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ACRONYMS AND ABBREVIATIONS

Acronyms and
Abbreviations

Definitions

AEGL Acute Exposure Guideline Level

AMCV Air Monitoring Comparison Value

°C degrees Celsius

CNS central nervous system

d day

DSD development support document

ET extrathoracic

ESL Effects Screening Level

acuteEgL acute health-based Effects Screening Level for chemicals meeting

minimum database requirements

acute
ES I—generic

acute health-based Effects Screening Level for chemicals not
meeting minimum database requirements

acute
ES I—odor

acute odor-based Effects Screening Level

acuteES Lveg

acute vegetation-based Effects Screening Level

chronic
ESL onthreshold(c)

chronic health-based Effects Screening Level for nonthreshold dose
response cancer effect

chronic
ESLonthreshola(ne)

chronic health-based Effects Screening Level for nonthreshold dose
response noncancer effects

chronic
ES I—threshold(c)

chronic health-based Effects Screening Level for threshold dose
response cancer effects

chronic
ES I—threshold(nc)

chronic health-based Effects Screening Level for threshold dose
response noncancer effects

CIONCES] g chronic vegetation-based Effects Screening Level
GD gestational day

h hour(s)

H humans
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Acronyms and

Abbreviations Definitions

Hesg blood:gas partition coefficient

(Hoig)a blood:gas partition coefficient, animal
(Hoig)n blood:gas partition coefficient, human
Hg mercury

HEC human equivalent concentration

HQ hazard quotient

kg kilogram

LOAEL lowest-observed-adverse-effect-level
MW molecular weight

Mg microgram

pg/m® micrograms per cubic meter

mg milligrams

mg/m® milligrams per cubic meter

min minute

MOA mode of action

n number

N/A Not applicable

NOAEL no-observed-adverse-effect-level
POD point of departure

PODap; point of departure adjusted for exposure duration
PODyec point of departure adjusted for human equivalent concentration
ppb parts per billion

ppm parts per million

ReV reference value

RGDR regional gas dose ratio

SD Sprague-Dawley
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Acronyms and
Abbreviations

Definitions

TCEQ Texas Commission on Environmental Quality

TD Toxicology Division

UF uncertainty factor

UF4 interindividual or intraspecies human uncertainty factor
UFa animal to human uncertainty factor

UFsy subchronic to chronic exposure uncertainty factor

UF_ LOAEL to NOAEL uncertainty factor

UFp incomplete database uncertainty factor

USEPA United States Environmental Protection Agency

w week
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Chapter 1 Summary Tables

Table 1 provides the health-based 24-hour (h) Reference Value (ReV) from an acute evaluation
of 1,3-butadiene (BD), which is used as the 24-h Air Monitoring Comparison Value (AMCV) for
evaluation of 24-h ambient air monitoring data. The 24-h AMCV was developed based on
Guidelines for Developing 24-Hour Reference Values (TCEQ 2014) and TCEQ Guidelines to
Develop Toxicity Factors (TCEQ 2012). Please refer to the 1,3-Butadiene Development Support
Document (DSD) (TCEQ 2008) for details on how other acute and chronic values in Table 1
used for review of ambient air monitoring data were derived. Table 2 provides chemical/physical

properties.

Table 1 Air Monitoring Comparison Values (AMCVs) for Ambient Air

Short-Term Values

Concentration

Notes

acute ReV [6 h]

3,700 pg/m® (1,700 ppb) ®
1-h Short-Term Health

Critical Effect(s): Developmental
toxicity; reduction in extragestational
weight gain and in fetal body weight in
CD-1 mice

acute ReV [24 h]

950 pg/m® (430 ppb)
24-h Short-Term Health

Critical Effect(s): Developmental
toxicity; reduction in extragestational
weight gain and in fetal body weight in
CD-1 mice

510 pg/m® (230 ppb)

CUCES odor Odor 50% detection threshold
CUCESL yeq No data found
Long-Term Values Concentration Notes

chronic ReV

33 pg/m® (15 ppb)
Long-Term Health

Critical Effect: Reproductive toxicity:
ovarian atrophy in B6C3F1 mice

chronic
ES Lnonthreshold(C)

20 pg/m® (9.1 ppb) @ *
Long-Term Health

Cancer Endpoint: Leukemia in
occupationally exposure study of
styrene’butadiene synthetic rubber
production workers

chronlcESLveg

No data found

*TCEQ (2008)

® Based on unit risk factor (URF) = 5.0E-07 per pg/m® (1.1E-06 per ppb) and a risk level of 1 in 100,000

excess cancer risk
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Table 2 Chemical and Physical Data

Parameter

Value

Reference ?

