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Critical effect of perchlorate on neonates is iodide uptake

inhibition

Strawson et al. (2004) calculate a reference dose for

perchlorate based on thyroid hormone (TH) change in

pregnant women as the critical effect. There are two is-

sues that are not well developed, which renders the over-

all analysis misleading.

1. Critical Effect. Because normal adult humans have a

large storage capacity of hormone in the thyroid

gland, the 14-day Greer study (Greer et al., 2002),

even with high perchlorate exposures, does not

inform us about the relationship between perchlo-

rate, iodide inhibition, TH synthesis, and TH levels.

Applied to a 3 kg newborn, the Greer findings indi-
cate that �18–20 lg perchlorate per day will begin

to inhibit iodine uptake. Empirical measurements

show that neonates do not have TH stored in the

thyroid gland (Savin et al., 2003; van den Hove et

al., 1999); they must synthesize new hormone daily

to meet known requirements. Therefore, any

decrease in TH synthesis in a neonate will result

in a reduction in serum T4. Even a short duration
(14 days) of TH insufficiency can result in measur-

able neurological or cognitive deficits in neonates

(van Vliet, 1999). But, newborn thyroxine levels

do not provide a measure of neonatal thyroid func-

tion. A significant proportion of T4 at birth is

derived transplacentally, and the half-life of serum

T4 in neonates is approximately 3.5 days (Vulsma

et al., 1989). Therefore, data derived from the neo-
natal screening programs do not measure the impact

of perchlorate exposure to neonates and infants

directly exposed to perchlorate. These facts are

important to incorporate into a risk analysis for

perchlorate.

2. Compensatory or adverse effects. Capen clearly artic-

ulates that direct measures of cell proliferation in

the thyroid gland (i.e., hyperplasia versus hypertro-
phy) are required to determine whether the respon-

sive increase in serum TSH following TH

insufficiency is adverse or compensatory within the

context of increased risk of thyroid cancer (Capen,

1994, 1997). Similarly, overt measures of neurode-
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velopment are required to determine whether

changes in the HPT axis are adverse or adaptive

within the context of neurodevelopment. The

unpublished Argus (2001) study found statistically

significant changes in measures of neurodevelop-

ment, and these changes were upheld by an indepen-

dent analysis (TERA, 2001). Although unpublished
and controversial, Strawson et al. had no obvious

reason to exclude it from their discussion since

other unpublished and controversial studies were

cited.

The uncertainties surrounding the application of the

no observable effect level (NOEL) of Greer et al. to a hu-

man neonate seems greater than that described by
Strawson et al. Specifically, the establishment of the

NOEL was based on seven adults; while useful informa-

tion, it may not provide a good estimate of the variance

in the population for this important ‘‘threshold.’’ More-

over, we do not know whether neonates are more or less

sensitive than adults to perchlorate. We do not know the

degree of iodine uptake inhibition required to inhibit

thyroid hormone synthesis. And we do not know specif-
ically the degree, and duration, of thyroid hormone

insufficiency in neonates required to produce adverse ef-

fects. Finally, there are no clinical data on the effect of

perchlorate on neonates that would provide even esti-

mates of these uncertainties.
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decrease in T4, the critical effect, is not well character-
ized since no human population has been exposed to a

dose high enough to alter hormone levels. However, if

these studies could be done, their effect would likely be

to raise the NOAEL. The mode of action analysis sug-

gests the potential for adverse effects as a result of serum

T4 levels that are consistently depressed by at least 60%.

The doses that cause this degree of T4 decrease are not

well characterized in either humans or animals. How-
ever, by selecting a point of departure that is below the

threshold for any T4 change, we have confidence that

subsequent effects will not develop. Therefore, we con-

clude that the overall perchlorate database is complete,

and any new studies that are done to fine tune our

knowledge of the perchlorate mode of action will not

identify lower points of departure than can be estimated

from the existing database. We conclude that the ap-
propriate value for this factor is 1.

In summary, the only area of uncertainty for a per-

chlorate RfD that needs to be addressed by the use of

uncertainty factors is human variability and the differ-

ence in response between pregnant women and the

groups for which data are available. A factor of 1 is

appropriate to address all other areas of uncertainty.

