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BACKGROUND: There is growing interest in evidence-based interventions, programs, and policies to mitigate exposures to bisphenols and phthalates
and in using implementation science frameworks to evaluate hypotheses regarding the importance of specific approaches to individual or household
behavior change or institutions adopting interventions.

OBJECTIVES: This scoping review aimed to identify, categorize, and summarize the effects of behavioral, clinical, and policy interventions focused on
exposure to the most widely used and studied bisphenols [bisphenol A (BPA), bisphenol S (BPS), and bisphenol F (BPF)] and phthalates with an
implementation science lens.

METHODS: A comprehensive search of all individual behavior, clinical, and policy interventions to reduce exposure to bisphenols and phthalates was
conducted using PubMed, Web of Science, Cumulative Index to Nursing and Allied Health Literature (CINAHL), and Google Scholar. We included
studies published between January 2000 and November 2022. Two reviewers screened references in CADIMA, then extracted data (population char-
acteristics, intervention design, chemicals assessed, and outcomes) for studies meeting inclusion criteria for the present review.

RESULTS: A total of 58 interventions met the inclusion criteria. We classified interventions as dietary (n=27), clinical (n=13), policy (n=14), and
those falling outside of these three categories as “other” (n=4). Most interventions (81%, 47/58) demonstrated a decrease in exposure to bisphenols
and/or phthalates, with policy level interventions having the largest magnitude of effect.

Discussion: Studies evaluating policy interventions that targeted the reduction of phthalates and BPA in goods and packaging showed widespread, long-
term impact on decreasing exposure to bisphenols and phthalates. Clinical interventions removing bisphenol and phthalate materials from medical devices
and equipment showed overall reductions in exposure biomarkers. Dietary interventions tended to lower exposure with the greatest magnitude of effect in
trials where fresh foods were provided to participants. The lower exposure reductions observed in pragmatic nutrition education trials and the lack of diver-

sity (sociodemographic backgrounds) present limitations for generalizability to all populations. https://doi.org/10.1289/EHP11760

Introduction

Bisphenols and phthalates are endocrine disrupting chemicals
(EDCs)'3 associated with numerous adverse health outcomes,
such as reproductive and developmental dysfunction,*> meta-
bolic disease,® neurobehavioral development,'®~'# and immune
dysfunction,!>!6 most notably when exposure occurs during criti-
cal windows of susceptibility.!”-!® Bisphenol A (BPA) is used in
epoxy resins for consumer and food product packaging,'® such
as canned foods,? in polycarbonate water bottles,?! dental seal-
ants,?? and thermal receipts.>> Humans are exposed to BPA via
oral, inhalation, and dermal exposure, although oral exposure
from dietary sources is the most common.?42¢ As restrictions on
the use of BPA in consumer products have been put into place,
the structural analogues bisphenol S (BPS) and bisphenol F
(BPF) have emerged as two of the most widely used substitutes.
BPS can be found in thermal paper?’ and to produce epoxy resin
and polycarbonate plastic.?®2° Likewise, BPF is also used in
epoxy linings for canned food and other types of coatings.??-3!
Both BPS and BPF have been detected in personal care products>?
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as well as in a variety of foods, including dairy products, seafood,
meats, and cereal products.>? Phthalates are highly abundant plas-
tic additives used primarily as plasticizers to soften materials and
make them flexible.>*33 Human biomonitoring shows widespread
exposure to phthalates®®37 from a variety of sources including
food due to contamination from its packaging as well as other food
contact materials used in food processing.3¥~# Personal care prod-
ucts, building materials, and medical devices also contribute to
human exposure to phthalates.*!#2

Potential health effects and widespread exposure to bisphe-
nols (especially BPA) and phthalates have prompted regulators
(described below), researchers,*> public health advocates,**¢
and professional medical societies*’*° to recommend that con-
sumers take actions to reduce exposures. Risk evaluations have
led to the restriction of some uses of specific phthalates and
bisphenols in many countries. For example, in 2008, the United
States Congress banned the use of di(2-ethylhexyl) phthalate
(DEHP), butyl benzyl phthalate (BBzP), and dibutyl phthalate
(DBP) in children’s toys and childcare articles,’ and in 2017, the
US Consumer Protection Safety Commission®! increased the list
of prohibited phthalates to eight. BPA is prohibited from use in
baby bottles in the US>? and Canada.>® Likewise, the EU has
listed DEHP and DBP in its authorization list under Registration,
Evaluation, Authorization, and Restriction of Chemicals (REACH),
and more than a dozen phthalates are included in the candidate
list for authorization.>* BPA and BPF are listed on the candidate
list of substances under REACH, which limits use of these chem-
icals in a variety of consumer products. These regulatory restric-
tions have been credited with decreases in exposure to these
EDCs.>>->® However, continued human exposure raises concerns
about co-exposures to mixtures of phthalates and bisphenols,
social disparities in these exposures, and cumulative health
risk.2#+36:37:57-68 Meanwhile various groups continue to educate
the public on individual actions they can take as consumers to
avoid exposures to phthalates and BPA 97!
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There is growing interest in using implementation science
frameworks’?>~"* to evaluate hypotheses regarding the importance
of specific approaches to individual or household behavior change
or adoption of an intervention by institutions. As an interdiscipli-
nary team of environmental health and nutritional science
researchers with expertise in behavioral and policy interventions,
we contribute to these emerging discussions by conducting and
reporting results from a scoping review of interventions to reduce
exposure to the most widely used and studied bisphenols (BPA,
BPS, BPF) and phthalates. In addition to behavioral interventions
to reduce exposures to bisphenols and phthalates, we were also
interested in the effects that policies have had on reducing exposure
to these chemicals. To that end, our research question was, “How
effective are behavioral, clinical, and policy interventions in reduc-
ing human exposure to BPA, BPS, BPF, and/or phthalates, as
measured using biomarkers?” We also considered whether differ-
ences in effects were present dependent upon the intervention type
and setting, as well as if there were differences in effects across the
life course. Results will provide insights on the types of interven-
tions that work as well as characteristics to consider when design-
ing studies to identify methods and strategies that enable more
widespread uptake into practice.

Methods

This scoping review followed the PRISMA extension for scoping
reviews (PRISMA-ScR)”® and JBI’® guidelines.”>’® We con-
ducted a scoping review as we sought to systematically review
the published literature to examine and synthesize the effective-
ness of interventions across a variety of settings to inform future
intervention strategies, including individual/family behaviors,
clinical care, and policy change.””-’8

Inclusion/Exclusion Criteria

The research question was developed using the PICO (popula-
tion, intervention, comparator, outcome) framework.”® Our PICO
framework is shown in Table S1. Briefly, we included original
research conducted in humans that included an intervention to
examine changes in exposure to bisphenols and/or phthalates
through a control group or repeated measures, along with meas-
ured biomarkers to assess for changes in exposure. We included
studies published in 2000 or later, as this was when epidemio-
logic studies started being published around bisphenol and
phthalate exposures, as well as studies investigating disparities in
vulnerable populations. We excluded animal studies, studies that
did not include biomarkers of exposure, conference abstracts, and
studies not published in English. Additional details on our inclu-
sion and exclusion criteria are shown in Table S2.

Search Strategy

‘We searched four databases: PubMed, Web of Science, Cumulative
Index to Nursing and Allied Health Literature (CINAHL), and
Google Scholar. Search terms were discussed by all authors using
the PICO statement as a guide. We included search terms for the
chemicals of interest, including abbreviations, e.g., BPA, and varia-
tions in spelling. Search terms for interventions, including terms for
different types, e.g., crossover, behavioral, policy, etc., and varia-
tions in names of interventions, e.g., randomized clinical trial,
randomized control trial, RCT, etc., were included to capture the
range of intervention types included in the review. Biomarker-
related terms, e.g., biological marker, urine, serum, etc., were
included in all searches. In PubMed, Web of Science, and CINAHL,
titles and abstracts were searched. The searches were conducted
through November 2022. N.E.S. consulted with University of
Maryland librarians prior to developing the search strategy.
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Database search strategies are listed in Table S3 and include the
number of results per search for each time the searches were com-
pleted. Google Scholar searches were divided into three searches
due to character limitations, and each individual search was stopped
after N.E.S. did not observe any potentially relevant results for
10 pages of search results. All searches were filtered to include stud-
ies published in 2000 or later.

Title and Abstract Screening

Following initial duplicate article and animal study removal,
references were uploaded to CADIMA (online tool), which was
used to facilitate the review.®® An additional duplicate check was
carried out by CADIMA software prior to reviewing titles and
abstracts.

For the title/abstract screening, all references were screened
by two reviewers using the criteria in Table S2. N.E.S. screened
100% of references, while the other four team members evenly
divided the second screen of each reference. If disagreements
arose, the reference was discussed between N.E.S. and the second
reviewer. If an agreement was not reached, other team members
were consulted to resolve the disagreement.

Full Text Review

References not excluded at the title/abstract screening stage were
then moved to full-text review and were independently screened
by either N.E.S. or D.C.P-S. along with one additional team
member. The detailed inclusion and exclusion criteria used at the
full-text stage are shown in Table S4. If a discrepancy arose, the
two team members discussed the issue(s), and any remaining dis-
crepancies were then discussed among all authors so a consensus
could be reached. We additionally cross-checked the reference
lists of all included papers and related reviews®!=83 to ensure that
all relevant studies were captured in our review. Any identified
articles were entered into CADIMA and underwent the same pro-
cess of screening using the selection criteria discussed above.

Data Extraction and Analysis

The data extracted included authors, publication year, journal,
country of origin, year(s) of data collection, details on the study
population [age(s), demographics], intervention characteristics
(setting, design, duration, and type), the biomarker measured and
if it was adjusted (e.g., for creatinine), statistical analyses, effect
of the intervention including mean and median biomarker con-
centrations used to calculate percent change in biomarkers, and
secondary outcomes assessed. When possible, we calculated and
reported the percent change for urinary biomarker data that was
adjusted for urinary dilution. References were organized by the
chemical(s) included in the intervention and by the setting in
which the intervention took place.

