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Abstract

Dust in homes can contain phthalates that may adversely affect child development, but whether 

residential interventions and dust removal can prevent children’s exposure to phthalates is 

unknown. We quantified the influence of a residential lead hazard intervention and dust control on 

children’s urinary phthalate metabolite concentrations. Between 2003 and 2006, The Health 

Outcomes and Measures of the Environment (HOME) Study randomized 355 pregnant women to 

receive an intervention to reduce either residential lead or injury hazards before delivery. We 

quantified eight urinary phthalate metabolites in 288 children at ages 1, 2, or 3 years (680 

observations). During yearly home visits, we assessed dust accumulation in housing units. 

Children in the lead intervention group had 11–12% lower concentrations of the sum of di(2-

ethylhexyl) phthalate metabolites, monocarboxyoctyl phthalate, and monocarboxynonyl phthalate 
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compared to the injury intervention group. Monoethyl phthalate concentrations did not differ by 

group. In observational analyses, children living in housing units that appeared clean had 12–17% 

lower concentrations of these phthalate metabolites and monobenzyl phthalate, compared to 

children living in housing units with more dust accumulation. Features of this lead hazard 

intervention and measures to control dust may reduce children’s exposure to phthalates found in 

building materials and household furnishings.

Graphical Abstract

INTRODUCTION

Phthalates, commonly used as plasticizers in household products and building materials, can 

be released into indoor air and settle in household dust.1 While diet and personal care 

product use are major routes of exposure to many phthalates, ingestion and inhalation of 

phthalate-containing dust may also be an important exposure pathway, especially during 

early childhood.

Some prior studies have reported correlations between dust concentrations of some 

phthalates and children’s urinary phthalate metabolite concentrations,2 as well as 

associations between phthalate exposure in household dust and an increased risk of asthma, 

developmental delay, and rhino-conjunctivitis.3–5 Gestational and childhood exposure to 

phthalates may also contribute to an increased risk of allergies, early-onset eczema, obesity, 

and attention-deficit/hyperactivity disorder in children.6–10

Residential modifications, such as paint stabilization and dust control measures, are 

routinely implemented to reduce childhood lead exposure. Given that these measures aim to 

lower lead exposure by reducing levels of contaminated dust, we hypothesized that these 

interventions could also lower children’s exposure to phthalates released from paints and 

building materials into dust. Thus, we conducted a secondary analysis of a randomized trial 

designed to evaluate the effect of a lead hazard intervention on urinary phthalate metabolite 

concentrations at ages 1, 2, and 3 years. We further explored the relationship between 

cleaning in housing units and phthalate exposure, by evaluating the association between 
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repeated observations of housing dust accumulation and urinary phthalate metabolite 

concentrations.

METHODS

Participant Recruitment and Intervention Assignment

Between 2003 and 2006, research staff recruited pregnant women living in the Cincinnati, 

Ohio metropolitan area from nine local prenatal clinics. Eligibility criteria included: English 

fluency; 18 years of age or older; 16 ± 3 weeks gestation; plan to continue prenatal care and 

deliver at collaborating clinics and hospitals; residence in a home built in or prior to 1978 

which was not a mobile or trailer home; plan to live in the greater Cincinnati metropolitan 

area for at least one year; HIV-negative; not taking medications for seizures or thyroid 

disorders; not diagnosed with diabetes, bipolar disorder, schizophrenia, or cancer. We 

targeted women living in homes built before 1978, the year residential lead paints were 

banned in the United States, and we oversampled women self-identifying as non-Hispanic 

black because of their children’s increased risk of lead exposure.

Of 1,263 eligible women, 468 (37%) agreed to participate; 60 (13%) dropped out before 

delivery of their infant and 53 (11%) had landlords refuse to participate (Figure 1). The 

remaining 355 women were assigned in blocks of 10 to receive a residential intervention to 

reduce lead hazards or injury hazards. We sealed assignment codes in radio-opaque 

envelopes until research assistants confirmed participant’s eligibility. Of the 355 families 

who participated in the trial, 288 children had urinary phthalate metabolite concentrations 

measured at ages 1, 2, or 3 years. Participants were included in this analysis if urinary 

phthalate concentrations were quantified at one or more of these three timepoints.

