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Though it has been a known contaminant of ground and surface water in the 
United States since the 1950s,1 only recently have advances in detection 
capabilities helped identify perchlorate as a widespread and pervasive pollutant in 
local water supplies. Prior to 1997, detection techniques did not allow scientists to 
identify perchlorate at very low concentrations. Detections prior to 1997 were in 
the parts-per-hundreds range while after 1997 they were in the parts-per-billion 
range. There are 44 states in which perchlorate use or manufacturing has been 
confirmed. Twenty-five states, including California, have reported perchlorate 
ground or surface water contamination, though a systematic national survey of 
perchlorate occurrence has not yet been conducted.2 Compounding the problem in 
California is the fact that the state derives as much as 30 percent of its drinking 
water from groundwater sources. In addition, the Colorado River, a major source of 
drinking and irrigation water in Southern California, is also contaminated with 
perchlorate. 

California state and local officials have acted to protect human populations from 
known sources of perchlorate contamination by closing or remediating impacted 
wells, or providing alternative water supplies. However, to date, the extent of 
perchlorate groundwater contamination in California is not fully known. As a 
result, legislation was signed into law in September 2003 in California to regulate 
its use and disposal.3 Earlier the Legislature required that a public health goal 
(PHG) and a maximum contaminant level (MCL) be established for its presence in 
drinking water.4 

Perchlorate has been manufactured in large quantities since the 1940s primarily 
as an oxidizing agent to provide thrust in rockets and missiles. Most documented 
instances of perchlorate contamination are associated with the development, 
testing, or manufacture of defense and aerospace materials.5 At present, 
production, use, and disposal of large quantities of perchlorate remain essential to 
the activities of both the U.S. Department of Defense (DOD) and the National 
Aeronautics and Space Administration (NASA).6 

In addition to its use in rocket propellant, perchlorate is used in the manufacture 
of explosives, munitions, pyrotechnics, military counter measures, highway safety 
flares, and fireworks, as well as in automotive air-bag inflators. Other industrial 
applications of perchlorate include use in nuclear reactors, electronic tubes, fixing 
dyes in fabrics, lubricating oils, electroplating, aluminum refining, tanning and 
finishing leather, rubber manufacture, and the production of paints and enamels. 

1 Journal of the American Water Works Association. “Underground Waste Disposal and Control.” 
49(10): 1334-1342. 1957. As cited in “Rocket Science.” Environmental Working Group. 2001. 

2 U.S. Environmental Protection Agency (EPA). “Perchlorate Environmental Contamination: 
Toxicological Review and Risk Characterization.” External Review Draft. January 16, 2002. And 
“EPA, Air Force Differ on Perchlorate Risks in Drinking Water,” Las Vegas Sun, October 28, 2003. 

3 AB 826 (Chapter 608, Statutes of 2003). 
4 SB 1822 (Chapter 425, Statutes of 2003). 
5 U.S. Environmental Protection Agency (EPA) Op. cit. 
6 A July 9, 2003, article in The Sacramento Bee (“Pentagon targets a water pollutant” by Chris 

Bowman) reported that “the Pentagon has launched a top-priority search for an environmentally 
safer alternative” to perchlorate. 
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It has been known for decades that perchlorate affects the functioning of the 
thyroid gland. However, only in recent years has evidence arisen that suggests that 
it may have significant adverse impacts even in low doses. Because of the 
important role of the thyroid gland in fetal development, pregnant women and their 
developing fetuses may be at the most serious risk from perchlorate exposure. 

No state or federal drinking water standard exists for perchlorate. The California 
Department of Health Services (DHS) established an advisory “action level” for 
notifying consumers of perchlorate-contaminated water supplies in 1997. That level 
was recently revised downward in response to improved detection capabilities and 
growing concerns about the effects of low-level exposure to perchlorate. By law,7 the 
Office of Environmental Health Hazard Assessment (OEHHA) was to set a PHG by 
January 1, 2003, that established a perchlorate level to avoid risks to human health. 
DHS was required to issue a MCL no later than January 1, 2004, that protected 
human health while remaining as close to the PHG for perchlorate as technically and 
economically feasible.8 However, both deadlines were held up by a court-ordered peer 
review and a delay in the University of California’s appointment of a peer review 
committee.9 The UC peer review began October 20, 2003, and was released by 
OEHHA on January 14, 2004. Therefore the PHG will probably not be adopted until 
early 2004 and the MCL not before early-to-mid 2004. This timetable may be altered 
further by an executive order by Governor Schwarzenegger on November 17, 2003, 
that suspended the adoption of regulations – or amendments to regulations – for up 
to 180 days.10 

Finally, it should be noted that cooperation between the state and the agencies of 
the federal government seems limited. For instance, the Department of Defense has 
declined to share all of the results of a 2001 survey it conducted of perchlorate 
contamination at Defense Department sites. 

This paper outlines what is known about perchlorate: its uses, occurrences in the 
environment, and possible health effects; the feasibility of cleaning up water 
contaminated by perchlorate; recent relevant actions by the Legislature and state 
and federal regulatory agencies; and options for future perchlorate policies. 
Among this paper’s key findings: 

+	 Perchlorate concentrations in excess of the state’s precautionary action level 
have been detected in 335 of the more than 6,000 public water sources in 
California. These detections span 10 counties11 and have forced actions to 
protect the drinking water of millions of Californians across many geographical 
regions. 

7 Health and Safety Code §116275.
 
8 SB 1822, op.cit.
 
9 OEHHA submitted the PHG draft to the University of California in May 2003; however, the peer
 

review process did not begin until October 20, 2003. 
10 Executive Order S-2-03. 
11 In order of the concentrations of perchlorate found in some drinking water sources, the counties 

are San Bernardino, Sacramento, Los Angeles, Riverside, Ventura, Tulare, Orange, Santa Clara, 
Sonoma and San Diego. 
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+	 Perchlorate has been detected in concentrations above the state action level in 
approximately 77 percent of state Senate districts and in approximately 82 
percent of Assembly districts. 

+	 The lower Colorado River, a major source of irrigation and drinking water for 
Southern California, also carries levels of perchlorate that in most instances 
exceed the state’s action level. 

+	 Most of the perchlorate already discovered in California’s drinking water 
sources cannot be “cleaned up”12 in the short-run, but will likely require costly, 
long-term treatment programs. 

+	 The state of California does not have regulations in place to prevent future 
contamination through the monitoring of perchlorate transport, use, and 
disposal.13 

I. Background 

Perchlorate is a white or colorless powder that most commonly originates as a 
contaminant in the environment when perchlorate salts dissolve in water. The 
resulting perchlorate ion consists of one atom of chlorine and four atoms of oxygen, 
and carries a negative charge. Highly resistant to bonding with other matter, 
perchlorate moves very freely within bodies of water and does not easily 
biodegrade. As a result, it can spread widely and remain in water supplies for 
decades. 

The defense and aerospace industries purchase more than 90 percent of all the 
perchlorate manufactured, or roughly 20 million pounds per year.14 Perchlorate 
accounts for over 65 percent of the fuel in the Titan and the Minuteman III 
missiles,15 and nearly 70 percent of the solid propellant aboard the space shuttle, 
or approximately 1.4 million pounds per shuttle launch.16 

Because solid rocket fuel has a shelf life and goes “flat” over time, it must be 
flushed from rocket motors periodically and replaced. High-pressure jets of water 
are typically used to wash out the fuel, creating large volumes of perchlorate-
contaminated waste water. Though perchlorate can be recovered from the solution 
and used again, the process has not been considered cost-effective.17 The defense 

12	 Action levels are health-based advisory levels established by DHS for chemicals in drinking water 
that lack regulated maximum contaminate levels.  These chemicals must be tested for and 
reported to DHS. 