Results

A total of 14,495 records were identified. After duplicates were
deleted (n=4,026), 10,469 records were title- and abstract-
screened. Of these, 152 full-text articles underwent full review,
and 58 met the inclusion criteria to be included in the present
scoping review (Figure S1). Of the 58 studies, 27 contained inter-
ventions for bisphenols only, 20 for phthalates only, and 11
included interventions for both bisphenols and phthalates. We
classified interventions as dietary (including broader educational
and lifestyle interventions; n=27 publications from 25 unique
studies) (Table 1), clinical exposures (n=13 publications from
12 unique studies) (Table 2), behavioral interventions falling
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outside these two categories as “other” (n =4) (Table 3), and pol-
icy changes (n=14) (Table 4).

Dietary Interventions

group that had
the DEHP-
free bag

hours postin-
fusion,

depending on
metabolite, in

Percent change
| 72-84% DEHP
metabolites 6

A total of 25 dietary interventions were identified with strategies
ranging from controlled consumption of fresh produce, reduc-
tions in canned food use, switching to nonplastic beverage con-
tainers, and receiving education on reducing exposure to plastics.
The interventions were conducted in settings across the world,
including China (n=2), the EU (n=38), South Korea (n=5),
Taiwan (n=2), and the US (n=38). The sample size for dietary
intervention studies ranged from 1 family of 5 to 230 (mean = 58.8)
participants. The duration of the studies ranged from 4 d to
2 years. Nine studies were conducted in female participants only,
and the remaining studies (n=16) in both male and female
participants.

Interventions with foods provided. Peng et al.3* conducted a
crossover study where participants were provided meals for 1 day
that were made with either fresh or canned ingredients. They
observed significantly lower urinary BPA concentrations (41—
71%) on the intervention day when fresh foods were consumed
compared to canned food consumption.3* Similarly, Carwile
et al.%> conducted a crossover study where participants consumed
either canned or fresh soup for 5 days. Substantially lower BPA
concentrations were found when the participants consumed fresh
rather than canned soup.®> Rudel et al.®® provided prepared meals
to the five families participating in the study and observed signifi-
cant decreases in urinary BPA and DEHP metabolites during the
intervention (66% and 53-56% for BPA and DEHP metabolites,
respectively), whereas phthalate metabolites for DBP, BBzP, di-
methyl phthalate (DMP), and diethyl phthalate (DEP) remained
unchanged. These data were reanalyzed by Ackerman et al.%’ to
examine temporal variability in DEHP metabolites by testing
urine samples individually rather than combined urine samples
within intervention phases.%87 The results were similar, showing
a significant decrease of over 50% for each of the DEHP metabo-
lites from the preintervention to the intervention periods and a
nonsignificant increase during the post-intervention period.®’
Conversely, Barrett et al.%% did not observe decreases in metabo-
lites for phthalates DEHP, DBP, DEP, BBzP, di-isobutyl phthal-
ate (DiBP), di-n-octyl phthalate (DnOP), di-isodecyl phthalate
(DiDP), and di-isononyl phthalate (DiNP) following an interven-
tion where mostly fresh and organic foods were provided,
comparing pre- and post-intervention. Sathyanarayana et al.°
conducted a randomized trial where families assigned to the treat-
ment group were provided with prepared meals and families in
the control group were provided with written recommendations.
Surprisingly, there were significant increases in total BPA and
phthalate metabolites in the treatment group of ~ 100% for
BPA, 189% for MEP (metabolite of DEP), 56% for MBP (metab-
olite of DBP), 66% for MBzP (metabolite of BBzP), and for all
DEHP metabolites, including 2,377% for ZDEHP, whereas there
were no statistically significant differences in the control group,
findings which were due to a contamination event in the foods
provided to the treatment group.®’

One study was conducted in an institutional setting.”® Sessa
et al.”® randomized elementary school students to either a treat-
ment group that received one daily meal at school using a
plastic-free service or to a control group. The treatment group
had significant reductions in both unadjusted and creatinine-
adjusted urinary BPA concentrations over the 6-month study
period, whereas no change was observed in the control group,
an effect that was modified by BMI.

Beverage container interventions. Three studies focused
exclusively on BPA exposure from beverage containers, all

Intervention findings
significantly lower than in the

with the DEHP-free bag were
DEHP group™™

five DEHP metabolites after
the transfusion; the DEHP
metabolite levels in the group

Both groups had increases in all

4 days, 1 day, and
1-3 hours before
infusion; then 3,
6, and 12 hours
postinfusion;

adjusted for
specific-gravity

Samples collected

Exposure variable(s) Biospecimen collection
lites of DEHP

Urinary metabo-

Duration
donated one bag of
blood, then the
blood was infused
back into the par-
ticipant 36 days

saline solution as
later)

pants received
baseline, 2 weeks
later participants
ment contained DEHP
Note: BBzP, butyl benzyl phthalate; BPA, bisphenol A; DBP, dibutyl phthalate; DEHP, di(2-ethylhexyl) phthalate; DEP, diethyl phthalate; DiBP, di-isobutyl phthalate; DiNP, di-isononyl phthalate; DMP, dimethyl phthalate; DnBP, di-n-butyl

n-butyryl-tri-(n-hexyl)-

ual) using blood stored
citrate bag reduced
exposure to DEHP

in a DEHP-free,
compared to a regular,

(within same individ-
DEHP-containing

noted that tubing and

gous blood transfusion
other medical equip-

To determine if an autolo- ~ 50 days (partici-
blood bag; authors

Intervention characteristics

7 in

non-DEHP group);

Participants

mean age (SD): 25.5

n=15 (all male, n
(4.2) years

Study design
RCT

(2016)120

phthalate; NAFLD, nonalcoholic fatty liver disease; OL-HDF, online hemodiafiltration; ppb, parts per billion;‘PEPaNIC, Early versus Late Parenteral Nutrition in the Pediatric Intensive Care Unit; PICU, pediatric intensive care unit; RCT,

randomized controlled trial; SD, standard deviation; TOTM, tri(2-ethylhexyl) trimellitate. *p < 0.05, “*p < 0.01, “*p <0.001.

Table 2. (Continued.)

Author(s) (year)
Leuenberger et al.

Environmental Health Perspectives 036001-11 132(3) March 2024



10000>4d,,, ‘100> d,, “50°0 > d, "[etn pa[[onuod paziwopue ‘[ DY o3uer dnienbiojut YOI @reeyiyd [£100-u-1p ‘qoud drefeyqyd [fing-u-1p ‘ggqu( o
-eypyd [Kuouosi-ip ‘NI ‘arereypyd [£oapost-1p ‘gd avereypyd [Knqost-1p ‘ggiq ‘erereqiyd [Kyotp ‘g snjoqew JHHJ Jo wns tejow ‘qHAAX ‘ereyyd (KxayAyie-7)ip ‘dHAJ 1V [ouaydsiq ‘vdd efeqiyd [£zuaq [Kinq ‘dzg{ 210N

sajIoqelow
JHAAR *%TI-11 T

sdnoig oFe ssoroe juo
-)SISUOD QJOM SUBIWI
JLI}OWO023 JUAIJJIP
Apueotjiugis jou sem
toqelow J4d 2y
¢, dnoI3 uonuaAIauT
Ay ur 1omof Apued
-JIusIs a1m Jqid
pue ‘dN!Id ‘dHAd
10§ $I[OqeIdw ATeurin)
UOTUIAIUI Y}
Surmp aSueyo jou pIp
(dzdd ‘dHAQ) s1n
-poad areo reuosiad
ur punoy Aqpeord£y
10U SAN[OqRIdW I8
-[eyyd pue vdg ou
dlom dgId pue Jqud
Ul S9SBAIOAP Ay}
AIYM , UONUDAINUL
Q) J9)je Jomo[ A[jued
-1Jiudis sem J9d
tAoanoadsar ‘gqiq
pue ‘dgqud ‘dad
UT 9SBAIOIP B POMOYS

pajuasaid sanjea
pajsnfpe-auruneard
o3e Jo s1eak ¢ pue
‘7“1 18 PaAjo9[[od
sordwres jods [enuuy

QuIUNeAId
pue Ay1aeid-orgioads
10J pa[[oNnu0d Aep
JO own awes e
Pa1O9[[0D dIoM pUR
(uonuaaroyumsod)

