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Abstract
Purpose of Review A scoping review was conducted to identify interventions that successfully alter biomarker concentrations 
of phenols, glycol ethers, and phthalates resulting from dietary intake and personal care product (PCPs) use.
Recent Findings Twenty-six interventions in populations ranging from children to older adults were identified; 11 actively 
removed or replaced products, 9 provided products containing the chemicals being studied, and 6 were education-only based 
interventions. Twelve interventions manipulated only dietary intake with a focus on bisphenol A (BPA) and phthalates, 
8 studies intervened only on PCPs use and focused on a wider range of chemicals including BPA, phthalates, triclosan, 
parabens, and ultraviolet absorbers, while 6 studies intervened on both diet and PCPs and focused on phthalates, parabens, 
and BPA and its alternatives. No studies assessed glycol ethers. All but five studies reported results in the expected direc-
tion, with interventions removing potential sources of exposures lowering EDC concentrations and interventions providing 
exposures increasing EDC concentrations. Short interventions lasting a few days were successful. Barriers to intervention 
success included participant compliance and unintentional contamination of products.
Summary The identified interventions were generally successful but illustrated the influence of participant motivation, com-
pliance, ease of intervention adherence, and the difficulty of fully removing exposures due their ubiquity and the difficulties 
of identifying “safer” replacement products. Policy which reduces or removes EDC in manufacturing and processing across 
multiple sectors, rather than individual behavior change, may have the greatest impact on population exposure.

Keywords Scoping review · Endocrine disrupting compounds · Dietary intake · Personal care products · Intervention · 
Bisphenols · Phthalates · Parabens · Triclosan
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ATHLETE  Advancing Tools for Human 
Early Lifecourse Exposome 
Research and Translation

BPA  Bisphenol A
BPF  Bisphenol F
BPS  Bisphenol S
CI  Confidence interval
DEHP  Di(2-ethylhexyl) phthalate
EDC  Endocrine-disrupting compound
EU  European Union
GM  Geometric mean
GSD  Geometric standard deviation
HDAS  Healthcare Databases Advanced 

Search
LOD  Limit of detection
mL  Milliliter
MCPP  Mono-(3-carboxy-propyl) 

phthalate
MCNP  Mono-carboxy-isononyl 

phthalate
MCOP  Mono-carboxy-isooctyl phthalate
MEP  Monoethyl phthalate
MECPP  Mono-(2-ethyl-5-carboxypentyl) 

phthalate
MEHP  Mono-(2-ethyl-5-hydroxyhexyl) 

phthalate
MBP  Monobutyl phthalate
MBzP  Monobenzyl phthalate
µg  Microgram
MiBP  Monoisobutyl phthalate
MMeP  Monomethyl phthalate
ng  Nanogram
nmol  Nanomole
PCPs  Personal care product
pg  Picogram
Phaa  Phenoxyacetic acid
SE  Standard error
SG  Specific gravity
TDI  Tolerable daily intake
µL  Microliter
UV  Ultraviolet
US  United States
UK  United Kingdom

Introduction

A growing body of evidence suggests that exposures to 
endocrine-disrupting compounds (EDC) such as phthalates, 
synthetic phenols, and glycol ethers have implications for 
human health including the potential to disrupt common 
endocrine pathways such as the thyroid, estrogen, and andro-
gen pathways [1–5]. There is increasing concern among 

public health and governmental organizations over the risks 
from exposures to these compounds, particularly exposures 
occurring in vulnerable periods such as early life [6].

These compounds are commonly found in everyday life 
from industrial uses to consumer products such as personal 
care products (PCPs) and food contact materials where they 
are used as plasticizers, fixatives, solvents, antibacterial 
agents, and preservatives [4, 7]. The prevalent use of these 
chemicals in everyday products means that the majority of 
the population is habitually exposed while going about their 
daily lives.

A survey among US adults found that, on average, women 
used 12 products and men used 6 products daily; among 
French adults, women on average used 16 products, men 8 
products, and parents used 6 products on their children under 
3 years of age [8, 9]. This is of concern as PCPs use has 
been associated with exposures to phenols, phthalates, and 
glycol ethers [10–23]. Similarly, dietary consumption results 
in potential exposure to several phenols and phthalates due 
to their use in food processing or food contact materials, 
such as the use of parabens as preservatives and antifungal 
agents [24–26].

While European Union (EU) legislation (Regulation (EC) 
No 1223/2009; (EC) No 2023/2006; (EC) 1907/2006; (EC) 
No 1935/2004) for ingredients found in cosmetics and food 
contact materials exist to limit or ban their use in some prod-
ucts, there remain concerns that the current legislation is not 
adequate as, among others, it still permits the use of chemi-
cals recognized as “Substances of Very High Concern” such 
as BPA and does not take into account recent knowledge on 
non-monotonic dose–response relationships, mixtures result-
ing from co- and aggregated use of products, and the effects 
of exposures occurring during sensitive periods of develop-
ment [26–28]. In addition, despite these regulations and even 
while exposure levels have tended to decrease over time, 
recent studies have reported detection of these compounds 
at high frequencies in population cohorts [29–31]. Recent 
recognition of their potential impact includes the 2020 Euro-
pean Chemicals Strategy for Sustainability (COM/2020/667 
final) with commitments to ensure all chemicals are used 
sustainably and safely and to reduce exposures to chemicals 
of concern by minimizing and substituting the use of harm-
ful chemicals, particularly in consumer products [32, 33]. 
As part of those commitments, the European Commission 
has initiated reform processes of several pieces of chemicals 
legislation, such as the REACH regulation and a targeted 
review of the cosmetics regulation, which aim at achiev-
ing a higher level of protection against harmful chemicals; 
a review of the food contact materials legislation is also 
expected to begin shortly [34–36]. Furthermore, the Euro-
pean Food Safety Authority recently re-evaluated the risks 
of BPA and proposed a new tolerable daily intake threshold 
of 0.04 ng/kg body weight/day from the current TDI of 4 µg/
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kg body weight/day [37]. However, implementation of any 
regulatory measures or commitments may take time. It is 
therefore beneficial to identify interventions which could be 
carried out to reduce personal chemical burdens.

