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Executive Summary

Objectives: Phthalates are prevalent chemical substances that have been linked to
endocrine disruption, reproductive disorders, and other adverse health effects. Although
exposure to phthalates is widespread, few studies provide information on the relative
contributions of exposure sources and routes of exposure. The objective of this systematic
review and meta-analysis is to quantify the contribution of phthalates and phthalate

alternatives in residential dust to internal human dose in the US general population.

Methods: This review updates a pre-existing systematic review and meta-analysis
published in 2015. It includes 12 studies published between January 2000 and April 2022
identified from Web of Science and PubMed using a predetermined search strategy. Pooled
weighted median phthalate and phthalate alternative dust concentrations were determined
from the studies included in our literature review. The phthalate and phthalate alternative
dust concentrations were then used to calculate daily intake rates. Separately, using a
reverse dosimetry model, the daily intake rate representing total phthalate and phthalate
alternative internal dose was estimated from urinary phthalate metabolite concentrations
measured in the 2017-2018 National Health and Nutrition Examination Survey (NHANES).
The daily intake rates predicted from the indoor dust (systematic review/meta-analysis)
and the urinary metabolites (NHANES) were then compared to drive the percent
contribution of phthalates and phthalate alternatives measured in residential dust to
internal dose. A summary showing the potential human health hazards associated with the

measured chemical substances was compiled to provide context for risk.

Results: ATBC (phthalate alternative) had the highest dust concentrations (systematic
review/meta-analysis) while DEHTP (phthalate alternative) had the highest internal
exposure level in children and adults (NHANES). Dust had a greater contribution to the
internal phthalate and phthalate alternative concentration levels of children than adults
when all exposure pathways (i.e., dust ingestion (direct), inhalation (indirect), and dermal
absorption from air (indirect)) were considered. It was also observed that the dust
ingestion pathway contributed significantly to the overall dust intake rate for high-

molecular weight (HMW) phthalates. Conversely, the inhalation and dermal absorption



from air exposure pathways were more significant for low-molecular weight (LMW)
phthalates. The relative contribution of dust to the overall intake of the chemical
substances varied depending on the physio-chemical characteristics, with dust being a

more important contributor for LMW phthalates such as DEP and BBP.

Conclusion: The relative contribution of dust to overall internal exposure of individuals is
greater for LMW than HMW phthalates. This is linked to the increased likelihood of LMW
phthalates partitioning from dust to indoor air, which makes the indirect contribution of

dust to internal phthalate exposure greater than its direct contribution.

Key words: phthalate, phthalate alternative, indoor residential dust, meta-analysis,
systematic review, reverse dosimetry



Introduction

Phthalates are high-production chemicals, with more than 470 million pounds
produced or imported into the United States each yearl. Ortho-phthalate esters and
alternatives to ortho-phthalate esters (referred to as phthalates and phthalate alternatives
hereafter) are commonly added to plastics to increase their flexibility, transparency,
durability, and longevity2. They are also used as solvents, stabilizers, and additives in
cosmetics, medical devices, household, and personal care products3+. As they bind weakly
to the materials they are added to, phthalates easily leach, migrate, or off-gas into
environmental media. Studies show that diet is likely the main source of exposure to
phthalatesS, however, other sources of exposure such as indoor air and dust can contribute
significantly to an individual’s daily phthalate intake depending on their age and lifestyle®-8.
Over the last few decades, exposure to phthalates has been linked to endocrine disruption,
respiratory disorders, and reproductive toxicity?-11. In addition, laboratory studies show
adverse developmental effects such as increased prenatal mortality, reduced growth, and
external malformations in rodents exposed to phthalates?2.

On average, people living in the US spend 90% of their time indoors and nearly 70%
in residential environments3. The amount of time spent indoors is even higher for
individuals who are highly susceptible to the impacts of pollution, such as young children
and people with underlying health conditions, highlighting the importance of the home
environment when characterizing phthalate exposures. In the indoor environment,
phthalates are known to partition between dust, air, and exposed surfaces such as skin4,
leading to potential human exposure through inhalation, ingestion, and dermal
absorption?>-17, Studies have shown that the analysis of household dust provides a
snapshot of the types of phthalates and phthalate alternatives, present in the indoor
environment819, As such, measured or modeled dust concentrations can be used to
estimate the partition of chemical substances between the air, airborne particles, and
various other surfaces thereby allowing for the characterization of total residential
exposures and related intake20-22, Furthermore, infants and young children are more
vulnerable to chemical exposures from dust when compared to other age groups, as they

crawl and play on the floor and are more likely to engage in hand-to-mouth behavior16.23.24,



As such, understanding the phthalate levels present in dust can provide insight into an
individual’s chemical exposure, in particular, it can contribute to the quantification of early
life phthalate exposure.

In December 2019, EPA launched Toxic Substance Control Act (TSCA) mandated
risk evaluations for seven phthalates — dibutyl phthalate (DBP), benzyl butyl phthalate
(BBP), bis(2-ethylhexyl) phthalate (DEHP), diisobutyl phthalate (DiBP), dicyclohexyl
phthalate (DCP), diisodecyl phthalate (DIDP), diisononyl phthalate (DiNP). The TSCA-
mandated evaluations are required to examine all reasonably foreseeable routes and
pathways through which humans are exposed to these chemicals which must include
exposure via residential dust?s. However, few studies provide information on the
contributions of individual exposure sources and routes to a person’s total phthalate
exposure due to the challenges in quantifying the impact of source chemical concentration
levels to health outcomes.

This systematic review and meta-analysis synthesize evidence to quantify levels of
phthalates and phthalate alternatives in indoor residential settled dust levels across the US
general population. Building on evidence presented by Mitro et al.? in 2015, we
methodically screened relevant studies to obtain a central point estimate (median) of
residential dust phthalate and phthalate alternative concentrations. The point estimates of
the chemical substances included in the meta-analysis were then used to obtain daily
intake rate estimates for the relevant exposure pathways for toddlers (3 to <6 years) and
adults (221 years). Finally, we used a reverse dosimetry model to infer daily intake
estimates from the total measured urinary metabolites for each included chemical (using
phthalate and phthalate alternative urinary metabolite levels reported in the National
Health and Nutrition Examination Survey (NHANES)). This represented the overall
phthalate internal dose in the general population irrespective of source, route, or pathway
of exposure. We then compared the daily dust intake rate estimates (systematic
review/meta-analysis) to the overall daily intake rate estimates (NHANES) to determine
the proportion of internal phthalate and phthalate alternative dose attributable to
measured indoor residential phthalate and phthalate alternative dust concentrations for
the included study populations. Finally, we provided a summarized toxicity profile for each

detected chemical substance to provide context for potential human health effects. These



methodologies were employed to quantify the contribution of indoor phthalate dust

concentration levels to internal phthalate exposure levels in the US general population.

Methods
Population, Exposure, Comparator and Outcome (PECO) criteria

To obtain an estimate of the median phthalate and phthalate alternative dust
concentration levels in the residential indoor environment, we aggregated previously
published data that measured phthalates and phthalate alternatives in dust in US
residential indoor environments. Our systematic review screened for studies that fit the
inclusion/exclusion criteria generated based on our Population, Exposure, Comparator,

and Outcome (PECO) statement (Table 1).

Table 1. PECO Criteria for study

PECO Element Evidence
Populations Adults and/or children in the United States
Exposures Measured occurrence of phthalates and phthalate alternatives in indoor

residential dust

Comparators A reference population exposed to lower, such as the lower 10t percentile,
or no exposure

Outcomes Predicted urinary concentration of associated phthalate and phthalate
alternative metabolites

Study Inclusion and Exclusion Criteria

In this review, studies met the eligibility criteria if the study was peer-reviewed,
dust samples were collected in the US during or after the year 1999, samples were from a
residential environment, collected using a vacuum cleaner (either vacuumed dust collected
by study team or from an existing bag) and measured phthalates. Studies were excluded if

they did not include primary data, or they were not in English.

Systematic Literature Search

Mitro et al? previously carried out an exhaustive literature search for dust analysis
studies from January 2000 to February 2015. Five studies meeting our eligibility criteria

were identified in their review and were included in our analyses. Building on their



research, we conducted a search of Web of Science and PubMed for dust analysis studies
from March 2015 to April 2022. The search was done using the same search strategy using
all peer-viewed document types but selecting for the search criteria, [phthalate*] AND
[dust*] because our current project examined fewer chemicals than included in Mitro et al.
The literature search was filtered by language: English and species: human. To reduce the
chances of missing an important study, we also conducted a manual review of the reference
list of studies screened. No additional studies were identified through this manual review.
Literature identified in the database searches was imported into the systematic review

management software, Covidence?2®.

Screening of studies

In Covidence, the title and abstract of the imported studies were de-duplicated and
then screened by two independent reviewers manually for relevancy to the pre-
determined inclusion and exclusion criteria. Screening consensus between reviewers was
greater than 90%. Conflicts in inclusion decisions made by the reviewers were tracked in
the software and were resolved through discussions with a third reviewer. Studies that
were determined to be relevant at this stage by the screeners moved to the full text review
stage in Covidence. Here, the full text for the studies that were included at the title and
abstract level were uploaded and independently reviewed against the inclusion and
exclusion criteria. Conflicts at this stage were also resolved through discussions with a
third reviewer. Studies that were included after the review advanced to the data extraction

step to be included in the meta-analysis.

Strength of Evidence Assessment

During data extraction, descriptive information such as duration and location of
study, quality control and assurance methods used, and the presence or absence of
demographic description of the occupants of the residential environment were noted.
Quantitative information such as size of dust sampling sieve, and the treatment of below-
method of detection limit (MDL) were also extracted. The summarized information was

used to support the strength of evidence assessment (see Appendix B).



An amended version of the strength of evidence tool for epidemiology studies
described in DeLuca et al. (2021) was used to assess strength of evidence for all the studies
included in the meta-analysis?’. The strength of evidence across the studies was
independently judged by two reviewers for each of the following criteria: exposure
measurement, participant selection and analysis. The reviewers assigned a rating of “good”,
“adequate”, or “deficient” for each domain and recorded their reasoning for the rating
assigned to each study. The results of this assessment can be found in Appendix B. A study
was thought to have low risk of bias if its overall risk of bias rating was either “good” or
“adequate” and was thought to have high risk of bias if its overall risk of bias rating was
“deficient”. Discrepancies between the judgments and ratings were resolved through
discussion by the two reviewers. The impact of studies categorized as having high risk of
bias on the overall pooled phthalate concentrations was explored using a sensitivity

analysis.

Meta-analysis of Phthalate and Phthalate Alternative Dust Concentrations

The accompanying dust concentrations for phthalates and phthalate alternatives
detected in at least two studies at a frequency of 250% were extracted for use in the meta-
analysis. We separated dust samples datasets from the same study that were measured and
reported as separated exposure scenarios or environments. For example, if the dust
chemical concentrations dataset for a variety of indoor environments, dorms, apartments,
and homes, were reported separately, we included the individual median point estimate for
each chemical detected in each type of indoor residential environment separately7.28,

Therefore, we included 15 datasets as our unit of analysis in the meta-analysis.

As all the studies reported medians instead of means as the measure of center, a
weighted median of medians approach was taken to estimate the pooled median phthalate
and phthalate alternative concentrations??. Under this approach, the weights, or the
frequency with which the study-specific medians appeared, were directly proportional to
the number of subjects and normalized to sum to 1. It was assumed the weights were
independent of the observed study medians and that the observed study medians were

drawn from a distribution with a median equal to the population median. The weighted



median of medians approach was implemented using the meta-median R package available

on CRAN (https://CRAN.R-project.org/package=metamedian, version 0.1.6).
Sensitivity Analysis Exploring the Impact of High-Risk of Bias Studies

The influence of potentially high risk of bias studies on the pooled weighted median
of each chemical substance was explored by comparing the relative percentage point
difference (PPD) between the pooled weighted median when all studies were included and
when only the studies deemed as having a low risk of bias were included in the analysis. A

PPD of less than 10% was considered acceptable.