G Aep pue (uonuaa

paururexa
os[e sem 94
‘Jonuod 2AnRIAU
10} :dd!d pue
‘dN'd ‘dzdd
‘dHAQ 10)

sajjoqejawr \C.NECD

painseawr
os[e ydg Areu
-1 (Jzgg pue

‘dH4ad ‘d9:d

uone)sasd syeom ¢
03 Joud parmodo
UOT)UQAISIUT [ENUIPISIY

(uonuaaraunsod Aep |
pue

sojereyyyd
urejuod ued Yorgm
Jsnp proyesnoy
Q0Npar 0) saIn
-seaw ySnoiy) pesy
0 amsodxa pooy
-P[IYd 9oNpaI 0 [eLr)
® JO SISATeur AIepuoddsg

syuedronred

9y} 0} popIA

-o1d a1oMm _091)-U0q
-e1ed pue -arereyiyd,,
10 [eOTWayd

sIeak ¢—|
:o8uer d3e {(Gp =u
JJONU0d ] =U

{UOTIUAAIONIT) 887 = U LOY 021(0207) T2 10 s1098

sIeak

sayIjoqeIaw siuedonaed oy -1oyutad) 1 Aep uo ‘dgquq ‘ddd 1oy ‘uonuaAIaIul ABp ¢ ‘uon MO, SB PISILIDAPR 81— :93uel o3e
dada %Le T JO %66 pue ‘%8¢ ‘%89 Pa3021[00 sopdures jodg so)I[oqeIoW AIeurin) -uoarquraxd Kep 1) skep ¢ sjonpouid a1ed [euosiog {(orewdy [re) 001 =u 1s0d-a1g <1(9102) "8 10 KSR
s SOAO[S
INOYIM YoM )
01 paredwod 1omog
ApueoyyruSis sem
vdd Areurmn jjysisod
‘SOAO[T [IIM Yoom pajuasaxd
oy Sutmp ¢ Jiys sanfea pajsnipe-£1
-3s0d oy 03 yrysoxd -AeI3 orj1oads pue
SoA0[3 Ay woyy ydg Areurn pasnfpeun yoom (11om FuLnp I9IYSBO B SB
Surreom yoom ur 9SBAIdU JUBDIJIUSIS yoea Surmp skep asn 9A0[S JO yoom | SIYS SuLmp saAo[3 s1eok (£6—8%)
Surmp y1ys © SeM Q19U ‘SIAO[S QATINOASUOD OM) UO £q pamo[[oj asn JO 9sn SNSIAA SIAO[S IS :(4OI) 93¢ uerp [eL1) JOAOSSOI0
-sod vdg %6t T oYM Yoom oy SuLing Pa30a1[00 sopdures jodg vdd Areurin QAO[S OU YoM ) syoom ¢ ou jo uostredwo) -ow (o[ewRy [[B) 7G=1u PAZIWOPURIUON ¢z1(8107) T8 10 9977
sydiaoar oppuey
0] UIOM 2IOM SIAO[S
UdYM SUOTRIIUIOUOD pajuasaxd s1edk (Z1) g€ :(Aas)
Vdd Ul 9seaIout jued sonfea K)1AeI3 o1y10 a3e ueow {(Apmys
-1J1u3IS ou ‘uraseq -ads 10J paysnipe 1ng parorduwod
Je sojdwes Jo 9%¢g 01 t19)Je SIoy SINOY g Snonunuod & SO[BW ¢ PUB SO[RWIO)
uIom oIoM paredwod ‘saro[S no 7 PUe ‘71 ‘8 ‘¢ pue (SUOISSas UaaM)aq 10y s1d10031 Surjpuey 6 :S9A0[3 oYM
S9AO[S uayM -pim Surppuey ydredar sydreoar Surjpuey pouad noysem UQYM SIAO[S QLU Surpuey 1dreoar
UONENUAOUOD Surmorog sordures jo 910J9q AoyerpouIur Noom T (IM SUOTSSIS JO 2SN SNSIOA SIAO[S parordwod sorewr [B11) I9AOSSOID
vdg ut a3ueyd oN %001 Ul pa309op Vdd papiaoxd ojdwes jodg vdd Areurin Kep-ouo 7) syoom G'[ ~ ou jo uostredwo)) G ‘sorewdy Q1) €g=u POZIWOPURIUON a1 (P100) I8 19 yorayg
a3ueyod JudIRg SSUIpUI} UOTIUSAIU] UOI99[[0d (s)arqerrea uonemn SONSLId)ORIRYD syuedronieq usisep Apmg (1e2K) s1oyny
uswroadsorg amsodxg UOTIUIAIIU]

‘(4= 1) SAIPNIS UONUSAIANUIL IYIQ °€ IR

132(3) March 2024

036001-12

Environmental Health Perspectives



s1eak )1—9

UQIPIIYO UI Vd g

9%€¢€ 1 is1eak g-¢ uaIp
- urvdd %Le T

tsa3e [[e vdd %9T |

Add %L |

'sdd %9 | ‘vdd
%LS T tsanjoqerow
dN'd ‘ddHA ‘dHAd
‘ddud ‘dd'd ‘dzdd

‘dad ‘dINA %EL0€ T

so)IoqeIdw
ddd %1 1 s

-oqeow JHAAR %0L T -31s sajoqerow g pue JHAQR Sulnp paiosjod sajdwes jodg

sajoqeIaW
dqud %96 T s

-oqeIow JHAAR %18 T

Vdd %9t T -S1s paseaIoap sUONeNuaouod ydg

Kpoanoadsax
‘sajroqelowt
dHAdX Pue 'd9dx
‘dzdd ‘ddd 1o}

Teaf 1od %67 ‘¢ ‘¢ 11 1

JuednIuSIs A[[eonsne)s Jou sem
(98) 9s8a100p 3} ‘PO STLAL 4]
—11 asoy) Suowre s plo 1Bk (]
—9 asoyy £q pamofoy , p[o sreak
G—¢ 2501} SUOWE 9SBAIOAP IS
-Srepoy) yim ¢, porrad Apms oy

otk

JOA0 PaseaIddp Apuediusis ydg

um
JIOAO Pasea1oap juowede|dar oy
PUE S[EOILAYD JO UONRHUIIUOD
[£10) ‘oW J9AO pasearour Apuedt
JIUSIS AdE pue  Sdd Seroym
L 10T 03 600T WO} PISLaIdP
Apueoyiusis vdd °,,,600C

01 paredwod £1(g pue £10g

ur 1omof ApuedlIusis a1om NI
‘ddHA ‘dHAd ‘d9ud ‘d9'd

‘dzdd ‘dad ‘dINJ J0J SaoqeidlN  pasnipe ‘ourm Sururow jodg

W1 I9A0 PISEAIdIP ApuedlyIu

SN ay pue

‘epeue)) ‘KUBWLION WOIJ SAIPNIS
PaIR[al 0] JeIIS A19M Apn)s
SIY} UI POAIOSQO SUONBIUIIUOD
‘dzdd ‘ddld ‘daq ul sasearodp
JupdYIUSISUOU ¢, dwn

I9A0 AuedrjIusis paseardop
seyjoqelalll Jqud pue JHAA

nq ‘peardsopim [[ns aInsodxg

sorduwres jo
%G E> Ul A[qRIONIP M Id
puE §dd ®,,oWn JOA0 APuedLjIu

porad
Apnjs 9y} J9A0 PaseaIodp Aued
-ySis JHAAR PUe ‘dddx

‘dzgd ‘dad 10§ SN[OqRIdN

pajuasaid sonjea pajsnlpe
-ouruneaId pue paysnl

-peun {proA SuruIow ISIL]

Ky1suop ouLIn 10§

pajuasaid sonjea pasnlpe
-ouruneaId {Aep [00yos

ySrom

Kpoq pue AjiAeIS o110
-ads 10j paysnipe ‘[ooyos
je Kep 9y SuLmp pajog|

-100 sordwes jods wopuey

Anaers oyyoads

J10J paIsn(pe :s10)sowLn
pIIy) pue puodds ur ardwes
QULIN INOY-{,Z dUO pue
(1rede yoom | udye)) sproa

Sururow 1811y a1y 0) d)  pue ‘Sdq ‘vdg Areurn

Kiaers oyyroads

J0j paIsn(pe :s10)sowLn
pIIy) pue puodds ur afdwes
QULIN INOY-{,Z QUO pue
(1rede yoom | uaye)) SpIoA

Sururow 1811y a1y 0) dn

vdd Areutn

dawa
pue ‘dNId ‘doud
‘ddHA ‘dHOA
‘dXHd ‘dHad
‘dedud ‘dzdd ‘dgud
‘dd1d ‘didud ‘didia
‘dad ‘dINd Jo
muu:On—mqu m:\:m nnmnmm

‘Sdd ‘vdd Areutip

dHAAX Surpnjout
‘dHAd pue d9d

Jo sayjoqejow Areutrn)

daiq pue
‘dNId ‘dHAd ‘dzdd
‘dd1d ‘ddud ‘dad

Jo syrjoqelow Areurin)

4d4

dddx pue

JdHAAR Surpnput
‘dard pue ‘dN'd
‘d0d ‘dH4Ad ‘dzdd
‘ddd ‘ddid ‘dad

Jo syjoqelowr Areurin)

Vdd 01 pore[a1 saro
-110d g jo uoneyuawarduwr
IojJe pUE 910Joq Swreld
-o1d Suriojiuoworq ysnoayy
suone[ndod aAneIUdS
(L102-€007) steak ] -axdar A[reuoneu jo uostredwo))

na sy
ur JHAQ pue ‘dzgg ‘dgua
(L102-6007) STe2K 8 “dd1q jo 1no aseyd [enpein

DH/#8
/S00T @AndaxI( AJ[EoyIoads

“a3ueyd Korjod 01 paynque

(STOT—L00T) SIBAK g~  SISLAIIAP ‘SPULI) SWI) [EIOUID)

ddid ‘dNIa

‘dzdd ‘dd'd ‘d9ud ‘dHAdA

103 poyudwd[dwir a1oMm SUOT)

-ousar Aorjod 19)e sagueyo

uo 110dar ‘s[04 Suriojiuow
-01q WOIJ SPUQJ) dUWIT) [EIAUID)

S1I0Y0D

KoureuSaid 1910 Jo asoy

()M SUONBIIUIOUOD ATeuLin

pamseaw 11oy) paredwoo

sioyne ‘g ay) ur spunod

-wod 1931e) 9y 0) 2Insodxad

Po10dJFE SII0J [BIO0S PLOIq

JOYIOYM puR)SIOpUN 0) H (0T

01 £00T to1y eruIojes

ur uowom jueugard

Ul SUONEIUIOUOD AIRULIN JO

(810T—€007) s1eak 1

s1eak ©
uoIssIwo)) K1ojes

1oNPOIJ IOWNSUOD) Y}

Wo1y sOOOT =e] 01 prut oy

ur paLmnooo 1ey sarereyiyd

10§ suonengar jo joeduwr

(€£102-L007) s1eoK 9

sIedk $1-¢

:93uelr oFe ‘payrodar jou
syuedronaed jo uonnq
-LIISIP X35 £(9[949 9007
=€002) 605 =u (3[4

