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Perchlorate consumption, iodine status, and thyroid function

Paula R Trumbo

Perchlorate inhibits the uptake of iodide into the thyroid gland, thereby possibly
affecting the synthesis of thyroid hormones. Pregnant women and their fetuses and
newborns have the greatest potential for risk of adverse health effects following
exposure to perchlorate. Perchlorate is present in some foods and in drinking water
in certain areas of the United States. Based on the available information, the United
States Food and Drug Administration (FDA) is not recommending that consumers of
any age alter their diet or eating habits due to perchlorate exposure. If one eats a
healthy diet that is consistent with the Dietary Guidelines for Americans, taking
iodine supplements is not necessary for protection against health effects associated
with perchlorate at the levels present in water and foods.
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INTRODUCTION

Perchlorate is primarily used as an oxidizer in propellants
and rocket fuels (e.g., ammonium perchlorate)’; it is also
used in blasting formulations, pyrotechnics, and explo-
sives. There is evidence that perchlorate is formed natu-
rally and that a natural perchlorate background exists.?
Perchlorate competitively inhibits the uptake of iodide
into the thyroid gland, where iodine is essential for the
synthesis of thyroid hormones (triiodothyronine [T3] and
thyroxine [T4]). Perchlorate was used in the past to treat
thyrotoxicosis, particularly in Europe,” and it is still used
to treat iodine-induced hyperthyroidism.* Inhibition of
thyroid hormone synthesis can result in hypothyroidism,
which is indicative of an elevated serum thyroid stimula-
tion hormone (TSH) concentration. In fetuses and
infants, thyroid hormones are critical for normal growth
and development of the central nervous system. Cretin-
ism is a condition of severely stunted physical and mental
growth due to a congenital deficiency of thyroid
hormone. Therefore, pregnant women and their fetuses
and newborns have the greatest potential for risk of
adverse health effects following exposure to perchlorate.
The National Research Council’s (NRC) Board on Envi-
ronmental Studies and Toxicology evaluated the health

implications of perchlorate ingestion.” The NRC report
acknowledged that while iodine deficiency is believed to
be rare in the United States, pregnant women may have a
low iodine intake and further research is needed to evalu-
ate the risk factors of iodine deficiency in these women
and their offspring. The report also advised a reference
dose (RfD) for perchlorate of 0.0007 mg/kg/day (0.7 ug/
kg/day), the daily oral exposure that is likely to be without
appreciable risk of deleterious effects during a lifetime.
The United States Environmental Protection Agency
(EPA) accepted the NRC RfD recommendation.®
Recently, the EPA released a notice of a preliminary
determination for perchlorate in accordance with the Safe
Drinking Water Act.’ The EPA determined that a national
primary drinking water regulation for perchlorate would
not present a meaningful opportunity for health risk
reduction for persons served by public water systems.
This decision was based, in part, on some of the scientific
evidence on perchlorate discussed below. In the EPA
notice, a health reference level of 15 Lg/L was determined
for pregnant women; this represents the estimate of the
maximum concentration of perchlorate that can be in the
drinking water of a pregnant woman without her total
(food and water) exposure exceeding EPA’s RfD for
perchlorate.”
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PERCHLORATE IN WATER, FOOD, AND DIETARY
SUPPLEMENTS

Perchlorate has been detected in drinking water in a
number of US states, with the highest concentrations
detected in southern California, west central Texas, Mas-
sachusetts, and along the east coast between New Jersey
and Long Island.® Between 2001 and 2005, the EPA con-
ducted a national sampling of drinking water in 26 states
and two territories and determined that approximately
4% of public water systems had at least one analytical
detection of perchlorate at a level greater than or equal to
the method detection limit of 4 ug/L.’> Only 0.8% of
public water systems had a perchlorate concentration of
15ug/L or higher. In 2004-2005, the FDA surveyed
bottled water and found very low levels of perchlorate in
only 2 of 51 samples tested.’

