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Perchlorate (ClO4-) is both a naturally occurring and man-made inorganic chemical.  Most of the perchlorate manufactured in the United States is used as the primary ingredient of solid rocket fuel and, to a lesser extent, in missiles, fireworks, and explosives.  Perchlorate salts are used on a large scale as a component of air-bag inflators and, to a lesser degree, in nuclear reactors, electronic tubes, lubricating oils, leather production, fabric production, electroplating, aluminum refining, rubber manufacture, and paint production. 

Chemical fertilizer had been reported to be a potential source of perchlorate contamination.  New investigations by the U.S. Environmental Protection Agency (USEPA) have determined that perchlorate released from agricultural application of fertilizers is not significant.


Human Health Effects and Exposure

Human exposure to perchlorate can disrupt the function of the thyroid gland, and may result in thyroid gland tumors.  Perchlorate competitively blocks iodide from entering the thyroid gland, and many of the adverse effects of perchlorate exposure are similar to those of iodine deficiency.  In adults, the thyroid helps to regulate metabolism.  In children, the thyroid plays a major role in proper development, in addition to metabolism.  Impairment of thyroid function in pregnant women may impact the fetus and newborn, possibly changing behavior, delaying development, and decreasing learning capability. 

Both USEPA and the California Office of Environmental Health Hazard Assessment (OEHHA) have recently released draft documents that summarize perchlorate toxicology and health effects.  Research is continuing to determine the potential for perchlorate to produce human health effects when the chemical is present at low levels in drinking water.  Most recently, a study reported results in humans of perchlorate inhibition of 8-hour thyroidal iodide uptake, finding a no-effect level of 5.2 ug/kg/day. Using standard risk assessment assumptions, this level would be ingested by an adult if drinking water contained approximately 180 parts per billion (ppb) of perchlorate (Greer et al. 2002).  A no-effect level for 24-hour measurements was determined at 6.4 ug/kg/day, corresponding to approximately 220 ppb in drinking water for an adult.

Perchlorate is very soluble in water, and can contaminate ground and surface waters.  Perchlorate is very mobile in aqueous systems, and can persist for many decades under typical ground and surface water conditions.  Most of the locations where perchlorate has been detected in ground or surface waters are associated with aerospace materials and, to a lesser extent, fireworks and explosives.

There are 20 states with confirmed detection of perchlorate in ground or surface water.  The actual extent of perchlorate occurrence is unknown at this time, however this is under investigation.  (For example, the American Water Works Association Research Foundation [AWWARF] is expected to publish results of a perchlorate occurrence survey later this year.)  Since March 1997, the California Department of Health Services (DHS) has sampled several hundred drinking water systems and drinking water wells throughout California, finding perchlorate in a large number of drinking water sources.

Perchlorate occurrence data from the American Water Works Service Company was collected from 425 drinking-water supply wells in 16 states.  Perchlorate was detected in wells in California, Indiana, Iowa, and Pennsylvania.  Perchlorate levels above 4 ppb were found in 7 wells; the highest concentration was 6.4 ppb.  In this study, perchlorate was not detected in Arizona, Connecticut, Illinois, Maryland, Massachusetts, Michigan, Missouri, New Jersey, New Mexico, New York, Ohio, and West Virginia. 

Treatment

Effective treatment for perchlorate is currently being studied.  Perchlorate cannot be removed from water by conventional filtration, sedimentation, or air stripping, because the chemical is nonvolatile and highly soluble in water.

The following techniques are among those known to be the most effective at this time:

 Ion exchange, membrane processes, nanofiltration, and reverse osmosis.  These processes generate wastes that also require disposal.

 Blending contaminated water supplies with uncontaminated water supplies.
 Biological treatment, which is effective for treating wastes with high perchlorate concentrations.  However, biological treatment is not used in the United States for drinking water treatment.
Regulation

Perchlorate is included on the USEPA Drinking Water Contaminant Candidate List (DWCCL) for possible regulation in drinking water.  In 2002, USEPA released a draft oral reference dose (RfD) of 0.00003 milligram/ kilogram/day (mg/kg/day) for perchlorate.  An RfD estimates the amount of a contaminant (per kilogram of body weight) that people (including sensitive subgroups) could be exposed to daily for a lifetime without appreciable risk of adverse effects.  A health goal of 1 ppb in drinking water for adults may be calculated using an RfD of 0.00003, assuming that a 70-kg adult consumes two liters of water a day for 70 years.  For a 10-kg child, the corresponding health goal would be 0.3 ppb.  In 2002, the OEHHA released for public comment a proposed public health goal (PHG) of 6 ppb for perchlorate.  OEHHA is expected to finalize a PHG for perchlorate later in 2002.  Also in 2002, the California DHS established an action level of 4 ppb, and is expected to set a maximum contaminant level (MCL) for perchlorate by December 2003.

Because of gaps in knowledge of perchlorate health effects, national occurrence, and treatment effectiveness, USEPA did not select perchlorate as one of the first DWCCL contaminants for regulatory determination in 2002.  If data become available, perchlorate could be considered for regulatory determination following publication of the second DWCCL in February 2003.  Alternatively, USEPA could decide to regulate perchlorate separately from the DWCCL process.  If new data indicate that perchlorate poses an urgent threat to public health, USEPA could regulate perchlorate at any time by setting an interim MCL.

Perchlorate is included in the USEPA Unregulated Contaminants Monitoring Rule (UCMR) to gather needed occurrence data.  Approximately 2,800 large water systems and a representative sample of 800 small systems (selected at random from each state) must monitor for perchlorate and report the results to USEPA.  From 2001 to 2003, large surface-water systems will monitor quarterly during a one-year period, and large groundwater systems will monitor twice in a one-year period.  USEPA is paying for the testing costs for the 800 small systems.  In August 2002, USEPA began releasing UCMR results in the form of MS Excel PivotTables, and only a few detections of perchlorate have been reported.  However, until all of the UCMR data are collected and analyzed, which probably will not be completed until mid-2004, data interpretations could be misleading. 

Other than the UCMR, USEPA does not require routine monitoring for perchlorate at this time.  In order to detect perchlorate in water, samples should be taken and analyzed using ion chromatography following USEPA method 314.0.  This test can cost approximately $130 per sample at a certified laboratory.
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