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National Library of Medicine
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Hydroxyl radical
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United States
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SUMMARY

This technical support document is in support of the TSCA Risk Evaluation for Diisobutyl Phthalate
(DIBP). EPA gathered and evaluated physical and chemical property data and information according to
the process described in the Risk Evaluation for Diisobutyl Phthalate (DIBP) — Systematic Review
Protocol (U.S. EPA, 2024c). During the evaluation of DIBP, EPA considered both measured and
estimated physical and chemical property data/information summarized in Table 2-1, as applicable.
Information on the full, extracted data set is available in the file Risk Evaluation for Diisobutyl
Phthalate (DIBP) — Systematic Review Supplemental File: Data Quality Evaluation and Data Extraction
Information for Physical and Chemical Properties (U.S. EPA, 2024Db).

DIBP is a clear, viscous, and mostly odorless liquid (U.S. CPSC, 2011). As a branched phthalate ester,
DIBP is used as plasticizer that melts around —64 °C (NLM, 2013). DIBP has a water solubility of 6.2
mg/L at 24°C (U.S. EPA, 2019) and a log Kow of 4.34 (Ishak et al., 2016). With a vapor pressure of
4.76x10° mmHg at 25 °C and a boiling point of 296.5 °C (NLM, 2013), DIBP has the potential to be
volatile from dry non-adsorbing surfaces. The selected Henry’s Law Constant for DIBP is 1.83x10
atm-m3/mol at 25 °C (Elsevier, 2019).

In this document, EPA evaluated the reasonably available information to characterize the environmental
fate and transport of DIBP. The key points are summarized below. Given the consistent results from
numerous high-quality studies, there is robust evidence that DIBP:

e |s expected to undergo significant direct photolysis and will rapidly degrade in the atmosphere,
with an indirect photochemical half-life of 27.6 hours (Section 4.3).

e Is not expected to appreciably hydrolyze under environmental conditions (Section 4.2).

e |s expected to have an environmental biodegradation half-life in aerobic environments on the
order of days to weeks (Section 4.1).

e Is not expected to be subject to long range transport.

e Is expected to transform in the environment via biotic and abiotic processes to form phthalate
monoesters, then phthalic acid, and ultimately biodegrade to form CO, and/or CHa (Section 4).

e |s expected to show strong affinity and sorption potential for organic carbon in soil and sediment
(Section 3.2).

e Will be removed at rates between 65 and 95 percent in conventional wastewater treatment
systems (Section 6.2).

e When released to air, will show strong affinity for adsorption to particulate matter, will mostly
partition to soil and water, and remaining DIBP fraction will rapidly degrade in the atmosphere
(Section 5.1).

e Is likely to be found in, and accumulate in, indoor dust (Section 5.1.1).

As a result of limited studies identified, there is moderate evidence that DIBP:

¢ Isunlikely to biodegrade under anoxic conditions and may persist in anaerobic soils and
sediments (Section 4.1).

e Is not bioaccumulative in fish in the water column (Section 7).

e May be bioaccumulative in benthic organisms exposed to sediment with elevated concentrations
of DIBP proximal to continual sources of release (Section 7).

o Is expected to be partially removed in conventional drinking water treatment systems via
sorption to suspended organic matter and filtering media (Section 6.3).
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1 INTRODUCTION

Diisobutyl phthalate (DIBP) is produced by the esterification of phthalic anhydride with isobutyl alcohol
in the presence of an acid catalyst. DIBP is a member of the phthalate class of chemicals that are widely
used as adhesives and sealants in the construction and automotive sector. DIBP is also commonly used
in electronics, children’s toys, and plastic and rubber materials. DIBP is considered ubiquitous in
various environmental media due to its presence in both point and non-point source discharges from
industrial and conventional wastewater treatment effluents, biosolids, and sewage sludge, stormwater
runoff, and landfill leachate (Net et al., 2015).

This Physical Chemistry and Fate and Transport assessment was used to determine which environmental
pathways to consider for DIBP’s risk evaluation. Details on the environmental partitioning and media
assessments can be found in Section 5. Briefly, based on DIBP’s fate parameters, EPA anticipates DIBP
to predominantly be found in water, soil, and sediment. DIBP in water is mostly attributable to
discharges from industrial and municipal wastewater treatment plant effluent, surface water runoff, and,
to a lesser degree, atmospheric deposition. Once in water, DIBP is expected to mostly partition to
suspended organic matter and aquatic sediments. DIBP in soils is attributable to deposition from air and
land application of biosolids.

EPA quantitatively assessed concentrations of DIBP in surface water, sediment, and soil from air to soil
deposition. Ambient air concentrations were quantified for the purpose of estimating soil concentrations
from air deposition but were not used for the exposure assessment as DIBP was not assumed to be
persistent in the air (ty2 = 27.6 hours (U.S. EPA, 2017)). In addition, partitioning analysis showed DIBP
partitions primarily to soil, compared to air, water, and sediment, even for air releases. Soil
concentrations of DIBP from land applications were not quantitatively assessed in the screening level
analysis as DIBP was expected to have limited persistence potential and mobility in soils receiving
biosolids.
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2 APPROACH AND METHODOLOGY FOR PHYSICAL AND
CHEMICAL PROPERTY ASSESSMENT

EPA did a systematic review by conducting a literature search to find published physical and chemical
property values available through 2019. Physical and chemical property data are extracted and evaluated
for use in the risk evaluation as described in the Systematic Review Protocol for DIBP (U.S. EPA
2024c). Due to the large quantity of available data, only studies with an overall data quality ranking of
High were selected for use in determining the representative physical and chemical properties of DIBP
for the purposes of the risk evaluation. Experimentally derived values for a log Koa were not available
and EPI Suite™ was used to estimate a value (U.S. EPA, 2017).

2.1 Selected Physical and Chemical Property Values for DIBP

Table 2-1. Selected Physical and Chemical Property Values for DIBP

Property Selected Value(s) Reference(s) Da?a%zzmy
Molecular formula C16H2204
Molecular weight 278.35 g/mol
Physical form Clear Viscous Liquid U.S. CPSC (2011)  [High
Melting point —64 °C NLM (2013) High
Boiling point 296.5 °C NLM (2013) High
Density 1.049 g/cm?® Rumble (2018) High
Vapor pressure 4.76E—05 mmHg NLM (2013) High
Vapor density 9.59 NCBI (2020) High
Water solubility 6.2 mg/L U.S. EPA (2019) High
Octanol/water partition 4.34 Ishak et al. (2016)  |High
coefficient (log Kow)
Octanol/air partition 9.47 (EPI Suite™) U.S. EPA (2017) High
coefficient (log Koa)
Henry’s Law Constant 1.83E—07 atm-m®mol at 25 °C |Elsevier (2019) High
Flash point 185 °C Rumble (2018) High
Autoflammability 432 °C NLM (2013) High
Viscosity 41 cPat20°C NLM (2013) High

2.2 Endpoint Assessments

2.2.1 Melting Point

Melting point is one of the inherent properties that informs the chemical’s physical state (liquid or solid)
at normal environmental conditions. The melting point is the temperature at which a chemical substance
coexists as its solid and liquid forms in equilibrium under atmospheric pressure (1 atmosphere)
(Rumble, 2021). The physical state information helps assessors understand the environmental fate and
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transport, as well as the chemical substance’s potential exposure routes and bioavailability to both
aquatic organisms and humans (occupational and general population). The EPA extracted and evaluated
nine sources containing DIBP melting point information. Four of the sources were identified and
evaluated as overall high-quality data sources. These sources reported DIBP melting points ranging from
-82 to -37 °C (Elsevier, 2019; NLM, 2013; ECHA, 2012; Wang and Richert, 2007). The average of the
reported melting point values within these sources is -60°C. EPA selected a melting point value of -64
°C (NLM, 2013) as a representative melting point value closest to the average of the identified
information from the overall high-quality data sources. The identified value is consistent with the value
proposed in the Final Scope for the Risk Evaluation of DIBP (U.S. EPA, 2020).

2.2.2 Boiling Point

Boiling point is one of the inherent properties that informs the chemical’s physical state (liquid or gas) at
normal environmental conditions. The boiling point is the temperature at which a chemical substance
coexists in equilibrium as vapor and liquid under atmospheric pressure (Rumble, 2021). The physical
state helps inform multiple aspects of the risk evaluation. The EPA extracted and evaluated ten data
sources containing DIBP boiling point information. Six of the sources were identified and evaluated as
overall high-quality data sources. These sources reported DIBP boiling points ranging from 296 to 327
°C (Elsevier, 2019; U.S. EPA, 2019; Rumble, 2018; NLM, 2013; ECHA, 2012; Wang and Richert,
2007). The mean of the reported boiling point values within these sources is 297.6 °C. EPA selected a
boiling point value 296.5 °C (NLM, 2013) as the value that best represents the mean within the available
high-quality sources under normal environmental conditions. The identified value is consistent with the
value proposed in the Final Scope for the Risk Evaluation of DIBP (U.S. EPA, 2020).

2.2.3 Density

Density is the chemical substance mass per unit volume (i.e., g/mL) (Rumble, 2021) and is one of the
inherent properties that informs assessors about the chemical’s mobility in the environment under
normal conditions. This information assists the assessors in understanding whether the environmental
release of DIBP is likely to sink or float in the aquatic systems, or ambient air. The EPA extracted and
evaluated six data sources containing DIBP density information. Two of the sources were identified and
evaluated as overall high-quality data sources. The overall high-quality sources reported DIBP density
values of 1.036 to 1.049 g/cm? (Elsevier, 2019; Rumble, 2018). The mean of the reported density values
is 1.044. EPA selected a density of 1.049 g/cm® (Rumble, 2018) to closely represent the mean of the
density values obtained from the available data sources. The identified value is consistent with the value
range proposed in the Final Scope for the Risk Evaluation of DIBP (U.S. EPA, 2020).

2.2.4 Vapor Pressure

Vapor pressure indicates the pressure exerted by a liquid or solid chemical in equilibrium with its vapor
at a given temperature (25 °C for environmental conditions) (40 CFR 796.1950). This information
informs the assessors if a chemical substance has the potential to volatilize and be released into the
atmosphere, undergo long range transport, and be available for specific exposure pathways. This
information helps assessors understand the predicted concentration and environmental releases of a
chemical substance to air. A chemical’s potential to be present in air is expected to increase as vapor
pressure increases. The EPA extracted and evaluated seven data sources containing DIBP vapor pressure
information. Four of the sources were identified and evaluated as overall high-quality data sources.
These sources reported DIBP vapor pressure ranging from 2.00x107 to 5.80x10* mmHg at 20 to 25 °C
(Ishak et al., 2016; NLM, 2013; ECHA, 2012; Lu, 2009). The mean vapor pressure of the reported
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experimental vales at 25°C is 6.13x10* mmHg. EPA selected the experimentally derived vapor pressure
value of 4.76x10° mmHg (NLM, 2013) to best represent the mean vapor pressure of DIBP obtained
from the overall high-quality data sources under normal environmental conditions. The identified value
IS consistent with the value proposed in the Final Scope for the Risk Evaluation of DIBP (U.S. EPA
2020).

2.2.5 Vapor Density

The vapor density is the mass of a vapor per unit volume of the vapor relative to air (U.S. EPA). The
relative vapor density is the ratio between the vapor density of a chemical substance and the vapor
density of air (1.0). Relative vapor densities greater than 1 will indicate a higher tendency to sink while
vapor densities lower than 1 indicate a higher tendency to float in ambient air. This information may
inform the fate assessors about the predicted fate and transport of chemical substances (as vapors) when
released to ambient air. A data source providing vapor density of DIBP was not identified in the initial
data review for the Final Scope for the Risk Evaluation of DIBP (U.S. EPA, 2020). The EPA has since
identified one data source reporting DIBP vapor density. EPA extracted and evaluated the one data
source, categorized as overall high-quality, which reported DIBP vapor density between 9.59 and 9.60
(NCBI, 2020). EPA is using the vapor density value of 9.59 from the one available data source as a
representative value for normal environmental conditions.

2.2.6 Water Solubility

The water solubility indicates the maximum amount of DIBP that will be dissolved in pure water. Water
solubility informs many endpoints not only within the realm of fate and transport of DIBP in the
environment, but also when modeling for industrial process, and engineering, as well as human and
ecological hazard, and exposure assessments. Chemical substances that are soluble in water can be
expected to readily disperse through the environment. The EPA extracted and evaluated twelve data
sources containing DIBP water solubility information. Seven of the sources were identified and
evaluated as overall high-quality data sources. These sources reported water solubility values from 5.10
to 20.3 mg/L (U.S. EPA, 2019; EC/HC, 2017; NLM, 2013; ECHA, 2012; BASF, 2001; Hollifield,
1979). These data sources employed different experimental temperatures and analytical methods that
might resulted in the wide range of water solubilities. Despite the wide range of water solubilities
reported overall, the reported water solubility of DIBP at ambient temperature (24 to 25°C) is 5.1 t0 9.6
mg/L. The mean of the reported water solubilities at near ambient temperature is 6.7 mg/L. A water
solubility of 6.2 mg/L (U.S. EPA, 2019) was selected as the empirical value obtained from the overall
high-quality data sources that best represents DIBP’s mean water solubility under normal environmental
conditions. The identified value is consistent with the value proposed in the Final Scope for the Risk
Evaluation of DIBP (U.S. EPA, 2020).