Perchlorate consumption from foods was recently
assessed as part of the FDA’s Total Diet Study (TDS)
(2005-2006)."° Detectable levels of perchlorate were
found in 59% of foods sampled, with 21% of foods
sampled containing trace amounts. Dairy products were
the major contributor (29-51%) of perchlorate in the diet
of children (2, 6, 10, and 14-16 years of age). For adults,
vegetables were the major contributor (26-38%) of per-
chlorate in the diet, with dairy products being the second
major contributor (17-23%). The estimated lower and
upper range of perchlorate intakes for the age-gender
groups measured was 0.08 (men aged 25-30 years) to 0.39
(2 years for both genders) pg/kg/day.

For infants, baby food (49%) and dairy foods (32%)
were the major sources of perchlorate.'’ Perchlorate
intake from baby food ranged from 1.1 to 1.3 pug/day. The
average perchlorate concentration in breast milk was
10.5 pg/L (1.4-92) and 33 pg/L (1.3-411) in samples col-
lected in Texas and Massachusetts, respectively.'"'?

Perchlorate has also been detected in dietary
(vitamin and mineral) supplements. Snyder etal.”®
reported that 65% of the supplements sampled contained
perchlorate. Based on the number of tablets recom-
mended, a daily oral dose of perchlorate would range
from 0.03 to18 pg/day.

IODINE FROM FOOD AND DIETARY SUPPLEMENTS

Based on the findings of the FDA TDS (2003-2004),
iodine was found in the majority (59%) of foods
sampled." For children 2 years of age and older, dairy
products were the major contributor of dietary iodine
(45-73%), while grains were the second major contribu-
tor (10-23%). Similar to perchlorate, the major contribu-
tors of dietary iodine in infants and young children are
baby foods and dairy products (collectively 90%).
Cuprous and potassium iodide are considered by the
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FDA to be generally recognized as safe (GRAS) for addi-
tion to table salt at a level up to 0.01%. Thus, iodized salt
is another source of dietary iodine.

Data from the 1999-2002 National Health and
Nutrition Examination Survey (NHANES) showed that
12% of infants and 38% of children 1-3 years of age took
dietary supplements."* Use of iodine-containing supple-
ments by adults and children (9-6 years) was approxi-
mately 28% and 17%, respectively (NHANES 2003-
2004). Over-the-counter iodine-containing multivitamin
supplements are available for children and pregnant
women; iodine-containing prenatal multivitamin supple-
ments requiring a prescription are also available. A recent
study reported that 31% of non-prescription and 72% of
prescription prenatal vitamins do not contain iodine."

IODINE INTAKE, STATUS, AND THRYOID FUNCTION IN
THE US POPULATION

lodine intake

Based on the FDA TDS (2003-2004), the average iodine
intake for women of reproductive age (25-45 years) was
145-197 ug/day.”® Despite the fact that this intake range
does not represent iodine from dietary supplements or
from iodized salt added by the consumer, this intake
range exceeds the estimated average requirement (EAR)
of 95 g/day. Because the distribution of iodine intake
was not determined, it is not possible to estimate the
percentage of women who consumed less than the EAR.
Based on NHANES 1999-2004 data, the average daily
amount of iodine adults obtained from supplements was
128 pg/day.

Based on the FDA TDS (2003-2004), the average
iodine intake for infants ranged from 144 to 155 pg/day."
This intake level is greater than the adequate intake (AI)
of 130 pg/day for infants 6-11 months of age.' The Al for
infants was based on the average iodine intake by exclu-
sively breastfed infants. This approach to setting the Al
for infants was used because breast milk was considered
by the Institute of Medicine panel to provide a sufficient
amount of iodine to the infant. An intake level of
25-35 ug/day is a level below which there is an increase in
neonatal serum TSH concentrations indicating subclini-
cal hypothyroidism."” The average daily amount of iodine
consumed by children who took an iodine-containing
supplement was approximately 105 pg/day (NHANES
1999-2004).

