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The California Department of Health Services (CDHS) reports that based on post-1997 water
quality monitoring, 75 public water systems that provide drinking water {0 ~25 million people
have detectable (>4 pg/L) levels of perchlorate (CDHS, 2002). Prior to 1997, analytical
techniques for perchlorate had a minimum detection level of ~400 pg/L. The CDHS is required
by State law to establish by January 2004 a Maximum Contaminant Level (VICL) for perchlorate
in drinking water. The law also requires that the MCL be as close as is technically and
economically feasible to the public health goal (PHG). In California, the State advisory action
level for perchlorate is 4 pg/L and the CDHS recommends water systems discontinue usc of a
source water that yields drinking water perchlorate concentrations >40 pg/L.

The California Environmental Protection Agency (CEPA) has proposed a public health goal
(PHG) for perchlorate in drinking water of 6 ppb (6 pg/L). This PHG was based on a No
Observed Adverse Effect Level (NOAEL) of 0.01 mg/kg/d derived from threc human studies, to
which was applied an uncertainty factor of 30; a factor of 10 to account for human variability
and a factor of 3 for data quality. The calculation of a PHG, shown in Eq. 1, assumed a 65 kg
average body weight (as typical for midterm pregnant women), and a relative source
concentration of 60% for water and 40% for food.

(001 mekg/d)(65 ke)(0.6)(30)/(2 L1d) =0.0065-mg/L =6.5 g/l Eg. 1

The USEPA has proposed a drinking water equivalent level (DWEL) of 1 ppb (1 pg/L) for
perchlorate. The proposed DWEL is derived from a Lowest Observed Adverse Effect Level
(LOAEL) of 0.01 mg/kg/day obtained from rat studies. Exposure of rats to ammonium
perchlorate produced statistically significant changes in levels of maternal thyroid and pituitary
‘hormones, and subsequent changes in fetal and neonatal pup brain morphometry as well as their
Jevels of thyroid and pituitary hormones. To the LOAEL was applied an uncertainty factor of
300 to adjust for the extrapolation of animal data to humans, the use of 2 LOAEL instead of a
NOAEL, dita obtained from short-term studies, and database deficiencies. Moreover, the
LOAEL was adjusted for the percentage weight of perchlorate in ammonium perchlorate.
Calculations that convert the LOAEL into a DWEL are shown in Egs. 2 and 3, and assume a 70
kg average body weight and daily water consumption of 2 liters. The DWEL calculated directly

from the LOAEL is 32 ppb (32 pg/L)-

0.01 mg/kg/d)(0.85)/300=2.8 x 1 > me/kg/d Eq.2

(2.8 x 10° meg/kg/d)(70 kg)/(2 L/dy=0.98 x 10 mg = 0.98 pg/T. Eq.3

Adoption of the proposed DWEL by the USEPA will likely influence the drinking water MCL
for California and other States in which perchlorate has been detected in drinking water.

Both the proposed USEPA DWEL and the CEPA PHG have as its premise that perchlorate
inhibits the uptake of iodide by an active

transport mechanism located within the membrane of
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followed by reduced levels of serum tetraiodothyronine (T4) and triiodothronine (T3) and
increased lovels of thyroid-stimulating hormone (TSH). Also expected is an increase in iodine
released from the thyroid, measured as increased iodine in the urine. Over time these conditions
induce hypothyroidism, which is characterized by a decreased metabolic rate, weight gain, and
eniargement of the thyroid gland (goiter). In extreme cases, hyposecretion of thyroid hormones

during development causes cretinism—abnormal nervous system formation, growth, and tissue

maturation that results in a mentally retarded individual of short stature (Braverman and Utiger,
1991).

The EPA has reviewed numerous animal studies to support the DWEL. These studies show that
at high levels of perchlorate treatment, thyroid effects can be produced in test animals. The draft
standard discusses these studies, and a few are summarized here:

90-Day Study in Rats: Tncreased thyroid weight and follicular cell hyperplasia were
observed only at the highest dose, which was 10 mg/kg/day. All changes were reversible after a
30-day recovery period. Changes in thyroid hormones were observed at all dose levels.

Neurobehavioral Developmental Study in ‘Rats: This study was designed to detcrmine
whether perchlorate exposure in ulero and through mother’s milk affected cither the brain or
behavior of developing and newborn pups. Ammonium perchlorate doses as high as 10
mg/kg/day did not cause any neurobehavioral effects in the offspring, cven in the presence of
changes in brain morphometry. In mothers, the levels of thyroid hormone were altered at all
exposure levels. In pups, altered thyroid hormone levels were observed only at the highest

dosage.

Developmental Toxicity Study in Rabbits: This study evaluated perchlorate’s effects on
developmental endpoints, such as birth defects. No differences were measured in treated and
untreated animals in mortality, abnormal observations, litter measurements or birth defects. In
rmothers, T4 changes were noted at the highest doses of 30 and 100 mg/kg/day. An increase in

thyroid cell size was seen at 10, 30 and 100’ mg/kg/day.

Two Generation Reproductive Study in Rats: This study looked at reproductive
performance. The only positive findings were that at 30 mg/kg/day, the thyroid weight was

affected.

Immunotoxicity in Mice: Doses of pcrch{orétc were administered at 0.1, 1, 3 and 30
mg/kg/day. The LOAEL for effects on the immune system was 0.1 mg/kg/day, and the NOAEL

for effects on thyroid hormone (T4) levels and thyroid histopathology was 0.1 mg/kg/day.
Effects on thyroid hormones were reversible.

