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SUMMARY: The Florence Statement on Triclosan and Triclocarban documents a consensus of more than 200 scientists and medical professionals on
the hazards of and lack of demonstrated benefit from common uses of triclosan and triclocarban. These chemicals may be used in thousands of perso-
nal care and consumer products as well as in building materials. Based on extensive peer-reviewed research, this statement concludes that triclosan
and triclocarban are environmentally persistent endocrine disruptors that bioaccumulate in and are toxic to aquatic and other organisms. Evidence of
other hazards to humans and ecosystems from triclosan and triclocarban is presented along with recommendations intended to prevent future harm
from triclosan, triclocarban, and antimicrobial substances with similar properties and effects. Because antimicrobials can have unintended adverse
health and environmental impacts, they should only be used when they provide an evidence-based health benefit. Greater transparency is needed in
product formulations, and before an antimicrobial is incorporated into a product, the long-term health and ecological impacts should be evaluated.
https://doi.org/10.1289/EHP1788

Introduction
In September 2016, the U.S. Food and Drug Administration
(FDA) banned nineteen antimicrobial ingredients, including tri-
closan and triclocarban, in over-the-counter consumer antiseptic
wash products based on insufficient evidence demonstrating their
safety for long-term daily use and that they reduce the spread of
illness and infection. Many of those 19 chemicals have been in
widespread use for decades, and many are still allowed in a num-
ber of other over-the-counter personal care products as well as in
consumer and building products. The FDA first indicated in a
1974 Tentative Final Monograph that there was insufficient evi-
dence to show that triclosan was effective and safe for long-term
use (Halden 2014). The FDA’s decades-long path to issuing a
final rule, and the narrow scope of the September 2016 Final
Rule (FDA 2016), indicate that existing regulatory practices are
not sufficient to protect human and ecosystem health from
adverse impacts of antimicrobial chemicals. Scientists from both
academia and nonprofit organizations coauthored The Florence
Statement in 2016 to share current scientific research on two widely
used antimicrobial chemicals and to motivate broader consideration
of the long-term impacts of antimicrobial use (see Appendix I). The
Statement was introduced at DIOXIN 2016, the 36th International

Symposium on Halogenated Persistent Organic Pollutants in Flor-
ence, Italy, and has been signed by more than 200 international sci-
entists and medical professionals (see Appendix II).

The Florence Statement on Triclosan and
Triclocarban
As scientists, medical doctors, and public health professionals,
we are concerned about the continued widespread use of the
chlorinated antimicrobials triclosan and triclocarban for the fol-
lowing reasons:

1. Triclosan and triclocarban are used as antimicrobials, a
class of chemicals present in >2,000 products includ-
ing soaps, toothpastes, detergents, clothing, toys, carpets,
plastics, and paints. In personal care products like hand
soap, there is no evidence that use of triclosan or triclo-
carban improves consumer or patient health or prevents
disease.

2. Triclosan and triclocarban used in consumer products end
up in the environment and have been detected in a wide
variety of matrices worldwide.

3. Triclosan and triclocarban persist in the environment and
are a source of toxic and carcinogenic compounds includ-
ing dioxins, chloroform, and chlorinated anilines.

4. Triclosan, triclocarban, and their transformation products
and byproducts bioaccumulate in aquatic plants and ani-
mals, and triclosan partitions into human blood and breast
milk.

5. Triclosan and triclocarban have detrimental effects on
aquatic organisms.

6. Humans are exposed to triclosan and triclocarban through
direct contact with personal care products and from other
sources including food, drinking water, and dust. Triclosan
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has been detected in the urine of a majority of humans
tested.

7. Triclosan and triclocarban are endocrine disruptors and
are associated with reproductive and developmental
impacts in animal and in vitro studies. Potential implica-
tions for human reproduction and development are of
concern and merit further study.

8. Human epidemiology and animal studies suggest triclo-
san exposure can increase sensitivity to allergens.

9. Overuse of triclosan may contribute to antibiotic/antimi-
crobial resistance and may modify the microbiome.

10. A number of authorities, including the FDA, have re-
stricted the use of triclosan and triclocarban in certain
types of soaps. These and other antimicrobial chemicals
are generally not restricted from use in other products.

We therefore call on the international community to limit the
production and use of triclosan and triclocarban and to question
the use of other antimicrobials. We urge scientists, govern-
ments, chemical and product manufacturers, purchasing organi-
zations, retailers, and consumers to take the actions recommended
below.

Recommendations
1. Avoid the use of triclosan, triclocarban, and other antimi-

crobial chemicals except where they provide an evidence-
based health benefit (e.g., physician-prescribed toothpaste
for treating gum disease) and there is adequate evidence
demonstrating they are safe.

2. Where antimicrobials are necessary, use safer alternatives that
are not persistent and pose no risk to humans or ecosystems.

3. Label all products containing triclosan, triclocarban, and
other antimicrobials, even in cases where no health claims
are made.