2.2.7 Octanol/Water Partition Coefficient (log Kow)

The octanol-water partition coefficient (Kow) provides information on how the chemical, under
equilibrium, will partition between octanol (which represents the lipids or fats in biota) and water (U.S.
EPA, 2025). This informs on how the chemical is likely to partition in the environment as well as for the
estimation of other properties including water solubility, bioconcentration, soil adsorption, and aquatic
toxicity. The EPA extracted and evaluated seven data sources containing DIBP Kow information. Five
of the sources were identified and evaluated as overall high-quality data sources. These sources reported
DIBP log Kow ranging from 4.11 to 4.86 (Elsevier, 2019; U.S. EPA, 2019; Ishak et al., 2016; NLM,
2013; ECHA, 2012). The mean of the reported log Kow values is 4.31. EPA selected an experimental
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log Kow value of 4.34 (Ishak et al., 2016) as an approximate representation of the mean value obtained
from the overall high-quality data sources under normal environmental conditions. The identified value
is consistent with the value proposed in the Final Scope for the Risk Evaluation of DIBP (U.S. EPA
2020).

2.2.8 Henry’s Law Constant

The Henry’s Law Constant (HLC) of a chemical substance is the ratio of the substance’s vapor pressure
and water solubility (U.S. EPA, 2025). The HLC (atmxm?®/mol) provides an indication of a chemical’s
volatility from water and gives an indication of potential environmental partitioning, potential removal
in sewage treatment plants during air stripping, and possible routes of environmental exposure. The EPA
extracted and evaluated four data sources containing DIBP Henry’s Law Constant (HLC) information.
Two of the sources were identified and evaluated as overall high-quality data sources. One overall high-
quality data source reported an experimentally derived DIBP HLC value of 1.83x107 (Elsevier, 2019).
The second overall high-quality data source reported a HLC value of 1.31x10°° atm-m®mol (Cousins
and Mackay, 2000), which was estimated with a quantitative structure—activity relationship model. EPA
selected the experimental HLC value of 1.83x10" atm-m®/mol (Elsevier, 2019) for this risk evaluation.
The identified value is consistent with the value proposed in the Final Scope for the Risk Evaluation of
DIBP (U.S. EPA, 2020).

2.2.9 Flash Point

The flash point is the lowest temperature at which a substance produces sufficient vapor to form an
ignitable mixture with air (U.S. EPA, 2025). This helps fate assessors understand the fire hazards of the
chemical. The EPA extracted and evaluated five data sources containing DIBP flash point information.
Two of the sources were identified and evaluated as overall high-quality data sources. Both overall high-
quality sources reported a DIBP flash point of 185 °C (Rumble, 2018; NLM, 2013). EPA selected a flash
point value of 185 °C (Rumble, 2018) as the representative value of the available information identified
from the overall high-quality data sources under normal environmental conditions. The selected value
replaces the proposed flash point value in the Final Scope for the Risk Evaluation of DIBP (U.S. EPA
2020). The data source used to obtain the flash point value of 169 °C proposed in the Final Scope for the
Risk Evaluation of DIBP has been updated and is now reporting a flash point value of 185 °C, consistent
with the selected value for use in this risk evaluation.

2.2.10 Autoflammability

The autoflammability is the lowest temperature a chemical substance will spontaneously ignite without a
spark or flame (Rumble, 2021). Like the flash point, this helps fate assessors to understand the fire
hazards of the chemical. A value for the autoflammability of DIBP was not identified in the initial data
review for the Final Scope for the Risk Evaluation of DIBP (U.S. EPA, 2020). The systematic review
process conducted since identified one overall high-quality data source reporting an autoflammability
value of 432 °C (NLM, 2013). The EPA selected an autoflammability value of 432 °C for DIBP (NLM,
2013) as the representative value.

2.2.11 Viscosity

Viscosity is the expected flow resistance of a chemical substance due to molecular friction within a fluid
(U.S. EPA, 2025). This helps fate assessors to understand the transport of a chemical substance directly
released to the environment. The EPA extracted and evaluated one data source containing DIBP
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viscosity information. This source was identified and evaluated as an overall high-quality data source.
This data source reported a viscosity value of 41 cP at 20 °C for DIBP (NLM, 2013). The EPA selected
a value of 41 cP at 20 °C for DIBP’s viscosity for this risk evaluation. The identified value is consistent
with the value proposed in the Final Scope for the Risk Evaluation of DIBP (U.S. EPA, 2020).

2.3 Strengths, Limitations, Assumptions, and Key Sources of Uncertainty
for the Physical and Chemical Property Assessment

The representative Physical and Chemical property values were selected based on professional
judgement and the overall data quality ranking of the associated references. These physical and chemical
property values are then used to inform chemical specific decisions across other disciplines. High
quality data are preferred in the selection of physical and chemical properties. When few, or no high-
quality studies are identified, a mix of high-medium studies, or medium studies may be used to inform
selection. In some instances where no data were available, or there was a wide range of data that
generally, but did not consistently agree with one another, models such as EPI Suite™ were used to
estimate the value for the endpoint (i.e., octanol-air partitioning coefficient) and cross checked with
reported data from systematic review. The number and overall quality of the available data sources
results in different confidence strength levels for the corresponding selected physical and chemical
property values (U.S. EPA, 2021).
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3 APPROACH AND METHODOLOGY FOR FATE AND
TRANSPORT ASSESSMENT

In assessing the environmental fate and transport of DIBP, EPA considered reasonably available
environmental fate data including biotic and abiotic biodegradation rates, removal during wastewater
treatment, volatilization from lakes and rivers, and organic carbon:water partition coefficient (log Koc).
The full range of results from data sources that were rated high- and medium-quality were evaluated.
Medium-quality data sources were considered for fate endpoints when no high-quality data sources were
available.

Information on the full extracted data set is available in the file Risk Evaluation for Diisobutyl Phthalate
(DIBP) — Systematic Review Supplemental File: Data Quality Evaluation and Data Extraction
Information for Environmental Fate and Transport (U.S. EPA, 2024a). When no measured data were
available from high- or medium-quality data sources, fate values were obtained from EPI Suite™ (U.S.
EPA, 2017), a predictive tool for physical and chemical properties and environmental fate estimation.
Information regarding the model inputs is available in Section 3.2.1.

Table 3-1 provides a summary of the selected data that EPA considered while assessing the
environmental fate of DIBP and were updated after publication of Final Scope of the Risk Evaluation for
Diisobutyl Phthalate (DIBP) CASRN 84-69-5 (U.S. EPA, 2020) with additional information identified
through the systematic review process.

Table 3-1. Summary of Environmental Fate Values for DIBP

Parameter Selected Value(s) Reference(s)
Octanol:Water Partition Coefficient |4.34 Ishak et al. (2016)
(Log Kow)
Organic Carbon:Water Partition 2.67 (average of 2.50, 2.56, and 2.86) |He et al. (2019)
Coefficient (Log Koc)

Adsorption Coefficient (Log Kq) 2.65-3.10 (suspended particulate Lietal. (2017a)
matter/water)
3.97-4.30 (sediment/water)
Octanol:Air Partition Coefficient  |9.47 (EPI Suite estimate) U.S. EPA (2017)
(Log Koa)
Air:Water Partition Coefficient -4.3 (estimated) Lu (2009)
(Log Kaw) -4.27 (estimated) Cousins and Mackay
(2000)
Aerobic ready biodegradation in 42—-98% in 28 days BASF (2007b)
water BASF (2007a)

EC/HC (2015a)

Aerobic biodegradation in sediment [t = 2.9 days in natural river sediment |Yuan et al. (2002)
(DBP as analog) collected from the Zhonggang, Keya,
Erren, Gaoping, Donggang, and
Danshui Rivers, Taiwan.

Anaerobic biodegradation in 0 to 30% after 56 days in marine NCBI (2020
sediment sediment.
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Parameter

Selected Value(s)

Reference(s)

Aerobic biodegradation in soil
(DBP as analog)

88.1-97.2% after 200 days in
Chalmers slit loam, Plainfield sand,
and Fincastle silt loam soils.

Inman et al. (1984)

direct photolysis by sunlight; contains
chromophores that absorb at
wavelengths >290 nm

Hydrolysis Rate constant at pH 10—-12: 1.4E-03 |Wolfe et al. (1980)
Mgt
tuzat pH 7: 5.3 years at 25°C U.S. EPA (2017)
(estimated);
tuz at pH 8: 195 days at 25°C
(estimated)

Photolysis Direct: Expected to be susceptibleto  |[NLM (2013)

Indirect: t1» = 1.15 days (27.6 hours)
(estimated; based on a 12-hour day
with 1.5E06 -OH/cm?® and -OH rate
constant of 9.26E—12 -OH/cm? and
-OH cm®molecule-sec)

U.S. EPA (2017)

Environmental degradation half-
lives
(selected values for modeling)

27.6 hours (air)

5 days (water)

10 days (soil)

45 days (sediment)

U.S. EPA (2017)

WWTP Removal

65—95%

U.S. EPA (1982)
Tran et al. (2014)

Aquatic Bioconcentration (BCF)

30.2 L/kg wet weight (upper trophic
Arnot-Gobas estimation)

U.S. EPA (2017)

Aquatic Bioaccumulation (BAF)

30.2 L/kg wet weight (upper trophic
Arnot-Gobas estimation)

U.S. EPA (2017)

Aquatic Food web Magnification
Factor (FWMF)

Food-web magnification factor
(FWMF): 0.81 (Experimental; 18
marine species)

Mackintosh et al. (2004)

Terr. Bioconcentration (BCF)

BCF: 2.23 at 0.13 mg/kg in onion,
celery, pepper, tomato, bitter gourd,
eggplant, and long podded cowpea.

Li et al. (2016)

Terr. Biota-sediment accumulation
factor (BSAF) (DBP as analog)

0.18-0.460 (Eisenia fetida)

Hu et al. (2005)
Ji and Denq (2016)

3.1 Tier I Analysis

To be able to understand and predict the behaviors and effects of DIBP in the environment, a Tier |
analysis will determine whether an environmental compartment (e.g., air, water, etc.) will accumulate
DIBP at concentrations that may lead to risk (i.e., major compartment) or are unlikely to result in risk
(i.e., minor compartment). The first step in identifying the major and minor compartments for DIBP is to
consider partitioning values (Table 3-1) which indicate the potential for a substance to favor one
compartment over another. DIBP does not naturally occur in the environment; however, DIBP has been
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detected in water, soil, and sediment in environmental monitoring studies (EC/HC, 2015a; NLM, 2013).

3.1.1 Soil, Sediment, and Biosolids

Based on the partitioning values shown in Table 3-1, DIBP will favor organic carbon over water or air.
Because organic carbon is present in soil, biosolids, and sediment, they all are considered major
compartments for DIBP. This is consistent with monitoring data from the Mersey River, Liverpool, UK
where higher concentrations of DIBP were detected in sediment samples (33.2—93.82 ng/g) compared to
water samples (0.338—1.1 ug/L) (Preston and Al-Omran, 1989).

3.1.2 Air

DIBP is a liquid at environmental temperatures with a melting point of -64°C and a vapor pressure of
4.76x10° mm Hg at 25°C (NLM, 2013). DIBP will exist predominantly in the particulate phase with
potential to exist in the vapor (gaseous) phase in the atmosphere (EC/HC, 2015a). The octanol:air
coefficient (Koa) (log value of 9.47 (U.S. EPA, 2017)) indicates that DIBP will favor the organic carbon
present in airborne particles. Based on its physical and chemical properties and short half-life in the
atmosphere (tu2 = 1.15 days (U.S. EPA, 2017)), DIBP was assumed to not be persistent in the air. The
AEROWINTM module in EPI SuiteTM estimates that a small fraction of DIBP could be sorbed to
airborne particulates and these particulates may be resistant to atmospheric oxidation. DIBP has been
detected in both outdoor air (EC/HC, 2015a; NLM, 2013) and settled house dust (Kubwabo et al., 2013;
NLM, 2013; Wang et al., 2013).

3.1.3 Water

The air:water partitioning coefficient (Kaw) (log values of -4.27 and -4.3 (Lu, 2009; Cousins and
Mackay, 2000)) indicates that DIBP will favor water over air. DIBP is expected to be slightly soluble in
water with a water solubility of 6.2 mg/L at 24°C (NLM, 2013). In water, DIBP will partition to
suspended organic material present in the water column based on DIBP’s low water solubility and high
partition coefficient to organic matter. This is consistent with measured data from False Creek seawater
in Vancouver, showing concentrations of DIBP ranging from 3 to 9 ng/L (total) with the dissolved
fraction concentrations ranging from 2 to 6.7 ng/L and the suspended particulate fraction concentration
ranging from 532 to 2,650 ng/g dry weight (dw) (Mackintosh et al., 2006). Although DIBP has low
water solubility, surface water will be considered a major compartment for DIBP since DIBP is detected
in the ng/L range in water.

3.2 Tier Il Analysis

A Tier Il analysis involves reviewing environmental release information for DIBP to determine whether
further assessment is warranted for each environmental medium. Environmental release data for DIBP
were not available from the Toxics Release Inventory (TRI) or Discharge Monitoring Reports (DMRS),
therefore DIBP releases to the environment could not be estimated. However, between 385,000 and
441,000 pounds of DIBP were produced annually from 2016 to 2019 for use in commercial products,
chemical substances or mixtures sold to consumers, or at industrial sites, according to production data
from the Chemical Data Reporting (CDR) 2020 reporting period. Review of preliminary 2024 CDR data
shows that total production volume for 2023 is similar to the previously reported range. DIBP is used in
adhesives and sealants, electrical/electronics, children’s toys and articles, and plastic and rubber
materials. DIBP is not chemically bound to the polymer matrix and can migrate from the surface of
polymer products (EC/HC, 2015b). Therefore, DIBP can easily leach or diffuse into the surrounding
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environment during the production, usage, and disposal of polymer products. Additionally, DIBP may
be released to the environment from disposal of wastewater, and liquid and solid wastes. After
undergoing wastewater treatment processes, the disposal of wastewater or liquid wastes results in
effluent discharge to water and land application of biosolids, which would lead to media specific
evaluations (Table 3-2). Releases from landfills and incinerators will occur from the disposal of liquid
and solid wastes and warrants media specific evaluations.