Both animal and human data for perchlorate have strengths and weaknesses that make difficult
the assignment of a safe dose for ‘human consumption. Reliance solely on rat studies does not
adequately address differences between the rat and the human HPT axis; differences that seem
evident in comparisons with rat and human dose-response data.
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al., 1992; Lawrence, 2000; CDHS 1997; Gibbs et al,, 1998; Lamm et al., 1999; as cited in
USEPA, 2002) TSH levels did not change or decreased with perchlorate dose, suggesting that the
UPT axis in humans responds differently than in rats. Up-regulation of thyroid iodide in response
to multi-day perchlorate exposures has been seen in rats, but (at least not identified as such) in
humans. The rat thyroid stores a few days of thyroid hormone and the Ty half-life is ~day, while
the human thyroid stores a few weeks of thyroid hormone and has a Ty half-life of ~week, which
is explained by the binding of T4 to thyroxine-binding globulin (TBG)—present in humans but
not in rodents. A logical extension of the rat hypersensitivity to TSH stimulation is a more
pronounced effect on the growth and development of fetises and neonatal pups (Braverman and
Utiger, 1991). Discounting human studies in the formulation of an DWEL removes the

opportunity to validate the animal models against human data.

With this said, there is an expanding body of literature supporting a dose-response for
perchlorate exposures in both humans and laboratory animals at greater than 0.01 mg/kg/d.
Furthermore, five years after the discovery of perchlorate in Colorado River water, data on
perchlorate sources, uses, releases to the environment, environmental concentrations, and risk
cannot be found in the USEPA IRIS and TRI databases, ot in the ATSDR toxicological profiles.

The implications of neurological damage to human fetuses and neonates by relatively low
concentrations of thyroid inhibitors present in environmental samples raises a concern regarding
nitrate. Although léss effective than perchlorate in inhibiting iodine uptake, nitrate .caused
hypertrophy of the human thyroid at drinking water levels greater than 50 mg/L (Maanen, et al.,
1994). The USEPA drinking water standard for nitrate is 10 mg/L, a level set to protect infants
from methhemoglobinemia. This concentration is 10,000 times greater than the proposed
USEPA perchlorate DWEL of 1 pg/L. Nitrate is ubiquitous in air, water and soil; concentrations
of nitrate in these media across the country are well documented. By establishing a comparative
effectiveness -between perchlorate and nitrate in iodine inhibition, large sample size
epidemiological studies could reveal the potential for perchlorate and nitrate in drinking water to

cause neurological disorders. i

Based on current scientific and medical literature, the proposed USEPA DWEL of 1 pg/L is not
in concordance with the data. For a DWEL of 1 pg/L perchlorate will no doubt be detected ir.
many more public water supplies. At this concentration, however, natural perchlorate sources
may “surface.” One natural source is fertilizer. Chilean fertilizer is known to be enriched in
perchlorate and has a limited market in the US, but in dispute is the presence of perchlorate in
widely distributed US lawn, garden and farm fertilizers (Urbansky, et al., 2001; Renner, 1999;
Sursala, et al., 1999). Seawater and the atmospheric photochemical oxidation of chlorine gas are

sources of natural perchlorate. Establishing background, rural, suburban and
soil, plants and animals will help answer with
s and the

two other Tepute
urban concentrations of perchlorate in air, water,
more certainty the question of a safe, or at least an acceptable, dose for human

environment.





[image: image6.jpg]Cited References:

R. D., Bds. 1991. Werner and Ingbar’s The Thyroid: A

Braverman, L. E., and Utiger,
edition, Lippincott-Raven Publishers, Philadelphia.

Fundamental and Clinical Text, 7

lns/ddwem/chcmicals/perchl/pcrchlindex.hnn, Perchlorate

CDHS, 2002. http://www.dhs.ca.govi
in California Drinking Water: Status of Regulations and Monitoring Results, Updated November

14, 2002; Accessed December 5, 2002.

CEPA, 2002. DRAFT Public Health Goal for Perchlorate in Drinking Water. Prepared by the
Office of Environmental Health Hazard Assessment, California Environmental Protection

Agency, March 2002.

Renner, R. 1999. Study finding perchlorate in fertilizers rattles industry. Environmental News,

33:394a -395a.

Susarla, S., Collette, T. W., Garrison, A. W., Wolfe, N. L., and McCutcheon, S. C., 1999.
Environmental Science and Technology, Vol. 33: 3469-3472.

Urbansky, E. T., Brown, S. K, Magnuson, M. L., and Kelty, C. A. 2001. Perchlorate levels in
samples of sodium nitrate fertilizer derived from Chilean caliche, Environmental Pollution, 112:

299-302.

USEPA, 2002. Perchlorate Environmental Contamination: Toxicological Review and Risk

Characterization, NCEA-1-0503, Internal Review Draft. January 16, 2002.
Van Maanen, J. M. S., Mulder, A. van D., Mulder, X., de
der Heide, D., Mertens, P. L. J. M., and Kleinjans, J. C. S. 1994
with high nitrate levels causes hypertrophy of the thyroid, Toxico

Baets, M. H., Menheere, P.C. A, van
Consumption of drinking water
logy Letters, Vol. 72: 365-374.