For the NOAEL for T4 changes in adults from the
Greer et al. (2002) study, a 10-fold uncertainty factor is

judged to be appropriate because no members of po-

tential sensitive populations were included in the study

population. For the NOAEL for T4 change in children

from the Crump et al. (2000) study, a 3-fold uncertainty

factor is judged to be appropriate because children are

one of the sensitive populations for perchlorate expo-

sure. This uncertainty factor is not less than 3, however,
because another sensitive population, pregnant women,

also exists and may in fact have a lower NOAEL (as is

the case in experimental animals). For the inhibition of

iodine uptake in adults from the Greer et al. (2002)

study, the uncertainty factor is judged to be 1 because

use of this biological marker is a conservative choice

that has a large degree of safety built into it and data
from animal studies and PBPK modeling indicates that

iodine uptake inhibition does not differ between adults

and sensitive subpopulations.

3.5. Step 5: developing an RfD

As shown by extensive animal studies, the critical

effect of perchlorate is T4 serum decrease. Pregnant rats
are demonstrated to be the most sensitive subgroup,

likely followed by the young rat. Several human studies

exist that monitored for this critical effect. These studies

do not include pregnant women, but they do include

children. In addition, our review of comparative data

between the experimental animal and human clearly

indicate that humans are not more sensitive than the

experimental animal species tested to T4 serum decrease
by perchlorate; in fact based on toxicodynamics pa-

rameters they are much less sensitive (Capen, 2001).

This supports the use of the human data for develop-

ment of a RfD.

The most relevant data for developing the RfD for

perchlorate exposures comes from human epidemiology

and clinical studies, supplemented with available and

extensive information on experimental animals. Specif-
ically, we believe that a NOAEL of 0.006 mg/kg-day for

T4 changes in children from the Crump et al. (2000)

study provides the most appropriate and relevant basis

for the perchlorate RfD. The use of the Crump et al.

(2000) study in children has the advantage of evaluating

response in a sensitive population. This NOAEL is

supported by the data from Greer et al. (2002), which

demonstrate that the threshold inhibition of iodine up-
take in adults is 0.006 mg/kg-day. Furthermore, the

NOAEL of 0.5 mg/kg-day from the Greer et al. (2002)

can be used to give an upper bracket to this recom-

mended RfD. The choice of the Greer et al. (2002) in

adults has the advantage of evaluating both the key

event in the perchlorate mode of action and the critical

Table 3

Perchlorate reference doses from human studies

Recommended RfD Supporting RfD Upper bound RfD

Critical effect T4 decrease in children Inhibition of iodine uptake T4 decrease in adults

Study Crump et al. (2000) Greer et al. (2002) Greer et al. (2002)

Point of departure (mg/kg-day) Human NOAEL Human key event threshold Human NOAEL

0.006 0.006 0.5

Area of uncertainty

Within human (UFH) 3 1 10

Animal to human (UFA) 1 1 1

Subchronic to chronic (UFS) 1 1 1

LOAEL to NOAEL (UFL) 1 1 1

Database (UFD) 1 1 1

Total factor 3 1 10

RfD (mg/kg-day) 0.002 0.006 0.05

Confidence in RfD High

J. Strawson et al. / Regulatory Toxicology and Pharmacology 39 (2004) 44–65 61

R. Thomas Zoeller
Highlight

R. Thomas Zoeller
Note
THIS IS WRONG - IT IS NOT THE DOSE, BUT THE DURATION IN THE ADULT!!!!

R. Thomas Zoeller
Highlight

R. Thomas Zoeller
Note
Here, they base this on rat data; is there no uncertainty there?

R. Thomas Zoeller
Highlight

R. Thomas Zoeller
Highlight

R. Thomas Zoeller
Highlight

R. Thomas Zoeller
Highlight

R. Thomas Zoeller
Note
They cut across several issues here all at once

R. Thomas Zoeller
Highlight



effect with a well-established dosing regimen. Inhibition
of iodine uptake has a well characterized dose–response

curve.

The uncertainty factors selected in this analysis take

into account the expected differences in toxicokinetics

and toxicodynamics between children, pregnant women,

and adults. We also investigated whether compound

specific adjustment factors (CSAFs) could be developed

for the perchlorate RfD that would allow for the use of
specific data on intraspecies and interspecies differences

in toxicokinetics and toxicodynamics, following the re-

cent guidelines of the International Programme on

Chemical Safety (IPCS, 1994) and U.S. EPA�s (2002)

recommendations. Unfortunately, data were not suffi-

cient to estimate a CSAFs with confidence.

