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OPINION
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on the "relevance of reassessing the health risks associated with the presence
of perchlorate in drinking water, in light of the work by the US EPA published
on 23 May 2019"

ANSES undertakes independent and pluralistic scientific expert assessments.

ANSES primarily ensures environmental, occupational and food safety as well as assessing the potential health
risks they may entail.

It also contributes to the protection of the health and welfare of animals, the protection of plant health and the
evaluation of the nutritional characteristics of food.

It provides the competent authorities with all necessary information concerning these risks as well as the requisite
expertise and scientific and technical support for drafting legislative and statutory provisions and implementing risk
management strategies (Article L.1313-1 of the French Public Health Code).

Its opinions are published on its website. This opinion is a translation of the original French version. In the event of
any discrepancy or ambiguity the French language text dated 16 March 2021 shall prevail.

On 25 June 2019, ANSES received a formal request from the Directorate General for Health
(DGS) to undertake the following expert appraisal: Relevance of reassessing the health risks
associated with the presence of perchlorate in drinking water (DW), in light of the work by the
United States Environmental Protection Agency (US EPA) published on 23 May 2019.

1. BACKGROUND AND PURPOSE OF THE REQUEST

Since 2011, ANSES has been asked on several occasions to examine the health risks
associated with perchlorate in DW following the identification of situations in which resources
used for DW production were contaminated. In 2011, the Agency had recommended a
guideline value (GV) for perchlorate in DW of 15 pg.L* for adult consumers, derived from the
toxicity reference value (TRV) of 0.7 pug.kg bw?.d* based on the inhibition of iodine uptake by
the thyroid gland, and advised avoiding water contaminated by perchlorate when preparing
feeding bottles for infants aged up to 6 months.

In 2012, in its opinion concerning epidemiological studies on associations between exposure
to perchlorate in DW and thyroid function in specific populations, the Agency had concluded
that "the results from the evaluated epidemiological studies do not enable conclusions to be
drawn concerning the possible association between thyroid-stimulating hormone (TSH) levels
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and perchlorate concentrations in drinking water in pregnant women and newborns [...]. The
absence of information concerning the iodine status of the studied populations makes it difficult
to interpret the published epidemiological data."

In its opinion of 8 April 2014 on the presence of perchlorate in infant formula and in DW, the
Agency had noted the same limitations relating to the available epidemiological studies and
insisted on the need to take account of the iodine status of the study population for assessing
the health impact of perchlorate in humans and for interpreting the published epidemiological
data.

In its most recent opinion of 26 December 2018, the Agency had concluded that recent
epidemiological studies, including the one by the French Institute for Public Health
Surveillance! (InVS) published in 2016, did not provide any additional conclusive evidence on
the biological or clinical effects of perchlorate compared to those taken into account in the
previous ANSES opinions (ANSES 2011, 2012, 2014). The data examined in this opinion did
not call into question the conclusions of the previous ANSES opinions concerning the hazard
characterisation and the TRV proposed by the Agency in 2011.

However, with regard to the assessment of exposure to perchlorate, new data made it possible
to estimate the average oral exposure of the adult population to perchlorate. This estimate was
based on perchlorate contamination of food (data collected by the Directorate General for
Competition Policy, Consumer Affairs and Fraud Control (DGCCRF) as part of its national
surveys) and contamination of DW for the period 2014-2017 (data produced by the Regional
Health Agencies (ARSs) and available in the SISE-Eaux database). On this basis, ANSES
estimated that exposure via DW consumption accounted for about 25% of ingestion exposure.
As this estimate was in line with the literature data and was close to the 20% default percentage
defined by the WHO in 2016, the Agency felt it necessary to lower the share of exposure via
water, previously set at 60%, used for calculating the GV of perchlorate in DW for adults. As a
result, the proposed GV was lowered to 5 pg.L™ for the adult population.

ANSES also emphasised that the existing data on food contamination were too incomplete to
characterise the distribution of the general population's exposure to perchlorate by the oral
route and to assess the health risk, and recommended that perchlorate be taken into account
in the third French Total Diet Study (TDS3).

In the absence of new data on the contamination of infant formula with perchlorate, the Agency
also reiterated the conclusions of its 2014 expert appraisal: "daily intakes of perchlorate,
calculated on the basis of perchlorate levels in infant formulas available on the French market,
do not exceed the TRV of 0.7 ug.kg bw?.d? for 95% of the population of children aged under
6 months consuming infant formula based on an average concentration of perchlorate of 1
ug.Lt in DW for reconstituting infant bottles" (ANSES, 2018).

Lastly, ANSES indicated in this same 2018 opinion, in Section 3.2.8 concerning the
conclusions on the choice of the TRV, that "the Working Group on "Assessment of the health
risks associated with chemical parameters in drinking water" and the Expert Committee (CES)
on "Water" considered that in any future assessment of the health risks associated with the
ingestion of perchlorate, following publication of the work under way by the US EPA, it will be

1 Became Santé Publique France (SPF) on 1 May 2016
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necessary to re-examine the method for determining the critical dose and establishing the TRV
for perchlorate."

Background of the current request

On 23 May 2019, the US EPA published proposed toxicity reference values for perchlorate
and values for its management in DW. Having adopted a different method (including
toxicokinetic-toxicodynamic modelling) and selected a critical effect that differed from the
biological effect considered by all the other organisations establishing TRVs (Table I), the US
EPA suggested, among the three proposed values, adopting a TRV of 2.2 pg.kg bw?.d?,
resulting in a maximum contaminant level of 56 ug.L™* perchlorate in DW.

With reference to Section 3.2.8 concerning the conclusions on the choice of the TRV in
ANSES's above-mentioned opinion of 26 December 2018 and in view of the management
difficulties encountered, the DGS formally asked ANSES to analyse the work of the US EPA
on the assessment of the health risks associated with the presence of perchlorate in DW, in
order to provide the ARSs with appropriate and proportionate guidance on the health risk
(Annex 3). Depending on the conclusions of this critical analysis of the US EPA's work, it may
then be necessary to reconsider ANSES's TRV of 2011, the conclusions of the health risk
assessment in ANSES's opinion of 2014, and the GV established in 2018.

In view of this, ANSES was also asked to re-examine the assessment of the health risks
associated with the ingestion of perchlorate, in light of the US EPA's work. The ultimate
objective of this current expert appraisal was therefore to determine whether ANSES's current
TRV should be maintained and to develop a new TRV if necessary. With regard to the scope
of the expert appraisal, ANSES points out that the economic impact analysis carried out by the
US EPA was outside the scope of the formal request and was therefore not assessed by
ANSES.

2. ORGANISATION OF THE EXPERT APPRAISAL

The expert appraisal was carried out in accordance with French Standard NF X 50-110 "Quality
in Expert Appraisals — General requirements of Competence for Expert Appraisals (May
2003)".

The expert appraisal falls within the sphere of competence of the CES on "Water" and the CES
on "Health Reference Values" (VSR), whose members are listed in Annex 1. ANSES entrusted
the expert appraisal to the ad hoc WG on "Perchlorate".

The work conducted for this opinion was presented to the CES on "Water" on 10 November
2020, 12 January and 2 February 2021 and to the CES VSR on 23 October 2020 and 8 January
2021. The work was validated by the CES VSR on 5 February 2021.

This work was also presented to the WG on "Assessment of the health risks associated with
chemical parameters in drinking water" on 27 November 2020 and to the WG on "Endocrine
Disruptors" on 18 January 2021. The work was therefore conducted by committees and groups
of experts with complementary skills.
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Mr Tim Korevaar, author of the publication used by the US EPA in its approach (Korevaar et
al. 2016), responded by email to questions from the WG on "Perchlorate".

ANSES analyses interests declared by experts before they are appointed and throughout their
work in order to prevent risks of conflicts of interest in relation to the points addressed in expert
appraisals.

The experts’ declarations of interests are published on the ANSES website
(https://dpi.sante.gouv.fr/).

The expert appraisal was based on the US EPA reports, previous ANSES opinions, and
scientific articles published since the last ANSES work. The first step in the work of the WG on
"Perchlorate" was to assess the Biologically Based Dose Response (BBDR) model developed
by the US EPA. In parallel, analyses were conducted of the studies selected by the US EPA,
the key study (Korevaar et al., 2016) adopted, and the critical effect adopted by the US EPA.
Lastly, ANSES points out that in view of the time available for responding to the formal request,
the WG on "Perchlorate" was unable to check operation of the scripts of the BBDR model and
therefore concentrated on the analysis of the results presented by the US EPA.

3. ANALYSIS AND CONCLUSIONS OF THE WG ON "PERCHLORATE" AND THE CES
VSR

3.1. Introduction
3.1.1. Physiology of thyroid function
3.1.1.1. Physiological basis

Thyroid hormones (THs) comprise two main hormones: thyroxine (T4), which is produced
entirely by the thyroid gland within the follicles, and triiodothyronine (T3), 20% of which is
produced by thyroid secretion and the rest by tissue deiodination of T4 (see below). Thyroid
follicles consist of an epithelium synthesising and secreting THs, the thyrocytes, and a central
cavity filled with a storage protein for the iodine precursors of THs, thyroglobulin, which forms
the colloid substance. The latter therefore contains significant reserves of iodine (Figure 1 in
Annex 4).

In the bloodstream, THs are mostly bound to specific high-affinity transporters (thyroxine-
binding globulin or TBG; transthyretin or TTR) or non-specific transporters such as albumin.
The free forms of T4 (free thyroxine or fT4) and T3 (free triiodothyronine or fT3) are active.

Production and secretion of THs is subject to hypothalamic-pituitary control. The hypothalamic
neurohormone TRH (thyrotropin-releasing hormone) stimulates the secretion of pituitary TSH,
which in turn stimulates the synthesis, secretion and cell dynamic activities of the thyroid gland.
In order to maintain the balance of the thyroid axis, THs exert negative feedback at the
hypothalamic-pituitary level (Figure 2 in Annex 4).

THs and their metabolites are the only endogenous molecules containing iodine, a trace
element that is essential for the production of TH and whose main source is food. lodine is
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transferred to the thyroid follicles in large quantities through an active transporter: the sodium-
iodide symporter (NIS) expressed on the basolateral membrane of thyrocytes (Figure 1 in
Annex 4).

TH metabolism ensures the recycling of iodine which, stored in the thyroid follicles, persists for
several months in the body.

There are two main pathways for TH metabolism:

- tissue deiodination, thanks to deiodinases type 1 (D1), 2 (D2) and 3 (D3). Peripheral
deiodinases allow the recycling of circulating iodine for its re-uptake by the thyroid
gland;

- hepatic metabolism in which THs undergo glucurono- and sulphoconjugation (Visser,
1996). The glucuronides in THs are rapidly excreted in the bile and some undergo an
enterohepatic cycle. Nevertheless, about 20% of the daily T4 production is eliminated
in the faeces (Peeters and Visser, 2017).

THSs have a pleiotropic effect on many functions such as growth, metabolism and development.
They are necessary for cell proliferation and differentiation, particularly in the central nervous
system (CNS) during development.

3.1.1.2. Maternal-foetal thyroid function

In humans, THSs in the first trimester of pregnancy come exclusively from the mother. The foetal
thyroid only starts to become functional from the second trimester of pregnancy (Figure 3 in
Annex 4). However, the foetus expresses the nuclear receptors for THs (thyroid hormone
receptor a or TRa and TRB) from the ninth week (Bernal et al., 1984), suggesting that THs are
important even before the foetus is able to synthesise them.

There is an estimated increase of around 50% in maternal T4 requirements and synthesis to
meet pregnancy-specific needs (Glinoer, 1997), mainly due to the following physiological
changes:

- the oestrogen-dependent increase in circulating TBG concentrations from the
beginning of pregnancy, which results in a progressive increase in circulating
concentrations of total T4 and then T3 (Ain et al., 1987);

- the increase in glomerular filtration rate, which increases iodine clearance;

- the transfer of T4 from the mother to the foetus via specific transporters expressed in
the placenta (organic anion transporting polypeptides 1C1 or OATP1C1,
monocarboxylate transporter 8, or MCT8 and MCT10), modulated by D3 which
inactivates T4 into rT3 (reverse T3).

Maternal human chorionic gonadotropin (hCG), secreted by the placenta, is a weak TSH
agonist, which contributes to the stimulation of T4 and T3 hormone synthesis by the maternal
thyroid and to a transient decrease in circulating TSH levels. Although changes in free TH
levels, particularly in early pregnancy, differ depending on the assay method used (Andersen
et al., 2020), it appears that there is a moderate and temporary increase in fT4 during the first
trimester of pregnancy, which then declines (Medici et al., 2016).

The only source of iodine for the foetus and breastfed infant is maternal. lodine requirements
vary according to age and physiological circumstances. They are around 100 pg.d? in children
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and 150 pg.d?! in adolescents and adults. These requirements increase in pregnant or
breastfeeding women (250 pg.d?) due to an increase in iodine clearance and the specific
needs of the foetus or infant (WHO, 2007). The NIS is expressed in the placenta and mammary
gland, and is essential for supplying iodine to the foetus and/or infant. Furthermore, NIS
expression in the foetus is an important element of thyroid ontogeny. In the human foetus, the
ontogeny of the thyroid gland begins with the formation of precolloidal substance. "Mature"
colloidal substance begins to form at around 10 weeks of pregnancy shortly before the start of
TH synthesis. Thyroid follicle growth becomes significant at around 12 weeks. Expression of
the slc5a5 gene (encoding NIS) in the foetal thyroid increases significantly and is concomitant
with the start of colloid formation. Expression of the slc5a5 gene in the foetus towards the end
of the first trimester of pregnancy is therefore a limiting factor in the development of foetal
thyroid function (Szinnai et al., 2007). Disruption of expression of this gene or of the
functionality of NIS by exposure to goitrogens, from the start and throughout pregnancy, is
associated with adverse effects on brain development. This is all the more critical since the
foetal thyroid is particularly sensitive to transient changes in iodine intake because it stores
little iodine.

As mentioned earlier, THs play an essential part in development of the CNS, as evidenced by
cases of congenital hypothyroidism due to deficient maternal TH levels during pregnancy
(Morreale de Escobar et al., 2004a; Zoeller and Rovet, 2004). Indeed, changes in TH synthesis
and bioavailability during pregnancy have a negative effect on neurodevelopment from embryo
to child (Giannocco et al., 2020), including consequences for behaviour and cognition (Zoeller
and Rovet, 2004). From the ninth week of pregnancy, maternal T4 regulates neuronal
proliferation processes and the initiation of neuronal migration in the cerebral cortex,
hippocampus and medial eminence of the foetus (Williams, 2008; Morreale de Escobar et al.,
2004b). From week 14 onwards, the foetus progressively contributes to the supply of THs while
neurogenesis, neuronal migration, axonal growth, dendritic arborisation, synaptogenesis, glial
cell differentiation and myelination become established (Howdeshell, 2002). From week 28
onwards, both mother and foetus contribute equally to the TH levels available to the foetus
and thus to the ongoing maturation of the CNS. However, despite the increase in circulating
foetal TH concentrations, the thyroid is not fully mature before birth and insufficient maternal
blood TH concentrations can still cause potentially harmful effects. After birth, the child
depends exclusively on TH synthesis by its own thyroid, while the process of myelination and
the migration of granular cells in the dentate gyrus of the hippocampus and the cerebellum,
pyramidal cells in the cortex and Purkinje cells in the cerebellum continues.

Conditions that affect T4 availability can affect both mother and foetus (Springer et al., 2017),
including in a context of moderate disruption of thyroid homeostasis.

- Clinical hypothyroidism (CH) is defined as below normal fT4 levels? accompanied by
TSH levels above 10 mIU/L (Garber et al., 2012). Its incidence varies from 0.3 to 0.5%
in pregnant women (Budenhofer et al., 2013).