We undertook a scoping review to map and collate the 
available evidence on interventions in the general population 
which altered exposure to phthalates, glycol ethers, and com-
mon synthetic phenols including BPA, triclosan, parabens, 
and UV filters, present in the diet, food packaging, and in 
PCPs. This review aims to describe the range and nature of 
interventions in this area, identify gaps in study populations 
and designs, and summarize the effectiveness of different 
intervention types. Findings from this review will help to 
provide recommendations for reducing exposures to phtha-
lates, glycol ethers, and phenols both for individuals as well 
as for health professionals providing advice and guidance.

Methods

A scoping review was conducted to describe the character-
istics, range, and extent of research evidence, characterize 
comparisons such as between interventions, identify exist-
ing gaps in the literature such as in populations studied, and 
rapidly summarize and disseminate findings [38–40]. We 
followed Arksey and O’Malley’s framework for conducting 
a scoping study: (1) identifying the research question; (2) 
identifying relevant studies; (3) study selection; (4) chart-
ing the data; (5) collating, summarizing, and reporting the 
results [40].

Our review was underpinned by the research question 
“What is known from the literature about studies that aim 
to intervene on exposures to phthalates, glycol ethers and 
synthetic phenols from personal care products and dietary 
intake?”. This question was informed by and complements 
the Advancing Tools for Human Early Lifecourse Exposome 
Research and Translation (ATHLETE) European project 
which has an aim of developing and implementing inter-
ventions to improve the chemical exposome occurring from 
PCPs, with a focus on exposures from phenols, phthalates, 
and glycol ethers (hereafter, “EDC of interest”) [41]. While 
synthetic phenols include BPA, triclosan, and parabens, they 
will be discussed as these sub-classes of phenols rather than 
as a group because they are used for different applications by 
industries and are commonly recognized as their sub-classes 
in the media, on consumer products, and by researchers. 
These compound families were chosen given their wide-
spread exposure in general population and potential delete-
rious effects on human health [1–5]. The search was con-
ducted by a research librarian using Healthcare Databases 
Advanced Search (HDAS) and the Medline, EMBASE, and 
CINAHL electronic databases and was conducted for per-
sonal care products and dietary intake separately (search 

terms are provided in Additional file 1). The searches were 
conducted in March 2021 and updated in October 2021 and 
March 2022 to include more recent publications. To charac-
terize as large a range of studies as possible, we did not have 
exclusion criteria; studies were included if they described an 
intervention to alter exposures regardless of whether there 
was a separate health outcome of interest and the study 
assessed pre- and post-intervention exposure. We included 
studies that intentionally exposed participants to chemical-
containing products to illustrate the impact of stopping use 
of these products; if biological concentrations increase fol-
lowing exposures then, accordingly, they should decrease if 
these products were removed.

Personal Care Products

A total of 1788 articles were retrieved by the initial data-
base search conducted in March 2021 and imported into 
the Rayyan Review platform (https:// rayyan. qcri. org/) with 
1 article identified from a web search (Fig. 1). A total of 
1155 articles remained after de-duplication and titles and 
abstracts of the retained articles were screened and assessed 
for eligibility using two independent reviewers (TCY, FC); 
any disagreements were discussed and resolved between 
the two reviewers. N = 1146 articles were eliminated as not 
relevant because they did not focus on one of the EDC of 
interest or were not interventions, and full-text screening 
was conducted on the remaining nine articles. Four articles 
were excluded as the intervention was not on an EDC of 
interest and five articles were identified from the reference 
lists of the included studies and through an internet search. 
In the updated literature searches, titles and abstracts were 
screened by independent reviewers (October 2021: TCY, 
MW; March 2022: TCY, NJ) and two additional studies were 
identified and included. The relevant information from the 
12 retained articles were recorded in a table and the data 
analyzed.

Dietary Intake and Packaging

A total of 1385 articles were retrieved by the initial data-
base search performed in March 2021 and imported into 
Microsoft Excel (Fig. 1). A total of 757 articles remained 
after de-duplication and titles and abstracts of the retained 
articles were screened and assessed for eligibility using two 
independent reviewers (NJ, CP); any disagreements were 
discussed and resolved between the two reviewers. N = 743 
articles were eliminated as not relevant (i.e., not on EDC of 
interest or were not interventions) and full-text screening 
was conducted on the remaining 14 articles. Two articles 
were excluded. One had a small sample size (N = 5) and did 
not have a baseline sample since the first spot urine sample 
was collected 4 days after the removal of products made 

https://rayyan.qcri.org/
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of plastics from the household [42] and the second was a 
weight loss intervention with no specific focus on sources 
of exposure to phenols, phthalates, or glycol ethers [43]. 
A total of three articles were identified from the reference 
lists of the included studies. In the updated search, titles and 
abstracts were screened by independent reviewers (October 
2021: NJ, CP; March 2022: NJ, TCY) and three additional 
articles were identified and included. The relevant informa-
tion from the 18 retained articles were recorded in a table 
and the data analyzed.

Results

A total of 26 studies were included in this scoping review. 
Twelve studies were identified from the PCPs literature 
search and eighteen studies from the dietary intake and pack-
aging literature search; six studies [44–47] were identified 
across both searches as the interventions targeted both PCPs 
and dietary intake. Studies are presented in separate tables 
for the PCPs literature (Table 1), dietary intake literature 
(Table 2), and studies targeting both PCPs and dietary intake 
and packaging (Table 3).