Table 3 summarizes the different points of departure,

appropriate uncertainty factors, and resulting RfDs
from our analysis. RfDs ranging from 0.002 mg/kg-day

to 0.05 mg/kg-day can be developed with high confi-

dence from the existing database.

4. Discussion

Perchlorate is now one of the best-studied environ-
mental pollutants, in part due to its prior and current

use as a drug. Many human studies have been pub-

lished, including occupational studies, epidemiology

studies in neonates and school-age children, and clini-

cal studies in adults. Several, if not all, of the clinical

human studies have been conducted under the guide-

lines of good clinical practice; at least one of them

followed the guidelines of the common rule. Available
experimental animal studies include rat developmental

neurotoxicity, 90-day systemic toxicity, developmental

toxicity, two-generation reproductive toxicity that

monitored for systemic endpoints in young animals,

developmental brain morphometry, developmental

motor activity, and predictive immunotoxicity. Several

of these bioassays are also available in rabbits and

mice. All of these experimental animal studies have
been conducted under current U.S. EPA guidelines. In

addition, the kinetics of perchlorate has been exten-

sively studied in male and female rats, pregnant and

lactating rats, and fetal rats.

There are several uncertainties in our proposed RfD.

Since no effect on T4 was found in either the children

in the Crump et al. (2000) study or the adults in the

Greer et al. (2002) study, the NOAELs could actually
be higher than the ones used as the basis of our pro-

posed RfD. The effect of this uncertainty is to make

the proposed RfD lower than the actual threshold for

perchlorate effects and increase the margin of safety for

perchlorate. This uncertainty is balanced, however, by

characteristics of the study population in Crump et al.

(2000) that could have the effect of either lowering or

raising the actual NOAEL in other populations. For
example, the NOAEL might be lower in U.S. children

because children in Chile have higher urinary iodine

and presumed iodine intake, and thus might be pro-

tected from higher perchlorate exposures. In contrast,

the NOAEL might be higher in U.S. children because

children in Chile had a higher than expected back-

ground incidence of goiter, which could be due several

factors, including other goitrogens in the diet, such as
nitrate, a unique genetic makeup, or sources of per-

chlorate in the diet other than drinking water. The

degree to which the actual NOAEL may increase or

decrease in response to these factors is difficult to de-

termine. However, we feel that the uncertainties bal-

ance out and are adequately encompassed within our

range of RfDs.

At least one additional human study (Tellez et al.,
2003) is ongoing that is monitoring thyroid hormones in

pregnant women, in the same three populations in Chile

as described in Crump et al. (2000). This study has the

potential to change the RfD that we describe here, al-

though the magnitude of the potential change is not

expected to be great.

The perchlorate database allows the development of

a high-confidence reference dose (RfD). Based on a
mode-of-action analysis developed by U.S. EPA

(2002), altered hormone levels are early biological ef-

fects of perchlorate exposure. If allowed to persist,

decreased T4 and increased TSH levels, at least in

rodents, will eventually lead to thyroid hyperplasia

and thyroid tumors. However, negative mutagenicity/

genotoxicity data and other evidence suggests that this

pathway may not be relevant for humans. Of more
importance, if decreased T4 levels are allowed to

persist, an increased potential for a neurodevelop-

mental adverse effect exists in children. Although de-

crease of T4 and its balance with increasing TSH is a

normal part of homeostatic control and therefore not

adverse in itself, it nevertheless is a precursor to the

first adverse effect and can thus be defined as the

critical effect as per U.S. EPA (2003a). Furthermore,
based on data in experimental animals, pregnancy is

the most sensitive life stage, with larger decreases in

T4 levels occurring at lower doses when compared

with lactating females, pups, and adult females and

males. Therefore, decreases in serum T4 in the preg-

nant population should be considered to be the critical

effect most relevant to human health, both based on

an analysis of mode of action, and an evaluation of
the empirical data that this is the effect that occurs at

the lowest doses. By developing a RfD based on the

critical effect of decreased serum T4, a known pre-

cursor to neurodevelopmental adverse effects, all sub-

sequent potential adverse effects will be prevented. The

public�s health will be adequately protected from this

approach.
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