Daily Intake Rate Assessment from Dust Concentrations

The residential daily intake rate (ug/kg-day) for each chemical included in the meta-
analysis was predicted for children (3 to <6 years) and adults (21 years and older) using
the estimated pooled median concentrations. As infants and young children are more
vulnerable to chemical exposures, we were interested in the difference between their daily
intake rate and that of adults. To compare the daily intake rates calculated from phthalate
or phthalate alternative levels in dust to NHANES, which did not measure urine metabolite
levels for children under the age of 3 for its 2017-2018 survey cycle, we limited the age
range of infants/children to 3-5 years. We estimated the daily residential intake rate from
indoor dust for adults and children for three exposure routes: dust ingestion, dermal
uptake from the gas phase, and inhalation of air. Dermal intake corresponding to dust
adhered to skin was excluded as the contribution of exposure from this route has been

shown to be negligible®14.
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Table 2. Exposure Factors for Both Adults (= 21 years old) and Children (3 - <6 years) and
Equations Used to Estimate Intake Rate from Dust, Dermal Uptake from the Gas Phase, and

Inhalation of Air

Dust Ingestion Intake, ug/kg-day = (Dust Conc. * IR * ED)/BW

Exposure Factors Value Source
Dust Concentration data (Conc.): ug/g dust Study data (see Appendix C) -
Ingestion Rate (IR): g dust/day Child (2 to <6 years)2: US EPA Exposure Factors
0.030 (central tendency) Handbook Table 5-1 (2017
0.100 (95t percentile) update)
Adult: US EPA Exposure Factors
0.020 (central tendency) Handbook Table 5-1 (2017
0.060 (95t percentile) update)

Exposure Duration at Home (Fraction of time per
day spent at home)

Body Weight (BW): kg

76.9 (central tendency)

Child: 0.861 Abdallah et al. (2014)32
Adult: 0.638 Abdallah et al. (2014)32
Child (3 to <6 years)2: US EPA Exposure Factors

17.8 (central tendency) Handbook Table 8.3 (2011)
Adult: US EPA Exposure Factors

Handbook Table 8.3 (2011)

Air Inhalation Intake, ug/day-kg = (Total Air Conc. (ug/ms3) * Vol. of Air Inhaled* ED)/BW

Exposure Factors Value Source
Total Air Concentration (ug/m3) Varies by chemicalt -
Volume of Air Inhaled (m3/day) Child (3 to <6 years)?2: US EPA Exposure Factors

12.64 (central tendency)
15.41 (95t percentile)

Handbook Table 6-16 (2011)

Adult:
18.63 (central tendency)
25.16 (95t percentile)

US EPA Exposure Factors
Handbook Table 6-16 (2011)

Dermal Exposure through Air Intake, ug/kg-day = (Gaseous Air Conc. (ug/m3)* (Indoo

/100) * Body SA * ET)/BW

r air transdermal permeability

Exposure Factors Value Source

Gaseous Air Concentration (ug/m3) Varies by chemicalt -

Indoor Air Transdermal Permeability (cm) Varies by chemicalt -

Body Surface Area, m? Child (3 to <6 years): US EPA Exposure Factors

0.76 (central tendency)
0.95 (95t percentile)

Handbook Table 7-1 (2011)

Adult (male)3:
2.07 (central tendency)
2.47 (95t percentile)

US EPA Exposure Factors
Handbook Table 7-1 (2011)

Exposure in hours (daily) Child: 21 Based on assumed exposure
duration at home seen above
Adult: 15 Based on assumed exposure

duration at home seen above

1.See Appendix C for the equations used to calculate these parameters.
2.The recommended values for dust ingestion, body weight, and volume of air inhaled were averaged across the relevant age groups as
referenced in the indicated version of the EPA Exposure Factors Handbook. Adults were defined as individuals 21 years and older unless

otherwise defined in the Exposure Factors Handbook.

3.The recommended values for total body surface area for adult males (averaged) was used as the surface area. This is as males on average have

alarger surface area than females.
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A previously validated partitioning model?! was used to predict the total air
concentration for all phthalates and phthalate alternatives measured in dust except
dimethyl phthalate (DMP) and diethyl phthalate (DEP). The model assumes that
“equilibrium partitioning is dominated by the physical-chemical process of absorption in
the organic fraction of dust making octanol an appropriate chemical model for the organic
matter in dust for sorption”20. As DEP and DMP exists mostly in the gas phase, each
chemical’s gas phase concentrations was estimated by assuming a linear relationship
between the mass fraction in settled dust and the gas phase concentration!# (See Appendix
C). The equations and the exposure factors used to determine individual daily intake rates
for the other phthalate and phthalate alternatives from the co-occurring exposure routes
can be found in Table 2.

The physiochemical data, such as octanol-water coefficient (Kow), octanol-air
partitioning coefficient (Koa), air-water distribution ratio (Kaw), Henry’s law constant and
molecular weight, used to compute each intake prediction were pulled from EPA’s EPI Suite
(v4.11) as reported in Mitro et al.,, Schossler et al. and the EPA CompTox Dashboard 93931,
In the instances where the Kaw for a specific chemical substance was not reported, it was

calculated using the formula reported in Appendix A.

Total Daily Intake-Rate Estimated from Metabolite Concentrations in Urine

“Total daily dose or total daily intake-rate” was determined using phthalate and
phthalate alternative urinary metabolite concentrations measured during the NHANES
2017-2018 cycle33. We estimated the total daily intake for each parent chemical measured
in dust from their urinary metabolite concentrations using the dose reconstruction formula
shown below. The NHANES biomonitoring data incorporated into the formula represent
the total phthalate and phthalate alternative dose in the general population from non-
specific sources for adults (21 year and older) and children (3 -5 years). The dose

reconstruction formula has previously been applied in the literature34-39,
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Dose reconstruction formula:

45
UER (day * kg BW ) * MW

Fyg * MWy,

Daily intake rate (ug/kg — day) =

Where UER represents the body-weight-adjusted urinary excretion rate for each age
group, Fue is the molar fraction that describes the sum molar ratio between the excreted
amounts of the metabolites of each phthalate and phthalate alternative corresponding to
the intake of the parent phthalate, M/} is the molar weight of the phthalate ester parent
compound and MWp is the molar weight of the corresponding phthalate monoester. When
a phthalate or phthalate alternative had multiple measured metabolites, the sum of the
intake rates across the metabolites was taken. If a metabolite shared a parent phthalate, the
urinary concentration was divided in half amongst the parent molecules and then the
intake rate was calculated.

The urinary excretion rate (UER) for each phthalate and phthalate alternative was

calculated by:

Urinary Phthalate/Phthalate Alternative Excretion Rate Estimate (UER):

ug g
UER ( ug ) _ e \Gerea) -~ \day
kg per day BW (kg)

CE is the mean weight and height, sex specific creatinine excretion rate for each age
group and UEcreq is the urinary creatinine adjusted urinary phthalate or phthalate
alternative concentration level at the 50t percentile. Both variables were estimated using
the NHANES 2017-2018 data after accounting for sampling design using the package
“survey”40 in the R statistical programming environment. CE for each age group was
calculated using a set of equations proposed by Mage et al*142 using the following variables
from the NHANES dataset: RIAGENDR, BMXHT, RIAAGEYR, and BMXWT. UE¢req was

determined using the following formula from a study of Danish children 6-11 years carried
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out by the Ministry of Environment and Food of Denmark Environmental Protection

Agency (EPA) 43:

Adjusted urinary phthalate concentration formula:

uc ()« 1000 (%)

mmol

ug
UE req ( ) =
UCerea (To72) * MWerea

gcrea mg

mmol)

where UE is the urinary excretion of the urinary phthalate and phthalate alternative
metabolites per gram of creatinine for each age sub-population, UC is the median measured
urinary concentration of each compound, UCcreq is the median age-group specific urinary
concentration of creatinine, and MW(req is the molecular mass (114 mg/mmol) for
creatinine. The median age group specific urinary concentration of creatinine was obtained
from the adjusted NHANES 2017-2018 survey data. A creatinine-based method was used to
predict glomerular filtration rate as it included various physiological parameters for the
age groups of concern and had the relevant parameters available in the NHANES dataset.

In the dose reconstruction formula, the molar fraction which describes the molar
ratio between the excreted amounts of the metabolites of each phthalate and phthalate
alternative (Fur) was determined based on the proportional relationships previously
assumed in the literature3?44-49, A 1:1 stoichiometry of parent to metabolite molecule was
assumed unless otherwise indicated by simplified molecular-input line-entry system
(SMILES) descriptors available for the parent and metabolites. Our approach assumes
steady state with mass balance which implies that the predicted intake values were due to
a constant rate of exposure to the phthalates or phthalate alternatives detected in dust>°.
This minimized the need for information on additional parameters such as chemical-

specific biological half-lives and timing of exposures>°.
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Comparison of Daily Intake Rates

INDOOR SOURCE PHTHALATE CONCENTRATION INTERNAL PHTHALATE CONCENTRATION

DETERMINE WEIGHTED POOLED MEDIAN INDOOR
RESIDENTIAL DUST CONCENTRATION
OF MEASURED PHTHALATE AND PHTHALATE
ALTERNATIVES FROM ALL STUDIES INCLUDED IN
SYSTEMATIC REVIEW

EXTRACT THE MEDIAN PHTHALATE AND
PHTHALATE ALTERNATIVE
METABOLITE CONCENTRATION LEVELS FROM
NHANES 2017-2018 SURVEY CYCLE

CALCULATE 50TH PERCENTILE AGGREGATE DAILY CALCULATE 50TH PERCENTILE DAILY INTAKE RATE
INTAKE RATE FOR EACH CHEMICAL FROM FOR EACH CHEMICAL USING A REVERSE
WEIGHTED MEDIAN CONCENTRATIONS DOSIMETRY MODEL

Figure 1. Methods used to estimate the contribution of indoor residential dust phthalate
and phthalate alternative concentration levels to internal phthalate and phthalate
alternative levels in the US general population.

The contribution of residential dust concentrations to total phthalate and phthalate
alternative dose was determined by comparing the daily intake rates computed from

residential dust concentration data and NHANES biomonitoring data.

Hazard Identification

The potential human health hazards associated with exposure to each chemical
substance included were summarized from the California Safer Consumer Products
Candidate Chemical (SCP CC) list51, EPA’s Integrated Risk Information System (IRIS)>2 and
Pharos - Hazard Lists®3 in the form of a hazard matrix. The matrix serves as reference to
the associated health outcomes linked to exposure to the phthalates and phthalate
alternative detected in residential dust. The criteria used to identify hazard traits are
specific to the included lists. The SCP CC is comprised of 23 domestic and international
authoritative lists and Pharos - Hazard Lists compiles human and environmental health

information from 47 authoritative scientific lists and 32 restricted substance lists. Finally,
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EPA’s IRIS assessments pull on toxicity information used by state and local health agencies,
other federal agencies, and international health organizations. The hazard traits associated
with each phthalate and phthalate alternative were grouped in the following broad
categories: carcinogenicity, developmental toxicity, digestive /hepatotoxicity, endocrine
toxicity, eye irritation/corrosivity, immunotoxicity, neurotoxicity, ocular, skin
irritation/corrosivity, reproductive toxicity, and respiratory toxicity. The strength of

evidence used to identify a hazard trait was indicated in the matrix.

Results and discussion
Systematic Literature Search

Figure 2 includes a PRISMA 2020 flow chart of our literature search. Our search
identified 225 articles for the updated timeframe (March 2015 - April 2022), of which 197
titles and abstracts were screened for relevancy. Eight were selected for full text review, of
which 7 were deemed relevant to our research question. The 7 newly identified studies
along with the 5 previously identified by Mitro et al. were included in our review for a total

of 12 studies.
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[ Previous studies ] [

Identification of new studies via databases

Identification of new studies via other methods

] [ Identification ]

Screening

Included

>

Reports not retrieved

(n=0)

searched from 2000 — April 2022.

Reports excluded:

The location where
and time-period
during which the

study was conducted
was not indicated

(n=1)

Studies included in Records removed before
previous review Records identified from screening by systematic
review software: Records identified from:
Databases* (n =2) Databases* (n = 2) o )
) ) . ) Duplicate records removed Citation searching (n = 1)
Total studies retrieved Total studies retrieved (n=225)
(n=5) (n=28)
Records screened Records excluded by two
independent reviewers:
(n=197)
(n=189)
i A4
Reports sought for retrieval Reports not retrieved Reports sought for retrieval
(n=8) (n=0) (n=1)
Reports assessed for Reports excluded: Reports assessed for
eligibili igibili
gibilty Phthalate dust ligibility
(n=8) measurement dataset was (n=1)
not included in the study
! (n=1)
New studies included in
review
(n=7)
Total studies included i Adapted from: Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al.
ol st 'e§ included in The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ
» review 2021;372:n71. doi: 10.1136/bmj.n71. For more information, visit: http:/Aww. prisma-statement.ora/
(n=12)
*Databases used: Web of Science and PubMed (Jointly approximately 38,500 journals were

Figure 2. PRISMA 2020 flow chart of updated literature search and screening steps. “N”
indicates the number of studies included at each step.