Eight studies measured only bisphenols [44, 45, 48–53], 
four measured only phthalates [46, 54–56], two measured 
only triclosan [57, 58], and one measured only parabens 
[59], while ten assessed a mix of compounds [47, 50, 
60–68]. None assessed glycol ethers. There was a range 

of study designs. Nine study designs involved providing 
participants with products containing EDC of interest [49, 
52, 53, 57, 58, 61–64], six aimed to change participant 
behavior through only providing information on how to 
avoid phenols and phthalates [47, 48, 51, 56, 67, 68], while 
others involved dietary changes or actively removing and/
or replacing products containing the EDC of interest with 
products without the EDC of interest, or a combination 
of both [44–46, 50, 55, 59, 60, 64–66, 69]. Five studies 
included control groups in addition to the intervention 
group [44, 45, 58, 66, 68], while five studies were cross-
over trial designs [49, 52, 53, 63, 69]. Ten studies were 
conducted in non-Western countries [46, 47, 49–51, 56, 
59, 67] with the remaining 16 conducted in Western coun-
tries, of which 10 were carried out in the US [44, 45, 52, 
54, 58, 60, 63–66, 68]. The studies included population 
groups ranging from young children [46, 65, 67] to the 
elderly [53]. Some studies targeted specific groups such 
as pregnant women [54, 56, 58, 68] or women with over-
weight or obesity [45], while others included families [47, 
65–67]. The majority of studies collected urine samples 
to examine biomarker concentrations; one study collected 
both blood and urine samples [61] while a second focusing 
on triclosan measured only in blood samples [57]. While 
blood is not the preferred matrix for chemicals with short 
half-lives, as those studied in this review, this study was 
kept since the frequency of detection was quite good for 
triclosan.

Fig. 1  Flow diagram of the 
PCPs and dietary intake and 
packaging literature search
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Interventions on PCPs

Eight intervention studies which only altered chemical expo-
sures from PCPs targeted BPA [60], phthalates [60, 62], par-
abens [62, 69], triclosan [57, 58, 69], and ultraviolet (UV) 
filters such as benzophenone-3 [61, 69] which are commonly 
found in everyday PCPs such as shampoo, body wash, deo-
dorant, cosmetics, toothpaste, and sunscreens (Table 1). 
All studies but one [59] were conducted in Western coun-
tries. Three of these studies focused on decreasing exposure 
through removal or replacement of PCPs [59, 60, 69] while 
the remaining five aimed at increasing exposure by provid-
ing specific PCPs such as sunscreen and toothpaste which 
contained the chemicals of interest [57, 58, 61–63]. Studies 
which provide PCPs containing the chemicals of interest, 
and which report an increase in biomarker concentrations 
following their use, illustrate that removing these products 
can have a measurable effect on biomarkers of the EDC of 
interest. There were no studies utilizing an education-only 
approach. Interventions lasted from 2 days [62] to the length 
of pregnancy [58] and all studies reported the majority of 
their results in the expected direction; studies removing 
exposures found reductions in biomarker concentrations and 
studies providing exposures found increases in biomarker 
concentrations of the EDC of interest.

Interventions Aiming to Reduce Exposures

Three studies removed or replaced PCPs to understand their 
impact on urinary concentrations of the EDC of interest [59, 
60, 69] (Table 1).

In a US study among 100 Latina girls aged 14–18 years, 
researchers provided a selection of replacement PCPs and 
cosmetics (including shampoo, conditioner, body wash, 
hand soap, deodorant, moisturizing lotion, and a choice 
of cosmetics including foundation, sunscreen, eye and lip 
make-up) which were chosen by using label information and 
online consumer databases to identify products free from tri-
closan, phthalates, parabens, and the UV absorber benzophe-
none-3 [60]. Participants had their usual PCPs substituted 
with these replacement products during the 3-day interven-
tion and were allowed to choose four replacement cosmetics 
items to increase compliance to the change in beauty prod-
ucts during the intervention phase. The authors found reduc-
tions from pre- to post-intervention in urinary monoethyl 
phthalate (MEP), methylparaben, propylparaben, triclosan, 
and benzophenone-3 while concentrations increased over 
the intervention period for butylparaben. These reductions 
were larger among participants who used products known to 
contain triclosan and benzophenone-3 within 48 h of the pre-
intervention visit. No changes from pre- to post-intervention 
were observed for monobutyl phthalate (MBP), monoisobu-
tyl phthalate (MiBP), or ethyl paraben.

A cross-over study among Chinese women (age: 
22–26 years) examined changes in paraben concentrations 
where women followed 6 days of typical PCPs use with a 
6-day intervention of low-chemical PCPs product use (includ-
ing facial cleaner, cream, and toner) followed by 6 days of 
typical PCPs use [59]. The authors found urinary levels of 
parabens and their metabolites decreased during the interven-
tion period compared to combined 12 days (6 days prior to 
the intervention period and 6 days following the intervention 
period) where women were using their typical PCPs.

Only one study replacing PCPs included males [69]. 
This study conducted in Belgium recruited 8 participants (4 
females, 4 males; 31–68 years old) for a 2-day intervention 
period. Using the ingredient lists, researchers replaced the 
usual PCPs used by the participants (including shampoo, 
hair conditioner, body and hand soap and gels, toothpaste, 
sunscreen, deodorant, make-up, and anti-bacterial products 
such as hand sanitizers) for products which did not contain 
the target analytes (parabens, benzophenones, triclosan, tri-
clocarban, BPA). Compared to the average urinary concen-
trations while using their usual PCPs, urinary concentrations 
were reduced for methylparaben, ethylparaben, propylpara-
ben, and triclosan but not benzophenone-3 or BPA.

