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Abstract

Household dust is a reservoir of various consumer product chemicals. Thus, characterizing
comprehensive chemical profiles of house dust may help improve our understanding of residential
chemical exposure. We have previously developed a method for detecting a broad spectrum of
chemicals in dust by applying a combination of target, suspect screening, and non-target methods
with mass spectrometry preceded by liquid chromatography and gas chromatography. Building
upon a previous study that detected 271 compounds in 38 dust samples, we presented
concentrations of 144 compounds that were confirmed and quantified by standards in the same set
of samples. Ten compounds were measured with median concentrations greater than 10,000 ng/g
of dust: cis-hexadec-6-enoic acid, squalene, cholesterol, vitamin E, bis(2-ethylhexyl) phthalate,
dioctyl terephthalate, linoleic acid, tricaprylin, tris(1-chloroisopropyl) phosphate, and oxybenzone.
We also reviewed /n vitro toxicity screening data to identify compounds that were not previously
detected in indoor dust but have potential for adverse health effects. Among 119 newly detected
compounds, 13 had endocrine disrupting potential and 7 had neurotoxic potential. Toxicity
screening data were not available for eight biocides, which may adversely affect health. Our
results strive to provide more comprehensive chemical profiles of house dust and identified
information gaps for future health studies.
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Introduction

Thousands of chemicals are currently used in consumer products. Many of the consumer
product chemicals have not been studied for exposure potential in the indoor environment
where people in developed countries spend most of their time.1 The most studied chemical
classes in the indoor environment include pesticides, flame retardants, plasticizers,
polycyclic aromatic hydrocarbons (PAHS), and per- and polyfluoroalkyl substances (PFAS).
2.3 Because of potential health concerns over exposures to some of these chemical classes, a
large number of alternative chemicals are being introduced into consumer products every
year, following legislative activities or advocacy campaigns.~8 However, exposure and
toxicity information needed to evaluate potential human health effects are limited for the
alternative chemicals and other chemicals that were not previously measured in indoor
environmental media.’

Chemical concentrations in indoor environmental media including air, airborne particles, and
settled floor dust have been used to characterize residential exposure to indoor contaminants.
2,8-10 Many consumer product chemicals of current and emerging health concerns are
semivolatile organic compounds (SVOCs).2 When released from their original sources,
SVOC:s are redistributed over time and primarily partitioned to dust and other indoor
surfaces. 11 12 When dust concentrations are known but other media concentrations are not
measured, partitioning models among dust, gas-phase, and airborne particles can be used to
characterize residential chemical exposure.? 10 Thus, there have been growing efforts in
detecting and quantifying SVOCs in house dust.3 However, a complete picture of the
chemical fingerprint of dust (i.e., identity and quantity of all chemicals present) is missing,
because most previous studies analyzed known chemical classes via a targeted analytical
method.2 13-17 Therefore, development of advanced environmental monitoring methods has
emerged as a prominent topic in indoor environmental research in order to detect both
known chemical classes and those that were previously not targeted for detection in dust.

Advances in high-resolution mass spectrometry make it possible not only to detect krnown
compounds for which reference standards are available (targets), but also to detect expected
compounds using existing databases, libraries, or software matching algorithms (suspects)
and even to identify previously unknown compounds (non-targets) through careful
examination of high-resolution mass spectra.18: 19 To date, four studies have applied suspect
screening and non-target methods to dust samples. Hilton et al.20 first applied a non-target
method to one household dust sample obtained from the National Institute of Standards and
Technology (NIST) using two-dimensional gas chromatography time-of-flight mass
spectrometry (GCxGC-TOF/MS). Ouyang et al.2! carried out a non-target analysis for one
household dust sample collected in Sweden using two-dimensional liquid chromatography
(LCxLC)-TOF/MS. Rager et al.22 applied suspect screening and non-target methods to 50
household dust samples collected in the U.S. from 2005 to 2006 using LC-TOF/MS. A
comparative study of a non-target analysis was conducted in a composite house dust sample
as part of a collaborative effort using LC-MS and GC-MS.23 The methods used in the four
studies are useful for identifying previously unknown and even unexpected chemicals in
dust, but none of them presented concentrations that were confirmed and quantified by
standards.
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As part of an effort to evaluate a large number of environmental chemicals for potential
health effects efficiently, the U.S. Environmental Protection Agency (EPA)’s Toxicity
Forecaster (ToxCast) program utilizes hundreds of in vitro high-throughput screening (HTS)
assays to support prediction of /n vivo toxicities.24 In a parallel effort to screen a larger of
number of chemicals based on exposure, several high-throughput (HT) methods including
exposure models were developed to characterize and quantify exposures.10: 25-28 Ag indoor
dust is a reservoir for SVOCs released indoors and can provide reasonable surrogates for
characterizing exposures, we have previously developed a method for detecting a broad
spectrum of chemicals in dust by applying a combination of target, suspect screening, and
non-target methods using both LC-quadrupole time-of-flight (QTOF)/MS and GC-
QTOF/MS.18 Building upon this previous publication,!8 this current study presents chemical
concentrations that were quantified in the same set of dust samples for target, suspect and
selected nontarget compounds. In addition, we investigated whether the compounds detected
in our samples had either endocrine-disrupting or neurotoxic potential, and discussed
possible applications of our findings to future health studies.

Materials and Methods

2.1. Overview and scope of this study

The aim of this study is to inform key data gaps for assessing potential health effects for
consumer product chemicals by integrating our measured dust concentrations with existing
exposure and toxicity potential data. Our previously published study comprehensively
characterized compounds found in house dust samples, detecting diverse and numerous
consumer product chemicals. The present study extends those findings by quantifying
concentrations, assessing household level variability, and considering potential exposure and
toxicity of the compounds detected. Five steps were taken toward achieving the overall aim.
First, we classified detected chemicals by their chemical class (e.g., phthalate) and their
common use category (e.g., plasticizer). Second, we compiled information on chemical
analysis techniques used to detect the compounds, including analytical instrument (LC or
GC) and method (target, suspect screening, or non-target), the limit of detection (LOD), and
information on whether identities were confirmed and concentrations were quantified by
standards. Third, we summarized results from the chemical analysis, including the number
of samples in which a compound was detected, information on whether a compound was
newly detected in our house dust, and summary statistics of measured concentrations.
Fourth, we added information on whether each detected compound has endocrine disrupting
or neurotoxic potential based on /in vitro HTS assays. Fifth, we indicated whether the
compounds detected in our dust have been biomonitored in the U.S. National Health and
Nutrition Examination Survey (NHANES).2?