lodine status

Urinary iodine concentration is the most common
measure of iodine status. The World Health Organization
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(WHO) proposed a desirable urinary iodine concentra-
tion of 100-200 pg/L for non-pregnant populations and
150-249 pg/L during pregnancy.” The goal for iodine
sufficiency in a population is to have less than 50% of a
population with a urinary iodine concentration below
100 pg/L and less than 20% of a population with a urinary
iodine concentration below 50 pg/L.'"® A desired urinary
iodine concentration of 100 ug/L was identified because
this concentration represents an iodine intake of approxi-
mately 150 pg/day, which is a reference intake level that
has been identified by various organizations, such as the
recommended dietary allowance (RDA) by the Institute
of Medicine.”> The RDA, however, is an intake level for
individuals to achieve and for assessing the intake of indi-
viduals rather than populations.

The most recent available evidence for urinary iodine
concentrations in the United States comes from
NHANES 2003-2004." Approximately 29%, 11%, and 2%
of the general US population had a urinary iodine con-
centration below 100, 50, and 20 ug/L, respectively, which
meets the WHO criteria for an iodine-sufficient popula-
tion. NHANES 2003-2004 did not measure urinary
iodine concentrations in infants and young children. For
women of reproductive age, approximately 38% of non-
pregnant women had a urinary iodine concentration
below 100 ug/L and approximately 39% of pregnant
women had a urinary ijodine concentration below
150 ug/L.

Thyroid status

Evidence from NHANES 1999-2002 showed the preva-
lence of hypothyroidism (TSH > 4.5 IU/L) in the general
population was approximately 3.7%.” Among women of
reproductive age, the prevalence of hypothyroidism was
3.1%. There are several causes of hypothyroidism (e.g.,
thryoiditis, surgical removal, Graves’ disease, drug
therapy), including inadequate and too much iodine
intake.”! In the United States, congenital hypothyroidism
screening is performed on all infants born at healthcare
facilities. Congenital hypothyroidism occurs in 1 in 4000-
3000 newborns in the United States with the most
common cause being some form of thyroid dysgenesis.”?
A common cause of hypothyroidism in other parts of the
world, where endemic cretinism is common, is iodine

deficiency.

PERCHLORATE EXPOSURE, IODINE METABOLISM, AND
THYROID FUNCTION

A number of intervention and observational studies have
evaluated the relationship between perchlorate exposure
and iodine metabolism and/or thyroid function. In one
intervention study, conducted in the US state of Oregon,
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37 male and female volunteers were given perchlorate in
drinking water at 0.007, 0.02, 0.1, or 0.5 mg/kg/day for 14
days.” There was a dose-response inhibition of thyroidal
radiolabeled iodine uptake by 17%, 44%, or 67% when
0.02, 0.1, or 0.5 mg/kg/day of perchlorate, respectively,
was consumed. There was, however, no significant effect
of perchlorate intake at any level on thyroid hormone
levels (total Ty, free Ty, total Ts, and TSH). While iodine
intake or status was not reported, the authors of this study
suggested that with sufficient iodine intake, an average
reduction of thyroid iodine concentration to one-third
may still allow for sufficient iodine uptake to produce
thyroid hormones at a normal rate. The lowest dose of
0.007 mg/kg/day (7 ug/kg/day) from this study was used
as a no-observed-effect-level (a non-adverse endpoint)
for inhibition of iodine uptake for setting the NRC RfD of
0.0007 mg/kg/day (0.7 ug/kg/day), which included an
uncertainty factor of 10 as an inter-species factor for pro-
tecting fetuses of pregnant women.’

Similar to the observation of Greer et al.,”” another
study found that consuming a higher dose (10 mg/day) of
perchlorate for 14 days resulted in a 38% reduction in
thyroidal radiolabled iodine uptake, without any effect on
Ts, Ty, and TSH levels in men.* This article stated that
because the thyroid has large stores of iodine, T4, and Tj,
the observed decrease in thyroid uptake would not be
expected to result in changes in circulating levels of
thyroid hormones and TSH over a 2-week period.