L10T-¥102) 916 =1u

s1eak
(0€-81) 0C :(o3uex)
age ueow (L1027

‘€10T ‘600T :s1eaK ¢ Jo
yoeas wouy sjuedronred

001 *oTew [[e) 00E =t

(s G1—p1
:o3uer o3e ‘so[ewo)
€11 *1102-L00T)
807 = U -(So[ewdy

68 :9007-T007) 01T=u

sIeak G

:o8ue1 a3e (9 =1u

steak (7'6v-6°0C)
6 ¢ (93uer) a3e
ueow {(soroueusard ¢¢g

spuon [esoduo) Jo JuUoWssassy  ‘sojewoy jueusord) g1z =u

steak (7'67-6°0C)
G't¢ ((o3uer) oSe
ueow :(soroueusard gog

Ssasse 03 sisA[eue puon swily, ‘sofewoj jueudaid) g =u

5s(1200)

Kueurron *[B 39 YOISIoYDS T,
1€1 AONONV

Srewuaq ‘e 10 USSYILIOPAL]
0e1(LT0OT)

wnidjog ‘e 10 SI9)O0YOS
621(1200)

wniSg ‘Te 10 udsudenseq

[121(0200)
‘Te 10 ulys
wouy uonendod
Kpmys Jo josqns]
VSN oi(1207) Te 1o wry

VSN  z:(0207) e 30 uys

93ueyo JuddIRg

SSUIpUIJ UOTIUSAIIU]

uono9[[0d udwroadsorg

(s)a[qerrea amsodxg

uone(q SONSTINOBILYD UOT)UIAISIU]

sjuedronreq

uoneso|

(1e2k) (s)Ioyny

‘(41 = u) sarpmis uonuaAINUI A91[0d * dqR],

132(3) March 2024

036001-13

Environmental Health Perspectives



(L107) Sutllog

0) paredwod sojeSuy

soTul vdd %9L T

(L10T-C10T ‘so[esuy
soTun) vdd %LL 1

sajoqelawr JHA
%SL T tsanoqerow
dzdd %¢e8 T s
-oqew gqua %LL T
‘sanfoqerow JHAA
%68-€8 T vdd %9S T

sajfoqeIdw
d4d 91 | s

-oqelowl JHAAX 791 T JHAJ [e 10J SWI) A0 SISBAI(

sa)Ioqedw Jzgg
103K 19d %491 1 ‘sa0
-qelow Jgu(q Jeak xod
%y 1 isaoqereur
daq reak 1ad 96 1
saoqerswt JHAJ
1ok xad 91 1-91 1
‘Add reak 12d %07 |

'vdd feak 1od %401 1

s9)IoqeIW

dzdd %v6-16 1
soyjoqelow gqu
%86 T ‘saijoqerowt

dHAAR %EL~TL T 10J 20UdIJIP JuedyIuSs A[jeonsners

S9)IjoqeIaW
ANIA %9S—L¥ |
‘sayjoqersw Jzggq
%P T ‘sanjoqerow
dqud %LS T s

-oqeiuw JHAd % €11 1

qwn Awes Ay 1240 Suiliog

Ul paAIdsqo sem 1eak 1od 9,6 jo
9SBAIOAP JUBOYIUTISUOU “IS[[RLS
esearoym © 1eak 10d 9,67

noqe Aq porrad Apmys a1y 1040 AJ[e
-NUUE PISLAIIP SA[A3UY SO Ul
UM Y JO UBdW OLIAWOT Ay}
! sutliog uramsodxa Joysiy ploy
-6'C QIBIIPUT Y/ 4 JO SUOTIENUAD
-u02 Areurn {710z 1dooxa smeak
[[e 10] So[a3uy s0T 0 paredwod
Surltog ur oy Joysiy Apued

-[JIUSIS 2IoM SUOTIENUIOU0D Vg

wi) JoA0 Apuedyyiudis

-uou pasearout ‘arefeyyd any
-11sqns & ‘gNI( 10§ SAN[0qeIow
o 19A0 pazA[eue 3q jou
PINod Sdd pue oW 19A0 Jdg
ur S3uBYd OU SEAM d19) ¢, dWn
JOAO PaseaIddp Apuedrjiusis
ddad pue ‘dzdg ‘dqud ‘dHAd
sarereyyd pajern3ar jo sy

-0qejoll pue SuoNenuUadu0d Vdq

sa)joqeIdW
dNIAZ pue *, dJHdd
‘ned I *,,dEQ 10J SWn
J9A0 mowﬁo.—oﬁm w***woﬁ—ODNﬁwE

QuiIT} I9A0 J[qRIS SeM SJg pue
paseadul Jdd sedloym ‘vdd
10J POAISSQO 2IM W) IAO
$98B0100p JUBILIUSIS ¢ JHAA
JO saNjoqeIsW G/ I0] pue
wd299 . d9ud ", d9d Jo
S)I[OQRIAW I0J PIAIASQO SPUAL)

[erodwo) aanedau Juedyudig

So[eWR) Ul ApueoyIuSIs

-UoU PaseaIdap yorym ‘arereyiyd
paje[n3arun ue ‘gg( 103 1deoxa

*, SPoL1ad 0M) L) USIMID] SI[RLD)
PUE SOBW )0q UT SAI[OqEIUI [[&

QI I9A0 S|
-oqeIaW Jgi( ul 95uryd JurdIjIU
-SIsou ' paseaoul APUedlyIusis
SAN[OQRIOW JNICT [IYM ‘DU JOAO
Pasea1dap APuedIuSIS Sayjoqeiaut

dzgdpue’_dqud‘,, dHAd Swn yoed je sodwes moy-g

pojuasaxd

sanfeA pajsnlpe-ouruneard
arede yoom [ < 9ued
-1onred yovo woIy pjd9]
-[09 Jsk} sInoy §< 10y

sproA Sururow 3s11j o[dnnjy

Ky1suop ouLmn 10y

paisnlpe {proa Suruiowr 311

pojuasaid sonfea pajsnipe
-QUIUNLAIO UONBISIT
SYOM /T PUB ¢ UIMIOq

PA1OI[[0D PIOA FuruIOW ISIT]

pajuasaxd Kysuap
Quun Ioj pajsnfpeun pue

paysnfpe ‘ourmn jods Suruioly Jdd ‘Sdd ‘vdd Areurin

71/8 ¢ pue ¢( usamlaq
SUONEBIUIOUOD JUIUNBIID
s syuedronred oy poyrury

(payou jou Surwn) sojdwes

pajuasaxd
son[eA pajsnipeun pue
pasnlpe-suruneard ‘qurod

(L102-2107) Towwns
19A0 Surftog ur juads

SYaM ()] ‘sIeak 9
vdg Areutrn  10j 1eak 1ad syoom 41 ~

darq pue

‘dHdd “dNIA ‘dNa

‘ddd ‘dd'd ‘dgud

‘dzdd ‘dHAd Jo

S9)I[OgeIdW pue ‘4dq
‘Sdd ‘vdd Areutin

dN!JX pue JHHAX
Supnpout ‘i pue
‘dHdd ‘dN!d ‘dHId
‘dzdd ‘d4d ‘d4d

JO sa)joqelow ATeutin

dN!d pue

‘dH4d ‘dzdd ‘d9ud
‘dHdd ‘dd'd ‘d4d
JO sq)I[oqeIOW pUE

dHAQX Surpnjout
‘dzgd pue ‘4zdg
‘dguq ‘d4d ‘dHada
JO sajjoqeiow Areurin)

dN!d pue ‘dHAd
‘dzdd ‘d9'd ‘ddud
Jo sajoqelow Areurin)

s1eak /]

(#102-6007) s1eak ¢

SUONELI0[ 0M] A}
udm1aq sa1dTod JURIIP JO
$109JJ9 QUILIRXD 0} T Ul Sut

-A1] 0) paredwoo se Fuiltog
ur SurAl] o[ym amsodxo
vdd u1 sedudreyjip aredwo)

Joud s1edk G ~ uaye)
sordwres 0y paredwod uaip
-[1yo ur sajrjoqeraw arereyiyd
pue jouaydsiq Jo Spuan ssassy
ooe[d ur Ind arom saje|
-eyyyd Sunoinsar sarorjod
mau uaym syutod own ssed
-wooua 0} sporrad Surdues
JUQIJJIP INOJ A IAO SAI[O

(0T0T—L007) steak 4 -quiowr ayeeypyd jo uostreduo))

amsodxe uewny
PasBAIOIP Ul PI[NSAI SBY
s[eorwayd 9say) 03 amsod
-x2 pue uononpoid aseardop
0} sydwane 1 9eSnsoauy
1 1()Z Ul SUONOLISAI SB PAUTRIUAL
pue sponpoid s, udIp[Iyd pue
sKoy ur sajererpyd xis Jo suon
-eNUEOU0d popIuLed WNWIXew
AUIIS HHD/69L/6L 2ADIIIP
ueadong JoIpIe Uy [0
ur Sunrers (HOVERY) 900T
/LO61 9D uone[n3ay ueadomg
ur pauggep sseooid uonezioy)

(910Z-T107) ST29K § -NE 3U) UI PAPN[OUT UM SANRENYd €8) LST =1 11107] 8TE =1

NJSS00NS JOU ST 10 ST SAL[
-eypyd [enprAIpul JOJ pansst
‘uonoLsal asn K1oje[n

(8007—2007) s1eak 9 -3ax oy Joyjoym Aednsaaur o], (g1 ek 1od 09) Opg=u

s1eak
(8°L) 0'v :(As) o3e

uvow {(SA[RWAY §7) SE=U VSA/PUND ¢, (0T0T) T 10 ur]

syiuow (8¢
—0%) 0S :S10T ‘spuowr
($S—S) 6 100028661
:(93uer) a3e ueow
‘panodar jou syued
-1onaed jo uonnqsip
X08 :(GTOZ Ul ¢ pue
00028661 U1 001) €17=1
s1eak (8°9) 0'1¢
:(@S) 23e ueow {(K[oAn
-2adsax ‘010T Pue ‘600C
800T ‘LO0OT Ut $01 pue
‘€65 ‘€89 ‘LT ‘sdewd)
Jueusard) 1G] =u