2 Usual values in humans: It should be noted that the values of this parameter depend on the technique used for
its measurement. As an indication, the most frequently observed values are: 10 — 23 pmol/L, or 8 — 18 ngl/L
(http://www.cnci.univ-paris5.fr/pharmacie/Constantes _biologiques_adultes 2009.pdf).
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- Subclinical hypothyroidism (SCH) is defined as elevated TSH (>4.5 mIU/L)
accompanied by normal fT4 concentrations. Its prevalence varies according to
population, region, age and sex. Studies of large populations in various countries have
reported a prevalence of 3-17% in the adult population, with higher frequencies in
women and the elderly (Kim et al., 2014). The prevalence of SCH is high in pregnant
women, between 2 and 4% (Biondi et al., 2012). When iodine intake is high, the
frequency of SCH is below 0.2%, while in countries with normal or slightly deficient
iodine intakes the incidences are 2-5% (Kim et al., 2014).

- Isolated hypothyroxinaemia is defined as a normal serum TSH concentration
associated with a decreased fT4 concentration. Its incidence, significance and
consequences are assessed in different ways.

3.1.2. Effects of perchlorate on thyroid function

The target organ in humans and animals for perchlorate (ClOy4) is the thyroid, where it
competitively inhibits iodine uptake through the NIS, which ensures the entry of iodide together
with sodium (two Na* ions for one I ion) and the accumulation of iodide in thyrocytes. In vitro
data indicate that perchlorate is a potent NIS inhibitor (Schlosser, 2016). This effect has also
been observed in vivo in humans and in other species (Concilio et al., 2020). The median
inhibitory concentration (ICso) in humans was found to be 1.56 uM (Concilio et al., 2020).

Unlike thiocyanates, perchlorate does not disrupt the subsequent steps of hormone
biosynthesis after entering the thyroid cell. It may interfere competitively with iodide for uptake
through pendrin, an ion transport protein (Attanasio et al., 2011) that ensures the transfer of
iodine from the follicular cell to the colloidal substance, without its impact on possible
modifications of thyroid physiology being clearly established.

The uptake of iodides by the thyroid through NIS is the initial limiting step in TH synthesis
(Section 3.1.1 and Figure 1 in Annex 4). In the event of a change in iodine intake (excess or
deficiency of exogenous iodine, including via food), several compensatory phenomena
occurring in the thyroid, hypothalamus and pituitary gland maintain normal functioning of the
thyroid. These mechanisms are overwhelmed in the event of a prolonged decrease in iodine
supply to the thyrocytes (Lisco et al., 2020). Chronic iodine deficiency states contribute to
goitrogenesis and increased plasma TSH concentrations before T4 and then T3
concentrations are lowered, indicating hypothyroidism.

This sequence, which is well documented in adults, can be assessed in a relevant and reliable
way by measuring circulating THs. In an equilibrium state, in the absence of hypothalamic-
pituitary abnormalities and methodological artefacts, a normal TSH concentration in a pregnant
woman means that her own TH needs are adequately met.

Assessing foetal hormonal needs, however, is more indirect and imperfect. Due to placental
transfers of TH and iodides (to an embryo dependent on maternal hormones alone) inherent
in pregnancy, it is possible that the effects of an iodine inhibitor, even if regarded as negligible
in adults, may not be compensated. This may be compounded if there is even a slight iodine
deficiency during pregnancy. In this context, assessing the effects of perchlorate on regulation
of maternal thyroid function solely on the basis of TH and/or TSH measurements may not be
appropriate (Glinoer, 1997).
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As mentioned in a previous opinion by the Agency (ANSES, 2014), sodium perchlorate can be
used under temporary authorisations for use (ATU) for therapeutic purposes to treat ore
prevent recurrence of cases of hyperthyroidism due to type 1 thyrotoxicosis induced by
amiodarone (a Vaughan-Williams class Il antiarrhythmic drug), as well as for diagnostic
purposes to identify iodine organification disorders (perchlorate discharge test). The usual
dosage in adults varies from 400 to 1000 mg.d* (ANSM, 2020; Bartalena et al., 1996).

3.1.3. Available toxicity reference values (TRVs) for chronic oral exposure to perchlorate

In 2011, ANSES proposed a chronic oral TRV for perchlorate of 0.7 ug.kg bw?.d* (ANSES,
2011). It drew on the study by Greer et al. (2002) carried out in healthy volunteers (21 women
and 16 men) exposed to perchlorate in drinking water at doses of 7 — 20 — 100 and 500 ug.kg
bw?.d?! for 14 days and in whom a reduction in uptake of thyroidal radioiodine (*?%) was
measured.

A statistically significant decrease (16.4%) in iodine uptake was observed from 20 pg.kg
bw.dt. However, no significant changes in serum TH concentrations were found, even at the
highest doses.

The dose of 7 ug.kg bw.d* was therefore identified as the no observed effect level (NOEL).
The TRV was established by applying an inter-individual uncertainty factor (UFy) of 10, to take
into account the existence of more sensitive individuals (ANSES 2011, 2012, 2018).

The NOEL of 7 pug.kg bw.d* was chosen for deriving the TRV for the following reasons:
- iodine uptake by the thyroid is one the first steps in synthesis of THs;

- clinical situations of congenital hypothyroidism have demonstrated the impact of TH
deficiency in the embryo, foetus or infant on neurocognitive development. In addition,
recent data show an association between moderate maternal TH changes during
pregnancy and neurodevelopmental disorders, particularly in the first trimester when
only maternal TH is present (Fetene et al., 2018; Moog et al., 2017; Thompson et al.,
2018). These results suggest that the embryo, foetus and newborn are a priori the most
sensitive populations at the neurodevelopmental level to the effects of even transient
or moderate TH depletion.

The choice of critical effect, key study and critical dose used to calculate the TRV and the
uncertainty factor of 10 for inter-individual variability (UFy) adopted in ANSES's 2011 opinion
have also been proposed by other agencies, including the National Research Council (NRC)
(2005), the US EPA (2005), the Agency for Toxic Substances and Disease Registry (ATSDR)
(2009) and the National Institute for Industrial Environment and Risks (INERIS) (2011).

Like the other agencies, ANSES did not feel it necessary to apply an uncertainty factor linked
to the short duration of the key study (UFs) in view of the nature of the critical effect considered
(precursor biological effect) and the non-accumulation of perchlorate in the body.

Until the work published by the US EPA in 2019, the TRVs developed by the various agencies
were all based on the study by Greer et al. (2002) (Table 1). The main difference between the
TRVs adopted by ANSES (2011), US EPA (2005), ATSDR (2009), OEHHA (2015) and EFSA
(2014), and those selected by the Joint FAO/WHO Expert Committee on Food Additives
(JECFA) (2011) and the WHO (2016) was the magnitude of the critical effect considered. The
first organisations (US EPA, ATSDR, INERIS and ANSES) used the highest dose of
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perchlorate associated with no significant effect on iodine uptake by the thyroid (NOEL),
whereas JECFA and the WHO used the dose leading to 50% inhibition of this uptake
(Benchmark Dose 50% or BMDsolLgs). EFSA (2014) considered that prolonged inhibition of
50% of iodine uptake by the thyroid could increase the risk of toxic multinodular goitre and
selected a Benchmark Response (BMR) of 5% (default BMR value used for continuous
variables). Health Canada recently adopted a BMR of 20% based on intra-individual variability
in the radioactive iodide uptake (RAIU) test, in order to develop a preliminary value in DW.

Table I — Chronic oral TRVs for perchlorate published by North American, European and
international health risk assessment agencies

NRC
Organisation | US | ATSDR | INERIS | ANSES JECFA EFSA OEHHA WHO Health
EPA Canada
Year 2005 2009 2011 2011 2011 2014 2015 2016 2020
Provisional
Minimal Ref- maximum ToIIDe;ﬁ ble Acceptable To[l)e;ﬁlble
TRV RfD risk level | erence TRV tolerable daily y Daily Dose PMTDI y
- Intake Intake
(MRL) value intake (TDI) (ADD) (TDI)
(PMTDI)
TRV value
(kg bwhd) 0.7 10 0.3 0.37 11 1.09
Critical effect Inhibition of radiolabelled iodine uptake by the thyroid
Species Humans (healthy volunteers)
RIS aif Oral (drinking water)
exposure
Duration of
exposure 14 days
dzgzrttl?rfe NOEL = 0.007 BMDsolLgs = BMDsLos = | BMDsLos = Jggtl(—')A BMD2oLos
(maKg bwhad 0.11 0.0012 0.0037 (2011) =0.0109
Adjustments / / /
Uncertainty 10 10 4 10 10 10
factors UFn =10 UFn =10 UFn = 4* UFH =10 UFn =10 UFn =10
Key study Greer et al., 2002

*: Based on physiologically-based pharmacokinetic (PBPK) modelling, which shows a maximum fourfold difference
in iodine uptake inhibition regardless of the population considered, EFSA applied a UF of 4 to this BMDsLgs to take
account of the toxicokinetic component of intra-species variability. No UF was applied to account for the
toxicodynamic component of intra-species variability as EFSA considered that a 5% inhibition of iodine uptake
would not result in an adverse effect, regardless of the population (ANSES, 2018).

3.1.4. TRV proposed by the US EPA in May 2019 based on a neurodevelopmental effect

In accordance with the recommendations of its Science Advisory Board (SAB), the US EPA
has generated extensive work over the past decade based on perchlorate's mode of action
(Figure 4 in Annex 4) and its effects on the most sensitive populations, in order to gain a better
understanding of the potential health effects and associated health risks of environmental
exposure to perchlorate.

In particular, with the help of a group of external experts, the US EPA developed a "BBDR"
model to predict the effect of perchlorate on the thyroid. In order to consider the most
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vulnerable population, the US EPA adopted the following assumptions: pregnant women in the
first trimester of pregnancy with a low serum fT4 concentration (< 10™ percentile), a low daily
iodine intake (75 pg.d?') and weak TSH feedback.

In May 2019, the US EPA proposed new TRV values based on a two-step approach combining
the results of the BBDR model in pregnant women in the first trimester with quantitative data
from an epidemiological study on the impact of a decrease in maternal fT4 in the first trimester
of pregnancy on the neurodevelopment of the child as measured by a decrease in the
intelligence quotient (IQ) (Figure I).

Adverse
neurodevelopmental
effects
Perchlorate . Step 1 Step 2
EXPOSOIE BBDR model . Literature review . @

Reduction in IQ

Dose response between a decrease in fT4
regardless of the origin) and adverse
neurodevelopmental effects

Modelling of the effects of perchlorate exposure on
the thyroid gland (decrease in thyroid hormones,
especially fT4)

Figure | = US EPA's proposed approach

Therefore, after matching the results of the BBDR model with the dose-response function
estimated from an independent analysis of the data from the study by Korevaar et al. (2016),
the US EPA identified critical doses of 3.1, 6.7 and 10.8 pg.kg bw?.d! perchlorate
corresponding to a 1-, 2- and 3-point decrease in 1Q, respectively. As the IQ is standardised
to an average of 100, a 1-point decrease is equivalent to a 1% decrease compared to the
standard average 1Q.

The US EPA therefore proposed a reference dose (RfD) of 2.2 pg.kg bw.d? for chronic
exposure to perchlorate by ingestion, corresponding to a 2-point (or 2%) decrease in 1Q and
including a UFy of 3. Alternative TRVs of 1 and 3.6 pug.kg bw.d* corresponding to a 1- and 3-
point decrease in 1Q, respectively, were also submitted for comment.

Table Il = Chronic oral TRV values for perchlorate proposed by the US EPA (2019)

Mother-child cohort

Critical effect Corresponding Critical dose UF TRV
Key study reduction in fT4 (ng-kg bwt.d?) (ug.kg bwt.d?)
pmol.L?

Decreased 1Q
1% 0.21 3.1 RfD=1
2% 0.41 6.7 3 RfD =2.2
3% 0.61 10.8 RfD = 3.6

UFnu =3
Korevaar et al. (2016) BBDR model
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The experts note that the TRV value proposed by the US EPA corresponding to the
consideration of a 1% decrease in 1Q (i.e. 1 pg.kg bw?.d?) is close to the value selected by
ANSES in 2011 based on data from Greer et al. (2002).

3.2. Analysis of the US EPA's proposed TRV (2019)

The work of the WG on "Perchlorate" was divided into three major steps. The first step was
the analysis of the BBDR model (Section 3.2.1) and the second step was the analysis of the
US Agency's bibliographical research to identify studies that have assessed incremental
changes in fT4 in relation to neurodevelopmental alterations (Section 3.2.2). Following these
two steps and their conclusions, the WG on "Perchlorate” conducted a literature update to
identify data on associations between exposure to perchlorate and adverse effects or changes
in thyroid parameters, published since the ANSES opinion of 26 December 2018 (Section 3.3).

Assessment of the US EPA's

approach
Step 1 Step 2

=
=
T
B
@
e ldentification of studies linking alterations
& ) in maternal thyroid hormone
o= BEDR model concentration to neurodevelopmental
o ow disorders
5 £
v &

[
2 @ Assessment of the quality of the 5 epidemiclogical
= = studies selected (Pop et al. (1999), Pop et al
— @ Toxicokinetic part Toxicodynamic part B : L :
5 £ ottt ot o v i (2003), Finken et al. (2013), Korevaar et al. (2016)
2 and Endendjik et al. (2017))
c
[
S
§ Step 3 Literature update 2018 — 2020

Search for studies investigating the link between exposure to
perchlorate and an early non-biological adverse effect

Figure Il — Steps in the analysis of the US EPA's approach
3.2.1. Step 1: Biologically-based dose-response (BBDR) model

The objective of the BBDR model (US EPA, 2019) is to estimate the impact of perchlorate on
the thyroid gland, in particular on serum TH concentrations, in women of childbearing age and
in pregnant women up to the 16" week of pregnancy. It consists of two parts:

- a toxicokinetic part, for modelling the processes of absorption, distribution, metabolism
and excretion (ADME) of perchlorate and iodide. This toxicokinetic model, associated with
an exposure scenario, is used to predict the concentration of perchlorate and iodide in the
thyroid gland,;

- atoxicodynamic part that models the combined effect of varying perchlorate and iodide
blood concentrations on thyroidal uptake of iodide and subsequent TH production.

page 11/78



ANSES Opinion

Request No 2019-SA-0116

Related requests 2011-SA-0024; 2011-SA-0208; 2011-SA-
0336; 2012-SA-0119; 2016-SA-0155 and 2017-SA-0170

The BBDR model was reviewed by the experts of the WG on "Perchlorate" according to a
roadmap reiterating the WHO's principles for assessing this type of model (IPCS, 2010),
reported in Annex 5.

However, as mentioned above, in view of the limited time available, the WG on "Perchlorate”
was unable to check operation of the scripts of the BBDR model and therefore concentrated
on the analysis of the results presented by the US EPA.

Perchlorate PBPK model lodide PBPK sub-model T4 & T3 sub-models
I Oral dose | I Urine l | Oral dose I | Urinary excretion lodide recirculation
x
J/ T l T !
Pl -
LY goina L Plasma < v : T
vl vl I
Red Plasma | ==
] T3 volume of
blood cells | proteins 1 distributi
' 5 istribution
| § ?
Rest of body* H Hl Rest of body* H L
! ] e
| ) L
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NIS: Sodium-iodine symporter
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w

(-): Inhibition or negative regulation
(#): Positive regulation
== Signaling pathway (+/-) or competitive inhibition | * Includes fetus and placenta (15 trimester)

> lodine release from thyroid hormone elimination

Figure lll — Structure of the BBDR model — early pregnancy (US EPA 2019a)
3.2.1.1. Toxicokinetic part: perchlorate and iodide

Different versions of toxicokinetic models for perchlorate and iodide have been developed and
revised since 2005 (Merrill et al., 2005; Clewell et al., 2007; Lumen et al., 2013). These models
are based on similar assumptions for ADME processes with varying levels of detail and focus
on different periods (adulthood, pregnancy, breastfeeding, breastfed infant). The US EPA built
on this previous work to develop the BBDR model shown in Figure Il above. This model,
adopted by the US EPA in 2019, was adapted from the model of Lumen et al. published in
2013 and specific to the third trimester of pregnancy (for the perchlorate part), and from the
model by Fisher et al. published in 2016 and specific to breastfeeding (for the iodide and TH
part). Both models are themselves adaptations of the one by Clewell et al. (2007), which was
reviewed by the US EPA in 2009.

m Structure and ADME processes

The 2019 version of the BBDR model is limited to the first trimester of pregnancy. This model
has a simplified structure with only three compartments: plasma, thyroid and "rest of body"
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(ROB), which includes the foetus and placenta. The US EPA chose not to describe the foetus
and placenta as a separate compartment because of their negligible weights in the first
trimester of pregnancy. The US EPA also pointed out that there are few quantitative data on
the physiology of the placenta and the foetus and their biochemical interactions with
perchlorate and iodide in early pregnancy with which to make predictions with reasonable
confidence. Changes in certain physiological parameters of the toxicokinetic model during the
first trimester of pregnancy — such as body weight, cardiac blood flow, or plasma volume —
were taken into account.