Molecular Formula

C4H6 or HZC:CHHC:CHZ

Lewis 1993

Chemical Structure

ChemlIDplus Lite

—— CH,
H,C ::::'/'i

Molecular Weight 54.1 TRRP 2006
Physical State gas/organic TRRP 2006
Color colorless Lewis 1993
Odor mild aromatic odor ACGIH 2001
CAS Registry Number 106-99-0 TRRP 2006
Synonyms vinylethylene; erythrene; bivinyl; Lewis 1993

divinyl; biethylene; pyrrolylene; NTP 1993

a,g-butadiene
Solubility in water 735 mg/L TRRP 2006
Log Kow 2.03 TRRP 2006
Vapor Pressure 2,100 mm Hgat20°C TRRP 2006
Vapor Density (air = 1) 1.87 Lewis 1992
Density (water = 1) 0.6211 (liquid at 20 °C) Lewis 1993
Melting Point -113°C Lewis 1992
Boiling Point -4.41°C Lewis 1993
Conversion Factors 1 pg/m® = 0.45 ppb @ 25°C NTP 1993

1 ppb = 2.21 pg/m®

# Refer to TCEQ (2008) for references
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Chapter 2 Background

For chemicals detected in the ambient air monitoring network, short-term AMCVs have
generally been derived by the TCEQ to evaluate 1-h reported concentrations and long-term
AMCVs were derived to evaluate annual averages. Since a significant amount of ambient air
data is collected over a 24-h duration, the derivation of chemical-specific 24-h AMCYV values is
needed to better evaluate ambient 24-h data. TCEQ believes using a short-term, 1-h AMCV or
long-term AMCYV to evaluate a 24-h ambient air sample is not appropriate because toxic effects
induced by 24-h exposure may be governed by modes of action somewhat different than those
influencing toxicity due to 1-h or chronic exposure. A 24-h Reference Value (ReV) is derived for
human health hazards associated with threshold dose-response relationships (typically effects
other than cancer) and is defined as an estimate of an inhalation exposure concentration that is
likely to be without an appreciable risk of adverse effects to the human population (including
susceptible subgroups) for a 24-h exposure. The ReV is used as the AMCV (TCEQ 2012).

The critical step in deciding whether or not to derive a 24-h AMCYV is the availability of
appropriate toxicity studies that provide meaningful information to evaluate a 24-h exposure
duration. An evaluation of the mode of action, dose metric, and the toxicokinetics and
toxicodynamics of the chemical of concern as well as exposure duration adjustments that are
unique for the derivation of a 24-h AMCYV is conducted. The same analytical steps used to derive
acute 1-h AMCVs and chronic AMCVs (TCEQ 2012) are used to derive a 24-h AMCV. OECD
(2010) also provides guidance applicable to the development of acute reference concentrations.

The purpose of this document is to summarize the main steps involved in the development of the
24-h AMCYV for BD. General steps discussed below for developing a 24-h value include:

identification of a point of departure (POD) for the critical effect(s) based on review of
dose-response data for relevant toxicity endpoints;

e consideration of an exposure duration adjustment based on toxicokinetic considerations;
e animal-to-human inhalation dosimetric adjustment;

e selection and application of applicable uncertainty factors; and

e derivation of the 24-h AMCV.

Please refer to the 1,3-Butadiene Development Support Document (TCEQ 2008) for detailed
information on human and animal studies, mode of action information, etc.