Meta-summary of Included Studies/Strength of Evidence Assessment

From the 12 studies included in this review, 23 phthalates and phthalate

alternatives were measured (see Appendix A). We relied on the full name of the chemicals

reported to ensure that each phthalate and phthalate alternative was correctly identified. A

little over half (n = 12) of these chemicals were detected with a frequency of 250% and

were measured in at least two studies (see Table 2). Most of the studies included targeted

analysis approaches, while few were identified using suspect screening or non-target

approaches 17,21,2 3,28,54—61.
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Table 3. Phthalates and Phthalate Alternatives Included in Meta-Analysis

CASRN Abbreviation Substance name
131-11-3 DMP Dimethyl phthalate
84-69-5 DiBP Diisobutyl phthalate
84-66-2 DEP Diethyl phthalate
84-74-2 DBP Dibutyl phthalate
85-68-7 BBP Benzyl butyl phthalate
117-81-7 DEHP Bis(2-ethylhexyl) phthalate
84-75-3 DHP Dihexyl phthalate
117-84-0 DnOP Dioctyl phthalate
28553-12-0 DiNP Diisononyl phthalate
4654-26-6; 6422- | DOTP, DEHT or | Dioctyl terephthalate or bis (2-
86-2 DEHTP ethylhexyl terephthalate)
77-90-7 ATBC Acetyl tributyl citrate
103-23-1 DEHA Bis(2-ethylhexyl) adipate or di

(2-ethylhexyl) adipate

The underlying study populations and dust samples were drawn from nine states,
most located on the east coast near research institutions (see Appendix B). There is a
possible lack of representation of many population subgroups in the results of the meta-
analysis, including Native & Indigenous communities that inhabit the Mid-West or Western
US, Hawaiian and Alaskan communities. This may limit the generalizability of this study as
previous studies have indicated that phthalate exposure is influenced by socioeconomic
status, race/ethnicity, and gender!562, Further, studies rarely reported extensive
demographic information for individuals occupying the residential environments, making
it difficult to determine which demographic groups were represented in past studies. As
such, seven of the 12 studies received a deficient ranking in the participant/house selection
risk of bias domain.

We found that dust samples were collected at various temporal points from several
types of residential indoor environments, such as dorms, homes, and apartments. Most of
the studies (n=10) vacuumed common areas in the home and provided a detailed report of
the sampling techniques used. The common areas in the home that were vacuumed

included main living areas and children’s rooms. The temperature at which dust samples
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were stored after each home visit varied across the studies (-4 to - 21 °C) and different
sieve sizes (105 - 2000 pm) were used to sift the dust samples collected. Despite the
differences in quality assurance and control (QA/QC) methods and sample techniques used
across studies, most authors provided a detailed description of their QA/QC methods and
validation approaches and were given a good/adequate rating in the exposure
measurement domain in the risk of bias analysis. Of the 12 studies, only 2 which used
existing vacuum bags for dust sampling received a deficient ranking in the exposure
measurements risk of bias domain.

Similarly, the treatment of data during analysis also differed across studies, but the
statistical results across the studies were well-presented with a detailed explanation of
how missing data were addressed and the approaches taken to treat below limit of
detection values. Consequently, all the studies were given a rating of good/adequate in the
analysis domain of the risk of bias analysis. Overall, 2 of the 12 studies were determined to

be at risk of high bias while the remaining ten studies were thought to be of low risk of bias.

Exposure Participant/House
Measurements Selection

Analysis Overall

Bietal. 2015
Bi et al. 2018
Dodson et al. 2014
Guo et al. 2011

Hammel et al. 2019 RoB Key

Hwang et al. 2008

- Good Adequate Deficient

Kim et al. 2020
Philipappat et al. 2015
Rudel et al. 2003

Shin et al. 2014
Shin et al. 2019
Subedi et al. 2017

Figure 3. Risk of bias ratings in exposure measurement, participant/house selection and
analysis domains. Solid blue represents a rating of “good”, blue patch represents a rating of
“adequate” while solid orange indicates a rating of "deficient”.
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Meta-analysis of Phthalate and Phthalate Alternative Dust Concentrations

Detection frequencies, data distributions and median concentrations varied
significantly among the selected studies. The variation in median concentration of
phthalates and phthalate alternatives seen in the indoor dust is consistent with the
variation seen in concentration levels for dust samples previously reported17.235461, For
phthalates, the largest variation was seen for the median concentrations reported for DEHP
and BBP. For the phthalate alternatives, the median concentration levels reported for ATBC
were most variable. Notably, more studies reported data sets containing dust
concentrations for phthalates compared to phthalate alternatives, with DEHP being the
most reported (15). DEHA was the most reported phthalate alternative (4). The difference
in reporting frequency may be a result of phthalates being more frequently targeted during
the analysis of dust samples. With less being known about which alternatives are being
phased in to replace phthalates linked to adverse health outcomes, it is less likely that these

compounds are included in targeted dust analyses.

Distribution of Weighted Median Phthalate Concentration Levels Across Studies

Biet al. 2015 _dorm Bi et al. 2018_summer Guo et al. 2011 Kim et al. 2020 Shin et al. 2014 Sample.Size ® 50 ® 100 ® 150
Study Bi et al. 2015_apartment Bi et al. 2018_winter Hammel et al. 2019 Philippat et al. 2015 Shin et al. 2019 )
Bi et al. 2015_house Dodson et al. 2014 Hwang et al. 2008 Rudel et al. 2003 Subedi et al. 2017 A Pooled Median Concentrations
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Figure 4. Distribution of median concentrations of phthalates and phthalate alternatives
reported by each study included in the meta-analysis. The size of each circular point
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represents the relative underlying dust study sample size, while the color of each circular
point is indicates the study from which the median concentration was extracted. The

triangle represents the estimated weighted pooled median across each reported phthalate

or phthalate alternative distribution. On the y-axis, the abbreviation of each phthalate is
shown in black and the abbreviation of each phthalate alternative is shown in blue.

Overall, ATBC (a phthalate alternative) had the highest median concentration (271
pg/g) in indoor residential dust. Of the phthalates, the highest median concentration was
observed for DEHP (140 pg/g), which had a similar median dust concentration to its
structural isomer, a phthalate alternative, DEHTP (133.65 pg/g). DMP had the lowest
calculated median dust concentration overall (0.07 pg/g), due its high volatility.

The reported median concentrations of six chemical substances (DBP, DEHA, DiBP,

DEP, DnOP and DHP) in this updated study fell within the 95% confidence intervals of the
geometric means reported in Mitro et al in 2015. Two phthalates (BBP and DEHP) had

lower median concentrations (13.64 and 140.00 pg/g respectively) than the previously

reported lower boundary of the reported 95% confidence interval (22.07 and 168.03 ug/g

respectively). This is likely linked to the ban of children’s toys or childcare articles
containing concentrations of more than 0.1% of BBP and DEHP under the Consumer
Product Safety Improvement Act (CPSIA), effective in 20083. It has been suggested that
there is a rise in DEHTP and ATBC to replace phthalates, such as DEHP and BBP, that no
longer comply with certain chemical regulations®4-¢6, DEHTP and ATBC levels were not

available in Mitro et al. for comparison.
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. R Key: The numbers above the bar graph represent the
Classification M Ortho-phthalate Ml Ortho-phthalate alternative number of studies* used to calculate pooled medians
and n = total dust samples included in all the studies.

DiNP 4 2(n=218)

DnOP - 6( n=220)

15( n=753)

DEHP

DHP 4 6(n=221)

BBP 14(n=761)

DBP 4 12( n=668)

DiBP 4 11(n=522)

DEP+ 12( n=670)

Abbreviation of Chemical Substance

DMP - 5( n=261)

ATBC 1

DEHTP -+ 3( n=260)

DEHA + 4(n=213)

0
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« Phthalate alternatives in blue Pooled Median Concentrations Levels in Indoor Residential Dust (ug/g)

Figure 5. Weighted pooled median phthalate and phthalate alternative concentrations in
the indoor residential environment across sub-populations in the United States. The
number depicted to the right of each bar graph represents the number of datasets that
contributed to the calculation of the pooled median concentrations while the numbers
depicted in brackets represent the total number of dust samples included in all datasets in
the analysis for each phthalate or phthalate alternative.

Sensitivity Analysis Exploring the Impact of High-Risk Bias Studies

No difference (percent point difference: <10%) was seen between the complete and
low risk of bias estimates generated for all chemical substances with the exception of
DnOP. Despite the relative percent point change seen in the median dust concentration
levels of DnOP estimated, with the knowledge that no single study measured only DnOP, it
is more likely that this measurement is “true”, and not one influenced by bias. Thus, the
pooled weighted medians obtained from the use of data extracted from all studies was used

in the meta-analysis.

22



Daily Intake Rate Calculated from Dust Concentrations

Daily intake rate estimations calculated from dust concentrations showed dermal
absorption from air and inhalation pathways contributed significantly to the total
aggregate chemical were for low-molecular weight (LMW) phthalates (DMP, DEP, DBP,
DIBP, BBP). Dust ingestion made the greatest contribution of the three exposure pathways
investigated for phthalates and phthalate alternatives (DEHP, DnOP, DINP, DEHA, ATBC,
DEHTP) with a high-molecular weight (HMW). For LMW phthalates, dust ingestion made a
minute contribution to the overall intake. For the more volatile LMW compounds (DMP
and DEP), dermal absorption from air dominated the overall proportion of intake with
inhalation accounting for about a 10% of the total intake rate (see Figure 6). Generally,
these findings are similar to the findings of Beko et all4 and further confirm that the
inhalation and dermal from air exposure routes are more dominant for LMW compounds

while the route, ingestion from dust accounts is more dominant for HMW compounds.

Pathway of Exposure Air Inhalation [l Dermal from Air [l Ingestion

1.007

0.751
0.50 1
025
0.00 4 - . I

DEHA DEHTP ATBC DlBP DBP DEHP DnOP DlNP
Chemical substances

(=] o

Proportion of Intake

3]

Figure 6. Proportion of intake for children (3 to <6 years old) across three exposure
pathways: ingestion, air inhalation, and dermal from air. The proportional contribution of

the exposure pathways to the aggregate intake rate was similar for the 50t percentile for
adults. On the x-axis, the abbreviation of each phthalate is in black while the abbreviation of

each phthalate alternative is in blue. Within each grouping, the chemicals are arranged in
order of increasing molecular mass.
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The aggregate daily intake rates estimated from dust concentrations for all
phthalates and phthalate alternatives were more than two-times higher for children than
adults. This is as expected as children breathe and eat more per unit mass, have a larger
body surface area to mass ratio than adults and tend exhibit behavior that increases their
exposure to dust such as crawling and “mouthing” objects found around the home. DEP had
the highest aggregate daily intake rate (1.36 ug/kg-day for children) despite having the
lowest concentration in dust, followed by ATBC, DMP, DEHP, and DEHTP. The daily intake
rate for DnOP and DHP, and the phthalate alternative, DEHA, were very low in comparison

to other measured phthalate/phthalate alternatives.

Age categories [l Adutt Median Percentie [l Child Median Percentile

057

Median Aggregate Intake Rate (ug/kg-day)

DEHA DEHTP ATEC DEP DiBP DBP DEHP DnOP DiNP
Chemical substances

0.0+

Figure 7. Aggregate intake rate at the 50t percentile for children (3-5 years old) and adults
(=2 21 years old). On the x-axis, the abbreviation of each phthalate is in black while the
abbreviation of each phthalate alternative is in blue. Within each grouping, the chemicals
are arranged in order of increasing molecular mass.

Estimated Urine Metabolite Concentration of Phthalates and Phthalate Alternatives

Of the 12 phthalates and phthalate alternatives included in the meta-analysis, only 7
had metabolites that were detected in urine and reported in the NHANES 2017-2018
cohort. We mapped the phthalates and phthalate alternative metabolites to their parent
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molecules using the information provided in Center of Disease Control’s Laboratory

Procedure Manual associated with that cohort group®” (see Figure 8).

