-ABQ-004-SOP-01 to ensure that the
caps are properly tightened.

Note: Do not overtighten the brass nuts as it may distort the metal body of the TD tube or
be hard to remove. Only a small fraction past finger tight is required.

Open the glass culture tube and place the lid onto the metal tray or clean surface.

Retrieve the TD tube. Gently transfer the TD tube to the labeled glass culture tube (Figure
2) being sure that the glass culture tube has a Teflon chip in the bottom to provide
cushioning. Insert the two Teflon strips into the glass culture tube one at a time in order to
minimize stress on the glass.

€ =

Figure 2: Thermal desorption tube in a glass culture tube

Replace the cap to the glass culture tube.

Place the glass culture tube (containing TD tube) into the cardboard sleeves in the metal
can and place the two foam discs at the top of the can between the metal lid and the culture
tube tops. Securely place the metal lid back on the can.

Samples should be stored at room temperature and shipped back to EPA the day of or the
day after collection (see Section 8.8).
Labeling the Sample

Labels for these samples will be generated at the EPA lab (using the convention outlined
in Table 1.). The labels will be placed on the glass culture tubes and on the data collection
forms before they are transported to the field

Table 1. Sample Identification Scheme
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ID Code

Example

Description
Code

Sample Identification: TCRS-R-VV-W-X-Y-Z

TCRS tire crumb rubber research study
participate identification number
R 0 (Use 0 for these samples as they are not associated
with a specific participant.)
two-digit code will be a unique identifier for each field
A% 70-79

numbered in the range of 70-79.

W (sample type)

sample

duplicate sample

field control (spiked blank)

X (analysis method)

F
D
B field blank
C
D

field air VOC sampling

sample collection location

Y lor2 on-field air locations
8 off-field air location
Z 0 parent/ sample

8.7 Pump/Equipment Take Down

L.
2.
3.

Remove the sample pump from the tripod stand.
Disconnect the tubing from the sample pump and return pump to its protective case.

Re-pack all supplies into their original shipping containers and prepare for transport of
all supplies to the EPA laboratory.

8.8 Return Samples to the EPA Laboratory

L.

All samples should be shipped back to the EPA laboratory as soon after sampling is
complete as possible.

Pack the sample cooler immediately prior to shipping by placing as many as three metal
cans into the cooler and replacing the associated packing material on top of the cans to
prevent the contents of the cooler from shifting. Photocopy or photograph the Data
Collection and COC Record Forms (retain in case of damage during shipping, discard
after they are recorded by EPA) and then add the completed forms to a zipper storage
bag. Place the bag on top of the cooler contents and then seal the cooler.

Ship the packed cooler to the EPA laboratory using next day air UPS or similar
overnight delivery service. EPA generally will prepare and provide a return shipping
label. If applicable, address the shipment to:

US EPA Chemical Services
Attn: Karen Oliver/Lillian Alston (919-541-2337)
Bldg E Loading Dock, Room E-178
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109 T.W. Alexander Drive
Durham, NC 27711

4. Immediately notify Karen Oliver (oliver.karen@epa.gov) of the incoming shipment
via email. Include the shipment tracking number.

Possible Corrective Actions for Observed Problems During Sampling

9.1

Pump Failure

If a pump fails, correct any obvious errors such as kinked lines, battery not fully charged,
etc. If possible, replace the pump.

If a replacement pump is unavailable, stop data collection immediately and contact the
NERL/EMMD supervising scientist. Examples of pump failure include: failure to reach
desired flow rate; or failure to maintain the desired flow rate.

Document any pump failures in the Data Collection and COC Record Form.

9.2 Possible Contamination of Filters or Supplies
Contact the NERL/EMMD staff scientists for possible replacement items or directions for
decontamination. Be sure to document any suspicion of possible contamination of filters
or supplies in the Data Collection and COC Record Form.
Recordkeeping
10.1  Data Sheets
All information concerning sample collection will be recorded by the appropriate operator
on the VOC Data Collection and COC Record Form and on the Field Sampling Location
Record Form (see SOP D-SED-IEMB-005-SOP-01). Examples are attached in Appendices
A and C, respectively.
10.2  Calculations
The sample flow rate is directly measured using the average of the pre- and post-sampling
Mesa Labs flow calibrator measurements. The elapsed time in minutes is the sum total of
minutes the pump operated during the sampling episode. A normal 3-hour run period
should have approximately 180 minutes.
Collected air volume is calculated as follows:
RUE:2D)
1000
Where, V = Sample volume in liters
T = Elapsed time in minutes
F = Average flow in mL/min
10.3  Chain-of-Custody

The original Data Collection and COC Record Form will accompany the filter samples
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back to the NERL-RTP laboratory. A copy of this form is attached in Appendix A.
Subsequent analysis (i.e. thermal desorption/GC-MS analysis) will be indicated on the

sample Data Collection and COC Record Form by responsible parties. Original copies of
all data forms will be maintained in the NERL project files.

References

D-EMMD-ABQ-004-SOP-01. (Formerly ECAB-152.1.) Standard Operating Procedure for
Carbopack X Sorbent Tube Handling: Field Deployment and Shipping. 2015.

D-EMMD-AQB-019-SOP-01. Standard Operating Procedure for Radiello Carbopack X Diffusive
Sampler Handling: Field Deployment and Shipping for Tire Crumb Exposure Studies. 2017.

D-SED-IEMB-005-SOP-01. Standard Operating Procedure for the Collection of Field and
Activity Metadata During Exposure Characterization Pilot Study Field Sampling. 2017.
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TIRE CRUMB EXPOSURE STUDY-- VOC MONITORING DATA AND COC SHEET
Field Locations -- Passive (Radiello) and Active VOC Samples

GRED ST
S &
P

A .
| Deployment | Recovery | .’g roalre 'fg,_
Study Name: E 7 &)
A%, =
TCRS Date| | | S o
Field ID No:
Operator| | Sample Chain of Custody
Field Location ID 1 Shipped to EPA,RTP Received & Stored at EPA, Analyzed
; RTP
Radiello Tube ID Holder ID Start Time Stop Time Initials Date Initials Date Initials Date
Field notes:
Place Sample ID Label Here Receipt notes:
Analysis notes:
Field notes:
Place Sample ID Label Here Receipt notes:
Analysis notes:
PE Tube ID Start Time Start Flow Stop Flow Stop Time Initials Date Initials Date Initials Date
Field notes:
Place Sample ID Label Here Receipt notes:
Analysis notes:
Field notes:
Place Sample ID Label Here Receipt notes:
Analysis notes:
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TIRE CRUMB EXPOSURE STUDY-- VOC MONITORING DATA AND COC SHEET

Field Locations -- Passive (Radiello) and Active VOC Samples

RED STy
VEt )

| Deployment | Recovery | é” !! 70;
Study Name: 2 N7 ¢
N =4
TCRS Datel | | \%C_;_ﬂ@;_@@
Field ID No:
Operatorl | Sample Chain of Custody
Field Location ID 2 Shipped to EPA,RTP Received & Stored at EPA, Analyzed
; RTP
Radiello Tube ID Holder ID Start Time Stop Time Initials Date Initials Date Initials Date
Field notes:
Place Sample ID Label Here Receipt notes:
Analysis notes:
Field notes:
Place Sample ID Label Here Receipt notes:
Analysis notes:
PE Tube ID Start Time Start Flow Stop Flow Stop Time Initials Date Initials Date Initials Date
Field notes:

Place Sample ID Label Here

Receipt notes:

Analysis notes:

Place Sample ID Label Here

Field notes:

Receipt notes:

Analysis notes:
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TIRE CRUMB EXPOSURE STUDY-- VOC MONITORING DATA AND COC SHEET

ED ST
v S

N\

Field Locations -- Passive (Radiello) and Active VOC Samples N ., B\
| Deployment | Recovery | |.§, w E’.I
S <}
Study Name: \%c, {L«\oy
- PHOV-4
TCRS Datel | | ——
Field ID No:
Operatorl | Sample Chain of Custody
Field Location ID 8 Shipped to EPA,RTP Received & Stored at EPA, Analyzed
- RTP
Radiello Tube ID Holder ID Start Time Stop Time Initials Date Initials Date Initials Date
Field notes:
Place Sample ID Label Here Receipt notes:
Analysis notes:
Field notes:
Place Sample ID Label Here Receipt notes:
Analysis notes:
PE Tube ID Start Time Start Flow Stop Flow Stop Time Initials Date Initials Date Initials Date
Field notes:
Place Sample ID Label Here Receipt notes:
Analysis notes:
Field notes:
Place Sample ID Label Here Receipt notes:
Analysis notes:
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Appendix B: SKC PocketPump Quick Guide

Prog rnmming

chmp Sequences »

+ To change the pressure in Canstant Pressure mode,
Wit pump in hola, press | AW | then @ AW @ (SET ana
P fiashes) Press A or 'W 10 incréase or dacreass
When done, press @

* To change data display from standard to enhanced,
With pump running, press (AW then ® AW @ then
SAA®

* To change data display from enhanced o standard,
With pump running, press (AW then @ AW @ (hen
LA Xl

* To change temperature scale from FloCor Cto F,
With pump running. pross [ A W] then @ A Y @ then (e W]

* To change back pressure units from mm to ins or ins

1o mm,
With pump anng. press [A W then @ AW @ then [A e
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Appendix C: Field Sampling Location Record Form

Field Sampling Location Record Form

Field ID Number [ |

Field SVOC wipe locations S
Field metals wipe locations M
Field SVOC drag sled locations D
Air sample station locations A Draw Magnetic North Direction Arrow Here

(For off-field upwind air sample station estimate and record
distance from field center; record type of ground surface)
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1.0 Scope and Application

This standard operating procedure (SOP) describes sample handling techniques for Carbopack X
Radiello Samplers that are used for diffusive sample collection of volatile organic compounds
(VOCs) in ambient air for Tire Crumb Exposure Studies. Direction is provided for field deployment
and shipping.