Table 3-2. Summary of Key Environmental Pathways and Media Specific Evaluations

Environmental
Releases

Key Pathway Media Specific Evaluations

Wastewater and liquid | Effluent discharge to water and land | Air, water, sediment, soil,

waste treatment application of biosolids groundwater, and biosolids
Disposal of liquids Leachate discharge to water and Air, water sediment, soil,
and solids to landfills | biogas to air and groundwater
Incineration of liquid | Stack emissions to air and ash to Air, water, sediment, soil,
and solids landfill and groundwater
Fugitive emissions to air Air, water, sediment, soil,
and groundwater
Urban/remote areas Deposition Water and soil
Partitioning Water, sediment, soil, and
groundwater

3.2.1 Fugacity Modeling

The approach described by Mackay (1996) using the Level 11l Fugacity model in EPI Suite™ (V4.11)
(LEV3EPI™) was used for this Tier Il analysis. LEV3EPI is described as a steady-state, non-equilibrium
model that uses a chemical’s physical and chemical properties and degradation rates to predict
partitioning of the chemical between environmental compartments and its persistence in a model
environment (U.S. EPA, 2017).

The following input parameters were used for the Level 111 Fugacity model in EPI Suite™:

e Melting Point = -64.00 °C

e Vapor Pressure = 4.76x10° mm Hg

e Water Solubility = 6.2 mg/L

e Log Kow=4.34

e SMILES: O=C(OCC(C)C)c(c(cccl)C(=0)OCC(C)C)cl (representative structure)
DIBP’s physical and chemical properties were taken directly from Section 2.1. Environmental
degradation half-lives for DIBP and DBP (as analog) were taken from high and medium quality studies
that were identified through systematic review to use information from the best available source, fill data
gaps, and help reduce the levels of uncertainties. The environmental degradation half-life in water of

five days was selected to represent the range of identified primary biodegradation half-life values
(Section 4.1) from high and medium quality studies to reduce levels of uncertainties. The EPA used
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environmental degradation half-lives of 27.6 hours in air (based on AEROWIN™ predicted values, an
atmospheric fate prediction model within EPI Suite™), 10 days in soil (double the half-life in water),
and 45 days in sediment (nine times the half-life in water) as recommended for EPIWIN estimations
(U.S. EPA, 2017). The Level III Fugacity model estimated DIBP’s overall environmental half-life of 5
days (100% DIBP released to air), 7 days (100% DIBP released to water), 14 days (100% DIBP released

to soil), and 9 days (equal release of DIBP to air, water, and soil). For this Risk Evaluation EPA selected
an overall environmental half-life of 14 days for DIBP.

Based on DIBP’s environmental half-lives, partitioning characteristics, and the results of Level IlI
Fugacity modeling, DIBP is expected to be found predominantly in water, soil, and air (Figure 3-1).
DIBP is expected to partition primarily to soil from releases to air, or in scenarios of direct soil release.
Releases to soil are expected to remain in soil while releases to water are expected to remain primarily in
water with a small fraction partitioning to sediments. The LEV3EPI™ results were consistent with

environmental monitoring data. Further discussion of DIBP media specific assessment can be found in
Section 5.

100

90
80
70
60
50
40
30
20
10 I
0 [ |

100% Soil Release 100% Air Release  100% Water Equal release
Release

Mass Amount (%)

Air B Water HSoil Sediment

Figure 3-1. EPI SuiteTM Level 111 Fugacity Modeling Graphical Result for DIBP
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4 TRANSFORMATION PROCESSES

DIBP released to the environment is expected to transform to the monoester form (monoisobutyl
phthalate) via abiotic processes such as photolysis (direct and indirect) and hydrolysis of the carboxylic
acid ester group (U.S. EPA, 2023). Biodegradation pathways for the phthalates consist of primary
biodegradation from phthalate diesters to phthalate monoesters, then to phthalic acid, and ultimately
biodegradation of phthalic acid to form CO> and/or CH4 (Huang et al., 2013). Monoisobutyl phthalate is
both more soluble and more bioavailable than DIBP. It is also expected to undergo biodegradation more
rapidly than the diester form. EPA considered DIBP transformation products qualitatively but due to
their lack of persistence we do not expect them to substantially contribute to risk, thus EPA is not
considering them further in this risk evaluation. Both biotic and abiotic routes of degradation for DIBP
are described in the sections below.

4.1 Biodegradation

DIBP can be considered readily biodegradable in most aquatic environments with extended half-lives in
soils and anaerobic environmental compartments. The EPA extracted and evaluated seven data sources
containing DIBP biodegradation information in water and sediments under aerobic and anaerobic
conditions and two data sources containing DBP (as DIBP analog) soil and sediment biodegradation
information (Table 4-1). Three of the DIBP data sources were classified as overall high-quality and four
as overall medium-quality data sources. The two DBP data sources were classified and extracted as
overall high-quality. Several ready biodegradability tests have reported DIBP’s aerobic biodegradation
in water to be 40 to 98 percent in 28 days (NCBI, 2020; EC/HC, 2015a; Harlan Laboratories, 2010;
BASF, 20073, b). Except for one study, all the studies indicate DIBP is readily biodegradable. A river
die-away test estimated a half-life of 0.87 days for DIBP (NCBI, 2020). Other studies evaluating the
biodegradability of DIBP have measured biodegradation of 15 percent in 7 days and 35 percent in 14
days in seawater (NCBI, 2020), as well as 100 percent in 7 days in river water (Hashizume et al., 2002).
The available data suggest that DIBP is expected to biodegrade rapidly in most aerobic environments.

In contrast, DIBP it is expected to have low biodegradation potential under low oxygen conditions and
may be expected to persist in subsurface sediments. One study measured 0 to 30 percent biodegradation
under anaerobic conditions in swamp water over 96 days (NCBI, 2020). The biodegradation of DBP
(DIBP isomer) has been reported to be 88.1 to 97.2 percent loss of parent substance after 200 days in
soils and to have a half-life of 2.9 days in natural river sediments (Yuan et al., 2002; Inman et al., 1984).
In general, DIBP is expected to readily biodegrade under most environmental conditions and is expected
to persist for extended periods of time in anaerobic environmental compartments.
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Table 4-1. Summary of DIBP’s Biodegradation Information

Data Quality
Property Selected Value(s) Reference(s) Rating
Aerobic primary 100% in 6 days Hashizume et al. (2002) |[Medium
biodegradation in water: 98% in 28 days SRC (1984) Medium
Removal EC/HC (2015a)
66—70% in 28 days. BASF (2007a) High
60-70% and 70-80% in 28 |[EC/HC (2015a) Medium
days
42% in 28 days EC/HC (2015a) Medium
80% in 28 days BASF (2007b) High
40% in 28 days Harlan Laboratories High
(2010)
60—70% in 28 days EC/HC (2015a) Medium
Aerobic primary 15% in 7 days NCBI (2020) Medium
biodegradation in seawater: 3504 in 14 days NCBI (2020) Medium
Removal
Aerobic primary tuo = 0.87 days NCBI (2020) Medium
biodegradation in seawater:
Half-life
Aerobic biodegradation in te = 2.9 days Yuan et al. (2002) High
sediment: Half-life (DBP as
analog)
Anaerobic biodegradation in  {0—30% in 96 days NCBI (2020) Medium
sediment: Removal
Aerobic biodegradation in 88.1-97.2% after 200 days |Inman et al. (1984) High
soil: Removal (DBP as
analog)

4.2 Hydrolysis

EPA did not identify abiotic hydrolysis data for DIBP collected by applicable, accepted test methods
(e.g., OECD Guideline Test 111) through the systematic literature review process. Wolfe et al. (1980)
evaluated the hydrolysis of DIBP in aqueous alkaline solutions at 30 °C. The study reported hydrolysis
to be very slow under the tested conditions reporting a second order hydrolysis rate constant of 1.40x10"
93 M1*s' for DIBP. This finding suggests DIBP to have a hydrolysis half-life greater than 2 years in
water at pH 10 to 12 and 30 °C, and hydrolysis is less likely to occur under environmental conditions. In
addition, EPI Suite™ estimated the hydrolysis half-lives of DIBP at 5.3 years at pH 7 and 25 °C, and
195 days at pH 8 and 25 °C (U.S. EPA, 2017) indicating that hydrolysis of DIBP is more likely under
more caustic conditions and is unlikely under normal environmental conditions.

When compared to other degradation pathways, hydrolysis it is not expected to be a significant source of
degradation under typical environmental conditions. Like other phthalate esters, the higher temperatures,
variations from typical environmental pH, and chemical catalysts present in the deeper anoxic zones of
landfills may be favorable to the degradation of DIBP via hydrolysis (Huang et al., 2013). This is
discussed further in Section 5.3.3.
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4.3 Photolysis

DIBP contains chromophores that absorb light at greater than 290 nm wavelength (NLM, 2013),
therefore, direct photodegradation is a relevant degradation pathway for DIBP released to air. Modeled
indirect photodegradation half-lives indicate a slightly more rapid rate of degradation than direct
photodegradation, estimating a half-life of 1.15 days (27.6 hours) (-OH rate constant of 9.26x10"!2 cm?®
/molecule-second and a 12-hour day with 1.5x10°% OH/cm?®) (U.S. EPA, 2017). Similarly, Peterson et al.
(2003) reported a calculated DIBP photodegradation half-life of 0.89 days (21.4 hours) (-OH rate
constant of 9.26x10'2 cm® /molecule-second and 1x10% OH/cm?d).

DIBP photodegradation in water is expected to be slower than air, due to the typical light attenuation in
natural surface water. There is limited information on the aquatic photodegradation of DIBP. However,
Lertsirisopon et al. (2009) reported DBP (DIBP isomer) aquatic direct photodegradation observed half-
lives of 50, 66, 360, 94 and 57 days at pH 5, 6, 7, 8 and 9, respectively, when exposed to natural sunlight
in artificial river water at 0.4 to 27.4°C (average temperature of 10.8°C). These findings suggest that
DIBP is susceptible to photochemical decay in atmospheric air but that photochemical decay is not
expected to be a significant degradation process in surface water.
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5 MEDIA ASSESSMENTS

DIBP has been reported to be present in the atmosphere, aquatic environments, and terrestrial
environments. Once in the air, DIBP will be most predominant in the organic matter present in airborne
particles and is expected to have a short half-life in the atmosphere. Based on the physical and chemical
properties, DIBP is likely to partition to house dust and airborne particles in the indoor environment, and
is expected to have a longer half-life indoors as compared to ambient (outdoor) air. Once in water, the
Level 11l Fugacity Model in EPI Suite™ (U.S. EPA, 2017) predicts that close to 99 percent of the DIBP
will remain in water (Section 3.2). However, DIBP is expected to readily biodegrade in most aquatic
environments (BASF, 20073, b). In addition, the available data sources suggest that DIBP present in
surface water to potentially have higher than predicted partitioning to aquatic sediments and suspended
organic matter. DIBP is expected to have an aerobic biodegradation half-life of 5 days. In terrestrial
environments DIBP has the potential to be present in soils and ground water, is likely to be more mobile
in groundwater than higher molecular weight PAEs, but is not likely to be persistent in
groundwater/subsurface environments unless anoxic conditions exist (4.1). In soils, DIBP is expected to
be deposited via air deposition and land application of biosolids. DIBP in soils is expected to have a
half-life on the order of days to weeks (based on the estimated half-life of 10 days), and have low
bioaccumulation potential and biomagnification potential in terrestrial organisms. DIBP is released to
groundwater via wastewater effluent and landfill leachates, is expected to have a half-life of 14 days,
and is not likely to be persistent in most groundwater/subsurface environments.

5.1 Air and Atmosphere

DIBP is a liquid at environmental temperatures with a melting point of -64°C (Haynes, 2014) (NLM,
2013) and a vapor pressure of 4.76x10° mmHg at 25°C (NLM, 2013). Based on its physical and
chemical properties and short half-life in the atmosphere, t1> = 27.6 hours (U.S. EPA, 2017), DIBP was
assumed to not be persistent in the air. The AEROWIN™ module in EPI Suite™ estimated that DIBP
present in air is likely to be sorbed to airborne particles and these particulates may be resistant to
atmospheric oxidation. Available data sources have reported DIBP to be detected in air gas phase at
concentrations of 0.250, 8.5 to 515.8, and 1682 to 2038 ng/m? in the Artic, China, and India,
respectively (Net et al., 2015; Das et al., 2014). However, based on DIBP’s short half-life in the
atmosphere, it is not expected to be persistent in atmospheric air under normal environmental conditions.

5.1.1 Indoor Air and Dust

In general, phthalate esters are ubiquitous in the atmosphere and indoor air. Their worldwide presence in
air has been documented in the gas phase, suspended particles, and dust (Net et al., 2015). Most of the
studies reported diethylhexyl phthalate (DEHP) to be the predominant phthalate ester in the
environment. However, the available data sources reported DIBP to be present at higher concentrations
in air phase than DEHP (Net et al., 2015) and to be found in air at higher concentrations indoors than
outdoors (Das et al., 2014; Wormuth et al., 2006). In addition, the available information suggests that
DIBP released to air preferentially accumulated in suspended particles and dust (Das et al., 2014;
Kanazawa et al., 2010; Wormuth et al., 2006). These findings are supported by the LEV3EPI predicted
partitioning during a DIBP release to air scenario. The LEV3EPI predicted 77.9 percent DIBP in air to
partition to organic matter in soil, 4.94 percent to water, and 17.1 percent to remain suspended in air
(U.S. EPA, 2017). DIBP is expected to be more persistent in indoor air than in ambient (outdoor) air due
to the lack of natural chemical removal processes indoors, such as solar photochemical degradation.