9e1(L100)

uopoms§ ‘Te 10 uossIe|

UPIMG  ((8107) T8 12 NUS

s1eak (1-02)
9°6¢ :(23uer) a3e uerp

-owW ((A[RWRJ [[B) QL] =U

ve1(L10T)

uopams  '[e 19 Jewweyua[[AD
sofew J0j s1eak (7'6)
011 ‘so[ewaj 10J sreak
(€°8) ¥'T¥ 1910€ *sorew
10y s1eak (€°L) ¥0%
‘so[eway 10j sreak (7'/)
$'9¢ :T10T «(As) 25e
ueaw [(Soreway [11)
ILT=1:9T(T (Sreway

KB ¢¢,(8107) '[e 10 OjueL],

s1eak
(62-61) £'¢T :(9Bue)
93e ueow (soreway

fuewon ¢ (1107) ‘T2 10 U900

a3ueyd JuddIed

SSUIpuIy UONUIAIIUL

uono9[[0d udwIidadsorg

(s)o[qeLrea aansodxs uoneInq

SONSLIA)ORIBYD UOTUIAIONU]

sjuedionreq uoneso0| (1eak) (s)Ioyiny

(ponunoD) *p dAqeL,

132(3) March 2024

036001-14

Environmental Health Perspectives



finding decreased urinary BPA concentrations when participants
used nonplastic and noncanned containers. Specifically, geomet-
ric mean concentrations of BPA were 20% less when stainless
steel bottles were used compared to polycarbonate bottles.3”
After a week of ceramic cup use, the geometric mean BPA con-
centration was significantly lower by 16-51% compared to a
week of polycarbonate cup use.”! The geometric mean of urinary
BPA was 94% lower after consuming two soymilk beverages
from glass bottles compared to consuming two soymilk bever-
ages from cans.”? One additional study examined differences in
BPA, BPS, BPF, DBP, and DEHP metabolites in a randomized
crossover where French press and capsule coffee were con-
sumed.”? Although the French press did not contain plastic like
the capsule machine, no association between how the coffee was
prepared and urinary bisphenols and phthalates was found.*?
Educational and lifestyle interventions. We identified 15
educational and lifestyle interventions from 16 publications, 11

compared to Beijing)

Percent change
| 82% BPA (Los Angeles
metabolites

| 41-71% select DEHP

ok

Intervention findings
policies in the US compared to
pling was found™, but a clear

China

Spot urine samples collected A significant negative correlation
cant changes in later years

Note: BBzP, butyl benzyl phthalate; BPA, bisphenol A; BPF, bisphenol F; BPS, bisphenol S; CI, confidence interval; DBP, dibutyl phthalate; XDBP, molar sum of DBP metabolites; DBzP, dibenzyl phthalate; DEHP, di(2-ethylhexyl) phthalate;

1993 to 2000, with no signifi-
2ZDEHP, molar sum of DEHP metabolites; DEP, diethyl phthalate; DHpP, di-n-heptyl phthalate; DHxP, di-n-hexyl phthalate; DiBP, di-isobutyl phthalate; DiDP, di-isodecyl phthalate; DiNP, di-isononyl phthalate; ZDiNP, molar sum of DiNP

nificantly higher levels of BPA
after traveling from Los
Angeles to Beijing (4.0 times;
95% CI: 2.7-6.1)" possibly
due to more strict regulation
with XDEHP and year of sam-
decrease was observed only
between 1993 and 2000;
decreases in DnBP*, BBzP*,
and DiBP were observed from

Participants were exposed to sig-

g é LS g & _ which showed significant decreases in most or all urinary bio-
g TE &8 . . . . .
i EE2 2 markers. Following a 5-day vegetarian diet intervention, metabo-
s é &5 5 Z 2% lites for all measured phthalates decreased, except for DEHP
» & =4 = T & : !
HE E ; § ] 2238 where only some of the metabolites decreased.®* In an interven-
§ EZZ5EANETE 2 =N tion in which overweight and obese children were assigned to a
z|2 g g £ § 25% “healthy diet” group for weight control and normal and under-
= .= (I 5 ose . . . . . .
alzZs8E5& ERRE weight children were assigned to continue their regular diet,
= researchers observed a significant 28% lower concentration in the
> 5 X molar sum of DEHP metabolites in the healthy diet group while
= 3 az: aa other phthalates were not significantly different between the two
< R=} m - P . .
E 20z, groups.” Although statistical significance was not reached for
s | t.é £28x the other phthalate metabolites, there was a trend of lower median
EA Elal S . . . . 95
z2| = ~E£ad phthalate metabolite concentrations in the healthy diet group.
= =¥ m el L. . .
= £ £88 8§ In addition, BPA concentrations were ~ 18% lower in the
= = healthy diet group, although this difference was not statistically
= & ] significant.?® Dallio et al.®’ provided male nonalcoholic fatty
g . £ q liver disease patients with strategies to avoid dietary sources of
g 5 = 5@ A BPA exposure but did not observe decreases in urinary BPA con-
Q = = . .
§ 2 %38 s centrations, although a 62% decrease was seen in plasma.
SR 5 .. . . . .
E Eg g Similarly, when guidelines on reducing dietary exposure to BPA
Q
T=zrC @ were provided to teenage participants, the intervention did not
! ! have a significant effect on reducing BPA exposure biomarkers.’3
L ] [=] . . . .
5 : g o 5 £5 Eleven of the educational and lifestyle interventions used
= s~ 5 ] o . .
Zl5 €25 _2282272 multiple approaches to reduce exposure to both bisphenols and
= on 2T & = =32 3 : : 1 1
R €2 phthalates. One study involved a single family that avoided many
o = < = = = o= . . . .
Elgn o3 g T2ELE & sources of plastic, and although significant changes in BPA and
o = Y S b .
S § b _% g ;9 c g 2 2 phthalate metabolites were not observed over the 2-month study,
215 & 203 8¢ ETE g28 the family members’ metabolite concentrations were below
258538, & =g . .. L.
g 8= 53 2 I EY German Human Biomonitoring Commission reference values,
ElgvRS=R=E zv== both at the start and end of the follow-up period.”® Another

included more frequent handwashing and avoiding plastic dishes
and packaging, personal care products, nutritional supplements,

26 (14 females); mean Compare differences in BPA

metabolites; DiPrP, di-iso-propyl phthalate; DMP, dimethyl phthalate; DnBP, di-n-butyl phthalate; DnOP, di-n-octyl phthalate; DnPrP, di-n-propyl phthalate; DPHP, di-2-propylheptyl phthalate; SD, standard deviation. “p <0.05, *p <0.01,
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P ) 2 7 and some building materials in an intervention to reduce expo-
iz E P sure to phthalates in Taiwanese girls.'°C There were reported
HER 2y g issues with compliance in this study, but the participants catego-
£l2a, s % = rized as “compliant” had a 71-96% reduction in phthalate metab-
; %8 % g2 olites.!® In an intervention that recruited mothers and their
= = children, participants were instructed to avoid canned foods, plas-
=5 tic containers, instant food, and delivery food. BPA concentra-
§ S - tions were significantly reduced following the 3-d intervention in
= . . .
S g S both mothers and children, but BPS concentrations decreased sig-
~ - . . . .
N = nificantly only in the mothers.!°! In an intervention to reduce ex-
<+ .
E e mEB 0 posure to BPA, Park and Chung recruited female college students
= = = . . .
HEEEEE a with reported menstrual pain and instructed them to decrease fast
=~ . .
Clelgs &= 5 = and processed food consumption.'®? This was augmented by
> ~|= 35 = . . . . . .
b 2 = ER = = follow-up monitoring and peer support via social network com-
= -% 3 283 ; *\Q munication. There were significant decreases in BPA biomarkers
=l<lA s} £

between baseline and the first and second menstrual cycles, but
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levels returned to baseline by the third menstrual cycle.'”> An
additional intervention in pregnant women consisted of dietary
changes, including restrictions on fast food, canned food, etc.; life-
style changes, including reduction in personal care product use and
avoiding plastics; and environmental changes, such as reducing ex-
posure to secondhand smoke and exercising.!%* Significant declines
were observed for phthalate metabolites MECP (from DnOP),
MiBP, MMP (from DMP), MEP, mono-(2-ethyl-5-hydroxyhexyl)
phthalate (MEHHP), mono-n-butyl phthalate (MnBP), and mono-
(2-ethyl-5-oxohexyl) phthalate (MEOHP) over the intervention
and the summed total for all measured phthalates decreased by
40% from baseline levels.'® Two studies provided educational
information about reducing exposures to phthalates and bisphe-
nols.!%4195 In one, participants were provided information on
reducing exposure via changes in household cleaning products,
cosmetics, and food packaging, which resulted in significantly
lower concentrations of BPA and phthalate biomarkers for
DEHP and DEP compared to baseline in 26 adults.!®* In the
other, a combination of educational campaigns and public con-
ferences were conducted to provide information on endocrine
disruption and strategies to reduce exposure.'% Several phthal-
ate metabolites decreased over the study period (2 years), BPA
decreased nonsignificantly, and BPS and BPF concentrations
significantly increased. !0

Five randomized controlled trials were conducted using a vari-
ety of strategies to reduce exposures. One web-based intervention
aimed to reduce exposure to BPA and phthalates through a variety
of strategies, including consumption of fresh foods, use of glass
instead of plastic containers, more frequent handwashing, etc.'%
In this study, the treatment group had significantly decreased con-
centrations of MEHP, MEOHP, and BPA. Hagobian et al.'’
aimed to reduce exposure to BPA, while Hagobian et al.!%® aimed
to reduce exposure to BPA, BPF, and BPS by targeting dietary and
personal care product sources of exposure, coupled with counselor
feedback in weekly face-to-face meetings in the treatment group
over a 3-wk period. In both studies, the control group received gen-
eral information about healthy eating and sources of BPA expo-
sure. Urinary BPA concentrations declined significantly'®” but
remained unchanged along with BPF in the later study,'%® with
only BPS decreasing significantly (1.42 pg/g creatinine) in the
treatment group.'% El Ouazzani et al.!%° assessed the efficacy of
three workshops aimed at decreasing endocrine disruptors among
pregnant women, in comparison to providing participants leaflets.
The workshops covered air quality, nutrition, and personal care
products, but there was no significant difference in urinary BPA
concentrations between the control and treatment groups.'%”

Interventions of Clinical Exposures

Twelve studies in 13 publications involved intervention to reduce
exposures in clinical settings (Table 2). The sample size ranged
from 4 to 216 (mean =42.8). One study was conducted in young
children, one included both adults and adolescents, and the remain-
ing studies were conducted in adults. Three studies lasted 1 day
due to the nature of the intervention,' %112 the duration of one was
unclear,'’® and the remaining studies lasted 1.5 months to 12
years.! 412! Studies were completed in multiple countries, includ-
ing the EU (n=6), Iran (n= 1), Japan (n =4), Switzerland (n = 1),
andthe US (n=1).