4. Evaluate the safety of antimicrobials and their transforma-
tion products throughout the entire product life cycle,
including manufacture, long-term use, disposal, and envi-
ronmental release.

Appendix I: Supporting Information
1. Triclosan and triclocarban are used as antimicrobials,

a class of chemicals present in >2,000 products includ-
ing soaps, toothpastes, detergents, clothing, toys, car-
pets, plastics, and paints (Halden 2014; Smith 2013). In
personal care products like hand soap, there is no evi-
dence that use of triclosan and triclocarban improves
consumer or patient health or prevents disease [Cen-
ters for Disease Control and Prevention (CDC) 2003;
FDA 2016).

Triclosan and triclocarban are not well regulated and may be
found in >2,000 consumer and building products (Halden 2014).
In 1998, the worldwide annual production of triclosan was
approximately 1,500 tons, with a majority produced in Europe
(350 tons) and the United States (450 tons) (Dhillon et al. 2015).
In 2006, an estimated 450 tons of triclosan was used within the
European Union (EU) [Scientific Committee on Consumer
Safety (SCCS) 2010]. In 2007, an estimated 85% of the total vol-
ume of triclosan in the EU was used in personal care and cos-
metic products (SCCS 2010). Triclocarban has been primarily
used in bar soaps at concentrations ranging from approximately
0.5% to 2% by weight (Halden 2014; Ye et al. 2016).

Epidemiological studies indicate that the use of triclosan and
triclocarban by the general population has no significant health
benefits for reducing common respiratory and gastrointestinal
infections (Aiello et al. 2007, 2008). A 2003 report by the U.S.

Centers for Disease Control and Prevention Healthcare Infection
Control Practices Advisory Committee concluded, “No evidence is
available to suggest that use of [antimicrobial-impregnated articles
and consumer items bearing antimicrobial labeling] will make con-
sumers and patients healthier or prevent disease” (CDC 2003).

According to the FDA, which is responsible for regulation of
foods, drugs, cosmetics, medical devices, and similar products,
there is no evidence that antibacterial soaps are more effective
than nonantibacterial soap and water (FDA 2016). This is likely
because the contact time during typical hand washing (an aver-
age of 6 s) is too short to delivermeasurable benefits (Borchgrevink
et al. 2013) and because the antibacterial ingredient is highly
diluted during thewashing process.

2. Triclosan and triclocarban used in consumer products
end up in the environment (Heidler and Halden 2009)
and have been detected in a wide variety of matrices
worldwide (Halden and Paull 2005; Singer et al. 2002).

Triclosan and triclocarban are commonly used in products
intended for washing [e.g., an estimated 96% of triclosan is used
in products that are intentionally disposed of down the drain,
such as soaps and detergents (Reiss et al. 2002)]. These substan-
ces are also used in products that may be frequently washed
(e.g., textiles, food contact materials, plastic surfaces). A large
amount of triclosan and triclocarban is therefore discharged
directly to conventional wastewater treatment plants (Bester
2005; Halden and Paull 2005). During wastewater treatment,
these chemicals partition preferentially into sewage sludge (Bes-
ter 2003, 2005; Heidler et al. 2006).

An analysis of U.S. sewage sludge found triclosan and triclo-
carban at high levels, on average in the tens of milligrams per
kilogram dry weight [Halden 2014; U.S. Environmental Protec-
tion Agency (EPA) 2009]. In the United States, ∼ 15% of sew-
age sludge is incinerated, 30% is deposited in landfills, and 55%
is deposited on land where the antimicrobial compounds and
their transformation products may enter adjacent surface waters
(Beecher et al. 2007; Buth et al. 2011). Through land applica-
tion of biosolids, antimicrobials can also end up in livestock
feed and in crops destined for human consumption (Aryal and
Reinhold 2011; Prosser et al. 2014).

Persisting fractions of triclosan and triclocarban that do not
partition into the sludge are discharged to surface waters via
effluent, where they can reach levels of thousands of nanograms
per liter (Bester 2005; Buth et al. 2011; Coogan et al. 2007;
McAvoy et al. 2002; Singer et al. 2002).

Triclosan and triclocarban have been detected in the environ-
ment throughout the world. Triclosan has been detected in both
raw and finished drinking water (Loraine and Pettigrove 2006),
in ocean water (Xie et al. 2008), and in fresh water (Kolpin et al.
2002). A nationwide survey detected triclosan in ∼ 60% of U.S.
streams (Kolpin et al. 2002). Triclocarban is expected to be simi-
larly prevalent (Halden and Paull 2005). In surface waters, even
when discharged at nanograms per liter concentrations, triclosan
and triclocarban can concentrate and accumulate in sediments
(Anger et al. 2013; Buth et al. 2010; Cantwell et al. 2010; Hig-
gins et al. 2009; Kerrigan et al. 2015; Miller et al. 2008; Venka-
tesan et al. 2012).