The primary analysis of the effects of the residential lead and injury hazard interventions 

have been previously published.11,12 For this analysis, we treated participants receiving the 

injury hazard intervention as the control group and participants receiving the lead hazard 

intervention as the intervention group. The institutional review boards (IRB) of Cincinnati 

Children’s Hospital Medical Center (CCHMC) and the participating prenatal clinics and 

delivery hospitals approved the HOME Study. The Centers for Disease Control and 

Prevention (CDC) and Brown University deferred to the CCHMC IRB as the IRB of record. 

Women provided written informed consent for themselves and their children after research 

assistants explained study protocols during face-to-face visits. The trial protocol was 

registered on August 11, 2005 (ClinicalTrials.gov identifier: NCT00129324).

Residential Intervention

In the intervention group, we implemented a series of measures to remove or reduce lead 

hazards in paint, dust, water, and soil in and around the homes of women prior to 32 weeks 

gestation and delivery. The intervention included paint stabilization which involved repairing 

any deteriorating or water-damaged wall material, removing loose or peeling paint, 

reapplying new paint, and thoroughly cleaning the area using wet methods. In addition, 

study contractors took measures to reduce dust accumulation in the housing unit by 

installing window trough liners, as well as creating smooth and cleanable floors and 
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windows so that dust could be removed from surfaces by normal cleaning. For example, 

creating smooth and cleanable floors involved repairing or replacing damaged floor tiles and 

refinishing wooden floors. The lead hazard intervention also involved covering exposed 

lead-contaminated soil with groundcover; installing tap filters for drinking water lead 

sources; repairing areas with deteriorating lead-based paint; and replacing windows with 

deteriorating lead-based paint. We did extensive clean-up and dust removal after the 

intervention was completed. We adapted the intervention based on the condition of each 

home and attempted to implement the intervention in new housing units when families 

moved before the child was 23 months of age. Before children in the control group turned 6 

months old, we installed injury prevention devices or conducted residential modifications to 

reduce residential injury hazards.12 The types of injury prevention devices that we installed 

included stair gates, cabinet locks, and smoke detectors. We did not expect any of the 

devices installed to have an impact on the dust accumulation in the housing unit. If children 

in the control group moved before 23 months of age, we attempted to implement the injury 

hazard intervention in their new housing unit.

Characterization of Dust Accumulation and Cleaning in the Housing Unit

During home visits at baseline, 1, 2, and 3 years of age, research assistants assessed cleaning 

and the accumulation of dust and debris in the entire home, including the kitchen, main 

activity room, bathrooms, child’s bedroom, and stairwells using standardized criteria. Based 

on the presence of dust, soiled carpeting, cobwebs, and indications of cleaning in all rooms, 

the research assistant classified the housing unit into one of three groups: appears clean, 

some evidence of cleaning, and no evidence of cleaning (see Table S1). Due to the small 

number of housing units with no evidence of cleaning, we combined the latter two groups 

into one, which we refer to as “does not appear clean” in the main analyses. We assessed 

how combining the two categories in the main analysis impacted our results by conducting 

sensitivity analyses with all three of the original categories.

Quantification of Urinary Phthalate Metabolite Concentrations

Of the 174 women assigned to the intervention group and 181 women assigned to the 

control group, 143 (82%) and 145 (80%), had children with urinary phthalate metabolite 

concentrations measured at age 1, 2, or 3 years, respectively (see Table S2). In these urine 

samples, we examined metabolites of phthalates that have been quantified in household dust, 

including di(2-ethylhexyl) phthalate (DEHP), benzylbutyl phthalate (BBzP), di-isononyl 

phthalate (DiNP), and di-isodecyl phthalate (DiDP). We also included a negative control, 

diethyl phthalate (DEP), which has not been detected frequently in household dust.13–19

We collected spot urine samples from children at ages 1, 2, and 3 years. Prior to the sample 

collection, the caregiver wiped the child’s genitals with a phthalate-free wipe. We collected 

urine samples from children who did not use the toilet by placing an insert in a clean diaper. 