The EPA identified several data sources reporting the presence of DIBP in indoor settings. The available
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data sources have reported the presence of DIBP in indoor air and dust. In general, these studies reported
higher concentration of DIBP in dust than air. For instance, Kanazawa et al. (2010) collected air room
samples from 40 dwellings in Sapporo, Japan. In the study DIBP was detected in all indoor air and dust
samples with median concentrations of 75 ng/m?, and 2.4 mg/kg, respectively. In a similar study,
Wormuth et al. (2006) determined the indoor air and indoor dust concentrations of DIBP, DBP, BBP,
and DEHP based on measured concentrations of phthalates in dust of European homes. The study
reported DIBP mean indoor air concentrations of 86 ng/m?®and mean indoor dust concentrations of 84
mg/kg. In addition, the available data suggest that the introduction of household products containing
DIBP and the proximity to industrial activities related to their use and production to potentially increase
the concentration of DIBP in indoor air and dust. Das et al. (2014) explored the implications of
industrial activities by comparing the presence of phthalates in two different cities from India. The study
analyzed indoor air and dust samples from JNU (a city with low industrial activities) and Okhla (a city
with high industrial activities related to the use of phthalates), reporting a general tendency of higher
detectable concentrations of DIBP, DBP, BBP, DCHP, and DEHP in air and dust samples collected in
the city of Okhla. This finding suggests that higher concentrations of phthalates in air and dust could be
expected near facilities with high use and production of phthalates. In the US, the available data reported
DIBP indoor dust concentrations of 12 mg/kg (CA), 1.32 mg/kg (Philadelphia, MA), and 4.367 mg/kg
(Durham, NC) (Hammel et al., 2019; Dodson et al., 2015; Rudel et al., 2001). Dodson et al. (2017)
evaluated the presence of phthalate esters in air samples of US homes before and after occupancy
reporting a general increased presence of phthalates after occupancy due to daily anthropogenic
activities that might introduce phthalate containing products into indoor settings. Increasing trends could
be expected for DIBP with its increased use in household construction materials and consumer products.

5.2 Aquatic Environments

5.2.1 Surface Water

DIBP is expected to be released to surface water via industrial and municipal wastewater treatment plant
effluent, surface water runoff, and, to a lesser degree, atmospheric deposition. DIBP has frequently been
detected in surface waters in the pg/L to mg/L range (Zeng et al., 2008; Wang et al., 2005; Tan, 1995;
Preston and Al-Omran, 1989). The principal properties governing the fate and transport of DIBP in
surface water are water solubility (6.2 mg/L), air:water partitioning coefficient (log Kaw = -4.3), and
organic carbon:water partitioning coefficient (log Koc = 2.67). Due to the Henry’s law constant of DIBP
(1.83x10°" atm-m*/mol at 25 °C), volatilization is not expected to be a significant source of loss of
DIBP from surface water.

A partitioning analysis of a continuous release of DIBP to water estimates that once steady state has
been reached about 1 percent of DIBP will partition to sediments and about 99 percent will remain in
surface water as described in Section 3.2.1 above. However, several data sources have documented the
presence of DIBP in sediments and suspended solids to be higher than in water (Section 5.2.2). In
addition, based on the organic carbon:water partition coefficient (log Koc = 2.67), DIBP in water is
expected to partition to suspended particles and sediments. The available data sources reported the
presence of DIBP and other phthalates in surface water samples collected from rivers and lakes.
Peterson and Al-Omran (1989) explored the presence of phthalates within the River Mersey Estuary
(UK) reporting the presence of DIBP freely dissolved in the water phase at concentrations of 0.338 to
1.100 pg/L. While Tan et al. (1995) did not detect DIBP in the Klang River (MY) in all samples
collected, DIBP concentrations up to 3.3 pg/L were reported from samples where DIBP was detected.
Zeng et al. (2008) reported the presence of DIBP in the dissolved aqueous phase of urban lakes in
Guangzhou City (CHN) at a mean concentration of 0.47 pg/L. Grigoriadou et al. (2008) reported the
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presence of DIBP in lake water samples collected near the industrial area of Kavala city, Greece. The
detected DIBP concentration range in lake water was reported to be 0.067 to 3.800 pg/L. In Canada,
False Creek seawater concentrations of DIBP ranged from 3 to 9 ng/L (total) with the dissolved fraction
concentrations ranging from 2 to 6.7 ng/L and the suspended particulate fraction concentration ranging
from 532 to 2,650 ng/g dry weight (dw) (Mackintosh et al., 2006). The available information suggests
DIBP to potentially be found in high frequency in surface water with higher concentrations in sediments
and suspended particles (Grigoriadou et al., 2008; Preston and Al-Omran, 1989). However, DIBP is
expected to be readily biodegradable, not persistent, and to have a half-life of five days in surface water
(Section 4.1 and Table 3-1).

5.2.2 Sediments

Based on the expected sorption of DIBP to organic matter, DIBP will partition to the organic matter
present in soils and sediment when released into aquatic environments. Once in water, the Level 111
Fugacity Model in EPI Suite™ (U.S. EPA, 2017) predicts that close to 99 percent of the DIBP will
remain in water (Section 3.2.1). However, DIBP is expected to readily biodegrade in most aquatic
environments (BASF, 20073, b). The available data sources indicate that phthalate esters classified as
inherently biodegradable in sediments could potentially persist longer with increasing sorption potential
to sediments (Kickham et al., 2012). This suggests that DIBP could persist longer in subsurface
sediments and soils than in water, to have the potential to accumulate in sediments at areas of continuous
release, such as a surface water body receiving discharge from a municipal wastewater treatment plant.

Due to the strong sorption to organic carbon (log Koc = 2.67), DIBP in water is expected to be found
predominantly in sediments near point sources. This is consistent with available monitoring data
showing presence of DIBP in river, lake, and marine sediment samples. Recent studies have reported the
presence of DIBP in river sediment samples at concentrations between 1.2 and 866.67 ng/g dw in China,
Malaysia, and the United Kingdom(Cheng et al., 2019; Li et al., 2017b; Li et al., 2017a; Tang et al.,
2017; Tan, 1995; Preston and Al-Omran, 1989). Similar and higher concentrations of DIBP in sediments
have been reported in samples from lakes in Guangzhou and Beijing (Zheng et al., 2014; Zeng et al.,
2008). Zheng et al. (2014) reported a direct relationship between the detection of DIBP in sediment and
anthropogenic activities. The study reported the presence of DIBP in sediment samples collected from
the Guanting Reservoir, the Lakes Shichahai and the Lakes in Summer Palace in Beijing at a mean
concentration range of 118.1 to 338.0 ng/g dw. In a similar study, Zeng et al. (2008) explore the
presence of phthalate esters in urban lakes in a subtropical city of Guangzhou, reporting a mean
concentration of DIBP in sediment of 16.010 pg/g dw. Saeed et al. (2017) reported the presence of
DIBP in marine sediment samples from the Kuwait coastal areas receiving sewage effluents. The study
reported DIBP average concentration in sediment of 243.18 ng/g dw. Mackintosh et al. (2006) reported
higher concentrations of DIBP in the suspended particles than in deep sediment of samples collected
from the False Creek Harbor in VVancouver. The study reported DIBP mean concentrations of 4 and
1,190 ng/g in the deep sediment and suspended particles, respectively. In a similar study, Kim et al.
(2021) evaluated the presence of plasticizers in sediments from highly industrialized bays of Korea.
DIBP was detected in 90 percent of the collected surface sediment samples at a median concentration of
0.90 ng/g dw. The study revealed a gradual decreasing trend in the overall concentration of phthalates
toward the outer region of the bays farther away from industrial activities. The findings of this study
suggest industrial activities to be the major contributor of phthalates in sediments within the area.
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5.3 Terrestrial Environment

5.3.1 Biosolids

Sludge is defined as the solid, semi-solid, or liquid residue generated by wastewater treatment processes.
The term “biosolids” refers to treated sludge that meets the EPA pollutant and pathogen requirements
for land application and surface disposal and can be beneficially recycled (40 CFR Part 503) (U.S. EPA
1993). Typically, chemical substances with very low water solubility and high sorption potential are
expected to be sorbed to suspended solids and efficiently removed from wastewater via accumulation in
sewage sludge and biosolids.

As described in Section 6.2, DIBP in wastewater has been reported to be mainly removed by particle
sorption and retained in the sewage sludge. Based on EPI Suite™ STP module, about 15 percent of
DIBP present in wastewater is expected to accumulate in sewage sludge and biosolids. Three studies
have reported DIBP’s concentration in sludge in Chinese WWTPs to be 0.0003 to 5.92 ug/g dw (Zhu et
al., 2019; Meng et al., 2014) and 0.074 to 7.5 pg/g dw in 40 Korean WWTPs (Lee et al., 2019). Two
other studies report sludge concentrations in the United States of 0.32 to 17 pg/g (Howie, 1991) and 966
Mg/L (ATSDR, 1999). Once in biosolids, DIBP could be transferred to soil during land applications.
However, DIBP containing sludge and biosolids have not been reported for uses in surface land disposal
or agricultural application.

5.3.2 Soil

DIBP is expected to be deposited to soil via two primary routes: application of biosolids and sewage
sludge in agricultural applications or sludge drying applications; and atmospheric deposition. Based on
DIBP’s Henry’s Law constant of 1.83x107 atm-m®mol at 25 °C and vapor pressure of 4.76x10° mm
Hg, DIBP is not likely to volatilize from soils. DIBP shows a moderate affinity for sorption to soil and
its organic constituents (log Koc = 2.67 and log Kow = 4.34 (Table 3-1)). Given that these properties
indicate the likelihood of moderate sorption to organic carbon present in soil, DIBP is expected to have
moderate mobility in soil environments.

DIBP will sorb to organic matter in soils with a predicted overall environmental persistence of 14 days
when released to soil (Section 3.2.1). DIBP is expected to be more persistent in soil profiles with
anaerobic conditions (NCBI, 2020). Despite its sorption to soils, DIBP present in soils is expected to be
moderately mobile in the environment and terrestrial organisms may be exposed to DIBP via this
pathway. However, terrestrial species have been reported to have the capacity to metabolize phthalate
substances (Bradlee and Thomas, 2003; Gobas et al., 2003; Barron et al., 1995) and DIBP is expected to
have low bioaccumulation potential and biomagnification potential in terrestrial organisms (Section 7).

Under aerobic conditions, a half-life in soil of 10 days is estimated for DIBP. This aerobic
biodegradation half-life for soil was estimated by doubling the experimentally derived half-life of DIBP
in water as very limited soil biodegradation data for DIBP was identified in the systematic review
process as described in Section 4.1 (SRC, 1983). The results from EPISuite™ suggest that DIBP will not
degrade rapidly in anaerobic environments. This is supported by NCBI (2020) which reports 0 to 30
percent biodegradation in 96 days in anaerobic sediments.

In general, DIBP is not expected to be persistent in soil as long as the rate of release does not exceed the
rate at which biodegradation can occur, but continuous exposure to DIBP in soil proximal to points of
release may be possible if the rate of release exceeds the rate of biodegradation under aerobic
conditions. Under anaerobic conditions in soil, DIBP is assumed to be persistent, and continuous
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exposure is likely.

5.3.3 Landfills

For the purpose of this assessment, landfills will be considered to be divided into two zones: an “upper-
landfill” zone, with normal environmental temperatures and pressures, where biotic processes are the
predominant route of degradation for DIBP, and a “lower-landfill” zone where elevated temperatures
and pressures exist, and abiotic degradation is the predominant route of degradation for DIBP. In the
upper-landfill zone where oxygen may still be present in the subsurface, conditions may still be
favorable for aerobic biodegradation, however, photolysis and hydrolysis are not considered to be
significant sources of degradation in this zone. In the lower-landfill zone, conditions are assumed to be
anoxic, and temperatures present in this zone are likely to inhibit biotic degradation of DIBP. In lower-
landfills, there is some evidence to support that hydrolysis may be the main route of abiotic degradation
of phthalate esters (Huang et al., 2013). Temperatures in lower-landfills may be as high as 70 °C. At
temperatures at and above 60 °C, biotic processes are significantly inhibited, and are likely to be
completely irrelevant at 70 °C (Huang et al., 2013).

DIBP is deposited in landfills continually and in high amounts from the disposal of consumer products
containing DIBP. Similar to other phthalate esters, under anaerobic conditions present in lower-landfills,
DIBP is likely to be persistent due to the expected negligible biodegradation potential. Some aerobic
biodegradation may occur in upper-landfills. Due to the expected persistence of DIBP in landfills, it may
dissolve into leachate in small amounts based on a water solubility of 6.2 mg/L and may travel slowly to
ground water during infiltration of rainwater based on a low log Koc of 2.67. DIBP has been reported in
landfill leachates at concentrations of 11.67 pg/L, 0.1 pg/L, 3.43 pg/L in China, USA, and Poland,
respectively (Kotowska et al., 2020; Liu et al., 2010; CEC, 1976). In China, DIBP has been detected in
surface water and groundwater downstream of landfills at concentrations of 0.40 pg/L and 3.41 pg/L,
respectively (Liu et al., 2010). In lower-landfills, there is some evidence to support that hydrolysis may
be the main route of abiotic degradation of phthalate esters (Huang et al., 2013).

5.3.4 Groundwater

There are several potential sources of DIBP in groundwater, including wastewater effluents and landfill
leachates, which are discussed in Sections 6.2 and 5.3.3. Further, in environments where DIBP is found
in surface water, it may enter groundwater through surface water/groundwater interactions. Diffuse
sources include storm water runoff and runoff from biosolids applied to agricultural land.