Interventions Aiming to Increase Exposures

Five studies provided participants with products that con-
tained the EDC of interest to understand absorption, metabo-
lism, and excretion [57, 58, 61–63] (Table 1). Three studies 
monitored urinary biomarkers of exposure as well as poten-
tial biomarkers of effects including thyroid hormone con-
centration and function [57, 58] and the microbiome [63].

In a single-blinded Danish study of 26 men (mean age: 
26 years) with normal weight, a control week was followed 
by a 4-day intervention where participants applied a body 
cream with added diethyl phthalate, dibutyl phthalate, and 
butyl paraben [62]. Urinary concentrations of the corre-
sponding phthalates metabolites and the un-metabolized 
butyl paraben increased from the control to the intervention 
period. In a similar study by the authors, 32 Danish partici-
pants (15 males; mean age 26 years, 17 females; mean age 
65 years) with normal weight were exposed to sunscreen 
creams with the added chemical UV absorber benzophe-
none-3 for a 5-day period [61]. Urinary concentration was 
below the limit of detection (LOD) at baseline and increased 
following application of the benzophenone-3 added cream 
among both females and males.

Three studies examined only triclosan exposure. A 
randomized intervention was nested within a US birth 
cohort where mothers were provided with wash products 
(toothpaste, dishwashing liquid, liquid and bar soap) either 
containing triclosan (78 females in the triclosan arm) or 
without (76 females in non-triclosan arm) [58]. Over the 
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intervention period, an increase was observed in the tri-
closan arm compared to the non-triclosan arm. Similarly, 
a study in Sweden among 12 adults (5 males, 7 females) 
which instructed participants to use toothpaste contain-
ing triclosan for a period of 14 days found increases in 
triclosan levels [57]. Finally, a double-blind randomized 
cross-over study in the US provided 16 participants (11 
females, 5 males, average age of 43 years) with toothpaste, 
soap, and dish soap with or without triclosan [63]. After 
a washout period of at least 16 days where participants 
were requested to remove all triclosan-containing prod-
ucts from their daily use, participants were randomized 
to one condition for 4 months and then switched to the 
other condition for a subsequent 4 months. Compared to 
baseline, triclosan concentrations increased at the end of 
the triclosan-containing phase and decreased at the end of 
a non-triclosan phase.

Interventions on Dietary Intake or Food Packaging

Twelve intervention studies only altered exposures from 
dietary intake or food packaging with the majority of 
interventions targeting BPA [48, 49, 51–53, 64–67]; 
only two also reported concentrations of other bisphenols 
such as bisphenol S (BPS) or F (BPF) [45, 67] (Table 2). 
Few studied other phenols; one study targeted triclosan 
[64], two benzophenones or parabens [50, 64]) while five 
studies targeted phthalates [50, 54, 65, 66]. Most studies 
were conducted in the US [52, 54, 64–66] or in Taiwan 
or South Korea [49–51, 53, 55, 67] and only one relied 
on a European population in England [48]. Most studies 
aimed at reducing exposure through removal or replace-
ment of dietary intake or food packaging [50, 54, 55, 65, 
66] or through an educational intervention [48, 51, 67]. 
Four studies aimed to increase exposures to the chemi-
cals of interest by providing the participants with food 
or beverage in containers likely to contain the exposures 
[49, 52, 53, 64] such as canned foods and polycarbon-
ate bottles known to contain BPA; studies would provide 
participants with bottles to use or canned foods or drinks 
during the intervention period to understand whether 
urinary concentrations increased following their use/con-
sumption. Interventions lasted from 3 days [54, 65, 67] to 
4 months [51]. Studies reported results generally in the 
expected direction with educational interventions gener-
ally successful in reducing exposures, though findings 
from studies reducing or replacing exposures were more 
mixed as a result of participant compliance, motivation, 
and contamination, highlighting the difficulties of finding 
alternatives free of the EDC of interest. Studies provid-
ing exposures were successful in increasing biomarker 
concentrations of the EDC of interest.

Interventions Aiming to Reduce Exposures

Five studies aimed to reduce exposures from dietary intake 
or food packaging [50, 54, 55, 65, 66] (Table 2). In an inter-
vention carried out among 5 families (10 adults, 10 children) 
living in the US, researchers replaced meals for 3 days [65]. 
Meals were prepared from fresh and organic ingredients and 
stored in glass containers with BPA-free plastic lids. Partici-
pants also received stainless steel water bottles and lunch 
containers to prevent contamination from other sources of 
BPA and phthalates. This intervention led to a statistically 
significant reduction in urinary BPA and di(2-ethylhexyl) 
phthalate (DEHP) metabolites, but this decrease was not 
observed for the other phthalate metabolites monitored 
(MEP, MBP, monobenzyl phthalate [MBZP], monomethyl 
phthalate [MMEP]). In a similar study providing participants 
(10 females; mean age: 26.4 years) with meals, no reductions 
were observed in any of the 11 investigated urinary phthalate 
metabolite concentrations following the 3-day intervention 
[54]. In the final meal replacement study, Sathyanarayana 
et al. (2013) randomized 10 American families in a 5-day 
trial. Researchers replaced participant dietary intakes with 
fresh, local, and organic foods in the intervention arm or 
participants were provided with educational materials on 
reducing exposure in the control arm. Participants in both 
arms were provided with, and asked to consume their foods 
using, plastic-free utensils and dishes and to store foods in 
glass containers. No changes in urinary BPA or ΣDEHP con-
centrations were observed in the control arm while the inter-
vention arm saw increases in BPA and ΣDEHP concentra-
tions, which dropped post-intervention. These results were 
later identified to have occurred due to contamination of the 
foods provided to the participants in the intervention arm.