After collection, the insert was placed into a polypropylene cup, and urine was later 

expressed from the insert using a syringe. For children who were learning how to use the 

toilet, we used training toilets lined with inserts to collect urine samples. Caregivers helped 

children who used the toilet to collect urine directly into the cup. All samples were stored at 

−20 °C until they were shipped overnight on dry ice to the CDC for analysis.
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Using previously described methods, we quantified concentrations of mono-2-ethyl-5-

hydroxyhexyl phthalate (MEHHP), mono-2-ethyl-5-oxohexyl phthalate (MEOHP), and 

mono-2-ethyl-5-carboxypentyl phthalate (MECPP), which are metabolites of DEHP, as well 

as monobenzyl phthalate (MBzP), monocarboxyoctyl phthalate (MCOP), 

monocarboxynonyl phthalate (MCNP), and monoethyl phthalate (MEP) which are 

metabolites of BBzP, DiNP, DiDP, and DEP, respectively.20 These metabolites, specific to 

select parent compounds, have been detected in the urine of the majority of the U.S. general 

population since the mid-2000s.21 We were not able to assess urinary concentration of 

mono-2-ethylhexyl phthalate (MEHP), mono-n-butyl phthalate (MnBP), or monoisobutyl 

phthalate (MiBP) due to phthalate contamination from diaper inserts. Laboratory staff were 

blinded to participant’s intervention status. We created a summary DEHP measure (ΣDEHP) 

by dividing MEHHP, MEOHP, and MECPP concentrations by their respective molar mass, 

summing the molar metabolite concentrations, and then multiplying by the molar mass of 

MECPP to express the sum in units of ng/mL. We quantified urinary creatinine 

concentrations using enzymatic methods to account for individual urine dilution.

Participant and Housing Unit Characteristics

We documented participant’s age and season at the time of urine collection, as well as their 

sex, race, and ethnicity at birth. We conducted structured interviews at each home visit to 

gather information about maternal education, household income, and marital status, as well 

as housing characteristics and behaviors that could potentially confound the relationship 

between dust accumulation in the housing unit and urinary phthalate metabolite 

concentrations. We calculated the average urinary ΣDEHP, MBzP, and MEP concentrations 

in maternal samples collected at 16- and 26-weeks gestation to estimate maternal exposure 

to the parent phthalates at baseline. At the time of the prenatal analysis, the assay for MCOP 

and MCNP was not yet developed. We also documented the year the participant’s home was 

built and the type of flooring visible in the main activity room (high carpet, mid carpet, low 

carpet, wood/tile/ceramic, or vinyl). We dichotomized flooring type into carpeting and no 

carpeting groups due to the low frequency of some types of flooring (i.e. vinyl flooring, high 

carpet, and wood/tile/ceramic).

Statistical Analysis

Intervention and Phthalate Metabolite Concentrations—For the intention-to-treat 

analysis of the secondary trial, we first calculated proportions for categorical variables as 

well as means for continuous variables and compared participant characteristics at baseline 

between the intervention and control groups. We also compared characteristics of houses 

that appeared clean to those that did not appear clean at baseline.

We log10-transformed urinary phthalate metabolite concentrations and compared the 

distribution of repeated urinary phthalate metabolite concentrations measured at ages 1, 2, 

and 3 years. Because season could be associated with both dust accumulation and dust 

phthalate concentrations, we compared the proportions of urine samples collected by season 

in the intervention and control groups. Using linear mixed models with a compound 

symmetry covariance matrix, identified as the optimal covariance structure based on the 

Akaike Information Criteria, we estimated differences in the geometric mean urinary 
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phthalate metabolite concentrations by intervention group. We adjusted these models for the 

children’s age at urine collection and log10-transformed creatinine concentrations to control 

for urine dilution. In a per protocol analysis, we included only participants who did not 

move from their baseline residence before age 3 years (56% of total participants (n=161); 

57% of participants in control group (n=83); 55% of participants in the intervention group 

(n=78)) and repeated all analyses.

Dust Accumulation and Urinary Phthalate Metabolite Concentrations—We used 

linear mixed models with an unstructured covariance matrix and random intercept to 

estimate the association between time-varying repeated measures of dust accumulation and 

urinary phthalate concentrations at ages 1, 2, and 3 years. We identified covariates to include 

in the linear mixed models based on prior knowledge about characteristics which could be 

related to dust accumulation in housing units and phthalate exposure. We adjusted all models 

for child age, sex, race/ethnicity, log10-transformed urinary creatinine concentration (time-

varying), intervention group, house flooring type, maternal education, household income 

(time-varying), and season of urine collection (time-varying). We also constructed adjusted 

linear mixed models considering the three categories of dust accumulation (time-varying) 

and conducted a trend test by treating the categories as a continuous variable.