Given the strong affinity of DIBP to adsorb to organic matter present in soils and sediments (log Koc =
2.67) (He et al., 2019), DIBP is expected to have low mobility in soil. However, due to DIBP’s water
solubility (6.2 mg/L), DIBP partitioning to groundwater environments is possible resulting in small
concentrations of DIBP in groundwater. For instance, the concentration of DIBP in groundwater has
been reported to be 0.237 pg/L, 0.1 pg/L, and 0.655 pg/L in China, USA, and France, respectively
(Bach et al., 2020; NCBI, 2020; Dong et al., 2018). In instances where DIBP could reasonably be
expected to be present in groundwater environments (proximal to landfills or agricultural land with a
history of land applied biosolids), limited persistence is expected based on rates of biodegradation of
DIBP in aerobic environments (Section 4.1), DIBP is not likely to be persistent in
groundwater/subsurface environments unless anoxic conditions exist.
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6 REMOVAL AND PERSISTENCE POTENTIAL OF DIBP

DIBP is not expected to be persistent in the environment, as it is expected to degrade rapidly under most
environmental conditions, with lower biodegradation rates in low-oxygen media. In the atmosphere,
DIBP is unlikely to remain for long periods of time as it is expected to undergo photolytic degradation
through reaction with atmospheric hydroxyl radicals, with estimated half-lives of 27.6 hours. DIBP is
predicted to hydrolyze slowly at ambient temperature, but is not expected to persist in aquatic media as
it undergoes rapid aerobic biodegradation (Section 5.2.1). DIBP has the potential to remain for longer
periods of time in soil and sediments, and due to its sorption potential (log Koc = 2.67) DIBP uptake by
aquatic organisms is possible. However, terrestrial species have been reported to have the capacity to
metabolize phthalate ester substances (Bradlee and Thomas, 2003; Gobas et al., 2003; Barron et al.,
1995). Using the Level 111 Fugacity model in EPI Suite™ (LEV3EPITM) (Section 3.2.1), DIBP’s
overall environmental persistence was estimated to be approximately 14 days (U.S. EPA, 2017).
Therefore, DIBP is not expected to be persistent in the atmosphere or aquatic and terrestrial
environments.

6.1 Destruction and Removal Efficiency

Destruction and Removal Efficiency (DRE) is a percentage that represents the mass of a pollutant
removed or destroyed in a thermal incinerator relative to the mass that entered the system. DIBP is
classified as a hazardous substance and EPA requires that hazardous waste incineration systems destroy
and remove at least 99.99 percent of each harmful chemical in the waste, including treated hazardous
waste (46 FR 7684) (U.S. EPA, 1981).

Currently there is no information available on the DRE of DIBP. However, the DEHP annual releases
from a Danish waste incineration facility were estimated to be 9 percent to air and 91 percent to
municipal land fill (ECB, 2008). These results suggest that DIBP present during incineration processes
will mainly be released to landfills, with a small fraction released to air. Based on its water solubility
and sorption potential, DIBP released to landfills is expected to partition to waste organic matter.
Similarly, DIBP released to air is expected to rapidly react via indirect photochemical processes within
hours (U.S. EPA, 2017) and partition to soil and water as described in Section 3.2.1. DIBP in sediments
and soils is not expected to be bioavailable for uptake and is highly biodegradable in its bioavailable
form (Kickham et al., 2012).

6.2 Removal in Wastewater Treatment

Wastewater treatment is performed to remove contaminants from wastewater using physical, biological,
and chemical processes. Generally, municipal wastewater treatment facilities apply primary and
secondary treatments. During the primary treatment, screens, grit chambers, and settling tanks are used
to remove solids from wastewater. After undergoing primary treatment, the wastewater undergoes a
secondary treatment. Secondary treatment processes can remove up to 90 percent of the organic matter
in wastewater using biological treatment processes such as trickling filters or activated sludge.
Sometimes an additional stage of treatment such as tertiary treatment is utilized to further clean water
for additional protection using advanced treatment techniques (e.g., ozonation, chlorination,
disinfection) (U.S. EPA, 1998).

Limited information is available on the fate and transport of DIBP in wastewater treatment systems. The
EPA selected four data sources (3 rated as high quality and 1 rated as medium quality) reporting the
removal of DIBP in wastewater treatment systems employing both aerobic and anaerobic processes. The
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available data sources reported 31 to 98 percent removal of DIBP from WWTP effluents (Table 6-1).
One study reported 96.7 percent DIBP removal efficiencies in a municipal wastewater treatment facility
in France, employing a combined decantation and activated sludge tank. DIBP was reported to be
mainly removed by particle sorption and retained in the sewage sludge (Tran et al., 2014). Similarly,
Peterson et al. (2003) reported 98 percent removal of DIBP from the effluent of two WWTPs treating
domestic and industrial wastewater. These findings agree with the STPWIN predicted DIBP removal of
95 percent in domestic wastewater treatment systems (U.S. EPA, 2017). In addition, the median removal
of DBP (DIBP analog) has been reported to be 68 to 98 percent within 50 WWTPs in the U.S. (U.S.
EPA, 1982). However, DIBP has been reported to be removed by 65 percent and -26 to 59 percent
removal in WWTPs from Sweden and Hong Kong, respectively (NCBI, 2020; Wu et al., 2017).

Unlike other phthalates esters with longer carbon chains, DIBPs slight water solubility (6 mg/l) and
relatively lower log Koc (2.67) suggests partial removal via sorption to sludge. This finding is supported
by STPWIN™, by the predicted 35 percent removal of DIBP during conventional wastewater treatment
by sorption to sludge with the potential of increased removal via rapid aerobic biodegradation processes
(U.S. EPA, 2017). Similarly, a study of WWTPs in Korea reported average emission fluxes of DIBP of
10.6 kg/day/WWTP in sludge and 19.8 kg/day/WWTP in the treated effluent (Lee et al., 2019). In
general, the available information suggest that aerobic processes have the potential to help biodegrade
DIBP from wastewater in agreement with the expected aerobic biodegradation described in Section 4.1.
However, DIBP may have low removal efficiencies especially in removal processes where
biodegradation is not significant. Air stripping within the aeration tanks for activated sludge processing
IS not expected to be a significant removal mechanism for DIBP present in wastewater removal process.
In general, the available DBP information in U.S. WWTPs, the predicted and measured removal of
DIBP, WWTPs are expected to remove 65 to 95 percent of DIBP present in wastewater.

Table 6-1. Summary of DIBP’s WWTP Removal Information

Property Selected Value(s) Reference(s) Datsa(%zgllty
Removal (WWTP) 65% NCBI (2020) Medium
96.7% Tran et al. (2014) High
95% U.S. EPA (2017) High
68-98% (Secondary with  |U.S. EPA (1982) High
AS- DBP as analog)
Removal (WWTP- 98% Peterson and Staples (2003) |Medium
Sewage) 31-39% Wu et al. (2017) High

(primary and secondary
without activated sludge)

59%
(primary and secondary
with activated sludge)

6.3 Removal in Drinking Water Treatment

Drinking water in the United States typically comes from surface water (i.e., lakes, rivers, reservoirs)
and groundwater. The source water then flows to a treatment plant where it undergoes a series of water
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treatment steps before being dispersed to homes and communities. In the U.S., public water systems
often use conventional treatment processes that include coagulation, flocculation, sedimentation,
filtration, and disinfection, as required by law.

Limited information is available on the removal of DIBP in drinking water treatment plants. The
available data sources reported concentrations of DIBP in drinking water in the range of 0.11 to 1034.7
ng/L (Ding et al., 2019; Li et al., 2019; Kong et al., 2017; Shan et al., 2016; Das et al., 2014; Shi et al.,
2012). Kong et al. (2017) explored the presence and removal of phthalate esters in a drinking water
treatment system employing coagulation, sedimentation, and filtration treatment processes, and reported
24.3 percent removal of DIBP from the treated effluent. Similarly, Shan et al. (2016) explored the
removal of phthalate esters in a drinking water treatment plant employing coagulation, sedimentation,
filtration, and disinfection treatment processes and reported 36.2 percent removal of DIBP from the
treated effluent. The same data source reported 44.0 percent removal of DIBP from the treated effluent
in a second drinking water treatment system employing peroxidation, coagulation, combined
flocculation and sedimentation, filtration, and disinfection treatment processes. The slightly higher
removal was attributed to the use of ozone preoxidation treatment process. These findings suggest that
conventional drinking water treatment systems may have the potential to partially remove DIBP present
in drinking water sources via sorption to suspended organic matter and filtering media.
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7/ BIOACCUMULATION POTENTIAL OF DIBP

The presence of DIBP in several marine aquatic species in North America suggests that the substance is
bioavailable in aquatic environments (Mackintosh et al., 2004). However, DIBP can be considered
readily biodegradable under most aquatic environments and the estimated fish upper trophic level BCF
of 30.2 L/kg (U.S. EPA, 2017) and measured log Kow of 4.34 suggest that it is expected to have low
bioaccumulation potential. The EPA selected three overall high quality data sources and one overall
medium quality data source reporting the aquatic bioconcentration, aquatic bioaccumulation, aquatic
food web magnification, and terrestrial bioconcentration of DIBP (Table 7-1).

The available data sources discussed below suggest that DIBP has low bioaccumulation potential in
aquatic and terrestrial organisms (Kim et al., 2016; Teil et al., 2012), and no apparent biomagnification
across trophic levels in the aquatic food web (Mackintosh et al., 2004). Teil et al. (2012) reported fish
aquatic biota-sediment accumulation factors (BSAF) of 62.5+26.5 (Roach), 41.4+13.3 (Chub), and
123.5+75.3 (Perch) samples collected from the Orge River in France. These findings suggest low
bioaccumulation potential in aquatic environments, but higher accumulation expected to smaller
organisms exposed to DIBP in sediments. However, the reported Trophic Magnification Factor (TMF)
of 0.11 and 1.8 and Aquatic Food web Magnification (FWMF) of 0.81 indicates trophic dilution of
DIBP from lower to higher trophic levels within the food-web (Kim et al., 2016; Mackintosh et al.,
2004).

There is very limited information on the bioconcentration and bioaccumulation of DIBP in terrestrial
environments. Based on DIBP’s sorption to organic matter (log Koc 2.67) (He et al., 2019) and water
solubility (6.2 mg/L) (U.S. EPA, 2019), DIBP is expected to be bioavailable in soils. However, Lua et
al. (2016) reported DIBP BCF value of 2.23 on the edible fraction of several fruits and vegetables. This
finding suggests low uptake potential of DIBP in soils in edible fruits and vegetables. Therefore, DIBP
is expected to have low bioaccumulation potential and low biomagnification potential in terrestrial
organisms.

Overall, the available data suggest that DIBP is expected to have low bioaccumulation potential and low
biomagnification potential in aquatic and terrestrial organisms.

Table 7-1. Summary of DIBP’s Bioaccumulation Information

Property Selected Value(s) Reference(s) Datsa?itrjlz;hty
Aquatic Bioconcentration |30.2 L/kg U.S. EPA (2017) High
(BCF)
Estimated steady-state
bioconcentration factor (BCF;
L/kg); Arnot-Gobas method, fish
upper trophic level.

Aguatic Biota-sediment |41.4+13.3t0123.5+75.3 Teil et al. (2012) High

accumulation factor

(BSAF) Roach (153 g): 62.5+26.5, Chub
(299 g): 41.4+13.3, and Perch
(49 g): 123.54£75.3
BSAF = Chiota (N9/g)/Csediment
(ng/g)
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Property

Selected Value(s)

Reference(s)

Data Quality

Rating

Aquatic Trophic 0.11-1.8 Kim et al. (2016) High
Magnification Factor
(TMF) 95% confidence interval of the

reported TMF values in the False

Creek food web species

including 3 phytoplankton, 1

zooplankton, 10 invertebrates,

and 10 fish.
Aquatic Food web 0.81 Mackintosh et al. (2004) |High
Magnification (FWMF)

Food-web magnification factor

of 0.81 (0.52—-1.24) in 18 marine

species in the False Creek food

web.
Terrestrial 2.23 Li et al. (2016) High

Bioconcentration (BCF)

BCF of edible fraction of onion,
celery, pepper, tomato, bitter
gourd, eggplant, and long
podded cowpea samples at 0.13
mg/kg.
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8 WEIGHT OF SCIENTIFIC EVIDENCE CONCLUSIONS FOR
FATE AND TRANSPORT

8.1 Strengths, Limitations, Assumptions, and Key Sources of Uncertainty

for the Fate and Transport Assessment

Given the consistent results from numerous high-quality studies, there is robust confidence that DIBP:

Has chromophores that absorb in the visible range of the solar light spectrum and is expected to
undergo direct photolysis (Section 4.3).

Will partition to organic carbon and particulate matter in air (Section 5.1).

Will biodegrade in aerobic surface water, soil, and wastewater treatment processes (Sections 4.1,
5.3.2,6.2).

Slow to no biodegradation in anaerobic environments (Section 4.1).

Will be removed after undergoing wastewater treatment and will sorb to sludge at high fractions,
with a small fraction being present in effluent (Section 6.2).

Is not bioaccumulative (Section 7).

Is not expected to biodegrade under anoxic conditions and may have high persistence in
anaerobic soils and sediments (Sections 4.1, 5.3.2, and 5.2.2).

May have an apparent extended half-life in surface water and sediment proximal to continuous
points of release.

As a result of limited studies identified, there is moderate confidence that DIBP:

Is expected to be partially removed in conventional drinking water treatment systems via
sorption to suspended organic matter and filtering media (Section 6.3).

Has no significant degradation via hydrolysis under standard environmental conditions but
hydrolysis rate was seen to increase with increasing pH and temperature in deep-landfill
environments (Section 5.3.3).

Findings that were found to have a robust weight of evidence supporting them had one or more high-
quality studies that were largely in agreement with each other. Findings that were said to have a
moderate weight of evidence were based on a mix of high and medium-quality studies that were largely
in agreement, but varied in sample size and consistency of findings.