2.0 Summary of Method

Ambient and personal air samples are collected using Radiello radial diffusive samplers containing
Carbopack X sorbent. Prior to sampling, the Radiello stainless steel mesh cartridges containing
Carbopack X are conditioned according to D-EMMD-AQB-008-SOP-01, “Standard Operating
Procedure for Carbopack X Sorbent Tube Conditioning Using the Markes International Model TC-
20 Sample Tube Conditioner” by placing each Radiello cartridge into an empty industry standard
PerkinElmer-style stainless steel thermal desorption (TD) tube. Conditioned tubes are sealed with
0.25-in. Swagelok caps with combined polytetrafluoroethylene (PTFE) ferrules and are stored in
glass culture tubes with Teflon-lined caps in a refrigerator until needed. The culture tubes are then
placed in protective sleeves in a metal can and stored in a refrigerator until the time ofshipment.

(Note: TD tubes containing Radiello cartridges are visually denoted by one of the two end caps
having a stainless steel nut substituted for a brass nut to differentiate the tubes containing
Radiello cartridges from standard TD tubes that have all brass caps and nuts.)

In the field, the Radiello cartridges are removed from the TD tubes, placed in polypropylene
diffusive bodies and deployed for sampling for a designated time period. The samplers are then
retrieved and prepared for return shipment to the analytical laboratory where they are analyzed
according to either D-EMMD-AQB-006-SOP-01, “Standard Operating Procedure for Desorbing
Volatile Organic Compounds from Carbopack X Sorbent Tubes Using the PerkinElmer
TurboMatrix ATD,” or D-EMMD-AQB-014-SOP-01, “Standard Operating Procedure for
Desorbing Volatile Organic Compounds from Carbopack X Sorbent Tubes Using the PerkinElmer
TurboMatrix ATD 650” and D-EMMD-AQB-003-SOP-01, “Standard Operating Procedure for
Determination of Volatile Organic Compounds Desorbed from Carbopack X Diffusive Sampling
Tubes Using the Agilent 6890N/5975 GC-MSD.”

3.0 Definitions

4.0

CcocC chain of custody PVC polyvinyl chloride

DI deionized QAPP quality assurance project plan
DQO data quality objective SOP standard operating procedure
FEP fluorinated ethylene propylene TD thermal desorption

PTFE polytetrafluoroethylene vVOoC volatile organic compound

Health and Safety Warnings

Glass vials might occasionally break during shipment. The field and laboratory staff should
exercise caution when packing and unpacking the glass vials from the shipping containers.
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Cautions/Interferences

5.1

5.2

5.3

5.4

5.5

5.6

5.7

5.8

5.9

5.10

5.11

The operator should handle the TD tubes and Radiello yellow diffusive bodies only while
wearing clean nitrile or cloth gloves so that the tubes do not become contaminated with
body oils, hand lotions, perfumes, etc.

To maintain sample integrity, labels should not be attached to the TD tubes or Radiello bodies
and ink markings should not be made on the TD tubes or Radiello bodies (see section 9.4).

Only combined (one-piece) PTFE ferrules should be used with the 0.25-in. storage end
caps as other types of ferrules might not seal adequately or might score the tube.

A CapLok tool should be used to tighten the fittings one-cighth to one-quarter turn past
finger tight so that they are neither too tight nor too loose.

Care must be taken when transferring the Radiello Carbopack X cartridge from the TD
tube to the Radiello diffusion body. The cartridge must be gently pushed out of the TD
tube using the supplied “push rod” so as not to damage the wire screen containing the
sorbent. Care must also be taken when transferring the cartridge back into the TD tube.

Sorbent material can sometimes leak from the Radiello Carbopack X cartridge, most likely
due to a damaged cartridge or improper handling. Laboratory and field personnel should
watch for any significant loss of sorbent material when end caps are changed. Any suspect
tube should be removed from the sampling/analysis queue.

Since the Radiello Carbopack X cartridge itself does not have a unique identifier, it is
important that each tube be returned to its assigned uniquely identified TD tube when
transferred from the diffusion body back to a TD tube.

The tubes should be shipped in an airtight, non-VOC-emitting container to minimize their
exposure to possible contaminants in the ambient air.

The refrigerator in which the tubes are stored should be free of solvents and chemicals to
prevent possible contamination of the tube samples.

The laboratory in which the tubes are handled should be free of VOCs to prevent possibility
of contamination.

Depending on the data quality objectives (DQOs) for a particular study, Radiello bodies
and TD tubes may be cleaned after each use to minimize any chance of contamination.

6.0 Personnel Qualifications

7.0

Field study personnel should have experience handling TD tubes and collecting trace-level VOC
samples using TD tubes.

Equipment and Supplies

In general, all sampling equipment and supplies, excluding the VOC-free refrigerator and vacuum

oven, are shipped to sampling sites in packaged field kits prepared by the VOC laboratory. The
following equipment and supplies are needed:

e Refrigerator, VOC free
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Precision vacuum oven (model 19, Precision Scientific Inc., Chicago, IL)

Radiello Carbopack X cartridges (part no. RAD 141, Millipore Sigma, St. Louis, MO) loaded
in empty stainless steel 89-mm stainless steel TD tubes (part no. 21822-U, Millipore Sigma)
and fitted with precleaned and assembled 0.25-in. brass Swagelok fittings with combined (one-
piece) PTFE ferrules (part no. 23094-U, Millipore Sigma) Note: TD tubes containing
Radiello cartridges are visually denoted by one of the two end caps having a stainless steel
nut substituted for a brass nut to differentiate the tubes containing Radiello cartridges
from standard TD tubes that have all brass caps and nuts.

Radiello yellow diffusive body (part no. RAD 1201, Millipore Sigma), triangular support plate
(partno. RAD 121, Millipore Sigma), and vertical adapter for personal sampling (part no. RAD
122 Millipore Sigma)

Nitrile gloves (part no. 55091, 55092, or 55093, Kimberly-Clark, Neenah, WI orequivalent)
CapLok tool (part no. C-CPLOK, Markes International, Gold River, CA)

Glass vials (part no. 45066A-25150, Kimble/Kontes, Vineland, NJ)

Unlined caps for glass vials (custom order, Scientific Specialties Service, Inc., Randallstown, MD).

Septrseal Septa and Teflon liners for glass vial caps (part no. B69800-24 and B68800-24,
Scientific Specialties Service, Inc.)

Clean, unlined gallon metal cans with lids (part no. MET-03098, 1195 Qorpak Inc.,
Washington Pike Bridgeville, PA 15017)

Cooler (example part no. 5248-5286-5296, Coleman Outdoor Products, Inc., Wichita,KS)
Foam inserts for coolers (Instapack quick foam packaging, Sealed Air Corporation, Danbury, CT)

Rex protective sleeves, 1.021-in. i.d. by 5.750-in. length with wall thickness of 0.125 in.
(custom order, Yazoo Mills, Inc., New Oxford, PA)

Closed cell foam, assorted thicknesses

Assorted tools, including but not limited to metal forceps or tweezers, wrenches of various
sizes, and paint can openers

Fluorinated ethylene propylene (FEP) Teflon tubing, 0.25-in. o.d.
600-mL Pyrex beaker (part no. 1000)
Tech Wipes, three-ply tissue (part no. 350/50353, Horizon Industries, Tyler, TX)

Zipper storage bags, 5 x 7-in. 3 mil (model #S-14444, 100/carton, Uline, Pleasant Prairie, WI)
— used to store and ship the diffusion caps

Zipper storage bags, 16 X 16-in. 3 mil (model #S-10835, 100/carton, Uline, Pleasant Prairie,
WI) — to contain COC forms, data sheets, and labels when shipped to the field)

Aluminum foil, food service grade (Western Plastics, Calhoun, GA) — for baking out diffusion caps
Cable ties

Bubble wrap
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e Paper tape and sample ID labels

e Shipment chain of custody (COC) forms (Appendix A), field monitoring data and COC sheets
(Appendix B), and laminated field deployment procedure (Appendix C)

Quality Control/Quality Assurance

8.1 Before storing, before and after shipping, and before and after sample collection, the end
caps on the TD tubes should be checked for tightness by tugging simultaneously on each
of the end caps in opposite directions to verify that the tubes are properly sealed.

8.2 TD tubes containing Radiello cartridges are visually denoted by one of the two end caps
having a stainless steel nut substituted in for a brass nut to differentiate the tubes containing
Radiello cartridges from standard TD tubes that have all brass caps and nuts.