3. Triclosan and triclocarban persist in the environment
(Miller et al. 2008) and are a source of toxic and carci-
nogenic compounds including dioxins, chloroform, and
chlorinated anilines (Buth et al. 2010; Ding et al. 2013;
Fiss et al. 2007).

Triclosan and triclocarban are persistent in the environment.
Both compounds are predicted to have half-lives on the order of
60d in water, 120d in soil, and 540d in sediment (Halden and
Paull 2005).

Environmental Health Perspectives 064501-2



Sediment cores indicate long-term preservation of triclosan
and triclocarban dating to approximately 1964 (when triclosan
was patented) (Anger et al. 2013; Bedoux et al. 2012; Cantwell
et al. 2010; Kerrigan et al. 2015; Miller et al. 2008; Singer et al.
2002). In biosolids-amended soils, triclocarban and triclosan can
persist for extended periods of time while exhibiting very slow
or no measurable degradation (Langdon et al. 2012; Walters
et al. 2010). Triclosan may also be transformed to methyl triclo-
san or to other products (Davis et al. 2015; Langdon et al. 2012;
Walters et al. 2010). Methyl triclosan may be more persistent
than triclosan (Balmer et al. 2004; Coogan et al. 2007), and it
has been consistently detected in surface waters and sediments
(Bester 2005; Sacks and Lohmann 2011).

Triclosan is a “pre-dioxin” and is associated with formation
of polychlorinated dioxins and furans (PCDDs/Fs) throughout its
life cycle. Triclosan contains detectable contaminant levels of
polychlorinated dioxins and furans, including toxic and carcino-
genic 2,3,7,8-substituted PCDD/Fs, which are formed in amounts
that vary with the quality of production technology [Menoutis and
Parisi 2002; United Nations Environment Programme (UNEP)
2013; Zheng et al. 2008; International Agency for Research on Can-
cer (IARC) 2012]. The high persistence, bioaccumulation, and tox-
icity of these dioxins and furans in the environment is well-
established (Sinkkonen and Paasivirta 2000; Van den Berg et al.
2006). Furthermore, triclosan undergoes conversion to 2,8-dibenzo-
dichloro-p-dioxin (2,8-DCDD) in water when exposed to natural
sunlight (Aranami and Readman 2007; Latch et al. 2003) and dur-
ing heating and combustion (Kanetoshi et al. 1987, 1988). In a
recent study using an artificial skin model, topically applied triclo-
san transformed into 2,8-DCDD under ultraviolet irradiation
(Alvarez-Rivera et al. 2016). Chlorinated triclosan derivatives
(formed during chlorine disinfection of wastewater and drinking
water) transform into tri- and tetra-chlorinated dibenzo-p-dioxins in
sunlight-exposed surface waters (Buth et al. 2009, 2010) and upon
heating and combustion (Kanetoshi et al. 1987; Kanetoshi et al.
1988). Calculations suggest that incineration of sewage sludge con-
taining triclosan and chlorinated triclosan derivatives contributes
significantly to total dioxin emissions in the United States (Doudrick
et al. 2010).

In water disinfection processes, triclosan can react with free
chlorine to produce chloroform (Rule et al. 2005), a probable
human carcinogen (U.S. EPA 2001) that is also recognized by
the State of California as a developmental toxicant [State of Cali-
fornia Environmental Protection Agency (CalEPA) 2017]. In a
study testing household dishwashing soaps, lotions, and body
washes in chlorinated water under simulated normal household
use conditions, all of the products containing triclosan produced
either chloroform or other chlorinated byproducts (Fiss et al.
2007). The results suggest that under some conditions, the use
of triclosan in such products could potentially increase chloro-
form exposure to nearly double the background levels in tap
water.

Triclocarban degrades via aerobic biodegradation and photol-
ysis into 4-chloroaniline and 3,4-dichloroaniline (Ding et al.
2013; Miller et al. 2010). 4-Chloroaniline is recognized by the
State of California as known to cause cancer (CalEPA 2017).

4. Triclosan, triclocarban, and their transformation prod-
ucts and byproducts bioaccumulate in aquatic plants
(Coogan et al. 2007) and animals (Coogan and La Point
2008; Fair et al. 2009), and triclosan partitions into
human blood and breast milk (Allmyr et al. 2006).

Triclosan and triclocarban are highly hydrophobic and bioac-
cumulate in organisms living in aquatic systems exposed to efflu-
ent from wastewater treatment plants. Triclosan has been detected
in wild bottlenose dolphins at levels similar to those in humans

(Fair et al. 2009), and it has also been detected at high levels in
fish (Adolfsson-Erici et al. 2002; Valters et al. 2005). These levels
are potentially high enough to cause harm (Meador et al. 2016).
Triclosan was recently detected in the eggs of skimmers, seabirds
that serve as sensitive indicators of coastal health and of contami-
nant threats to fish-eating birds and animals (Millow et al. 2015).
Methyl triclosan, an even more lipophilic and stable bacterial
transformation product of triclosan, has been detected in fish at
levels considerably higher than in the surrounding water (Balmer
et al. 2004; Leiker et al. 2009). The bioaccumulation and slow
conversion of methyl triclosan in lower-level consumers such as
catfish could transfer environmental triclosan to higher-level con-
sumers in the food chain, including humans (James et al. 2012).
Triclocarban bioaccumulates in freshwater worms (Higgins et al.
2009) and fish (Schebb et al. 2011a). Triclosan, methyl triclosan,
and triclocarban all bioaccumulate rapidly in algae and snails
exposed to wastewater treatment effluent with calculated bioaccu-
mulation factors in the thousands (Coogan et al. 2007; Coogan
and La Point 2008).