Two studies went beyond providing replacement meals. A 
study in Korea involved a 5-day stay at a temple and required 
participants (n = 25; 9 females, 16 males, between 13 and 
64 years old) to follow the daily routines of Buddhist monks 
and a strict vegetarian diet. Creatinine-adjusted urinary con-
centrations of MEP, MiBP, MnBP, 5-oxo-MEHP, and 5-OH-
MEHP were all lower after the intervention period [55]. In 
another study relying on the same population, the authors 
found no statistically significant change in urinary concen-
trations of methylparaben, propylparaben, butylparaben, 
benzophenone-1, and benzophenone-3 while concentrations 
of ethylparaben increased [50].

Interventions Targeting Knowledge and Behavior‑Change

Education-only intervention studies (studies providing 
education and training about how to avoid products con-
taining chemicals of interest) targeted BPA and BPS [48, 
51, 67] (Table 2). A 3-day intervention among 37 Korean 
families asked participants to refrain from consuming foods 
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and beverages packaged in cans or plastic [67]. Urinary 
BPA concentrations decreased for both mothers and chil-
dren while urinary BPS concentrations decreased among 
mothers only. A longer-term study among 30 females aged 
21–27 years examined the effect of an intervention com-
posed of (1) education on potential health effects and how 
to avoid exposures, (2) monitoring, and (3) peer support via 
social media [51]. Urinary BPA concentrations significantly 
decreased from baseline at the first and second follow-up 
months but not at the third follow-up month [51]. Null 
results were also reported: in a study among British ado-
lescents (41 males and 63 females aged 17–19 years) where 
researchers and participants co-designed a set of instructions 
on how to reduce exposure to BPA from dietary intakes, 
there was no decrease in urinary BPA following the 7-day 
intervention period despite good adherence to the interven-
tion by the participants [48].

Interventions Aiming to Increase Exposures

Four studies aimed at increasing exposure to BPA [49, 52, 
53, 64] (Table 2). Three consisted of providing food or drink 
from cans [49, 52, 53] while the last provided polycarbon-
ate drinking bottles to the participants [64]. All reported 
increases in urinary concentrations of BPA. One study uti-
lized a randomized cross-over design [49]. Among 20 volun-
teers aged 21 to 32 years in Taiwan, participants in the 4-day 
intervention were first instructed to refrain from canned and 
plastic-packaged foods. On the second day, participants were 
randomly assigned to either receive fresh or canned foods for 
breakfast; following a 1-day wash-out period, participants 
received the other breakfast condition. Urine samples were 
collected at set intervals after eating. Urinary BPA concen-
trations increased when canned foods were consumed with 
the strongest increase observed 4 h after ingestion compared 
to when fresh foods were consumed for breakfast. Similarly, 
a randomized cross-over study with 75 adults (68% female; 
mean age: 27 years) involved a 5-day period where half of 
the participants consumed soup for lunch prepared without 
canned ingredients while the other half consumed canned 
soup [52]. Following a 2-day wash-out period, participants 
experienced the other condition. BPA concentrations were 
higher after canned soup consumption compared to after 
consumption of soup prepared without canned ingredients. 
Another randomized cross-over intervention involved 60 
elderly adults (93% female; mean age: 73.1 years) in South 
Korea over three separate visits where two servings of soy 
milk were provided either in two glass bottles, two cans, 
or a glass bottle and a can [53]. Each visit was followed by 
a wash-out period of at least 1 week. Urinary concentra-
tions of BPA were higher after participants consumed both 
servings in cans and when one serving was canned and the 
other was bottled compared to when both servings were 

bottled. Finally, a study carried out in the US among 77 
participants aged 18–23 years instructed participants to use 
polycarbonate bottles for consuming cold beverages over a 
7-day intervention period and observed increases in urinary 
concentrations BPA [64].

Interventions on PCPs and Dietary Intake or Food 
Packaging

Six studies intervened on exposures from a combination of 
PCPs, cosmetics, dietary intake, and food and drink pack-
aging [44–47, 56, 68] (Table 3). Three of these studies 
targeted BPA [44, 45, 68] and were conducted in Western 
countries with the remaining three studies targeting phtha-
lates and were conducted in Taiwan, South Korea, and 
China [46, 47, 56]. Two studies aimed to reduce exposures 
using a combination of educational intervention materials 
along with replacement of products such as food and bev-
erage containers and PCPs [44, 45]. Four studies used an 
education-only approach to reduce exposures by provid-
ing information to participants on EDC and their sources 
as well as recommendations on how to avoid exposures 
[46, 47, 56, 68]. Studies lasted from 7 days [46] through 
the length of pregnancy [56, 68] and studies and their 
approaches were mostly successful in reducing biomarker 
concentrations of the EDC of interest.

Interventions Aiming to Reduce Exposures

Two studies aimed to reduce exposures through replace-
ment of PCPs, dietary intake, and food packaging [44, 45] 
(Table 3). In a US study, 24 college-aged women (mean 
age: 20.9 years) with normal weight were randomized to a 
control or intervention group for a 3-week period [44]. The 
control group received weekly newsletters which provided 
information about healthy diet, physical activity, and general 
information about BPA. Women in the intervention group 
received the same educational materials as the control group 
as well as weekly education, feedback, self-monitoring, and 
positive reinforcement sessions and were also provided with 
BPA-free products (including food storage containers, water 
bottles, PCPs, cosmetics, and feminine products) over the 
duration of the intervention. BPA urinary concentrations 
decreased in the intervention group compared to the con-
trol group. In a follow-up study, the same intervention was 
repeated among women with obesity and urinary concen-
trations of analogs to BPA were also assessed. The authors 
observed a decrease in urinary bisphenol S (BPS) concentra-
tions among those in the intervention compared to control 
while BPA and bisphenol F (BPF) concentrations did not 
change [45].
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Interventions Targeting Knowledge and Behavior‑Change