The assumptions on toxicokinetic and metabolic processes (ADME) made by the US EPA
were:

- absorption: 100% oral for perchlorate and iodide;

- distribution: the perchlorate model incorporates the binding and distribution of
perchlorate to plasma proteins and red blood cells. This sub-compartmentalisation of
the plasma compartment is justified in order to correctly reproduce the short-term
kinetics and be able to assess the model against existing experimental data. As this
sub-compartmentalisation has no impact on chronic exposure, the US EPA decided
not to take it into account for the iodide model. The distribution of perchlorate and iodide
in the ROB compartment is described as being dependent on plasma perfusion. The
active transport of iodide and perchlorate by the NIS in the thyroid was described by
dividing each "thyroid" compartment into blood and tissue sub-compartments.
Perchlorate and iodide compete at the plasma level in the thyroid for uptake through
the NIS, which is described by a Michaelis-Menten equation;

- elimination: perchlorate and iodide are excreted via urine without any prior metabolism.

= Model calibration

The parameter values used in the toxicokinetic model were retained from previous toxicokinetic
models, except for four parameters specific to perchlorate and iodide. These four parameters
were: i) urinary ion clearance, ii) urinary iodide clearance, iii) the affinity constant (Kn) in the
Michaelis-Menten equation governing perchlorate transport by the NIS, and iv) the maximum
velocity (Vmax) of iodide uptake by the thyroid gland. These four parameters were calibrated
with toxicokinetic data from the study by Greer et al. (2002).

As shown in Annex 5, the new values for the four parameters result in perchlorate having a
greater predicted effect on iodide uptake by the thyroid compared to previous models. It should
be noted that the non-pregnant model rather than the pregnant model was used to calibrate
these parameters.

= Model validation

For serum concentration, two studies were available for assessing the perchlorate model
(Merrill et al. 2005; Greer et al., 2002), bearing in mind that the study by Greer et al. (2002)
was used to calibrate the four modified model parameters. In both studies, the exposed
individuals were men and non-pregnant women. The model predictions compared to the
available observed datasets were within an error range of a factor of 2, therefore allowing its
acceptance in accordance with the IPCS guidance document (WHO, 2010).
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Urinary excretion was assessed in three early publications (Durand, 1938; Eichler, 1929;
Kamm and Drescher, 1973) in which men were exposed. The prediction of cumulative
excretion was correct outside the first 12 hours, which has a negligible effect in a chronic
exposure scenario.

m Uncertainties related to the toxicokinetic part of the model

Data were obtained on a limited number of individuals (mainly urinary excretion data) and on
adult men and non-pregnant women. The model could therefore not be assessed for the
population of interest, i.e. pregnant women in their first trimester.

No justification was given by the US EPA on the need to re-estimate certain parameters instead
of using the same parameter values as in the previously developed PBPK models. There are
significant differences (between a factor of 2 and a factor of 5.5) between the values chosen
by the US EPA and those defined in the model of Lumen et al. (2013).

The new values for the four parameters result in a much greater predicted effect of perchlorate
on iodine uptake by the thyroid compared to previous models (see Annex 5 of this opinion
"Analysis of the US EPA's BBDR model according to the roadmap drawn up by ANSES during
the European Human Biomonitoring Initiative (HBM4EU) project — November 2020"), which
appears to be more protective.

In addition, although there are uncertainties inherent in considering a common placenta-foetus
compartment different from the rest of the body, there are also uncertainties arising from
simplification of the compartments. The WG on "Perchlorate” points out, however, that it is
difficult to judge the consequences of all these uncertainties, since it is impossible to know
whether they compound and/or compensate for each other.

Conclusion on the toxicokinetic part of the model

In general, the toxicokinetic part of the BBDR model for perchlorate has been rigorously
assessed by the US EPA. This assessment shows that the kinetic model of perchlorate
effectively reproduces the different data available in the literature, i.e. the changes in plasma
concentration and cumulative urinary excretion in adults. This part of the model fulfils the
IPCS (WHO, 2010) requirements for use in health risk assessment.

However, the WG on "Perchlorate" notes that some choices lack justification, or are based
on datasets obtained from a small number of individuals, not representative of the population
of interest.

3.2.1.2. Toxicodynamic part

The toxicodynamic part of the model aims to predict the effects of perchlorate exposure on the
thyroid gland, in particular serum TH concentrations, during pregnancy. The current version of
the BBDR model is a revised version of the model originally developed by the US EPA.

As mentioned above, following a public consultation by the US EPA, the following information
and changes were added:

- extension of the model to early pregnancy;
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- inclusion of a low iodine intake considered as input data (75 pg.d?);

- incorporation of feedback control of TH production via TSH using a coefficient called
"pTSH", to take account of pregnant women with weak feedback (pTSH value 0.398)
versus normal feedback (pTSH value 1);

- incorporation of feedback control of hCG, which has a mimetic effect on TSH receptors
in early pregnancy;
- calibration of the model and its ability to predict lower and upper percentiles of the North
American population, as well as the median;
- uncertainty analyses were performed for the added parameters.
Based on iodine intake, TH synthesis, distribution and elimination were modelled to estimate
plasma levels of total T4, fT4, total T3, fT3 and TSH. For example, a decrease in fT4 leads to
a physiological increase in TSH. This in turn results in increased NIS expression and
production constants for T4 and T3.

This part of the US EPA's work was extensively analysed and critiqued by Clewell's team in
2019 (Clewell et al., 2019), in order to determine whether the model and approach developed
by the US EPA would be suitable for regulatory purposes to establish an RfD and ultimately a
maximum contaminant level goal (MCLG) for DW in the US. The WG on "Perchlorate" notes
the quality of the work by Clewell et al. and shares a number of their conclusions, which are
cited in this opinion.

m Model calibration

When calibrating the model, the US EPA changed a number of physiological parameters. One
of the critical parameters is the strength of the TSH feedback. The US EPA chose to take a
TSH response of 0.398 from the median/97.5" percentile ratio of the TSH value in the US
National Health and Nutrition Examination Survey (NHANES), corresponding to weak TSH
feedback, whereas a value of 1 corresponds to a normal feedback.

The "worst case" scenario of low iodine intake, weak TSH feedback and the 10™ percentile for
the population of interest (hypothyroxinaemic women) was chosen by the US EPA to protect
populations regarded as sensitive.

However, as highlighted by Clewell et al. (2019), this scenario is inconsistent with the
fundamental biological relationship between TSH and THs (production and release of T3 and
T4). As noted by these authors, matched samples for TSH, T3 and T4 would be needed to
understand the biological feedback within the same individual. However, the NHANES study,
a large cohort designed to assess the health and nutritional status of adults and children in the
United States, does not include matched data for TSH and THSs (total T3, total T4 and fT4). It
is therefore difficult to understand biological feedback in an individual, let alone an entire
population.

The WG also notes, as raised by Clewell et al. (2019), that the relationship between the change
during pregnancy in parameters controlling changes in iodide uptake (VCHNG) and
parameters controlling hCG hormone levels (HCGreg) contradicts what is biologically
expected, namely a proportional relationship between the two parameters.

As shown in Figure A-46 of US EPA Volume Il (Figure 1 in Annex 6), 14 studies (Cotzias et

al., 2008; Elhaj et al., 2016; Khalid et al., 2014, Li et al., 2014; Mannisto et al., 2011; Medici et
al., 2012; Moleti et al., 2011; Moncayo et al., 2015; Moon et al. 2015; Panesar et al., 2001,
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Soldin et al., 2004, Stricker et al., 2007; Yan et al., 2011; Zhang et al., 2016) were selected by
the US EPA to calibrate the relationship between plasma TSH and fT4 concentrations.
Although the relationship curves in the publication by Hadlow et al. (2013) corresponding to
these different studies tend to show the same association, there is high variability between
plasma TSH and fT4 concentrations in the available studies, which does not allow for robust
model calibration.

= Model validation

The US EPA validated this part of the BBDR model by comparing its predictions with the results
of a single cross-sectional study (Steinmaus et al., 2016), involving 1880 pregnant Californian
women potentially exposed to perchlorate through drinking water (median: 1 pg.L™?, maximum
concentration: 8 pg.L?).

Using a regression model, Steinmaus et al. (2016) found an association between increased
maternal urinary perchlorate concentrations and decreased total T4 and fT4 concentrations
measured between weeks 15 and 20 of pregnancy, as well as an increase in TSH
concentration. The association between urinary perchlorate and total T4 was greater with co-
exposure to thiocyanate and nitrate (inhibitors of NIS like perchlorate), and in cases of pre-
existing thyroid autoimmunity. On the other hand, according to these authors, the iodine status
of the pregnant women had no effect.

The study by Steinmaus et al. (2016) has a number of limitations, including a 10-week interval
between the taking of perchlorate urine samples and fT4 blood samples. However, according
to these authors, statistically significant decreases in total T4 and fT4 concentrations were
observed with increasing concentrations of perchlorate.

The US EPA used the results of the study by Steinmaus et al. (2016) to estimate the external
dose from exposure to perchlorate, based on urine data collected from pregnant women in this
study. Urinary perchlorate concentrations were converted to external exposure doses using
the following equation:

urinary concentration x daily urine volume

Exposure to perchlorate =
P P weight

In this calculation, an average weight of 74 kg in the first trimester of pregnancy and an average
daily urine volume of 1.82 L.d* were chosen by the US EPA. In addition, the US Agency
assumed 100% oral absorption and urinary excretion of perchlorate.

The US EPA compared the changes in fT4 according to urinary perchlorate concentrations
predicted by Steinmaus et al. (2016) with the changes in fT4 predicted by the BBDR model for
the 16" week of pregnancy.

This comparison shows a considerable underestimation by the BBDR model of the
perturbations in fT4 concentrations (Figure 1V). Indeed, even for a low iodine intake scenario
(75 pg.d?), the ratio between changes predicted from the data of Steinmaus et al. (2016) and
changes predicted by the model is greater than 2.
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Figure B-1. Comparing Predicted fT4 Changes from the BBDR Model and Steinmaus et al. (2016) due to Changes in Perchlorate Dose?
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Analogous changes in urinary perchlorate are presented in Table B-3.

Figure IV — Comparison of changes in fT4 from the BBDR model with those of Steinmaus et al.
(2016) according to perchlorate exposure doses (US EPA 2019, Figure B-1)

This discrepancy between the measured data used to validate the model's predictions and the
changes predicted by the model raises questions about the model's robustness and use in a
regulatory context.

Besides the study by Steinmaus et al. (2016), the team of Clewell et al. (2019) compared the
results of the US EPA's BBDR model with data measured in two studies in healthy volunteers:
Greer et al. (2002) and Braverman et al. (2006), and in a longitudinal epidemiological study in
pregnant women: Téllez-Téllez et al. (2005).

The WG stresses that these different available studies (Greer et al., 2002; Braverman et al.,
2006; Téllez-Téllez et al., 2005) do not show a statistically significant impact of perchlorate
exposure on fT4 concentration. On the other hand, in the absence of exposure to perchlorate,
the fT4 concentration simulated by the model is lower than those measured in all the studies
used by Clewell et al. (2019) to assess the model.

Similarly, the BBDR model cannot be used to predict significant changes in fT4 as a function
of perchlorate exposure when simulating the conditions of the three studies mentioned above.
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m Uncertainties related to the toxicodynamic part of the model

The major uncertainty in the toxicodynamic part is its poor predictive ability to link perchlorate
exposure levels to the fT4 decrease in the population of interest, i.e. pregnant women in the
first trimester.

Indeed, the uncertainties in this part call into question its use in predicting small changes in TH
concentrations, such as a 1% change in fT4 (Clewell et al. 2019). As shown in Figure 1V, the
uncertainties increase with exposure to perchlorate (up to 4 pug.kg bw?.d?).

By considering a common placenta-foetus compartment, other key elements of thyroid
physiology have been simplified in the model. Inter-individual and temporal variations in the
expression of MCT8 and NIS proteins in the placenta prior to their expression in the foetal
thyroid are not taken into account. Significantly, NIS expression in the developing foetal thyroid
gland is dynamic during pregnancy, especially between 17 and 18 weeks of pregnancy, and
varies between foetuses (Filis et al., 2018). It would have been appropriate to consider the
change in NIS expression during pregnancy in the model, as well as the conjugation of THs to
sulphated hormones (the abundant form in the foetus-placenta compartment) and placental
iodine clearance, although there is currently a lack of data on these parameters.

Conclusion on the toxicodynamic part of the model

The BBDR model was not validated by several studies showing an association between
perchlorate and impaired maternal thyroid function (decreased fT4). Only one study on the
population of interest was used by the US EPA to validate the model: Steinmaus et al.
(2016). In addition, a comparison of changes in fT4 concentrations predicted by the study of
Steinmaus et al. (2016) and by the BBDR model shows a considerable underestimation by
the model.

Furthermore, while some of the uncertainties and approximations in the toxicodynamic part
are inherent to the complex nature of thyroid function regulation (especially during
pregnancy), some unfounded choices mean that it cannot be fully understood.

Under these conditions, the WG on "Perchlorate" considers that the BBDR model is not able
to describe the relationship between exposure to perchlorate and the decrease in maternal
fT4, and it does not validate the model.

3.2.2. Step 2: Identification of studies linking alterations in maternal thyroid hormone
concentration to neurodevelopmental disorders

3.2.2.1. Assessment of the US EPA's literature search strategy

The literature search conducted by the US EPA was not a systematic review with weight-of-
evidence evaluation. This is because the US EPA considered that the causal relationship
between altered maternal TH levels and neurodevelopmental disorders had already been
established by a strong body of scientific literature (Fetene et al., 2018; Moog et al., 2017,
Thompson et al., 2018).
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Therefore, in line with the SAB's recommendations, the purpose of the US EPA's literature
search was to develop a methodological approach in order to:

- assess the available publications on this subject;

- identify studies that assessed incremental changes in fT4 as they relate to
neurodevelopmental alterations, discarding those that showed no effect;

- select a study showing an appropriate dose-response relationship from among the
studies establishing this relationship.

For this literature search, the US EPA used different keyword equations on two search engines
(PubMed and Google Scholar) for an initial selection of available epidemiological studies:

- The choice of keywords defining neurodevelopment was not explained in the US EPA's
argument, apart from the notion of a list based on the SAB's recommendations;
- The number of studies identified for each of the keyword equations with the two chosen
search engines was not specified (Table 11 of Volume | of the US EPA's document);
- The key elements of the population, exposure, comparison group, outcome (PECO)
principle, which should define the eligibility criteria for studies, were not given.
The US EPA's literature query is not detailed enough to enable the search to be replicated in
order to find the studies identified by the first step and, among them, the 71 studies considered
eligible. It is therefore relatively difficult to assess the reliability of the method and its ability to
identify and select key studies that could have been used to refine the analysis, particularly
with regard to the relationship between maternal fT4 and neurocognitive parameters in
children.

3.2.2.2. Description of the procedure for selecting the epidemiological studies
identified as eligible by the US EPA's literature search

The selection procedure for the epidemiological studies, which is detailed in Annex 7, was
carried out in three steps:

1. identification and exclusion of studies that were not compatible with the BBDR model
results (i.e. studies with fT4 concentrations not reported for the same population as the
BBDR model target population, namely pregnant women in the general population
between conception and gestational week 16);

2. identification and exclusion of studies that reported their results with fT4 concentrations
presented as qualitative variables;

3. assessment of the risk of bias in the remaining studies and exclusion of studies by
means of categorisation into "tiers" (term used in the US EPA document): i) studies
classified as Tier 1 (studies with a "probably low" or "definitely low" risk of bias) or Tier
2 (studies not meeting the criteria for either Tier 1 or Tier 3) that did not observe a
significant relationship between maternal fT4 concentration and the neurodevelopment
measurement of interest and/or that did not provide information on the mathematical
function explaining the relationship between neurodevelopment and maternal fT4, ii)
studies classified as Tier 3 (studies with a "definitely high" or "probably high" risk of
bias) according to the Office of Health Assessment and Translation (OHAT) criteria in
the "Risk of Bias Rating Tool for Human and Animal Studies" (NTP, 2015).

