
Environmental perchlorate: 
thyroid-related health risks?

Brigitte Decallonne

Dept of Endocrinology

KU Leuven



Introduction:
What’s the problem with environmental perchlorate?

Mechanism of action of perchlorate:
NIS physiology/NIS inhibitors

The January 2005 NAS perchlorate review
- Summary of scientific data
- How was the reference dose determined?
- Analysis of the proposed reference dose

Conclusions:
Is there a problem with environmental perchlorate?



1950s-1960s
Potassium perchlorate (KClO4)
treatment of hyperthyroidism
inhibition of iodide uptake reduction of T4 and T3 
production
400-2000 mg/day for weeks/months
cases of aplastic anemia or agranulocytosis
+ development of better antithyroid drugs

use of perchlorate ceased in late 1960s
Today, its use is limited to severe type 1 amiodarone-induced
thyrotoxicosis

1985
discovery of perchlorate contamination in drinking water 
supplies in California

1997
disovery of extent of perchlorate contamination nationwide in 
U.S.



Environmental perchlorate: origin?



Perchlorate is made and used all over the U.S.

Source: Environmental protection agency (EPA)



Major health concern:

Hypothyroxinemia

DEFECTIVE BRAIN DEVELOPMENT

PSYCHO-NEURO-INTELLECTUAL DEFICIT

Vulnerable populations: 
pregnant women especially when low dietary iodine intake
Fetuses
Neonates

Even subclinical hypothyroidism can cause subtle developmental
abnormalities in apparently normal school-age children



Mechanism of action



Spitzweg et al., Clin Endocrinol, 2002



Current NIS secondary structure model, containing 13 putative transmembrane
Segments
Plasmamembrane glycoprotein
1996: cloning of human NIS
Also present in lactating mammary glands, gastric mucosa, salivary glands,…

Dohan et al., Endocr Rev, 2003



Perchlorate belongs to the family of NIS

inhibitors

anions with similar shape and electric charge 
as iodide

competitively binding to NIS

inhibition of iodide transport  

intrathyroidal iodide deficiency

decreased synthesis of T4 and T3



Other NIS inhibitors or “goitrogenic” anions:

Thiocyanate ubiquitously present

Nitrate

Bromide

Chloride

Technetate

Rhenate



Mode of action model for NIS inhibitor toxicity: continuum of possible health effects
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Concern controversy & debate +++

over 11 million people in U.S. have perchlorate
in their drinking water supplies at 4 µg/L 
(ppb) or higher

2003: EPA risk assessment: max 1 ppb in DW

BUT…Department of defence and contractors: 
says up to 220 ppb is safe…





Department of Defense (DOD), Department of

Energy (DOE), NASA, Environmental
Protection agency (EPA) agreed to ask the 
National Academy of Sciences (NAS) 

1/ to evaluate the relevant scientific literature

2/ to propose a reference dose for perchlorate
in DW

2003



Health Implications of Perchlorate Ingestion

Committee to Assess the Health Implications of Perchlorate Ingestion
Board on Environmental Studies and Toxicology

Division on Earth and Life Studies

NATIONAL RESEARCH COUNCIL OF THE NATIONAL ACADEMIES
THE NATIONAL ACADEMIES PRESS

Washington, D. C.
www.nap.edu

January 2005

260 pp.

Experts in pediatrics, endocrinology pediatric endocrinology, thyroidology, 
Neurotoxicology, epidemiology, biostatistics, risk assessment, etc…

5 meetings from October 2003 to July 2004





Epidemiologic studies

Almost all “ecologic” studies: exposure data, 
outcome data, or both are available only for
large geographic areas, NOT for individuals

weakest observational studies

Not sufficient to demonstrate whether an
association is CAUSAL



?????InadequateThyroid cancer in adults

Negative (dose up to 0.5 
mg/kg/day, small sample 
sizes)

SufficientHypothyroidism and 
other thyroid disorders 
in adults

????InadequateNeurodevelopmental
outcomes

Negative

(dose up to 120 ppb in DW)

SufficientChanges in thyroid
function in newborns

negatieveSufficientCongenital
hypothyroidism

AssociationEpidemiologic
evidence

Endpoint

Conclusions of the committee regarding the proposed
association between perchlorate exposure and various health

endpoints



inadequate scientific evidence

NO adequate studies in vulnerable groups:
Low-birthweight or pre-term infants
Offspring of mothers with perchlorate exposure and low dietary iodide
intake 

NO adequate studies of maternal perchlorate exposure and 
neurodevelopmental outcomes in infants

Inhibition of thyroid iodide uptake is the ONLY effect that has
been consistently documented in humans exposed to
perchlorate.