Dust Accumulation and Intervention Effectiveness—In the randomized trial and 

observational analyses, we assessed if dust accumulation pre- and post-intervention 

impacted the effectiveness of the lead hazard intervention. To evaluate if the effectiveness of 

the intervention varied based on dust accumulation in the housing unit prior to the trial, we 

included a product interaction term between intervention group and dust accumulation at 

baseline (appears clean or does not appear clean). We also stratified the sample by dust 

accumulation at baseline and evaluated if the effect of the intervention on urinary phthalate 

metabolite concentrations varied in housing units appearing clean compared to those that did 

not appear clean.

We evaluated if the effectiveness of the intervention varied based on dust accumulation 

characterized at 1, 2, and 3 years post-trial. First, we added an intervention and post-trial 

dust accumulation product interaction term to fully adjusted models to assess relative 

reductions in urinary phthalate metabolites due to additive interaction. Next, we 

parameterized a combined variable with four categories: 1) Control group and does not 

appear clean; 2) Control group and appears clean; 3) Intervention group and does not appear 

clean; 4) Intervention group and appears clean. We treated the “Control group and does not 

appear clean” category as the reference group and assessed the relationship of this variable 

with urinary phthalate metabolite concentrations in adjusted models.

Sensitivity Analysis—In sensitivity analyses, we compared results from statistical 

models adjusting for log10-transformed creatinine concentrations as a covariate to models 

using creatinine-standardized urinary phthalate metabolite concentrations as the outcome 

variable. Urinary phthalate metabolite concentrations were creatinine-standardized by 

dividing each phthalate metabolite concentration by urinary creatinine concentrations and 

multiplying by 100. In the dust accumulation analyses, we assessed the robustness of our 

model by comparing our results from a fully adjusted model to the results from minimally-
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adjusted models only including child age, sex, and intervention status as covariates. We also 

assessed if other behaviors or characteristics not captured by covariates included in the 

adjusted models may confound our main results. In sensitivity analyses we constructed 

models adjusting for additional behavioral characteristics, including breastfeeding duration, 

pacifier use, toy mouthing behaviors, and consumption of pre-packaged fruits and 

vegetables.

RESULTS

Participant and Housing Unit Characteristics

Compared to pregnant women in the control group, women in the intervention group had 

higher median urinary ΣDEHP metabolite concentrations at baseline. Urinary concentrations 

of other phthalate metabolites did not statistically differ between the two groups (Table S5). 

In the intervention group, approximately 50% of children were males and 66% self-

identified as non-Hispanic white, while 43% of children in the control group were males and 

75% were non-Hispanic white. The majority of children in both groups were living in a 

household with at least two adults. Approximately 43% and 45% of participants in the 

control and intervention groups had an annual income greater than $70,000, respectively 

(Table 1). There was no notable difference between the intervention and control groups in 

the proportion of home ownership, year the home was built, or the type of housing (single-

family versus multi-family). Overall the majority of housing units appeared clean at baseline 

(64% and 63% of the intervention and control groups, respectively). For housing units that 

appeared clean, the mean year of construction was 1941 (SD=47). On average, housing units 

that did not appear clean were older (mean year constructed=1927; SD=28). Housing units 

that appeared clean at baseline were more likely to be single-family homes or townhouses 

(86% vs. 70%) and owner-occupied (85% vs. 56%).

Phthalate Metabolite Concentrations

The proportion of urine samples collected from participants at ages 1, 2, and 3 years, as well 

as the season of collection, was similar for the intervention and control groups (see Table S2 

and Table S3). The geometric means of urinary phthalate metabolite concentrations were 

relatively stable across samples collected at ages 1, 2, and 3 years (Figure 2 and see Table 

S4). Overall, geometric mean urinary phthalate concentrations were highest for ΣDEHP, 

followed by MEP, MBzP, MCOP, and MCNP.