In biosolids-amended soil ecosystems, triclosan, methyl tri-
closan, and triclocarban bioaccumulate in earthworms (Higgins
et al. 2011; Kinney et al. 2008; Macherius et al. 2014), the basis
of many terrestrial food webs. Phytoaccumulation of triclosan
and triclocarban has been observed in certain vegetable crops
grown in biosolids-amended soils. Calculations suggest that
potential human exposure from contaminated vegetable con-
sumption is less than exposure from personal care product use
but greater than exposure from consumption of drinking water
(Aryal and Reinhold 2011; Mathews et al. 2014).

Upon human exposure and uptake, triclosan and triclocarban
are metabolized and excreted by the body within 36–72h
(Sandborgh-Englund et al. 2006; Schebb et al. 2011b, 2012).
One study calculated a terminal plasma half-life of 21h for triclo-
san (Sandborgh-Englund et al. 2006). Blood-borne triclosan and
triclocarban can cross the placenta, and triclosan and its metabo-
lites have been detected in umbilical cord blood at birth (Allmyr
et al. 2006; Pycke et al. 2014; Shekhar et al. 2017), raising con-
cerns about prenatal exposure to the developing fetus. Triclosan,
triclocarban, and their metabolites have also been detected in
human milk samples (Adolfsson-Erici et al. 2002; Allmyr et al.
2006; Dayan 2007; Toms et al. 2011). For example, in one pop-
ulation sample (n=151), triclosan levels were detected in
>93% of milk samples over a wide range of concentrations
(Toms et al. 2011). The ability of triclosan to partition into
human milk raises concerns about impacts from exposure on
nursing infants.

5. Triclosan and triclocarban have detrimental effects on
aquatic organisms (Chalew and Halden 2009; Tamura
et al. 2013).

The continuous exposure of aquatic organisms to triclosan
and triclocarban, coupled with their bioaccumulation potential,
have led to detectable levels of triclosan and triclocarban
throughout aquatic food chains in species such as algae, crusta-
ceans, fish, and marine mammals (Adolfsson-Erici et al. 2002;
Chalew and Halden 2009; Fair et al. 2009; Meador et al. 2016).
Highly sensitive indicator organisms, such as algae and crusta-
ceans, experience potentially harmful exposures to triclosan and
triclocarban in surface waters receiving raw and treated sewage
(Chalew and Halden 2009). Benthic organisms such as worms,
crabs, and shellfish can be exposed to triclosan and triclocarban
via particulate matter and sediments (Miller et al. 2008).

In laboratory studies of algae, crustaceans, and fish, both tri-
closan and triclocarban have been shown to exhibit acute and
subchronic toxicity at concentrations found in the environment
(Tamura et al. 2013; Xu et al. 2015). Triclosan exposure inhibits
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algal growth (Orvos et al. 2002), which can alter aquatic ecosys-
tem dynamics. Triclosan is acutely toxic to aquatic macrobiota at
microgram per liter (lg=L) concentrations (Franz et al. 2008;
Ishibashi et al. 2004; Ricart et al. 2010; von der Ohe et al. 2012),
with acute toxicity values ranging from 1:4lg=L to 3,000 lg=L
(von der Ohe et al. 2012).

Triclosan affects reproduction and development in some fish
(Dann and Hontela 2011) and may interfere with the action of
thyroid hormones in amphibians at environmentally relevant
concentrations (Veldhoen et al. 2006). Triclosan and triclocarban
can also affect reproduction in snails at environmentally relevant
concentrations (Geiß et al. 2016; Giudice and Young 2010).

6. Humans are exposed to triclosan and triclocarban
through direct contact with personal care products
(Queckenberg et al. 2010; Schebb et al. 2011b) and
from other sources including food, drinking water,
and dust (Aryal and Reinhold 2011). Triclosan has
been detected in the urine of a majority of humans
tested (Calafat et al. 2008).

Human exposure to triclosan occurs primarily from the topi-
cal application and use of personal care products such as lotions,
soaps, toothpastes, and mouthwashes (Bhargava and Leonard
1996; Moss et al. 2000; Queckenberg et al. 2010). Minor routes
of exposure could include contaminated food and drinking water
(Aryal and Reinhold 2011; Holling et al. 2012; Li et al. 2010;
Loraine and Pettigrove 2006; Macherius et al. 2012; Wu et al.
2010, 2013) and indoor dust (Fan et al. 2010; Geens et al. 2009).