Animal studies

Problem of interspecies differences (binding proteins, 
turnover rates of hormones, thyroid stimulation by placental
hormones,…)  and complexity of extrapolation to humans

Rat = pituitary-thyroid system similar to humans

Studies of maternal perchlorate exposure with study of

offspring brain development

offspring neurobehaviour



- Tests used could not detect
subtle alterations in motor 
or cognitive functions, 
associated with moderate 
reductions in circulating
thyroid hormones

- Some important endpoints
were not assessed: auditory
function, balance, 
coordination,…

No effectNeurobehaviour

- Dose not consistent in 
different studies

- Methodologic problems

- Measurements of size, area, 
volume,…are only a surrogate
for changes in the cellular
structure of a brain region…

Increase in the width
of the corpus callosum

Brain structure

BUT…Effectendpoint

again: inadequate scientific evidence!!



How to derive a reference dose for
perchlorate?

Identify

a critical effect

a critical clinical study

that serve as the point of departure for risk

assessment



What is considered a critical effect?

Hypothyroidism??

Inhibition of iodide uptake??
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Untraditionally, 
the committee took inhibition of iodide
uptake, a more upstream and a no-observed
effect level (NOEL), as point of departure for
risk assessment
as a “more reliable and valid measure, that has been 
unequivocally demonstrated in humans exposed to
perchlorate, and that is the key event that precedes all
thyroid-mediated effects of perchlorate exposure”



What is considered a critical study?
Greer et al., Environmental Health Perspectives 2002

N = 37 healthy adults

Given 4 different doses of perchlorate in DW for 14 days (0.5, 0.1, 0.02 and 0.07 
mg/kg-d)

125I- uptake (8 and 24 hrs) = NOEL
Pre-exposure
on exposure days 2 and 14
15 days post-exposure

0.007mg/kg-day = NOEL
dose producing no statistically significant inhibition of 125I- uptake

Dose-response relations from other human studies were in agreement with the 
Greer Study

NOTE The perchlorate dose required to cause hypothyroidism in adults
would probably be 0.40 mg/kg/day or more factor 60!



The final step in the RfD process is the application of an
uncertainty factor (UF) to extrapolate from the study
population to the general human population, which includes
sensitive groups

NAS chose an UF of 10

0.007 mg/kg-d (NOEL) x 10 (UF)  
= 0.0007 mg/kg-d (= RfD)

equivalent to 24.5 ppb concentration of perchlorate in DW, 
when assuming a body weight of 70 kg, a daily consumption of 
2 L of drinking water and drinking water to be the ONLY 
dietary source of perchlorate. 



over 11 million people in U.S. have perchlorate in their
drinking water supplies at 4 ppb or higher

2003: EPA risk assessment: max 1 ppb in DW

Department of defence and contractors: says up to
220 ppb is safe…

Jan 2005: NAS proposes 24.5 ppb

some states have proposed even lower public health
goals, e.g. Massachusetts 1 ppb, California 6 ppb

So far, no (legally binding) maximum levels (MCLs) 
for perchlorate have been established





Controversy and scientific debate continues

Complex matter due to
lack of valuable scientific evidence, especially
neurodevelopmental endpoints
Different interest groups involved: 
public health, ecology, defence industry, aerospace
industry, agricultural industry,…
threat of long and expensive cleanup costs and 

claims!



Analysis of the proposed RfD by NAS

Inhibition of iodide uptake as critical effect: justifiable?

UF = 10: reasonable?

Role of iodine status: important?

Role of other NIS inhibitors: rightfully ignored?



Inhibition of iodide uptake as critical effect

Using inhibition of iodide uptake (NOEL) instead of 
hypothyroidism (NOAEL) 

conservative, health-protective approach

however: biological effect, not necessarily a health
effect 

BUT NOEL = justifiable

limited number of studies on sensitive populations
to iodine deficiency

limited studies with neurodevelopmental
endpoints



UF = 10

Already playing safe by determining NOEL as 
point of departure

Full factor of 10 might be greatly overstating
the human health risks from perchlorate



Role of iodine status

In the Greer “reference” study iodine status 
was not controlled and varied widely before
the study( interindividually) and during the 
study (intra-individually) 

might importantly modulate the results!

no scientific data on how much iodine intake 
will prevent perchlorate from reducing iodine
uptake???



Role of other prevalent NIS inhibitors, 
nitrate and thiocyanate

Nitrate
– Foods

Naturally (e.g. green leafy vegetables)
Added as preservative (e.g. processed meats)

– Drinking water
Primarily due to the agricultural use of nitrate fertilizers

Thiocyanate
– Foods: 

cauliflower, broccoli, brussels sprouts, rapeseed, tomatoes, …

– Milk
Dairy cattle grazing on plants from the cruciferous family
Added as preservative
Cassava: most important dietary source of thiocyanate in Central Africa

– Cigarette smoking!