83 Staff must handle all sampling media with gloves to ensure there is no contamination.

8.4 Staff must inspect Radiello diffusive bodies to ensure they are free of debris prior to
deployment.

Procedures
9.1 Preparation of TD tubes for outgoing field shipments

1. Retrieve the conditioned TD tubes and “tug test” tubes as described in section 8.1 to
ensure end caps are secure.

2. Use paper tape or generated labels on the outside of the appropriate glass vials to
clearly label “Field Spikes,” “Field Blanks,” and “Spares” (Figure 1). (Refer to the
project-specific Quality Assurance Project Plan (QAPP) to determine how field spikes
and field blanks are prepared and used for the current project.)

Figure 1. Labeled field blank and field spike.

3. Record the TD tube number of all outgoing tubes in the designated laboratory notebook.

4. Record the conditioning date next to each outgoing tube and the exposure dates next
to the field spikes.

5. Make a copy of the laboratory notebook page to be sent to the field (Figure 2).
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Figure 2. Laboratory notebook entries.

Packaging TD Tubes for Shipment to or from the Field

Note: Prior to the first use wash all metal shipping cans with soap and deionized (DI)
water. Wipe them down with Tech Wipes and let them air dry.

1. Insert a short piece of 0.25-in. FEP Teflon tubing as a protective chip in the bottom of a
glass vial to prevent the TD tube from bouncing around and possibly breaking the glass.
Perform the tug test (see section 8.1), and then place the sealed TD tube into the glass vial.

2. Use forceps or tweezers to insert two 5.5-in. pieces of 0.25-in. o.d. FEP Teflon tubing
strips into the glass vial beside the TD tube one at a time to prevent the TD tube from
bumping the sides of the glass vial and cracking or breaking the glass (Figure 3).
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Figure 3. Protective Teflon tubing inserted into glass vial.

Screw the cap, which is fitted with a septum and Teflon liner, onto the glass vial.

4. Attach a sample ID label to the glass vial and to the field data sheet; this step
streamlines the sample deployment process for the field operators.

5. Line the bottom of a metal can with a 6-in.-diameter foam disk, and then insert 19
cardboard protective sleeves (1.021-in. i.d. by 5.75-in. length) to cushion the glass vials.

6. Place the glass vial(s) into the metal can inside the protective sleeves, and insert a piece
of foam cut roughly the size of a cardboard sleeve into the metal can to ensure that the
protection sleeves fit snugly inside the can, as shown in Figure 4. (Note: The seven
protection sleeves in the center are preassembled with bubble wrap and bound together
with cable ties, which allows for easy insertion or removal of the outer band of tubes,
as shown in Figure 5.)

Figure 4. Tubes packed in metal Figure 5. Tubes packed in inner
can. protective sleeve.

7. Place two pieces of round foam (6.5-in. and 6-in. diameter) in the top of the metal can
and seal the metal can with the lid (Figure 6).

Figure 6. Foam inserts in shipping canister.

8. Store the metal can in a refrigerator at 4 °C until the tubes are to be sent to the field for
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sample collection or back to the laboratory for analysis.

Ensure that any tubes that were removed from the metal canisters are repackaged as
described in Section 9.2 steps 1-2 and that all procedures in section 9.2 for packing and
sealing the metal cans are followed.

Pack the diffusive bodies in a zipper storage bag and place it inside a metal shipping
canister.

Place the metal cans in coolers (three cans per cooler) fitted with foam packaging, as
shown in Figure 7.

Figure 7. Metal cans packed in cooler for shipment.

Pack field data sheets and COC forms, spare preprinted sample ID labels, and return
shipping labels inside a large (16 in. X 16 in.) zipper storage bag and place inside the
cooler before shipping. Be sure to sign and date the COC form prior to shipping the
cooler to the field.

Cleaning and Preparing Diffusive Bodies for Shipment to the Field

Laboratory personnel should inspect diffusive bodies for overall integrity prior to each
return shipment to the field and should clean them as necessary using the following
procedure. Compromised diffusive bodies should be discarded by VOC laboratory staff.
When handling diffusive bodies, both field and laboratory personnel must wear cotton or
nitrile gloves at all times to ensure the caps are not contaminated with body oils. Use the
following procedure to clean the diffusive bodies:

1.

Immerse the diffusive bodies in a beaker with mild laboratory detergent and DI water
and sonicate for 20 minutes. (Note: Be sure the diffusive bodies remain submerged by
weighting down with a smaller beaker.)

Rinse the diffusive bodies with plenty of tap water followed with DI water.

Lay diffusive bodies on several layers of laboratory tissues and air dry. Store the clean
diffusion bodies in clean zipper storage bags.
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Receiving Sample Media

(Note: Steps 1-10 are “check-in” steps that may be completed in an office or laboratory
upon receipt of sampling media to ensure the integrity of the media and provide time for
organization prior to deployment to the field. Alternatively, these steps may be completed
in the field immediately prior to deployment.)

1. Remove the shipping canisters from the cooler.

2. Unpack the glass vials containing the tubes from the shipping canister by opening the
lid of the can with a flathead screwdriver or paint can opener.

3. Remove the foam pieces from the top of the can, and remove the bound inner unit of
tubes from the can.

4. Check in the TD tubes one by one by verifying that the glass vials are not cracked and
that the caps are on the glass vials. Verify that the storage end caps are still in place on
the TD tube and then check the TD tube numbers against the COC form. If any of the
TD tubes have end caps that have slipped off or if the glass vials are broken, the
operator should select a different tube for field deployment.

5. While wearing clean nitrile or cloth gloves, uncap the glass vial and remove the two
Teflon tubing strips using tweezers, forceps, or small pliers one strip at a time so as not
to crack or break the glass vial (Figure 8). Remove the cap from the glass vial and inspect
the inside of the cap to ensure the cap septa and liner are in place. Replace if necessary.

Figure 8. Removing TD tube from the glass vial.
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Remove the TD tube from the vial and perform the tug test to ensure the storage end caps
are not loose (Section 8.0). If a problem is noted, choose a different TD tube for field
deployment. Return the tube to the glass vial being sure that the protective Teflon chip is
still on the bottom of the vial. (Note: Since the glass vials provide secondary containment,
if a situation arises where all of the spare diffusive sampling tubes are used, then a tube can
be selected for which the glass vial was broken or cracked. All relevant information on tube
selection must be recorded on the field monitoring data sheet should this situation arise.)

Slide the Teflon strips into the glass vial, cap the vial, and place the glass vial holders in
the shipping can. Repeat these steps for each TD tube that has been received and then
place the foam pieces and lid on the can and seal. (Note: If these check in steps are being
performed in the field at the time of deployment, the operator will not be placing the
tubes or associated Teflon pieces back in the glass vials and metal shipping containers.)

Inspect all Radiello yellow diffusive bodies prior to use. Do not deploy any Radiello
yellow diffusive bodies that have holes in them or have debris on the surface. Spare
Radiello yellow diffusive bodies are provided in every shipment and should be used in
these instances. Compromised Radiello yellow diffusive bodies should be returned by
field staff to the VOC laboratory along with notes detailing concerns or problems
regarding suspect Radiello yellow diffusive bodies. (Note: Cloth or nitrile gloves are
to be worn for all activities involving handling of the diffusive body and/or TD tube
and Radiello cartridge.)

Store the container(s) of TD tubes, tools, spare supplies, pens, diffusion caps, and a
notebook containing the field data sheets in a storage box that can be transported easily
to the field site.

List any observations regarding condition of sample media upon receipt on the field
monitoring data and COC sheet (Appendix B) that accompanied the tube shipment.

11. If the tubes have been stored in a refrigerator, allow them to come to room temperature

(~ 30 min to 1 h) before using them for sample collection.

Deployment of Radiello Diffusive Samplers

1.

Assembly of the sampler for fixed site monitoring requires a tripod sampling stand
(Figure 9A), a triangular support plate that has been modified to fit the tripod, a yellow
diffusive body, a 1/8-inch diameter push rod, and a Radiello Carbopack X cartridge
contained within the TD tube (Figure 9B).



Radiello Samplers Field Deployment
D-EMMD-AQB-019-SOP-01
August 23,2017

Page 13 of 33

A B
Figure 9. Tripod Sampling Stand (A); Radiello yellow diffusive body, support
plate, push rod and TD tube containing a Radiello Carbopack X cartridge (B).

2. For fixed site sampling, the triangular support plate should be mounted on the top of the
tripod with the threaded portion of the support plate that holds the diffusive body facing
the base of the tripod (Figure 10). Extend and lock the sections of the tripod and place at
the designated sampling area.

Figure 10. Assembly of support plate on tripod.

3. For each tube, ensure that the preprinted sample ID label is on the field data sheet and
the other on the glass vial (Figure 11A). Record the field sample TD tube number, the ID
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code of the corresponding triangular support plate and the sampling location information
on the field data collection form (Figure 11B) The field data collection form is located in
Appendix B.

Figure 11A. Retrieve TD tube packed Figure 11B. Verifying labels on the

inside of glass vial from shipping vial and field data collection form
container.

4. Record the TD tube number(s) of the field blank(s) and field spike(s) on the field data
sheet. For QA samples, place one of the preprinted sample ID labels on the field data
sheet and the other on the glass vial. Field blanks and field spikes must remain sealed
with the storage end caps and are deployed alongside field samples.