A large U.S. national survey found triclosan in the urine of
the majority of people tested (Calafat et al. 2008). Other studies
have measured triclosan in the urine of pregnant women (Meeker
et al. 2013; Mortensen et al. 2014; Pycke et al. 2014), children
(Wolff et al. 2007), and a large sampling of people in Denmark
(Frederiksen et al. 2014). Triclosan has been detected in breast
milk (Dayan 2007; Toms et al. 2011; Allmyr et al. 2006), serum
and plasma (Allmyr et al. 2006, 2008; Sandborgh-Englund et al.
2006), cord blood (Pycke et al. 2014), amniotic fluid (Philippat
et al. 2013; Shekhar et al. 2017), and fingernails and toenails
(Yin et al. 2016).

Dermal exposure from personal care products is believed to
be the main route of human exposure to triclocarban (Ye et al.
2011). A human study showed a small but significant amount of
triclocarban was absorbed during showering for 15 min with
triclocarban-containing antibacterial soap (Schebb et al. 2011b).
In addition, minor routes of triclocarban exposure may include
contaminated food (Aryal and Reinhold 2011; Macherius et al.
2012; Wu et al. 2010, 2013). In a recent study of 209 adults
living in China, triclocarban was detected in the urine and in
the nails of 99% and 100% of study participants, respectively
(Yin et al. 2016). Triclocarban was detected in 86% of urine
samples and in 23% of cord blood samples from 181 pregnant
U.S. women between 2007 and 2009 (Pycke et al. 2014). In a
2012 study of 158 U.S. adults with no known exposure to triclo-
carban, the compound was detected in 35% of urine samples
(Zhou et al. 2012). In a smaller 2011 study, triclocarban was
detected in 50% of serum samples and in 28% of urine samples
from U.S. adults (Ye et al. 2011).

Monitoring and explorative studies of other potential sources
of triclosan and triclocarban exposure are warranted (Ginsberg
and Balk 2016).

7. Triclosan and triclocarban are endocrine disruptors
and are associated with reproductive and developmen-
tal impacts in animal and in vitro studies (Chen et al.
2008; Johnson et al. 2016; Wang and Tian 2015).
Potential implications for human reproduction and de-
velopment are of concern and merit further study.

Triclosan and triclocarban have been shown to interfere with
estrogen and androgen systems in mammalian models (Chen
et al. 2008; Duleba et al. 2011; Kumar et al. 2009; Stoker et al.
2010) and in vitro (Ahn et al. 2008; Gee et al. 2008; Henry and
Fair 2013; Huang et al. 2014). In vitro screening assays suggest
that triclosan can interact with the estrogen receptor (ER) in cer-
tain cell types at relatively low (nanomolar) concentrations (Ahn
et al. 2008). In vitro studies have shown a weak estrogenic effect
of triclosan and triclocarban in the ER reporter gene assay
(Huang et al. 2014) and in MCF7-BOS breast cancer cells
(Henry and Fair 2013). Triclosan has also shown estrogenic and
androgenic activity in vitro in breast cancer cells at environmen-
tally relevant concentrations (Gee et al. 2008). However, in vivo
studies suggest that the estrogenic effects of triclosan may not be
a result of direct binding with the estrogen receptor. Triclosan
has been shown to enhance the estrogenic activity of synthetic
estrogenic compounds (Louis et al. 2013) and to increase estra-
diol (Pollock et al. 2016) and bisphenol A (Pollock et al. 2014)
uptake in certain tissues in adult mice. In male roaches, co-
exposure to triclosan and to other anti-androgenic chemicals
enhanced the feminizing effect of the estrogen 17a-ethinylestra-
diol on reproductive duct development (Lange et al. 2015).
These studies suggest that the estrogenic effect of triclosan in
vivo may be due to inhibition of estrogen metabolism. An in
vitro study with sheep placental tissue also showed that triclosan
is a potent inhibitor of estrogen sulfotransferase (James et al.
2010).

In rodent studies, triclosan exposure has been associated with
reduced testosterone, luteinizing hormone, follicle stimulating
hormone, and sperm production (Kumar et al. 2009), as well as
with implantation failure (Crawford and DeCatanzaro 2012) and
spontaneous abortion (Wang et al. 2015).The varying results of
in vivo studies to date may result from the use of different rodent
strains and experimental procedures (Wang and Tian 2015).

The possible effects of triclosan and triclocarban on human
endocrine and reproductive systems have not been sufficiently
studied. There is emerging evidence of associations between tri-
closan exposure and reduced semen quality (Zhu et al. 2016) and
reduced inhibin B and luteinizing hormones in men (Den Hond
et al. 2015) and with longer time-to-pregnancy in a large retro-
spective study of pregnant women (Velez et al. 2015).