13	 The Legislature did pass in 2003, AB 826 (Chapter 608, Statutes of 2003) that directed the 
Department of Toxic Substances Control to adopt regulations for the management of perchlorate 
by December 31, 2005. 

14	 In 1989, DOD and NASA signed a seven-year contract with Western Electrochemical Company 
(Cedar City, UT) to purchase 20 million pounds of ammonium perchlorate a year. NASA Website, 
“Financing Arranged for Ammonium Perchlorate Plant.” March 28, 1989. 
<http://spacelink.nasa.gov/NASA.News/NASA.News.Releases/Previous.News.Releases/89.News.R 
eleases/89-03.News.Releases/89-03-35>. 

15 EPA, op. cit.
 
16 NASA. 1995. NASA Website. <http://liftoff.msfc.nasa.gov/Shuttle/About/srb.html>.
 
17 EPA, op. cit.
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and aerospace industries have disposed of large volumes of perchlorate in various 
states across the country since the 1950s. Many of these states have reported 
perchlorate contamination of their groundwater. 

In coming years, more perchlorate will require safe disposal as weapons systems 
reach the end of their service life or treaty agreements require their dismantling. In 
the past, DOD practiced open burning or open detonation of rocket motors, but 
public and regulatory concern over incomplete destruction has curtailed these 
methods. Consequently, the inventory of perchlorate-containing propellant 
awaiting disposal is ever-growing, and is expected to surpass 164 million pounds 
by 2005.18 

Documented perchlorate contamination of ground and surface water is not 
associated solely with the defense industry but also with perchlorate 
manufacturing, production of highway flares, fireworks manufacturing, and a 
variety of other industrial activities. 

II. Perchlorate Concentrations Across California 

Widespread perchlorate pollution was discovered shortly after development in early 
1997 of an improved detection method19 that is able to identify perchlorate at levels 
equivalent to a few grains of sand in an Olympic-sized swimming pool (parts per 
billion).20 Detection of high-level contamination at a former defense contractor site 
east of Sacramento in Rancho Cordova in 1997 brought wide public attention to 
perchlorate for the first time. 

The majority of California locations where perchlorate has been detected are 
associated with facilities that have manufactured or tested solid rocket fuels for the 
DOD or NASA. In a July 3, 2003 letter to Winston Hickox, then secretary of the 
California Environmental Protection Agency (Cal EPA), U.S. Assistant Deputy 
Undersecretary of Defense for Environment John Woodley, Jr., provided a list of 37 
DOD and defense contractor sites that had known perchlorate contamination. 
However, there are also a number of nonmilitary manufacturing sites that have 
contaminated groundwater. 

As of October 8, 2003, there were 335 drinking water sources in 10 California 
counties where perchlorate had been detected at or above the action-reporting level 
of 4 parts per billion (ppb).21 These detections did not include agricultural sources, 
monitoring wells, or private wells (which are not currently tested). Approximately 
77 percent of California’s state Senate districts and 82 percent of its Assembly 
districts have perchlorate detections in drinking water sources above the 4 ppb 

18 Siddiqui et al. “Occurrence of perchlorate and methyl tertiary butyl ether (MTBE) in groundwater 
of the American water system.” September 30, 1998. As cited in EPA 2002. 

19 The ion chromatography analytical method achieves a method detection limit of approximately 1 
part per billion and a minimum reporting limit of 4 ppb. 

20 Gary Pitzer. “Confronting a Legacy of Contamination: Perchlorate.” Western Water. May/June 
2003. 

21 As of December 1, 2003, DHS Website. 
<http://www.dhs.ca.gov/ps/ddwem/chemicals/perchl/monitoringupdate.htm>. 
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action level. (See Appendices pages A1- A6 for maps of perchlorate contamination 
by Senate and Assembly districts.) 

Of the sources with reported detections at actionable levels, the concentrations 
broke down this way: 

+ 7 percent had peak perchlorate concentrations of more than 40 ppb, 

+ 6 percent had concentrations of 21 ppb to 40 ppb, 

+ 27 percent had concentrations of 11 ppb to 20 ppb, and 

+ 60 percent, 10 ppb or less. 22 

Peak concentrations greater than 40 ppb (more than 10 times the action level at 
which DHS recommends source removal or the removal of the contamination at the 
source of the drinking water) occurred in these counties: 

+ San Bernardino: five sources, ranging from 52 to 820 ppb. 

+ Sacramento: five sources, ranging from 72 to 400 ppb. 

+ Los Angeles: nine sources, ranging from 47 to 159 ppb. 

+ Riverside: four sources, ranging from 45 to 65 ppb. 

Among the remaining six counties, the highest peak concentrations were as 
follows: 

+ Ventura: 20 ppb. 

+ Tulare: 11 ppb. 

+ Orange: 10.7 ppb. 

+ Santa Clara: 8.5 ppb. 
+ Sonoma: 5 ppb. 

+ San Diego: 4.7 ppb.23 

The majority of the state’s Regional Water Quality Control Boards face perchlorate 
contamination in their regions in excess of the actionable level. Listed below are 
some of the primary areas of concern in various regions:24 

22 Parts per billion is the same measurement as µg/L or micrograms per liter.
 
23 DHS website: <http://www.dhs.ca.gov/ps/ddwem/chemicals/perchl/monitoringupdate.htm>.
 
24 This list is not an exhaustive compilation of regional detections. All data come from the
 

“Geotracker” Website, which is no longer publicly available, unless otherwise attributed. 
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Central Coast Region 

+	 Morgan Hill/San Martin/Gilroy – Perchlorate from an Olin Corp. site in Morgan 
Hill has spread through 7.5 miles of groundwater into northern Gilroy. To date, 
nearly 420 wells have been impacted by concentrations as high as 765 ppb. 

+	 Hollister – Contamination associated with Whittaker Ordinance Inc. has 
impacted at least nine supply wells with groundwater detections of perchlorate 
in concentrations as high as 290,000 ppb. 

Central Valley Region 

+	 Rancho Cordova – Perchlorate concentrations in well water generally range as 
high as 360 ppb at the former Aerojet site east of Sacramento. However, where 
water previously treated for other contaminants was reinjected into the ground, 
the highest concentrations are in excess of 100,000 ppb. The perchlorate plume 
extends four miles offsite, and has impacted seven wells. 

Colorado River Basin Region25 

+	 Colorado River – The river is impacted with concentrations of perchlorate from 4 
to 10 ppb from Lake Mead to the Mexican border. This region depends on these 
waters (transported via aqueduct or canal) for irrigation, drinking water, and 
groundwater recharge, and lacks alternative water sources. Currently, two 
water districts are suing each other over the issue of assessments for a 
groundwater recharge program. Mission Springs is suing Desert Water seeking 
a refund for a project that will import water from the Colorado River and put it 
underground to replace what is being pumped from the Mission Creek sub-
basin aquifer. Mission Springs asserts that the Colorado River water is more 
polluted with perchlorate than the water that naturally lies in the sub-basin 
aquifer.   

+	 Desert Water Agency, Coachella Valley Water District, Torres Martinez Indian 
Reservation – Several wells have been shut down with perchlorate 
concentrations ranging from 3 to 8 ppb. 

Los Angeles Region 

+	 Pasadena – As of December 2002, the city had decided to shut down nine of its 
13 drinking water supply wells due to contamination associated with NASA’s 
Jet Propulsion Laboratories complex.26 The city of Pasadena must buy water 
from the city of Los Angeles to offset lost supply. Concentrations as high as 
1,500 ppb have been detected at on-site wells, while off-site wells have 
registered 25 ppb. 