5. To deploy field samples, using the CapLok tool, remove the end caps from both ends
of the TD tube (Figure 12).

Figure 12. Remove end caps with Caplok tools.

6. Insert the 1/8-inch push rod in the grooved end of the TD tube and carefully push the
Radiello Carbopack X cartridge out of the TD tube (A) and into the opening of yellow
diffusive body (B) (See Figure 13). (Note: A correctly centered cartridge should not
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stick out even by half a millimeter. If it does, the cartridge is not correctly positioned
and is out of axis).

P

A B

Figure 13. Push rod (A) used to push Radiello cartridge into the Radiello
diffusive body (B).

Place the empty TD tube, end caps and Teflon strips and chip back into the glass vial
and replace the vial cap.

Screw the yellow diffusive body containing the Radiello cartridge into the triangular
support plate mounted on the top of the tripod. The diffusive body should be
positioned underneath the support plate facing the ground (Figure 14). (Note: Be sure
to minimize contact with the diffusive body and gloved hands to prevent
contamination.)
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Figure 14. Screw the Radiello diffusive body onto the triangular support plate.

9. Attach the sampler to the person (Figure 15A) or sampling tripod (Figure 15B).
During personal sampling, ensure the sample body is not covered by clothing or hair.

A B
Figure 15. Radiello samplers deployed for personal monitoring (A) or
stationary monitoring (B).

10. Record the start time and additional sampling details on the field monitoring data
sheet. An example data sheet entry is shown in Figure 16 (Note: The sample ID
code will vary according to the design of a particular field study.



11.
12.

13.

14.
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] TIRE CRUMB EXPOSURE STUDY-- YOO MONITORING DATA AND £OC SHEET — l g
l [Radlello} and Active VOC Samples T
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Figure 16. Enter sample ID code and tube number on data sheet.

Deploy for 3 hours (nominal).

At the end of the 3-hour deployment period, record the stop date and time on the field
monitoring data sheet and any additional sampling/field comments (Figure 16).

Unscrew the yellow diffusive body from the triangular support plate.

Retrieve the exposed Radiello cartridge from the diffusive body using a pair of
stainless steel forceps (Figure 17A). Carefully place the end of the Radiello cartridge
into the non-grooved end of the TD tube and use the 1/8-inch push rod to gently push
the cartridge completely into the TD tube (Figure 17B). (Note: Be sure the Radiello
cartridge is returned to its original TD tube. TD tube numbers must be verified against
the information recorded on the field data monitoring form).
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TD Tube

| TD Tube

A B
Figure 17. Radiello Cartridge (A) inserted back into the original PE tube
using push rod (B).

15. Use CapLok tools as show in Figure 12 to tighten end caps on each end of the TD
tube and perform the “tug test” to ensure end caps are tight. Place the TD tube back
into the appropriate glass vial as shown in Figure 18. Ensure the Teflon chip and two
Teflon strips are also packed inside of the glass vial to provide stability (Figure 18A).
The tube should not move in the glass vial when packed correctly (Figure 18B).
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Figure 18. Tube packed into glass vial with Teflon chip and strips (A) and capped (B).

16. Return glass vials containing TD tubes back to the shipping canister. Place used
Radiello diffusive bodies in a bag marked “Used” and return with samples for
assessment for reuse.

17. Record tube numbers for any spare or unused tubes. In the comments section of the field
data sheet indicate if the tube was a spare and/or was unused (Figure 16). Ensure that
all entries on the field monitoring sheet are filled on correctly with start times, dates and
sampling notes as well as stop dates, times and sampling notes. (Note: All tubes shipped
from the field must be documented on the field data sheet by field staff.).

18. Prepare the tubes for return shipment to the laboratory according to the procedure
outlined in section 9.2. Field staff can also refer to the “Field Procedure for Diffusive
Sample Collection Using Radiello Samplers — Deployment and Shipping” in
Appendix C. A laminated version of this procedure will be shipped to field sites at the
start of a study.

Data and Records Management

10.1  Details of the tube deployment (start/stop times, date, sample ID code, TD tube serial
number, and operator’s name) are listed on the field deployment data sheet (AppendixB).

10.2  Data sheets are returned to the laboratory with samples for analysis where they are placed
in designated three-ring binders.

10.3  For large studies, field staff might be asked to populate electronic versions of field data
sheets and send them to the laboratory manager.

10.4  Information from the field data sheets is combined with the corresponding analytical data
in either Excel format or by a data manager as appropriate to a particular study and outlined
in that study’s QAPP.

10.5  Laboratory staff should refer to the Field Packing Checklist (Appendix D) and the
Incoming Field Sample Checklist (Appendix E) when preparing outgoing field shipments
and checking in incoming field samples.
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o © CHAIN-OF-CUSTODY DECLARATION FORM

iy, e
A py

Maonitoring Project:

z
=}
% Date of Initiation:
; Sample Collection Date:
a
% Total No. of Samples for Custody Transfer:
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™
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E Relinquished by : Received by:
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o
™

{Print Mame and Organization)

({Print Mame and Organization)

{Signature, Date and Time)

[Signature, Date and Time)

Yes Ho

Condition Acceptable?
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Appendix B: Tube Field Monitoring Data and Chain of Custody Sheet

TIRE CRUMB EXPOSURE STUDY-- VOC MONITORING DATA AND COC SHEET
Field Locations -- Passive (Radiello) and Active VOC Samples
[ Deployment | Recovery |
Study Name:
TCRS Datel | |
Field ID No:
Operatorl | Sample Chain of Custody
Field Location ID 1 Shipped to EPA,RTP Received & Stored at EPA, Analyzed
RTP
Radiello Tube ID Holder ID Start Time Stop Time Initials Date Initials Date Initials Date
Field notes:
Place Sample ID Label Here Receipt notes:
Analysis notes:
Field notes:
Place Sample ID Label Here Receipt notes:
Analysis notes:
PE Tube ID Start Time Start Flow Stop Flow Stop Time Initials Date Initials Date Initials Date
Field notes:
Place Sample ID Label Here Receipt notes:
Analysis notes:
Field notes:
Place Sample ID Label Here Receipt notes:
Analysis notes:
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TIRE CRUMB EXPOSURE STUDY-- VOC MONITORING DATA AND COC SHEET
Field Locations -- Passive (Radiello) and Active VOC Samples

[ Deployment | Recovery |

Study Name:
TCRS Date| | |
Field ID No:
0perator| | Sample Chain of Custody
Field Location ID 2 Shipped to EPA,RTP Received & Stored at EPA, Analyzed
RTP
Radiello Tube ID Holder ID Start Time Stop Time Initials Date Initials Date Initials Date
Field notes:
Place Sample ID Label Here Receipt notes:
Analysis notes:
Field notes:
Place Sample ID Label Here Receipt notes:
Analysis notes:
PE Tube ID Start Time Start Flow Stop Flow Stop Time Initials Date Initials Date Initials Date
Field notes:

Place Sample ID Label Here

Receipt notes:

Analysis notes:

Place Sample ID Label Here

Field notes:

Receipt notes:

Analysis notes:

Form Rev 06/21/2017 daw|
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TIRE CRUMB EXPOSURE STUDY-- VOC MONITORING DATA AND COC SHEET

. . . . . g
Field Locations -- Passive (Radiello) and Active VOC Samples ,\\
| Deployment | Recovery | g]
Study Name: y
TCRS Datel | |
Field ID No:
Operatorl | Sample Chain of Custody
Field Location ID 8 Shipped to EPA,RTP Received & Stored at EPA, Analyzed
RTP
Radiello Tube ID Holder ID Start Time Stop Time Initials Date Initials Date Initials Date
Field notes:
Place Sample ID Label Here Receipt notes:
Analysis notes:
Field notes:
Place Sample ID Label Here Receipt notes:
Analysis notes:
PE Tube ID Start Time Start Flow Stop Flow Stop Time Initials Date Initials Date Initials Date

Place Sample ID Label Here

Field notes:

Receipt notes:

Analysis notes:

Place Sample ID Label Here

Field notes:

Receipt notes:

Analysis notes:
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TIRE CRUMB EXPOSURE STUDY-- VOC MONITORING DATA AND COC SHEET
Active (PE) VOC Field/Lab Blanks and Controls

| Deployment | Recovery |
Study Name:
TCRS Date| | |
Field ID No:
Operator| | Sample Chain of Custody
Field Location ID | Shipped to EPA,RTP Received & Stored at EPA, Analyzed
RTP
PE Tube ID Initials Date Initials Date Initials Date
Field notes:
Place Field/Lab Blank ID Label .
H Receipt notes:
ere
Analysis notes:
TEEIIE e ]
Field notes:
Place Field/Lab Blank ID Label .
H Receipt notes:
ere
Analysis notes:
PE Tube ID Initials Date Initials Date Initials Date
Field notes:
Place Field/Lab Control ID Label .
Receipt notes:
Here
Analysis notes:
Field notes:
Place Field/Lab Control ID Label )
Here Receipt notes:
Analysis notes:

Form Rev 06/21/2017 daw
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Appendix C: Field Procedure for Diffusive Sample Collection Using Radiello

Samplers — Deployment and Return Shipping

Health and Safety Warnings

Glass vials containing TD tubes might occasionally break during shipment. Exercise caution when
packing and unpacking the glass vials from the shipping containers.