Chapter 3 Acute 24-H AMCV

3.1 Key Studies

BD has very low acute toxicity (TCEQ 2008). The toxicity of BD is shown in Figure 1 as an
exposure response array for acute (less than 24 h) and subacute studies which were considered
for the development of a 24-h AMCV. Effects in humans (slight smarting of the eyes and
difficulty in focusing) occurred at 2000 ppm after a 7-h BD exposure (Carpenter et al. 1944).
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Animal studies show BD is a potential reproductive/developmental hazard to humans. The
following studies were considered for the development of a 24-h AMCV:

e Developmental toxicity (decrease in maternal body weight gain and fetal body weight)
occurs in mice, the most sensitive species, after BD exposure (6 h/day, gestational day 6-
15) with a lowest observed adverse effect level (LOAEL) of 200 ppm and a no-observed
adverse effect level (NOAEL) of 40 ppm (Hackett et al. (1987b).

e In three different developmental studies in rats, the lowest critical effect is a decrease in
body weight parameters. Toxicity occurs in rats at much higher concentrations than in
mice. The LOAELS in rat studies ranged from 1000-1500 ppm and the NOAELSs ranged
from 200-300 ppm (IISRP 1982; Hackett et al. 1987a; ACC 2003).

e After a 6-h/day, 5-day exposure in male mice, decreased testes weight was observed with
a LOAEL =500 ppm and a NOAEL = 130 ppm (Pacchierotti et al. 1998). There was a
concentration/duration effect on male reproductive effects. After 4 weeks of exposure in
male mice, followed by mating, there was an increase in early fetal deaths with a LOAEL
of 65 ppm (Anderson et al. (1998). After 10 weeks exposure, a LOAEL of 12.5 ppm was
observed for fetal deaths and sperm abnormalities (Anderson et al. 1996).

3.2 Critical Effect

The TCEQ developed a 1-h AMCYV in 2008 (TCEQ 2008) based on developmental toxicity in
mice, the most sensitive species, after BD exposure (Hackett et al. 1987b). Reproductive/
developmental effects may have been caused by only a single day’s exposure that occurred at a
critical time during gestation. Therefore, this developmental study is relevant for derivation of a
24-h AMCV. This study has the lowest LOAEL and NOAEL (Figure 1) relevant for an acute
exposure and was also selected for development of the 24-h AMCV, based on the following
toxicokinetic and mode of action analysis.

3.3 Toxicokinetics and Mode of Action

BD is a highly volatile, colorless gas with a mildly aromatic odor, and is only slightly soluble in
water. Absorption through the lung is limited by blood flow to the lung. After absorption, BD is
distributed throughout the body. For both rats and mice after exposure to **C-butadiene, Bond et
al. (1987) reported the following:

e Within 1 h after the end of exposure, respiratory tissue, gastrointestinal tract, liver,
kidneys, urinary bladder and pancreas contained higher concentrations of radioactivity
than other tissues

e Tissues of mice attained significantly greater concentrations than did rats per pmole of
BD inhaled, although there were no apparent differences between rats and mice in tissue
depots of BD

e Elimination of BD from tissues and blood was rapid, with 77% to 99% of the initial
tissue burden being eliminated with half-times of 2 to 10 h...
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Figure 1 BD Exposure response array for acute (less than 24 h) and subacute studies

Citation Key Citation Key
ACC (2003) A [ISRP (1982) F
Anderson et al. (1996) | B Hackett et al. (1987a) G
Anderson etal. (1998) | C Hackett et al. (1987b) H
Carpenter etal. (1944) | E Pacchierotti et al. (1998) J
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Research has shown that BD produces toxicity when metabolized to reactive metabolites. After exposure
to BD, the most reactive metabolites are 1,2-epoxy-3-butene (EB) and 1,2:3,4-diepoxybutane (DEB).
There is a difference in the metabolism between mice and rats. Therefore, the basis of the species
differences may be related to the greater production of toxic intermediates and a lower capacity for
detoxification of these intermediates in mice compared to rats (USEPA 2002). Moreover, humans are
more similar to rats in the metabolism of BD. Humans produce much lower levels of DEB than mice as
demonstrated by experimental data on DEB-specific pyr-Val Hb adducts (Swenberg et al. (2007);
Georgieva et al. (2007; 2008) and urinary metabolites (Sabourin et al. 1992).