25	 “Executive Officer’s Report.” California Environmental Protection Agency, Regional Water Quality 
Control Board, Colorado River Basin Region. June 25, 2003. 

26	 Dennis Dickerson. Executive Officer, California Regional Water Quality Control Board, Los Angeles 
Region. “Memorandum: Update on Perchlorate Groundwater Pollution Within the Los Angeles 
Region. April 28, 2003. 
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+	 Santa Clarita – Perchlorate concentrations in excess of 300,000 ppb have been 
detected in the groundwater at a Whittaker-Bermite site. Five supply wells with 
concentrations ranging from 5.9 to approximately 50 ppb have been shut down. 

San Diego Region 

+	 Escondido – At least one drinking water source has registered perchlorate 
concentrations up to 4.8 ppb.27 

+	 San Diego – Perchlorate-contaminated water from the Colorado River with 
concentrations from 4 to 10 ppb represents a significant portion of the area’s 
drinking water supply.28 

San Francisco Bay Region 

+	 San Jose – Test wells at the United Technologies site in San Jose have 
registered concentrations of perchlorate in excess of 100,000 ppb; but no 
contamination to drinking water has occurred. However, storm water and 
runoff sampling indicate perchlorate at levels of concern, since Anderson 
Reservoir, a source of community drinking water, is only half a mile away.29 

Santa Ana Region 

+	 Crafton/Redlands – Contamination from Lockheed Propulsion Co. has created a 
perchlorate plume measuring approximately seven square miles that has 
impacted 47 drinking water wells. Concentrations as high as 70 ppb have 
caused the shutdown of five wells. 

+	 Rialto/Colton – Twenty wells in the area have been impacted by multiple 
sources of perchlorate contamination. The city of Rialto has shut down 5 of its 
15 wells due to perchlorate concentrations as high as 74 ppb. The closed wells 
represent a loss of 47 percent of the city’s pumping capacity. The plume of 
perchlorate underneath the city is spreading at a rate of approximately three 
feet per day and threatens still more wells. Should those wells become affected, 
the city’s water supply could be lost within four days.30 

27	 DHS. Ibid. 
28	 National Resource Defense Council. “What’s On Tap? Grading Drinking Water in U.S. Cities.” 

October 2002. 
29	 An explosion at the site on August 7, 2003, set fire to 37 acres of brush land requiring 60 

firefighters to answer the alarm. Officials reported that runoff from the firefighting efforts had 
entered local creeks that feed Anderson Reservoir, but it was not yet clear whether any chemical 
contamination of the reservoir had resulted. 

30	 Rialto-specific information is derived from materials and presentation given by Brad Baxter (Inland 
Empire) and Sheri Lasick (Sylvir Consulting). “Case Study II: The Rialto/Inland Empire Case – 
Financing and Managing Public Water Utility Impacted by Perchlorate.” July 31, 2003. 
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III. Health Effects of Perchlorate 

Perchlorate interferes with the proper functioning of the thyroid gland, which helps 
to regulate metabolism and growth.31 Specifically, perchlorate inhibits uptake of 
iodide to the thyroid, producing a decrease in thyroid hormone production. The 
human body does not metabolize perchlorate and data indicates that it does not 
accumulate in the body. Perchlorate is eliminated from the body fairly rapidly, with 
a half-life of only eight hours.32 Adverse health effects from perchlorate are 
considered acute, producing a strong or serious short-term effect. 

Certain subpopulations, including pregnant women and their fetuses, and 
individuals with hypothyroid conditions (too little thyroid hormone) are thought to 
be at particular risk to repeated perchlorate exposure, even at low levels. During 
pregnancy a woman’s endocrine system (which includes the thyroid gland) is 
placed under greater than normal strain. The proper functioning of a mother’s 
thyroid gland is critical to both the health of the mother and the proper 
development of her fetus. This is particularly true during the first and second 
trimesters when the fetal thyroid is not yet developed and able to function on its 
own.33 Babies born to mothers with impaired thyroid functioning may exhibit 
changes in behavior, delayed development, and decreased learning capability.34 

At very high doses, perchlorate has caused thyroid tumors in laboratory rats. 
However, it is not certain whether similar effects would occur in humans. In fact, 
because of its known adverse effects, little perchlorate research has been 
conducted on humans. Most of what is known about the specific impacts of high 
doses on humans comes as a result of the treatment of patients with Graves’ 
disease in the 1960s. Perchlorate’s ability to reduce thyroid hormone production 
prompted its use as a treatment for the severe hyperthyroidism (too much thyroid 
hormone) associated with Graves’ disease. Unfortunately, high doses of perchlorate 
produced moderate to severe, and occasionally fatal, side effects in some patients 
and the treatment was discontinued.35 

Only recently has attention begun to focus on the health effects of low-level 
perchlorate exposure. Given its propensity for blocking iodide uptake to the 
thyroid, these effects are thought to be similar to those caused by iodine deficiency. 
Because iodine deficiency in pregnant women has been linked to adverse 
neurological development and reduction of intelligence quotient (IQ) in their 
children, efforts are focused on establishing the level of perchlorate intake that will 
not increase the risk of these effects occurring.36 Prior to 1997, detection 
techniques did not allow scientists to identify perchlorate at very low 

31 State Water Resources Control Board (SWRCB). “Groundwater Information Sheet.” Draft. 
October 23, 2002. 

32 Office of Environmental Health Hazard Assessment (OEHHA). “Public Health Goal for Perchlorate 
In Drinking Water.” Draft. December 2002. 

33 SWRCB. Op. cit. 
34 EPA website: http://www.epa.gov/safewater/ccl/perchlorate/perchlorate.html. 
35 Barziali, D. et al. “Fatal complications following use of potassium perchlorate thyrotoxicosis: report 

of two case studies and a review of the literature.” 1966. As cited by the Environmental Working 
Group. 2001. 

36 OEHHA. Op.  Cit. 
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concentrations. But laboratories can now reliably identify perchlorate at levels as 
low as 4 ppb, and the technology continues to improve. Consequently, our full 
understanding of health effects from low-level exposure to perchlorate is still 
emerging. 

IV. Perchlorate Pathways 

Perchlorate enters the human body in one of several ways. It can be inhaled, 
absorbed through the skin or, more commonly, ingested by way of drinking water 
or certain foods.37 Inhalation and skin absorption are less efficient pathways than 
ingestion, and generally occur only under industrial circumstances in which 
perchlorate salts are present. More often, perchlorate from an industrial source 
comes into contact with water, rapidly dissolves, and, unless properly contained, 
enters a local water system where it may travel great distances to enter irrigation 
and drinking water sources. For example, large volumes of perchlorate produced at 
a manufacturing site southeast of Las Vegas seeped into the nearby Las Vegas 
Wash where the perchlorate migrated over three miles into Lake Mead, and from 
there to the lower Colorado River. The Colorado River provides drinking water to 
over 15 million residents of California, Nevada, Arizona, and Mexico, and irrigates 
much of the United States’ winter lettuce supply. Colorado River water contains 
perchlorate concentrations well above the state’s action level when it enters 
California.38 

While drinking water is probably the most common and best understood pathway 
for perchlorate to enter the human body, emerging research suggests that some 
food products may also carry perchlorate. A 2003 study conducted by the 
Environmental Working Group found perchlorate in excess of the California action 
level in lettuce samples taken from San Francisco Bay Area supermarkets. The 
winter lettuce tested was most likely grown in the regions of Southern California 
and Arizona irrigated by the waters of the Colorado River.39 This study raises 
concern that perchlorate can accumulate in plants, and perhaps through the food 
chain. 