Five studies were selected following this procedure: Pop et al. (1999), Pop et al. (2003), Finken
et al. (2013), Korevaar et al. (2016) and Endendjik et al. (2017).
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3.2.2.3. Analysis of studies selected by the US EPA

m  Assessment of the quality of the five epidemiological studies selected

The WG assessed the risk of bias in the five selected studies using the same tools as the US
EPA (i.e., the OHAT criteria in the "Risk of Bias Rating Tool for Human and Animal Studies").
The conclusions of the WG are in line with those of the US EPA (Table 1 in Annex 7): the WG
also categorised the selected studies as Tier 1 or Tier 2, i.e. as high-quality epidemiological
studies with a low risk of bias.

m Assessment of the relevance of the final choice of the study by Korevaar et al. (2016)
for defining the TRV

The five studies chosen by the US EPA in the final selection phase are detailed in Table 2 in

Annex 7.

In four of these five studies (Pop et al., 1999; Pop et al., 2003; Finken et al., 2013; Korevaar
et al., 2016), the alterations in child neurodevelopment concerned cognitive development,
whereas the most recent study (Endendijik et al., 2017) related to behavioural disorders.

Other alterations in child neurodevelopment such as hyperactivity, attention deficit disorder,
autism or other psychiatric disorders reported in other studies are very difficult to assess and
guantify, and cannot be selected as critical effects.

Intelligence quotient (1Q), used in children as a quantitative and comparative measure of
neurocognitive abilities at a given age compared to a reference population, seems to be the
most relevant tool for assessing a critical effect. It cannot be used in infants (before the age of
3), inwhom it is replaced by Bayley? scales, which measure a developmental quotient. It should
be interpreted with caution before the age of 5 and early schooling, and is acknowledged as
having good stability from the age of 7 to 8 years. By integrating non-verbal and visual-spatial
data, the IQ has the advantage of being independent of social background, making it the
reference tool for analysing a population of varied origin.

Although the studies by Pop et al. (1999, 2003) specifically addressed the population of
interest, i.e. hypothyroxinaemic women, these studies were small (60-200 subjects) and the
results of the neurodevelopmental effect assessment (Bayley test) need to be interpreted with
caution for children up to the age of 3 years. Lastly, the dose-response relationships were not
determined by the authors: only the scatter plots (y-axis: Bayley test score; x-axis: maternal
fT4) and the corresponding correlation coefficients were reported in the publications. The US
EPA used the scatter plots to extract a mathematical relationship for each of the studies. These
relationships reconstructed by the US EPA have not therefore been adjusted for the main
confounding factors (maternal age, level of education, age of children at the time of testing).

As for the studies by Finken et al. (2013) and Endendjik et al. (2017), they showed very specific
and non-objective effects that were assessed for all women patrticipating in the study; the dose-
response relationships described in these two studies were therefore not specific to the
population of interest.

3 Bayley score: a standard test to measure infant and young child development that takes all spheres of
development into account and can identify children potentially at risk of development retardation compared to their
peers.
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Among the five studies selected, the one by Korevaar et al. (2016) best met the requirements
of the US EPA's approach. In the context of this work, the main advantages of this study were:

- the large number of subjects (= 3839 mother-child pairs);

- the measurement of neurodevelopment by non-verbal 1Q in 6-year-olds and by
magnetic resonance imaging (MRI);

- the search for more in-depth modelling of the relationship between maternal fT4 and
neurodevelopment than in the other four studies selected by the US EPA, which made
it possible to determine a specific dose-response relationship for the population of
interest.

3.2.2.4. Description of the key study selected: Korevaar et al. (2016)

The aim of this study was to examine the relationship between maternal thyroid function and
child 1Q (and for a subpopulation, the brain morphology of these children (White et al., (2013))
in a prospective cohort of 3839 mother-infant pairs from the Generation R cohort (Rotterdam,
the Netherlands), for which the authors had blood samples that were taken before the 18%
week of a hormal pregnancy.

The authors determined the form of the association between:

- fT4/TSH concentrations measured in maternal serum by chemiluminescence (median
fT4 value: 14.9 pmol.L? [with 95% of fT4 values between 10.2 and 22.4 pmol.L?));

- and non-verbal 1Q assessed between the ages of 6 and 8 years, using the Snijders-
Oomen Niet-Verbale Intelligentie Test, by investigators who were unaware of the
maternal T4 concentrations (mean IQ value of 101.5 [standard deviation: 14.9]; 13%
of children with an 1Q below 85);

- and brain morphology assessed by brain MRI in 646 of 3839 children, measuring
volumes of grey matter, cortex, white matter, hippocampus and total brain volume.

The authors used the least-squares method to define linear regression functions whose
independent variables were the log-transformed values of thyroid hormone concentrations
between the minimum and 10" percentile, between the 10" and 50" percentile, between the
50" and 90" percentile, and above the 90" percentile (restricted cubic splines with 3 knots).
The dependent variables, 1Q and brain morphology parameters, were studied in independent
models. The model for IQ was adjusted for gestational age at blood sampling, maternal age,
smoking status, body mass index (BMI) at the start of pregnancy, parity, education, ethnic
origin, foetal sex and birth weight. Models for MRI parameters were adjusted for gestational
age at blood sampling, maternal age, BMI at the start of pregnancy, child age, birth weight and
gestational age at birth.

The main results show a significant inverted U-shaped association between fT4 concentrations
and child 1Q, between fT4 concentrations and grey matter volume, and between fT4
concentrations and cortex volume. Secondary analyses showed that if the fT4 concentration
between the 10" and 90™ percentile is considered as the reference category, there is a
significant 1.5 to 3.8 point reduction in the mean IQ of children whose mothers had T4
concentrations between the 3" and 11" percentile.

No significant relationship was observed between 1Q or morphological parameters and TSH
concentration.
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Classifying this study as "Tier 1" (i.e. a study with a "definitely low" or "probably low" risk of
bias) is justified for the examination of the relationship between fT4 concentration and IQ but
not for the examination of the relationship between fT4 concentration and brain morphology,
where there was no adjustment for intracranial volume, leading to a high risk of confounding
bias.

In conclusion, the level of evidence for an inverted U-shaped association between T4
concentration and child IQ is moderate (according to the OHAT criteria), bearing in mind that
the level of evidence for an observational cohort study can only be low to moderate. While the
shape of the relationship identified between 1Q and fT4 concentration calls into question the
linear relationships proposed over the entire panel of fT4 values in the articles by Finken et al.
(2013) and Endendjik et al. (2017), this inverted U-shaped association is consistent with the
work of Pop et al. (1999, 2003), which showed correlations (see Annex 7) between fT4
concentrations and neurodevelopmental scores when only hypothyroxinaemic women (fT4
concentrations below the 10" percentile) were considered. The level of evidence for an
inverted U-shaped association between fT4 and brain morphology is however low.

In its assessment, the US EPA conducted an independent analysis of the raw data from the
study. This sought to define a mathematical function that was more suited to the objectives of
the US EPA's work than the function proposed in the publication.

The US EPA began by choosing a minimal set of adjustment factors for assessing the total
effect of maternal fT4 concentration on child 1Q. Factors such as gestational age or birth weight
were not entered into the models. The US EPA's approach is relevant because it better meets
the maximum contaminant level goal (MCLG) than the analysis by Korevaar's team.

Whereas Korevaar's team included log-transformed fT4 concentrations in the models without
justifying this point, the US EPA compared the performance of the models with fT4
concentrations in log-transformed and crude form in order to justify its choice to use log-
transformed fT4 concentrations.

Although the choice of the study by Korevaar et al. (2016) as the key study is justified, it has
limitations that may (i) have influenced the estimated dose-response relationship, (ii) question
the validity of extrapolating the identified dose-response relationship to the target population
of the US EPA's work:

- The relationship between maternal T4 and child IQ at 6-8 years of age was determined
from a single measurement of fT4 concentration during the first trimester of pregnancy.
This single sample is not necessarily representative of the average fT4 concentration
in the mother during the first trimester of pregnancy. A non-differential classification
bias between hypothyroxinaemic and non-hypothyroxinaemic women is therefore
possible. The consequence of this potential bias would be to underestimate the
strength of the effect;

Moreover, the results of the study by Pop et al. (2003) suggest that hypothyroxinaemia
in early pregnancy is not sufficient to explain the relationship between fT4 concentration
and neurodevelopment but that the trajectory over the entire pregnancy should be
taken into account. Indeed, in this study, women who were hypothyroxinaemic
throughout pregnancy were most at risk of having children with neurodevelopmental
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disorders. In contrast, women who were hypothyroxinaemic in the first trimester but
had normal fT4 values in the third trimester were no longer at risk of having a child with
neurodevelopmental disorders;

The pregnant women in the study by Korevaar et al. (2016) come from a population in
which iodine intake is considered adequate (Ghassabian et al., 2014), with fT4 values
ranging from 7.4 pmol.L** (minimum value readable on the graphs in the publication by
Korevaar et al. (2016)) to 11.92 pmol.L (10" percentile). In contrast, the target
population selected by the US EPA is a low-iodine-intake population with weak TSH
feedback, with fT4 values equal to 6.70 pmol.L* (10" percentile), much lower than
those in the study by Korevaar et al. (2016) (Table III).

To model the effects of perchlorate on neurodevelopment, the US EPA therefore used
for this target population a dose-response relationship determined on the population of
the study by Korevaar et al. (2016).

The US EPA therefore made the assumption that this dose-response relationship could
apply to lower fT4 values. This assumption is questionable because it is not possible
to rule out the possibility that the shape and/or strength of the dose-response
relationship is at least slightly different with a lower range of values than those used to
determine the dose-response relationship in the BBDR model.

Table Ill — Distribution of fT4 in the US EPA target population versus Korevaar et al. (2016)

(Generation R cohort)

fT4 in the US EPA target fT4 in the study population of Korevaar et
population al. (2016)
(in pmol.L?) (in pmol.L?)
10" percentile 6.70 11.92
50™ percentile 8.84 14.9

Conclusion on the epidemiology part of the model

Despite the lack of transparency on the initial selection of studies, the WG on "Perchlorate"
agrees with the US EPA's assessment of the relevance of the selected studies and the final
choice of the study by Korevaar et al. (2016) as the pivotal study to describe the relationship
between maternal fT4 and neurodevelopment in the unborn child following the BBDR model.

However, even if this study is the most appropriate, uncertainties remain about the validity
of extrapolating the relationship between maternal fT4 and child IQ at 6-8 years of age
identified in the pregnant women of the "Generation R" cohort to the population targeted by

the US EPA.
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3.2.2.5. Studies published since the US EPA's literature search

The WG identified two studies published by Korevaar et al. (2016) since the work of the US
EPA (2019), investigating the potential link between impaired neurodevelopment and maternal
fT4 concentration.

An initial study by Levie et al. (2018), aimed to assess the association between maternal
thyroid function in early pregnancy and child neurodevelopment in countries with different
iodine status. An analysis of pooled individual data from 9036 mother-infant pairs from three
cohorts — Generation R (Rotterdam, Netherlands), INMA (Spain) and ALSPAC (UK) — showed
that maternal fT4 concentrations below the 2.5" percentile were associated with a 3.9 point
decrease in non-verbal 1Q (Clgsw: -5.7 / -2.2) and a 2.1 point decrease in verbal IQ (95% CI: -4
/-0.1). The results of this pooled data analysis are consistent with those obtained by Korevaar
et al. (2016) in the Generation R cohort alone.

In a second study by Jansen et al. (2019), also conducted on the Generation R cohort
(Rotterdam, The Netherlands), the relationship between maternal thyroid function and brain
morphology in children at the age of 10 years was investigated. No significant relationship was
observed between brain morphological parameters and maternal fT4 concentration. The
results of the study by Korevaar et al. (2016), however, appear to be more robust than those
of Jansen et al. (2019), in which neurodevelopment was assessed by a single point of
measurement of rather "coarse" imaging data (total grey matter volume, cortical grey matter
volume), whereas a "whole brain" analysis at the voxel level would have provided a better
understanding of the effect on children's brain morphology of a decrease in maternal fT4
concentration. In addition, the cross-sectional relationship between global grey matter
volume/cortical volume and IQ is uncertain: cortical grey matter volume has a dynamic
trajectory during development, with an increase up to the age of 5 years and then a decrease
until late adolescence (Ostby et al., 2009; Paus et al., 2001). A longitudinal study would have
been more relevant than a single measurement point.

3.2.3. Critical analysis of the establishment of the US EPA's TRV
3.2.3.1. Choice of critical effect and its magnitude

Due to inter- and intra-individual variability in IQ measurement, a one-point drop in IQ cannot
be regarded as significant at the individual level. On the other hand, at the level of the general
population, even a small drop in 1IQ can be meaningful if it is statistically significant. While a
decrease in IQ is not in itself a disease, an 1Q below 70 defines mental retardation, which is a
condition that warrants specific medical and social care. As shown in the work of Fewtrell et
al. (2003), an exposure factor able to decrease IQ by one point at the population level results
in an overall shift of the Gaussian 1Q distribution curve to the left. Therefore, an exposure factor
resulting in a loss of one 1Q point in an exposed population implies that all those whose 1Q was
a priori between 71 and 70 join the cohort of people with mental retardation, which constitutes
a public health problem*. Korevaar et al. (2018) calculated that for a hypothetical population of
100 million people, a decrease of one 1Q point in the vulnerable population representing 10%
of the general population would result in an additional 37,127 people with an intellectual

4 Quantitatively, this represents about 0.4% of the population: 0.24% of the population has an 1Q between 70 and
70.65 and 0.8% an 1Q between 70 and 71.95 (Fewtrell et al., 2003).
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disability (IQ < 70). These calculations are applicable to the TRV proposed by the US EPA for
which hypothyroxinaemic pregnant women (fT4 concentrations below the 10™ percentile, i.e.
10%) were taken into consideration. Since health effects are measurable for a one-point
change in IQ at the population level, it is difficult to argue that a two-point drop should be
selected as the critical effect.

The WG therefore agrees with the US EPA's proposal to consider lowered IQ as the critical
effect for deriving the TRV. On the other hand, the US EPA's preferred proposal® of a two-
point rather than a one-point drop seems difficult to justify, since health effects can be
measured from a one-point drop in IQ at the population level.

3.2.3.2. Review of the uncertainty factors selected by the US EPA

The US EPA used an uncertainty factor of 3 for the inter-individual variability instead of 10
(default value) because the dose-response relationship was modelled on a population
considered to be particularly sensitive to the effects of exposure to perchlorate (i.e. foetuses
of pregnant mothers exposed in the first trimester of pregnancy). In addition, the parameters
used in this modelling were those that correspond to the physiological characteristics of the
women who would be most at risk in this sensitive population. These parameters were:

- Pregnant women with low fT4 values in early pregnancy and thus more vulnerable to
variation. The US EPA selected the 10™ percentile of the distribution around the mean
fT4 as the limit for modelling exposure to perchlorate. The choice of the 10™ percentile,
which may seem arbitrary for defining hypothyroxinaemia since it does not correspond
to a pathological clinical situation, was made by the US EPA because it covers inter-
individual changes in fT4 or changes in the first few weeks of pregnancy. This choice
is conservative and provides greater protection, particularly for populations that may
have low iodine intakes;

- Low daily iodine intake (75 pg.d?);

- Weak TSH feedback.

The US EPA believes that protecting the unborn child of a hypothyroxinaemic woman will also
protect other identified sensitive populations (breastfed or bottle-fed infants).