Two interventions involved dental procedures. One study
assessed differences in salivary and serum BPA levels in partici-
pants randomly assigned to receive either one or four occlusal den-
tal sealants, with those receiving fewer sealants having lower
salivary BPA (peak of 3.98 ng/ml vs. 9.08 ng/ml) levels.!!? The
other study compared two methods to remove the adhesive for fixed
orthodontic brackets (i.e., braces), with significantly lower salivary
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BPA concentrations in the group that had the brackets removed
using a rotary method compared to an ultrasonic method.'??

Five studies examined differences in BPA levels via interven-
tions related to hemodiafiltration, with reductions in exposure meas-
ured following use of non-BPA-containing materials!!#4116-118
and online hemodiafiltration.''® Overall, the use of non-BPA-
containing materials for dialysis resulted in reductions in BPA
exposure ranging from ~ 6-50%, with one study achieving BPA
levels below the detectable limit.!!”

The remaining studies aimed to reduce exposure to phthalates
from medical exposures.!!O&HLH3ISI200 A crossover study in
five patients on peritoneal dialysis to compare phthalate exposure
when using plasticizer-free devices to plasticizer-containing
devices observed reductions in phthalate biomarkers when
plasticizer-free devices were used.''> In two studies that assessed
the same group of patients undergoing cardiopulmonary bypass
surgery, researchers observed significantly lower phthalate
metabolite concentrations when nonDEHP tubing was used dur-
ing surgery.!!%!1!1 Kambia et al.!''® used a randomized clinical
trial design to examine DEHP concentrations between one group
of patients that used tubing plasticized with DEHP compared to a
group that used tubing plasticized with an alternative plasticizer,
tri(2-ethylhexyl) trimellitate. Following a hemodialysis session,
DEHP levels were significantly lower (68%) in the group that
used the nonDEHP tubing.!'® Vanhorebeek et al.'?! compared
groups of pediatric patients from two earlier interventions to
examine whether the children in the later intervention had lower
DEHP metabolites, as DEHP was in the process of being phased
out. The authors observed significant decreases in DEHP metabo-
lites in the later intervention, ranging from about 17-68% depend-
ing on the metabolite.'?! Lastly, Leuenberger et al. (2016)!2°
conducted a randomized clinical trial and found that participants
treated with nonDEHP blood bags for an autologous blood transfu-
sion (transfusion of participant’s own blood) had significantly
lower levels of DEHP metabolites compared to participants treated
with DEHP-containing blood bags.

Other Types of Interventions

Of the remaining nonpolicy interventions, three were conducted in
the US and one in South Korea. The sample size for these studies
ranged from 23 to 288 (mean=115.8). Two studies conducted
interventions to reduce exposure to BPA from receipt paper by hav-
ing participants wear gloves, with significantly lower biomarkers of
exposure when gloves were worn.!?*!2* The geometric mean of
BPA in urine increased from 1.8 pg/L [95% confidence interval
(CD): 1.3, 2.4] to 5.8 ng/L (95% CI: 4.0, 8.4) after not wearing
gloves, whereas there was no change when gloves were worn. One
intervention provided 100 female adolescent participants with per-
sonal care products advertised as “low chemical” or “phthalate-
free” and observed 0.5-27.4% reductions in urinary biomarkers for
phthalates typically found in personal care products.'?> The fourth
intervention implemented measures to reduce household dust accu-
mulation, including repairing walls with water damage, paint stabili-
zation, and creating smooth floor surfaces (e.g., refinishing wooden
floors), thereby reducing exposure to phthalates from paints and
building materials, which can accumulate in dust.'?® This interven-
tion was delivered to pregnant women and resulted in an 11-12%
lower concentration of urinary phthalate metabolites in their chil-
dren when compared to control treatment. 26

Policy Interventions

As shown in Table 4, seven policy intervention studies focused
on phthalates, four focused on bisphenols, and three included
analyses of both bisphenols and phthalates. Seven of the 14
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articles included an examination of BPA with three including ex-
posure trends in BPA analogues BPF and BPS. Most studies used
a natural experiment study design to retrospectively examine
whether policies promulgated to regulate phthalates and bisphe-
nols in consumer products were associated with changes in their
exposure over several years, and sometimes decades. In these
policy intervention studies, the sample size ranged from 26 to
1,651 (mean=370.3) individuals, with the majority of studies
conducted among both males and females (n=38; females only,
n=>5; males only, n = 1) and across the life course.

One study examined phthalate exposure in pregnant women in
California following enactment of the Consumer Product Safety
Improvement Act (CPSIA) of 2008 in the US and recommenda-
tions made by the CPSC’s Chronic Hazard Advisory Panel on
Phthalates and Phthalate Alternatives Committee in 2014 to further
restrict the use of phthalates and phthalate substitutes in children’s
toys, childcare products, and in products used by women of child-
bearing age.'?” This study found decreases in urinary concentra-
tions of metabolites for the regulated phthalates but increases over
time in some of the replacement phthalates. Specifically “MEP,
MBP, XDBP, and XDEHP decreased over the study period
[percent change per year (95% CI): —10.8% (—14.8, —6.7%);
—3.4% (=7.4, —0.8%); —3.4% (—6.4, —0.2%); —18.8% (—22.0,
—15.4%), respectively] while ZDiBP, MCPP (metabolite of
DnOP), and MCOP (metabolite of DnOP) increased [percent
change per year (95% CI): 3.8% (0.7, 7.0%); 4.7% (0.1, 9.5%);
13.7% (8.1, 19.6%), respectively].”'?” A longitudinal study by
Kim et al.'?® reported a geometric mean decrease of 5.7% per year
(95% CI. —8.2%, —3.2%) in BPA exposure among 218 pregnant
women in California from 2007 to 2014. The authors concluded
that this downward trend may reflect “US nationwide regulation
efforts and/or California advocacy campaigns since the late 2000s
to mid-2010s for reducing exposure to phenols (including bisphe-
nols), parabens, and triclocarban in women of reproductive age
and infants.”!%8

The remaining policy intervention studies were mostly con-
ducted in EU countries, including Belgium,'?*!3% Denmark,'3!
Germany,>®132 [taly,'33 and Sweden.!3*-13% This is not surprising
as the EU has banned the use of certain phthalates in toys, food-
containing materials, and cosmetics with additional restrictions
taking effect in 2020°*!37-140 and has banned BPA from the pro-
duction of baby bottles and cosmetics.'*"-'4> Following the imple-
mentation of EU policies to reduce exposure, a 41% reduction in
median BPA metabolites from 2009 to 2017 (2.27-1.33 ng/mL,
osmolality-adjusted) was observed by Frederiksen et al.,'3! while
Gyllenhammar et al.'3* reported yearly 9.8% reduction from 2009
to 2014, but also a 20% increase in BPF, over the same period.
Tschersich et al.’® reported reductions in BPA exposure among
children in Germany for the period 2003-2017, but this varied by
age group; among children 3-5 years of age, the decrease was sig-
nificant at 37% and 33% for children 6-10 years of age; and among
children 11-14 years of age, the decrease was not statistically sig-
nificant (—8%).

Reductions in phthalate metabolites were observed by Bastiaensen
et al.,'? Schoeters et al.,'° Frederiksen et al.,'3! Goen et al.,'3?
Gyllenhammar et al.,'3* Larsson et al.,'3® Shu et al.,'?> and Tranfo
et al.,'33 although some specific low-molecular-weight phthalates
and phthalate replacements increased over the study period in
Frederiksen et al.,'3! Goen et al.,'3? and Shu et al.!3> For example,
both studies analyzing biomonitoring data from the Flemish
Environment and Health Study (FLEHS) noted significant
decreases in DEHP exposure among adolescents!'??13%; between
2008 and 2013, the geometric mean of DEHP exposure (as meas-

significantly lower urinary metabolite concentrations for eight
phthalates [DMP, DEP, BBzP, DiBP, DnBP, DEHP, di-n-heptyl
phthalate (DHpP), DiNP] ranging from 36% for DiNP to 75% for
DEP during 2009-2017. Using repeated cross-sectional analysis
of biomonitoring data from 2002 to 2008, Goen et al.'3? found ex-
posure among German college students to DnBP decreased by a
factor of 7-8 and to DEHP and BBzP by a factor of 2-3. In
contrast, DiNP exposure increased by a factor of 4.!32 In addition
to the report on BPA reductions among Swedish women,!33
Gyllenhammar et al.'3* noted yearly decreases (percentage change
in concentration) for MEP (—9.8), MBP (—14), and MBzP (—16)
and four out of five metabolites of DEHP [MEHHP (—16), MEOHP
(—=17), MECPP (—16), and MCMHP (—17)].3* Similarly, Larsson
etal. (2017)'3¢ observed decreases in BPA and regulated phthalates
in children by comparing levels in 2015 to those measured in 2010.