Intervention and Phthalate Metabolite Concentrations

Urinary concentrations of ΣDEHP, MCOP, and MCNP were 12% (95% Cl= −23, 1), 11% 

(95% Cl= −21, 2), and 12% (95%= −22, 0) lower, respectively, among children in the 

intervention group compared with those in the control group (Figure 3 and see Table S6). In 

contrast, urinary MEP concentrations were similar for participants in the two groups, with 

children in the intervention group having 5% higher concentrations (95% Cl= −15, 30).

In the per protocol analysis, estimates of the intervention effect on urinary phthalate 

metabolite concentrations were generally less precise but similar in magnitude to the 

estimates from the intention-to-treat analysis (see Table S7 and Table S8). Participants who 
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lived in the same home throughout the study were mostly non-Hispanic white (85%), living 

in a household with at least two adults (94%), had a mother with a college degree (72%) 

who owned the home (91%) and had an annual income greater than $70,000 (61%). In 

addition, they were more likely to live in a housing unit that appeared clean at baseline 

(73%).

Dust Accumulation and Phthalate Metabolite Concentrations

The housing units of participants in the intervention group were not more likely to appear 

clean at 1, 2, and 3 year visits compared to participants in the control group (60% compared 

to 58%, respectively). Compared to mothers who lived in housing units with slight to heavy 

dust accumulation, mothers who lived in housing that appeared clean were more likely to 

have a college degree (75% vs 40%) and an annual household income over $70,000 (63% vs 

35%; Table S9).

After adjusting for covariates, children who lived in housing units that appeared clean had 

12% (95% Cl= −24, 1), 17% (95%= −30, −2), 12% (95%CI= −23, 1) and 16% (95% Cl= 

−25, −5) lower urinary ΣDEHP, MBzP, MCOP, and MCNP concentrations compared with 

children who lived in housing units that did not appear clean. Urinary MEP concentrations 

of participants who lived in housing that appeared clean were similar to those of participants 

who lived in housing that did not appear clean (0% difference; 95% Cl= −16, 19); see Table 

S10).

In adjusted models considering the three categories of dust accumulation, we found evidence 

that lower levels of dust accumulation were monotonically associated with lower urinary 

concentrations of ΣDEHP (p-value for trend=0.014), MBzP (p-value for trend=0.005), 

MCOP (p-value for trend=0.023), and MCNP (p-value for trend=0.005) (see Table S11). For 

instance, children living in households that appeared clean (observations=382) or had slight 

dust accumulation (observations=241) had 39% lower (95% Cl= −57, −12) and 31% lower 

(95% Cl= −51, −3) urinary ΣDEHP concentrations, respectively, compared to children who 

lived in housing units with heavy dust accumulation (observations= 27).

Dust Accumulation and Intervention Effectiveness

Dust accumulation in housing units prior to the trial modified the effect of the intervention 

on ΣDEHP and MBzP concentrations (intervention by baseline dust accumulation 

interaction p-values = 0.03 and 0.06, respectively). Among participants who lived in housing 

units that appeared clean at baseline, children in the intervention group had 21% lower 

ΣDEHP concentrations (95% Cl= −33, −7) and 18% lower MBzP concentrations (95% Cl= 

−34, 2) compared with children in the control group (Figure 3; see Table S6). Among 

participants who lived in housing units that did not appear clean at baseline, children in the 

intervention group had 8% higher ΣDEHP concentrations (95% Cl= −13, 34) and 17% 

higher MBzP concentrations (95% Cl= −15, 61).

In adjusted models, we did not find a greater than additive effect of the intervention and dust 

accumulation post-trial for urinary MBzP (intervention by dust accumulation product 

interaction term p= 0.99), MCOP (intervention by dust accumulation product interaction 

term p= 0.85), MCNP (intervention by dust accumulation product interaction term p= 0.76), 
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or MEP (intervention by dust accumulation product interaction term p=0.64) concentrations. 

In adjusted models, we found evidence of a greater than additive effect of the intervention 

and living in a housing unit that appeared clean post-trial on urinary ΣDEHP concentrations 

(intervention by dust accumulation product interaction term p=0.07). Participants in the 

intervention group who lived in housing that appeared clean post-trial, had 21% lower 

urinary concentrations of ΣDEHP (95% Cl= −35, −4) compared to participants in the control 

group who lived in housing that did not appear clean post-intervention. On average, urinary 

MBzP, MCOP, and MCNP concentrations were lowest among participants in the 

intervention group who also lived in housing units that appeared clean post-trial (Table 2).