Cautions/Interferences

The operator should handle the TD and diffusive bodies only while wearing clean cloth or
nitrile gloves.

Labels should not be attached to the TD tubes or Radiello diffusive bodies, and ink
markings should not be made on the TD tubes or Radiello diffusive bodies. Markers should
not be used around the TD tubes or Radiello diffusive bodies.

Radiello cartridges must be seated properly in the diffusive body. They should not stick
out of the diffusive body by even a millimeter. Any protrusion from the diffusive body
indicates the Radiello sampling cartridge is not properly seated.

When sampling is complete, a CapLok tool should be used to tighten the storage end caps
one-eighth to one-quarter turn past finger tight so that they are neither too tight nor too
loose. A tug test should be performed to ensure adequate end cap tightness.

The laboratory/area in which the samples are stored and handled should be free of VOCs
to prevent any possibility of contamination.

Procedure

1. Diffusive Sample Collection

Note: Steps 1 through 5 are usually performed in the lab/office upon receipt of the
sampling media to facilitate organization of the field deployment of the TD tubes. Steps
6 through 15 are performed in the field.

1. Unpack the TD tubes from the shipping can by opening the lid of the can with a screwdriver

as necessary, remove the foam pieces from the top of the can, remove the inner tube
holder of glass vials from the can, and remove the remaining glass vials from the shipping
can if applicable.

Check in the TD tubes one by one by verifying that the glass vials are not cracked and
that the caps are on the glass vials. Verify that the storage end caps are still in place on
the TD tube. If any of the TD tubes have storage end caps that have slipped off or if the
glass vials are broken, the operator should select a different tube for field deployment.

Check the TD labels against the labels on the field data sheet.

4. While wearing clean nitrile gloves, uncap the glass vial and remove the two Teflon tubing

strips using tweezers, forceps, or small pliers one strip at a time so as not to crack or break
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the glass vial.

Remove the TD tube from the vial and perform the tug test to ensure the storage end caps
are not loose. If a problem is noted, choose a different TD tube for field deployment. Return
the tube to the glass vial being sure that the protective Teflon chip is still on the bottom of
the vial.

Slide the Teflon strips into the glass vial, cap the vial, and place the glass vial holders in
the shipping can. Repeat these steps for each TD tube that has been received and then
place the foam pieces and lid on the can and seal.

Inspect all Radiello yellow diffusive bodies prior to use. Do not deploy any Radiello yellow
diffusive bodies that have holes in them or have debris on the surface. Spare Radiello
yellow diffusive bodies are provided in every shipment and should be used in these
instances. Compromised Radiello yellow diffusive bodies should be returned by field staff
to the VOC laboratory along with notes detailing concerns or problems regarding suspect
Radiello yellow diffusive bodies.

Store the container(s) of TD tubes, tools, spare supplies, pens, diffusion caps, and a
notebook containing the field data sheets in a storage box that can be transported easily
to the field site.

Note: Perform the following steps at the field site beginning immediately prior to
deployment of the Radiello Sampler tubes while wearing clean gloves and working
steadily:

9.

10.

11.

12.

13.

14.
15.

Following the procedures above, allow tubes to warm up for 30 minutes prior to
deployment.

Remove a TD tube from a glass vial and use a CapLok tool to loosen and remove the
storage end cap from the sampling end of the tube. Place the Teflon chip and strips, and
storage end cap (as applicable) back into the glass storage vial and cap the glass vial.

Record the appropriate TD tube number on the field data sheet next to its corresponding
sample ID label. Store the glass vial as appropriate.

Using the 1/8-inch push rod, insert in the grooved end of the TD tube and carefully push
the Radiello Carbopack X cartridge out of the TD tube and into the opening of yellow
diffusive body. (Note: A correctly centered cartridge should not stick out even by half a
millimeter. If it does, the cartridge is not correctly positioned and out of axis).

Attach the Radiello sampler to the person or sampling tripod. During personal sampling,
ensure the sample body is not covered by clothing or hair

Follow steps 8 through 12 for each TD tube to be deployed for sample collection.

Do not uncap the field blanks or field spikes, but instead hang them in place with both of
the storage end caps still sealing the TD tube. Record the TD tube serial number for the
field blank(s) and field control(s) on the field data sheet. (Note: This deployment procedure
will depend on the design of a particular study; some studies might specify that the field
blank(s) and field spike(s) travel to the field and then are returned to the field office for
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storage during the sampling period.)

16. Once all Radiello samplers are positioned, mount the tripod as appropriate at the site.
Record the start time and additional sampling details and/or comments on the field
monitoring data sheet.

Note: Perform the following steps at the field site at the end of the sampling cycle.

17. At the end of the 3-hour deployment period, record the stop date and time on the field
monitoring data sheet and any additional sampling/field comments.

18. Retrieve the exposed Radiello cartridge from the diffusive body using a pair of stainless
steel forceps. Carefully place the end of the Radiello cartridge into the non-grooved end
of the TD tube and use the 1/8-inch push rod to gently push the cartridge completely into
the TD tube. (Note: Be sure the Radiello cartridge is returned to its original TD tube. TD
tube numbers and labels must be verified against the information recorded on the field
data monitoring form.)

19. Use CapLok tools to tighten storage end caps on each end of the TD tube and preform
the “tug test” to ensure end caps are tight.

20. Place the TD back into the appropriate glass vial. Ensure the Teflon chip and two Teflon
strips are also packed inside of the glass vial to provide stability.

21. Return glass vials containing TD tubes back to the shipping canister. Place used
Radiello diffusive bodies in a bag marked “Used” and store appropriately for cleaning.

22. Verify that the field sample ID label and TD tube number on the vial match those recorded
on the field monitoring data sheet. Record the stop time and any additional sample
collection data on the field monitoring data sheet beside the appropriate field ID label/TD
tube serial number.

23. Return all TD tubes and supplies to the storage box/cooler for return to the field office.

2. Shipment to the Laboratory

1. To prepare the TD tube shipment to the laboratory, check to see that the Teflon tubing
chip is in the bottom of each glass vial to prevent the TD tube from bouncing around and
possibly breaking the glass.

2. Use tweezers/forceps to insert two Teflon tubing strips into each glass vial beside the TD
tube to prevent the TD tube from bumping the sides of the glass vial and cracking or
breaking the glass.

3. Screw the vial cap onto the glass vial after checking the vial cap to be sure that the liner
and septum are in place. Replace with a spare liner or septum if necessary.

4. Place the glass vial(s) into the metal can(s) loaded with cardboard protection sleeves to
cushion the glass vials. Insert the piece of foam that is cut roughly the size of a cardboard
sleeve into the metal can to ensure that the protection sleeves fit snugly inside the metal
can. Place the center tube holder insert into the middle of the can.
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Place the two pieces of round foam in the top of the metal can and seal the metal can with
the lid.

Place the metal cans in the same shipping box or container that they were originally
shipped in and fill the container with bubble wrap or other packaging material to cushion
the contents.

Fill out the COC form and return it along with the field data sheets in this shipment. Note:
Make a photocopy of these documents for retention at the field office prior to shipping.

Seal the box securely for shipment, attach the return shipping label for delivery, and be
sure that the package will not be in transit over a holiday or weekend.
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Appendix D: Field Packing Checklist for Laboratory Staff

It is helpful to perform these activities a week or two before the next shipment.

Activity Performed

Count how many clean TD tubes are in the fridge and ready for deployment. This will give =
you an idea of how many batches you might need to analyze this week to free up tubes for

the next shipment.

Count how many glass vials and vial caps are currently available for field use. S
Be sure you have enough coolers. S
Be sure you have enough tubes for the field spike exposures. It is always a good idea to -
ask if there is a need for any additional field spikes outside the norm before starting the

field spike exposures.

Check to see if you have enough hang tag packets for shipping the coolers. The sooner -
you know the better in case more need to be ordered.

Be sure you have enough protective Teflon strips and chips to pack into each vial. You -
might need to check incoming shipments stored in the fridge for extra Teflon strips/chips if

you do not have enough for outgoing shipments.

Before you start packing, check to see if any additional sites have been added or if sites -
have been removed for each field location. It is also helpful to pass this information along

to the staff member who is preparing the sample ID labels.

Be sure you have enough clean Radiello diffusive bodies. Write down how many you pack [
per shipment and ensure they are clean.

Always write down the TD tubes numbers packed in each batch in the designated lab -
notebook. Include the exposure date for field spikes and lab controls and the conditioning

dates for all other tubes packed.

QA packed shipments and any inventory forms that are shipped to ensure tube numbers -
are typed correctly. Templates for inventory sheets are on the desktop of the spare

computer in D260 in the folder labeled “Packing Lists”.

Always pack field spikes and field blanks in vials labeled with paper tape: “Field Spike,” [
“Field Blank,” or “Spare.”

Store outgoing shipments on the top shelf on the right-hand side of the refrigerator. S
Copy outgoing COC signature pages and tube inventory lists and store in designated field [
study COC binders.