Triclosan can disrupt the thyroid hormone system in animal
models (Fang et al. 2015; Paul et al. 2010; Stoker et al. 2010;
Zorrilla et al. 2009). A meta-analysis of rodent data found signif-
icant and dose-dependent reductions in serum thyroxine after
early postnatal administration of triclosan (Johnson et al. 2016).
Perinatal triclosan exposure can reduce blood levels of maternal,
fetal, and neonatal thyroxine levels in rodents (Axelstad et al.
2013; Paul et al. 2013). Potential effects of prenatal exposure on
thyroxine levels should be carefully considered because even small
reductions in thyroxine in pregnant women can have adverse effects
on the neurodevelopment of children (Ghassabian et al. 2014;
Henrichs et al. 2013; Miller et al. 2009; Wise et al. 2012; Woodruff
et al. 2008).

Few human studies have examined the potential impacts of
prenatal triclosan and triclocarban exposure on fetal growth and
development. However, there is suggestive evidence that prena-
tal triclosan exposure is associated with reduced fetal growth late
in pregnancy (Philippat et al. 2014) and with smaller head cir-
cumference at birth in boys (Lassen et al. 2016; Philippat et al.
2014) and that prenatal triclocarban exposure is associated with
decreased gestational age at birth (Geer et al. 2017).

8. Human epidemiology (Spanier et al. 2014) and animal
studies (Anderson et al. 2013) suggest triclosan expo-
sure can increase sensitivity to allergens.
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Large cross-sectional analyses of U.S. National Health and
NutritionExaminationSurvey (NHANES) participants have found
positive associations between urinary triclosan concentrations in
children and aeroallergen sensitization (Savage et al. 2012; Spanier
et al. 2014), atopic asthma (Spanier et al. 2014), diagnosis of aller-
gic rhinitis or other allergies in those �18 y old (Clayton et al.
2011), and food sensitization (Savage et al. 2012). Similarly, a
large cross-sectional analysis of Norwegian children found an
association between urinary triclosan concentrations and allergic
sensitization and rhinitis (Bertelsen et al. 2013). Among both child
and adult NHANES participants with asthma, urinary triclosan
concentrationwas associatedwith increased risk of asthma exacer-
bation in the previous year (Savage et al. 2014).

Animal studies support these findings and suggest that
although triclosan may not be an allergen itself, it may act as an
adjuvant and enhance allergic responses to a known allergen
(Anderson et al. 2013). In mouse models, dermal exposure to tri-
closan at concentrations similar to those used in consumer prod-
ucts enhanced the hypersensitivity response to the egg-white
allergen ovalbumin (Anderson et al. 2013), promoted sensitiza-
tion and anaphylaxis to peanut (Tobar et al. 2016), promoted sen-
sitization to the milk allergen alpha-lactalbumin (Tobar et al. 2016),
and induced stimulation of the immune system (Anderson et al.
2016). Demonstrating a potential mechanism for this immune altera-
tion, dermal triclosan exposure changed gene expression and cytokine
levels promoting a food sensitization phenotype in mice and in a
human skin model (Marshall et al. 2015).

9. Overuse of triclosan may contribute to antibiotic/anti-
microbial resistance (Giuliano and Rybak 2015) and
may modify the microbiome (Hu et al. 2016).

Concerns about triclosan-induced cross-resistance to antibiot-
ics used in human medicine were voiced as early as 2001,
although the extent to which triclosan and triclocarban contribute
to antibiotic resistance is not yet clear (Halden 2014; Hartmann
et al. 2016; Yazdankhah et al. 2006). One large randomized con-
trolled trial that examined bacterial flora isolated from hands
showed decreased susceptibility over time to triclosan in the
studied community (Aiello et al. 2004). There is evidence that
bacteria that develop resistance to triclosan can also exhibit low-
ered susceptibilities to other antimicrobial agents (Braoudaki and
Hilton 2004). Triclosan in stream sediments has been shown to
trigger increases in triclosan resistance and changes in benthic
bacterial community composition (Drury et al. 2013). The clini-
cal significance of these observations is unclear, but a legitimate
concern remains: antimicrobials may exacerbate the problem of
bacterial resistance to antibiotics (Carey and McNamara 2015;
Hartmann et al. 2016; Pycke et al. 2010).

Recently, several animal studies have suggested that expo-
sure to triclosan modifies the microbiome, including in the gut
and intranasally (Gaulke et al. 2016; Hu et al. 2016; Syed et al.
2014). However, longer-term human studies are needed to iden-
tify the impact of triclosan and other antimicrobial substances on
the human microbiome both on the skin and in the gut.

10. A number of authorities, including the U.S. Food and
Drug Administration, have restricted the use of triclo-
san and triclocarban in certain types of soaps [Euro-
pean Commission (EC) 2016; FDA 2016]. These and
other antimicrobial chemicals are generally not re-
stricted from use in other products.