The specific mechanism of action for the maternal reproductive/developmental effects produced by BD
is unknown after acute exposure, although the mode of action (MOA) may involve DEB-induced
ovarian atrophy and a decrease in serum progesterone levels, as shown by Spencer et al. (2001) and Chi
et al. (2002). Although the amount of DEB produced by humans is much lower than mice,
reproductive/developmental effects were assumed to be relevant to humans (Kirman and Grant 2012).
However, using a study in mice to predict toxicity in humans is conservative. Refer to TCEQ (2008) for
a detailed discussion of the metabolism and mode of action of BD.

Based on toxicokinetic and MOA information, the reproductive/developmental effects in mice are
considered to have a threshold and to be concentration and duration dependent.

3.4 Dose Metric

For the reproductive/developmental key study (Hackett et al. 1987b), the most appropriate dose metric
for a 24-h exposure is likely area under blood concentration curve of DEB or DEB concentration in
target tissue; however, this data was not available. Therefore, data on the exposure concentration of the
parent chemical was used as the default dose metric.

3.5 Dose-Response Modeling and Points of Departure (PODs)

The TCEQ (2008) performed benchmark concentration (BMC) modeling for numerous endpoints from
Hackett et al. (1987b). The endpoint with the lowest relevant BMCL was decrease in maternal
extragestational weight gain (BMCL; sp = 51.3 ppm with a BMC; sp of 723 ppm), followed by decrease
in fetal body weight (BMCLgs = 54.7 ppm BMCgs of 65.8 ppm). The POD for development of the 24-h
AMCYV is the BMCL; sp of 51.3 ppm.

3.6 Duration and Default Animal-to-Human Dosimetry Adjustments

Duration adjustments from a 6-h exposure to a 24-h exposure were conducted using Haber’s Rule as
modified by ten Berge (1986) with “n” = 1. The adjusted POD applicable for a 24-h exposure (PODap;)
IS 12.8 ppm.

Default animal-to-human dosimetry adjustments were based on methods for Category 3 gases producing
systemic effects (USEPA 1994; TCEQ 2012). For BD, the animal to human blood gas ratio [(Hyg)a /
(Hoig)H] is greater than 1 (TCEQ 2008). When (Hyg)a / (Huig)H, > 1, a default value of 1 is used for the
regional gas dose ratio (RGDR) (USEPA 1994). The human equivalent POD (PODygc) is 12.8 ppm.
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3.7 Uncertainty Factors
The default procedure for deriving health-protective concentrations for noncarcinogenic effects is to

determine a POD and apply appropriate uncertainty factors (UFs) (i.e., assume a threshold/nonlinear
MOA) (TCEQ 2012). The PODygc of 12.8 ppm was used and divided by the following UFs:

e Intraspecies human UF (UFy) of 10 for intraspecies variability;
e Interspecies animal UF (UF,) of 3 for extrapolation from animals to humans; and
e Database UF (UFp) of 1 for database uncertainty.

A full UFy of 10 was used to account for intraspecies variability. There is experimental evidence that
indicates BD-sensitive human subpopulations may exist due to metabolic genetic polymorphisms
(USEPA 2002), although recent studies indicate that variability due to genetic polymorphisms is less
than 10 based on metabolism of BD in humans with different genotypes. (Albertini et al. 2001, 2003).

A UF, of 3 was used for extrapolation from animals to humans because default dosimetric adjustments
from animal-to-human exposure were conducted, which account for toxicokinetic differences but not
toxicodynamic differences. This approach is likely conservative, since existing studies indicate that mice
are relatively sensitive laboratory animals in regards to the reproductive effects of BD.

A database UFp of 1 was used because the overall acute toxicological database for BD includes acute
inhalation studies in humans; two inhalation bioassays in different species investigating a wide range of
endpoints; and several prenatal developmental toxicity studies in different species (USEPA 2002; TCEQ
2008). Both the quality of the studies and the confidence in the acute database is high.