Even if uncertainties remain with regard to the lack of available information linking incremental
changes in thyroid test results in infants to neurodevelopmental disorders, the WG on
"Perchlorate” considers that the choice of the UFy of 3 is justified, in accordance with the
ANSES guidance document on establishing TRVs (ANSES, 2017).

3.3. Step 3 — Update of the literature since the ANSES opinion of 26 December 2018
on the adverse effects associated with perchlorate

As mentioned above, the WG carried out a literature search to identify data on associations
between exposure to perchlorate and adverse effects or changes in thyroid parameters,
published since the ANSES opinion of 26 December 2018. This search was conducted using

5 US EPA proposal submitted for comment in May 2019. The US EPA's final decision in June 2020 was not to
regulate perchlorate in DW, given the recent reduction in resource contamination levels in the US:
https://www.epa.gov/newsreleases/epa-issues-final-action-perchlorate-drinking-water.
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the PubMed and SCOPUS search engines over the period 1 January 2018 to 1 October 2020.
The details of this literature search can be found in Annex 8.

From the seven full-text articles reviewed for eligibility, the publication by Bruce et al. (2018)
was chosen. The authors' objective was to carry out a more robust analysis of the effects of
perchlorate exposure on iodine uptake inhibition (IUl) using pooled data from four clinical trials
[Lawrence et al. (2000) n = 9, Lawrence et al. (2001) n = 8, Greer et al. (2002) n = 37 and
Braverman et al. (2006) n = 19]. To establish a response threshold, the data were analysed
using segmented linear regression and a BMD approach assuming a 20% decrease in
radiolabelled iodine uptake. A threshold dose for iodine uptake inhibition by perchlorate of
0.021 and 0.038 mg.kg bw.d! was estimated using the BMD approach and linear regression,
respectively.

It should be noted that the BMDL (lower limit of the 95% confidence interval of the BMD) of
0.021 mg.kg bwt.d?is close to the lowest observed effect level (LOEL) of 0.020 mg.kg bw.d*
established in the study by Greer et al. (2002).

With regard to iodine uptake inhibition, Bruce et al. (2018) used a BMR response level of 20%,
which the authors believe represents a biologically significant change in iodine uptake that
accounts for intra-individual variability in the RAIU test. This value of 20% was established by
Weterings et al. (2016) based on an analysis of data from four published trials in which
measurements of 24-hour radiolabelled iodine uptake (23, 131, 132]) were repeated in the same
untreated subjects (100 subjects). In view of this intra-individual variability, Weterings et al.
(2016) concluded that iodine uptake inhibition during the RAIU test can only be attributed to
perchlorate exposure if the difference from the initial value of iodine uptake exceeds 20%.
Indeed, the authors consider that response levels below this threshold can be explained simply
by natural intra-individual variations in iodine uptake.

As mentioned in Table | in Section 3.3 of this opinion, this same BMR value of 20% was
recently adopted in 2020 by Health Canada, which, by modelling the data of Greer et al. (2002),
established a BMDzoL of 0.0109 mg.kg bw?.d* (Table I).

It should be noted that JECFA (WHO, 2011) had adopted a BMR value of 50% of thyroid iodide
uptake, a value that is assumed to have no impact on serum TH concentrations in adults,
based on clinical data in healthy adults (JECFA, 2011). In contrast, EFSA (EFSA, 2014) had
retained a BMR of 5% (default value used for modelling continuous variables). This is because
EFSA had concluded that the chronic adaptive changes to compensate for sustained inhibition
of thyroid iodine uptake could lead to long-term effects, particularly in populations with mild to
moderate iodine deficiency.

In a new study currently being published (Haber et al., 2021), the authors refute the adequacy
of the software ("PROAST" and "BMDS") used so far to model the dose response of the data
from Greer et al. (2002) and suggest Bayesian modelling leading to a BMDL value of 30 pg.kg
bw?.d?

Once the Haber et al. study has been published, the experts consider that further expert
appraisal is heeded on the different BMR proposals and modelling of the data from Greer et
al. (2002) reported in the above-mentioned publications, in order to decide whether they call
into question the TRV used by the experts since 2011, based on the no observed effect level
from the study by Greer et al. (2002).
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3.4. Conclusions and recommendations of the WG on "Perchlorate" and the CES
VSR

The WG on "Perchlorate” and the CES VSR note the quality of the work carried out by the US
EPA both on developing the BBDR model and on the literature search for epidemiological
studies, in order to estimate the perchlorate concentrations that can lead to
neurodevelopmental disorders in the unborn child. The WG on "Perchlorate" and the CES VSR
also note the relevance of this innovative two-step approach to consider an adverse effect
rather than an early biological effect in order to refine the health risk assessment of perchlorate.

With regard to the US EPA's BBDR model, the robustness of the toxicokinetic part of the model
was rigorously assessed by the US Agency itself. This assessment showed that the kinetic
model of perchlorate effectively reproduces the different data available in the literature, such
as the changes in plasma concentration and cumulative urinary excretion in adults. In addition,
this part of the model fulfils the IPCS (WHO, 2010) requirements for use in risk assessment.

On the other hand, the toxicodynamic part of the BBDR model is not able to describe the
relationship between perchlorate exposure and the decrease in maternal fT4, mainly due to
the lack of available data (only one study: Steinmaus et al., 2016) for a robust validation of this
part. In addition, a comparison of changes in fT4 concentrations predicted by the study of
Steinmaus et al. (2016) and by the BBDR model showed that the model induces a considerable
underestimation.

The WG on "Perchlorate" and the CES VSR stress that some of the uncertainties in the
toxicodynamic part are inherent to the complex nature of thyroid function regulation.

In addition, a notable limitation of the NHANES study used by the US EPA is the lack of
matched intra-individual data between TSH and the other THs (total T3, total T4 and fT4),
which calls into question the values considered for the strength of the feedback of THs on TSH
(values of 0.398 and 1 for the pTSH coefficient).

The WG and the CES therefore consider that in view of the above-mentioned uncertainties,
the BBDR model cannot be used in the context of TRV development and health risk
assessment.

The WG and the CES note that the impact of these uncertainties on the applicability of the
BBDR model also led Clewell et al. to recommend that the US EPA continue referring to the
RfD established in 2005 that was based on inhibition of thyroid iodide uptake (Clewell et al.,
2019).

With regard to the part on epidemiology, the WG on "Perchlorate” endorses the US EPA's
literature evaluation and the choice of the study by Korevaar et al. (2016) as the pivotal study
to describe the relationship between maternal fT4 and neurodevelopment in the unborn child
following the BBDR model. Indeed, the WG and the CES consider that the US EPA's work to
determine a relationship between maternal fT4 concentration and child neurodevelopment was
carried out properly.

However, even if this study is the most appropriate, uncertainties remain about the validity of
extrapolating the dose-response relationship identified in the pregnant non-iodine deficient
women of the study by Korevaar et al. (2016) to the US EPA's target population of women with
low daily iodine intake (75 pg.d?).
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This uncertainty, added to those about the BBDR model validated on the single study of
Steinmaus et al. (2016), therefore limits the degree of confidence that can be placed in the
TRVSs proposed by the US EPA.

The WG on "Perchlorate" and the CES VSR therefore suggest keeping ANSES's current TRV
of 0.7 pug.kg bw.d%, which was selected by the Agency in 2011 based on the study by Greer
et al. (2002) (Figure V). This choice is conservative in the sense that the effect is not based
on a clinical observation (hypothyroidism) or a biological alteration (decrease in TH levels), but
on an early indicator of a change in thyroid function.

As with other TRVs calculated using the same type of approach, it is therefore difficult to
estimate the health risk of exceeding this TRV in terms of clinically observable effects (ANSES
2014, 2018). Indeed, as shown previously, estimating the health risk requires knowledge of
both the iodine status of the study population, in this case pregnant women, and the levels of
exposure to perchlorate via water and food.

Assessment of the US EPA's
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Figure V — Decision tree and conclusions of the WG on "Perchlorate" and the CES VSR
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In order to consider a revision of the current TRV on the basis of the effects of perchlorate on
neurodevelopment in children, the WG on "Perchlorate” and the CES VSR believe it would be
necessary to rely on data from epidemiological studies:

- conducted in general population birth cohorts, and including geographical areas where
exposure to perchlorate is known to occur;

- collecting biological samples with a protocol to reflect perchlorate exposure as well as
iodine intake and maternal thyroid function;

- monitoring the neurodevelopment of children up to at least 6 years of age using
neuropsychological tests conducted by health professionals.

Until further data are available to calibrate and validate the toxicodynamic part of the BBDR
model with respect to the population of interest, the study by Greer et al. (2002) is therefore a
preferable choice to the US EPA's proposals for developing a TRV. The WG on "Perchlorate”
and the CES VSR therefore consider that there is no justification for challenging the current
ANSES TRV in light of the US EPA's work.

4. AGENCY CONCLUSIONS AND RECOMMENDATIONS

The French Agency for Food, Environmental and Occupational Health & Safety endorses the
conclusions and recommendations of the WG on "Perchlorate" and the CES VSR regarding a
reassessment of the chronic oral TRV for perchlorate.

The chronic oral TRV adopted by the Agency since 2011, based on the no observed effect
level in the study by Greer et al. (2002), is therefore still recommended by the Agency. ANSES
reiterates that this TRV is based on an early indicator of a change in thyroid function and that
in this respect it constitutes a protective choice.

Table IV: Chronic TRV by the oral route for perchlorate

Critical effect

Type of TRV (key study) Critical dose UF TRV
Inhibition of
Chromic oral | radiolabelled 10 T
Ly — 1 H-1 Hg.Kg bw™.d"
TRV iodide uptake by NOEL =7 pg.kg bw.d UFy = 10

the thyroid gland
Greer et al., 2002

In addition, the Agency indicates that it has decided to continue its expert appraisal work, with
a view to analysing the publication by Haber et al., which examines different proposals for the
Benchmark Response (BMR) and modelling of the data of Greer et al. (2002), in order to
decide whether this TRV should be reconsidered as a result.
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However, ANSES believes that a fundamental revision of the TRV, mainly on the basis of the
effects of perchlorate on neurodevelopment in children, would require new data from
epidemiological studies:

- conducted in general population birth cohorts, and including geographical areas where
exposure to perchlorate is known to occur;

- collecting biological samples with a protocol to reflect perchlorate exposure as well as
iodine intake and maternal thyroid function;

- monitoring the neurodevelopment of children up to at least 6 years of age using
neuropsychological tests conducted by health professionals.

ANSES stresses that the critical effect of perchlorate is based on impaired thyroid function,
and therefore a change in an endocrine regulation. A decision on the hazard characterisation
of perchlorate as an endocrine disruptor (ED) would require a full assessment of this specific
hazard. Work is currently being carried out at European level under the Regulation on
Registration Evaluation and Authorisation of Chemicals (REACh) by the German agency:
based on its assessment report (BAUA, 2016), a dossier identifying perchlorate as a substance
of very high concern (SVHC) is being finalised with regard to its ED characterisation for the
environment and ecosystems; this will be followed by a report — expected in the coming weeks
—on the analysis of the best risk management options (RMOA) to limit emissions of perchlorate
into the environment. Once this work has been completed, ANSES will analyse it and
determine what additional expert appraisals are needed to protect humans from exposure to
perchlorate.

Dr Roger Genet
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Ms Fabienne PETIT — Teacher-researcher / Professor — Rouen University / CNRS UMR M2C
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Ms Catherine QUIBLIER — Lecturer at the University of Paris Diderot — Authorised to supervise
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Ms Pauline ROUSSEAU-GUEUTIN — Researcher in hydrogeology — EHESP — Expertise:
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Ms Marie-Pierre SAUVANT-ROCHAT — Professor — University of Clermont-Auvergne / Faculty
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Mr Gilles BORNERT — Head of Department, Armed Forces Veterinary Group of Rennes —
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ANNEX 2 — ACRONYMS AND ABBREVIATIONS

ADD: Acceptable daily dose

ADME: Absorption, distribution, metabolism and excretion
ANSES: French Agency for Food, Environmental and Occupational Health & Safety
TDI: Tolerable daily intake

ATSDR: US Agency for Toxic Substances and Diseases Registry
ARS: French Regional Health Agency

BAuUA: German Federal Institute for Occupational Safety and Health
BBDR: Biologically based dose-response

BMD: Benchmark dose

BMDL.: Lower limit of the 95% confidence interval of the BMD
BMR: Benchmark response

CES: Expert Committee

SC: Sensitivity coefficient

DGS: French Directorate General for Health

DGCCREF: French Directorate General for Competition, Consumer Affairs and Fraud Control
NOEL: No observed effect level

TDS: Total diet study

ECHA: European Chemicals Agency

DW: Drinking water

EFSA: European Food Safety Authority

HRA: Health risk assessment

UF: Uncertainty factor

fT4: Free thyroxine

WG: Working Group

HBMA4EU: European Human Biomonitoring Initiative

CH: Clinical hypothyroidism

hCG: Human chorionic gonadotropin

SCH: Subclinical hypothyroidism

TH: Thyroid hormone(s)

BMI Body mass index

InVS: French Institute for Public Health Surveillance

IPCS: International Programme on Chemical Safety

MRI: Magnetic resonance imaging

JECFA: Joint FAO/WHO Expert Committee on Food Additives
IQ: Intelligence quotient

LOEL: Lowest observed effect level

MCLG: Maximum contaminant level goal

MCT: Monocarboxylate transporter

MDI: Mental development index

MRL: Minimal risk level

NHANES: National Health and Nutrition Examination Survey
NIS: Sodium-iodide symporter

NRC: US National Research Council of the National Academies
OATP: Organic anion transporting polypeptide

OEHHA: Office of Environmental Health Hazard Assessment (California, USA)
OHAT: Office of Health Assessment and Translation
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WHO: World Health Organization

PBPK: Physiologically-based pharmacokinetic

PDI: Psychomotor development index

PECO: Population, exposure, comparison group, outcome
PMTDI: Provisional maximum tolerable daily intake
pTSH: TSH feedback

REACh: Registration, evaluation and authorisation of chemicals
RfD: Reference dose

RMOA: Regulatory management option analysis

ROB: Rest of body

IT3: Reverse T3

SAB: Science Advisory Board

SD: Standard deviation

SISE-Eaux: Environmental health information system
CNS: Central nervous system

SVHC: Substance of very high concern

T3: Triiodothyronine

T4: Thyroxine

TBG: Thyroxine-binding globulin or Transthyretin

TR: Thyroid hormone receptor

TRH: Thyrotropin-releasing hormone

TTR: Transthyretin

TSH: Thyroid-stimulating hormone

US EPA: United States Environmental Protection Agency
VCHNG: Parameters controlling changes in iodide uptake
HCGreg: Parameters controlling hCG hormone levels
GV: Guideline value

Vmax: Maximum velocity

VSR: Health reference value

TRV: Toxicity reference value
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ANNEX 3 — FORMAL REQUEST LETTER

X I AN{ ES Regu le

" 28 JUN 209 ! -.
S K B PR AT 2 9:1 g-SA-0116
MINISTERE DES SOLIDARITES ET DE LA SANT

e —

DIRECTION GENERALE DE LA SANTE

SD/Prévention des risques liés 4 I"environnement

et & l'alimentation Paris, le 25 JUIN 2019
Bureau Qualité des eaux

DGS/EA4 n°A51

Nathalic FRANQUES

"/ :01.40.56.69.18

nathalie. franquesi@sante.gouv. fr
Pégase n° D-19-015621

Le Drirecteur général de la santé
a

Monsieur le Directeur général de I'Agence
nationale de sécurité sanitaire de I"alimentation,
de 'environnement et du travail

Direction Evaluation des Risques (D.E.R.)
UERE

14 rue Pierre et Marie Curie

947011 MAISONS-ALFORT Cedex

OBJET : lons perchlorate dans les eaux destinées a la consommation humaine (EDCH)

N/Réf : Saisines DGS EA4 n°160007 (2016-SA-0155) et DGS EA4 n°170013
(2017-SA-0170) (numéro de dossier & rappeler dans toute correspondance)

L’ Agence nationale de sécurité sanitaire de I'alimentation. de I'environnement et du travail (Anses)
a été saisie en juillet 2016 et juillet 2017 par la Direction générale de la santé (DGS) pour la
réalisation de travaux d'expertise relatifs a la pertinence de la ré-évaluation des risques sanitaires
liés 4 la présence d'ions perchlorate dans 'EDCH, & la lumiére notamment de la valeur guide
proposée par I'Organisation mondiale de la santé (70 pg/L) en 2017, L'Anses a présenté les
conclusions de ses travaux d'expertise dans son avis du 26 décembre 2018 en recommandant
d’abaisser les valeurs de gestion actuelles préconisées’, sur la base des différentes expertises, par la
DGS aux Agences régionales de santé (ARS), et retient ainsi notamment la valeur de gestion de 5
ug/L en 1ons perchlorate dans I"EDCH pour la population adulte.