Page 31 of 38



9 PHYSICAL CHEMISTRY AND FATE AND TRANSPORT
ASSESSMENT CONCLUSIONS

The inherent physical and chemical properties of DIBP govern its environmental fate and transport.
Based on DIBP’s aqueous solubility and moderate tendency to adsorb to organic carbon, this chemical
substance will be preferentially sorbed into sediments, soils, and suspended solids in wastewater
treatment processes. Soil, sediment, and sludge/biosolids are predicted to be the major receiving
compartments for DIBP as indicated by its physical and chemical and fate properties and fugacity
assessment, and as supported by monitoring information. Surface water is predicted to be a minor
pathway, and the main receiving compartment for phthalates discharged via wastewater treatment
processes. However, phthalates in surface water will sorb strongly to suspended and benthic sediments.
In areas where DIBP is continually released to water, higher levels of phthalates in surface water can be
expected, trending downward distally from the point of releases. This also hold true for DIBP
concentration in both suspended and benthic sediments. While DIBP undergoes relatively rapid aerobic
biodegradation, it is persistent in anoxic/anaerobic environments (sediment, landfills) and like other
phthalates it is expected to slowly hydrolyze under normal environmental conditions.

If released directly to the atmosphere, DIBP is expected to adsorb to particulate matter. It is not expected
to undergo long-range transport facilitated by particulate matter due to the relatively rapid rates of both
direct and indirect photolysis. Atmospheric concentrations of DIBP may be elevated proximal to sites of
releases. Off gassing from landfills and volatilization from wastewater treatment processes are expected
to be negligible releases in terms of ecological or human exposure in the environment due to its low
vapor pressure. DIBP released to air may undergo rapid photodegradation and it is not expected to be a
candidate chemical for long range transport.

In indoor settings, DIBP released to air is expected to preferentially accumulate in suspended particles
and dust (Das et al., 2014; Kanazawa et al., 2010; Wormuth et al., 2006). The available information
suggests that DIBP’s indoor dust concentrations are associated with the presence of phthalate containing
articles and the proximity to the facilities producing them (Das et al., 2014) as well as daily
anthropogenic activities that might introduce DIBP containing products into indoor settings (Dodson et
al., 2017).

DIBP has a predicted average environmental half-life of 14 days. In situations where aerobic conditions
are predominant, DIBP is expected to degrade rapidly and be more persistent under anoxic/anaerobic
conditions. In some sediments, landfills, and soils, DIBP may be persistent as it is resistant to anaerobic
biodegradation. In anerobic environments, such as deep landfill zones, hydrolysis is expected the most
prevalent process for the degradation of DIBP.

Page 32 of 38


https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2298077
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=697390
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=680214
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2298077
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5755270
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5755270

REFERENCES

ATSDR. (1999). Toxicological profile for di-n-butyl phthalate (update): Draft for public comment
[ATSDR Tox Profile]. Atlanta, GA: U.S. Department of Health and Human Services, Public
Health Service. https://search.proquest.com/docview/14522785?accountid=171501

Bach, C; Rosin, C; Munoz, JF; Dauchy, X. (2020). National screening study investigating nine
phthalates and one adipate in raw and treated tap water in France. Environ Sci Pollut Res Int 27:
36476-36486. http://dx.doi.org/10.1007/s11356-020-09680-6

Barron, MG; Albro, PW; Hayton, WL. (1995). Biotransformation of di(2-ethylhexyl)phthalate by
rainbow trout [Letter]. Environ Toxicol Chem 14: 873-876.
http://dx.doi.org/10.1002/etc.5620140519

BASFE. (2001). [Redacted] Physico-chemical properties of "Palatinol IC" [TSCA Submission]. (Study
No. 01L00168).

BASF. (2007a). [Redacted] Determination of the biodegradability in the closed bottle test (OECD
Guideline 301D); Test substance: Diisobutyl phthalate [TSCA Submission]. (22G0233/023031).

BASEF. (2007b). [Redacted] Determination of the biodegradability in the CO2-evolution test (OECD
Guideline 301B); Test substance: Diisobutyl phthalate [TSCA Submission]. (22G0233/023030).

Bradlee, CA; Thomas, P. (2003). Aquatic toxicity of phthalate esters. In C Staples (Ed.), The Handbook
of Environmental Chemistry, vol 3Q (pp. 263-298). Berlin, Germany: Springer-Verlag.
http://dx.doi.org/10.1007/b11469

CEC. (1976). COST-Project 64b: A comprehensive list of polluting substances which have been
identified in various fresh waters, effluent discharges, aquatic animals and plants, and bottom
sediments, second edition. (EUCO/MDU/73/76/X11/476/76).

Cheng, Z; Liu, JB; Gao, M; Shi, GZ; Fu, XJ; Cai, P; Lv, YF; Guo, ZB; Shan, CQ; Yang, ZB; Xu, XX;
Xian, JR; Yang, YX; Li, KB; Nie, XP. (2019). Occurrence and distribution of phthalate esters in
freshwater aquaculture fish ponds in Pearl River Delta, China. Environ Pollut 245: 883-888.
http://dx.doi.org/10.1016/j.envpol.2018.11.085

Cousins, I; Mackay, D. (2000). Correlating the physical-chemical properties of phthalate esters using
the “three solubility' approach. Chemosphere 41: 1389-1399. http://dx.doi.org/10.1016/S0045-
6535(00)00005-9

Das, MT; Ghosh, P; Thakur, IS. (2014). Intake estimates of phthalate esters for South Delhi population
based on exposure media assessment. Environ Pollut 189: 118-125.
http://dx.doi.org/10.1016/j.envpol.2014.02.021

Ding, M; Kang, Q; Zhang, S; Zhao, F; Mu, D; Zhang, H; Yang, M; Hu, J. (2019). Contribution of
phthalates and phthalate monoesters from drinking water to daily intakes for the general
population. Chemosphere 229: 125-131. http://dx.doi.org/10.1016/j.chemosphere.2019.05.023

Dodson, RE; Camann, DE; Morello-Frosch, R; Brody, JG; Rudel, RA. (2015). Semivolatile organic
compounds in homes: strategies for efficient and systematic exposure measurement based on
empirical and theoretical factors. Environ Sci Technol 49: 113-122.
http://dx.doi.org/10.1021/es502988r

Dodson, RE; Udesky, JO; Colton, MD; Mccauley, M; Camann, DE; Yau, AY; Adamkiewicz, G; Rudel,
RA. (2017). Chemical exposures in recently renovated low-income housing: Influence of
building materials and occupant activities. Environ Int 109: 114-127.
http://dx.doi.org/10.1016/j.envint.2017.07.007

Dong, W; Xie, We; Su, X; Wen, C; Cao, Z; Wan, Y. (2018). Review: Micro-organic contaminants in
groundwater in China. Hydrogeology Journal 26: 1351-1369. http://dx.doi.org/10.1007/s10040-
018-1760-z

EC/HC. (2015a). State of the science report: Phthalate substance grouping: Medium-chain phthalate
esters: Chemical Abstracts Service Registry Numbers: 84-61-7; 84-64-0; 84-69-5; 523-31-9;
5334-09-8;16883-83-3; 27215-22-1; 27987-25-3; 68515-40-2; 71888-89-6. Gatineau, Quebec:

Page 33 of 38



https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5676112
https://search.proquest.com/docview/14522785?accountid=171501
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6957772
http://dx.doi.org/10.1007/s11356-020-09680-6
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=791119
http://dx.doi.org/10.1002/etc.5620140519
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11182936
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11182939
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11182937
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=7266354
http://dx.doi.org/10.1007/b11469
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=7019252
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5043518
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5043518
http://dx.doi.org/10.1016/j.envpol.2018.11.085
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4159647
http://dx.doi.org/10.1016/S0045-6535(00)00005-9
http://dx.doi.org/10.1016/S0045-6535(00)00005-9
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2298077
http://dx.doi.org/10.1016/j.envpol.2014.02.021
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5432923
http://dx.doi.org/10.1016/j.chemosphere.2019.05.023
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2816371
http://dx.doi.org/10.1021/es502988r
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5755270
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5755270
http://dx.doi.org/10.1016/j.envint.2017.07.007
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5043436
http://dx.doi.org/10.1007/s10040-018-1760-z
http://dx.doi.org/10.1007/s10040-018-1760-z
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3688160

Environment Canada, Health Canada. https://www.ec.gc.ca/ese-ees/4D845198-761D-428B-
A519-75481B25B3E5/SoS_Phthalates%20%28Medium-chain%29 EN.pdf

EC/HC. (2015b). State of the science report: Phthalates substance grouping: Long-chain phthalate esters.
1,2-Benzenedicarboxylic acid, diisodecy! ester (diisodecyl phthalate; DIDP) and 1,2-
Benzenedicarboxylic acid, diundecyl ester (diundecyl phthalate; DUP). Chemical Abstracts
Service Registry Numbers: 26761-40-0, 68515-49-1; 3648-20-2. Gatineau, Quebec:
Environment Canada, Health Canada. https://www.ec.gc.ca/ese-
ees/default.asp?lang=En&n=D3FB0OF30-1

EC/HC. (2017). Draft screening assessment: Phthalate substance grouping. Ottawa, Ontario:
Government of Canada, Environment Canada, Health Canada. http://www.ec.gc.ca/ese-
ees/default.asp?lang=En&n=516A504A-1

ECB. (2008). European Union risk assessment report: Bis(2-ethylhexyl)phthalate (DEHP) [Standard]. In
2nd Priority List. (EUR 23384 EN). Luxembourg: Office for Official Publications of the
European Communities. https://op.europa.eu/en/publication-detail/-/publication/80eaeafa-5985-
4481-9b83-7b5d39241d52

ECHA. (2012). Committee for Risk Assessment (RAC) Committee for Socio-economic Analysis
(SEAC): Background document to the Opinion on the Annex XV dossier proposing restrictions
on four phthalates: Annexes. Helsinki, Finland.
https://echa.europa.eu/documents/10162/13641/rest_four_phthalates axvreport_annex_en.pdf/92
a98820-0a66-4a2c-fabe-84bf64e45af4

Elsevier. (2019). Reaxys: physical-chemical property data for diisobutyl phthalate. CAS Registry
Number: 84-69-5 [Website].

Gobas, FAP; Mackintosh, CE; Webster, G; Ikonomou, M; Parkerton, TF; Robillard, K. (2003).
Bioaccumulation of phthalate esters in aquatic food-webs. In CA Staples (Ed.), Handbook of
environmental chemistry, vol 3Q (pp. 201-225). Berlin, Germany: Springer Verlag.
http://dx.doi.org/10.1007/b11467

Grigoriadou, A; Schwarzbauer, J; Georgakopoulos, A. (2008). Molecular indicators for pollution source
identification in marine and terrestrial water of the industrial area of Kavala City, North Greece.
Environ Pollut 151: 231-242. http://dx.doi.org/10.1016/j.envpol.2007.01.053

Hammel, SC; Levasseur, JL; Hoffman, K; Phillips, AL ; Lorenzo, AM; Calafat, AM; Webster, TF;
Stapleton, HM. (2019). Children's exposure to phthalates and non-phthalate plasticizers in the
home: The TESIE study. Environ Int 132: 105061.
http://dx.doi.org/10.1016/j.envint.2019.105061

Harlan Laboratories. (2010). Di-isobutylphthalate (DIBP): Assessment of ready biodegradability; CO2
evolution test [TSCA Submission]. (2197/0097). Houston, TX: LyondellBasell Industries.

Hashizume, K; Nanya, J; Toda, C; Yasui, T; Nagano, H; Kojima, N. (2002). Phthalate esters detected in
various water samples and biodegradation of the phthalates by microbes isolated from river
water. Biol Pharm Bull 25: 209-214. http://dx.doi.org/10.1248/bpb.25.209

Haynes, WM. (2014). CRC handbook of chemistry and physics Diisodecyl phthalate (95 ed.). Boca
Raton, FL: CRC Press.