Four studies used educational approaches to decrease expo-
sures from PCPs, dietary intake, and food packaging [46, 
47, 56, 68] (Table 3). A Taiwanese study was conducted 
with 30 girls aged 4–13 years old who were requested to 
change or refrain from certain behaviors such as handwash-
ing, the use of plastic materials and packaging, microwaved 
food, and PCPs and cosmetics for 7 days [46]. Compliance 
to these changes was monitored using a questionnaire that 
recorded frequency of the behavior and the number of prod-
ucts used; 7 children were found to be completely non-com-
pliant. When examining all participants, only mono-benzyl 
phthalate showed a change. When only compliant partici-
pants were examined, the study found a reduction in all eight 
measured urinary phthalates concentrations. Another study 
with 35 pregnant women in China provided participants 
with written recommendations to alter their diet, including 
restricting consumption of canned and microwaved food, 
increase consumption of organic foods, decrease their use 
of PCPs, and reduce exposure to second-hand smoke and 
touching materials such as flooring; these recommenda-
tions were provided at three time points during pregnancy 
[56]. Urinary concentrations of all phthalates metabolites 
decreased from the 1st trimester baseline visit to the 9th 
month of pregnancy with the exception of MBzP.

A similar but web-based behavioral education interven-
tion on dietary habits, PCPs, and health to reduce expo-
sure to phthalates, BPA, triclosan, and parabens was car-
ried out in South Korea among women (mean age: control 
35.1 years; intervention: 35.8 years) over a period of a month 
[47]. Participants in the control group were sent written 
information by mail on how to identify EDC of interest, 
their health effects, and methods for reducing exposure. Par-
ticipants in the intervention group were provided with access 
to a web-based program which also provided information on 
the health effects of the EDC of interest and ways of reduc-
ing exposure through diet, food and drink packaging, and 
PCPs. They additionally had access to a game to identify 
items within the home which contained the EDC of inter-
est and a search for local facilities which would facilitate 
exercise in order to help release the EDC of interest. Com-
pared to the control group, women receiving the intervention 
showed statistically significant decreases in concentrations 
of MEHP, MEOHP, BPA, methylparaben, ethylparaben, 
and propylparaben while no statistically significant changes 
in MEHHP or triclosan were observed. Finally, a study 
among 230 pregnant French women with a control (women 
only received information leaflets) and intervention group 
(women received information leaflets and workshops on 
indoor air quality, diet, and PCPs) did not show a decrease 
in urinary concentrations of BPA or parabens [68].

Discussion

We found evidence that a variety of interventions are able 
to alter exposure to phenols, phthalates, and parabens 
commonly found in PCPs and dietary intake and packag-
ing. All interventions that aimed to increase body burdens 
(e.g., by providing PCPs containing triclosan, polycarbon-
ate bottles, or meals composed of canned food likely to 
release BPA) found subsequent increases in urinary con-
centrations of the targeted chemicals. Conversely, studies 
which removed or replaced these sources of exposure gen-
erally observed a decrease in biomarker concentrations. 
The magnitude of decrease suggests that PCPs, dietary 
intake, and packaging can substantially impact our daily 
exposure [44, 59, 60, 65, 69]. These interventions show 
that it is feasible for individuals to reduce their exposure 
in a short timeframe and in practicable ways, including 
scrutinizing labels of PCPs and cosmetics and choosing 
products that do not contain chemicals of interest [59, 60, 
69], or replacing plastic food and beverage storage con-
tainers with those made of glass or stainless steel [53, 
64]. Overall, interventions that only focused on provid-
ing advice and knowledge to the participants were largely 
successful in enacting change [47, 51, 56, 67]. This sug-
gests that actionable steps can be implemented, such as 
actively identifying and replacing products used on a daily 
basis and would have a chance at decreasing exposures but 
would require participants taking initiative to alter their 
exposures.

We were not able to find any studies on glycol ethers 
even though they are commonly present in cosmetics, 
especially 2-phenoxyethanol as a preservative in PCPs 
[70]. Biomonitoring surveys [71–73] reported, for exam-
ple, that phenoxyacetic acid (PhAA), the metabolite of 
2-phenoxyethanol, was present in more than 90% of the 
participants and was correlated with self-reported use of 
cosmetics [73, 74]; therefore, further intervention studies 
should consider these chemicals. Given their suspected 
effects on human health [23, 72, 75–77], decreasing their 
exposure would likely benefit public health.

Of the 26 identified interventions, BPA and phthalate 
metabolites were the most targeted chemicals which may 
be due to the prominent media focus they have garnered. 
Dietary intake and packaging interventions were more 
likely to target BPA and be successful either by itself 
[49, 51–53, 64, 65, 67] or combined with interventions 
on PCPs and cosmetics [44–46]. Similarly, decreases in 
phthalates were observed in interventions which involved 
either introducing or limiting utensils or packaging con-
taining the chemical of interest [49, 52, 53, 64, 65]. Other 
compounds such as bisphenols other than BPA, UV fil-
ters, and parabens were less well-studied by comparison. 
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Interventions which removed and replaced specific 
sources of exposures such as PCPs were largely success-
ful in decreasing exposures to phthalates [60], parabens 
[60, 69], triclosan [60], and benzophenone-3 [60] while 
studies introducing exposures were capable of increasing 
concentrations of triclosan [57, 58, 63], UV filters [61], 
phthalates, and parabens [62]. Dietary interventions which 
removed or replaced food and packaging exposures were 
also largely successful in decreasing exposures to BPA 
[65] and phthalates [50, 65] while studies examining the 
impact of introducing exposures such as through canned 
foods or polycarbonate bottles were able to increase bio-
marker concentrations of BPA [49, 52, 53, 64] and ben-
zophenone-3 [64]. Studies targeting removal and replace-
ment of both PCPs and diet and food packaging were 
capable of reducing biomarker concentrations of several 
bisphenols [44, 45] and phthalates [46]. Studies focused 
on education-only interventions were capable of reducing 
biomarker concentrations of BPA and its alternatives [47, 
51, 67], phthalates [47, 56], and parabens [47].