Several jurisdictions have recognized the risks from triclosan
and triclocarban and have taken steps to reduce their use. Fol-
lowing an evaluation of triclosan by the Biocidal Products Com-
mittee of the European Chemicals Agency (ECHA), the
European Commission (EC) decided in 2016 that triclosan is not
approved for use in human hygiene biocidal products (ECHA

2015; EC 2016). Beginning in February 2017, triclosan will no
longer be available in such products in the EU. Triclosan has
also been banned from use in consumer sanitizing and cleansing
products by the state of Minnesota, effective January 2017 (State
of Minnesota 2016). In September 2016, the FDA issued a final
rule, effective in 2017, that over-the-counter consumer antiseptic
wash products containing the antibacterial active ingredients tri-
closan and triclocarban, or any of seventeen other antimicrobial
ingredients, can no longer be marketed because they “are not
generally recognized as safe and effective” (FDA 2016). In the
United States, the FDA regulates the use of antimicrobials in per-
sonal care products and medical devices, whereas the U.S. EPA
regulates the pesticidal uses of antimicrobials in other products
(Johnson et al. 2016).

Triclosan is being phased out of certain products by Procter
& Gamble, Johnson & Johnson, and other manufacturers. The use
of triclosan and triclocarban may continue in household, building,
and other products not covered under existing restrictions.

Despite regulatory restrictions on triclosan, triclocarban,
and certain other antimicrobials, the overall market for antimi-
crobial products has been predicted to grow (Halden 2014;
Smith 2013). It is not yet clear what impact the 2016 EC deci-
sion, the FDA Final Rule, and other authoritative actions may
have on market growth. Alternative antimicrobial substances
may be used in place of triclosan and triclocarban in personal
care, consumer, and building products. These replacement
substances may have little to no publicly available safety
information.

Appendix II: Signatories
Institutional affiliations are provided for identification purposes
only.
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Diana Aga, PhD, Professor, Chemistry, University at Buffalo,
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C. Athena Aktipis, PhD, Assistant Professor, Psychology,
Arizona State University, Tempe, AZ, USA

Pedro Alvarez, PhD, George R. Brown Professor, Civil and
Environmental Engineering, Rice University, Houston, TX,
USA

Gangadhar Andaluri, PhD, Adjunct Professor, Civil and
Environmental Engineering, Temple University, Philadelphia,
PA, USA

Dana Armstrong, MSc, PhD Student, Marine-Estuarine-
Environmental Sciences (MEES), University of Maryland, Col-
lege Park, MD, USA

Abel Arkenbout, PhD, CEO, Toxicowatch Foundation, Harlingen,
The Netherlands

Misha Askren, MD, Partner Emeritus, Southern California
Permanente Medical Group, Family Medicine, Sierra Club,
Environmental Defense Fund, Los Angeles, CA, USA

Jannicke Bakkejord, MSc, Chief Engineer, POPs Laboratory,
National Institute of Food and Seafood Research (NIFES), Bergen,
Norway
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Jose Luis Balcazar, PhD, Research Scientist, Water Quality
Area, Catalan Institute for Water Research (ICRA), Girona,
Spain

William Ball, PhD, Professor, Environmental Engineering,
Johns Hopkins University, Baltimore, MD, USA

Damià Barceló, PhD, Director, Water Quality, Catalan Insti-
tute for Water Research (ICRA), Girona, Spain

Morton Barlaz, PhD, Professor and Head, Civil, Construction,
and Environmental Engineering, North Carolina State University, Ra-
leigh, NC, USA

Miriam Barlow, PhD, Associate Professor, Molecular and
Cell Biology, UC Merced, Merced, CA, USA

Zohar Barnett-Itzhaki, PhD, Mimshak Fellow, Scientific
Advisor, Public Health Services, Israeli Ministry of Health, Her-
zlyia, Israel

Kirk Barrett, PhD, Assistant Professor, Civil and Environ-
mental Engineering, Manhattan College, South Orange, NJ, USA

William Battaglin, MSc, Research Hydrologist, Colorado
Water Science Center, U.S. Geological Survey, Lakewood, CO,
USA

Peter Behnisch, PhD, Director, BioDetection Systems, Am-
sterdam, The Netherlands

Antonio Benetti, PhD, Associate Professor, Hydraulic Res-
earch Institute, Universidade Federal do Rio Grande do Sul,
Porto Alegre - RS, Brazil

Kai Bester, PhD, Professor, Department of Environmental
Science - Environmental Chemistry and Toxicology, Aarhus
University, Roskilde, Denmark

Terry Bidleman, PhD, Senior Professor, Chemistry, Umeå
University, Umeå, Sweden

Julie Billings, MD, Piedmont, CA, USA
Shyam Biswal, PhD, Professor, Environmental Health Sci-

ences, Johns Hopkins University, Baltimore, MD, USA
Carles Borrego, PhD, Research Professor, Quality Area,

Catalan Institute for Water Research (ICRA), Girona, Spain
Charles B. Bott, PhD, PE, BCEE, Director of Water Tech-

nology and Research, Hampton Roads Sanitation District and
Adjunct Professor, Charles E. Via, Jr. Department of Civil
and Environmental Engineering, Virginia Polytechnic Institute
and State University, Blacksburg, VA, USA, and Department
of Civil and Environmental Engineering, Old Dominion Uni-
versity, Norfolk, VA, USA