These findings were substantiated when the USDA confirmed federal tests found 
perchlorate in winter lettuce irrigated with Colorado River water.40 Canadian 
officials have expressed concern and are preparing to test lettuce and other crops 
imported from the rich agricultural regional straddling the California-Arizona 
border.41 

In addition, researchers from the Institute of Environmental and Human Health at 
Texas Tech University reported perchlorate was found in supermarket milk at 
levels exceeding the federal government’s recommended levels for drinking water. 

37 EPA. Op Cit. 
38 Joint Presentation by James Giannopoulos (State Water Resources Control Board) and Karen 

Baker (Department of Toxic Substances Control). “Perchlorate Contamination of California’s 
Groundwater Supplies.” 

39 “Suspect Salads: Toxic Rocket Fuel Found in Samples of Winter Lettuce.” Environmental Working 
Group. 2003. 

40 “Federal Tests Find Perchlorate in Food,” Riverside Press Enterprise. November 26, 2003. 
41 Ibid. 
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Perchlorate levels in the milk ranged from 1.7 to 6.4 ppb – higher than the U.S. 
EPA’s draft proposed safety standard of 1 ppb.42 Dr. Phil Smith of Texas Tech 
University has said that very preliminary research indicates that perchlorate seems 
to be more easily absorbed when it is in water and that perhaps perchlorate in food 
may not be as easily bioaccumulated.43 

However, more research is necessary to rule out any potential risks these possible 
pathways pose to humans. 

V. Perchlorate Detection and Monitoring 

In February 1997, the California Department of Health Services began sampling 
dozens of drinking water wells after perchlorate contamination was discovered in 
water supplies in eastern Sacramento County. In January 2001, DHS began 
requiring all community and non-transient non-community water systems that are 
vulnerable to perchlorate to sample their water supplies for perchlorate. Since that 
time, more than 1,100 of the state’s approximately 4,400 water systems have 
reported the results of their monitoring efforts. The tested systems serve nearly 29 
million Californians (or approximately 83 percent of the state population). Thus far, 
85 systems across 10 counties have detected perchlorate in 335 active or standby 
drinking water wells.44 

The current approved method of detection for perchlorate is by ion 
chromatography,45 which allows identification of minute amounts of perchlorate in 
a water source (approximately 4 parts per billion). However, it would not be 
sufficient to meet the EPA’s draft protective level of 1 ppb. Recent reports from Los 
Alamos National Laboratory46 and Texas Tech University encourage hope that new 
technology will soon allow detection of perchlorate in concentrations of 1 ppb or 
lower (parts per trillion). 

VI. Cleanup 

Because perchlorate spreads so readily, contaminates large volumes of water, and 
does not tend to biodegrade, it defies any traditional notion of “cleanup.” In most 
cases, true cleanup is currently infeasible due to the limitations of technology, the 
immense volume of water contaminated, and the impracticality of pumping large 
bodies of groundwater dry simply to clean them. Instead, remediation at the 
wellhead is used to clean the water for human consumption. 
It should be noted, however, that wellhead remediation does not generally address 
perchlorate contamination of ground or surface water sources used for irrigation or 
as drinking-water sources for livestock or wild animals. 

42 See discussion of the U.S. EPA draft report on page 15.
 
43 Personal telephone conversation with Kip Wiley, November 11, 2003.
 
44 DHS Website: <http://www.dhs.ca.gov/ps/ddwem/chemicals/perchl/monitoringupdate.htm>.
 
45 “EPA Method 314.0 – Determination of Perchlorate in Drinking Water by Ion Chromatography.”
 
46 “Method allows detection of small amounts of perchlorate.” The Associated Press, State and Local
 

Wire. July 18, 2003. 
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Several technologies are available or under development to remediate perchlorate-
contaminated water, though some have been more thoroughly tested than others. 
(See Table 1 below.) These technologies include biological treatment, ion exchange, 
reverse osmosis and nanofiltration, and liquid granulated activated carbon. 
Generally speaking, there is no single preferred technology for perchlorate cleanup, 
although most pilot projects use either biological treatment or ion exchange.47 Each 
of the methods described below is relatively costly.48 The best methods are often 
determined by circumstances at the site and the proposed use of the water supply 
in question. 

State funds to clean up perchlorate contamination have come from various 
sources: 

+	 $3 million State Water Resources Control Board – Cleanup and 
Abatement Account. 

+	 $3 million State Water Resources Control Board – Proposition 50 funds 
for water quality, drinking-water supply, safe drinking-water 
projects, and coastal wetlands purchase and protection. 

In addition, AB 1747, a budget trailer bill authored by the Assembly Budget 
Committee in 2003, allows Proposition 50 bond funds to be used for grants for 
groundwater management and recharge projects. It instructs DHS to develop a 
program that places a priority on projects that reduce public and environmental 
exposure to contaminants that pose a significant health risk, including 
perchlorate. 

47	 Calgon Carbon Corp. has recently developed new ion exchange beads that will link with 
perchlorate but not other compounds, such as nitrates and sulfates, which are commonly found in 
water. The new beads can be kept in service longer, potentially reducing the maintenance costs for 
the systems treating perclorate-contaminated water. 

48	 Some methods have higher capital start-up costs but lower operational and maintenance costs 
(e.g. biological treatment), while others have lower capital start-up costs but higher operation and 
maintenance costs (e.g. ion exchange). For example, at the Aerojet site in Rancho Cordova, the 
biological treatment technology in use costs approximately $165 per acre-foot of water treated, on 
top of the $5.5 million in initial capital costs. Meanwhile, at the La Puente site, capital costs for ion 
exchange were approximately $2 million with an additional cost of $145 per acre-foot of water 
treated. 
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Table 1
 
Methods of Perchlorate Cleanup/Remediation
 

Name of Treatment Description/Comment49 50 

Biological Uses microbes to break perchlorate into oxygen and 
chloride – destroys perchlorate; considered very 
expensive. Costs $2-3 million. This method is in use. 

Ion Exchange Removes perchlorate from source down to 4 ppb, but 
concentrates it in a “brine” that must be safely 
disposed. Costs $100/acre-foot of water treated; a more 
expensive version ($500/acre-foot) is able to destroy 
perchlorate. This method is in use. 

Reverse Osmosis and 
Nanofiltration 

This experimental method is being tested. 

Liquid Granulated 
Activated Carbon 
(GAC) 

Requires frequent replacement (approximately once a 
month) of carbon beds, which are used to remove 
perchlorate. GAC treatment at 30 perchlorate-
contaminated sites including Redlands, CA, was 
discontinued several years ago until a more economical 
alternative could be found. Methods are currently being 
developed to increase life of carbon beds.51 This method 
is in use. 

Because of the technological limitations and costs of detection and cleanup, water 
containing low concentrations of perchlorate is often “blended” with 
uncontaminated water to reduce perchlorate concentrations below maximum 
acceptable levels. This process, for example, is employed in several areas in 
Southern California that are dependent on the Colorado River for their drinking 
water. Where perchlorate concentrations are higher, however, blending is not 
appropriate, and unless wellhead treatment is feasible, water sources must be shut 
down. In Santa Clara County, hundreds of residents had to be supplied with 
bottled water until treatment equipment could be ordered and installed on 
wellheads closed due to perchlorate contamination. The cost of delivering safe 
drinking water to residents in that area ranged from $2 million to $150 million.52 

VII. State Actions 

California has not set a drinking water standard (the maximum contaminant level, 
or MCL) for perchlorate, but DHS was required to do so by January 1, 2004. 
Establishing a perchlorate regulation is a two-step process. First, the Office of 
Environmental Health Hazard Assessment (OEHHA) must set a “public health goal” 

49 SWRCB. Op. Cit.
 
50 Dennis Dickerson. Op. Cit.
 
51 Bruce E. Logan. “Assessing the outlook for perchlorate remediation.” Enrironmental Science and
 

Technology. December 1, 2001. 
52 Kate Folmar. “Officials present clean-water options.” San Jose Mercury News. May 4, 2003. 
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(PHG) that establishes a perchlorate concentration level that it believes does not 
pose a risk to human health. Second, DHS sets an MCL that is protective of human 
health, but remains as close to the PHG as is technically and economically feasible. 