Note that we did not compare our measured concentrations to those reported in other peer-
reviewed studies but focused on summarizing our concentrations by chemical class or use
category. Other studies have already ascertained that differences in concentrations among
studies may result from different sampling methods as well as geographic and temporal
variation in chemical use.2 30 In addition, we did not describe sample collection, dust
extraction and analytical methods in detail in the current study because the details are
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available in the previous study.18 The whole analytical method and workflow were
completely validated, results of quality assurance (QA) and quality control (QC) for each of
the analytical approaches were provided, and strengths and weaknesses of the various
approaches and analytical instruments were discussed previously.1® Thus, we briefly
described sampling and analytical methods to the extent necessary for others to quickly
extract key information regarding environmental monitoring, such as sample size, sampling
method, period and location, and type of analytical instruments. Results of /7 vitroHTS
assays presented in this study do not necessarily represent /7 vivo toxicities. Factors
influencing toxicity such as pharmacokinetics and metabolism, early-life susceptibility, and
genetic variability are not addressed by ToxCast.24 31 Thus, toxicity potentials presented in
this study need to be interpreted with caution. Other limitations of using /7 vitro HTS assays
for predicting /in vivo response are discussed elsewhere.31

2.2. Sampling and analytical methods

We recruited 38 families in Northern California from May 2015 to August 2016. From each
household, we collected one dust sample from an approximate 2 m2 area in the main living
room using a high-volume small surface sampler (HVS3), following a standard protocol .32
Dust samples were sieved and 100 mg aliquots were sonication-extracted with hexane/
acetone (3:1 v/v) and acetone (100%). The extracts were then analyzed by both LC-
QTOF/MS and GC-QTOF/MS with methods that were able to analyze compounds from
various compound classes with widely differing chemical properties (e.g., molecular size,
logP). In addition to the classical target analysis using reference standards and isotope-
labelled internal standards, additional suspect screening and non-target analysis were
performed. In order to unambiguously confirm the identity of suspected and non-targeted
compounds, additional reference standards were purchased if they were available. Details of
quantification methods are available elsewhere.18

2.3. Selection of target compounds

For the targeted method, we selected 76 chemicals for GC analysis and 56 chemicals for LC
analysis (see Supporting Information [SI], Table S1). The targeted compounds included
personal care products (PCPs; antimicrobial compounds, fragrance ingredients, parabens,
ultraviolet [UV] filters), markers of human inputs (skin oils, metabolites), flame retardants
(polybrominated diphenyl ethers [PBDES], organophosphate flame retardants [OP-FRs], and
other FRs), pesticides (insecticides, fungicides, herbicides), and a variety of other
compounds widely detected in homes (phenols, phthalates, other plasticizers, PAHs, PFAS,
and surfactants). The selection criteria included one (or multiple) indicator compounds from
substance classes identified in our previous study’ or compounds present in products listed
in the U.S. EPA’s Consumer Product Chemical Profiles database (CPCPdb).33

2.3. Chemical use categorization

Chemicals identified in the current study were classified into the most common and primary
use category to understand the distribution of measured compounds by use category. For
most compounds, we relied on “product” or “use” categorization available in databases such
as CPCPdb and the U.S. National Library of Medicine’s Household Product Database
(https://householdproducts.nim.nih.gov/index.htm) to find the most common and primary
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use category of the compounds associated with at least one consumer product. For
compounds with multiple uses, we also relied on web searches to find common uses.
Multiple-use compounds were assigned to a primary use category and their secondary or
tertiary use categories were further discussed in Results and Discussion. Thus, use
categorization may be imprecise. For compounds that are consumed via dietary sources and
also formulated in cosmetic products (e.g., linoleic acid, palmitic acid, cholesterol, fatty
acids),34 it is likely that emissions from cooking are their dominant source to residential
floor dust. Therefore, we preferentially assigned their primary use category to food sources.
We further discussed this in Results and Discussion.

2.4. Data sources of endocrine-disrupting potential or neurotoxic potential

Many chemicals present in consumer products exhibit endocrine-disrupting potential®® or
neurotoxic potential.38 To determine whether the compounds detected in our samples have
either endocrine-disrupting or neurotoxic potential, we used in vitro HTS assays, most of
which are included in the U.S. EPA’s ToxCast program. For endocrine-disrupting potential,
we evaluated four main processes, including androgen, estrogen, thyroid, and steroidogenic.
For androgen, we utilized androgen receptor (AR) pathway activity integrated from 11 AR-
related /n vitro HTS ToxCast assays and considered compounds with area under the curve
(AUC) of > 0.1 to be active in at least one AR pathway assay (active, inactive).3’ For
estrogen, we utilized estrogen receptor (ER) interaction scores integrated from 13 ER-related
in vitro ToxCast assays and considered compounds with an AUC score of = 0.1 to be active
in at least one ER pathway assay (active, inactive).38 For thyroid, we utilized the results
from the /n vitro Amplex UltraRed thyroperoxidase or thyroid peroxidase (AUR-TPO)
assay3? and a thyroid-specific /7 vitro HTS ToxCast assay.*? Because decreased TPO
activity reduces thyroid hormone synthesis, compounds that elicited a = 20% reduction in
maximal TPO activity were considered to inhibit TPO (active, inactive).39 We also identified
compounds that exhibited thyroid receptor activity measured by the /in vitro ToxCast assay
(active, inactive).%0 For steroidogenesis, we utilized results from a method that considered
10 steroid hormones, including progestogens, glucocorticoids, androgens, and estrogens
using an Jn vitro HTS assay with H295R human adrenocortical carcinoma cells.* Among
2,060 evaluated compounds, we considered compounds that altered at least 4 steroid
hormones at the maximum tolerated concentration to be active (or inactive), the same criteria
used in Karmaus et al.*1 For a neurotoxic indicator, we utilized microelectrode array hits as
a measure of neural network activity /n vitro (yes, no).*2 A summary of toxicological
endpoint data is provided in Table S2.

2.5. Statistical analysis

Statistical analyses were performed using Microsoft Excel 2018. For concentrations between
the limit of quantification (LOQ) and the LOD, we assigned a value of the LOQ divided by
2. For concentrations below the LOD, we assigned a value of the LOD divided by the square
root of 2.43 For compounds detected in more than 50% of the samples, we summarized
measured median concentrations by five levels (<500, 500-1,000, 1,000-5,000, 5,000-
10,000, >10,000 ng/g of dust) to investigate which compound classes were measured and
present at high concentrations. We also computed coefficients of variation (CV) to examine
the variability of concentrations in dust across homes.
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3. Results