Diethyl phthalate (DEP)
Dibutyl phthalate (DBP)

Mono-ethyl phthalate (MEP) Diisobutyl phthalate (DiBP)
Mono-3-hydroxylbutyl phthalate (MHBP)
Dioctyl phthalate (DnOP)

Mono-isobutyl phthalate (MiBP)
Mono-n-butyl phthalate (MBP) Mono-2-methyl-2-hydroxylpropyl phthalate (MHiBP)
Mono (3-carboxylpropyl) phthalate (MCPP)

Mono (2-ethylhexyl) phthalate (MEHP)
Mono (2-ethyl-5-carboxylpentyl) phthalate (MECPP)

Mono (2-ethyl-5-hydroxylhexyl) terephthalate (MEHHTP)

Bis (2-ethylhexyl)

terephthalate (DEHTP) Bis (2-ethylhexyl)

Mono (2-ethyl-5-hydroxylhexyl) phthalate (MEHHP) phthalate (DEHP)

Monobenzyl phthalate (MBzP)

M 2-ethyl-5- b 1) t hthalate (MECPTP,
ono (2-ethyl-5-carboxypentyl) terephthalate ( ) Mono (2-ethyl-5-oxohexyl) phthalate (MEGHP)

KEY
@Parent Chemical

® Metabolite

Benzyl butyl phthalate (BBP)

Figure 8. Parent-metabolite mapping for phthalate and phthalate alternative metabolites
of chemical substances identified in systematic review and measured in urine during the
NHANES 2017-2018 cycle. Nodes that represent a parent chemical are displayed in dark
blue and nodes that represent a metabolite measured in urine are displayed in teal.
Metabolites not included in NHANES 2017-2018 year were not shown.

The sum of the metabolites of the phthalate alternative DEHTP, ZDEHTP, had the
highest adjusted urinary creatinine concentration for children (3-5 years old), followed by
the sum of the metabolites for DEHP, EDEHP, and the metabolite of DEP (MEP). For adults,
MEP and XDEHTP had the highest urinary creatinine adjusted concentrations followed by
YDEHP. These metabolite concentrations indicate that it is likely that exposure to sources
containing DEHTP, DEP and DEHP is the more common in the US population for these age
groups. DEHTP is commonly used in children’s toys and food contact materials as a
replacement for DEHP®8 , while DEP is commonly found in cosmetics and other fragranced
products due to its ability to help scents last longer?. Despite children generally having

higher exposure levels than adults to the examined chemical substances, the urinary

25



concentration of MEP was similar for both children and adults. This indicates that exposure
to products containing DEP, such as cosmetics, medications, lotions and hair-cleaning

products, might be higher for adults than children or at least comparable.

‘ 3to5 21 and older

[=2]
[=]
.

Parent compound

B o=e
DiBP

B oer

[

B o
‘ B oenre

B oor
0-<I I. =] ._.I_

Abbreviation of Chemical Metabolites

metabolite concentrations (ug/g)
3
. .

Median creatinine adjusted

N
o
1

MEP
SDiBP
SDBP
MzBP
$DEHP
3 DEHTP
MCPP

MEP
yDiBP
yDBP
MzBP

SDEHP
¥ DEHTP
MCPP

Figure 9. Median creatinine adjusted metabolite concentration (ug/g) from NHANES 2017-
2018 survey year for children (3-5 years) and adults (21 years and older). Chemicals are
arranged in order of increasing molecular mass.

Daily Intake Rates from Dust Compared to Daily Intake Rates from NHANES

Intake rates obtained from indoor dust concentrations were compared to intake
rates obtained from NHANES 2017-2018 cycle biomonitoring data showed that dust
accounted for most of DEP exposure in both age groups investigated. For children, DEP
predicted intake concentration from dust exceeded the predicted intake concentration
from urine. A similar pattern of exceedance or underestimation of total DEP intake from
urinary metabolite levels have been previously observed1459. This exceedance may be
linked to the variability in urinary MEP levels expected throughout the day as the use of
personal care products containing DEP varies widely temporally. This exceedance may also

be linked to the reliability of the gas-phase concentration predictions for DEP. Dust also

26



accounted for a measurable proportion of BBP, DiBP and DBP overall exposure for adults
and children. For the phthalate alternative, DEHTP, which has increased in dust
concentrations and high internal exposure levels in children and adults®4-66, dust
contributes negligibly to the total internal dose. The contribution of dust to DEHP was also
very small (<5%).

Despite the increasing concentrations of phthalate alternatives seen in the indoor
dust profile, during the 2017-2018 NHANES survey cycle, only the metabolites of the
phthalate alternative, DEHTP, were measured in urine. Although ATBC had the highest
median chemical concentration in dust and one of the highest daily intake concentration
rates for both age groups, the metabolites of ATBC were not measured in the NHANES
2017-2018 cycle, so we were not able to estimate its contribution to internal exposure

levels.

Age category Il Adut [l chid

1501

1001

that Residental Dust Accounts for

501

Percent of Phthalate Internal Exposure

_‘.__

DEP DiBP DBP BBP DEHP DEHTP DnOP
Chemical substances

Figure 10. Percentage contribution of dust daily intake rate to overall daily intake rate of
phthalates and phthalate alternative for children and adults in US general population.
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Overview of Hazard Identification

The hazard traits included in the matrix (Figure 10) were identified using IRIS, SCP
CCL, and Pharos. It is important to note that the hazard information indicated in Figure 10
is not exhaustive and should not be considered a complete representation of the human
health hazards associated with the chemicals of concern. Of the hazard traits included,
carcinogenicity, developmental, endocrine, reproductive, and respiratory toxicity were
most commonly associated with the phthalates included in our analysis. Multiple
phthalates shared common health outcomes including the phthalates currently undergoing
TSCA risk evaluation (BBP, DBP, DEHP, DiBP and DiNP). For the following phthalates
undergoing evaluation with shared health outcomes, BBP, DBP, DiBP and DEHP, dust
contributed 42%, 12%, 11% and 3% respectively to the overall internal exposure observed
in children from the ages 3 to 5 years old. In adults (= 21 years), dust contributed 28%, 7%,
7% and 1% respectively, to overall internal exposure for these same chemicals.

Overall, less hazard information was available for phthalate alternatives compared
to phthalates. The phthalate alternatives detected at higher levels in the indoor
environment and in biomonitoring data (ATBC and DEHTP), are currently not linked to any
of the major hazard traits included in our hazard matrix due to reduced availability of

toxicity data.
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Figure 11. Hazard traits associated with phthalates and phthalate alternatives detected in
indoor included in meta-analysis.

Limitations of the study

Our predictive models incorporated reported physiochemical parameters for the
measured phthalates and phthalate alternatives that can span hundreds of orders of
magnitude because of the difficulty associated with directly taking measurements3%6°We
also did not fully characterize the propagation of uncertainties associated with the use of
modeled data to support multiple models. Due to the difficulty with obtaining exposure
data for all possible exposure scenarios, we relied on modeled data to conceptualize the
link between exposure to chemicals and health effects scenarios’?. However, as there are
inherent margins of uncertainties associated with modeled data, the point estimates we
relied on are expected to vary within the margin of error associated with each prediction.

Further, our predicted distribution of phthalate and phthalate alternative exposure
in the general US population from dust captures only the exposures expected at the 50t
percentile thus failing to capture the exposures expected in highly exposed and susceptible

subgroups. Exposure to chemical contaminants in indoor and outdoor environments has
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been shown to be unevenly distributed across individuals and communities®71.72, In the
indoor environment, disparities in chemical exposure are linked to dilapidated housing,
poor sanitation, and differing behavioral and consumption patterns linked to socio-
economic class’!. Further, the disproportionate burden of exposure is connected to
acquired susceptibility factors such as lack of access to quality healthcare, inadequate
nutrition, and heightened likelihood of exposure to harmful chemicals. This burden has
placed certain populations at a greater risk of experiencing adverse health effects from
indoor pollution when compared to the median population?172. Notably, it was also difficult
to characterize exposure from dust based on the characteristics of the individuals in study
households as this information was poorly recorded across studies. In addition, our study
does not include data that represent the phthalate or phthalate alternative exposure levels
that would likely be seen in the incarcerated population as this information is not well
reported.

Finally, this study highlights a gap in the data that is being reported in literature. As
phthalate alternative levels in the indoor environment continue to rise, researchers should
seek to measure the metabolite concentrations of these chemical substances in urine.
Measurements of chemical substances in dust provide an indication of human exposure
and can help to support phthalate and phthalate alternative biomonitoring efforts. In
addition, despite the numerous calls in the literature for exposure studies focused solely on
the detection of chemicals in the indoor environment to incorporate questionnaire data so
that demographic characteristics of residents are better captured, this remains a gap in the
literature. Thus, it remains a challenge to characterize exposure patterns across

demographic factors in the US population.

Conclusion

Dust had a greater contribution to the internal phthalate and phthalate alternative
level of children than adults. Dust can contribute to intake levels via ingestion, inhalation,
and dermal absorption from air. The relative contribution of dust to the overall intake
concentration of phthalates and phthalate alternatives varies depending on the physio-
chemical characteristics of the chemical. Although dust ingestion contributes significantly

to the overall intake of HMW phthalates from dust, the contribution of dust as a source to
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the overall internal exposure of individuals to HMW phthalates, such as DEHTP and DEHP,
was minimal. Dust contributed more significantly to the overall intake of LMW chemicals,
such as DEP and BBP, that are more likely to partition to the indoor air from dust. This
illustrates the importance of understanding the molecular exchange of chemicals between
the phases and reservoirs in the indoor environment when estimating indoor exposure for
semi-volatile chemical substances. Reservoirs in this context refers to “any surface or
volume present in the indoor environment to which chemicals can partition”’3. Future
studies should seek to characterize the contribution of dust to overall phthalate and
phthalate alternative intake for individuals who have higher than normal exposures or are
more susceptible to harm from chemical exposures, and the relative contribution of dust to

tolerable daily intake levels across percentiles.

Acknowledgements

In addition to my two amazing advisors, Rashmi Joglekar (Earthjustice) and Kate Hoffman
(Duke University). This project would not be possible without the contribution of Rachel

Tejiram (graduate student at Icahn School of Medicine at Mount Sinai).

31



References

1.
2.

10.

1.

12.

13.

14.

15.

16.

America’s Children and the Environment. Phthalates: Biomonitoring. (2017).

Phthalates Factsheet | National Biomonitoring Program | CDC.
https://www.cdc.gov/biomonitoring/Phthalates FactSheet.html (2021).

Kashyap, D. & Agarwal, T. Concentration and factors affecting the distribution of phthalates
in the air and dust: A global scenario. Sci. Total Environ. 635, 817-827 (2018).

Langer, S. ef al. Organophosphate esters in dust samples collected from Danish homes and
daycare centers. CHEMOSPHERE 154, 559-566 (2016).

Wormuth, M., Scheringer, M., Vollenweider, M. & Hungerbiihler, K. What Are the Sources
of Exposure to Eight Frequently Used Phthalic Acid Esters in Europeans? Risk Anal. 26,
803-824 (20006).

Fromme, H. et al. Occurrence and daily variation of phthalate metabolites in the urine of an
adult population. Int. J. Hyg. Environ. Health 210, 21-33 (2007).

Adibi, J. J. et al. Prenatal exposures to phthalates among women in New York City and
Krakow, Poland. Environ. Health Perspect. 111, 1719 (2003).

Franco, A., Prevedouros, K., Alli, R. & Cousins, I. T. Comparison and analysis of different
approaches for estimating the human exposure to phthalate esters. Environ. Int. 33, 283-291
(2007).

Mitro, S. ef al. Consumer Product Chemicals in Indoor Dust: A Quantitative Meta-analysis
of US Studies. Environ. Sci. Technol. 50, 10661-10672 (2016).

Zota, A. R., Singla, V., Adamkiewicz, G., Mitro, S. D. & Dodson, R. E. Reducing chemical
exposures at home: opportunities for action. J. Epidemiol. Community Health 71, 937-940
(2017).

Jurewicz, J. & Hanke, W. Exposure to phthalates: Reproductive outcome and children
health. A review of epidemiological studies. /nt. J. Occup. Med. Environ. Health 24, 115—
141 (2011).

Wang, Y. & Qian, H. Phthalates and Their Impacts on Human Health. Healthcare 9, 603
(2021).

Diamond, M. L., Okeme, J. O. & Melymuk, L. Hands as Agents of Chemical Transport in
the Indoor Environment. Environ. Sci. Technol. Lett. 8, 326-332 (2021).

Bekd, G. et al. Children’s Phthalate Intakes and Resultant Cumulative Exposures Estimated
from Urine Compared with Estimates from Dust Ingestion, Inhalation and Dermal
Absorption in Their Homes and Daycare Centers. PLOS ONE 8, €62442 (2013).

Branch, F., Woodruff, T. J., Mitro, S. D. & Zota, A. R. Vaginal douching and racial/ethnic
disparities in phthalates exposures among reproductive-aged women: National Health and
Nutrition Examination Survey 2001-2004. Environ. Health 14, 57 (2015).

National Research Council (US) Committee on the Health Risks of Phthalates. Phthalates
and Cumulative Risk Assessment: The Tasks Ahead. (National Academies Press (US), 2008).