OEHHA set a revised draft PHG for perchlorate in December 2002, proposing a 
concentration of between 6 and 2 ppb. OEHHA will probably set a final PHG in 
early 2004 as discussed above. In the meantime, DHS has identified perchlorate as 
an “unregulated chemical requiring monitoring” (effective January 2001), and has 
instituted an “action level,” requiring water systems to notify local government 
about detections of perchlorate above the action level. DHS originally established 
an action level of 18 ppb in 1997, but revised that number downward to 4 ppb on 
January 18, 2002. 

Thus, California should have an enforceable regulation on perchlorate by sometime 
in 2004. However, it is important to note that the final MCL may be higher than 
would otherwise be the case due to the limitations of the technology available in 
most commercial laboratories for testing water quality. Recent studies indicate that 
concentrations as low as 1 ppb may present health risks, but at present most 
commercial labs cannot detect perchlorate in concentrations below 4 ppb (the 
current state action level). 

California agencies on June 6, 2003, requested federal cooperation in cleaning up 
DOD installations in a letter53 signed by Cal EPA Secretary Winston Hickox, 
Department of Toxic Substances Control Director Edwin Lowry, and SWRCB 
Executive Officer Celeste Cantu. They asked that the installations assist state 
agencies in identifying, investigating, and cleaning up perchlorate on their 
properties. In his July 3, 2003, reply, Woodley said the department was “investing 
in activities that will enable [DOD] to step out quickly once EPA establishes the 
MCL” [emphasis added]. However, moving more quickly, Senator Barbara Boxer 
announced on August 7, 2003, that Woodley and the DOD had publicly agreed to 
comply with California’s safe drinking-water standard for perchlorate. In addition, 
the DOD committed to establishing a federal/state interagency working group, and 
providing the state information on perchlorate contamination and schedules for 
testing. The DOD also gave assurances that its attempts to gain exemptions from 
federal environmental laws were not an attempt to escape liability for cleanup of 
perchlorate contamination.54 

In July and August 2003, the state’s nine regional water quality control boards 
sent letters55 to military commands requesting perchlorate information and 
sampling plans for 71 military installations and formerly used defense sites 
(FUDS). Responses to most of the letters were due September 30, 2003, although 
replies to some letters that were sent out later were due by October 30, 2003. To 
date none of the 71 installations has responded, all indicating that they are 
awaiting instruction from DOD. The regional water boards could take the next step 

53 See text of letter in Appendix D2. 
54 “Boxer Announces Agreement On Perchlorate Contamination.” Press Release. August 7, 2003. 

Official Website of U.S. Senator Barbara Boxer of California. 
<http://boxer.senate.gov/newroom/200308/20030807_env.html>. 

55 See text of letters in Appendix D1. 
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and issue notices and orders to the installations, requiring that requested actions 
take place. 

The Thursday Group, a coalition of lobbyists for various industry groups, including 
chemical companies and defense contractors, sent Governor Schwarzenegger a 
letter in late November 2003 expressing concern regarding the state’s impending 
regulations on perchlorate. They expressed their desire that California wait until 
the National Academy of Sciences evaluated the health hazards of perchlorate 
before adopting regulations.56 

VII. Federal Actions 

The EPA placed perchlorate on its contaminant candidate list in 1998. The 
following year, the EPA began requiring drinking water monitoring for perchlorate 
and, in 2002, issued a draft assessment of perchlorate. Titled Perchlorate 
Environmental Contamination: Toxicological Review and Risk Characterization, the 
report recommended a 1 ppb safety standard for perchlorate in drinking water – in 
other words, a level four times more restrictive than the current California action 
level. Though it has gone through extensive peer review, the EPA report has not yet 
been publicly released. 

There is no national drinking water regulation for perchlorate, and it appears 
unlikely that there will be one anytime soon. On July 15, 2003, the U.S. EPA 
announced that it would not formulate safety standards for perchlorate or any of 
the other chemicals on its “contaminant candidate list.” This means that 
perchlorate will not come up for review again for at least another three to five 
years, unless “emergency” procedures are followed to expedite the process. 

In March 2003, the White House Office of Management and Budget referred 
perchlorate to the National Academy of Sciences (NAS) for six to 18 months of 
review. The EPA has banned public discussion of perchlorate by its employees until 
the NAS delivers its opinion. However, the federal EPA and DOD still widely differ 
in their assessments of what level of perchlorate is safe in drinking water. In 
presentations before the National Academy of Sciences’ Committee to Assess the 
Health Implications of Perchlorate Ingestion on October 27, 2003, the federal EPA 
said its studies supported a 1 ppb standard.57 Col. Dan Rogers, chief of the 
Environmental Law and Litigation Division of the Air Force, told the panel that the 
levels of perchlorate found in the environment today have no effect on human 
health and that a standard of 200 ppb is safe.58 The Committee to Assess the 
Health Implications of Perchlorate Ingestion has also held a session in California in 
Irvine on December 12 and 13, 2003. At that time Col. Rogers presented a panel of 
experts that called into question the methodology and results of the EPA’s risk 
assessment. 

56 Michael Bustillo. “Foes of Environmental Regulation Woo Governor.” Los Angeles Times. 
November 27, 2003. 

57 Associated Press. “EPA, Air Force Differ on Perchlorate Risks in Drinking Water.” Las Vegas Sun, 
October 28, 2003. 

58 Ibid. 
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Based on this timeline, 2007 is the earliest that federal regulation of perchlorate 
could be expected. But U.S. Senator Barbara Boxer and U.S. Representative Lois 
Capps of Santa Barbara have introduced bills in their respective houses (S. 502 
and H. R. 2123) that would bump the deadline for federal regulation forward to 
July 2004. Those bills remain in committee at present. Earlier last year, language 
was deleted from a fiscal year 2004 defense appropriations bill to require the EPA 
to restudy perchlorate groundwater contamination and set a drinking water 
standard within 180 days. The provision was removed before the bill (H.R. 2658) 
was adopted in September 2003. 

Meanwhile, the DOD recently launched a top-priority search for a safer alternative 
to perchlorate, according to a Sacramento Bee report that cited an unnamed top 
Pentagon official.59 On July 11, 2003, the DOD also agreed to help clean up 
perchlorate-polluted groundwater in San Bernardino County. And despite the 
recent agreement, noted above, to cooperate with California state officials, the DOD 
has declined to share all of the results of a 2001 survey it conducted of perchlorate 
contamination at Defense Department sites. This refusal has sparked accusations 
from some quarters that DOD is avoiding responsibility for polluting practices that 
span over 50 years.60 

IX. Options 

California is further along than most states in perchlorate detection, monitoring, 
and remediation processes; however, state efforts could be greatly assisted by 
better cooperation from federal departments and agencies. For example, full 
disclosure by the DOD of sites where perchlorate is known to have been used or 
dumped would allow the state to save resources by more quickly identifying 
contaminated water sources. More timely identification of contamination sites 
would also allow remediation efforts to begin more promptly and thus would aid in 
health-effect mitigation efforts. 