There were some unexpected results with some PCPs 
studies finding no changes or even increased concentrations 
in certain metabolites over the intervention period [47, 60, 
69]. The only PCPs study assessing BPA found no change 
in urinary concentrations [69], suggesting that PCPs use is 
not a major source of exposure for this chemical. In another 
PCPs study focusing on phthalates, parabens, triclosan, and 
benzophenone-3 [60], the majority of urinary concentrations 
decreased in the intervention with the exception of butyl- and 
ethylparabens; however, these results should be interpreted 
cautiously since these two compounds were not detected in 
almost half of the urine samples. In the educational interven-
tion study by Kim et al. (2021) [47], the authors observed no 
changes in triclosan concentrations. This may be a result of 
the included recommendations on PCPs focusing on avoid-
ing strongly scented PCPs, which are relevant for phtha-
lates but not for triclosan, a biocide found in toothpaste and 
mouthwash, and which were not being targeted as part of 
their recommendations. Several interventions targeting die-
tary intake did not have the intended impact [48, 50, 54, 66]. 
In some, such as Sathyanarayana et al. (2013) [66], unex-
pected results were a result of known contamination, while 
others [50, 54] could only speculate about contamination 
as authors were unable to test the replacement products or 
did not request participants refrain from certain behaviors, 
such as using plastic cutlery. Other potential contributors 
to unexpected findings include contamination from replace-
ment products or unintentional exposure from other products 
that were not replaced during the intervention such as medi-
cations, food, and scented products like cleaning products, 
fabric softeners, and air fresheners [78–81].

These studies highlighted the difficulties of identifying 
“safer” replacement products. As suggested by Harley et al. 

(2016) [60], unintentional contamination from the replace-
ment products may have occurred since they were selected 
based on the ingredient list. Only one study determined the 
concentration of their target analyte in their products [59] 
while the others relied on ingredient lists. Similarly, Gal-
loway et al. (2017) [48] co-designed a set of guidelines with 
their participants on how to reduce their BPA intake but, 
even with high compliance, urinary levels did not decrease 
over the intervention. The participants reported that the 
widespread use of BPA in foodstuff and inadequate label-
ling of food and food packaging made it difficult to identify 
BPA-free food and follow the guidelines for a prolonged 
period of time.

Other unexpected outcomes may be related to low base-
line concentrations [45], suggesting that interventions may 
be most effective among those with higher average levels. 
Hagobian et al. (2021) [45] observed only decreases in BPS 
from their dietary intervention and no change in BPA or BPF 
concentrations. As 50% and 47% of participants at baseline 
had non-detectable BPA and BPF (compared to 0.04% for 
BPS), it was difficult to conclude if the intervention was not 
effective for these compounds or if the study did not have 
enough power to detect a change.

We found that compliance, motivation, and ease of adopt-
ing changes were important factors for success of these inter-
ventions. Chen et al. (2015) [46] found it to be a key factor, 
as decreases in phthalates metabolites were only observed 
among girls who were compliant. Similarly, interviews with 
participants after an intervention where all food was pre-
pared and packaged for the participants but which resulted in 
no decrease in metabolites found that half of the participants 
were dissatisfied with the provided foods and were not fully 
compliant [54]. Other barriers noted included the cost and 
difficulty of purchasing and preparing fresh food as well as 
the inconvenience of using glass, rather than plastic, storage 
containers. These examples illustrate not only the impor-
tance of understanding acceptability and ease of intervention 
elements but also that even with a motivated population, it 
can be difficult to reduce exposures.

The ubiquity of these chemicals and the lack of consistent 
and clear labelling means that individual behavior change 
may not have a consistent impact. Chemicals can transfer 
from food packaging materials and this is influenced by 
numerous factors such as packaging size, thickness of the 
contact layer, storage, and temperature [26]. While interven-
tions to reduce and substitute these types and sources can 
reduce exposures to chemicals, it may not completely elimi-
nate dietary exposure since food contamination can occur in 
the pre-market preparation and packaging of foods, such as 
from the migration of phthalates into milk due to the use of 
tubing in the dairy milking process, and contamination of 
water and food sources [25, 82]. Labelling and contamina-
tion are also concerns for individuals attempting to replace 
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PCPs and cosmetics. Even among compliant participants, 
Harley et al. (2016) [60] found that, while measured lev-
els of the EDC of interest among participants decreased on 
average during the PCPs intervention, some participants 
also saw increases in their exposure to butylparaben, eth-
ylparaben, and MBP, MiBP, which indicate how difficult 
it can be to reduce exposures even when willingly. While 
the identification of replacement PCPs — based on ingre-
dient list information and consumer databases available to 
consumers — reflects real-world conditions and sources of 
information, complete elimination is difficult, since such 
sources of information only consider ingredients with no 
consideration for the packaging. These examples illustrate 
not only that it takes personal initiative to search for infor-
mation and resources but also that personal behavior change 
may not have the desired outcome if labelling is inadequate 
or contamination exists. Policy which targets exposures at 
the source have the potential to have a universal and cumula-
tive impact rather than relying on personal initiative.

We identified several gaps in the literature. Despite small 
sample sizes and relatively short intervention periods, most 
studies were able to show changes in biomarker concentra-
tions. Studies varied by the number and type of samples 
collected, with most studies collecting urines, the reference 
matrix for short half-life chemicals like phenols and phtha-
lates, two collecting blood samples [57, 61], and one collect-
ing colostrum [68],with variation in their number, frequency, 
and time of collection within day (which was not always 
specified). Most studies relied on single spot urine which, 
given the high within-day variability previously reported 
for these compounds might be an issue, especially if timing 
of urine collection systematically differed between pre- and 
post-intervention. Few studies, mainly cross-over studies, 
collected multiple spot urines spaced over a period of time in 
order to assess change [49, 52], while others pooled multiple 
spot urines (from 2 to 5 samples per pool [63, 67]). Only 
three studies with limited sample size (N ranged from 8 to 
26) collected 24-h urine samples [59, 62, 69].