L' Anses indique dans son avis, au paragraphe 3.2.8 relatif aux conclusions sur le choix de la valeur
toxicologique de référence (VTR). que « le groupe de travail « ERS EDCH » et le comité d'expert
spécialisé « Eaux » estiment qu'en cas de future évaluation des risques sanitaires liés a | 'ingestion
d'ions perchlorate postérieure a la publication des travawx en cours de I'US EPA (agence de
protection de ['environnement américaine), il sera nécessaire de réexaminer le mode de
détermination de la dose critique et de construction de la VIR des ions perchlorate ».

' 15 pgiL © valeur au-dela de agualle K @st recommands de Emiter 1a consammation d'eau Pour les femmes enceintes et alaltantes
4 ug/L - valeur alsdeid de laguelle § est recommande de imiter [utisation de feau pour @ pedparation des biberons das Aaurrissors cé moins da § mois
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Le 23 mai 2019, I'US EPA a lancé une consultation publique sur son projet d’avis relatif a une
valeur de gestion pour les ions perchlorate dans les EDCH. Ayant adopté une méthodologie
différente (modélisation toxicocinétique de la relation dose-réponse), 1I'US EPA propose de retenir
une valeur de gestion de 56 pg/L en ions perchlorate dans les EDCH.

Comme rappelé dans mon précédent courrier du 29 mars demier sollicitant vos services pour un
temps d’échanges approfondi sur ce sujet sensible, I'étendue des territoires concernés par cette
problématique n'est pas négligeable,

Aussi, compte tenu de ces ¢éléments et afin de donner aux ARS des orientations adaptées et
proportionnées au risque sanitaire, je souhaite que [’Anses examine a nouveau |'évaluation des
risques sanitaires liés a I'ingestion d’ions perchlorate, 4 la lumiére des récents travaux de I'US EPA
en cours de publication, et me rende un avis dans un délai de 6 mois.

¢ SALOMON

L]
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ANNEX 4 — DIAGRAMS ON THYROID FUNCTION AND MODE OF ACTION OF PERCHLORATE

g \\.,Efandrin

Oxidation _
|* <— |

lodination

&
)

Figure 1 — Thyroid hormone synthesis in a follicular cell (thyrocyte) (Haggstrom 2014)

- Thyroglobulin synthesised in the rough endoplasmic reticulum is secreted by exocytosis into the colloidal
substance in the lumen of the thyroid follicle.

- The NIS actively pumps iodide (I") from the blood across the basal membrane of the thyrocytes.

- This iodide enters the follicular lumen from the cytoplasm via the pendrin transporter (apical membrane) of the
thyrocytes.

- In the colloid, iodide (I") is oxidised to iodine (I°) by an enzyme called thyroid peroxidase (TPO).
- lodine (I°) reacts with the tyrosine residues of thyroglobulin (about 120 tyrosine residues).

- Adjacent iodotyrosine residues are condensed to produce iodothyronines, including THs.

- lodinated thyroglobulin is taken up by endocytosis in the thyrocytes.

- Proteolysis of iodinated thyroglobulin by various proteases releases thyroxine (T4) and triiodothyronine (T3)
molecules.

- T4 and T3 seem to pass into the bloodstream largely via monocarboxylate transporters (MCTS).
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Hypothalamus

TRH

Extrathyroid Conversion
of T4 to T3

Figure 2 — Schematic representation of the thyroid axis (from NRC, 2005)

Thyroid autoregulation; low circulating levels of THs stimulate hypothalamic secretion of TRH, which in turn
stimulates the endocrine cells of the anterior pituitary gland to release TSH into the circulatory system. TSH acts
on the thyroid gland to stimulate the various stages of TH production.

From the child

Cochlog Myelination
Cerebralco@ -
Striatum . Major events in the CNS
Subarachnoid pathw:yg
Corpus callosum | Cerebllum
1
 Eye Dentate of hippocampus_
— ]
| | | | | | |
0o 1 2 3 4 5 6 7 8 T Birth (term)

Gestational age in months

Figure 3 — Foetal brain development from Morreale de Escobar et al. (2000)

The foetal thyroid gland appears in the second month and becomes progressively functional from the fourth month.
The brain ontogeny of the foetus and the development of fine structures depends on maternal THs, and therefore
on the transplacental transfer of adequate quantities of hormones.
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Hypo

e

Key event
Greer et al., 2002
L 2
f Inhibition of |
NNDItIoN o
Perchlorate . Perchlorate . J serum
exposure in blood rmdme uD(dkﬁ_’% = thyroxinemia
4| In thyroid ’;‘
\*2»* _->"é !
NRC- MOA for Perchlorate TSH
Toxicity in Humans. 4

Abnormal
fetal and child

growth and
development

NOEL
Vs
NOAEL

SAB Revision to Include Thyroid

Apical adverse effect
o e e e | Korevaar et al., 2016

° ° hypertrophy i Hypo
Hypothyroxmemla. or =~ thyroidism
hyperplasia T
Perchlorate-induced outcomes NRC 2005 determined Metabolic
were observed in humans sequelae at
any age

Outcomes determined by NRC to not be clearly

demonstrated in humans exposed to perchiorate, but
biologically possible in the absence of adequate
compensation

Augmented mode of action determined by SAB 2013

https://www.ncbi.nim.nih.gov/pubmed/26497402

Figure 4 — Mode of action of perchlorate on thyroid function in pregnant women and
consequences for neurodevelopment in children (from US EPA, 2019)
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ANNEX 5 — ANALYSIS OF THE US EPA's BBDR MODEL ACCORDING TO THE ROADMAP DRAWN UP
BY ANSES DURING THE HBM4EU PROJECT — NOVEMBER 2020

1 — Description of the model

1.1 Description of the model (toxicokinetic part)

Description of the BBDR model (toxicokinetic part)

Suggestions for

. ]:I'ype ?.f Responses Comments improving the
information el
Perchlorate . .
Substance name lodide nil nil
Auth + f . .
uthors + year o US EPA (May 2019) nil nil
publication
BBDR model:
Relationship between
perchlorate exposure and THs at
sensitive life stages and the
Model objective | approach seeking to link BBDR nil nil
model results to
neurodevelopmental outcomes
using the epidemiological
literature
I\j(élssli(m Could be coded in
Model codes . . nil R or Berkeley
Codes available on the website Madonna
of the US EPAS
Women before conception and
| f. .
Targe_t early pregnancy (first trimester) i .
population
Route of Oral route nil nil
exposure

6 https://hero.epa.gov/hero/index.cfm/reference/details/reference id/3352518
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Measurements Perchlorate:
selected and plasma and urine
consistency with nil nil
formulation of lodide:
the problem plasma and urine
Perchlorate:
3 compartments
Plasma + 2 sub-compartments
(erythrocytes, protein)
Thyroid (plasma + tissue)
Rest of body
NL_Jm_ber, lodide:
description and . .
3 compartments nil nil
types of Plasma
mpartmen . .
compartments Thyroid (plasma + tissue)
Rest of body
T3-T4 model:
1 compartment for T3 and T4
(non-physiological — volume of
distribution)
. Perchlorate and iodide: no nil nil
Metabolic pattern metabolism
Physiological
parameters See Tables 1 and 2 below
(US EPA assessment page 3-5
Type of to 3-8 Volume I, and Section 1.4
parameters (e.g. Volu’me Il '
tissue volumes,
body weight, i [
glo):neru?ar Constant parameters and nil nil
filiration rate parameters that change with
etc.) ’ pregnancy (e.g. body weight,
plasma volume, fT4/T 4total ratio,
Parametrisation etc.)
methods
ET\he% Tables 1 and 2 below
e —— (US EPA assessment page 3-5 _ .
parameter Volume I, and Section 1.4 nil nil
Partition Volume II)
coefficient
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Biochemical
parameters

Type of
parameters
(e.g. metabolic
rates such as
Vmax, Km, etc.)
Parametrisation
methods

Tables 1 and 2 below

(US EPA assessment page 3-5
Volume I, and Section 1.4
Volume II)

The US EPA used a Bayesian
methodology to estimate iodine
uptake by the thyroid.

The biochemical parameters used are
described by the US EPA.

Four parameters were calibrated by the US
EPA with toxicokinetic data from the study by
Greer et al. (2002). These parameters are:

urinary clearance of perchlorate: the US
EPA defined a value of 0.105 L/hour/kg® 7>,
which corresponds to the 2.5t percentile of
the general population distribution for the
median. This value is more than twice as
high as the values used in the PBPK models
of Lumen et al. (2013) and Merrill et al.
(2005), which correspond to estimated
urinary clearance values in women in the
third trimester of pregnancy.

urinary clearance of iodide: this parameter
was estimated because the modelling of
urinary elimination in the US EPA model is
different from that of Lumen et al (2013),
which linked iodide clearance to ingested
dose.

the affinity constant (Km) in the Michaelis-
Menten equation governing perchlorate
transport by the NIS: the value used is 3
times lower than Lumen et al. (2013). This
value is based on the US EPA's re-analysis
of Greer et al. (2002). This value makes
perchlorate three times more effective at
competitive inhibition of the NIS compared
to Lumen et al. (2013).

the maximum velocity (Vmax) of iodide in the
Michaelis-Menten equation governing iodide
entry into the thyroid: the current model
uses a value (690 nmol/h/kg®7®) 5.6 times

NB:

Itis true that the
Km value is three
times higher than

that used by
Lumen but it
corresponds to the

50" percentile of

lower than that of Lumen et al. (2013). This the study by
is based on adjustment to data on the Schlozsglefrs etal.,
female subjects in Greer et al. (2002). '
Model calibration
(US EPA Evaluation Section 2 The studies used for the calibration are nil
Volume II) detailed.
Additional
information T3-T4 cycle nil nil

page 56/ 78




ANSES Opinion

Request No 2019-SA-0116

Related requests 2011-SA-0024; 2011-SA-0208; 2011-SA-
0336; 2012-SA-0119; 2016-SA-0155 and 2017-SA-0170

Model plausibility Despite some uncertainties, the model has physiological plausibility.

The influence of the NIS was incorporated into the model via a Mickaelis-Menten type equation
(Vmax, Km), based on in vitro studies and correlated with in vivo studies, which seems consistent.

The new values for the four parameters result in perchlorate having a far greater predicted effect on
Remarks iodide uptake by the thyroid compared to previous models.
In particular, the US EPA defined a value of 0.105 L/hour/kg®7s for urinary clearance of perchlorate,
corresponding to the 2.5t percentile of the general population distribution for the median, which is an
uncertainty because this value is more than twice as high as the values used in the third trimester of
pregnancy. This is not consistent with the increased glomerular filtration rate (GFR) in pregnant
women.
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1.2 Description of the model (toxicodynamic part)

Description of the BBDR model (toxicokinetic part)

Type of Responses Comments
information

Perchlorate

Substance name nil
lodide
Authors + year of UsS EPA (2019)
publication

Describe the combined effect of varying
blood concentrations of perchlorate and

jecti L e nil
Model objective iodide on thyroid iodide uptake and
subsequent production of THSs, including T4
Mode of action (MOA) Action on the thyroid gland »
fully understood Plasma T3 and T4 concentrations
Toxicodynamic events
appropriate according Measurement in T4 and T3 nil
to the MOA
Type of toxicodynamic Secretion nil
events
Selected unit of To date, there are not many models that]
measurement il take the kinetic and dynamic aspect into
appropriate to the account. However, the selected dose

toxicodynamic event measurement unit seems consistent.
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Toxicodynamic events
/ calibration

lodide sub-model

T3-T4 sub-model

- The parameter values and their sources
are detailed by the US EPA and listed in
Table A-2.

- 14 studies (Cotzias et al., 2008; Elhaj
et al., 2016; Khalid et al., 2014; Li et
al., 2014; Mannisto et al., 2011; Medici
et al., 2012; Moleti et al., 2011;
Moncayo et al., 2015; Moon et al.
2015; Panesar et al., 2001; Soldin et
al., 2004; Stricker et al., 2007; Yan et
al., 2011; Zhang et al., 2016) were
selected by the US EPA to calibrate
the relationship between plasma TSH
and fT4 concentrations.

- The theoretical curves were adjusted to
the experimental data for modelling THs.

Compared to the model developed
previously, some parameters have been
re-estimated (e.g. T4 production rate)
without sufficient justification (Annex 4).

Calibration of the rate of basal T4
hormone production is a parameter
taken into account in the model
calibration. The use of a lower T4
production rate (6.25x107/hr/kg®75)
than the value published in the model of
Lumen et al., 2013 (2.45x10-%/hr/kg®7®)
is not sufficiently justified, as mentioned
by Clewell et al. (2019).

The model parameters were described in Table A-2 of Volume Il of the US EPA assessment
and are detailed in Tables 1 and 2 below:
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Table 1 — Physiological parameters of the model

Parameters Values References Confidence
level assigned
to the value
according to
the method of
determination
Body weight for non-pregnant woman 70 Default value High
- BWO (kg)
Hematocrit, red blood cell fraction - 0.394 Value for non-pregnant Moderate
Hct0 women
Cardiac output constant - QFCO 13.8 Non-pregnant women, High
(L/(h-kg®7®)) scaled to body weight by
allometric adjustment
Fraction of cardiac output going to 0.015 Non-pregnant (Leggett & High
thyroid - QFthy0 Williams, 1995)
Fractional volume of blood plasma - 0.0539 Default value Moderate
VFpls
Fractional volume of entire thyroid - 1.34 10* Default value Moderate
VFthy
Fractional volume of thyroid blood - 0.276 (Lumen, et al., 2013) Low
VFthyB
Fractional volume of thyroid tissue - 0.724 Calculated, 1 - VFthyB Low
VFthyT
Sensitivity constant for increase in T4 3.54-103 Calculated Low
and T3 production per unit hCG -
khCG (L/kIU)
Target TSH level, at which iodine 1.37 TSH equation normalised to Low
uptake Vmax and thyroid hormone yield
production are at calibrated levels — TSH = TSHtar when CFT4 =
TSHtar (mIU/L) CFT4tar
Abndmax0 (ng) 17-106 Maximum capacity for High
thyroidal bound iodide in the
non-pregnant woman (start
of pregnancy)
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Table 2 — Specific parameters for perchlorate and iodide, T4, T3

CLFUP (L/hr/kg®7s)

pregnancy. Based on a re-analysis of Greer
et al. (2002)

Parameters Values References Confidence
level assighed
to the value
according to
the method of
determination
Perchlorate
Rest of body : plasma 0.558 The current model uses a weighted Low
partition coefficient - average of the tissue-specific partition
Prob_P coefficients (PCs) for the new ROB
compartment and takes into account the
presence of the NIS in the skin and
mammary glands. The inclusion of skin and
breast NIS increased the PC by 80%.
Red blood cell : plasma 0.8 (Clewell, et al., 2007) High
partition coefficient -
PRBC P
Thyroid tissue : plasma 0.13 (Merrill, et al., 2005) High
partition coefficient -
Pthy P
PA product, red blood 10 (US EPA, 2009) Scaled to body weight by High
cells-plasma - PARBCc_P allometric adjustment
(L/(h kg ™))
Permeability-area (PA) 104 (Lumen, et al., 2013) Scaled to body weight High
product for thyroid tissue : by allometric adjustment
plasma - PAthyC_P
(L/(hkg075)
Km for perchlorate 181 (Merrill et al., 2005) High
binding in serum - Km_Bp
(nM)
Vmax, perchlorate binding 5.9 (Clewell, et al., 2007) Scaled to body weight High
in serum - VmaxC_Bp by allometric adjustment
(nmol/(h-kg®™®))
First order constant for 0.03 (US EPA, 2009) Scaled to body weight by High
unbinding of perchlorate allometric adjustment
from plasma protein
binding - KunbC_P
(L/(h"kg®™))
Uptake into thyroid via NIS 650 Value for non-pregnant women; scaled for High
i VmaxNISF_thy P pregnancy (Lumen, et al., 2013)
(nmol/h/kg®7%)
Km for NIS - uptake in 489 Based on a re-analysis of Greer et al. High
thyroid - KmNIS_P (nM) (2002) by the US EPA
2.5" percentile of sampling distribution for
the median
Elimination to urine - 0.105 Value for non-pregnant women; scaled for High
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lodide

Plasma protein binding of
iodide = N/A

Not modelled in the current version of the
BBDR (nor in the 2017 version).