32



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Bi, X., Yuan, S., Pan, X., Winstead, C. & Wang, Q. Comparison, association, and risk
assessment of phthalates in floor dust at different indoor environments in Delaware, USA. J.
Environ. Sci. Health Part A Tox. Hazard. Subst. Environ. Eng. 50, 1428-1439 (2015).

Not Just Dirt: Toxic Chemicals in Indoor Dust. NRDC https://www.nrdc.org/resources/not-
just-dirt-toxic-chemicals-indoor-dust.

Butte, W. & Heinzow, B. Pollutants in house dust as indicators of indoor contamination. Rev.
Environ. Contam. Toxicol. 175, 1-46 (2002).

Weschler, C. J. & Nazaroff, W. W. SVOC partitioning between the gas phase and settled
dust indoors. Atmos. Environ. 44, 3609-3620 (2010).

Dodson, R. E., Camann, D. E., Morello-Frosch, R., Brody, J. G. & Rudel, R. A. Semivolatile
organic compounds in homes: strategies for efficient and systematic exposure measurement
based on empirical and theoretical factors. Environ. Sci. Technol. 49, 113—122 (2015).
Little, J. C., Weschler, C. J., Nazaroff, W. W., Liu, Z. & Cohen Hubal, E. A. Rapid Methods
to Estimate Potential Exposure to Semivolatile Organic Compounds in the Indoor
Environment. Environ. Sci. Technol. 46, 11171-11178 (2012).

Hammel, S. C. et al. Children’s exposure to phthalates and non-phthalate plasticizers in the
home: The TESIE study. Environ. Int. 132, 105061 (2019).

US EPA, O. Understanding Exposures in Children’s Environments.
https://www.epa.gov/healthresearch/understanding-exposures-childrens-environments
(2015).

US EPA, O. Chemicals Undergoing Risk Evaluation under TSCA.
https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/chemicals-undergoing-
risk-evaluation-under-tsca (2020).

Covidence systematic review software, Veritas Health Innovation, Melbourne, Australia.
Available at www.covidence.org.

DeLuca, N. M., Angrish, M., Wilkins, A., Thayer, K. & Cohen Hubal, E. A. Human
exposure pathways to poly- and perfluoroalkyl substances (PFAS) from indoor media: A
systematic review protocol. Environ. Int. 146, 106308 (2021).

Bi, C. et al. Phthalates and organophosphates in settled dust and HVAC filter dust of US
low-income homes: Association with season, building characteristics, and childhood asthma.
Environ. Int. 121, 916-930 (2018).

McGrath, S., Zhao, X., Qin, Z. Z., Steele, R. & Benedetti, A. One-sample aggregate data
meta-analysis of medians. Stat. Med. 38, 969-984 (2019).

Schossler, P., Schripp, T., Salthammer, T. & Bahadir, M. Beyond phthalates: Gas phase
concentrations and modeled gas/particle distribution of modern plasticizers. Sci. Total
Environ. 409, 4031-4038 (2011).

Williams, A. J. et al. The CompTox Chemistry Dashboard: a community data resource for
environmental chemistry. J. Cheminformatics 9, 61 (2017).

Abdallah, M. A.-E. & Covaci, A. Organophosphate Flame Retardants in Indoor Dust from
Egypt: Implications for Human Exposure. Environ. Sci. Technol. 48, 4782—4789 (2014).

33



33.

34.

35.

36.
37.

38.

39.

40.
41.

42.

43.

44,

45.

46.

47.

NHANES Questionnaires, Datasets, and Related Documentation.
https://wwwn.cdc.gov/nchs/nhanes/Default.aspx.

Saravanabhavan, G., Walker, M., Guay, M. & Aylward, L. Urinary excretion and daily
intake rates of diethyl phthalate in the general Canadian population. Sci. Total Environ. 500—
501, 191-198 (2014).

Huang, P.-C. ef al. Are Phthalate Exposure Related to Oxidative Stress in Children and
Adolescents with Asthma? A Cumulative Risk Assessment Approach. Antioxid. Basel Switz.
11, 1315 (2022).

David, R. M. Exposure to phthalate esters. Environ. Health Perspect. 108, A440 (2000).
Koch, H. M., Drexler, H. & Angerer, J. An estimation of the daily intake of di(2-
ethylhexyl)phthalate (DEHP) and other phthalates in the general population. Int. J. Hyg.
Environ. Health 206, 77-83 (2003).

Chang, J.-W. et al. Estimated Daily Intake and Cumulative Risk Assessment of Phthalates in
the General Taiwanese after the 2011 DEHP Food Scandal. Sci. Rep. 7, 45009 (2017).
Wang, B. et al. Urinary Excretion of Phthalate Metabolites in School Children of China:
Implication for Cumulative Risk Assessment of Phthalate Exposure. Environ. Sci. Technol.
49, 1120-1129 (2015).

Lumley, T. Analysis of Complex Survey Samples. J. Stat. Softw. 9, 1-19 (2004).

Mage, D. T. et al. Estimating pesticide dose from urinary pesticide concentration data by
creatinine correction in the Third National Health and Nutrition Examination Survey
(NHANES-III). J. Expo. Anal. Environ. Epidemiol. 14, 457-465 (2004).

Mage, D. T., Allen, R. H. & Kodali, A. Creatinine corrections for estimating children’s and
adult’s pesticide intake doses in equilibrium with urinary pesticide and creatinine
concentrations. J. Expo. Sci. Environ. Epidemiol. 18, 360-368 (2008).

Organophosphate metabolites in urine samples from Danish children and women.
https://mst.dk/service/publikationer/publikationsarkiv/2016/sep/democrophes/.

Lee, I. ef al. Urinary Concentrations of Major Phthalate and Alternative Plasticizer
Metabolites in Children of Thailand, Indonesia, and Saudi Arabia, and Associated Risks.
Environ. Sci. Technol. 55, 16526—16537 (2021).

Anderson, W. A. C., Castle, L., Hird, S., Jeffery, J. & Scotter, M. J. A twenty-volunteer
study using deuterium labelling to determine the kinetics and fractional excretion of primary
and secondary urinary metabolites of di-2-ethylhexylphthalate and di-iso-nonylphthalate.
Food Chem. Toxicol. 49, 2022-2029 (2011).

Anderson, W. A., Castle, L., Scotter, M. J., Massey, R. C. & Springall, C. A biomarker
approach to measuring human dietary exposure to certain phthalate diesters. Food Addit.
Contam. 18, 1068—1074 (2001).

Itoh, H., Yoshida, K. & Masunaga, S. Quantitative identification of unknown exposure
pathways of phthalates based on measuring their metabolites in human urine. Environ. Sci.
Technol. 41, 4542—-4547 (2007).

34



48.

49.

50.

51.
52.

53.

54.

55.

56.

57.

38.

59.

60.

61

62.

Koch, H. M., Wittassek, M., Briining, T., Angerer, J. & Heudorf, U. Exposure to phthalates
in 5-6 years old primary school starters in Germany--a human biomonitoring study and a
cumulative risk assessment. Int. J. Hyg. Environ. Health 214, 188—195 (2011).

Lessmann, F. et al. Exposure to the plasticizer di(2-ethylhexyl) terephthalate (DEHTP) in
Portuguese children - Urinary metabolite levels and estimated daily intakes. Environ. Int.
104, 25-32 (2017).

Stanfield, Z. et al. Bayesian inference of chemical exposures from NHANES urine
biomonitoring data. J. Expo. Sci. Environ. Epidemiol. 32, 833—846 (2022).

Home: CalSAFER. https://calsafer.dtsc.ca.gov/.

US EPA, O. Basic Information about the Integrated Risk Information System.
https://www.epa.gov/iris/basic-information-about-integrated-risk-information-system (2014).
Pharos - About. Pharos - Healthy Building Network
https://pharos.healthybuilding.net/about? gl=1*rqv3wh* ga*MTQINDEzNzcyNy4xNjczO
TAyMTA1* ga 9HBMPKDOOP*MTY 3MzkwMjEwWNC4xLjEuMTY 3MzkwMjMwOS4wL
JAUMA..

Kim, K., Shin, H., Wong, L., Young, T. & Bennett, D. Temporal variability of indoor dust
concentrations of semivolatile organic compounds. INDOOR AIR 31, 693-701 (2021).
Shin, H.-M. et al. Determining source strength of semivolatile organic compounds using
measured concentrations in indoor dust. Indoor Air 24, 260-271 (2014).

Shin, H., Moschet, C., Young, T. & Bennett, D. Measured concentrations of consumer
product chemicals in California house dust: Implications for sources, exposure, and toxicity
potential. INDOOR AIR 30, 60-75 (2020).

Hwang, H.-M., Park, E.-K., Young, T. M. & Hammock, B. D. Occurrence of endocrine-
disrupting chemicals in indoor dust. Sci. Total Environ. 404, 26-35 (2008).

Rudel, R. A., Camann, D. E., Spengler, J. D., Korn, L. R. & Brody, J. G. Phthalates,
Alkylphenols, Pesticides, Polybrominated Diphenyl Ethers, and Other Endocrine-Disrupting
Compounds in Indoor Air and Dust. Environ. Sci. Technol. 37, 4543—-4553 (2003).

Guo, Y. & Kannan, K. Comparative assessment of human exposure to phthalate esters from
house dust in China and the United States. Environ. Sci. Technol. 45, 3788-3794 (2011).
Subedi, B., Sullivan, K. D. & Dhungana, B. Phthalate and non-phthalate plasticizers in
indoor dust from childcare facilities, salons, and homes across the USA. Environ. Pollut.
Barking Essex 1987 230, 701-708 (2017).

. Philippat, C. et al. Phthalate concentrations in house dust in relation to autism spectrum

disorder and developmental delay in the CHildhood Autism Risks from Genetics and the

Environment (CHARGE) study. Environ. Health 14, (2015).

Mitro, S. D. ef al. Phthalate metabolite exposures among immigrants living in the United

States: Findings from NHANES, 1999-2014. J. Expo. Sci. Environ. Epidemiol. 29, 71-82
(2019).

35



63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Phthalates Business Guidance & Small Entity Compliance Guide. U.S. Consumer Product
Safety Commission https://www.cpsc.gov/Business--Manufacturing/Business-
Education/Business-Guidance/Phthalates-Information.

Silva, M. J., Samandar, E., Calafat, A. M. & Ye, X. Identification of di-2-ethylhexyl
terephthalate (DEHTP) metabolites using human liver microsomes for biomonitoring
applications. Toxicol. Vitro Int. J. Publ. Assoc. BIBRA 29, 716721 (2015).

Nagorka, R., Conrad, A., Scheller, C., Siissenbach, B. & Moriske, H.-J. Diisononyl 1,2-
cyclohexanedicarboxylic acid (DINCH) and Di(2-ethylhexyl) terephthalate (DEHT) in
indoor dust samples: concentration and analytical problems. Int. J. Hyg. Environ. Health
214, 26-35 (2011).

Bui, T. T. et al. Human exposure, hazard and risk of alternative plasticizers to phthalate
esters. Sci. Total Environ. 541, 451-467 (2016).

PHTHTE J. https://wwwn.cdc.gov/Nchs/Nhanes/2017-

2018/PHTHTE J.htm#Description_of Laboratory Methodology.

Rodriguez-Carmona, Y. et al. Determinants and characterization of exposure to phthalates,
DEHTP and DINCH among pregnant women in the PROTECT birth cohort in Puerto Rico.
J. Expo. Sci. Environ. Epidemiol. 30, 56—69 (2020).

Schripp, T. Distribution of phthalates in the indoor environment: Application and evaluation
of indoor air models. (2009) doi:10.24355/dbbs.084-200909221017-0.

Cherrie, J. W., Fransman, W., Heussen, G. A. H., Koppisch, D. & Jensen, K. A. Exposure
Models for REACH and Occupational Safety and Health Regulations. Int. J. Environ. Res.
Public. Health 17, 383 (2020).

Adamkiewicz, G. et al. Moving Environmental Justice Indoors: Understanding Structural
Influences on Residential Exposure Patterns in Low-Income Communities. Am. J. Public
Health 101, S238-S245 (2011).

Gochfeld, M. & Burger, J. Disproportionate Exposures in Environmental Justice and Other
Populations: The Importance of Outliers. Am. J. Public Health 101, S53—-S63 (2011).
Partitioning of Chemicals in Indoor Environments - Why Indoor Chemistry Matters - NCBI
Bookshelf. https://www.ncbi.nlm.nih.gov/books/NBK585379/#!p0o=0.490196.