Store all emails/correspondence relevant to a particular batch with copies of the COC. S
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Appendix E: Incoming Field Sample Checklist for Laboratory Staff

Activity Performed

Be sure all check-in notes, signatures, and date are recorded on the original COC in O
permanent waterproof black pen.

Sign and date the signature page of the COC as well as the boxes next to each received r
sample.
If any additional tubes are received that are not listed on the COC by field operators, r

record those tube numbers on the COC and initial/date receipt of those tubes as well.

In general, one unused/unexposed tube is sent back with each shipment. This tube is |—
considered the shipping blank.* Write " shipping blank” in the “Receipt Comments”
section and assign the appropriate Sample ID to this tube on the COC in the box where the
sample ID label is placed according to the format designated in the associated QAPP.
Examples of recently used Sample ID number formats for shipping blanks are shown
below:

For Regional Shipping Blank/Spare Tube

Region-Site-Week-Type

##-99-##-SB

Example: 06-99-12-SB

Region 6, Site 99, Week 12, Shipping Blank

Note: The designated site for the shipping blank sample is 99.

The newly assigned sample ID should also be written on paper tape and placed on

the vial that the tube is stored in.

For Philly Shipping Blank/Spare Tube

Site-Week-Type-PHL

99-##-SB-PHL

Example: 99-25-SB-PHL

Site 99, Week 25, Shipping Blank, Philly

Note: The designated site for the shipping blank sample is 99.

The newly assigned sample ID should also be written on paper tape and placed on
the vial that the tube is stored in.

Label the glass vial with the shipping blank sample code before storing.

*If multiple spare/unused TD tubes are shipped back, select only one as the shipping blank
and assign an appropriate Sample ID. The remaining unused tubes should be conditioned
prior to reuse.

Cross-check TD tube numbers and Sample IDs on the tubes against those on the COC. []

Note any observations in the “Receipt Comments” section. The following are some -
suggestions of the info to enter so that everyone checking in samples is making the same
types of check-in comments, which helps when flagging data in the database.

e “SE loose” — the sampling end cap on the grooved end of the tube is loose;

tightened
e “RE loose” — the rear end cap is loose; tightened
e “Vial cracked”
e “Cap off vial”
e “SE end cap off"/ “SE end cap nut off”
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“RE end cap off"/ “RE end cap nut off”

“Tube dirty”

“SE ferrule missing/RE ferrule missing”

“Tube number incorrect”; “Correct tube number is ...."
“Sample ID is incorrect”; “Correct sample ID is...."
“Tubes switched in vial; switched tubes to match COC”
“Tube invalid no analysis”

Remove all protective Teflon tubing strips and chips to ensure they are available for the
next outgoing shipments. If any strips or chips are dirty, they can be wiped off with lint-free
Kimwipes, and in extreme cases can be rinsed with DI water and dried with house air.
Never use solvents.

Remove white lined vial caps/black lined vial caps and replace them with white vial caps
that are not shipment-ready before they are stored.

Set all tubes to the side that are considered invalid and will not be analyzed. These are
usually tubes that are found on the ground. Inform the VOC lab manager of these tubes
and verify that they will not be analyzed.

Store all checked-in tubes inside their glass vials, place them in a cardboard box, and
place them in the fridge. Labels from the incoming canisters can be placed on the
cardboard box to identify the samples in the box.

Clean any used Radiello diffusive bodies. Discard those that are torn or unfit for additional
use.

Immerse the diffusive bodies in a beaker with mild laboratory detergent and DI water and
sonicate for 20 minutes. Note: Be sure the diffusive bodies remain submerged by
weighting down with a smaller beaker.

Rinse the diffusive bodies with plenty of tap water followed with DI water. Lay diffusive
bodies on several layers of laboratory tissues and air dry. Store the clean diffusion bodies
in clean zipper storage bags.

Copy the COC after check-in is complete and place the original COC in the designated
binder with any correspondence regarding that particular batch. Place the copy aside in the
designated space so that the Excel tube tracking sheet can be updated. In addition, store a
copy of the COC with the tubes that are refrigerated for future analysis.

Acknowledge receipt of all incoming shipments for the day and any important
notes/findings in the designated laboratory notebook.
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1.0  SCOPE AND APPLICATION

This standard operating procedure (SOP) describes the method for collecting wipe samples from
synthetic turf field surfaces to measure semivolatile organic compounds (SVOCs) and metals for the
United States Environmental Protection Agency (EPA) exposure characterization pilot tire crumb
rubber research study (TCRS).

2.0 SUMMARY OF THE METHOD

Dermal, inhalation, and ingestion of dust at synthetic turf fields may represent important pathways of
exposure to chemicals associated with tire crumb rubber, other synthetic field materials, and
environmental dust deposited on the field. The concentrations of metals and semivolatile organic
compounds (SVOCs) on field surfaces available for dermal transfer must be measured to determine
human exposures and to compare these to the various exposure pathways and to biologic markers in
blood and urine.

Surface wipe samples for metals analysis will be collected at synthetic turf field sites using a wet
(water) wipe (Environmental Express, Ghost Wipe No. 4210) conforming to American Society for
Testing and Materials (ASTM) E1792 (ASTM-03, 2016a) requirements. Surface wipe samples for
SVOC analysis will be collected using cleanroom twill wipes (M.G. Chemicals, cotton, pre-cleaned),
using a dry 30.5 cm x 30.5 cm wipe attached to a drag sled and a wipe wetted with 1:1 isopropyl
alcohol:water with dimensions of 4 inch % 4 inch (10 cm x 10 cm).

3.0 DEFINITIONS

ASTM — American Society for Testing and Materials
CDC — Centers for Disease Control and Prevention
COC — Chain-of-custody

EPA — Environmental Protection Agency

FB — Field Blank

FC — Field Control spiked with target analytes
Metals — Includes both metals and the metalloid, arsenic
QAPP — Quality Assurance Project Plan

QC — Quality Control

RTP — Research Triangle Park

SOP — Standard Operating Procedure

SVOC — Semivolatile Organic Compound (generally, a compound with vapor pressure = 10 — 1072
kilopascals)

TCRS — Tire Crumb Rubber Research Study
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4.0 CAUTIONS

4.1 Nitrile gloves and eye protection should be worn during sample collection for metals wipe samples.
Silver Shield gloves and eye protection should be worn during sample collection for SVOCs.

4.2 Field staff should keep the sampling materials and the samples out of the reach of children.

4.3 Do not wipe the template demarcating a sampling area.

4.4 Collect samples at times when it was safe to do so with regard to any activities occurring on the
field. Sample collection time is not critical for these samples, but the samples should be collected at a

convenient time during the overall exposure measurement activities at each field.

4.5 No photography will be performed of any activities at the fields.

5.0 RESPONSIBILITIES

5.1 The EPA project staff will prepare the surface wipe sample collection equipment and materials and
deliver them to the field coordinator. EPA will provide the spiked field controls.

5.2 The field coordinator will receive the surface wipe sample collection equipment and materials. The
field coordinator will create a strategy and schedule to deploy or collect the appropriate percentage of
each type of field quality control (QC) samples as defined in the QAPP addendum. The field
coordinator will communicate the schedule for QC samples to the field staff and distribute any
additional QC sample materials. The field coordinator will distribute surface wipe sample collection
equipment and materials to the field staff. Upon collection of the surface wipe samples, the field
coordinator will be responsible for returning the samples with their collection records and Chain-of-
custody (COC) sheets to the EPA in Research Triangle Park (RTP), NC for analysis.

5.3 The field staff will be responsible for obtaining the collection equipment and materials from the
field coordinator, collection of the surface wipe sample, entering relevant information on the sample
collection record sheets, and returning collected surface wipe samples and records to the field
coordinator.

6.0 MATERIALS AND REAGENTS

6.1 Wipe media for SVOCs (M.G. Chemicals, Cleanroom Twill wipes, 10 cm x 10 cm and 30.5 cm X
30.5 cm, cotton, pre-cleaned)

6.2 Wipe media for metals (Environmental Express SC 4210 (or similar) Ghost Wipes, 15 cm % 15 cm,
packaged pre-moistened with deionized water)

6.3 Pre-cleaned and certified amber glass jars with Teflon-lined lids, 2 oz. straight-sided (Thermo I-
Chem Part No. 340-0060 or equivalent)

6.4 Plastic digestion cups, (50 mL, Environmental Express P/N SC475 or equivalent)
6.5 Masking tape
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6.6 Disposable nitrile gloves

6.7 Disposable Silver Shield gloves
6.8 Protective glasses

6.9 Frozen ice packs

6.10 Cooler

6.11 Aluminum or stainless steel template for SVOC wipes (with 12” x 12” interior dimension wiping
area)

6.12 Paper sampling template for metal wipes (with 12 x 12” interior dimension wiping area)
6.13 25’ measuring tape

6.14 Ink pen with black ink

6.15 Isopropyl alcohol (ACS reagent grade or better)

6.16 Disposable pre-wetted isopropanol wipes for cleaning sampling equipment

6.17 Stainless steel or aluminum tray (10” x 13” or similar)

6.18 Stainless steel and plastic forceps

6.19 Sample collection and COC record sheets

6.20 Sample ID labels

6.21 Field waste bag

6.22 DAWSser 2016 drag sled (custom built by EPA) consisting of a 10 kg aluminum block (25.4 x
25.4 x 5.1 cm), clamps for securing wipe material, and an attached handle

7.0  PROCEDURES
7.1 SAMPLE COLLECTION

Wipe samples will be collected from synthetic turf fields to support characterization of chemical
constituents.