3.1. Measured dust concentrations

A total of 276 compounds were detected in our dust samples in which 5 additional
compounds were later detected after a previous study was published.18 For 14 compounds,
identification was not possible and only molecular formula (e.g., C4H7FO) could be
assigned. Table S2 summarizes information of analytical methods, results from the analysis,
exposure and toxicity potential for 262 detected compounds that could be identified with
structure and formula. Additional summary for all 262 compounds detected in our dust is
provided in the Supporting Information (see Data S1 for overall description and Table S3 for
summary by chemical class and analytical instruments/methods). Overall, a large number of
UV filters, phthalates, and OP-FRs were detected in our dust samples and median
concentrations for some of them were above 10,000 ng/g of dust (Figure 1). Ten compounds
were measured with median concentrations greater than 10,000 ng/g of dust: cis-hexadec-6-
enoic acid, squalene, cholesterol, vitamin E, linoleic acid, tricaprylin, bis(2-ethylhexyl)
phthalate [DEHP], dioctyl terephthalate [DOTP], tris(1-chloroisopropyl) phosphate [TCIPP],
and one UV filter (oxybenzone). Cis-hexadec-6-enoic acid, squalene, cholesterol and
vitamin E comprise or are found in skin surface lipids.4 Linoleic acid, cholesterol, and
tricaprylin are widely used in cosmetics and personal care products. However, it is likely that
emissions from cooking may significantly contribute to the measured dust levels of linoleic
acid, cholesterol, and vitamin E.34 Consumer products (e.g., electronics, plastic products,
shower curtains), building materials (e.g., vinyl flooring), and furniture (e.g., couches) are
well-known emission sources of DEHP, DOTP, or TCIPP in the indoor environment. High
concentrations of other chemical classes (e.g., skin oils, cosmetic ingredients, UV filters)
detected in the current study highlight that humans and their activities, and possibly pets,
play a role as sources of SVOCs in the indoor environment. Fungicides, PBDEs, PFAS, and
pharmaceuticals were also abundant in our samples, but most were measured at
concentrations below 500 ng/g of dust.

In the present study, 119 compounds were identified and/or quantified for the first time in
household dust (Figure S1). Some of these compounds were previously measured in U.S.
wastewater samples via target analysis but had not been measured in indoor dust. The
majority of these compounds was detected via LC non-target (45%) and LC suspect (31%)
approaches (see inset of Figure S1). These newly measured compounds mainly comprised
surfactants (17 = 25), pharmaceuticals (7= 19), compounds with unknown use information (n
= 17), and human metabolites (7= 12), because of the polarity of these compounds. We also
identified 6 phenols (some are also used as biocides) and 11 biocides (4 insecticides, 7
fungicides) in dust for the first time mostly via GC target and/or LC target analyses.

Overall, dust concentrations varied by almost three orders of magnitude across household
samples and by almost four orders of magnitude across compounds (Figure 2). PFAS were
measured at the lowest concentrations and had relatively large variability in concentrations.
DEHP was shown to have the smallest variability (coefficient of variation, CV = 0.35) across
the samples. Except for tri-n-butyl phosphate (TNBP), OP-FRs were measured at higher
concentrations than PBDEs, and bisphenol S (BPS) was measured at higher concentrations
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than bisphenol A (BPA). This is consistent with recent changes in consumer use due to
changes in product formulation and regulations affecting PBDESs and BPA. Variability
metrics for all compounds including CVs are available in Table S2.

Below, we summarized our measured dust concentrations along with other exposure and
toxicity potential information by four categories: (1) chemical classes other than biocides
that have received considerable public attention in indoor dust (e.g., phthalates, PBDEs, OP-
FRs, PFAS), (2) biocides (e.g., insecticides, fungicides), (3) compounds in PCPs (e.g.,
fragrance ingredients, UV filters), and (4) chemical classes whose dust concentrations are of
less concern for environmental exposure calculations (e.g., food additives, skin oils).

3.2. Chemical classes of current and emerging concerns in indoor dust

3.2.1. Phthalates and other plasticizers—Among 7 target phthalates, benzyl butyl
phthalate (BBP), DEHP, di-isobutyl phthalate (DiBP), and di-n-butyl phthalate (DnBP) were
detected in all of our samples. Median concentrations of these four phthalates were above
3,000 ng/g of dust (Table 1). Diethyl phthalate (DEP) and dimethyl phthalate (DMP) were
detected in 79% and 71% of the samples, respectively, at relatively low concentrations
(medians were below 1,000 ng/g of dust). Di-n-octyl phthalate (DOP), a target compound of
the current study, was not detected in our dust, whereas it was detected in 100% of other
California house dust samples collected in 2006.2

We detected 6 non-phthalate plasticizers and two were newly detected in our dust (dioctyl
terephthalate (DOTP), 1,3-diphenylguanidine, toluene-2-sulfonamide, and diethylene glycol
dibenzoate). Note that 1,3-diphenylguanidine is primarily used in various solid items
including rubber footwear and automobile tires. The four compounds were widely detected
in our samples (= 34 out of 38 samples). The latter two were detected via suspect screening
and non-target methods, respectively. The median concentration of DOTP, a direct
replacement for DEHP, was as high as DEHP. Among the four newly detected compounds,
1,3-diphenylguanidine has both endocrine and neurotoxic potential, but has not been
biomonitored in NHANES.

3.2.2. Bisphenols and bisphenol analogues (hereafter referred as
‘bisphenols’)—BPA and BPS were detected in all of our samples, and two bisphenol
analogues that can serve as replacements for BPA were measured in our dust samples via a
target method, including bisphenol A bis (2,3-dihydroxypropyl) ether [BADGE.2H20] and
bisphenol A (3-chloro-2-hydroxypropyl) (2,3-dihydroxypropyl) ether [BADGE-HCI-H20].
Bisphenol AF (BPAF) was also detected in our samples via a suspect screening method. We
confirmed that BPAF has both endocrine and neurotoxic potential, but has not been
biomonitored in NHANES. BADGE.2H20 and BADGE-HCI-H20 were not tested for
endocrine-disrupting and neurotoxic potential using /7 vitro HTS assays and have not been
biomonitored in NHANES.

3.2.3. PBDEs, OP-FRs, and other FRs—Seven PBDEs were detected and quantified
in our samples via a target method and they have been biomonitored in NHANES. Although
in vitrotoxicity screening data were not available for all PBDESs, other adverse health effects
of PBDEs have been summarized elsewhere.4> BDE-209 has been widely detected in other
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California house dust.%6: 47 However, we could not have detected BDE-209 in our samples
because our GC method was not designed to measure compounds with such low volatility.

Ten OP-FRs, including 7 target compounds, were detected in our dust samples. Five OP-FRs
were ubiquitous (>97%) in our samples. Overall, median concentrations of OP-FRs were
higher than those of PBDESs by one order of magnitude. Even though tris(2-butoxyethyl)
phosphate (TBOEP) was ubiquitous (>97%) in our samples and measured at high
concentrations (median was 7,445 ng/g of dust), it has not been biomonitored in NHANES.
Octyl diphenyl phosphate was newly detected in our dust via suspect screening. Four OP-
FRs have either endocrine-disrupting or neurotoxic potential, but /7 vitro toxicity screening
data were not available for tris(4-butyl-phenyl) phosphate (TBPP) and octyl dipheny!l
phosphate.

In addition to PBDEs and OP-FRs, we detected five compounds that are used as flame
retardants. Three compounds were detected in a few samples (<4) via a target method.
Melamine and 3,3’,5,5’-Tetrabromobisphenol A (TBBPA) were detected in 17 and 36
samples, respectively, via suspect screening. TBBPA has both endocrine-disrupting potential
and neurotoxic potential, but has not been biomonitored in NHANES. Because melamine
was detected in almost half of our samples and has been detected in urine specimens of
children who consumed milk products,8 toxicity testing and biomonitoring are
recommended for this compound.