36



Table of Contents for Supplementary Information

APPENDIX A ...ttt ettt b e bt b e bttt b e et r e a et aeenes 38
Table 1A: List of ortho-phthalates and ortho-phthalate alternatives that are commonly detected
(frequency = 50) in the included StUIEs. ........cooeiiiiiiiiie et 38
Table 1B: List of ortho-phthalates and ortho-phthalate alternatives that are commonly detected
(frequency < 50) inthe included StUAIES. .......ccccevueiiirieieninie e 39
List of Abbreviations Used in Table 1A and 1B........ccccoceiiiiiiiiininieneeese e 40
APPENDIX Bttt bbbt bbbt r e a et ens 41
Table 2. Systematic Review Search Strategy (for the updated review) .........ccoceeiirieiiiiinieieeneene. 41
References of Studies Included in Systematic ReVIEW: .......ccccoviiiiiiiiniiiiieeeeee e, 41
References of Studies Excluded at Full Study Stage in Systematic Review: ..........ccccoceeveninennencnene. 42
Figure 1. Geographic Regions Represented by Studies Included in the Meta-Analysis..........c.coe........ 43
Table 3a. Qualitative Data Extraction and SUMMATY .........cccoceeiieneeneeiienie et 44
Table 3b. Quality assurance/ quality CONtrol MEASUIES......ccceiriiriiriiiiiieieeie ettt st 48
Table 3c. Treatment of below-method of detection limit (MDL) values.........cccccoeciriiniinieiieinienenne 49
Table 3d. Measure of central tendency and measure of spread reported. .........cccceevereeverineescnenene 50
Table 4. Internal risk of bias assessment for studies included in meta-analysis. .......cc.cccoeerrivrrivrrcnnnns 51
APPENDIX C ..ottt sttt b e bt b e et b b et r e e n e b enen s 54
Table 4: The weighted pooled median concentrations of ortho-phthalates and ortho-phthalate
alternatives were commonly detected (frequency = 50) in at least two studies. ......c.ccceveeveereenennne. 54
Equations used for modelling intake rate from duSt.........cccceoeriririininieineeeeeee e 55
APPENDIX D...oooittiete ettt st b ettt a bbbt et e st et e bt bttt b et et e ne b enes 57
Table 5. Urinary metabolites of detected phthalates and phthalate alternatives.........cccccceevvveurennns 57
Table 6. Excretion factors used to estimate daily intake rates from phthalate and phthalate
alternative urinary Metabolites ..........coiii it 57
Table 7. Summary of data obtained from NHANES 2017-2018 Survey Year ........ccccceeveeneeneeneeneenne. 58

37



APPENDIX A

Table 1A: List of ortho-phthalates and ortho-phthalate alternatives that are
commonly detected (frequency = 50) in the included studies.

Short chain (C1 - C3 backbone) and branched ortho-phthalates

CASRN Abbreviation Substance name Molecular Weight | LogKoa |LogKaw | Log Kow
(g/mol) estimated estimated
131-11-3 DMP Dimethyl phthalate 194.18 6.69 -5.51 4.61
84-69-5 DiBP Diisobutyl phthalate 278.35 8.41 -5.91 4.46
84-66-2 DEP Diethyl phthalate 222.24 7.02 -6.40 2.65
Medium chain (C4 - C8 backbone) linear and branched ortho-phthalates incl.
aromatics and cyclics
CASRN Abbreviation Substance name Molecular Weight | LogKoa |LogKaw | Log Kow
(g/mol) estimated estimated
84-74-2 DBP Dibutyl phthalate 278.35 8.63 -5.91 4.61
85-68-7 BBP Benzyl butyl phthalate 312.36 9.02 -7.37 4.84
84-75-3 DHP Dihexyl phthalate 334.45 9.80 -5.42 6.57
117-81-7 DEHP Bis(2-ethylhexyl) 390.56 12.56 -4.93 8.39
phthalate
117-84-0 DnOP Dioctyl phthalate 390.56 12.08 -4.93 8.54
28553-12- DiNP Diisononyl phthalate 418.61 13.59 -3.39 8.80
0
84-61-7 DCP Dicyclohexyl phthalate 330.42 11.0 -5.90 5.78
Long chain (C9-C18 backbone) linear and branched ortho-phthalates
CASRN Abbreviation Substance name Molecular Weight | LogKoa |LogKaw| Log Kow
(g/mol) estimated estimated
84-76-4 DNP Dinonyl phthalate 418.62 12.59 -5.27 9.40
84-77-5 DDP Didecyl phthalate 446.67 11.87 -5.49 9.05
Ortho-Phthalate alternatives which include terephthalates & trimellitates
CASRN Abbreviation Substance name Molecular Weight | LogKoa |LogKaw| Log Kow
(g/mol) estimated estimated
4654-26-6;| DOTP, DEHT or | Dioctyl terephthalate or 390.56 11.7 -4.98 8.43
6422-86-2 DEHTP bis(2-ethylhexyl
terephthalate)
77-90-7 ATBC Acetyl tributyl citrate 402.48 12.10 -5.92 5.07
3319-31-1; TOTM Trioctyl trimellitate 546.79 16.24 -4.96 11.7
89-04-3
103-23-1 DEHA Bis(2-ethylhexyl) adipate 370.58 12.87 -4.29 8.12

or di (2-ethylhexyl)
adipate

38




102-06-7 - 1,3-Diphenylguanidine 211.27 8.33 -6.81 2.70

88-19-7 - 2- 171.21 6.75 -6.06 0.84

Methylbenzenesulfonamide
or o-toluenesulfonamide

141-04-8 DIBA Hexanedioic acid, bis(2- 258.36 7.85 -5.40 3.88

methylpropyl) ester or
Diisobutyl adipate

1.

Note: The values used for the following parameters: Log Koa estimated, Log Kaw, and Log Kow estimated were obtained from EPA Epi Suite as seen in Mitro et
al and Schossler et al. In the absence of data from EPA Epi Suite as reported in these studies, values from EPA CompTox Dashboard were used where
experimental averages (italicized) were prioritized over predicted averages.

Citation(s):

European Chemical Agency (2021). Assessment of regulatory needs: Ortho-phthalates. Accessed on August 20, 2022, from
https://echa.europa.eu/documents/10162/7f9f20fe-a7db-fbf-6535-f68b2f84d396 ;

1.

2. European Chemical Agency (2021). Assessment of regulatory needs: Isophthalates, Terephthalates and Trimellitates. Assessed on August 20, 2022,
from https://www.echa.europa.eu/documents/10162/2d735ae9-a4fd-1aa5-76d8-70516671826¢;
3. Mitro, S. D, etal (2016). Consumer Product Chemicals in Indoor Dust: A Quantitative Meta-analysis of U.S. Studies. Environmental Science &
Technology, 50(19), 10661-10672. https://doi.org/10.1021/acs.est.6b02023
4.  Schossler, P. et al. Beyond phthalates: Gas phase concentrations and modeled gas/particle distribution of modern plasticizers. Science of The Total
Environment 409, 4031-4038 (2011)
5.  Williams, A. ]. et al. The CompTox Chemistry Dashboard: a community data resource for environmental chemistry. Journal of Cheminformatics 9, 61
(2017). https://comptox.epa.gov/dashboard/(2022)
Table 1B: List of ortho-phthalates and ortho-phthalate alternatives that are
commonly detected (frequency < 50) in the included studies.
Medium chain (C4 - C8 backbone) linear and branched ortho-phthalates incl.
aromatics and cyclics
CASRN Abbreviation Substance name Molecular Weight | LogKoa |LogKaw| Log Kow
(g/mol) estimated estimated
131-18-0 - Dipentyl phthalate 306.40 9.40 -5.44 5.62
131-16-8 - Dipropyl phthalate 250.29 7.38 -5.34 3.72
3648-21-3 DHpP Diheptyl phthalate 362.51 10.7 -4.99 7.49
Phthalate alternatives which include terephthalates & trimellitates
120-55-8 - Diethylene glycol 314.34 10.2 -6.32 3.30
dibenzoate or Di-o-
benzoyldiethylene glycol
[Note: The values used for the following parameters: Log Koa estimated, Log Kaw, and Log Kow estimated were obtained from EPA Epi Suite as seen in Mitro et

al and Schossler et al. In the absence of data from EPA Epi Suite as reported in these studies, values from EPA CompTox Dashboard were used where
experimental averages (italicized) were prioritized over predicted averages.
Citation(s):

European Chemical Agency (2021). Assessment of regulatory needs: Ortho-phthalates. Accessed on August 20, 2022, from
https://echa.europa.eu/documents/10162/7f9f20fe-a7db-fbf-6535-f68b2f84d396

European Chemical Agency (2021). Assessment of regulatory needs: Isophthalates, Terephthalates and Trimellitates. Assessed on August 20, 2022,
from https://www.echa.europa.eu/documents/10162/2d735ae9-a4fd-1aa5-76d8-70516671826¢

Mitro, S. D. et al. (2016). Consumer Product Chemicals in Indoor Dust: A Quantitative Meta-analysis of U.S. Studies. Environmental Science &
Technology, 50(19), 10661-10672. https://doi.org/10.1021/acs.est.6b02023

Schossler, P. et al. Beyond phthalates: Gas phase concentrations and modeled gas/particle distribution of modern plasticizers. Science of The Total
Environment 409, 4031-4038 (2011)

Williams, A. J. et al. The CompTox Chemistry Dashboard: a community data resource for environmental chemistry. Journal of Cheminformatics 9, 61

(2017). https://comptox.epa.gov/dashboard/(2022)
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https://echa.europa.eu/documents/10162/7f9f20fe-a7db-f9bf-6535-f68b2f84d396
https://www.echa.europa.eu/documents/10162/2d735ae9-a4fd-1aa5-76d8-70516671826c
https://comptox.epa.gov/dashboard/
https://echa.europa.eu/documents/10162/7f9f20fe-a7db-f9bf-6535-f68b2f84d396
https://www.echa.europa.eu/documents/10162/2d735ae9-a4fd-1aa5-76d8-70516671826c
https://comptox.epa.gov/dashboard/

List of Abbreviations Used in Table 1A and 1B

Abbreviation Definition

CASRN Chemical Abstracts Service Registry Number
Koa Octanol-Air Partitioning Coefficients

Kaw Air-Water Distribution Ratio

Kow n-Octanol/Water Partition Coefficient

Formula for calculating Kaw:

Henry's Law constant
R=*T

where:
R =0.080206 atm/mol-K

T = 298 K (normal room temperature)
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APPENDIX B

Table 2. Systematic Review Search Strategy (for the updated review)

Databases Date of Search | Search strategy | Limits Placed on Number of
Search Records
Web of Science May 6, 2022 phthalate* AND | Date: Mar 1, 2015 - 93
dust* AND April 30,2022;
human* Language: English ;
Countries/Regions:
USA;
Peer-Reviewed
PubMed May 6, 2022 phthalate* AND | Date: Mar 1, 2015 - 132
dust* April 30, 2022 ;

Species: Human ;
Language: English;
Peer-Reviewed

References of Studies Included in Systematic Review:

1.