Sensitivity Analyses

Our results were not meaningfully different when we used creatinine-standardized urinary 

concentrations of phthalate metabolites for analyses (see Table S11 and Table S12). The 

results of the dust accumulation analyses were not meaningfully different in minimally-

adjusted models or models adjusted for additional covariates (breastfeeding duration, 

pacifier use, toy mouthing behaviors, and consumption of pre-packaged fruits and 

vegetables; see Table S13).

DISCUSSION

In this randomized trial, children who lived in housing units that received a residential lead 

hazard intervention, which included extensive dust control, had lower early childhood 

urinary concentrations of ΣDEHP, MCOP, and MCNP. At baseline, ΣDEHP concentrations 

were higher among pregnant women in the intervention group compared to the control 

group. Urinary concentrations of other phthalate metabolites were not different between 

pregnant women in the intervention and control groups. The higher maternal DEHP 

metabolite concentrations in the intervention group suggest that the effect of the intervention 

on children’s DEHP metabolite concentrations may not be due to baseline differences in 

DEHP exposure sources.

Consistent with the results of the randomized trial, we found that living in a housing unit 

that appeared clean was associated with lower urinary concentrations of ΣDEHP, MBzP, 

MCOP, and MCNP. For ΣDEHP, we found that the intervention was most effective in 

housing units that also appeared clean pre- and post-trial. As hypothesized, we did not find 

that the randomized intervention or dust accumulation was associated with lower urinary 

MEP concentrations. Our results from sensitivity analyses adjusting for additional 

behavioral characteristics that could be associated with cleaning or dust accumulation and 

phthalate exposure did not meaningfully differ from our main results. This consistency 

suggests that the association between dust accumulation and phthalate metabolite 

concentrations persists when accounting for behavioral factors.

The results of this study provide further evidence that preventing and removing dust build-up 

may reduce childhood phthalate exposure. We are not aware of any prior studies evaluating 

if lead hazard controls, such as paint stabilization, and dust control measures, such as 

cleaning, can reduce phthalate exposure in young children. Previous research suggests that 

some phthalates can be released from household materials and accumulate in dust, 
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particularly DEHP, BBzP, DiNP, and DiDP, which are less volatile and have a higher 

molecular weight.13–19,22 On the other hand, previous studies generally detected relatively 

low household dust concentrations of phthalates with higher volatility and lower molecular 

weights, such as DEP, because these phthalates tend to be found in the gas phase when 

released from household products.13,18,19,22–24 While there are significant sources of DEP 

exposure in indoor environments, such as from personal care products,25 we do not expect 

that either this residential lead intervention or cleaning would substantially remove indoor 

DEP exposure sources.

Young children may have increased risk of phthalate exposure through dust ingestion and 

inhalation because they frequently engage in hand-to-mouth behaviors, breathe air closer to 

the ground, and play on carpets and floors.26–28 Children are also exposed to phthalates 

through other sources, including ingestion of packaged foods and personal care product use.
27,29,30 Available evidence suggests that exposure to higher molecular weight phthalates 

indoors marginally contributes to an individual’s total intake. However, dust is hypothesized 

to be the primary source of exposure in the indoor environment.31,32 Previous studies that 

estimated the correlation between phthalate ingestion from concentrations measured in urine 

and dust report inconsistent results.2,5,33 However, these inconsistences may be partially 

attributable to the wide range in age of participants studied, 3 to 14 years. Younger children, 

especially those under the age of three, may have a higher risk of exposure to phthalates in 

dust from mouthing behaviors.