Cleanup: A Long-term Effort with Significant Costs 

Remediation of perchlorate contamination faces several hurdles. First, the costs 
are significant. Because low levels may endanger human populations, and because 
perchlorate spreads so readily within vast underground water systems, the size 
and scope of perchlorate cleanup in some areas is daunting. The sheer volume of 
water known to be affected is large and growing steadily as testing identifies new 
contaminated sites, and underground plumes of perchlorate spread. In the city of 
Rialto, five of the city’s 15 wells have already been closed due to perchlorate 
contamination, while the perchlorate plume spreads at an estimated rate of three 
feet per day.61 

59 Chris Bowman. “Pentagon targets a water pollutant: Perchlorate alternative sought for rocket 
fuels.” Sacramento Bee. July 9, 2003. 

60 In May 2003, U.S. Representatives John Dingell (Michigan) and Hilda Solis (California), sent a 
letter to Secretary of Defense Donald Rumsfeld accusing the DOD of concealing the details of 
perchlorate contamination. Reported by Peter Waldman. “Pentagon Is Accused of Hiding Report on 
Perchlorate Pollution.” Wall Street Journal. May 19, 2003. 

61 Business Wire. “Rialto Toilet Exchange Program is a Success.” July 29, 2003. 
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Meanwhile, the timeframe in which full remediation of some contaminated sites 
can be expected to take place is measured in centuries, not months or years. The 
Aerojet site in Rancho Cordova, for example, could require well over 200 years to 
fully remediate. Further complicating cleanup is the prospect that the perchlorate 
concentration levels deemed safe by scientists may exceed technological 
capabilities to remediate perchlorate pollution. Technology at many commercial 
laboratories is not even able to reliably detect perchlorate at the EPA’s draft level of 
1 ppb. Until better testing and cleanup technologies become available and more 
affordable, other strategies for dealing with perchlorate, such as “water blending” 
and containment will have to be employed. 

Mitigation of Health Effects: More Research Necessary 

With untold volumes of perchlorate already loose in the environment and full 
cleanup of some sites not feasible in the short-run, priority goes to effective 
mitigation of adverse human health effects from perchlorate contamination. This 
process begins with detecting and identifying perchlorate in water sources, as 
California agencies are already doing. Once an MCL is established, appropriate 
measures will be needed to ensure that communities whose water supplies exceed 
the MCL level have access to alternate water supplies until treatment can be 
implemented. 

In addition, more research is needed to better understand the long-term health 
effects associated with perchlorate exposure both from water and food sources. 
While perchlorate as a water contaminant has received most of the attention, 
relatively little study has been given to the possibility of food pathways. For 
example, does perchlorate-contaminated water from the Colorado River concentrate 
in the alfalfa crops it irrigates in the Imperial Valley? If so, does that perchlorate 
become concentrated in dairy cows who are fed the alfalfa? And if so, is milk from 
those cows transmitting harmful levels of perchlorate to children, a group that is 
particularly at risk? These questions need to be answered. 

Close the Barn Door: Prevent Future Contamination 

Efforts to identify and remediate perchlorate contamination are hampered by a lack 
of detailed information about its transport, use, and disposal over the last 50 
years. This problem is compounded by the fact that 90 percent of all perchlorate is 
used by the defense and aerospace industries, which may claim a need for secrecy 
in their activities. However, instituting regulations requiring notification to the 
state of transport, use, and disposal of perchlorate would better enable the state to 
prevent future contamination and facilitate swifter response in the event that 
contamination did occur. 

State Action Needed in the Absence of a Federal Near-Term Response 

The recent decision to delay regulatory action at the federal level highlights the 
importance of the state regulatory process. The state’s present timeline should 
produce a California perchlorate regulation within the year. In addition, 
SB 1004 (Soto), enacted last year, will require notification to the State Water 
Resources Control Board of any discharge of perchlorate into the environment and 
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impose penalties for failure to do so.62 The new law also will require operators of 
facilities that have ever stored at least 500 pounds of perchlorate to report 
information about the storage to the state board. 

X. Conclusion 

California will bear the legacy of 50 years of perchlorate contamination for many 
decades to come. The cost of identifying and remediating all of the state’s 
contaminated waters will be substantial. However, sensible steps can be taken to 
minimize the future costs associated with California’s perchlorate problem: 

+	 Now that both the federal EPA and the California Office of Environmental 
Health Hazard Assessment have indicated that perchlorate is harmful to 
humans, it should be monitored and regulated like other hazardous materials 
to prevent further contamination. 

+	 Additional study of the human health effects of perchlorate exposure should be 
given a priority and, in the meantime, shorter-term efforts can focus on how 
best to protect susceptible populations, including pregnant women and people 
with hypothyroid conditions. 

+	 Federal and state agencies should cooperate more fully with one another to 
expedite detection, monitoring, and remediation efforts. In particular, the 
Department of Defense should share with state agencies whatever it knows 
about perchlorate contamination in California, including its 2001 survey of 
DOD perchlorate-contaminated sites. 

Although the drinking water of millions of Californians may be threatened by 
perchlorate contamination, it can be prevented from spreading further. 

Prepared by Bryan Ehlers and Kip Wiley 

62 Chapter 614, Statutes of 2003. 
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Appendix A: Perchlorate Detection by Senate District* 

From SWRCB. 

* Note: This map shows only perchlorate detections at well sites, which does not include 
detections associated with other water supplies, such as the Colorado River. 
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Appendix B: Perchlorate Detection by Assembly District* 

From SWRCB. 

* Note: This map shows only perchlorate detections at well sites, which does not include 
detections associated with other water supplies, such as the Colorado River. 
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Appendix C-1: How Much Perchlorate is Too Much? 

Below is a quick reference summary of the concentration levels associated with various state 
and federal agency evaluations of perchlorate. 

Issuing Agency Evaluation Level 
U.S. EPA Groundwater cleanup guidance 

level (1992,1995 & 1999) 4 -18 ppb 

CA OEHHA* CA Public Health Goal (2002) 2 – 6 ppb 

CA DHS CA Action Level (2002) 4 ppb 

U.S. EPA Draft risk assessment (2002) 1 ppb 

CA DHS CA MCL (2004) ??? 

*Office of Environmental Health Hazard Assessment 
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Appendix C-2: How Do Other States Assess Perchlorate? 

Listed below are the detection levels required by some other states before issuing advisories or 
taking actions to address perchlorate.1 

State Level 
Arizona 14 ppb 

Maryland 1 ppb 

Massachusetts 1 ppb 

Nevada 18 ppb 

New Mexico 1 ppb 

New York 5 -18 ppb 

Texas 4 ppb 

Data in table compiled from EPA website: http://www.epa.gov/swerffrr/documents/perchlorate.htm; 
and from presentation by: Kevin Mayer, U.S. EPA, Region 9. “The Nature of Perchlorate and the 
National Occurrence of Perchlorate.” June 4, 2002. 
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Appendix D1: Regional Water Board Letters 

California Water Resources Control Board 

Insert RB Letterhead
 
XXXXXXXX, 2003 

Addressee 
Facility Address, 
City, State, Zip Code 

Dear ___________: 

REQUEST FOR A TECHNICAL REPORT ON EMERGENT CHEMICALS SOURCES AND SAMPLING, 
FACILITY NAME AND ADDRESS 

The California Regional Water Quality Control Board (“Regional Board”) is the public agency 
with primary responsibility to protect groundwater and surface water quality within this Region. 
This Regional Board requests your assistance in identifying potential sources of emergent 
chemicals, {perchlorate, n-nitrosodimethylamine (NDMA), 1,4-dioxane, 1,2,3-trichloropropane, 
chromium VI, and polybrominated diphenyl ether (PBDE)}, in soil, groundwater or surface water. 
Our priority in this regard is assessing the groundwater quality associated with former and active 
military facilities for the presence of emergent chemicals of concern. We are requesting you submit 
a Source Evaluation Report, identifying sources of emergent chemicals at all areas of concern 
(AOC), installation restoration (IR) and operable unit (OU) sites within the facility. 