3.2.4. PFAS—A total of 15 PFAS were detected in our dust, including 10 target
compounds. We newly detected 3-(perfluorooctyl)propy! iodide in our dust (37 out of 38
samples) via a non-target method. Compared to other chemical classes, PFAS median
concentrations were relatively low (<12 ng/g of dust). Eleven PFAS have been biomonitored
in NHANES and seven of them were tested for endocrine-disrupting and neurotoxic
potential using /n7 vitroHTS assays.

3.2.5. Phenols—Among 15 targeted phenols, only 7 phenols were detected in our
samples where trichlorophenols and cresols were detected with multiple isomers. Four
phenols were newly detected in our dust via a target method, but in only one sample. We
additionally detected 2,4-dinitrophenol via suspect screening. Overall, due to the low
detection frequency, median concentrations were computed only for phenol and cresols (580
and 250 ng/g of dust, respectively). None of the 8 detected phenols was biomonitored in
NHANES and only three phenols were tested for toxicity using /77 vitro HTS assays. Cresols
were detected with multiple isomers (o-, m-, p-) in 34 out of 38 samples and thus are
recommended to be included in future biomonitoring and /n vitrotoxicity screening testing.

3.2.6. PAHs—Among 12 targeted PAHs, 8 PAHs were detected in our samples. Because
structures of dibenzo(a,h)anthracene and indeno(1,2,3-cd)pyrene were too close to
discriminate one from the other, results were reported together in Table 1. Except for
phenanthrene, 7 other PAHSs were detected in fewer than 50% of our samples. Four PAHs
were or have been biomonitored in NHANES. /n vitrotoxicity screening testing data for
endocrine-disrupting potential or neurotoxic potential were not available for three PAHSs, but
other toxic endpoints are available from /n vitro HTS assays.*?
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3.3. Biocides

3.3.1. Insecticides—We detected 22 insecticides mostly via a target method (Table 2).
Four insecticides were newly detected in our samples, but in fewer than 25% of our samples.
Permethrin was measured at the highest median concentration (1,922 ng/g of dust), but the
95t percentile concentration of other four insecticides (imidacloprid, etofenprox,
cypermethrin, tetrachlorvinphos) was higher than that of permethrin. In addition to common
insecticides used to control pests indoors, other potential indoor sources of fipronil,
imidacloprid, pyriproxifen and permethrin may be associated with their use as topical flea
control agents for dogs and cats. About 53% of the participating homes had at least one
indoor cat or dog. Fipronil products have been shown to persist on pets for over 28 days®
and this is likely true for other active ingredients based on the relatively low frequency of
application required for these products. These active ingredients will accumulate in dust as
pets shed treated fur and skin cells. The less frequent detection of some of the insecticides in
this study, coupled with their relatively high coefficients of variation (see Table S2), likely
reflects the fact that pet ownership and indoor insecticide applications are not as ubiquitous
as other indoor product uses. Compared to toxicity testing data (7= 16), biomonitoring data
are limited (n=9). For fipronil-sulfone, fipronil, fipronil-desulfinyl, and fipronil-sulfide that
were detected in around or greater than 50% of the samples, both toxicity testing and
biomonitoring are recommended.

3.3.2. Fungicides—A total of 15 fungicides were detected, 11 of them via suspect
screening or non-target methods. Seven fungicides were newly detected in our dust. Eight
fungicides mostly detected via suspect screening or non-target methods had a detection
frequency above 50%, indicating widespread use of fungicides in the indoor environment.
Except for didecyldimethylammonium chloride (DDAC; median concentration = 2,859 ng/g
of dust), measured median concentrations of fungicides were low compared to insecticides.
In addition to a fungicidal use, DDAC is used as an antibacterial agent and has wide indoor
applications where it is used on walls, floors, tables, toilets and fixtures.®! Of the 15 detected
fungicides, 13 fungicides were previously tested for either endocrine-disrupting potential or
neurotoxic potential. Except for pentachlorophenol, none of the 14 detected fungicides has
been biomonitored in NHANES. Among the compounds that were newly detected and have
both endocrine-disrupting and neurotoxic potential, two fungicides (DDAC, fludioxonil)
were commonly detected (>70%) in our samples; two other fungicides (azoxystrobin,
difenoconazole) were detected infrequently (29% and 5%, respectively). Thus, fungicides
with a high detection frequency are recommended to be included in future biomonitoring
studies.

3.3.3. Herbicides—Five herbicides were detected in our dust via a target method. A
detection frequency was below 50% for 4 out of 5 herbicides. Given the detection frequency,
they might be attributable to applications in agricultural fields or gardens. Except for 2,4-
dichlorophenoxyacetic acid, none of them was biomonitored in NHANES. Propanil and
pendimethalin showed both endocrine-disrupting potential and neurotoxic potential, and
diuron showed endocrine-disrupting potential from the /n vitrotesting. Thus, they might
need to be included in future biomonitoring studies.
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3.4. Compounds in personal care products

We detected parabens, fragrance ingredients, UV filters, cosmetic ingredients, and those
with other personal care uses in our dust (Table 3). Overall, they were widely detected, and
median concentrations were on the order of 1,000 to 10,000 ng/g of dust for 11 compounds.
For users of products containing these compounds, direct dermal uptake is likely to be a
primary exposure route. However, for non-users, such as young children who spend most of
their time on the floors and have high dust ingestion rates, dust may be an important
exposure medium for these compounds.® Eight compounds in PCPs were newly detected in
our dust and four compounds are cosmetic ingredients. Among newly detected compounds,
toxicity testing and biomonitoring are recommended for dexpanthenol because it was
detected in all samples with a median of 1,311 ng/g of dust. There are only 8 compounds
that have been biomonitored in NHANES and that were tested for endocrine-disrupting
and/or neurotoxic potential. However, we observed that there are many PCP compounds that
may require biomonitoring and toxicity testing based on the detection frequency and high
median concentrations.

3.5. Chemical classes whose dust concentrations are of less concern for environmental
exposure calculations

In our samples, we detected 10 food additives, 5 sweeteners,11 food sources, 29
pharmaceuticals, 3 skin oils, 14 human metabolites, 31 surfactants, and 17 compounds
whose use is not known (Table S2). Most of them were detected via suspect screening or
non-target methods. These compound classes were not of interest in identifying or
measuring dust concentrations in previous indoor environmental monitoring studies. Thus,
their presence was rarely reported in the literature and 87 out of 119 newly detected
compounds fell in this category. Among the compounds classified in this category, only 18
compounds were tested for endocrine-disrupting and/or neurotoxic potential. We found that
sorbic acid (food additive), ketoconazole (pharmaceutical), nicotine (pharmaceutical),
linoleic acid (food sources), linolenic acid (food sources), and genistein (food sources) have
endocrine-disrupting and/or neurotoxic potential. Exposure to genistein occurs primarily
through foods made with soybeans and soy protein.>3 Biomonitoring is recommended for
linoleic acid because it was detected in all samples at a high median concentration (34,308
ng/g of dust) and has endocrine-disrupting potential.