While we are not aware of any studies that have evaluated the association between dust 

removal or cleaning and children’s phthalate exposure, previous research suggests that some 

typical cleaning methods may reduce the concentration of some phthalates, as well as other 

chemicals such as polycyclic aromatic hydrocarbons and flame retardants, in household 

dust.34–36 However, other studies reported no association between cleaning behaviors and 

lower phthalate dust concentrations.22

We speculate that children in the residential lead hazard intervention group had lower 

urinary phthalate metabolite concentrations because paint stabilization and dust control 

measures reduced levels of phthalate-contaminated house dust. As part of the paint 

stabilization process, we removed degraded or water-damaged building materials, such as 

paint-covered or plastic laminate flooring and wallboard, which could release phthalates into 

the indoor environment.37 Furthermore, we applied new paint to areas which may have been 

previously covered with worn or chipped phthalate-containing paints.38 After paint 

stabilization, we also conducted extensive cleaning. Due to the design of the study we were 

unable to identify the individual or combined aspect(s) of the intervention necessary to 

reduce phthalate exposure. However, the positive association between dust accumulation and 

urinary phthalate metabolite concentrations we observed provides indirect evidence that dust 

is an important source for the uptake of phthalates.

Some researchers have raised concerns about certain cleaning methods increasing exposure 

to phthalates in dust.13 Exposure to phthalates could occur if phthalate-containing cleaning 

products are used, as well as when cleaning methods resuspend phthalate-containing dust 

particles in the air, but do not fully remove them. While we found that the intervention 
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followed by extensive cleaning led to a reduction in some urinary phthalate metabolites in 

young children, painting and renovation could increase exposure if the materials used 

contained phthalates and these processes were not followed by extensive cleaning or dust 

control. In our study, we found that in housing units which did not appear clean at baseline, 

children in the intervention group had higher urinary concentration of ΣDEHP and MBzP 

compared to the control group, suggesting increased exposure could be possible in some 

situations.

Among children living in housing units that did not appear clean at baseline, we hypothesize 

that housing characteristics could have also impacted the effectiveness of the intervention in 

reducing urinary phthalate metabolite concentrations. Housing units that did not appear 

clean at baseline were older, renter-occupied, and multi-family units. These characteristics 

could be related to higher exposure to phthalates in building materials, as well as greater 

dust accumulation or differences in ventilation.15,37 These types of units may require 

additional dust control measures, repeated cleanings, or more extreme housing modifications 

to reduce children’s exposure to phthalates in dust. Future studies could identify typical 

cleaning methods or renovations that are most effective in reducing exposure and 

characterize the types of housing units where these methods may need to be adapted to 

reduce exposure risk.

This study has some limitations. Because this intervention was not specifically designed to 

reduce phthalate exposure, we did not intentionally identify and remove phthalate-containing 

building materials or other sources of phthalates in the home. We also did not measure 

phthalates in dust, therefore we do not know if the intervention reduced phthalate levels in 

dust. Other socioeconomic factors and behavioral characteristics associated with cleaning or 

dust accumulation and phthalate exposure that we did not consider could contribute to 

residual confounding of the association in the observational analysis. Furthermore, we did 

not consider children’s time-activity patterns or adjust for time spent indoors in our 

observational analysis. We used phthalate metabolite concentrations quantified in a spot 

urine sample collected at ages 1, 2, and 3 years to assess phthalate exposure. Because 

phthalates are non-persistent in the body, metabolites measured in a spot urine sample may 

result in exposure misclassification, which we expect to be non-differential. We also were 

not able to evaluate how the presence of polyvinyl chloride (PVC) flooring, subflooring 

materials, or water pipes in housing impacted our results. Finally, our results may not be 

generalizable to other populations because the study participants lived in homes built before 

1978 and were predominately non-Hispanic white, well-educated, and had household 

incomes near the regional median.

Our study has several strengths. We were able to test our hypotheses using both a 

randomized trial of a residential intervention and observational study of dust accumulation 

and cleaning. Research staff who implemented the residential interventions and assessed 

dust and debris accumulation in the housing unit were blinded to mother and children’s 

urinary phthalate metabolite concentrations. We also used repeated measures of phthalate 

metabolite concentrations and dust accumulation at several timepoints. Additionally, the 

HOME Study collected longitudinal behavioral and housing characteristic data that we 

considered in our observational analyses. We were able to include urinary MEP 
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concentrations in our analyses as a negative control outcome, and the results of this analysis 

were consistent across both the randomized trial and observational analyses. Finally, urinary 

phthalate metabolite concentrations among these children were similar to other populations 

in the United States at this time.39,40

In conclusion, our results suggest that removing phthalate contaminated dust through 

methods such as paint stabilization and extensive cleaning could reduce young children’s 

phthalate exposure. Additional research is necessary to identify modification of specific 

building materials and dust control measures that are most effective in reducing phthalate 

exposure from dust. Future interventions could consider incorporating more extensive and 

repeated cleanings, as well as identifying and removing household products and worn 

phthalate-containing building materials to ensure that the intervention is effective in all types 

of households.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow diagram of participant recruitment and randomization in The HOME Study 

(Cincinnati, OH; 2003–06).
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Figure 2. 
Distribution of urinary phthalate metabolite concentrations by annual visit at ages 1, 2, 3 

years (The HOME Study; Cincinnati, OH).