SUMMARY 

The detection of emergent chemicals in groundwater, above State and Federal maximum 
contaminant levels (MCLs) or action levels (ALs) have recently caused this Regional Board to 
reassess the threat posed to groundwater resources used for domestic and municipal supply. 
Furthermore, many drinking water supply wells have been shut down throughout California due to 
pollution from one or more of these emergent chemicals. These recent developments have raised 
concerns about losing beneficial uses of groundwater due to the presence of these chemicals in soil, 
surface water, or groundwater. Enclosed is a California Environmental Protection Agency (CalEPA) 
letter expressing these concerns, and a request for cooperation on addressing these concerns. 

The presence of these emergent chemicals can increase the costs of effective remediation and has 
caused the reassessing of cleanup remedies. All of these emergent chemicals have acute to chronic 
health effects in humans even though some have been found at very low concentrations, i.e. 
nanograms/Liter (parts per trillion (ppt)). In addition, some of these chemicals are suspected 
carcinogens. The enclosure to this letter provides additional emergent chemical information. 
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Addressee	 10-- XXXXX, 2003 

Based upon our knowledge of military facilities, we believe that sources for emergent chemicals 
potentially exist at former or active military facilities, which can date back to the early 1940s. 
Facilities that have taken a proactive approach and already evaluated source areas, and collected 
data on the emergent chemicals, should respond to the following request by verifying the agencies 
have the information. 

DIRECTIVES 

We are requesting your assistance in identifying sources of emergent chemicals at all AOC, IR and 
OU sites within the facility for Department of Toxic Substances Control (DTSC) and Regional 
Board review, regardless of which agency is lead for the facility. The intent of our request is to 
increase efficiency by reducing the need for similar requests in the future. These AOC, IR, and OU, 
sites should include, but are not limited to: 

Potential Source Areas for Emergent Chemicals Associated with Explosives 

+	 Ordnance detonation/disposal sites, 
+	 Missile/rocket test sites and launch pads, 
+	 Catch basins, waste sumps, clarifiers, and settling ponds, 
+	 Decommissioned missile silos, 
+	 Suspected areas where chemicals and pesticides were stored, used, transferred, processed, 

incinerated, or disposed, 
+	 Firing and bombing ranges, and 
+	 Mock battle training locations. 

Potential Source Areas for Emergent Chemicals Associated with Solvent Release Sites 

+	 Catch basins, waste sumps, clarifiers, and settling ponds, 
+	 Paint maintenance, hobby shops, plating shops, and degreasing activities, 
+	 Weapons maintenance or cleaning areas, 
+	 Known release sites, as appropriate, and 
+	 Suspected areas where these chemicals and pesticides were stored, used, transferred, processed, 

incinerated, or disposed. 

In order to assist us in identifying potential sources of emergent chemicals we are asking that a 
Source Evaluation Report be prepared. Please prepare and submit a Source Evaluation Report for 
Regional Board and/or DTSC review, by XXXXXX XX, 2003. At a minimum, the source 
evaluation report should include the following: 

1.	 Property ownership and land use history from original land grant, 
2.	 Locations where emergent chemicals were used and stored on-site, 
3.	 Location and time specific quantities of emergent chemicals used, if available, 
4.	 Handling and storage procedures for the use of emergent chemicals and emergent chemical wastes used and/or 

generated on site, 
5.	 Emergent chemical data from soil, surface water, and groundwater already collected, and 
6.	 Schedule for when environmental samples will be collected at sites with no existing soil, surface water and 

groundwater data on emergent chemicals. 
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Addressee	 - 11 - XXXXX, 2003 

Facilities completing the evaluation of sources for the emergent chemicals finding no potential 
sources should also report the results of the evaluation. 

Due to the prevalence of these chemicals in groundwater, all sites with groundwater pump and treat 
systems should sample the influent to the systems, regardless of whether an identified potential 
source exists. 

Following review of the source evaluation report there will be a determination made by Board 
and/or DTSC staff if a proposal for collecting emergent chemical data for soil, surface water and 
groundwater is necessary.  If it is determined that a sampling proposal is required, the sampling 
proposal should include the following: 

1.	 Locations, numbers, and identity of proposed wells, surface water locations, and treatment 
systems to be sampled, 

2.	 The rationale for sampling these selected wells, 
3.	 Proposed soil sampling locations and rationale, 
4.	 A brief description of the methodology proposed to be used to collect the soil and/or water 

samples, and 
5.	 A schedule for sampling these soils, surface waters and wells. 

Samples should be collected as described in a Board and/or DTSC approved sampling proposal. 
Ideally, at those sites with potential sources, selected groundwater monitoring wells and surface 
water locations should be sampled during the next scheduled monitoring event for the emergent 
chemicals and the results transmitted to the agencies in the next groundwater monitoring report for 
the facility. 

TESTING REQUIREMENTS 

Listed below are the emergent chemicals of concern and our recommendations with respect to 
acceptable testing procedures for each of the specified emergent chemicals: 

Emergent Chemical Acceptable Test Method2 Reporting Limit 
Perchlorate USEPA Method 314.0 4 µg/L 
N-Nitrosodimethylamine (NDMA) USEPA Method 1625 0.002 µg/L 
1,4-Dioxane USEPA Method 8270 2 µg/L 
1,2,3-Trichloropropane USEPA Method 524.2 0.005 µg/L 
Total/Hexavalent Chromium USEPA Method 200.8/218.6 1 µg/L/0.3 µg/L 
Polybrominated Diphenyl Ether USEPA Method 8270 2 µg/L 

These test methods may require modification, e.g. selected ion monitoring, to achieve the 
recommended reporting limits. 
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Addressee	 - 12 - XXXXX, 2003 

The use of these analytical testing procedures by a California Certified Laboratory will provide 
consistency in the analysis of environmental samples and high quality data necessary to make 
appropriate regulatory decisions. 

If you have any questions, please contact ____________ at (XXX) ### - ####. 

Sincerely, 

Executive Officer 

Enclosures: 
1. CalEPA Letter Dated June 6, 2003 
2. Emergent Chemical Information 

cc: 	 State Water Resources Control Board, Office of Chief Counsel, Regional Board Attorney 
California Department of Toxic Substances Control, Facility Project Manager 
California Department of Toxic Substances Control, Mr. Tony Landis (N. CA) 
California Department of Toxic Substances Control, Mr. John Scandura (S. CA) 
Ms. Vera Melynk-Vecchio, California Department of Health Services 
Ms. Elizabeth Adams, USEPA, Superfund Division, Region IX, San Francisco 
Mr. Kevin Mayer, USEPA, Superfund Division, Region IX, San Francisco 
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Appendix D2: Cal EPA Letter 
ENCLOSURE 1 

June 6, 2003 

Mr. John Paul Woodley, Jr. 
Assistant Deputy Under Secretary 

of Defense for Environment 
Department of Defense 
3400 Defense Pentagon 
Washington, D.C. 20301-3400 

Dear Mr. Woodley: 

We are writing to seek the cooperation of the Department of Defense (DoD) in addressing 
perchlorate contamination at DoD's active, closed, and historic military and contractor-facilities 
in California on behalf of my office, the California Environmental Protection Agency (Cal/EPA) 
and Cal/EPA's Department of Toxic Substances Control (DTSC) and State Water Resources 
Control Board (SWRCB). The potential sources of perchlorate contamination include facilities 
that manufacture, conduct research on, and use solid propellants for rockets, missiles, military 
ordnance, and pyrotechnics. Military and defense contractor facilities are among the known and 
suspected sources of contamination of this type. 