Kirsten Bouman, Assistant, Lab Animal Biodiversity, Biol-
ogy, University of Leiden and StaffMember, Toxicowatch Foun-
dation, The Netherlands

Edward Bouwer, PhD, Professor, Environmental Health and
Engineering, Johns Hopkins University, Baltimore, MD, USA

Hindrik Bouwman, PhD, Professor, Zoology, North-West
University, Potchefstroom, South Africa

Gregory Boyce, PhD, Assistant Professor, Chemistry, Flor-
ida Gulf Coast University, Fort Myers, FL, USA

Lindsay Bramwell, MSc, Research Associate and Contami-
nated Land Officer, Institute of Health and Society, Newcastle
University, Newcastle, UK

Thomas Bruton, MSE, PhD Candidate, Civil and Environ-
mental Engineering, UC Berkeley, Berkeley, CA, USA

Hinsby Cadillo-Quiroz, PhD, Assistant Professor, School of
Life Sciences, Arizona State University, Tempe, AZ, USA

Michael Carbajales-Dale, PhD, Assistant Professor, Envi-
ronmental Engineering and Earth Sciences, Clemson University,
Clemson SC, USA

Sara Castiglioni, PhD, Researcher, Environmental Health
Sciences, Mario Negri Institute, Milan, Italy

Ezra Cates, PhD, Assistant Professor, Environmental Engineer-
ing and Earth Sciences, Clemson University, Anderson, SC, USA

Tzu-Chiao Chao, PhD, Research Professor, Head, Cellular
Impacts Facility, Institute of Environmental Change and Society,
University of Regina, Regina, SK, Canada

Steven Chillrud, PhD, Senior Doherty Research Scientist,
Geochemistry Division, Lamont-Doherty Earth Observatory of
Columbia University, Palisades, NY, USA

Erik Coats, PhD, Associate Professor, Civil Engineering,
University of Idaho, Moscow, ID, USA

Adrian Covaci, PhD, Professor, University of Antwerp, Wil-
rijk, Belgium

Craig Criddle, PhD, Professor, Civil and Environmental En-
gineering, Stanford University, Stanford, CA, USA

Alison Cupples, PhD, Associate Professor, Michigan State
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Viet Dang, PhD, Assistant Scientist, Physiological Sciences,
University of Florida, Gainesville, FL, USA

Michel Dedeo, PhD, Chemist, Healthy Building Network,
Oakland, CA, USA

Deborah de Moulpied, MEd, Faculty, Environment, Anti-
cancer Lifestyle Program, Concord, NH, USA

Hale Demirtepe, MSc, Researcher, Environmental Engineer-
ing, Middle East Technical University, Ankara, Turkey

Randhir Deo, PhD, Assistant Professor, College of Science,
Engineering and Technology, Grand Canyon University, Phoe-
nix, AR, USA

Dionysios Dionysiou, PhD, UNESCO Co-Chair Professor of
“Water Access and Sustainability” and Professor of Environ-
mental Engineering, Department of Biomedical, Chemical, and
Environmental Engineering (DBCEE), University of Cincinnati,
Cincinnati, OH, USA

Hansa Done, PhD, Research Analyst, Office of Knowledge
Enterprise Development Research Analytics, Arizona State Uni-
versity, Tempe, AZ, USA

Frank Dorman, PhD, Associate Professor, Biochemistry,
Penn State University, University Park, PA, USA

Kyle Doudrick, PhD, Assistant Professor, University of
Notre Dame, Notre Dame, IN, USA

Jörg Drewes, PhD, Chair Professor, Chair of Urban Water
Systems Engineering, Technical University of Munich, Garch-
ing, Germany

Metin Duran, PhD, Professor, Civil and Environmental En-
gineering, Villanova University, Villanova, PA, USA

Tracey Easthope, MPH, Health Care Without Harm, Ann
Arbor, MI, USA

James Englehardt, PhD, PE, Professor, Civil, Architectural,
and Environmental Engineering, University of Miami, Coral
Gables, FL, USA

Ulrika Eriksson, PhD, School of Science and Technology,
Man-Technology-Environment research centre (MTM), Örebro
University, Örebro, Sweden

Lee Ferguson, PhD, Associate Professor, Dept. of Civil and
Environmental Engineering, Duke University, Durham, NC,
USA

Martin Forter, PhD, Manager, Ärztinnen und Ärzte für
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zona State University, Tempe, AZ, USA

Jessica Furrer, PhD, Assistant Professor, Physics and Engi-
neering, Benedict College, Columbia, SC, USA
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Environmental Engineering, Bucknell University, Lewisburg,
PA, USA
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Milken Institute School of Public Health, The George Washing-
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Geo-Engineering, University of Minnesota, Minneapolis, MN,
USA
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