Three studies examined temporal changes in exposures to BPA
and phthalates in Asian countries. These studies were motivated by
changes in the design and formulation of products in response to
regulations and industry practices. Lin et al.'*? and Lu et al.'** took
advantage of a natural experiment involving student participants in
a summer exchange program between University of California Los
Angeles (UCLA) and Peking University (PKU) in Beijing, China.
The authors hypothesized that contrast between restrictions on
BPA use in consumer products between the US and China would
be reflected in urinary BPA measures of the exchange students
before and after travel to the two countries. Among 55 US students
who spent 10 wks in Beijing from 2012 to 2017, creatine adjusted
urinary BPA levels increased 2.91-fold (95% CI: 2.43, 3.50) but
then returned to baseline after study participants returned to Los
Angeles.!** Using banked spot urine samples donated by 132
healthy Japanese women from 1993 to 2016, Lyu et al.!*> reported
significant declining trends for only MCPP and MEOHP phthalate
metabolite concentrations (r= —0.879 for MCPP, r= —0.831
for MEOHP), whereas for X DEHP metabolites, a significant neg-
ative correlation with the year of sampling was also found
(r=—-0.261); however, a clear decrease was observed only
between 1993 and 2000. Although not estimated by these
authors, the percentage decrease in mean creatinine-corrected
concentrations (pg/g creatinine) for MCCP and MEOHP from
1993 to 2016, based on figure plots, appear to be 55% and 62%,
respectively. A Ministry of Health of Japan regulation on DEHP
use in gloves adopted in 2000 was cited as a possible reason for
the declines observed, but this was not directly tested by the study
authors.

Discussion

Bisphenols and phthalates are associated with a wide variety of
negative health effects. To our knowledge, this is the first scoping
review of multiple types of interventions to reduce exposure to
bisphenols and phthalates. In this review, we examined different
types of interventions focused on exposure to bisphenols and
phthalates using human biomonitoring data. Given the range of
study types included in this review, we provide insights on the
types of interventions, from individual to societal changes, that
were designed to test effectiveness of reducing exposures. Taken
together, these studies suggest that increased fresh food con-
sumption and plastic-free foodware can help reduce exposure to
BPA and, to a lesser extent, phthalates.%87 Identified studies
consistently concluded that the use of materials other than plastic
and cans reduced exposure to BPA in indicating that beverage
and food containers may be a source of exposures and thus a
potential target for lowering BPA exposures.8+°2 Trials with
food and other products provided support for the efficacy of die-

ured by sum of its urinary metabolites) was reduced by ~ 70%.!3° tary interventions and imply the potential impact of both home
Among young men in Denmark, Frederiksen et al.!3! observed and school-based interventions to lower exposure to bisphenols
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and phthalates. The mode of information/intervention delivery
and age of participants may impact compliance, and current data
provide a starting point for future programs. While there is some
indication of reduced bisphenol and phthalate exposures, the
identified studies revealed that current dietary interventions may
not be effective at broadly reducing exposure to bisphenols and
phthalates. Reducing exposure to BPA and phthalates in clinical
settings is feasible and effective when coated or plasticizer-free
materials are used.''®!"9-12!' Understanding what interventions
work best to reduce exposures to bisphenols and phthalates is im-
portant given the potential positive health effects with reduced
exposure.

Overall, studies of policy interventions showed greater mag-
nitude in exposure reductions over longer periods of time and
were primarily based on repeated cross-sectional analyses at a
population level; this provides confidence that banning bisphe-
nols and phthalates can reduce exposure in perpetuity. In contrast
to the policy interventions, the vast majority of interventions
reviewed (75%, 33/44) occurred over very short time scales
(~ weeks to a few months) with a lack of consistent sampling
timeframes (spot urine vs. 24-h pool) and repeated sampling
across the intervention. Evaluating the effectiveness of interven-
tions in home and work settings was often challenging due to a
lack of details on intervention procedures and reported noncom-
pliance among study participants. This was especially concerning
when considering if interventions can be sustainable long term.
Overall, we posit the literature is in great need of longer-term
intervention studies with repeated sampling, coupled with more
detailed reporting on intervention delivery frequency and proce-
dures. Whenever possible, we recommend that interventions be
designed with interdisciplinary teams including behavior change,
psychology, nutrition, etc. expertise, to ensure that designs repre-
sent interventions that are both feasible and sustainable in real-
world settings and include behavioral measures that may help
explain any deviations from intended/expected findings.

Human biomonitoring estimates internal exposures (i.e., body
burdens) by measuring the respective chemicals or their metabo-
lites in human biospecimens (e.g., urine or blood). Thus, biomoni-
toring represents an integrated measure of exposure from multiple
sources and routes and permits an integrated exposure assessment,
even when the quantity and quality of external exposures are
unknown and/or if the significance of the contribution of different
routes of exposure is ambiguous. This is a strength of biomonitor-
ing but can also be a weakness when trying to assess the effective-
ness of interventions to reduce exposure to chemicals, such as
phthalates and bisphenols, that have multiple sources of exposure.
The nonpolicy interventions reviewed partially overcame this
problem by assessing exposures via biomonitoring before and after
removing specific sources of exposure or comparing two groups
(with and without the source of exposure). Studies assessing policy
interventions relied on natural experiment/quasi experimental
designs to assess general trends in biomarkers of exposure for
phthalates, bisphenols, and their replacement chemicals over time.

The selection of the appropriate biomarker (i.e., concentration
of parent chemical or metabolite) and the biospecimen is impor-
tant as this can influence interpretation of results and impact abil-
ity to make comparisons across studies. For example, urinary
markers for BPA and phthalates are commonly used because
these chemicals are nonpersistent in the body as they metabolize
quickly. Urine is considered the “best matrix for epidemiological
assessment of exposure to BPA, phthalates, and other polar,
nonpersistent chemicals to whose exposures can be episodic in
nature.”'#® However, urinary biomarkers are at risk of measure-
ment error due to variability in urinary dilution. A recent compar-
ison of correction of urinary dilution using specific gravity and
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creatinine adjustment suggests agreement between the methods,
although both measurements differ systematically between indi-
viduals based on sociodemographic, body composition factors,
and collection strategy.'”'48 Of the 58 studies reviewed, 81%
(47) analyzed urinary biomarkers, and of these, 96% (45/47)
adjusted for dilution. An additional limitation of using urinary
metabolites to assess exposure to phthalates and bisphenols is that
these concentrations primarily reflect exposure within a relatively
short period preceding urine collection. As a result, there can be
considerable within-person and between-person temporal variabil-
ity of metabolite concentrations, especially in spot urine samples.
Ideally, multiple urine samples or a 24-h sample would be col-
lected, but this places a burden on study participants, so researchers
tend to use single or spot urine samples (79%, 37/47). However,
prior studies indicate that a single spot urine sample may be moder-
ately representative of long-term exposure averages “if samples
are collected from a large number of persons and randomly col-
lected relative to meal ingestion times and bladder emptying
times.”'* In 11 studies, blood samples were analyzed to assess
exposures occurring directly in the bloodstream (e.g., from a
change in medical tubing material).!10-111L113.115-119.121 However,
there are concerns about using blood as the matrix because the
metabolites of phthalates and BPA can be orders of magnitude
lower than in urine®>-!46-147 due to difficulty in preventing contami-
nation introduced by sample collection and analysis. Saliva was
used as a biological matrix only in studies where a dental interven-
tion was performed.' %122

For the general public, the dominant exposure route for phtha-
lates and BPA is through the diet.?*2> Interventions that substitute
dietary items and measure changes in concentration of chemicals
or metabolites in urine or blood can identify sources of phthalates
and bisphenols and demonstrate the efficacy of interventions. For
example, interventions using nonplastic beverage containers (e.g.,
stainless steel water bottles) appeared to consistently reduce expo-
sure to BPA 32192 However, individual-level dietary interven-
tions yielded inconsistent results between studies, calling into
question the effectiveness and sustainability of implementing this
approach at a larger scale. A number of studies noted participant
noncompliance to the dietary interventions,?%:°7-1%0 and some par-
ticipants reported dissatisfaction with and difficulty following die-
tary changes.'?8%:98 Most of the interventions were very short in
duration, and biomarker concentrations often returned to or
approached baseline following completion of the intervention.86-87
Increased consumption of fresh and organic foods as an interven-
tion may not be feasible for many families because of income as
well as access and availability of these types of foods. Further, as
demonstrated by Sathyanarayana et al.,3° even after careful selec-
tion of food items assumed to be lower in concentrations of target
chemicals, exposures can still occur, and the source can be very
unclear.®® It is important to note that data on ingredient composi-
tion of consumer products are difficult to obtain because reporting
is not always required by law (in the US). For example, the phthal-
ate DEP is frequently used as part of the fragrance added to prod-
ucts, but the labeling of the constituents of a fragrance is not
required by the FDA, as this can be considered a “trade secret.”!°
Thus, strategies targeted at the individual consumer level to avoid
products containing these chemicals may not result in significant
long-lasting reductions in exposure,'3! supporting the implementa-
tion of policies to reduce population-level exposure.

Studies that we reviewed demonstrate that using phthalate-
free medical devices and intravenous (IV) bags reduce human
exposures, ' 10:113:.120.121.152 'y et the US FDA has made little pro-
gress toward removing harmful phthalates and other EDCs from
medical equipment in the 20 years since it issued guidance rec-
ommending health care providers “consider” alternatives to
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medical devices, particularly IV bags, containing DEHP.!'>3 IV
bags that do not contain DEHP are available, but those that do
contain this phthalate can contain up to 40% DEHP by weight.!>*
As recently as 2021, members of the US Congress have pushed
the FDA on this subject.!> Research could investigate the bar-
riers to adopting EDC-free medical equipment more widely by
health care providers as well as barriers at governmental policy
level, although IV bags and medical equipment are not the only
source of EDC exposure over which the FDA (and similar gov-
ernmental agencies in the EU) has authority.