Solid line indicates geometric mean of each distribution. Jittered dots are individual 

observations. Smoothed lines are density functions of urinary phthalate metabolite 

concentrations.

Total participants = 288 (680 observations).

Abbreviations: summary DEHP (ΣDEHP) = sum of the molar mass of mono-2-ethyl-5-

hydroxyhexyl phthalate (MEHHP), mono-2-ethyl-5-oxohexyl phthalate (MEOHP), and 

mono-2-ethyl-5-carboxypentyl phthalate (MECPP); monobenzyl phthalate (MBzP); 

monocarboxyoctyl phthalate (MCOP); monocarboxynonyl phthalate (MCNP); monoethyl 

phthalate (MEP)
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Figure 3. 
Adjusted geometric mean (95% confidence interval) childhood urinary phthalate metabolite 

concentration (ng/mL) by intervention group in the full sample and by baseline dust 

accumulation (The HOME Study; Cincinnati, OH).a

a Model adjusted for log10-transformed urinary creatinine concentrations and age (years).

Total participants = 288 (145 control and 143 intervention group).

Abbreviations: summary DEHP (ΣDEHP) = sum of the molar mass of mono-2-ethyl-5-

hydroxyhexyl phthalate (MEHHP), mono-2-ethyl-5-oxohexyl phthalate (MEOHP), and 

mono-2-ethyl-5-carboxypentyl phthalate (MECPP); monobenzyl phthalate (MBzP); 

monocarboxyoctyl phthalate (MCOP); monocarboxynonyl phthalate (MCNP); monoethyl 

phthalate (MEP).
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Table 1.

HOME Study participant characteristics at baseline for control and lead hazard intervention groups.

Total Control Group Intervention Group

n (%) n (%) n (%)

Total 288 (100) 145 (100) 143 (100)

Child Sex

 Male 135 (47) 63 (43) 72 (50)

 Female 153 (53) 82 (57) 71 (50)

Child Race/Ethnicity

 Non-Hispanic white 202 (70) 108 (75) 94 (66)

 Non-Hispanic black 66 (23) 29 (20) 37 (26)

 Hispanic 7 (2) 3 (2) 4 (3)

 Other 13 (5) 5 (3) 8 (5)

Marital Status

 Married, or living with someone 241 (84) 125 (87) 116 (81)

 Not married, living alone 47 (16) 20 (14) 27 (19)

Household Income

 Less than $20,000 46 (16) 22 (15) 24 (17)

 $20,000 to less than $40,000 39 (14) 20 (14) 19 (13)

 $40,000 to $70,000 75 (26) 40 (28) 35 (24)

 Greater than $70,000 128 (44) 63 (43) 65 (45)

Maternal Education

 Bachelor’s degree or higher 171 (59) 85 (59) 86 (60)

 Some college or technical school 72 (25) 40 (28) 32 (22)

 High school or less 45 (16) 20 (14) 25 (17)

Cleaning/ Dust accumulation

 Appears clean 183 (64) 92 (63) 91 (64)

 Some or no cleaning 105 (36) 53 (37) 52 (36)

Home Ownership

 Own 214 (75) 111 (77) 103 (72)

 Public 13 (5) 5 (3) 8 (6)

 Rent 55 (19) 25 (17) 30 (21)

 Other 5 (2) 3 (2) 2 (1)

Year Home was Constructed

 1924 or earlier 93 (32) 47 (32) 46 (32)

 1925 to 1955 107 (37) 56 (39) 51 (36)

 1955 to 1978 87 (30) 42 (29) 45 (32)

House Type

 Single family or townhouse 231 (80) 119 (82) 112 (78)

 Multi-family, apartment, or other 57 (20) 26 (18) 31 (22)
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