4. Discussion

Results from this study provided more comprehensive chemical profiles of house dust. We
detected a total of 276 compounds in our dust samples and quantified concentrations of 144
compounds using standards. In addition to the compounds that were previously measured in
indoor dust, we tried to identify overlooked compounds that were not previously measured
in dust but were shown to have potential for adverse health effects from the HTS toxicity
testing. We were also able to expand the list of compounds present in indoor dust by
applying both LC-MS and GC-MS with three analytical approaches. For example, 75% of
the newly measured chemicals were observed via LC non-target or LC suspect approaches
(see Figure S1). The newly measured compounds in our study mainly comprised surfactants,
pharmaceuticals, and human metabolites. Because of the polarity of these compounds, we

Indoor Air. Author manuscript; available in PMC 2021 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shin et al.

Page 11

were able to detect a large number of compounds via LC-MS. Another reason we could
extend the list of compounds present in indoor dust is that our samples were recently
collected (2015-2016). Compared to Rager et al.?2 who investigated non-targeted
compounds using LC-MS in U.S household dust samples collected from 2005 to 2006, we
were able to newly detect four replacement plasticizers (e.g., acetyl tributyl citrate, DOTP)
in our samples, reflecting currently used products.

Our study showed that indoor dust contains chemicals from various consumer product uses
and also supported the idea that dust can serve as a marker of use. For example, most of the
food additives and sweeteners detected in our dust are used in processed foods or drinks.
Thus, the presence of food additives or sweeteners in dust indicates that they exist outside
their intended use, which is to be consumed via direct food intake. Cholesterol (found in
skin and emitted during cooking) and skin oils were ubiquitously measured in Danish homes
and daycare centers.** In addition to these compounds, we observed cosmetic ingredients
and vitamin E with median concentrations greater than 10,000 ng/g. In a separate study in
which we analyzed skin wipe samples,®* 11 compounds (triethyl citrate, butylated
hydroxytoluene, cholesta-3,5-diene, vitamin E, cholesterol, tridecanoic acid, arachidonic
acid, palmidrol, palmitic acid, pentadecanoic acid, linolenic acid) were detected, and they
were also detected in our dust samples. This indicates that human activities, including
cooking, cosmetic use, skin sloughing, dropping food residue or debris unintentionally on
floors, could be sources of these compounds. Moreover, because we analyzed recently
collected dust samples, we observed that relatively new chemicals (e.g., OP-FRs, BPS) were
measured at higher concentrations than those for controversial or banned chemicals in
consumer products (e.g., PBDEs, BPA). This reflects the dynamic nature of consumer
product formulations, especially given heightened consumer awareness and concerns about
the safety of product ingredients.

Compiling existing exposure and toxicity potential data of our detected compounds allowed
us to inform key data gaps for assessing potential health effects for previously overlooked
chemicals. For example, we found that /n vitro HTS toxicity data were not available for
some of the detected plasticizers, bisphenols, and biocides, which may adversely affect
human health. Of most interest are one plasticizer (toluene-2-sulfonamide), two bisphenols
(BADGE.2H20, BADGE-HCI-H20), and eight biocides and biocide transformation
products (fipronil-desulfinyl, fipronil-sulfide, fipronil-sulfone, chlorantraniprole,
cypermethrin, cyfluthrin, 4-hydroxychlorothalonil, physcion). Because most of these
compounds were ubiquitous in our samples and may have toxicity potential, they are
recommended to be included in future /in vitro toxicity screening.

In conclusion, following the identification of a broad spectrum of chemicals from a previous
study,® this study integrated their measured dust concentrations with existing exposure and
toxicity information to inform key data gaps for assessing potential health effects for
consumer product chemicals. We found that 13 newly detected compounds may potentially
disrupt endocrine systems and/or be neurotoxic based on /in vitro bioactivity assays. These
results expand our knowledge of chemicals present in indoor residential environments where
vulnerable populations, especially young children, spend most of their time on the floors.>6
Consequently, we expect that our findings may trigger further environmental health research
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regarding previously overlooked compounds. Many of the pharmaceuticals and PCPs newly
detected in our dust have been extensively studied in various aquatic environments,
including drinking water, wastewater, surface water, and groundwater® because they may
pose a threat to the ecosystem and/or human health. Given that people spend most of their
time indoors,® more studies are needed to examine the presence of these compounds in
residential dust and to investigate potential health effects associated with indoor non-dietary
exposure routes. Additional studies are also recommended to confirm the presence of
compounds that were less frequently detected in the current study and not yet confirmed by
standards.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Practical Implications:

Our dust samples contain chemicals from various consumer product uses, including
cleaning and personal care products, furniture, plastics, and pesticides. This supports the
idea that dust can serve as a marker of use. We expect that this comprehensive
investigation of chemicals present in dust will form the basis for future work to develop
new hypotheses of adverse health effects due to exposures to previously overlooked
compounds.
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Figure 2.

Distributions of dust concentrations (ng/g of dust) for 56 target compounds detected in more
than 50% of samples.
Two skin oils (Sapienic acid, squalene) and linoleic acid (used in cosmetics and emitted
during cooking) were grouped into ‘cosmetics’ in this figure. Compounds with asterisk (*)
indicate the first measurement in household dust. This figure excludes two phenols
(tetrachlorophenols, cresol) that were detected in most samples (above LOD) but that were
below LOQ. See Table 1 for identification of abbreviations.

Indoor Air. Author manuscript; available in PMC 2021 January 01.




Page 19

Shin et al.

Indoor Arr. Author manuscript; available in PMC 2021 January 01.