Braverman et al.® conducted a randomized trial in
which 13 men and women consumed a placebo, 0.5, or
3 mg/day of potassium perchlorate for 6 months. There
was no significant change in thyroidal radiolabeled iodine
uptake or thyroid hormone levels for either doses of
perchlorate.

Intermittent, high exposure to perchlorate for many
years in male workers at an ammonium perchlorate
production plant did not result in any evidence of hypo-
thyroidism, even though thyroidal iodine uptake was
decreased during the work shift by 38% compared to
off-shift workers.® These workers had urinary perchlor-
ate concentrations that were much higher (mean, 43 mg/g
creatinine) than those observed in the off-shift workers
(mean, 0.16 mg/g creatinine) and the study controls
(mean, 0 mg/g creatinine).

A cross-sectional study using NHANES 2001-2002
data reported that while perchlorate exposure was not
associated with T, or TSH levels in men, in women with a
urinary iodine concentration lower than 100 ug/L, per-
chlorate exposure (urinary perchlorate) was negatively
associated with T, concentration and positively associ-
ated with TSH concentration.”” For women with a urinary
iodine concentration greater than 100 ug/L, urinary per-
chlorate concentration was negatively associated with T,
concentrations, while there was no significant association
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with TSH. TSH concentrations were considered to be
normal in all subjects, regardless of the level of perchlo-
rate exposure (1.31-1.42 IU/L).

No association was observed between perchlorate
exposure and thyroid function in pregnant women in
three cities in northern Chile, where average perchlorate
concentrations in drinking water were 0.5, 6, and 114 ug/
L.* An ecological analysis of seven counties in the US
states of California and Nevada evaluated the association
between perchlorate exposure at levels ranging from 4 to
16 ug/L in drinking water and the incidence of congenital
hypothyroidism.”” The number of cases reported for these
counties (243 of approximately 700,000) suggested that
the risk of congenital hypothyroidism was not higher in
these counties than the number of cases that were
expected by considering the state incidence rates.

Several cross-sectional studies have evaluated the
relationship between perchlorate exposure in drinking
water supplies and thyroid function in newborns. No
relationship was observed between perchlorate levels
ranging from 0.5 to 340 ug/L and thyroid function (T,
TSH).2830-33

CONCLUSION

Based on the FDA TDS, perchlorate exposure in the esti-
mated total mean population (all persons aged 2 years
and above) from the foods and beverages measured was
more than 10-fold lower than the RfD of 0.7 ug/kg/day. A
small percentage (4%) of public water systems had at least
one analytical detection of perchlorate at levels greater
than or equal to the method reporting limit of 4 pg/L.
While perchlorate exposure has been shown to inhibit
uptake of iodine into the thyroid gland, the levels pro-
vided (up to 10 mg/day) did not have a significant effect
on thyroid function in adults. According to WHO criteria
for urinary iodine, the iodine status for the US population
as a whole and women of reproductive age is sufficient.
Although pregnant women and their fetuses and new-
borns have the greatest potential for risk of adverse health
effects following exposure to perchlorate, data are lacking
to demonstrate a causal association between perchlorate
consumption and adverse health effects in these high-risk
populations.

To address concerns about perchlorate exposure
from foods, the FDA has provided questions and answers
about this topic on its website.** Based on the available
information, the FDA is not recommending that consum-
ers of any age alter their diet or eating habits to reduce
perchlorate exposure. If one eats a healthy diet that is
consistent with the Dietary Guidelines for Americans,*
taking iodine supplements is not necessary for protection
against the health effects associated with perchlorate
at the levels present in water and food. However, the
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American Thyroid Association recommends that women
take iodine supplements containing 150 ug daily during
pregnancy and lactation.*®
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