He, Y; Wang, Q: He, W; Xu, F. (2019). The occurrence, composition and partitioning of phthalate esters
(PAES) in the water-suspended particulate matter (SPM) system of Lake Chaohu, China. Sci
Total Environ 661: 285-293. http://dx.doi.org/10.1016/j.scitotenv.2019.01.161

Hollifield, HC. (1979). Rapid nephelometric estimate of water solubility of highly insoluble organic
chemicals of environmental interest. Bull Environ Contam Toxicol 23: 579-586.
http://dx.doi.org/10.1007/BF01770007

Howie, B. (1991). Effects of dried wastewater-treatment sludge application on ground-water quality in
South Dade County, Florida. Howie, B. http://dx.doi.org/10.3133/wri914135

Hu, XY; Wen, B; Zhang, S; Shan, XQ. (2005). Bioavailability of phthalate congeners to earthworms

Page 34 of 38


https://www.ec.gc.ca/ese-ees/4D845198-761D-428B-A519-75481B25B3E5/SoS_Phthalates%20%28Medium-chain%29_EN.pdf
https://www.ec.gc.ca/ese-ees/4D845198-761D-428B-A519-75481B25B3E5/SoS_Phthalates%20%28Medium-chain%29_EN.pdf
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=7264199
https://www.ec.gc.ca/ese-ees/default.asp?lang=En&n=D3FB0F30-1
https://www.ec.gc.ca/ese-ees/default.asp?lang=En&n=D3FB0F30-1
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5353181
http://www.ec.gc.ca/ese-ees/default.asp?lang=En&n=516A504A-1
http://www.ec.gc.ca/ese-ees/default.asp?lang=En&n=516A504A-1
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1614673
https://op.europa.eu/en/publication-detail/-/publication/80eaeafa-5985-4481-9b83-7b5d39241d52
https://op.europa.eu/en/publication-detail/-/publication/80eaeafa-5985-4481-9b83-7b5d39241d52
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=7325405
https://echa.europa.eu/documents/10162/13641/rest_four_phthalates_axvreport_annex_en.pdf/92a98820-0a66-4a2c-fabe-84bf64e45af4
https://echa.europa.eu/documents/10162/13641/rest_four_phthalates_axvreport_annex_en.pdf/92a98820-0a66-4a2c-fabe-84bf64e45af4
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5926421
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=9429151
http://dx.doi.org/10.1007/b11467
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=792188
http://dx.doi.org/10.1016/j.envpol.2007.01.053
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5532853
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5532853
http://dx.doi.org/10.1016/j.envint.2019.105061
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11182940
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=679647
http://dx.doi.org/10.1248/bpb.25.209
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5348311
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5433399
http://dx.doi.org/10.1016/j.scitotenv.2019.01.161
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=7401366
http://dx.doi.org/10.1007/BF01770007
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5475981
http://dx.doi.org/10.3133/wri914135
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=481534

(Eisenia fetida) in artificially contaminated soils. Ecotoxicol Environ Saf 62: 26-34.
http://dx.doi.org/10.1016/j.ecoenv.2005.02.012

Huang, J; Nkrumah, PN; Li, Y; Appiah-Sefah, G. (2013). Chemical behavior of phthalates under abiotic
conditions in landfills [Review]. Rev Environ Contam Toxicol 224: 39-52.
http://dx.doi.org/10.1007/978-1-4614-5882-1 2

Inman, JC; Strachan, SD; Sommers, LE; Nelson, DW. (1984). The decomposition of phthalate esters in
soil. J Environ Sci Health B 19: 245-257. http://dx.doi.org/10.1080/03601238409372429

Ishak, H; Stephan, J; Karam, R; Goutaudier, C; Mokbel, I; Saliba, C; Saab, J. (2016). Aqueous
solubility, vapor pressure and octanol-water partition coefficient of two phthalate isomers dibutyl
phthalate and di-isobutyl phthalate contaminants of recycled food packages. Fluid Phase
Equilibria 427: 362-370. http://dx.doi.org/10.1016/].fluid.2016.07.018

Ji, LL; Deng, Li. (2016). Energy, Environmental & Sustainable Ecosystem Development Influence of
carbon nanotubes on dibutyl phthalate bioaccumulation from contaminated soils by earthworms.
Singapore: World Scientific. http://dx.doi.org/10.1142/9789814723008 0043

Kanazawa, A; Saito, |; Araki, A; Takeda, M; Ma, M; Saijo, Y Kishi, R. (2010). Association between
indoor exposure to semi-volatile organic compounds and building-related symptoms among the
occupants of residential dwellings. Indoor Air 20: 72-84. http://dx.doi.org/10.1111/j.1600-
0668.2009.00629.x

Kickham, P; Otton, SV; Moore, MM Ikonomou, MG; Gobas, FAPC. (2012). Relationship between
biodegradation and sorption of phthalate esters and their metabolites in natural sediments.
Environ Toxicol Chem 31: 1730-1737. http://dx.doi.org/10.1002/etc.1903

Kim, J; Gobas, FA; Arnot, JA; Powell, DE; Seston, RM; Woodburn, KB. (2016). Evaluating the roles of
biotransformation, spatial concentration differences, organism home range, and field sampling
design on trophic magnification factors. Sci Total Environ 551-552: 438-451.
http://dx.doi.org/10.1016/j.scitotenv.2016.02.013

Kim, S; Kim, Y; Moon, HB. (2021). Contamination and historical trends of legacy and emerging
plasticizers in sediment from highly industrialized bays of Korea. Sci Total Environ 765:
142751. http://dx.doi.org/10.1016/].scitotenv.2020.142751

Kong, YL; Shen, JM; Chen, ZL; Kang, J; Li, TP; Wu, XF; Kong, XZ; Fan, LT. (2017). Profiles and risk
assessment of phthalate acid esters (PAESs) in drinking water sources and treatment plants, East
China. Environ Sci Pollut Res Int 24: 23646-23657. http://dx.doi.org/10.1007/s11356-017-9783-
X

Kotowska, U; Kapelewska, J; Sawczuk, R. (2020). Occurrence, removal, and environmental risk of
phthalates in wastewaters, landfill leachates, and groundwater in Poland. 267: 115643.
https://heronet.epa.gov/heronet/index.cfm/reference/download/reference_id/6958938

Kubwabo, C; Rasmussen, PE; Fan, X; Kosarac, I; Wu, F; Zidek, A; Kuchta, SL. (2013). Analysis of
selected phthalates in Canadian indoor dust collected using a household vacuum and a
standardized sampling techniques. Indoor Air 23: 506-514. http://dx.doi.org/10.1111/ina.12048

Lee, YS; Lee, S; Lim, JE; Moon, HB. (2019). Occurrence and emission of phthalates and non-phthalate
plasticizers in sludge from wastewater treatment plants in Korea. Sci Total Environ 692: 354-
360. http://dx.doi.org/10.1016/j.scitotenv.2019.07.301

Lertsirisopon, R; Soda, S; Sei, K; Ike, M. (2009). Abiotic degradation of four phthalic acid esters in
aqueous phase under natural sunlight irradiation. J Environ Sci 21: 285-290.
http://dx.doi.org/10.1016/S1001-0742(08)62265-2

Li, C; Chen, J; Wang, J; Han, P; Luan, Y; Ma, X; Lu, A. (2016). Phthalate esters in soil, plastic film, and
vegetable from greenhouse vegetable production bases in Beijing, China: Concentrations,
sources, and risk assessment [Supplemental Data]. Sci Total Environ 568: 1037-1043.
http://dx.doi.org/10.1016/j.scitotenv.2016.06.077

Li, J; Zhao, H; Xia, W; Zhou, Y Xu, S; Cai, Z. (2019). Nine phthalate metabolites in human urine for

Page 35 of 38


http://dx.doi.org/10.1016/j.ecoenv.2005.02.012
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1597688
http://dx.doi.org/10.1007/978-1-4614-5882-1_2
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=790683
http://dx.doi.org/10.1080/03601238409372429
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3475635
http://dx.doi.org/10.1016/j.fluid.2016.07.018
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3502662
http://dx.doi.org/10.1142/9789814723008_0043
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=697390
http://dx.doi.org/10.1111/j.1600-0668.2009.00629.x
http://dx.doi.org/10.1111/j.1600-0668.2009.00629.x
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1339546
http://dx.doi.org/10.1002/etc.1903
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3350326
http://dx.doi.org/10.1016/j.scitotenv.2016.02.013
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=7976686
http://dx.doi.org/10.1016/j.scitotenv.2020.142751
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4728478
http://dx.doi.org/10.1007/s11356-017-9783-x
http://dx.doi.org/10.1007/s11356-017-9783-x
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6958938
https://heronet.epa.gov/heronet/index.cfm/reference/download/reference_id/6958938
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1588869
http://dx.doi.org/10.1111/ina.12048
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6959335
http://dx.doi.org/10.1016/j.scitotenv.2019.07.301
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=680048
http://dx.doi.org/10.1016/S1001-0742(08)62265-2
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3350219
http://dx.doi.org/10.1016/j.scitotenv.2016.06.077
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5041216

the comparison of health risk between population groups with different water consumptions. Sci
Total Environ 649: 1532-1540. http://dx.doi.org/10.1016/].scitotenv.2018.08.294

Li, R; Liang, J; Duan, H; Gong, Z. (2017a). Spatial distribution and seasonal variation of phthalate esters
in the Jiulong River estuary, Southeast China. Mar Pollut Bull 122: 38-46.
http://dx.doi.org/10.1016/j.marpolbul.2017.05.062

Li, R; Liang, J; Gong, Z; Zhang, N; Duan, H. (2017b). Occurrence, spatial distribution, historical trend
and ecological risk of phthalate esters in the Jiulong River, Southeast China [Supplemental
Data]. Sci Total Environ 580: 388-397. http://dx.doi.org/10.1016/j.scitotenv.2016.11.190

Liu, Hu; Liang, Y; Zhang, Da; Wang, C; Liang, H; Cai, H. (2010). Impact of MSW landfill on the
environmental contamination of phthalate esters. Waste Manag 30: 1569-1576.
http://dx.doi.org/10.1016/j.wasman.2010.01.040

Lu, C. (2009). Prediction of environmental properties in water-soil-air systems for phthalates. Bull
Environ Contam Toxicol 83: 168-173. http://dx.doi.org/10.1007/s00128-009-9728-2

Mackay, D; Di Guardo, A; Paterson, S; Cowan, CE. (1996). Evaluating the environmental fate of a
variety of types of chemicals using the EQC model. Environ Toxicol Chem 15: 1627-1637.
http://dx.doi.org/10.1002/etc.5620150929

Mackintosh, CE; Maldonado, J; Hongwu, J; Hoover, N; Chong, A; Ikonomou, MG; Gobas, FA. (2004).
Distribution of phthalate esters in a marine aquatic food web: Comparison to polychlorinated
biphenyls. Environ Sci Technol 38: 2011-2020. http://dx.doi.org/10.1021/es034745r

Mackintosh, CE; Maldonado, JA; Ikonomou, MG; Gobas, FA. (2006). Sorption of phthalate esters and
PCBs in a marine ecosystem. Environ Sci Technol 40: 3481-3488.
http://dx.doi.org/10.1021/es0519637

Meng, XZ; Wang, Y; Xiang, N; Chen, L; Liu, Z; Wu, B; Dai, X; Zhang, YH; Xie, Z; Ebinghaus, R.
(2014). Flow of sewage sludge-borne phthalate esters (PAEs) from human release to human
intake: implication for risk assessment of sludge applied to soil. Sci Total Environ 476-477: 242-
249. http://dx.doi.org/10.1016/j.scitotenv.2014.01.007

NCBI. (2020). PubChem Compound Summary for CID 6782 Diisobutyl phthalate.

Net, S; Sempéré, R; Delmont, A; Paluselli, A; Ouddane, B. (2015). Occurrence, fate, behavior and
ecotoxicological state of phthalates in different environmental matrices [Review]. Environ Sci
Technol 49: 4019-4035. http://dx.doi.org/10.1021/es505233b

NLM. (2013). PubChem: Hazardous Substance Data Bank: Diisobutyl phthalate, 84-69-5 [Website].
https://pubchem.ncbi.nlm.nih.gov/compound/6782#source=HSDB

Peterson, DR; Staples, CA. (2003). Series Anthropogenic Compounds Degradation of phthalate esters in
the environment. In The Handbook of Environmental Chemistry book series. New York, NY:
Springer-Verlag. http://dx.doi.org/10.1007/b11464

Preston, MR; Al-Omran, LA. (1989). Phthalate ester speciation in estuarine water, suspended
particulates and sediments. Environ Pollut 62: 183-194. http://dx.doi.org/10.1016/0269-
7491(89)90186-3

Rudel, RA:; Brody, JG; Spengler, JD; Vallarino, J; Geno, PW; Sun, G; Yau, A. (2001). Identification of
selected hormonally active agents and animal mammary carcinogens in commercial and
residential air and dust samples. J Air Waste Manag Assoc 51: 499-513.
http://dx.doi.org/10.1080/10473289.2001.10464292

Rumble, JR. (2018). CRC handbook of chemistry and physics: Diisobutyl phthalate. Boca Raton, FL:
CRC Press.

Rumble, JR. (2021). CRC Handbook of Chemistry and Physics Online (Version 102nd Edition (Internet
Version 2021)) [Database]. Boca Raton, FL: CRC Press/Taylor & Francis. Retrieved from
https://hbcp.chemnetbase.com/faces/documents/02_07/02_07_0001.xhtml

Saeed, T; Al-Jandal, N; Abusam, A; Taqi, H; Al-Khabbaz, A; Zafar, J. (2017). Sources and levels of
endocrine disrupting compounds (EDCs) in Kuwait's coastal areas. Mar Pollut Bull 118: 407-

Page 36 of 38


http://dx.doi.org/10.1016/j.scitotenv.2018.08.294
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3859571
http://dx.doi.org/10.1016/j.marpolbul.2017.05.062
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3483279
http://dx.doi.org/10.1016/j.scitotenv.2016.11.190
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1336447
http://dx.doi.org/10.1016/j.wasman.2010.01.040
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=807140
http://dx.doi.org/10.1007/s00128-009-9728-2
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=74238
http://dx.doi.org/10.1002/etc.5620150929
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=789501
http://dx.doi.org/10.1021/es034745r
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2158899
http://dx.doi.org/10.1021/es0519637
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2345986
http://dx.doi.org/10.1016/j.scitotenv.2014.01.007
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6629592
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2823275
http://dx.doi.org/10.1021/es505233b
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5926117
https://pubchem.ncbi.nlm.nih.gov/compound/6782#source=HSDB
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5348332
http://dx.doi.org/10.1007/b11464
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=680380
http://dx.doi.org/10.1016/0269-7491(89)90186-3
http://dx.doi.org/10.1016/0269-7491(89)90186-3
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=198234
http://dx.doi.org/10.1080/10473289.2001.10464292
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5926366
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10285552
https://hbcp.chemnetbase.com/faces/documents/02_07/02_07_0001.xhtml
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3859095

412. http://dx.doi.org/10.1016/j.marpolbul.2017.03.010

Shan, XM; Wang, BS; Lu, BB; Shen, DH. (2016). [Investigation of pollution of phthalate esters and
bisphenols in source water and drinking water in Hefei City, China]. Huanjing yu Zhiye Yixue
33: 350-355. http://dx.doi.org/10.13213/j.cnki.jeom.2016.15419