T 8189 0z 8¢ 1 0T L 9 ly-3ad Jayie
|Auaydipowolgens]
- ¥'v'.e'e s3Aa4dd

T €9€ 8¢ 9z 1 Sz L 9 8¢-3Ag | Jauis |AuaydipowoiquiL
-'r'e
T T € 1 1 S 1 dvdg 4V [ousydsig
502z L 1 Get L 1 OZH-IOH | 48yia (JAdosdAxoipAyip
-39avd -£'7) (1AdoidAxoipAy
-Z-0401Yd
-€) V louaydsig

sjousydsig
LETTT 9T 1 000T L 1 OzHZ | J8ye (jAdoidAxoipAyip
‘39avd -€'2) s1q v |ouaydsig
T T G2es 169 8¢ 1 ag L 1 Sdg S Jouaydsig
T T T ev0T 19 8¢ 1 0 L 1 vdg V louaydsig
0 0 T 123 N 9 aleozusqip
6 109416 ausjAyleig
€T€9 [44)) T 8¢ T 00T> %m 1 apIWLRUO)|NS-Z-8UaN|0 L

T T 6596 812¢ T 8¢ 1 o L 1 auipiuenBiAusydia-€'t | siezionsed

1BY10

0 0 9095TT 8/9G¢ T 8¢ 1 0 L 9 dloa arefeyiydalel [A1201Q
0 0 evsLe 696. 8¢ 1 0 L 9 og1v ared [Ainqus |Aisoy
0 0 2eSLT GT 1 0005 L 9 vH3a aledipe
(IxaylAyre-)sig
T 0 0 88¢ €0T k4 1 0§ L 9 dANa aejeypyd Ayeuna
T 0 0 8Ty 996 0g 1 005 L 9 daa arereypyd |Aysela
T T T £863T v16v 8¢ 1 00T L 9 daua arefeyyd 1King-u-1a

T T 0 11652 sove ge 1 00T L 9 daia | srereyyd tfinqosi-ig | SOFEIRWUd
T 0 0 2€e8LL yZ16€ 8¢ 1 0 L 9 dH3a ajejeyyd
(IAxay1Aure-z)sig
T T T YILYET 1876 8¢ 1 0§ L 9 dag | awrejeyyd |Aing |Azusg

(1snp (snp (isnp suweN punodwod ssep
J1X0]0.IN0 aul100pu Jo 6/6u) jo 6/Bu) uond®IpP | suoioeiep Jepue jo 0 uswin Jisu [ea1WRYD
,SANVHN | OX0I0JMN | Buloopu3 omwond | oo 14 oN ¥ gPrepuels 6/60) ZPOUBW | BUl | uonremsiqqy
wS6 uelpe N ao

uonuane a1jgnd ajqrJapIsu0d BulAIzal Usaq aney pue (g = u/) sajdwes 1Snp INo Ul Pa1ds18p a1aM 1Byl Sasse|d [ealwayd Jo Alewwng

Author Manuscript

Author Manuscript

‘TalqeL

Author Manuscript

Author Manuscript



Page 20

Shin et al.

Indoor Arr. Author manuscript; available in PMC 2021 January 01.

0S z T 0z L 9 Jousydowoiqia-'e

0 T9./€T € 1 000T L 9 dg31-H3g aleeyiydowoiqena) | sd4 8410
-§'7'e'z-(1Axay1huse
-2)sig
T € ayeydsoyd
S L 1Auaydip 14100
T T 6258 8 1 14 S 1 dol areydsoyd [AsasoniL
0 ST 8 1 00T> P 1 dal ayeydsoyd |AyrariL
1 0 0 9602 0182 L€ 1 14 L 9 d3oL ajeydsoyd
(Ayzo0lyo-g)stL
T T T 8€EST G56¢ 8¢ 1 0§ L 9 ddodal ajeydsoyd :\Av%a
-Z-0J0JY2Ip-€'T)S1 L

Z-0I0]YIp-€ SH4-40
0 6STYT Syl L€ 1 0S2 L 9 d3og.l ajeydsoyd
(IAyraAxoing-z)suL
112 T 1 14 L 9 ddgal ajeydsoyd
(1Ausyd-1Aing-y)stL
T 0 L0%02 9990T 8¢ 1 0S L 9 ddIoL ajeydsoyd
(1Adoados10101yd-T)S1 L
T T T 0zt S0TZ L€ 1 0§ L 9 dHdL areydsoyd [Ausydui L
T T 0 ¥202 00T 6T 1 00T L 9 danNL ajeydsoyd |Aing-u-1L
1 GTZ z 1 0 L 9 €87-309 Jayie
1AuaydipowoigeidaH
-9'.5.V'r'e.2'T
T ¥6ET 69T Ge 1 0§ L 9 007-30a9 JENE
|Auaydipowioigeiuad
-9'.7'v'.2'T
T 2.8 88 1€ T G L 9 ¥41-309 8y
|AuaydipowioigexaH
~9'S' . ¥'Y'.2'T
T €01 11T 1€ T 0's L 9 €5T- 3049 aye
|AuaydipowioigexaH
-§'S¥'Y.2'T
T 0605 T2l 9 T 0's L 9 66-3a49 laye
|Auaydipowoigeiuad
B AR

(isnp (1snp (1snp sweN punodwo) ssep
2IX0J0UNS au1100pU job/6u) | joBbu) | ,UOHRPPEP | suoiterwp epue jo 0 uewIn Jsu [e21uRYD
,SINVHN | joxoloureN | suloopu3 olnwond | *ouoo v o Y p repuels 66u) ZPOURW | BUI | uoieeIgqy
nS6 ueips N ao

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript



Page 21

Shin et al.

Indoor Arr. Author manuscript; available in PMC 2021 January 01.

T T T 00T 1 9 Jousydoio|ydla-9'z

0 1 T T T 05 1 9 Jouaydolo|yd-z sjousyd
T 1€ N b auedayo.onipiad-yt
. pioe
8¢ T mz b ¢9VvsSLd 21UO|NS JBWO|3)0J0N|
8¢ T mz 1 dVdIpZ:8/dvdIpg:9
. Ja1s91p areydsoyd
8 1 6N 1 dvdipe:9 IAeoIonyAlod 2:9
s vaundd pioe
T 0 0 ¢t S T 00T> 8 1 210UBI3PUNOION|HIAd
Vaddd p1oe
T 0T 45 T 0¢ 1 | a1louejuadoionyyiad
T 0 0 8€T 0T ve T 0e 1 1 VO4d p1oe d10uBId00I0N|4Iad
T 0 T 112 8 6¢ T 0e 1 1 VNdd | Poedloueuouoioniad
T 0 0 0¢ 9 Se T 0T 1 1 VXHd4d | Pploedlouexayolonjiiad
VdH4d pioe
T 0 0 6€ 6 €2 T 0€ 1 1 oloueidayolon|piad
T 0 T L6 1T I¥4 T (0% 1 1 Vddd | Proedlouedspoloniiad
SO4d sjeuoj|ns
T T T 122 9 9 T 20 L 1 3UB)o00I0N|1Iad
SXH4d sjeuoj|ns
T |4 9T T 0T 1 1 auexayoJonjyiad
S494d aleuoj|ns
T €¢ 6 T 0¢ 1 1 auelngoJon|iad
ENJOEE] [V EERT TV
auejoooJonyyiad

T 06 9 T 08 1 1 1Aye-N Sv4d
29T¢e LT T 001> m.m 1 aulwePRIN
T 1 16 8T 9€ T 001> %m 1 vdadl | V [ousydsiqowoiqensl
-.§'6'.g'e
T T 00T 1 9 34919 aueyis
(Axousydowoiqui
-9'%'2)s10-2'T

(isnp (1snp (snp aweN punodwo) ssep

51X010INB autopu 0 6/6u) | joBBu) | LUOURBEP | suoroerp Tepue j0 0 UeWIN JSU [eaIWwayD
,SINVHN | 2X010IMeN | Buloopu3 olnuond | oo ¥ o Y pJepueis 6/bu) ZPOUBN | BUl | uonemsiqqy
1S6 uelips N aon

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript



Page 22

Shin et al.