7.1.1 Identification of Field Sampling Location

Individual wipe and drag sled samples will be collected from three locations at each field (see Figure
1). A separate set of samples will be collected at each location including: one wipe sample for SVOC
analysis, one wipe sample for metals analysis, and one drag sled sample for SVOC analysis. It is
important that the surface SVOC, surface metals, and drag sled SVOC not be collected from the exact
same spots on the field. They should be collected in proximity to each other at the three locations but
their sampling areas must not overlap (Figure 1).
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S1 2

S5

Figure 1. Surface wipe and drag sled sample collection locations on athletic fields.

7.1.2 Gloves

Prior to collecting metals surface wipe samples, put on clean, powderless nitrile gloves and keep them
on during the entire sampling period. Prior to collecting surface wipe SVOC and drag sled SVOC
samples, put on Silver Shield gloves.

7.2 Field Surface Wipes for Metals

Samples will be collected at positions #1, #2, and #5 as shown in Figure 1, for a total of three separate
samples. No background sampling location wipe sample will be collected.

Use surface wipes to collect samples for metals analysis at synthetic turf field sites. Samples are
collected with a wet (water) wipe material conforming to ASTM E1792 (ASTM-03, 2016a)
requirements (Ghost Wipe No. 4210, Environmental Express).
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Collect samples following the ASTM E1728 sample collection method (ASTM 1728-16, 2016b), a
standard wet-wipe method for collecting dust from indoor floor surfaces that use water as the wetting
agent. Specifically, a 929 cm? (1-ft?) template is placed on the surface of the field.

Remove the wet wipe from the foil packet. Using one side of the wipe, wipe the turf surface in a S or
Z-shaped pattern within the template area. After folding the wipe in half to get a fresh wipe surface,
wipe the area again in a S or Z-shaped pattern perpendicular to the first wipe pattern (see Figure 2).
Next, fold the wipe in half again and wipe the edges of the sampling area near the interior portion of
the template. Prior to placing the wipe in a storage tube, use plastic forceps to remove full size tire
crumb rubber infill granules, synthetic grass blades, and other large debris or litter. Finally, fold the
wipe and place it a pre-cleaned 50-mL polyethylene tube (Environmental Express, Disposable
Digestion Cup No. SC475 or equivalent) for storage. Tightly cap the tube and transport at ambient
temperature or lower to the laboratory, where the samples are placed in a freezer at -20 °C.

Figure 2. Wiping the turf surface in a S or Z-shaped pattern within the 929 cm? template area.

7.3 Field Surface Wipe Samples for SVOCs

Ensure that you have a sufficient number of previously pre-cleaned SVOC wipes for the field team
staff for transport to the field location.

Two types of field surface wipe samples will be collected for SVOCs analysis. One method uses a dry
wipe material attached to a drag sled. The second uses an isopropanol:water-wetted wipe.

7.3.1 Drag Sled Dry Wipe Method: Collect surface wipe drag sled samples for SVOC analysis at
synthetic turf field sites using a dry wipe material (Texwipe TX312 Cleanroom Twill, 30.5 cm x 30.5
cm, cotton) that has been cleaned by pre-extraction using a series of solvents including acetone and
hexane prior to use.

Collect samples only at times when it was safe to do so with regard to any activities occurring on the
field. Sample collection time is not critical for these samples, but the samples should be collected at a
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convenient time during the overall exposure measurement activities at each field.

Collect samples at positions #1, #2, and #5 as shown in Figure 1, for a total of three separate samples.
Samples will be collected from different areas than the areas used for metals wipe sample collection.
Ensuring that there is no area overlap can be accomplished by placing templates and marking the drag
sled area prior to sampling. No background sampling location wipe samples will be collected.

Using clean, Silver Shield gloves, remove the wipe material from its storage container and clamp it to
a wipe sampling push sledge device (see Figure 3). The device has a 10 kg aluminum block of the
dimensions 25.4 x 25.4 x 5.1 cm with clamps on one side for securing the wipe material and an
attached handle for pushing the device. Secure the wipe material so that the 645 cm? bottom face of the
block is completely covered by the wipe material.

Using a tape measure, mark a 5 m x 1 m area (5 m?) on the synthetic turf field. The area may be
marked with masking tape or surveyor flags; existing field lines may also be used to denote one or
more area boundaries. With the wipe sampler starting in one corner of the marked area, drag the sled
down the 5-m length and then back again. Move the drag sled one width over in the collection area.
Drag the sled down the 5-m length and then back again. Repeat this until the entire 5 m? has been
wiped with one up and one back pass. When pushing or pulling the drag sled, keep the handle at or
below waist level to minimize the vertical force of the handle on the drag sled body — the goal is to
achieve consistency by having the majority of the force resulting from the weight of the drag sled
body.

Prior to placing the wipe back into the storage container, remove as much as possible of any synthetic
grass blades, large tire crumb rubber pellets, and other large debris or litter on the sides of the wipe
material that did not contact the field. With forceps, remove any large (> 1 mm) tire crumb rubber
pellets from the portion of the wipe material that contacted the synthetic turf field. Do not attempt to
remove any grass blades from the field-facing side of the filter.

Finally, fold the wipe and place it in the clean 500 mL amber glass wide mouth storage bottle with
Teflon cap liner. Tightly cap the bottle and transport at 4 °C or lower to the laboratory, where the
samples are placed in a freezer at -20 °C.

Figure 3. Wipe sampling push sledge device with cotton dry wipe material attached.

7.3.2 Wetted Wipe Method: Collect wetted samples at synthetic turf field sites using a wipe material
(Texwipe TX312 Cleanroom Twill, 10 cm x 10 cm, cotton) that has been cleaned by pre-extraction
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using a series of solvents including acetone and hexane prior to use. In the laboratory, prior to
shipment to the field site, each wipe will be placed in a clean 60-mL wide-mouth amber jar, and 3 mL
of 1:1 isopropanol:water will be added directly to the wipe material in the jar, dispersed across the
folded wipe material as evenly as possible. The jar will then be tightly capped with Teflon-lined lids.
Sample labels will be affixed to the jars, and the jars will be transported to the field site.

Collect samples at times when it was safe to do so with regard to any activities occurring on the field.
Sample collection time is not critical for these samples, but the samples should be collected at a
convenient time during the overall exposure measurement activities at each field.

Collect samples at positions #1, #2, and#5 as shown in Figure 1, for a total of three separate samples.
Collect samples from different areas than the areas used for previous wipe sample collection. Ensuring
that there is no area overlap can be accomplished by placing templates and marking the drag sled area
prior to sampling. No background sampling location wipe samples will be collected.

Place a 929 cm? (1 ft?) aluminum template on the surface of the field.

Using clean, Silver Shield gloves and, if needed, clean tweezers, remove the pre-wetted wipe material
from its storage container. Using one side of the wipe, wipe the turf surface in a S or Z-shaped pattern
within the template area (see Figure 4). After folding the wipe in half to get a fresh wipe surface, wipe
the area again in a S or Z-shaped pattern perpendicular to the first wipe pattern. Next, fold the wipe in
half again and wipe the edges near the interior portion of the template. Prior to placing the wipe back
into its sample jar, use forceps to remove full size tire crumb rubber infill granules (>1 mm), synthetic
grass blades, and other large debris or litter. Finally, fold the wipe and place it back into its 60-mL
amber wide-mouth glass jar. Tightly cap the jar and transport at 4 °C or lower to the laboratory, where
the samples are placed in a freezer at -20 °C.
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Figure 4. Wiping the turf surface in a S or Z-shaped pattern within the 929 cm? template area. (Note:
Silver Shield gloves will be used instead of the nitrile gloves shown in this photo).

7.4  HANDLING AND PRESERVATION
7.4.1 Complete the sample collection records and COC records for the samples (Appendix A).

7.4.2 After collection and during transport from the collection site, store the surface wipe samples in a
cooler with frozen ice packs.

7.4.3 Store the samples on frozen ice packs or in a refrigerator or freezer until shipment. Ship samples
by overnight delivery service in a shipping cooler with frozen ice packs. SOP EMAB-185.0 Standard
Operating Procedure (SOP) for Storage and Shipping of Multimedia Samples for post-collection

handling, storage, and shipment of surface wipe samples may be consulted for additional information.

7.4.4 Ship samples and their sample collection data/COC sheets to:

US EPA Chemical Services

Kent Thomas or Scott Clifton

109 T.W. Alexander Drive

Building E Loading Dock, Rm E178
Research Triangle Park NC 27709-0002
Telephone:919-541-7939

8.0 RECORDS

A data collection system will be used to capture information associated with the collection of all
samples. For the surface wipe samples, the sample collection information to be recorded will include
the following, as a minimum: the sample ID, the date and time of the sample collection, the sampling
location, initials or ID number of the field staff member responsible for the sample collection, and any
comments regarding collection (Appendix A). Other information shall be collected as needed to ensure
successful collection and interpretation of data. Please see D-SED-IEMB-030-SOP-01 for recording
sample collection locations on the proper field diagram.