Policy interventions have great potential to reach many people
from all demographic and social backgrounds and bring about last-
ing reductions in exposures. While substantial and persistent down-
ward trends in exposure to phthalates and BPA were observed in
US- and EU-based studies that assessed impacts of policies around
these chemicals, we note a few challenges. Some of the policy stud-
ies had imprecise time periods of study relative to specific policies
evaluated or did not specify a time period or a particular point
in time after which exposure levels were expected to be
reduced.!27-13%-131 This creates difficulty for linking the biomonitor-
ing results to specific consumer products targeted by policies. For
example, phthalates considered the most toxic have successively
been phased out in the EU by applying gradually stricter regulations.
The use of DEHP, DnBP, and BBzP were banned in toys and child-
care articles in 2007, whereas DiNP and DIDP were banned from
toys intended for mouthing.'*’ After 2015, DEHP, DnBP, BBzP,
and DIBP, which are classified as reproduction toxic category 1B,
could not be used for any application within the EU without permis-
sion.>* Although these four phthalates are strictly regulated within
the EU today, they are likely found in many products and materials
which will continue to be used for a long time to come; these four
phthalates will continue to contribute to human exposure as demon-
strated by the studies we reviewed, albeit at lower levels than in the
past. Additionally, these studies show it may be hard to pinpoint a
specific policy responsible for the exposure reductions, especially
when there can be voluntary phase out and substitutions by the pro-
ducers which can also change the exposure patterns to phthalates
and bisphenols. Indeed, Frederiksen et al.'3! noted that EDCs are
being replaced with other related chemicals with similar function
and with similar health concerns. Studies tracking human exposures
post restrictions on BPA demonstrated decreases in exposure over
time>8-131:134 but also concomitant increase in exposure to BPA ana-
logues, BPS and BPF.!3!:13% Similarly, exposures to di-iso-nonyl-
cyclo-hexane-1,2-dicarboxylate (DINCH), which was introduced in
2002 to replace DEHP and other phthalates in PVC, have
increased.!?*131:134 Metabolite levels of these substitute chemicals
have significantly increased during the last decade in the US and EU
countries.'?!"13* To better inform implementation science, future
policy evaluation studies should consider expanding the focus to
include understanding the rules, values, and norms of the “imple-
menters” of policy and how they respond to new knowledge (e.g.,
more information about replacement chemicals and behavior of
industry in response to advocacy and prior piecemeal policy deci-
sions by governmental bodies) and to explore the use of more so-
phisticated statistical analysis approaches, such as interrupted time
series analyses to link change in policy/organizational behavior to
change in exposures.'>®

Few of the studies included in the present review conducted
qualitative analyses, which can be beneficial in this context to illu-
minate challenges with implementation of interventions, most
notably for the dietary interventions. Galloway et al.”® conducted a
qualitative analysis to assess the sustainability of the diet. Half of
the participants reported an increase in food costs and more time
spent shopping. Additionally, most participants (91%) reported
feelings of restriction around food choice. Dissatisfaction with the
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diet was reported by half of the participants in the controlled die-
tary intervention conducted by Barrett et al.3® Participants in this
study provided suggestions for improving the intervention, such as
potential small changes rather than diet overhauls that could be
made by individuals.

We also assessed differences in intervention effectiveness
across the life course. The dietary interventions made up the larg-
est subset of interventions and had the widest representation of
age groups included in the studies. In general, interventions
appeared to be most effective in adults,3*# but there were also
examples of ineffective interventions.®38° In children, results
were mixed, and authors tended to report more issues with partic-
ipant compliance.'% Adolescents also reported difficulty in com-
plying with dietary changes.®® In one study of mother-child pairs,
the intervention was more successful in the mothers.'% There did
not appear to be meaningful differences across the life course for
medical exposure interventions, which were completed in adults
in all except one study. Policy interventions overall were effec-
tive in reducing exposure in all age groups assessed, which
ranged from 3 years®® to ~ 50 years of age.'?”!33

There are remaining gaps in the literature regarding interven-
tions to reduce exposures to phthalates and bisphenols, from
study design and approach to needed research on the barriers to
adopting effective interventions more widely using implementa-
tion science frameworks.!3>156-158 Humans are still exposed to
phthalates and BPA and increasingly to their respective lesser-
known substitutes and analogues as indicated by studies in this
review. Future work would be strengthened by including meas-
urements of replacement chemicals for the bisphenols and phtha-
lates to address the problem known as “regrettable substitution”
when a toxic chemical or category of chemicals is removed from
the market, only to be substituted by similar chemicals that may
pose comparable concerns or be virtually untested for toxicity,
beginning the cycle of exposures and adverse effects all over
again.'>®~16! None of the policy intervention studies could link
biomarker levels with specific consumer products; therefore,
source tracking along with human biomonitoring must be
included in future research. It is important to include interdisci-
plinary research teams so that studies are better designed to
ensure broader impact of the research. For example, nutrition
researchers should be engaged in dietary intervention studies to
incorporate evidence-based practices in controlled dietary stud-
ies. Poor compliance with dietary interventions was noted in sev-
eral studies,'9%192 which could be addressed in future studies
through the use of additional study designs and implementation
strategies. Additionally, future studies would be strengthened by
continued measurement of biomarkers following the intervention
cessation to assess the feasibility of long-term modifications to
reduce chemical exposure. Intervention length has been noted in
recent reviews as an area for greater focus, especially in
nutrition-related interventions®?; long-term intervention studies
are needed to understand the sustainability and effectiveness of
interventions to better inform policy. We recommend that larger
sample sizes and testing in diverse populations and settings will
strengthen findings and improve generalizability as disparities
and inequities have been reported for EDC exposure and health
risks, 162-164

The adaptation, uptake, sustainment, and spread of evidence-
based interventions, practices, and policies that prevent or miti-
gate harmful exposures are increasingly recognized as priorities
in the environmental health field.'®> Determining effective ways
to facilitate this translation from research to action is a goal of
implementation science which is defined as “the study of meth-
ods to promote the adoption and integration of evidence-based
practices, interventions, and policies into routine health care and
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public health settings to improve impact on population
health.”73166 In other words, implementation science deals with
the challenges of translating intentions into desired changes. Our
study contributes to these emerging discussions. We reviewed the
efficacy of interventions to reduce bisphenol and phthalate expo-
sures across a range of settings, age groups, and strategies. We
identify a number of barriers to advancing dietary interventions
such as cost/time/persistence at the individual level which may
be a future focus for diet-specific implementation research. We
recommend that further research on dietary interventions strive to
gather and report more robust information on intervention deliv-
ery and compliance and aim to design interventions based on
potential for implementation in real-world situations. This means
having structured processes that explicitly incorporate context
and are monitored during implementation. Better and consistent
reporting on interventions, especially dietary intervention, based
on recommended guidelines'®” would also facilitate comparisons
across studies. Humans are also exposed to phthalates such as
DEHP through medical devices, which are subjected to regula-
tion by the FDA in the US. Certain populations such as patients
with end-stage kidney disease and high-risk newborns are partic-
ularly heavily exposed.'®® However, policy level interventions
more consistently reduced exposure. As such, it is our opinion
that more efforts are needed at the policy level. For example, in
the US, more coordination between the FDA, US Environmental
Protection Agency (EPA), and the US Department of Agriculture
is needed to decrease exposure to harmful EDCs, such as phtha-
lates and bisphenols, for the American population. A chemical
class or cumulative risk approach could result in a more efficient
process to reduce exposures to multiple hazardous chemicals and,
ultimately, reduce health risks.!6%-170

Strengths and Limitations of the Scoping Review

We followed PRISMA and JBI guidelines for conducting scoping
reviews.”>7® There is risk of publication bias impacting our find-
ings, with studies reporting null results less likely to be pub-
lished. However, we did find several studies reported findings
where the intervention did not have a significant effect on all
target chemicals,®® and one intervention led to an increase in
exposure.®” While the number of intervention studies aimed at
reducing EDC exposures in general is increasing and are the topic
of other recent reviews,3!=83 our study focused specifically on
phthalates and the most common bisphenols and examined multi-
ple types of interventions, not just dietary or medical. We further
did not limit our review to a specific stage in the life course. We
believe the review is more comprehensive in this regard and ena-
bles a broader view of the state of the science for diverse inter-
ventions to reduce bisphenol and phthalate exposures.

Conclusions
In our review, evaluation of biomonitoring data post-policy imple-
mentation on restricting the use of phthalates and BPA in certain
consumer products has shown dramatic downward trends in expo-
sures.>8127:129.130,132,133.136 Smydies evaluating policies targeting
the reduction of phthalates and BPA in goods and packaging
reported larger and more consistent reductions in exposures to
these EDCs and were less burdensome on individuals compared to
dietary interventions. Interventions involving medical exposures,
glove use, and personal care products led to reduced exposures to
these bisphenols and phthalates; however, these interventions did
not reduce exposure from the primary route—dietary 242>

Armed with this knowledge, we propose the following call to
action. An environmental health implementation science agenda
on phthalates and bisphenols would provide more rigorous
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research that tests a broad range of strategies for encouraging pol-
icy change across federal, state, local, and international levels
and how to prevent regrettable substitutions. This means studying
the behavior of manufacturers, governmental policy decision-
makers, and their interrelationships. Future interventions and pol-
icy changes should also consider how best to reduce phthalate
and bisphenol exposure across the life course, as adults have
been a primary focus of previous intervention studies and
younger individuals may struggle with compliance without assis-
tance or regular reminders. Consideration of the social determi-
nants of health and collection of qualitative data will also be
important when aiming to reach all individuals and implement
interventions successfully. Such a research agenda would neces-
sitate interdisciplinary collaborations to draw upon a wealth of
theoretical perspectives.
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