‘paigiuenb 10U 819M SUOITRIIUBOUOD ING I8Ye| SpJepuels ynm paiiuenb pue yoeoidde 1e61el-uou 1o Bulusalos 10adsns Aq paiosled

(6
"aAlzeIURND- WSS 2Je SUOIRJIU3IUO0D SNy} ‘19Ye| SpJepuels yiim payiuenb pue 1siiy spoyiaw 1abiel-uou Jo Buiusaids 10adsns Ag pa1osled 0
"(ON =>jue|q ‘sIA = T) SINWHN Ul paiopuoolq m_é:oe%oxN
*(9]0/e1eAR 10U BIRP JO PAISa) JOU = MUue|q ‘aAldRUI = ( ‘9AIe = T) sAesse Buiuaalos Indybnoiyi-ybiy osa ur wouy [enuaiod 21x030inau Buiney mcc:oQEoU@
‘(3]qe1eAR 10U BIEP JO PaIS3) 10U = YUuk|q ‘dAIIdeUl = O ‘9AII0e = T) SAesse Buluaads Indybnoay-ybiy o1 ur woly renusiod Bundnisip-auridopua Buiney mcc:oQEoo@
'(ON =>jue|q ‘S8A = T) I1SNP INO Ul Pajda1ap Ajmau %goQEoo\NV
‘(ON =>jue|q ‘SBA = T) SpJepuels Aq pawisuod %::anoo\m
‘(s1sAjeue 19b1e1-uou = N ‘Buiusalds 10adsns = S ‘sisAjeue 186ie) = ]) spunodwiod 19818p 0} pasn spoylew [ednAjeue Jo ma\m_.xw
‘(AydeaBorewoays pinbi| = 7 ‘AydeiBorewolyd seb = 9) spunodwiod 19818p 03 pasn syuswinIsul [eonAjeue Jo adAL Q
T 0 0 T T 0T 1 9 auaion|
0 09¢ S T 0§ 1 9 Nwmcm\_\aﬁuo
-€'Z'T)ouspul +
auadeIyIuR(Yy‘e)ozuaqIq
T 0 T 19¢ 90T 8¢ T 0T 1 9 auaiyiueuayd
1 0T 81 T 0'G L 9 auasA1yD
68¢ LT T 0S 1 9 auajA1ad(1'y‘h)ozuag
T T T 68 0t T 0's 1 9 auadelyjue(e)ozuag
144 9 T 0's 1 9 auadeIUY SHVd
1 0 L 1 oo00s | 6° q louaydonuia-v'z
d"-w'-0) j053J;
0S¢ 0S¢ T ve T 00T 1 9 701 ( ) 105810
0S¢ T 6T T 0S¢ 1 9 Jousydoiojyoens
0 T 6997 08S 8¢ T 0S 1 9 louayd
QN\.SV\N.\.S\N
~9€z-5eT e
T T T 00T 1 9 sjoudydoIofyatLL
T T T 00S 1 9 Jousydolo|yolL-§'y'e
(snp (1snp (1snp sweN punodwo) sse
51X010INB au10pU 0 6/6u) | joBBu) | LUOURBEP | suoroerp Iepue j0 0 UeWIN JSU [ealwsyd
,SINVHN | joxoloureN | suloopu3 olnwond | *ouoo v o Y gPrepues 6/bu) ZPOUBN | BUl | uonemsiqqy
nS6 ueips N ao

Author Manuscript

Author Manuscript Author Manuscript Author Manuscript

Indoor Arr. Author manuscript; available in PMC 2021 January 01.




Page 23

Shin et al.

saourlISgns |Ay[eoloniyAjod pue -1ad ‘SyHd ‘suogseaospAy drewore d1j9KaA od
‘SHVd ‘SiuepJelal aweyy areydsoydouefio ‘sq4-dO ‘siayia |Auaydip paleuiwolgAiod ‘s3Qgd ‘ASAINS uoreuIWEeXT UOILINN PUe Y[eaH [euolieN ‘STINWHN U0I19818p 40 Jwl| ‘07 :SUOIBIASIqOY

“J8U10 8} WOJJ BUO S1RUILLLIISIP 0} 8S0| 00) 818M SpPUNOdWOD 38y} JO SBINYONIS o

(©07) uoireanuenb Jo 1WI| 8yl Mojaq a1am Ing (@O aAoge) sajduues 1sow Ul paydslag 7

"sI8wos! ajdnjnw yim paosleg or

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Indoor Air. Author manuscript; available in PMC 2021 January 01.



Page 24

Shin et al.

T T 8T T 4 T 06 1 1 8]0ZeU090UBYIQ

T T LL T T T 0s L 1 uigonsAxozy | Saptoibuny
T 0 292 ) T 0€ 1 1 pireasog
0 T 9¢ N 9 apixoing |Auosadid
T T T 6N 9 uyInyA
T T (44434 9 T 00T> 8S 1 soyduinio|yoens L
T 0 T T 0S¢ 1 9 8]eJa[eAud)sy
0 49X T z T 009 1 q 9|0ZeIY10ZUag-£'T
T zeere 4 T 00§ 1 9 unylaunsdAd
T 0 6vvL 4 T 05 1 9 uLiporeyAd
0 T 6508€ % T 0T 1 Q) xoidusjo)q
T 0 8599 14 T 00S 1 9 uuysweljsg
T 0 T6.L ¥ T (1074 1 1 uajAxolduAd
69 T 14 T 0¢€ 1 1 ajoidiuenuelo|yd

REIJRINRERT]]
T 0 0 09 9 T 09 1 1 Inxodoud
0 T ¥0¢ T L T 0¢C 1 1 9PIZOUBJAXOUIBIN
1 0 T g9¢ 8 T 0§ 1 9 soyiAdiolyo
0 T 9287 T 6 T 0T 1 1 uoJnjeAroN
9eT LT T 0T 1 1 apuyns-jiuoadi4
8ve 1 8z T 0C 1 Bl 1Auynsap-jiuoidiy
0 T 9gee orT T€ T (O] 1 Q) uLyusllg
T 0 0 SSyee €cT 4 T 0T 1 1 pudojoepiw|
T 0 T 1978 (44 € T 0S 1 Q) uLiyswiad
T T 8T.S 9 LE T 0T 1 1 Jluosdiy
700€ Ll A T 0T 1 1 auoy|ns-jiuoldi4

(isnp (1snp (1snp aweN punodwo) ssep
SANVHN | OIXOI0IMN | SUtbopu3 m%@w:ﬁwg »ﬁ.uo_w\w%v v:o\,w%wu mco_wmuwv ghJepuels m\%c ZPOUBIN | puswnisu| [eolueyd
nS6 ueips N aon

Author Manuscript

(8¢ =w) sajdwies 1snp 1IN0 Ul pPa12a1ap aJam eyl Saplaolq Jo Arewwing

‘¢ slqeL

Author Manuscript

Author Manuscript

Author Manuscript

Indoor Air. Author manuscript; available in PMC 2021 January 01.