Rest of body : plasma 0.243 The current model uses a weighted Low
partition coefficient - average of the tissue-specific PCs for the
Prob_1, new ROB compartment that takes into
account the presence of the NIS (Slominski
et al., 2002) and mammary glands. The
adjustment for skin and mammary NIS
increased the PC by 20%. Lumen et al.
(2013) reported PCs for iodide for individual
tissues ranging from 0.15 to 0.4, which
were used as is in the January 2017 model.
Thyroid tissue : plasma 0.15 (Merrill, et al., 2005) High
partition coefficient -
Pthy |
Permeability-area (PA) 104 Lumen et al. (2013); scaled to body weight High
product for thyroid tissue- by allometric adjustment.
plasma - PAthyC |
(L/(h-kg®7®)
Thyroid lodide Uptake via 690 Value for non-pregnant women, scaled for High
NIS - VmaxNISF_thy | pregnancy. This value is based on an
(nmol/h/kgP7®) adjustment to data on the female subjects
in Greer et al. (2002). In addition, the
VmaxC is scaled to increase with
pregnancy based on an empirical
relationship between gestational age and
radioactive iodide uptake. The current
model uses a VmaxC 5.6 times lower than
that of Lumen et al. (2013).
Km for NIS-uptake in 3.15x 104 Lumen et al. (2013) High
thyroid - KmNIS | (nM)
lodide from T4 1.9x10° | 1storder T4 degradation constant (scaled). High
deiodination based upon This value decreases KdegT4F by a factor
degradation rate of T4 - of 10 compared to the values of Lumen et
KdegT4F (L/hr/kg®75) al. (2013). The decrease allows the model
to be adjusted to the NHANES data range,
taking into account uncertainties in other
model parameters, with the procedure used
by the US EPA.
lodide from T3 1.7 x 10# | This value decreases KdegT3F by a factor High
deiodination based upon of 10 compared to the values of Lumen et
degradation rate of T3 al. (2013). The decrease allows the model
(KdegT3F) to be adjusted to the NHANES data range,
KdegT3F (L/hr/kg®75) taking into account uncertainties in other
model parameters, with the procedure used
by the US EPA.
Elimination to urine - 0.0653 Value for non-pregnant women, scaled for High

CLFUI (L/hr/kge™)

pregnancy.

page 62 /78




ANSES Opinion
Request No 2019-SA-0116

Related requests 2011-SA-0024; 2011-SA-0208; 2011-SA-
0336; 2012-SA-0119; 2016-SA-0155 and 2017-SA-0170

VDFT40 (L/kg)

2" order constant for 3.12-103 Calibrated from NHANES data (non- Moderate
iodide binding in thyroid - pregnant women)

KBIND_I (nmol-h)*

T3

T3 urinary clearance - 2.7-10® | Scaled, non-pregnant women (Lumen et al., High
CLUFT3 (L/(h-kg® ™)) 2013)

Ratio of free to total T3 — 277103 Non-pregnant women High
FRT30

First order T3 degradation 1.7-10 Calibrated — reduced by 10% compared to High
constant - KdegT3F Lumen et al. (2013)

(h-kg®75)1

First order T3 production 5.83-108 Calibrated from NHANES data (non- High
constant - KPRODT3F pregnant women)

(h-kg0.75)*

T3 volume of distribution - 0.603 Non-pregnant women Moderate
VDFT30 (L/kg)

T4

Second order/first order -0.07782 Calibrated from NHANES data (non- High
term for change in fT4 : pregnant women)

T4 with GW - AobT4

First order term for 0.01845 Calibrated from NHANES data (non- High
change in fT4 : T4 with pregnant women)

GW - bT4

T4 urinary clearance 2.8310* Calibrated from NHANES data (non- High
CLUFT4 (L/(h-kg® ™)) pregnant women)

Ratio of free to total T4 - 1.03-10 Non-pregnant women High
FRT40

Target” T4 serum 99.1 CFT4tar = FRT40-CT4TAR-103 Low
concentration, at which

TSH feedback term = 1,

neither stimulating nor

inhibiting hormone

production - CT4tar

(mlU/L)

1st order T4 degradation 1.9-10 Calibrated — reduced by 10% compared to High
constant — KdegT4F Lumen et al. (2013)

(h' kg0.75)-1

1st order T4 production 6.25-107 Calibrated from NHANES data (non- High
constant —- KPRODT4F pregnant women)

(h-kg0.75)*

T4 volume of distribution - 0.162 Non-pregnant women Moderate

Note: the last column represents the level of confidence assigned to the value of the parameter
according to the method of determination, as shown below:

Indicative confidence level for model parameter values

High Data measured in in vivo/in vitro studies (animal, human tissue)

Moderate

Data estimated by optimisation/adjustment of the curve

Low Data estimated by other in silico methods (QSAR, etc.)
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2- Parameter verification and model analysis

Parameter verification and model analysis

Type of information

Responses

Comments —
suggestions for
improving the model

Information
required

PBTK: Toxicokinetic data for perchlorate in adults
(i.e. measurements of plasma/urinary
concentrations under controlled conditions) are
limited and no appropriate data in pregnant
women have been identified. Biomonitoring data
were excluded. The body of data for assessing
the perchlorate sub-model is as follows:

*Greer et al. (2002) (also used for calibration)

*Kamm & Drescher (1973)
The model's predictions are considered
satisfactory.

Comment: The
predictions generally
agree with the
experimental data.

It should be noted that
the data from Greer et
al. (2002) were used to
calibrate 4 parameters of
the perchlorate and
iodide sub-models.

PBTD: Comparison with Steinmaus et al. (2016)
by the US EPA and comparisons with data from
Greer et al. (2002), Braverman et al. (2006) and
Téllez-Téllez et al. (2005a, 2005b) by Clewell et
al. (2019). See below.

Model analysis

Sensitivity analysis
conducted for all
parameters

This was carried out by the authors and is
presented in the next section.

The local sensitivity analysis was carried out to
assess the influence of model parameters on a
measure of perchlorate dose-response, i.e. the
decrease in plasma fT4 concentration. A local
normalised sensitivity coefficient was calculated
for a 1% increase or decrease in the value of the
parameter. Sensitivity was assessed at GW -1
(pre-pregnancy), 12 and 16

Uncertainty analysis
conducted for the
most influential
parameters

This was carried out by the authors.

Monte Carlo simulations were carried out.
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3- Assessment of the model

Apart from the study by Steinmaus et al., the model seems to reproduce the experimental data,
i.e. predicted values/reported values < 2, in accordance with the International Program on
Chemical Safety (IPCS) (WHO, 2010) for the studies by Greer et al. (2002), Braverman et al.
(2006) and Téllez-Téllez et al. (2005).

However, these studies available to assess the model do not show any impact of perchlorate
exposure on fT4 concentration.

As an example, Table 3 below shows the comparison from the publication of Clewell et al.
(2019) between the model estimates (fT4) and the data measured in the study by Greer et al.
(2002).

Table 3 — Comparison of model-simulated data with data measured by Greer et al. (2002) — Clewell et al.

(2019)
Dose RAIU (%) T4 (ph)
(g kesd) Simulated Measured Simulated Measured
0 100 100 10.33 -
7 89 98.2 10.33 -
20 74 B3.6 10.32 16.09
100 a7 55.3 10.31 15.26
500 11 329 10.30 15.44

3.1 Results of the sensitivity analysis
The sensitivity analysis performed by the authors was presented in Table A-8 of the US EPA
document and is shown below (Table 4).

As a reminder, a parameter is considered to have "high" sensitivity if the sensitivity coefficient
(SC) is greater than 0.5, "moderate” if its coefficient is between 0.2 and 0.5, and "low" if its
coefficient is less than 0.2.

This analysis was performed taking three different time periods into account (one week before
pregnancy, and at 12 and 16 weeks of pregnancy) for women with a median fT4 value and
efficient TSH feedback (pTSH = 1) and for women with a 10" percentile fT4 value and weak
TSH feedback (pTSH = 0.398)

Table 4 — Significant local sensitivity factors (Table A-8, US EPA Volume II)

th e indivi =
Parameters Median individual pTSH = 1 10 percentlleolgg|SV|dual pTSH =
Gestation
week (GW) GW 12 GW 16 GW -1 GW 12 GW 16
-1
BWO -0.90 -0.71 -0.64 0.57 0.66 0.70
VDFT40 -0.28 -0.36 -0.30 0.09 0.18 0.18
QFCO0, QFTHYO 0.16 0.14 0.12 0.02 0.00 0.00
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VMAXNISF_THY_|
- 0.65 0.53 0.47 -0.37 -0.41 -0.42
KMNIS_I)

KMNIS_P -0.96 -0.96 -0.96 -0.98 -0.98 -0.98
KDEGT4F -0.28 -0.22 -0.24 0.09 0.10 0.13
CLFUI -0.82 -0.67 -0.60 0.36 0.41 0.43
CLFUP -0.95 -0.96 -0.96 -0.98 -0.98 -0.98
CLUFT4 -0.91 -0.63 -0.59 0.22 0.20 0.22
FRT40 1.94 1.58 1.42 -1.14 -1.30 -1.32
AOBT4 0.00 -0.14 -0.24 0.00 0.07 0.12
PTSHV -0.38 -0.38 -0.41 -0.72 -0.69 -0.67
KHCG 0.00 0.13 0.08 0.00 -0.08 -0.06
CT4TAR 0.75 0.60 0.53 -0.84 -0.92 -0.93

Normalised sensitivity coefficients for the effect of the parameter on perchlorate dose-response. A
positive value means that increasing the parameter increases the relative change in fT4 concentration
vs. perchlorate exposure and vice versa.

3.2 Analysis of uncertainty
The uncertainty was analysed by the US EPA. According to the IPCS document (WHO, 2010),
a parameter is considered to have "high" uncertainty if its value is greater than 2, "moderate”
if its value is between 0.3 and 2, and "low" if its value is less than 0.3.

Table 5 below also presents the values from the sensitivity analysis (SC).

Table 5 — Summary of uncertainty and variability with their potential impact on dose-response (Table A-

11, US EPA Volume 1)

L . Analysis of
Parameters with Absolute SC Variability Uncertainty unce):tainty
maximum |SC| > 0.1 (Table A-8) * Variability Potential | Uncertainty Potential
(Table A-8) parameters impact parameters impact
KMNIS Pz 0.96-0.98 (0.97) ~0 ~0 0.86 0.8 Moderate
CLFUPz 0.95-0.98 (0.97) 0.82 0.8 0.16 0.2 Low
FRT40 1.14-1.94 (1.45) 0.34 0.7 0.2 0.3 Low
CT4TAR 0.6-0.93 (0.76) 0.26 0.2 ~0 <0.1 Low
PTSHV, PTSHK¢t 0.38-0.72 (0.54) 1.35 1 1.35 0.7 Moderate
CLFUI 0.36-0.82 (0.55) 0.82 0.7 0.2 0.1 Low
VMAXNISF_THY _| Low
(-KMNIS_I) 0.37-0.65 (0.48) (~0)0.4 (~0)0.3 (~0)0.27 (~0)0.1
CLUFT4 0.2-0.91 (0.46) 0.41 0.4 ~0 ~0 Low
KDEGTA4F+ 0.09-0.28 (0.18) 0.52 0.1 0.52 <0.1 Moderate
BWO 0.57-0.9 (0.7) 0.4 0.4 ~0 ~0 Low
VDFT40 0.09-0.36 (0.23) 0.28 0.1 0.5 0.1 Moderate
AOBT4 0-0.24 (0.1) 0.25 <0.1 0.25 <0.1 Low
QFCO0, QFTHYO 0-0.16 (0.07) 0.4 <0.1 0.2 <0.1 Low
KHCG 0-0.13 (0.06) 0.85 0.1 0.26 <0.1 Low

* Values are ranges of absolute sensitivity coefficients (SCs) across iodine intake and gestation times evaluated
(numerical average of absolute sensitivities)
T Lower bound estimates of KMNIS_P and CLFUP (5™ percentile of the estimated distribution for the median)
and PTSHV and PTSHK (approximate lower bound = 0.4), which result in higher sensitivity to perchlorate than
median estimates, were evaluated and used to derive the limit value for DW.
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The likelihood that KMNIS_P or CLFUP are significantly less than the 5" percentiles used is considered low.
Likewise, the likelihood that PTSHV and PTSHK are less than 0.4 is considered low. Hence the remaining
uncertainty is qualified as low.

3.3 Coupling the results of the sensitivity and uncertainty analyses

UNCERTAINTY
High Medium Low
=
2
T
[
= g
E 5
14}
2 3
|
”

Low

Figure 1 — Illustration of the role of sensitivity and uncertainty analyses in determining
the reliability of the model's dose measurement predictions for risk
assessment. Low reliability (black box); Moderate reliability (grey boxes);
High reliability (white boxes) (see IPCS 2010)

In conclusion, the coupled uncertainty and sensitivity analysis (Table A-11) reveals that only
two parameters are in the grey boxes: KMNIS and PSTHV. The other parameters are in the
white boxes, indicating high to moderate reliability of the model.

4- Conclusion

The toxicokinetic part of the BBDR model for perchlorate has been rigorously assessed by
the US EPA. This assessment shows that the kinetic model of perchlorate effectively
reproduces the different data available in the literature, i.e. the changes in plasma
concentration and cumulative urinary excretion in adults.

This part of the model fulfils the WHO/IPCS requirements for use in risk assessment.

The analysis of the US EPA model according to the IPCS methodology (WHO 2010) and
the roadmap (drawn up as part of the HMB4EU project) led to the conclusion that:

- the studies used to calibrate the model are detailed, and a confidence level was assigned
to the selected values according to the recommendations of the HBM4EU roadmap;

- the sensitivity and uncertainty analyses indicate high to moderate reliability of the model,
- with the exception of the study by Steinmaus et al. 2016, the model appears to reproduce
the experimental data (i.e. predicted values/reported values < 2).

However, the comparison with the different studies available (Greer et al. (2002), Braverman
et al. (2006) and Téllez-Téllez et al. (2005)) used by Clewell et al. (2019) to assess the
model does not show any impact of perchlorate exposure on fT4 concentration.

In conclusion, due mainly to the lack of data available for conducting a robust validation, the
US EPA model does not allow the relationship between perchlorate exposure and the
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perchlorate exposure and THs.

decrease in fT4 to be assessed. Through its validation by comparison with a single study
(Steinmaus et al.,, 2016), it seems difficult to identify significant variations between

ANNEX 6 — RELATIONSHIP BETWEEN TSH AND fT4 ACROSS MULTIPLE STUDIES (FIGURE A-46 US

EPA 2019)

e Khaidetal (2014)

e Panesar etal. (2001)

25
¢ Cotzias(2008)
A Lieal(2014)
2 0 Mannksto et al (2011)
g O Zhang et al (2016)
E 15 @ Moncayo et al (2014)
; A Strcker et a (2007)
& ¢ Medriet a (2012)
2 ¥ Elhajet al (2016)
4 Soldin etal. (2004)
05 ¢ Yanetal (2011)
@ Moonetal (2015)
A Moletiet al. (2011)
: 7 9 11 13 15 17 PRSI e

T4 (pm)

# The curves are roughly adjusted in this example to show the range of behavior. Data sources are
listed 1n legend of Figure A-44.