Bi, C. et al. (2018). Phthalates and organophosphates in settled dust and HVAC filter
dust of U.S. low-income homes: Association with season, building characteristics,
and childhood asthma. Environment International, 121(Pt 1), 916-930.
https://doi.org/10.1016/j.envint.2018.09.013

Bi, X. et al. (2015). Comparison, association, and risk assessment of phthalates in
floor dust at different indoor environments in Delaware, USA. Journal of
Environmental Science and Health. Part A, Toxic/Hazardous Substances &
Environmental Engineering, 50(14), 1428-1439.
https://doi.org/10.1080/10934529.2015.1074482

Dodson, R. E. et al. (2015). Semivolatile organic compounds in homes: Strategies for
efficient and systematic exposure measurement based on empirical and theoretical
factors. Environmental Science & Technology, 49(1), 113-122.
https://doi.org/10.1021/es502988r

Guo, Y., & Kannan, K. (2011). Comparative assessment of human exposure to
phthalate esters from house dust in China and the United States. Environmental
Science & Technology, 45(8), 3788-3794. https://doi.org/10.1021/es2002106
Hammel, S. C. et al. (2019). Children’s exposure to phthalates and non-phthalate
plasticizers in the home: The TESIE study. Environment International, 132, 105061.
https://doi.org/10.1016/j.envint.2019.105061
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https://doi.org/10.1016/j.envint.2018.09.013
https://doi.org/10.1080/10934529.2015.1074482
https://doi.org/10.1021/es502988r
https://doi.org/10.1021/es2002106
https://doi.org/10.1016/j.envint.2019.105061

6. Hwang, H.-M. et al. (2008). Occurrence of endocrine-disrupting chemicals in indoor
dust. Science of The Total Environment, 404(1), 26-35.
https://doi.org/10.1016/j.scitotenv.2008.05.031

7. Kim, K. et al. (2021). Temporal variability of indoor dust concentrations of semi-
volatile organic compounds. Indoor Air, 31(3), 693-701.
https://doi.org/10.1111/ina.12759

8. Philippat, C. et al. (2015). Phthalate concentrations in house dust in relation to
autism spectrum disorder and developmental delay in the CHildhood Autism Risks
from Genetics and the Environment (CHARGE) study. Environmental Health: A
Global Access Science Source, 14, 56. https://doi.org/10.1186/s12940-015-0024-9

9. Rudel, R. A. et al. (2003). Phthalates, Alkylphenols, Pesticides, Polybrominated
Diphenyl Ethers, and Other Endocrine-Disrupting Compounds in Indoor Air and
Dust. Environmental Science & Technology, 37(20), 4543-4553.
https://doi.org/10.1021/es0264596

10. Shin, H.-M. et al. (2014). Determining source strength of semivolatile organic
compounds using measured concentrations in indoor dust. Indoor Air, 24(3), 260-
271. https://doi.org/10.1111/ina.12070

11. Shin, H.-M. et al. (2020). Measured Concentrations of Consumer Product Chemicals
in California House Dust: Implications for Sources, Exposure, and Toxicity Potential.
Indoor Air, 30(1), 60-75. https://doi.org/10.1111/ina.12607

12. Subedi, B. et al. (2017). Phthalate and non-phthalate plasticizers in indoor dust from
childcare facilities, salons, and homes across the USA. Environmental Pollution
(Barking, Essex: 1987), 230, 701-708. https://doi.org/10.1016/j.envpol.2017.07.028

References of Studies Excluded at Full Study Stage in Systematic Review:

Study Reason for Exclusion

Sears et al. 2020. Lowering Urinary Phthalate Did not include dataset
Metabolite Concentrations among Children by
Reducing Contaminated Dust in Housing Units:
A Randomized Controlled Trial and
Observational Study.

Rudel et al. 2001. Identification of Selected Did not include information on timeline of
Hormonally Active Agents and Animal collection

Mammary Carcinogens in Commercial and
Residential Air and Dust Samples.
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https://doi.org/10.1016/j.scitotenv.2008.05.031
https://doi.org/10.1111/ina.12759
https://doi.org/10.1186/s12940-015-0024-9
https://doi.org/10.1021/es0264596
https://doi.org/10.1111/ina.12070
https://doi.org/10.1111/ina.12607
https://doi.org/10.1016/j.envpol.2017.07.028

Figure 1. Geographic Regions Represented by Studies Included in the Meta-Analysis
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Table 3a. Qualitative Data Extraction and Summary

Paper Ortho-Phthalates & Indoor Study Location of | Sampling | Sieve | Storage container Storage Demographics
ortho-phthalate Residential Length Study Method | (um) temperature Reported
alternatives Environment |(Temporal
measured Time
(frequency 250%) Span)
Bi et al. DEHP, BBP, DBP,  |Apartments Mar 2013 Study used | 106 Ethyl acetate rinsed -21°C No (X)
2015 DiBP, DHP, DNP, (n=7), houses Dover, vacuum glass jars with steel
DEP, DDP (n=10), student Delaware caps
dormitories
(n=5), house
garage (n=3)
Bi et al. BBP, DEHP, DnOP [Settled dust in Jun 2014 - |Central Texas [Study used Cellulose thimbles in -18°C General description
2018 children’s room |[Sept2014;| (a part of the [vacuum clean amber glass jars available
including objects|Dec 2014 - [Healthy Homes
30 cm above the | Feb 2015 | investigation
floor. (HUD:
————————————————————— TXHHU0023-
The total no. of 13)
dust samples
=54
Dodson et |BBP, Main living areas| 2006 Northern [Study used | 150 Precleaned, certified -4°C Description of
al. 2014 [DEHP,DBP,DHP, including California - |[vacuum glass jars with Teflon- demographic
DnOP, DEP, DIBP, |windowsills, (Liberty and lined lids composition
DEHA ceiling fans, Atchison
upholstery, Village in
furniture. Contra Costa
--------------------- County) in
Dust samples Richmond and
=49; No repeat Bolinas

sampling
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Paper Ortho-Phthalates & Indoor Study Location of | Sampling | Sieve | Storage container Storage Demographics
ortho-phthalate Residential Length Study Method | (nm) temperature Reported
alternatives Environment |(Temporal
measured Time
Span)
Guo et al. |DMP, DEP, DiBP, Homes Dec 2007 -| Albany, NY [Study used | 2000 | Clean aluminum foil -4°C No (X)
2011 DBP, DHP, BBP,  |----------ooem--- Jan 2008 existing
DEHP, DnOP vacuum
Dust samples bags
(n=33)
Hammel et | DEP, DiBP, DBP, Main living area [Sept 2014 —| Durham, NC |Study used| 500 Cellulose thimble -20°C Yes (V)
al. 2019 [DMP, BBP, DEHP, |or play area for [April 2016 vacuum wrapped in aluminum
DiNP, DEHTP or child. foil
DOTP, TOTM, DEHA |------------=--------
Dust samples
=188)
Hwang et |[DEHP Apartments Fall 2014 Davis, Study used | 100 | Glass jars pre-cleaned -20°C No (X)
al. 2008 | 0000 e (months California |existing hexane
No of dust not vacuum
samples (n = 10) | specified) bags
Kim etal. |DEHP,BBP,DiBP, Main living area | Jul 2015 - | California [Study used | 150 Cellulose extraction -20°C Income of the
2020 DBP,DnOP,DMP, (except under May 2018 | --------------- vacuum thimble, wrapped in underlying
DEHTP or DOTP, furniture, (22 Northern pre-cleaned aluminum population was
DEHA, ATBC between months) California foil reported
cushions and
upholstered
furniture)
Dust samples (n
=87)
Philippat [DMP, DBP, DEP, Main living area 2010 - California  [Study used | 105 | Glass jars pre-cleaned -20°C Yes (V)
etal. 2015 |BBP, DEHP carpets and rugs 2011  |(Community [vacuum hexane

No. of dust

samples = 145

not specified )
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Paper Ortho-Phthalates & Indoor Study Location of | Sampling | Sieve | Storage container Storage Demographics
ortho-phthalate Residential Length Study Method | (nm) temperature Reported
alternatives Environment |(Temporal
measured Time
Span)

Rudel et al.DEP, DBP, BBP, Most frequently |]Jun 1999 - |Cape Cod, Study used | 150 |Certified glass jars with -4°C No (X)

2003 DEHP used rooms Sept 2001 |Mass vacuum Teflon-lined lids
including
hallways,
windowsills,
fans, and
furniture

Shin et al. |DEHP, DiNP, BBP, |Main living room| 20009 - Northern [Study used | 150 Wrapped in pre- -20°C Yes (V)*

2014 DBP,DiBP, DEP but no samples 2010 California, SE [vacuum cleaned aluminum foil
were collected Pennsylvania, and placed inpoly- | | ____
from under NE Maryland propylene vials Demographic
furniture or (community information was
between location was provided for the
cushions. not given) larger survey pop.
""""""""""" from which this data
(no. of dust was drawn
samples = 30)

Shin et al. |BBP, DEHP, DiBP, |Main living May 2015 -| Sacramento [Study used | 106 [Polytetrafluoroethylene -20°C No (X)

2019 DBP, DEP, DMP, room August and Fresno, [vacuum (PTFE) container

IATBC, DOTP, 1,3- 2016 CA

(targeted &|diphenylguanidine

non-target [toluene-2- Dust samples (n=

analysis) [sulfonamide 38)
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Paper Ortho-Phthalates & Indoor Study |Location of Sampling | Sieve | Storage container Storage Demographics
ortho-phthalate Residential Length [Study Method | (nm) temperature Reported
alternatives Environment |(Temporal
measured Time
Span)
Subedi et |DMP,DEP,DiBP, Homes September |*El Cerrito, CA [Study used | 1400 Aluminum foil -20°C No (X)
al. 2017 DBP,BBP,DEHP,  |----------mommmeee- 2016 - [+San Diego, CA [vacuum
DnOP, DIBA or (No. of dust October [¢Waco, TX
hexanedioic acid, [samples=11) 2016  [sMurray, KY
DEHA, ATBC eSilver Spring,
MD
eMedway, MA

*Phthalates noted are limited to the phthalates detected in the following indoor residential environments: apartment, house, house garage and student dormitory. No specific room where sampling]
'was done was indicated in the paper.
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Table 3b. Quality assurance/ quality control measures

Paper Analysis Reference Internal Lab blank | Field blank Additional Accuracy/Precision
Material Standard methods
Bi etal. 2015 GC/MS equipped with v v Background was subtracted from all
AOC-i20 auto-sampler sample extracts, replicates (n=3) of
in SIM mode samples
Bi etal. 2018 GC - FID system v v v Matrix spiking, replicates
Dodson etal. 2014 | GC/MS in selective v v lAnalyzed solvent blanks (n=3), matrix
ion-monitoring (SIM) spikes (n=3) and surrogate recoveries
mode used to characterize accuracy, compound
recovery from matrix, and extraction
efficiency.
Guo etal. 2011 GS/MS in SIM mode v v Matrix spikes, extraction efficiency tested
by performing 4+ extractions
Hammel et al. GC/MS in electron v v v Laboratory blanks (n=6), house dust
2019 impact (EI) mode standard reference material (n=5)
Hwang et al. 2008 | GC/MS in EIl and SIM v v Replicates
mode
Kim et al. 2020 GC/MS quadrupole v v Replicates
time-of-flight (Q/TOF)
in El mode
Philippat et al. GS/MS with glass v v v Matrix spiking, Replicates
2015 capillary
Rudel et al. 2003 GS/MS in SIM mode v v Matrix spiking, replicates (n = 4)
Shin et al. 2014 GC-EI/MS v v Matrix spiking, replicates
Shin et al. 2019 LC-QTOF/MS and GC- v v v Replicates, calculation of absolute
QTOF/MS recovery
Subedi etal. 2017 | GC/MS in SIM mode v v Matrix spiking and matrix spike duplicate

analysis, replicates (n=3), blank
correction
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Table 3c. Treatment of below-method of detection limit (MDL) values

Treatment of MDL values

Paper No values fell below MDL/\/ 2 MDL/2 |Other treatment of MDL Not reported
MDL
Bi etal. 2015 v
Bi etal. 2018 v
Dodson et al. 2014 v
Guo etal. 2011 0
Hammel et al. 2019 v
Hwang et al. 2008 v
Kim et al. 2020 v
Philippat et al. 2015 v
Rudel et al. 2003 0
Shin et al. 2014 v
Shin et al. 2019 v
Subedi etal. 2017 Determined to be
minimum concentration of
analytes
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Table 3d. Measure of central tendency and measure of spread reported.

Measure of central tendency reported

Measure of spread reported

Paper Geometric | Median Unit reported Variance | Standard Range IQR Not reported
Mean Deviation
Bi et al. 2015 v v mg/kg 4 v
Bi et al. 2018 v v ng/g 4 v
Dodson et al. 2014 v He/g v
Guo et al. 2011 v ng/g
Hammel et al. v ng/g
2019
Hwang et al. 2008 To be ug/g v
calculated
from raw
values
Kim et al. 2020 v v ng/g v v
Philippat et al. v ug/g v
2015
Rudel et al. 2003 v v ug/g v
Shin et al. 2014 v v ug/g v Max; not
min but can
be
estimated
from LOD
Shin et al. 2019 v ng/g v
Subedi et al. 2017 To be ug/g Tobe |To be calculated
calculated calculated
from raw
value
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Table 4. Internal risk of bias assessment for studies included in meta-analysis.

Study Name | Risk of Bias Domain Rating Authors’ Reasoning

Methodology described, quality assurance and validation
described. Measured dust level in an untraditional indoor
environment space, i.e., the garage, and did not say where in the
house the samples were collected from, or the surfaces sampled.

Exposure Measurement| Adequate

Bi etal. 2015 .. Little (only when + where) or no information on recruitment
Participant/Home . , .
Selects Deficient [process beyond, selection strategy, sampling framework, and/or
election
participation was included.

Quantitative results presented and distribution for dust data was

Analysi Good
halysts 00 discussed.

Conflict of Interest Good No conflict of interest disclosed or identified.

Methodology described in detail, quality assurance and
Exposure Measurement Good validation described. Minimal exposure media measurements
were below the LOD.

Recruitment process was adequately described with minimal
Good concern for selection bias based on description of recruitment
process.