Section B3 in the QAPP addendum details the sample code information. Sample codes used for the
EPA Tire Crumb Rubber Research Study will follow the general naming scheme used by the EPA for
the tire crumb rubber characterization study.

The specific coding information for field wipe samples is extracted from the QAPP addendum:
TCRS-R-VV-W-X-Y-Z
Where:

TCRS
Designates the tire crumb rubber research study
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R — Participant identification number
1 — 8; each number assigned to a unique participant where participant-specific ID is required
(personal air, dermal)
0 for all samples not associated with a specific participant

VV — Field ID number
Two-digit code unique to each field (We will use a different unique code for each
field/participant group combination. We will not try to match to any previous field numbers so
we can pre-print all labels. Numbers will go from 70 to 79).

W - Sample type designator
F = sample
D = duplicate sample
B = field blank
C = field control (spike)

X — Method type designator
E = field wet wipe metals
F = field wet wipe SVOCs
J = field drag sled SVOCs

Y - Sample collection location character
1, 2, or 5 for on-field wipe, sled, or dust sample location (corresponds to field sketch S1, S2, S5
locations in Figure 1)

Z — Parent/subsample designation character
We will use a value of zero (0) for all parent samples.
We will use the character L to designate laboratory QC samples.
Additional digits may be assigned if any sub-samples are generated.

9.0 QUALITY CONTROL AND QUALITY ASSURANCE

9.1 Field blank (FB) and field control spikes (FC) samples will be prepared and used according to the
schedule outlined in the QAPP addendum Table B-3. For storage, shipping, analysis and quantitation
procedures, FB and FC samples will be prepared and treated in the same manner as the wipe samples.

9.2 FB will be deployed to monitor background contamination during storage and analysis. FB samples
will be prepared by opening the container with wipe while wearing Silver Shield (drag sled and wet
SVOC wipes) or nitrile (metals wipes) gloves, unfolding, folding, and placing into a labeled sample
container. FB samples shall otherwise be treated in the same manner as the surface wipe samples.

9.3 FC will be deployed to assess recovery of target analytes from the wipe medium under the same
storage and transportation conditions as the field samples. FC will be prepared by adding known
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amounts of target compounds to matrix blanks which is stored in a sealed container. The container is
shipped to the field and returned without opening/handling. It is stored under the same conditions as
field collected samples.

9.4 At least one FB and FC should be included with each batch of wipe samples shipped to the EPA
laboratory.

9.5 A duplicate sample will be collected for each of the three sample types at each field. Duplicates
will be collected from a previously unsampled field area directly adjacent to its matching sample, using
all of the same procedures that are used for the samples.

10.0 REFERENCES

ASTM E1792-02. (2016a). Standard method for wipe sampling materials for lead in surface dust. ASTM
International, West Conshohocken, PA, USA.

ASTM E1728-16. (2016b). Standard practice for field collection of settled dust samples using wipe sampling methods
for subsequent lead determination. ASTM International, West Conshohocken, PA, USA.

ASTM D5116-10. (2010). Standard guide for small-scale environmental chamber determinations of organic
emissions from indoor materials/products. ASTM International, West Conshohocken, PA, USA.

ASTM D7706-11. (2011). Standard practice for rapid screening of VOC emissions from products using micro-scale
chambers. ASTM International, West Conshohocken, PA, USA. Quality Assurance Project Plan, An EPA Pilot
Study Evaluating Personal, Housing, and Community Factors Influencing Children’s Potential Exposures to
Indoor Contaminants at Various Lifestages (EPA Pilot Study Add-On to the Green Housing Study), Exposure
Measurements and Analysis Branch, National Exposure Research Laboratory, Research Triangle Park, N.C., 2015.

Celeiro, M. et al. (2014). Investigation of PAH and other hazardous contaminant occurrence in recycled tyre rubber
surfaces: case study: restaurant playground in an indoor shopping centre. International Journal of Environmental
Analytical Chemistry. 94(12): 1264-1271.

Dye, C; Bjerke, A; Schmidbauer, N; Mano, S. (2006). Measurement of Air Pollution in Indoor Artificial Turf Halls.
Norwegian Pollution Control Authority/Norwegian Institute for Air Research, State Programme for Pollution
Monitoring. http://www.isss-sportsurfacescience.org/downloads/documents/SITHPZNZPS NILUEngelsk.pdf.

Highsmith, R; Thomas, KW; Williams, RW. (2009). A Scoping-Level Field Monitoring Study of Synthetic Turf and
Playgrounds; EPA/600/R-09/135. National Exposure Research Laboratory, U.S. Environmental Protection
Agency.
http://cfpub.epa.gov/si/si_public_record report.cfm?dirEntryld=215113&simpleSearch=1&searchAlI=EPA%2F6
00%2FR-09%2F135.

Stout II, Daniel M., TenBrook, Patti L. DRAFT Combined Workplan/Quality Assurance Project Plan (WP/QAPP);
Development of a Simple Approach to Check for Pesticide Drift at Schools. v2. 2014.

Procedure for the Field Collection of Surface Wipe Samples from Hard Flooring, HUD, 2004.


http://cfpub.epa.gov/si/si_public_record_report.cfm?dirEntryId=215113&simpleSearch=1&searchAll=EPA%2F6
http://www.isss-sportsurfacescience.org/downloads/documents/SI1HPZNZPS_NILUEngelsk.pdf

D-SED-IEMB-026-SOP-01
Date: 8/21/2017
Page: 13 0f 22

Appendix A.

Sample Collection and COC Records for Field Surface Wipe and Drag Sled Samples
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TIRE CRUMB EXPOSURE STUDY-- WIPE SAMPLING DATA AND COC SHEET

Sample ID

cOC-13 Field Locations -- Metals & SVOC Field Wipe Samples ,,:;é"""“”"'%
Q. :
Study Name: 2 5:3..']
2 =/
Field ID No:
Operator: Sample Chain of Custody
Field Location ID 1 Shipped to EPA,RTP Received & Stored at EPA, Analyzed
RTP
Metals Collect Time Initials Date Initials Date Initials Date
Field notes:
Sample ID Receipt notes:
Analysis notes
Field notes:
Sample ID Receipt notes:
Analysis notes
Collect Time Initials Date Initials Date Initials Date

Field notes:

Receipt notes:

Analysis notes

.

Sample ID

Field notes:

Receipt notes:

Analysis notes
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TIRE CRUMB EXPOSURE STUDY-- WIPE SAMPLING DATA AND COC SHEET
coc-14 Field Locations -- Metals & SVOC Field Wipe Samples ,,'3‘5‘"?”?"%
Study Name: ‘?,1 - %J
Field ID No: T
Operator\:| Sample Chain of Custody
Field Location ID 2 Shipped to EPA,RTP Received & Stored at EPA, Analyzed
RTP
Metals Collect Time Initials Date Initials Date Initials Date
Field notes:
Sample ID Receipt notes:
Analysis notes
Field notes:
Sample ID Receipt notes:
Analysis notes
Collect Time Initials Date Initials Date Initials Date

Field notes:

Sample ID Receipt notes:

Analysis notes

Field notes:

Sample ID Receipt notes:

Analysis notes




D-SED-IEMB-026-SOP-01
Date: 8/21/2017
Page: 16 of 22

Sample ID

TIRE CRUMB EXPOSURE STUDY-- WIPE SAMPLING DATA AND COC SHEET TP ST
COC-15 Field Locations -- Metals & SVOC Field Wipe Samples ,,':;é"""é”?"% ‘
Study Name: ll'\;% w 5:5;,.'
Field ID No: T
Operator: Sample Chain of Custody
Field Location ID 5 Shipped to EPA,RTP Received & Stored at EPA, Analyzed
RTP
Metals Collect Time Initials Date Initials Date Initials Date
Field notes:
Sample ID Receipt notes:
Analysis notes
Field notes:
Sample ID Receipt notes:
Analysis notes
Collect Time Initials Date Initials Date Initials Date

Field notes:

Receipt notes:

Analysis notes

.

Sample ID

Field notes:

Receipt notes:

Analysis notes
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TIRE CRUMB EXPOSURE STUDY-- WIPE SAMPLING DATA AND COC SHEET

COC-16 Metals Field Wipe Field/Lab Blanks and Controls l;?

-
Study Name: Q»ﬂ . ?_0«9
L p v

i pRoTE

Sample Chain of Custody

Field ID No:

Field Location ID | Shipped to EPA,RTP Received & Stored at EPA, Analyzed
RTP

Initials Date Initials Date Initials Date

Field notes:

Sample ID Receipt notes:

Analysis notes:

Field notes:

Sample ID Receipt notes:

Analysis notes:

Metals Collect Time Initials Date Initials Date Initials Date

Field notes:

Sample ID Receipt notes:

Analysis notes:

Field notes:

Sample ID Receipt notes:

Analysis notes:
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TIRE CRUMB EXPOSURE STUDY-- WIPE SAMPLING DATA AND COC SHEET

COC-17 SVOC Field Wipe Field/Lab Blanks and Controls

; W =/
Study Name: Q{ﬂ_ ) @2«9
TCRS Date

Field ID No:

Sample Chain of Custody

Field Location ID | Shippe