Page 25

Shin et al.

0 0 1 T 0¢e 1 1 aulzewls
T T T6S S T 0ST 1 1 uljeylswipuad

0 T 9TTT T T ST 1 1 uoinig SaPIoIGISH
T T [45] €T T 0¢ 1 1 [luedoid
T 0 0 1508 00§ (114 T 00T 1 1 pioe
anadeAxouaydolojyaig-v'g
aleweqre]1Ang
T T g8e T 9T T 05 S 1 -N-1AuAdoud-z-opol-¢
T T T T 0S¢ S 1 uaydoiojyai@
T 0 L T 6S 1 u1qonsojoelAd
T 8¢ T sN 7 11UOJBYI0IO|YIAXOIPAY-1
998 LT 8¢ T 007> gS 1 uo1asAyd
T T T9 ¢l T LE T 007> gS 1 |luoxoipni4
0 0 €TL S LE T 007> S 1 3|0zepusqeryl
T T ¥6T e T€ T 007> S 1 ajozeuoaidold
T T 144 S [44 T 007> S 1 auouliyro
T T 0T¢ 81 6¢ T 007> S 1 l1[ezew|
0 1 8952 17 T 00T> 8S 1 wizepuagied
T 0 T T169TT 9 T 000T 1 Q) JousydoJojyaeiuad
8puoIyo
T T 6.50T 658¢ T 8¢ T 00T 1 1 wniuowuweAyawip|Aospiq

(snp (1snp (1snp awepN punodwo) ssep
SANVHN | gopotounen | guicopuz | IODPD, | 000U | HUOIERED | SUORBP | p pueng | 0| pousi | uewmisu EOILBYD
uS6 ueips N aon

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Indoor Air. Author manuscript; available in PMC 2021 January 01.



Page 26

Shin et al.

0 0 €e N 9 urlewno)
T 8¢ N 1 ulpadeules
0 8290T 08¢T T 8¢ T pu gN 9 ajeozuag |Azusg
AN T1€T 1 8¢ T 001> ¢S 1 Joustpuedxeq _mﬂwa
T 0 T 9€99 ¥ST 0€ T qT 1 1 (133Q) apiwenioy oo
-elaW-1ApaIa-N'N
T T T T6ET Sl¢ 8¢ T 0'g 1 1 uesojouL
T T T 1240 €e L€ T 0T 1 1 ueqJeaojou L
T 0 YITv9 0.T6T 8¢ T pu gN 9 g-suouaydozuag
0 0 9¢CeT 1124 13 T pu gN Q) suouaydozuag
T€59¢ 1501 8¢ T Pu gN 9 ajelAdnes 1AxayIAn3-¢
/€08 0S¥T 1€ 1 00T> S 1 ajeweuudAxoyiew 14100
0ee L€ 0g 1 00T> S 9 p-auouaydozuag | °MHAN
T 8T [44 13 T 0T 1 1 m:occhoNcmgxo_u\E“u
Ve
999€T Syee 8¢ T S¢ 1 9 8us|A100300
0 86ELT €€¢S 8¢ T 14 1 9 dle[esowoH
0 8T8 6TC LC T 07 1 9 apleuoL
Tess ¥6¢T 8¢ T 0'S 1 Q) apljoxereo aoues-Bely
0 0 0S6€ v6TT T LE T 00T 1 9 [eueo0suaplAzusg-g
T T T LSVT 9¢¢ 8¢ T 0¢ 1 1 mthEmn\ Mdoid
+ uaqesed |Adosdosy
T T T 14 €¢ 9¢ T 0¢ 1 1 uaqered
1nqosy + %Q%.w& Ming susqeted
T 0 0 655T s L€ T 09 L 1 uaqesed Ayl
T T T e 8 e T 0¢ 1 1 uagesed [Ay3
(1snp (snp (snp awenN punodwo)
,SANVHN | go1X0104neN | @ulloopul m%w%“wa Eow\w%v vco\,_\%wu mco_wwﬁv ¢Prepuels m\wocv ZPOUBIN | fiBWNIISU| _momw%_%co
wS6 ueips N aoT

suoljealjdde fewap ul pasn Ajurew pue (8¢ = ) sajduies 1snp Ino Ul palos1ap aJam eyl sasse]d punodwod Jo Arewwns

Author Manuscript

Author Manuscript

‘€ 9lqeL

Author Manuscript

Author Manuscript

Indoor Air. Author manuscript; available in PMC 2021 January 01.



Page 27

Shin et al.

‘pauIWIaIap 10U “*p U :SUOHEIABIGOY

“J9Y10 U} W04 3UO 3JRUIWLIOSIP 0} 8SO[D 00} 313M SPUNOALWOD 353U} JO SBINJINAS,

6

*T 8|geL JO 3)0ul00} 0} Jsjal ‘g cmso_cu T 104

0 8¢ N 9 arejAalfes |Azusg
T 8¢ N 1 p1oe o11eaISAX0IpAH-ZT
8¢ N 9 arenwyed [Adoidos|
T 8¢ N 9 ajeozuaq |AIa1s91040 S21}8WIS0D
0 L9S€ 6TE T 8¢ T ‘pu gN ) [en
0 S8Y8 981 T 8¢ T pu sN 9 aresuAw [Adoidos|
9655, 288L¢ €€ T pu sN 9 unAadears )
14 s 1 ajeuluefe
-g-1AIng-N-14189e-N A3
(snp (snp (snp awepN punodwo)
SINVHN | oowouneN | @uroopug wﬂmwo\wwg %.uow\w%v vcnw,w“%_wt mco_wmmu chrepueis m\wocv ZPOYB | (Iewn.su| _muwwm_wu;o
nS6 ueipe N ao1

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Indoor Air. Author manuscript; available in PMC 2021 January 01.



	Abstract
	Introduction
	Materials and Methods
	Overview and scope of this study
	Sampling and analytical methods
	Selection of target compounds
	Chemical use categorization
	Data sources of endocrine-disrupting potential or neurotoxic potential
	Statistical analysis

	Results
	Measured dust concentrations
	Chemical classes of current and emerging concerns in indoor dust
	Phthalates and other plasticizers
	Bisphenols and bisphenol analogues (hereafter referred as ‘bisphenols’)
	PBDEs, OP-FRs, and other FRs
	PFAS
	Phenols
	PAHs

	Biocides
	Insecticides
	Fungicides
	Herbicides

	Compounds in personal care products
	Chemical classes whose dust concentrations are of less concern for environmental exposure calculations

	Discussion
	References
	Figure 1.
	Figure 2.
	Table 1.
	Table 2.
	Table 3.