240201
In vitro uptake of radiolabelled I- in isolated rat 
thyroids 
(Greer et al., Endocrinology, 1966)

400201
In vitro uptake of radiolabelled I- in rat thyroid 
slices 
(Alexander et al., Endocrinology, 1996)

550201In vivo 50% thyroid weight increase in rats 
(Alexander et al., Endocrinology, 1996)

300101
In vivo inhibition of radioactive 125I- uptake in 
rat 
(Wyngaarden et al., Endocrinology, 1953)

240151
Inhibition of radioactive 125I- uptake by human 
NIS expressed by CHO cells 
(Tonacchera et al., Thyroid, 2004)

NitrateThiocyanatePerchlorateStudy (reference)

Relative potencies of NIS inhibitors



Simple competitive inhibition (Tonacchera et al., Thyroid 2004)

I- uptake inhibitory effect of a mixture of NIS inhibitors can
be expressed as 

PEC = perchlorate equivalent concentration
= the sum of the molar concentrations of each individual
inhibitor, multiplied by the inhibition potency relative to
perchlorate:

PEC = [ClO4-] + [ SCN- ] /15 + [ I- ] /30 + [ NO3- ] /240

The concentration of a NIS inhibitor expressed as PEC can be
interpreted as the concentration of perchlorate needed to
inhibit I- uptake to the same extent as the given concentration
of NIS inhibitor.



Example

When lettuce contains
- 2400 mg/kg nitrate 2400/240 =10 PEC
- 150 mg/kg thiocyanate 150/15 =10 PEC
- 0.01 mg/kg perchlorate 0.01/1= 0.01 PEC

It is as if the lettuce contained
20,010 mg perchlorate, with a real contribution
of <1% perchlorate



Drinking water



Maximum contaminant levels (MCLs) for nitrate and thiocyanate in U.S. 
drinking water, in comparison to the reference dose (RfD) for perchlorate

(weight-based concentrations).

24.524.50.0245Perchlorate

22.72000.2Thiocyanate

30045,00045Nitrate

Perchlorate dose (in 
ppb) needed to 

mimic the I- uptake 
inhibition by the 

MCLs3

MCL or RfD, 
expressed in 

ppb

MCL1 or RfD2, 
expressed in 

mg/L

< 10%



For comparison: 

actually measured concentrations in DW in
Belgium are:

12.3 mg/L nitrate ( equivalent to 82 ppb
perchlorate)
< 2 µg/L cyanide (equivalent to < 0.23 ppb
perchlorate)

Without ANY (known) perchlorate in water, NIS I-
uptake inhibition is already 3 times greater than the 
effect of the proposed maximum perchlorate dose of 
24.5 ppb!



Food



Indicative nitrate, thiocyanate and perchlorate levels in milk and 
green leaf lettuce

10.710.75.765.76Perchlorate

61,932545,000454.554,000Thiocyanate

6,6661,000,00033.335,000Nitrate

Perchlorate dose 
(in ppb) 

needed to 
mimic the I-

uptake 
inhibition

Concentration 
in ppb

Perchlorate dose 
(in ppb) 

needed to 
mimic the I-

uptake 
inhibition

Concentration 
in ppb

LettuceMilk

1-2%



Conclusions

Considering the lack of sufficient information about
the effects (thyroidal AND neurodevelopmental) in 
sensitive populations (fetuses, neonates, pregnant 
women), the recommendation of the NAS to define a 
NOEL as a non-classic point of departure seems
defensible.



The uncertainty factor suggested by the NAS as a full
factor of 10 and in particular the additional safety
margins posed by some states, is probably
overstating overstating the health effects of 
perchlorate

– Point of departure is already a NOEL

– Other prevalent NIS inhibitors, such as nitrate and 
thiocyanate, were not included, while the effect of 
perchlorate can not be seen separately from the 
effects of these anions



Taking into account their individual I-uptake
inhibition potential at the level of NIS, our
calculations show

that perchlorate accounts for < 10% of possible
thyroidal effects from exposure from DW; in food
its share is even negligible!

enormous discrepancy between the safe NOEL-
based RfD for perchlorate in DW and the 
disproportionately high – legally binding –
reference dose for nitrate.



Importance of adequate dietary iodine supply
in pregnant women and women planning a 
pregnancy



Need for additional human studies evaluating the 
effects of perchlorate, nitrate and thiocyanate, along
with iodine, on I- uptake inhibition

Determine reference doses for all prevalent NIS inhibitors
in drinking water AND food

Need for animal studies, investigating not only
thyroidal but also neurodevelopmental endpoints in 
circumstances of controlled intake of iodine, 
perchlorate, nitrate and thiocyanate.

Environmental perchlorate in Europe?

Future research
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