Participant/Home

Bi et al. 2018 )
Selection

Quantitative results were presented including details of how
Analysis Good below-LOD measurements were treated. Distribution for dust
data were discussed.

Conflict of Interest N/A The presence or absence of conflict was not mentioned.

Valid exposure measurement method. Very detailed and

E M t Good
xposure Heasuremen 0 validated QA/QC were discussed.

Recruitment process was adequately described with minimal

Dodson et al. Part1c1panF/Home Good concern for selection bias based on description of recruitment
2014 Selection process.
Quantitative results were presented including details of how
Analysis Good below-LOD measurements were treated. Distribution for dust
data were discussed.
Conflict of Interest Good No conflict of interest disclosed or identified.
Study Name | Risk of Bias Domain Rating Reasoning

Used an existing vacuum bag. Detailed and validated QA/QC

Exposure Measurement| Deficient )
were discussed.

Little or no information on recruitment process, selection

Participant/Home
Guo etal. B ,/ Deficient |[strategy, sampling framework, and/or participation was
Selection )
2011 included.
Quantitative results were presented including details of how
Analysis Good below-LOD measurements were treated. Distribution for dust

data were discussed.
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Conflict of Interest N/A The presence or absence of conflict was not mentioned.
Hammel et Valid exposure measurement method. Detailed and validated
Exposure Measurement Good .
al. 2019 QA/QC were discussed.
.. Recruitment process was adequately described with minimal
Participant/Home . . . .
) Good concern for selection bias based on description of recruitment
Selection
process.
Quantitative results were presented including details of how
Analysis Good below-LOD measurements were treated. Distribution for dust
data were discussed.
Conflict of Interest Good No conflict of interest disclosed or identified.
. Use of existing vacuum bag; make and model of vacuum
Exposure Measurement| Deficient , e ) )
cleaners/bags not identified. Validated analytical procedures.
. Little or no information on recruitment process, selection
Participant/Home . . C
Hwang et al. ) Deficient |[strategy, sampling framework, and/or participation was
Selection ]
2008 included.
Descriptive information provided but analysis of data was not
Analysis Adequate p P y
robust.
Conflict of Interest N/A The presence or absence of conflict was not mentioned.
See Shin 2019. Methodology described in detail, quality
Exposure Measurement Good assurance and validation described. Minimal exposure media
measurements were below the LOD.
. Little or no information on recruitment process, selection
. Participant/Home - , S
Kim et al. ) Deficient |strategy, sampling framework, and/or participation was
Selection ,
2020 included.
Quantitative results presented including details of how below-
Analysis Good LOD measurements were treated. MDLs high but detection of
chemicals were well above the MDLs.
Conflict of Interest Good No conflict of interest disclosed or identified.
Study Name | Risk of Bias Domain Rating Reasoning
Valid exposure measurement method. Detailed and validated
Exposure Measurement Good i
QA/QC were discussed.
. Recruitment process was adequately described with minimal
. Participant/Home . ) L .
Philippat et Selection Good concern for selection bias based on description of recruitment
al. 2015 process.
) Quantitative results were presented but distribution for dust
Analysis Good . . o
data were discussed briefly and showed table of variation.
Conflict of Interest Good No conflict of interest disclosed or identified.
Rudel et al Methodology described in detail, quality assurance and
5003 " |Exposure Measurement Good validation described. Minimal exposure media measurements

were below the LOD.
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Little or no information on recruitment process, selection

Participant/Home
P ,/ Deficient |[strategy, sampling framework, and/or participation was
Selection )
included.
Methodology described in detail, quality assurance and
Analysis Good validation described. Minimal exposure media measurements
were below the LOD.
Conflict of Interest N/A The presence or absence of conflict was not mentioned.
Methodology described in detail, quality assurance and
Exposure Measurement Good validation described. Minimal exposure media measurements
were below the LOD.
.. Recruitment process was adequately described with minimal
Participant/Home . , L .
Shin et al. Selecti Good concern for selection bias based on description of recruitment
election
2014 process but lacked response rate.
_ Quantitative results presented including details of how below-
Analysis Good
LOD measurements were treated.
Conflict of Interest N/A The presence or absence of conflict was not mentioned.
Study Name | Risk of Bias Domain Rating Reasoning
Methodology described in detail, quality assurance and
Exposure Measurement Good validation described. Minimal exposure media measurements
were below the LOD.
. . Little or no information on recruitment process, selection
Shin et al. Participant/Home . ) L
, Deficient |[strategy, sampling framework, and/or participation was
2019 Selection )
included.
) Quantitative results presented including details of how below-
Analysis Good .
LOD measurements were treated; missing data addressed.
Conflict of Interest Good No conflict of interest disclosed or identified.
Methodology described in detail, quality assurance and
Exposure Measurement Good validation described. Minimal exposure media measurements
were below the LOD.
) . Little or no information on recruitment process, selection
Subedi et al. Participant/Home . . e
) Deficient [strategy, sampling framework, and/or participation was
2017 Selection ]
included.
, Quantitative results presented including details of how below-
Analysis Good
LOD measurements were treated.
Conflict of Interest N/A The presence or absence of conflict was not mentioned.

53




APPENDIX C

Table 4: The weighted pooled median concentrations of ortho-phthalates and ortho-
phthalate alternatives were commonly detected (frequency = 50) in at least two

studies.
Pooled Median Lower
Pooled Estimate Bound of 95% Pooled Medians Upper
Abbreviation Weighted Confidence Interval Bound of 95% Confidence
Classification Median (ug/g) (ug/g) Interval (ug/g)
Ortho-
phthalate
ATBC alternative 271.00 7.97 7900.00
Ortho-
BBP phthalate 13.64 13.4 29.00
Ortho-
DBP phthalate 10.30 9.63 13.10
Ortho-
phthalate
DEHA alternative 5.97 5.10 144.50
Ortho-
DEHP phthalate 140.00 118.57 242.00
Ortho-
phthalate
DEHTP alternative 133.65 35.68 133.65
Ortho-
DEP phthalate 1.94 1.01 2.10
Ortho-
DHP phthalate 1.10 0.60 1.10
Ortho-
DiBP phthalate 4.37 1.91 4.40
Ortho-
DiNP phthalate 78.75 78.75 110.00
Ortho-
DMP phthalate 0.07 0.07 0.11
Ortho-
DnOP phthalate 1.60 0.28 27.10
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Equations used for modelling intake rate from dust

Assumed parameters are based on values seen in Mitro et al., Beko et al., and Weschler et
al.:

For DMP and DEP (ug/m?):

Conc.in dust + 0.2381
0.0092

Concentration in gaseous phase = ( > -+ 1000

For all phthalates except DMP and DEP:

Equation 1

Dust concentration (%)*rhodust

fomdust*(lolo‘gKoa)

Dust to gaseous air concentration (ng/m3):

where: Volume fraction of organic matter associated with settled dust (fomdust) = 0.2

Density of dust (rhodust) = 2 x 106 g/m?3

To convert to ug/m3, the output was divided by 1000 to use in dermal from air
intake formula.

Equation 2

Gaseous air concentration to total air concentration (ug/m3):

, . ng TSP fomyg, * 10%°9K0a
Gaseous air concencentration (—) * | 1 + *
g 1% 10° Thopart
where: Total suspended particles (TSM)/ug/m3 = 20
Volume fraction of organic matter associated with airborne particles (fompart) = 0.4

Density of airborne particles (rhopart)/g/m3 =1 x 10°

Equation 3

. . 1
Indoor air transdermal permeability: ———
vd" kp,

where: Mass-transfer coefficient between bulk air and skin surface (vd)/cm/hr = 600

kps is a permeability coefficient that describes the transport of a gas-phase
SVOC from the boundary layer at the skin surface (b) through the stratum

corneum/viable epidermis composite to dermal capillaries (m/h) = kp,, *
10abs(logKaw)
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and

kpw is a permeability coefficient through the stratum corneum/viable

epidermis composite of SVOC when the species concentration is measured in

kpcw

water in contact with skin (m/h) = B

and

kpcw is a permeability coefficient through stratum corneum (c) of an SVOC when
the species concentration is measured in water (w) in contact with skin (m/h) =

2
(1OO.7*logK0w—O.O722*molecular wetght3—5.252) * 3600

and

Ratio of stratum corneum permeability to viable epidermis permeability (B) =

molecular weight®>

2.6

kpew *

References:
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(2013).
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APPENDIX D

Table 5. Urinary metabolites of detected phthalates and phthalate alternatives

Phthalate Parent Compound

Metabolite(s)

Diethyl phthalate (DEP)

Mono-ethyl phthalate (MEP)

Diisobutyl phthalate (DiBP)

Mono-isobutyl phthalate (MiBP)
Mono-2-methyl-2-hydroxypropyl phthalate (MHiBP)

Dibutyl phthalate (DBP)

Mono (3-carboxylpropyl) phthalate (MCPP)
Mono-n-butyl phthalate (MBP)
Mono-3-hydroxybutyl phthalate (MHBP)

Dioctyl phthalate (DnOP)

Mono (3-carboxylpropyl) phthalate (MCPP)

Benzylbutyl phthalate (BBP)

Mono-benzyl phthalate (MBP)

Bis (2-ethylhexyl) phthalate (DEHP)

Mono(2-ethylhexyl) phthalate (MEHP)
Mono(2-ethyl-5-carboxypentyl) phthalate (MECPP)
Mono(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP)
Mono(2-ethyl-5-oxohexyl) phthalate (MEOHP)

Phthalate Alternative Parent Compound

Metabolite(s)

Bis (2-ethylhexyl) terephthalate

(DEHTP/DOTP)

Mono(2-ethyl-5-hydroxyhexyl) terephthalate (MEHHTP)
Mono(2-ethyl-5-carboxypentyl) terephthalate (MECPTP)

Table 6. Excretion factors used to estimate daily intake rates from phthalate and

phthalate alternative urinary metabolites

Phthalate/Phthalate | Molecular Weights Excretion factor References
Metabolite (Fue)
MBP 222 0.690 Anderson et al. (2001)
MHBP 238 0.069 Lee et al. (2021); Koch et al.
(2011)
MiBP 222 0.703 Koch et al. (2011); Anderson
etal. (2001)
MHiBP 238 0.195 Lee etal. (2021); Koch et al
(2011)

MEP 194 0.69 Wang et al. (2014)
MBzP 256 0.73 Anderson et al. (2001)
MEHP 278 0.062 Anderson et al. (2001)

MEOHP 292 0.109 Anderson et al. (2001)
MECPP 308 0.132 Anderson et al. (2001)
MEHHP 294 0.149 Anderson et al. (2001)
MEHHTP 294 0.018 Lessmann et al. (2016)
MECPTP 308 0.13 Lessman et al. (2016)
MCPP 308 0.139 Lee et al. (2021); Anderson et
al (2011)
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Table 7. Summary of data obtained from NHANES 2017-2018 Survey Year

Metabolite Age Median Creatinine Creatinine Median Urinary Median
Abbreviation | category | adjusted phthalate excretion rate excretion rate Weight
concentration (g/day) (ug-kg-day) (kg)
(ug/g)
21 year 7.552 1.535 0.144 80.6
MBP and older
3to5 19.492 0.284 0.315 17.6
years
21 year 0.878 1.535 0.017 80.6
and older
MCPP 3to5 2.658 0.284 0.043 17.6
years
21 year 0.6155 1.535 0.012 80.6
MHBP and older
3to5 2.304 0.284 0.037 17.6
years
21 year 22.744 1.535 0.433 80.6
MEP and older
3to5 26.757 0.284 0.432 17.6
years
MiBP 21 year 5.884 1.535 0.112 80.6
and older
3to5 16.479 0.284 0.266 17.6
years
MHiBP 21 year 1.844 1.535 0.035 80.6
and older
3to5 6.556 0.284 0.106 17.6
years
MEHP 21 year 0.501 1.535 0.010 80.6
and older
3to5 1.595 0.284 0.026 17.6
years
MECPP 21 year 5971 1.535 0.114 80.6
and older
3to5 22.858 0.284 0.369 17.6
years
MEHHP 21 year 3.776 0.072 0.100 80.6
and older
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3to5 12.227 0.197 0.203 17.6
years

MEOHP 21 year 2.371 1.535 0.045 80.6
and older
3to5 8.683 0.284 0.140 17.6
years

MBzP 21 year 2.459 1.535 0.047 80.6
and older
3to5 8.860 0.284 0.143 17.6
years

MEHHTP 21 year 5.269 1.535 0.100 80.6
and older
3to5 12.581 0.284 0.203 17.6
years

MECPTP 21 year 17.212 1.535 0.328 80.6
and older
3to5 80.270 0.284 1.296 17.6
years
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