Figure 1 — Relationship between TSH and T4
(curves from Figure A-46 of Volume Il of US EPA 2019)

The relationship curves according to Hadlow et al. (2013) corresponding to different studies tend to show an
association. However, there is a high variability between plasma TSH and fT4 concentrations in the 14 available

studies.
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ANNEX 7 — EPIDEMIOLOGICAL STUDIES SELECTED BY THE US EPA

Selection procedure and assessment of epidemiological studies (see Volume | Section 5 and Volume Il Appendices E, F, G, I, J)

Step 1
Compatibility ‘
with BBDR?
Step 2
Continuousor —
categorical fT4
measurement?
Step 3
Risk of bias? ‘
(OHAT criteria)

Step 4
Feasibility of

dose-response »

relationship?
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Assessment of the US EPA's conclusions on the quality of the selected studies:

The US EPA assessed the quality of the studies with a "risk of bias" analysis using an approach inspired by the OHAT methodology. The risk of
bias was assessed qualitatively and a rating for each study was proposed according to three levels. For this purpose, the tool detailed in Appendix
E Volume 1l (pages E5 — E12) was used. It consists of a series of questions to consider relating to five types of bias (confounders,
attrition/exclusion, exposure characterisation, outcome assessment, reporting). An answer was given in terms of risk of bias (definitely low,
probably low, probably high, definitely high). The studies were then classified into three tiers (Tier 1, 2 or 3) according to the number of low or
high risk-of-bias responses.

The US EPA's analysis of the risk of bias of the five selected studies (as well as that of the other 11 Group 1 studies from the US EPA selection
process) is available in Table E-2 on page E-13 of Volume lII.

Risk of bias

Definitely low | Probably low | Probably high | Definitely high
+ -

Study classification:

Tier 1 Tier 2 Tier 3
"Probably low" or "definitely low" risk Study does not meet the criteria for
of bias for the majority of questions either Tier 1 or Tier 3
asked and no risk of bias rated as
"definitely high"
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Table 1 — Risks of bias according to the US EPA

Risk of bias related to:

. | Attrition/ 3 4
Confounders exclusion? Exposure?® | Outcome
Endendijk
et al. - - +
(2017)
Finken et _ _ +
al. (2013)
Korevaar et . ) .

al. (2016)

Data
presentation®

Dose- lodine Opinion of the WG on the
response® intake’ conclusions of the US EPA

Agreement on the assessment of the risks of
outcome and exposure bias, as the

N N assessment of the primary decision criterion is
based on a test completed by parents and not
by a neutral observer.
Agreement on the assessment of the risks of
bias except for that of exposure.
The standardisation of maternal T4 on the day
of pregnancy was carried out according to an

N N arbitrary formula that is not justified by the
authors: this may enhance the study or may
induce additional noise.
Furthermore, there is no correlation for the
multiplicity of tests (risk of analysis bias).

N
N (Urinary '%di"e Agreement on the analysis of the risks of bias
Momsotie | carried out by the US EPA.
subjects)
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Agreement on the assessment of the risks of
Y N bias except for that of attrition/exclusion, which
is defined as "very low" (++) and is not justified
by the US EPA.

Pop et al.
(2003)

Agreement on the analysis of the risks of bias
carried out by the US EPA.

Y N Apart from the risk of bias in the measurement
of the effect, which is probably overestimated
given the number of participants considered.

Pop et al.
(1999)

1. Did the study design or analysis account for important confounding and modifying variables?

2: Were outcome data complete without attrition or exclusion from analysis?

3. Can we be confident in the exposure characterisation?

4: Can we be confident in the outcome assessment?

5 Were all measured outcomes reported?

6. Did the study provide dose-response information specific to children of hypothyroxinaemic pregnant women?
7. Did the study measure iodine intake in participants?
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Table 2 — Critical analysis of the dose-response of the five studies retained by the US EPA

Study Population | Participants | Endpoint fT4 ranges Dose-response relationship determined in the | Study's suitability for the US EPA's
(woman- considered article requirements
child pairs)
Pop etal. | Women 220 PDI: fT4 below the 5" | Effect observed only on PDI and not MDI. Interesting study with a view to the US EPA work
1999 recruited at Psychomotor percentile (<9.8 | \iean PDI scores were significantly lower in children because a specific study of the relationship
the 127 development index pmoliL): n=11 whose mothers had T4 concentrations in the 5t or 101 | Petween matemal fT4 and neurodevelopment was
week of fT4 below the percentile at the 12" week of pregnancy than in the rest | €arried out in hypothyroxinaemic women. The US
pregnhancy 10" percentile of the children. EPA used the figures and Lhe scgttelr pl?tg in thhe
and . . . igures to extract a mathematical relationship
MDI: Mental 5123(2)4 pmolL) ghe ribd?jseo-rrﬁspon?re I tire;:a“o;is?lrr)lt R‘ivgs% r;o_t (linear regression): they used the "WebPlotDigitizer
development index 4 below the 0%23 ise . Only a correlation coefficient R = 0.46 (P = Extension” for Google Chrome and the linear
. given but there is no mathematical function regression function in Excel.
15 percentile describing the relationship between fT4 concentration
assessed by the (<10.9 pmol/L): | and PDI score for women with fT4 concentrations APDI = x AfT4
Bayley Scales of n=34 below the 10™ percentile. Only a scatter plot is visible. | (95% CI) = 8.5 (0.01-17.04)
Infant Development. fT4 below the The raw data were not made available to the US
20t percentile EPA.
(< 11.4 pmol/L):
n=45
Pop etal. | Women 125 PDI: Psychomotor fT4 10t Small but significant correlations between MDI at 2 | Interesting study with a view to the US EPA work
2003 recruited at development index percentile = 12.4 | years and fT4, and PDI at 2 years and fT4 in children | because a specific study of the relationship
the 12 and pmol/L with of women in the group below the 10" percentile. between maternal fT4 and neurodevelopment was
week of ' normal TSH R = 048 (P = 0.001) and R = 0.38 (P = 0.006), carried out in hypothyroxinaemic women. The US
pregnancy MDI: Mental ) T4 50t respectivel EPA used the figures and the scatter plots in the
development index percentile = 15.6 P v _ _ figures to extract a mathematical relationship
DMLY | v oo oo et g ot | U B 1 e Wbtz
Bayley Scales of normal TSH there is no m);\thematical function descri?)in Extension” for Google Chrome and the finear
g the regression function in Excel.
Infant Development. | ¢4 ggin relationship between [fT4] concentration and DPDI
percentile =19.1 | score for women with [fT4] concentrations below the AMDI = x AfT4
Assessed at 1 and 2 pmol/L with 10" percentile. Only a scatter plot is visible. (95% CI) = 6.3 (1.92-10.6)
years normal TSH APDI = x AfT4
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(95% CI) = 8.4 (4.0-12.8)

The raw data were not made available to the US
EPA.

Finken et | 834to 100" | 1765 (175 Reaction time 6.5;10.4 Linear regression results when fT4 is considered as a | Study based on an objective criterion
al. 2013 day of women with | standard deviation (mean: 9.6 guantitative variable: the only significant results | (computerised standardised assessment) but with
pregnancy fT4 below (SD) pmol/L) concerned the intra-individual SD for task 1. For a | unknown predictive value. Due to the lack of
the 10t 4 tasks of the 1pmol/L increase in fT4 concentration, there was a | correction for the multiplicity of tests, there is a low
percentile, < | A sterdam decrease of just over 3% in the intra-individual | level of evidence for a relationship between
7.7 pmol/L) Neuropsychological variability of reaction time during the 32 trials. maternal fT4 and an adverse effect on
Test (ANT) at age 5. ngurqdevelopment (according to the OHAT
Cogpnitive domains ASD Reaction Time (ms) = B x AfT4 criteria).
tested: attention,
information . =4.9(-9.5:-02), p=0.04 The value of this study comes from the number of
processing, executive hypothyroxinaemic women: n=175. However, the
function and US EPA did not exploit these data.
visuospatial ] ) ) ]
perception. The US EPA used the linear relationship described
in this paper for the entire population.
Endendjik | 10" to 12" 442 Anxiety/Depression | 8.7 -19.6 - Correlation between fT4 in the first trimester and | Dose-response relationship given for the whole
etal. week of score pmol/L anxiety/depression in girls only (r=0.17, p<0.05). population. Several possible biases, notably
2017 pregnancy Child Behavior Check - Correlation between TSH concentration in the first | S€léction bias (few hypothyroxinaemic women),

List (CBCL 1.5-5).
Assessment of
children's behaviour
at an average age of
30 months.

5t percentile:

fT4 <12.40
pmol/L

10" percentile:
fT4 <13.30
pmol/L.

trimester and attention problems in boys only (r=0.21,
p<0.05).

- No association between behavioural problems and
hormone levels in other trimesters regardless of sex.

- Linear regression: the relationship between T4
concentration and anxiety/depression was significant
regardless of sex in a model adjusted for maternal
psychopathological symptoms during pregnancy.

AAD = (1/ x fT42) - (1/ x fT41)

=0.12 (0.11; 0.13), p<0.05

classification bias (CBCL completed by parents;
disparate ages of children) and confounding bias.

Considering the results of the linear regressions,
the level of evidence for a relationship between
maternal fT4 and the risk of anxiety/depression is
moderate (according to the OHAT criteria).
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Korevaar
etal.,
2016

Before the
18" week of
pregnancy

Median:
13.2

Range 95%:
9.8-17.5

3839

Non-verbal IQ
assessed with the
Snijders-Oomen
Niet-Verbale
Intelligentie Test.
Assessment of
children aged 6
(median 6 years;
range 95%: 5.6 — 7.9
years)

Median: 14.9
pmol/L
Range 95%:
10.2-22.4
pmol/L

- Linear regression with log-transformed values of TH
concentrations as independent variables.
Determination of the shape of the relationship by
defining the mathematical functions between the
minimum and the 10™ percentile, between the 10t and
the 50", between the 50 and the 90", and then above
the 90 percentile with polynomials of the 15, 2" or 31
degree maximum ("restricted cubic splines with 3
knots").

- Significant inverted U-shaped association between
fT4 concentrations and 1Q.

AlIQ = (1 % InfT42 + 2 x In(fT42)?) = (1 x InfT41 + 2 x
In(fT441)?)

B1=33.81 (95% ClI: 9.8; 57.82)

B2 =-6.235 (95% ClI: -10.567; -1.903)

Significant 1.5 to 3.8 reduction in 1Q in children whose
mothers had fT4 concentrations between the 3™ and
11" percentile compared to the reference category (fT4
concentration between the 10" and 90™ percentile)

Interesting study due to the large number of
subjects and the well-developed dose-response
modelling.

The level of evidence for an inverted U-shaped
association between maternal fT4 and IQ is
moderate (according to the OHAT criteria).

Independent analysis of the raw study data by the
US EPA to establish a mathematical function better
suited to development of the TRV for perchlorate:

- No adjustment for the factors that might
explain the observed relationship
between maternal fT4 concentration and
child 1Q in order not to understate the
strength of the observed effect

- Concentrations of fT4 in their raw form,

and not log-transformed

AlQ = (1 X In(fT42)) = (1 X In(fT41))
B1=17.26 (3.77; 30.75)
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Search: Articles on perchlorate exposure and adverse effects with a particular focus on thyroid
function and neurodevelopmental disorders (children) published since the ANSES opinion of

31 December 2018.
PECO:

Population* (or subjects investigated)

Keywords from the
thesaurus

Other terms

Population (or subjects investigated)

All populations

Infant, child, newborn, breastfed, pregnant,
lactation

health effect, psysocial effects, perception,
economic results

Neurodevelopment

Exposition Perchlorate Perchloric acids, perchloric acid derivatives
Comparator Non exposed
Health effects, adverse effects
o Throxine, T4, hypothroxinemia, ‘“thyroid
Outcome (result of interest, event [ Toxicity, hormones”
measured, judgment criteria. i.e: mortality, .
Thyroid, “neurodevelopmental effects” OR “mental

ability” OR “intelligence quotient” OR
cognition OR cognitive OR motor OR
language OR behaviour OR autism OR
ADHD

Temporality (research period)

01/01/2018 — 10/01/2020

Query

Scopus TITLE-ABS-KEY ( perchlorate AND ( toxicity OR {adverse effect} OR {health effect} OR 177
disease OR cancer OR thyroid OR thyroxine OR t4 OR hypothyroxinemia OR "thyroid
hormones")) AND PUBYEAR > 2017

Scopus TITLE-ABS-KEY ( perchlorate AND ( neurodevelopment OR "neurodevelopment effects” OR 4
"mental ability" OR intelligence OR cognition OR cognitive OR motor OR language OR
behavior OR autism OR adhd) AND (infant OR child*)) AND PUBYEAR > 2017

Pubmed All fields Perchlorate AND (Toxicity OR {adverse effect} OR {health effect} OR Thyroid OR 161
disease OR cancer OR thyroxine OR T4 OR hypothyroxinemia OR "thyroid hormones") Filters:
from 2018 - 2020

Pubmed All fields Perchlorate AND (Neurodevelopment OR "Neurodevelopmental effects" OR "mental 4

ability" OR intelligence OR cognition OR cognitive OR motor OR language OR behavior OR
autism OR ADHD) AND (infant OR child) Filters: from 2018 - 2020

Number of results of the query in SCOPUS: 179 on 01/10/2020
Number of results of the query in PUBMED: 163 on 01/10/2020
After removing duplicates: 243
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PRISMA flow diagram

References identified References identified
through a search through a search
onthe SCOPUS database (n=179) onthe PUBMED database (n= 163)

i

References after deletion of duplicates (n =243)

Excluded references
Selected references (n = 11) » (n=232)
including 6 reviews

. _ Articles excluded because already
References notmentioned n the # assessedinthe ANSES 2018 opinion
ANSES 2018 opinion (n =7) n=4) P

l

Fulext articles assessed for
eligibility (n=7)

Fultext articles excluded,
with reasons (n = 6)

r

Studies included
in the opinion (n=1)
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Table 1 — Articles whose text was assessed in full

Reference

Zhu et al.,
2019

McCanlies et
al., 2019

Orathel et
al., 2020

Bruce et al.,
2018

Serrano-
Nascimento,
C., 2018

Yu et al.,
2019

Karthikprabu
et al., 2020

Type of study

Cross-sectional
epidemiological

Case-control
epidemiological

Ecological
epidemiological

BMD modelling

60 d subchronic
toxicological in
rats

Toxicological,
reprotoxicity in
rats

20 d subacute
toxicological in
rats

*TRT: ToxRTool scoring

Title

Environmental exposure to
perchlorate, nitrate, and
thiocyanate in relation to
obesity: A population-based
study

The CHARGE study: An
assessment of parental
occupational exposures and
autism spectrum disorder

Possible Effects of Perchlorate
Contamination of Drinking
Water on Thyroid Health

Determination of Thresholds of
Radioactive lodine Uptake
Response with Clinical
Exposure to Perchlorate

Evaluation of hypothalamus-
pituitary-thyroid axis function by
chronic perchlorate exposure in
male rats

Reproductive toxicity of
perchlorate in rats

Perchlorate contamination
assessment and
hypothyroidism in rat studies
using water samples collected
around Kovil Patti, Tuticorin
District of Tamil Nadu, India

Result

No association
between UCIO:- and
obesity (BMI) or
abdominal obesity
(waist circumference)

No occupational
exposure to
perchlorate in the
CHARGE study

No significant
difference in TSH,
T4, number of
hypothyroid patients

BMDzoL: 0.021 mg.kg
bw?.d?

Thyroid alteration and
inflammation

(0 and 35 mg.kg bw
1.d-1)

0; 0.5; 1 and 10 mg.kg
bw?.d! gavage
NOAEL 0.5 mg

| T4

contaminated water
(98.8 mg.L?1)

3 mL. trattl.d?® IV for
20 days

Eligibility

Protocol with low
evidentiary force
— No

Perchlorate not
studied
— No

Protocol with low
evidentiary force
— No

— Yes

TRT*: 3
1 high dose only
— No

TRT: 1

NOAEL 100 ~
times higher than
NOEL in Greer et
al. (2002)

— No

TRT: 4
numerous
limitations
— No
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