Shi, W; Hu, X; Zhang, F; Hu, G; Hao, Y; Zhang, X; Liu, H; Wei, S; Wang, X; Giesy, JP; Yu, H. (2012).
Occurrence of thyroid hormone activities in drinking water from eastern China: Contributions of
phthalate esters. Environ Sci Technol 46: 1811-1818. http://dx.doi.org/10.1021/es202625r

SRC. (1983). Exhibit I shake flask biodegradation of 14 commercial phthalate esters [TSCA
Submission]. (SRC L1543-05. OTS0508481. 42005 G5-2. 40-8326129. TSCATS/038111).
Chemical Manufacturers Association.
https://ntrl.ntis.gov/NTRL /dashboard/searchResults/titleDetail/OTS0508481.xhtml

SRC. (1984). Activated sludge biodegradation of 12 commercial phthalate esters contract No. PE-17.0-
ET-SRC [TSCA Submission]. (SRC-TR-84-643. OTS0508490. 42005 G9-2. 40-8426080.
TSCATS/038162). Chemical Manufacturers Association.
https://ntrl.ntis.gov/NTRL/dashboard/searchResults/titleDetail/OTS0508490.xhtml

Tan, GH. (1995). Residue levels of phthalate esters in water and sediment samples from the klang river
basin. Bull Environ Contam Toxicol 54: 171-176. http://dx.doi.org/10.1007/bf00197427

Tang, J; An, T; Li, G; Wei, C. (2017). Spatial distributions, source apportionment and ecological risk of
SVOCs in water and sediment from Xijiang River, Pearl River Delta. Environ Geochem Health
40: 1853-1865. http://dx.doi.org/10.1007/s10653-017-9929-2

Teil, MJ; Tlili, K; Blanchard, M; Chevreuil, M; Alliot, F; Labadie, P. (2012). Occurrence of
Polybrominated Diphenyl Ethers, Polychlorinated Biphenyls, and Phthalates in Freshwater Fish
From the Orge River (lle-de France). Arch Environ Contam Toxicol 63: 101-113.
http://dx.doi.org/10.1007/s00244-011-9746-z

Tran, BC; Teil, MJ; Blanchard, M; Alliot, F; Chevreuil, M. (2014). BPA and phthalate fate in a sewage
network and an elementary river of France. Influence of hydroclimatic conditions. Chemosphere
119C: 43-51. http://dx.doi.org/10.1016/j.chemosphere.2014.04.036

U.S. CPSC. (2011). Toxicity review of diisobutyl phthalate (DiBP, CASRN 84-69-5). Bethesda, MD:
U.S. Consumer Product Safety Commission. https://www.cpsc.gov/s3fs-
public/ToxicityReviewOfDiBP.pdf

U.S. EPA. (1981). Federal Register: January 23, 1981, Part 4. Incinerator Standards for Owners and
Operators of Hazardous Waste Management Facilities; Interim Final Rule and Proposed Rule.
(OSWFR81027). http://nepis.epa.gov/exe/ZyPURL.cgi?Dockey=10003NOR.txt

U.S. EPA. (1982). Fate of priority pollutants in publicly owned treatment works, Volume i. (EPA 440/1-
82/303). Washington, DC: Effluent Guidelines Division.
http://nepis.epa.gov/exe/ZyPURL.cgi?Dockey=000012HL .txt

U.S. EPA. (1993). Standards for the use or disposal of sewage sludge: Final rules [EPA Report]. (EPA
822/Z-93-001). Washington, DC.

U.S. EPA. (1998). How wastewater treatment works... the basics. (EPA 833-F-98-002). Washington,
DC: Office of Water.

U.S. EPA. (2017). Estimation Programs Interface Suite™ v.4.11. Washington, DC: U.S. Environmental
Protection Agency, Office of Pollution Prevention Toxics. Retrieved from
https://www.epa.gov/tsca-screening-tools/download-epi-suitetm-estimation-program-interface-
vall

U.S. EPA. (2019). Chemistry Dashboard Information for Diisobutyl phthalate. 84-69-5 [Website].
https://comptox.epa.gov/dashboard/dsstoxdb/results?search=DTXS1D9022522

U.S. EPA. (2020). Final scope of the risk evaluation for di-isobutyl phthalate (1,2-benzenedicarboxylic
acid, 1,2-bis(2-methylpropyl) ester); CASRN 84-69-5 [EPA Report]. (EPA-740-R-20-018).
Washington, DC: Office of Chemical Safety and Pollution Prevention.

Page 37 of 38


http://dx.doi.org/10.1016/j.marpolbul.2017.03.010
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5491666
http://dx.doi.org/10.13213/j.cnki.jeom.2016.15419
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1249969
http://dx.doi.org/10.1021/es202625r
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1316198
https://ntrl.ntis.gov/NTRL/dashboard/searchResults/titleDetail/OTS0508481.xhtml
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1316206
https://ntrl.ntis.gov/NTRL/dashboard/searchResults/titleDetail/OTS0508490.xhtml
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=680414
http://dx.doi.org/10.1007/bf00197427
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3973043
http://dx.doi.org/10.1007/s10653-017-9929-2
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1249662
http://dx.doi.org/10.1007/s00244-011-9746-z
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2519056
http://dx.doi.org/10.1016/j.chemosphere.2014.04.036
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5155528
https://www.cpsc.gov/s3fs-public/ToxicityReviewOfDiBP.pdf
https://www.cpsc.gov/s3fs-public/ToxicityReviewOfDiBP.pdf
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1265683
http://nepis.epa.gov/exe/ZyPURL.cgi?Dockey=10003NOR.txt
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1265686
http://nepis.epa.gov/exe/ZyPURL.cgi?Dockey=000012HL.txt
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=624909
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=12170127
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11181058
https://www.epa.gov/tsca-screening-tools/download-epi-suitetm-estimation-program-interface-v411
https://www.epa.gov/tsca-screening-tools/download-epi-suitetm-estimation-program-interface-v411
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5926150
https://comptox.epa.gov/dashboard/dsstoxdb/results?search=DTXSID9022522
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10228614

https://www.epa.gov/sites/default/files/2020-09/documents/casrn_84-69-5_di-
isobutyl_phthalate final_scope.pdf

U.S. EPA. (2021). Draft systematic review protocol supporting TSCA risk evaluations for chemical
substances, Version 1.0: A generic TSCA systematic review protocol with chemical-specific
methodologies. (EPA Document #EPA-D-20-031). Washington, DC: Office of Chemical Safety
and Pollution Prevention. https://www.regulations.gov/document/EPA-HQ-OPPT-2021-0414-
0005

U.S. EPA. (2024a). Draft Data Quality Evaluation and Data Extraction Information for Environmental
Fate and Transport for Diisobutyl Phthalate (DIBP). Washington, DC: Office of Pollution
Prevention and Toxics.

U.S. EPA. (2024b). Draft Data Quality Evaluation and Data Extraction Information for Physical and
Chemical Properties for Diisobutyl Phthalate (DIBP). Washington, DC: Office of Pollution
Prevention and Toxics.

U.S. EPA. (2024c). Draft Systematic Review Protocol for Diisobutyl Phthalate (DIBP). Washington,
DC: Office of Pollution Prevention and Toxics.

Wang, LM; Richert, R. (2007). Glass transition dynamics and boiling temperatures of molecular liquids
and their isomers. J Phys Chem B 111: 3201-3207. http://dx.doi.org/10.1021/jp068825

Wang, W; Wu, FY; Huang, MJ; Kang, Y; Cheung, KC; Wong, MH. (2013). Size fraction effect on
phthalate esters accumulation, bioaccessibility and in vitro cytotoxicity of indoor/outdoor dust,
and risk assessment of human exposure. J Hazard Mater 261: 753-762.
http://dx.doi.org/10.1016/].jhazmat.2013.04.039

Wang, YQ: Hu, W; Cao, ZH; Fu, XQ; Zhu, T. (2005). Occurrence of endocrine-disrupting compounds
in reclaimed water from Tianjin, China. Anal Bioanal Chem 383: 857-863.
http://dx.doi.org/10.1007/s00216-005-0082-x

Wolfe, NL; Steen, WC; Burns, LA. (1980). Phthalate ester hydrolysis: Linear free energy relationships.
Chemosphere 9: 403-408. http://dx.doi.org/10.1016/0045-6535(80)90023-5

Wormuth, M; Scheringer, M; Vollenweider, M; Hungerbuhler, K. (2006). What are the sources of
exposure to eight frequently used phthalic acid esters in Europeans? Risk Anal 26: 803-824.
http://dx.doi.org/10.1111/].1539-6924.2006.00770.x

Wu, Q; Lam, JCW; Kwok, KY; Tsui, MMP; Lam, PKS. (2017). Occurrence and fate of endogenous
steroid hormones, alkylphenol ethoxylates, bisphenol A and phthalates in municipal sewage
treatment systems. J Environ Sci 61: 49-58. http://dx.doi.org/10.1016/j.jes.2017.02.021

Yuan, SY; Liu, C; Liao, CS; Chang, BV. (2002). Occurrence and microbial degradation of phthalate
esters in Taiwan river sediments. Chemosphere 49: 1295-1299. http://dx.doi.org/10.1016/s0045-
6535(02)00495-2

Zeng, F; Cui, K; Xie, Z; Liu, M; Li, Y; Lin, Y; Zeng, Z; Li, F. (2008). Occurrence of phthalate esters in
water and sediment of urban lakes in a subtropical city, Guangzhou, South China. Environ Int
34: 372-380. http://dx.doi.org/10.1016/j.envint.2007.09.002

Zheng, X; Zhang, BT:; Teng, Y. (2014). Distribution of phthalate acid esters in lakes of Beijing and its
relationship with anthropogenic activities. Sci Total Environ 476-477: 107-113.
http://dx.doi.org/10.1016/j.scitotenv.2013.12.111

Zhu, Q; Jia, J; Zhang, K; Zhang, H; Liao, C. (2019). Spatial distribution and mass loading of phthalate
esters in wastewater treatment plants in China: An assessment of human exposure. Sci Total
Environ 656: 862-869. http://dx.doi.org/10.1016/j.scitotenv.2018.11.458

Page 38 of 38


https://www.epa.gov/sites/default/files/2020-09/documents/casrn_84-69-5_di-isobutyl_phthalate_final_scope.pdf
https://www.epa.gov/sites/default/files/2020-09/documents/casrn_84-69-5_di-isobutyl_phthalate_final_scope.pdf
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10415760
https://www.regulations.gov/document/EPA-HQ-OPPT-2021-0414-0005
https://www.regulations.gov/document/EPA-HQ-OPPT-2021-0414-0005
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363078
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363077
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363076
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=680451
http://dx.doi.org/10.1021/jp068825
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2000934
http://dx.doi.org/10.1016/j.jhazmat.2013.04.039
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=533749
http://dx.doi.org/10.1007/s00216-005-0082-x
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5335927
http://dx.doi.org/10.1016/0045-6535(80)90023-5
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=680214
http://dx.doi.org/10.1111/j.1539-6924.2006.00770.x
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4728656
http://dx.doi.org/10.1016/j.jes.2017.02.021
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5541359
http://dx.doi.org/10.1016/s0045-6535(02)00495-2
http://dx.doi.org/10.1016/s0045-6535(02)00495-2
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=698257
http://dx.doi.org/10.1016/j.envint.2007.09.002
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2241688
http://dx.doi.org/10.1016/j.scitotenv.2013.12.111
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5043529
http://dx.doi.org/10.1016/j.scitotenv.2018.11.458

	SUMMARY
	1 INTRODUCTION
	2 APPROACH AND METHODOLOGY FOR PHYSICAL AND CHEMICAL PROPERTY ASSESSMENT
	2.1 Selected Physical and Chemical Property Values for DIBP
	2.2 Endpoint Assessments
	2.2.1 Melting Point
	2.2.2 Boiling Point
	2.2.3 Density
	2.2.4 Vapor Pressure
	2.2.5 Vapor Density
	2.2.6 Water Solubility
	2.2.7 Octanol/Water Partition Coefficient (log KOW)
	2.2.8 Henry’s Law Constant
	2.2.9 Flash Point
	2.2.10 Autoflammability
	2.2.11 Viscosity

	2.3 Strengths, Limitations, Assumptions, and Key Sources of Uncertainty for the Physical and Chemical Property Assessment

	3 APPROACH AND METHODOLOGY FOR FATE AND TRANSPORT ASSESSMENT
	3.1 Tier I Analysis
	3.1.1 Soil, Sediment, and Biosolids
	3.1.2 Air
	3.1.3 Water

	3.2 Tier II Analysis
	3.2.1 Fugacity Modeling


	4 TRANSFORMATION PROCESSES
	4.1 Biodegradation
	4.2 Hydrolysis
	4.3 Photolysis

	5 MEDIA ASSESSMENTS
	5.1 Air and Atmosphere
	5.1.1 Indoor Air and Dust

	5.2 Aquatic Environments
	5.2.1 Surface Water
	5.2.2 Sediments

	5.3 Terrestrial Environment
	5.3.1 Biosolids
	5.3.2 Soil
	5.3.3 Landfills
	5.3.4 Groundwater


	6 REMOVAL AND PERSISTENCE POTENTIAL OF DIBP
	6.1 Destruction and Removal Efficiency
	6.2 Removal in Wastewater Treatment
	6.3 Removal in Drinking Water Treatment

	7 BIOACCUMULATION POTENTIAL OF DIBP
	8 WEIGHT OF SCIENTIFIC EVIDENCE CONCLUSIONS FOR FATE AND TRANSPORT
	8.1 Strengths, Limitations, Assumptions, and Key Sources of Uncertainty for the Fate and Transport Assessment

	9 PHYSICAL CHEMISTRY AND FATE AND TRANSPORT ASSESSMENT CONCLUSIONS
	REFERENCES