Five of the six interventions to reduce exposure from 
PCPs focused on women only [44–46, 59, 60] as they are 
more likely to use PCPs than men [8, 9]. Most studies did 
not describe the reasoning behind participant choice, though 
one study enrolled only men and postmenopausal women 
as the authors wanted participants to have stable hormone 
levels [61] while another enrolled girls who participated 
in a previous study because, in that study, the authors had 
identified higher concentrations of the EDC of interest and 
presumed that this knowledge would increase participant 
compliance to the intervention [46]. Participant age was var-
ied, from children to elderly. Since variations in metabolism 
are expected by ethnicity, sex, weight, and age, heterogeneity 
in participant characteristics may explain some differences 
across studies but our findings still suggest that interventions 

to reduce exposures can be successful across different popu-
lation groups. Four studies included pregnant women [54, 
56, 58, 68], an important period for the developing fetus. 
We did not identify interventions which targeted the infant 
population, who, along with young children are likely to be 
highly vulnerable to the effects of these exposures and for 
which higher urinary concentrations have sometimes been 
reported compared to adults [29, 30]. No studies specifically 
targeted the pre-conception period, a sensitive window of 
exposure, although several studies were conducted in women 
of reproductive age.

Given the short half-life of the chemicals under study, 
with < 6 h for BPA [83] and < 24 h for phthalates [84], even 
the shortest interventions (e.g., lasting 2 days) were suc-
cessful which is encouraging for those motivated to change 
their behaviors. While compliance during interventions has 
been identified as a challenge, long-term adherence when 
education-based interventions are implemented is less well-
known. Few studies followed-up participants beyond the 
immediate post-intervention period [51, 56, 66, 68]. One 
study which provided an education-only intervention fol-
lowed participants after the intervention for the duration of 
three menstrual cycles and found decreases in BPA levels 
but only until the 2nd cycle in the low adherence group 
[51]. The lack of long follow-up prevented the evaluation 
of changes in chemical urinary concentrations on health 
outcomes, as studies would only have been able to consider 
biomarkers with levels that changes quickly [57, 58, 63].

While BPA substitutes such as BPS and BPF are likely to 
be prevalent in products labelled BPA-free, we found only 
two studies examining them even though studies have sug-
gested similar health concerns as for BPA [85, 86]. Simi-
larly, we did not find any studies on glycol ethers, although 
decreasing exposures to these compounds could have ben-
eficial effects on health [23, 72, 75–77].

Ten studies were conducted in non-Western countries 
[46, 47, 49–51, 53, 55, 56, 59, 67] while other studies were 
mostly in the US with only 1 carried out in the UK, 1 in 
Sweden, 2 in Denmark, 1 in Belgium, and 1 in France. Con-
sumption habits and regulation vary across countries, which 
may limit generalizability to other countries. For example, 
interventions advocating for a decrease in consumption of 
canned foods would have limited effect in countries where 
BPA is banned from cans (e.g., France) or among popula-
tions where canned food intake is low. However, we believe 
that this does not prevent overall generalizability of the 
intervention results because, from the range of participant 
types across all studies, interventions which provided expo-
sure to participants found expected increases, suggesting that 
the reverse would be true and that the unexpected interven-
tion results were a result of the aforementioned explana-
tions. Additionally, cross-over studies where the partici-
pants served as their own controls avoids many sources of 
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variation that can confound results from non-controlled 
studies. While decreases observed in urinary concentration 
are not easily comparable between studies (mainly because 
of differences in study designs, exposure sources targeted, 
baseline levels, and population), given the observed impact 
of interventions addressing only a singular source, it is likely 
that, effects of interventions targeting more than one source 
of exposure can be additive.

There are several suggestions for future intervention stud-
ies targeting an EDC of interest: (1) increasing diversity 
of countries and cultures to better understand whether the 
implemented intervention elicits similar results from places 
with potentially different regulations and habits; (2) target-
ing recruitment from the infant and pre-conception periods 
which have not been examined so far; (3) ensuring that 
there are control groups or control periods to contrast with 
the intervention group or intervention period; (4) report in 
greater detail the biomarker sampling strategy, including the 
timing and frequency of collection and, if possible, collect 
repeated samples; (5) test replacement products for the EDC 
of interest rather than rely on ingredient lists; (6) maximize 
participant motivation and compliance and collect data to 
understand how these may impact the results.

Conclusion

In this scoping review, we identified several interventions 
which were successful in changing individual exposure to 
the EDC of interest. Studies removing or replacing per-
sonal care products were particularly successful in decreas-
ing exposure to phthalates, parabens, and triclosan while 
those targeting dietary intake and packaging were success-
ful in decreasing exposure to BPA and phthalates. Given 
the short half-life of these chemicals, interventions of only 
a few days were able to decrease urinary concentrations. 
We believe that these results can help provide information 
for the general public and health practitioners on how indi-
viduals can take action to reduce their exposure. However, 
and as highlighted by interventions which only provided 
education about the chemicals, finding relevant consumer 
information on the presence of the targeted chemicals is 
not easy. This, in addition to the ubiquitous nature of these 
chemicals, means that altering one aspect of behavior may 
not result in a tangible change in body burden. Therefore, 
policy which targets the use of these chemicals across mul-
tiple sectors — in all aspects of processing, manufacturing, 
and packaging — would have the widest impact with the 
lowest burden.
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