Thus, the 24-h ReV = 24-h AMCV =

PODpec / (UFy X UFa X UFp) = 12.8 ppm / (10 x 3 x 1)
=0.426.7 ppm
=430 ppb (rounded to two significant figures)

Table 3 shows a summary of the derivation of the 24-h AMCV.
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Table 3 Derivation of the Acute 24-H AMCV

Parameter Summary

Study Hackett et al. 1987b

Study population

CD-1 mice (18-21 pregnant mice per dose group)

Study quality

High

Exposure Methods

0, 40, 200, and 1,000 ppm BD on gestation days (GD)
6-15 for 6 h/day

Critical Effects

Reduction in extragestational weight gain and fetal body
weight; developmental toxicity

POD

51.3 ppm (BMCL; sp)

Duration

6h

Extrapolation to 24-h

51.3 ppm (BMCL; sp) X 6/24 = 12.8 ppm

24-h PODyec

12.8 ppm (gas with systemic effects, based on default
RGDR =1.0)

Total UFs

30

Interspecies UF

3

Intraspecies UF

10

LOAEL UF

Not applicable

Database UF
Database Quality

1
High

Acute 24- h ReV
Acute 24-h AMCV

950 pg/m® (430 ppb)
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3.8 Values for Air Monitoring Evaluation
The acute evaluation resulted in the derivation of the following values:

e 6-h acute health-based AMCV = 3,700 pg/m? (1,700 ppb) (TCEQ 2008)
e 24-h acute health-based AMCV = 950 pg/m® (430 ppb)
e 1-hacute odor-based AMCV =510 ug/m® (230 ppb) ) (TCEQ 2008)

For the evaluation of 24-h ambient air monitoring data, the 1-h acute odor-based AMCYV of 510
ng/m® (230 ppb) is lower than the 24-h AMCV of 950 pg/m® (430 ppb), although both values
may be used for the evaluation of 24-h ambient air monitoring data (Table 1). If the 24-h ambient
air monitoring data is below the odor-based AMCYV, it does not mean that odor-potential did not
occur, since peak concentrations may exceed the odor-based AMCV.

The health-based 24-h AMCV of 430 ppb (950 pg/m?®) falls between the health-based TCEQ
acute 1-h AMCV of 1,700 ppb (3,700 pg/m?) and the chronic noncarcinogenic AMCV of 15 ppb
(33 pg/m®) and the carcinogenic value of 9.1 ppb (20 pg/m®) (TCEQ 2008) (Figure 2). It is
sufficiently conservative for the adequate protection of public health for the exposure duration
and adverse effects considered and would significantly complement TCEQ health effect
evaluations of ambient air data, which currently utilize 1-h and chronic (i.e., lifetime) health-
protective and welfare-based (i.e., odor, vegetation) AMCVs.

10000 .
% 1,3-Butadiene
= 1-hr AMCV
£ l 3700 pg/m3
> 1000 - V'S ;g;)hrA/MSV
] m
= ] He Long-Term AMCV
S ]
'-g 100 - Ncarc
] ] 33 pg/m?
: <
e 20 pg/md
o 10 4
(] 3 Carc
o0
o
—
1 T T T T rrrrr T T rrrrrrm T T T rrrrrr T T 1 rrrrrm T T T Trrrrrr T T Trrrrn
1 10 100 1000 10000 100000 1000000
Log Time (Hours)

Figure 2 Comparison of AMCVs developed to evaluate different averaging times
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3.9 Ambient Air Monitoring Data from 24-H Canister Samplers from 2010-2011

Figure 3 shows 2010-2011 ambient air monitoring data for BD from 24-h VOC canister samples
at monitoring sites with the highest annual averages across the state (Port Neches > Groves >
Galena Park > Jacinto Port > Jefferson County Airport) (5 out of a total of 47 sites 24-h canister
VOC samplers). The detected 24-h BD peak values were well below the 24-h AMCV of 950
ng/m?® (430 ppb).

OO, WN -

20.0

[N
©
o

TCEQ 24-hr Air Monitoring
Comparison Value 430 ppb

16.0

i
>
=]

-
n
=}

=
o
=}

©
o

TCEQ Long-Term Air
Monitoring Comparison
Value 9.1 ppb

6.0

4.0

1,3-Butadiene concentration parts per billion by volume (ppbv)

. |
N hm\‘u ;L \M‘\\ (L, L WM SO FOTII TR | T

[ Groves | Port Neches Ave L Galena Park Jacinto Port Jefferson Co Airport

Figure 3-4 Top five sites with the highest 1,3-butadiene annual average concentrations (01/01/2010 - 12/31/2011)

9  Figure 3 Ambient air monitoring data from 24-h canister samplers from 2010-2011
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