We cannot overstate the seriousness of this problem for the State of California. To date, 
perchlorate has been detected in more than 300 wells, including public water supply wells. The 
loss of drinking water supply wells to perchlorate contamination may leave parts of California 
without sufficient water for the summer months. In response to this crisis, the California 
Legislature is expressing its interest in finding the sources and solutions to these impacts to the 
State's water by holding hearings on the matter. 

Our efforts to address perchlorate contamination in California warrant a collaborative approach to 
this environmental crisis. Together, we need to identify sources of perchlorate contamination, 
coordinate research of treatment strategies and technologies, and eventually clean up both 
impacted drinking water and water used for other beneficial uses. 

Cal/EPA and its constituent boards and departments need to extend this coordinated approach 
to DoD to address perchlotate and other emerging chemicals of concern emanating from 
military properties. To that end, the Regional Water Quality Control Boards have coordinated 
with the SWRCB in preparing a letter to military installations in California requesting assistance 
in identifying, investigating, and cleaning up sources of 

The energy challenge facing California is real. Every Californian needs to take immediate action to reduce energy 
consumption. For a list of simple ways you can reduce demand and cut your energy costs, see the Web site: 
www.flexyourpower.ca.gov 
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Appendix D2: Cal EPA Letter 

Mr. John Paul Woodley, Jr. 
June 6, 2003 
Page 2 

perchlorate and other chemicals of concern on their properties. We have enclosed a copy of this 
draft letter for your information. 

We ask that you direct the installations and appropriate program managers in DoD to assist and 
cooperate in this effort. In addition, we understand that DoD conducted a national survey of 
perchlorate contamination on military facilities, and we would request the opportunity to review 
the results of this survey for installations in California. 

Both DTSC and SWQCB representatives are available to meet with you or your staff to further 
discuss this issue. Should you have any questions or need further assistance, please contact 
Mr. Frederick S. Moss, Chief, Office of Military Facilities, DTSC, at 
(916) 255-3750 or Ms. Lisa Babcock, Chief, Land Disposal Section, SWRCB, at 
(916) 341-5687. 
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Appendix E: Perchlorate Chronology 
ENCLOSURE 2 

Perchlorate (ClO4-) originates as a contaminant in the environment from the inorganic salts of ammonium, 
potassium, magnesium or sodium perchlorate. This pollutant is exceedingly mobile in aquifer systems.  It can 
persist for many decades under typical groundwater and surface water conditions, because of its resistance to 
react with other available constituents.  Perchlorate is among a group of unregulated chemicals requiring 
monitoring pursuant to Title 22, California Code of Regulations § 64450.  The California Department of 
Health Services (DHS) action level for Perchlorate is 4 µg/L 

N-Nitrosodimethylamine, is also known as NDMA (C2H6N2O), a product from the decomposition of 
unsymmetrical dimethyl hydrazine, a component used in the production of rocket fuel (Aerozine 50).  This 
chemical is used as an additive in liquid propellant fuel for rocket engines. NDMA is used primarily in 
research (NTP, 2000), but it can also be formed inadvertently in a number of industrial processes. NDMA is 
identified as a carcinogen under California's Health and Safety Code Section 25249.5, et seq., and the Safe 
Drinking Water and Toxic Enforcement Act of 1986 ("Proposition 65").  In addition, the USEPA identifies 
NDMA as a "probable human carcinogen" (USEPA, 1997). The California (DHS) action level for NDMA is 
10 ng/L. 

1,4-Dioxane is used as a stabilizer for chlorinated solvents or volatile organic compounds (VOCs), 
particularly 1,1,1-trichloroethane approximately 90% of the 1,4-dioxane produced. Releases of chlorinated 
solvents or VOCs may be a primary source of 1,4-dioxane in the environment. 1,4-dioxane has a high 
potential for entering the environment due to its volatility and solubility in water. Spent chlorinated solvents 
disposed of improperly can contaminate ground and surface water, and 1,4-dioxane has been detected in 
surface waters throughout the United States. Exposure to small amounts of 1,4-dioxane may lead to 
significant adverse health effects. The primary routes of exposure include inhalation, ingestion and dermal 
contact.  USEPA has classified 1,4-dioxane as a Group B2, probable human carcinogen of low carcinogenic 
hazard.  The California (DHS) action level for 1,4-Dioxane 2 µg/L. 

1,2,3-Trichloropropane (TCP): This chemical has been used primarily as a solvent and extractive agent. 
As a solvent, it has commonly been used as a paint and varnish remover, a cleaning and degreasing agent 
and a cleaning and maintenance solvent. TCP is not a naturally occurring chemical. Releases to the 
environment are likely to occur as a result of its manufacture, formulation, and use as a solvent and 
extractive agent, paint and varnish remover, cleaning and degreasing agent, cleaning and maintenance 
reagent, and chemical intermediate. TCP is also used as a pesticide in the formulations with 
dichloropropenes in the manufacture of D-D, a soil fumigant.  1,2,3-Trichloropropane (TCP) is 
reasonably anticipated to be a human carcinogen based on sufficient evidence of malignant tumor 
formation at multiple sites in multiple species of experimental animals. The California (DHS) action level 
for 1,2,3 TCP is 0.005 µg/L. 

Hexavalent Chromium: This chemical is a dissolved heavy metal that is or has been used in industrial 
processes, such as metal plating and as a corrosion inhibitor in cooling tower water.  Chromium VI is a 
known human carcinogen.  Chromium VI detection in drinking water wells has resulted in well closures. 
There is no Federal or State regulatory standard for chromium VI.  However, California Senate Bill 351 
proposes to have one in place starting January 1, 2004.  For now, the regulatory standards being used 
apply only to total chromium, the combined concentrations of chromium III and chromium VI. The risk-
based California drinking water standard or maximum contaminant level (MCL) of 50 µg/L has been 
established for total chromium (chromium III and chromium VI). 

Polybrominated Diphenyl Ether (PBDE): A family of flame-retardants used in polyurethane foam, 
textiles, and plastic electronic casings.  This chemical bioaccumulates in marine mammals, birds, and 
humans.  No actions levels are currently available. 
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Appendix E: Perchlorate Chronology 

1940s Large-scale manufacture of perchlorate begins in the United 
States. 

1950s to present Perchlorate widely used by defense and aerospace industries, 
primarily as component in solid rocket fuel. Vast amounts of 
perchlorate are routinely “washed” from rocket engines and 
replaced. Much perchlorate is released into the environment due 
to disposal procedures. 

Perchlorate’s effect on thyroid function first discovered. 

1960s Perchlorate used to treat patients with Grave’s disease to correct 
overactive thyroids. Severe, occasionally fatal side effects result. 
The practice is discontinued. 

U.S. EPA develops a provisional “reference dose” (RfD) for 
perchlorate at which level even a daily dose will cause no 
deleterious effects over a lifetime. The RfD for perchlorate is 
equivalent to a drinking water concentration level of between 4 
and 18 parts per billion (ppb). 

February 1997 DHS finds perchlorate contamination in drinking water wells at 
levels as high as 260 ppb* at Aerojet site east of Sacramento. 
Discovery prompts establishment of a state action level for 
perchlorate of 18 ppb (in agreement with the high-end of the U.S. 
EPA’s RfD). 

March 1997 California Department of Health Services (DHS) develops a method 
for detecting perchlorate in concentrations as low as 4 ppb. 

April 1997 DHS conducts tests of drinking water wells in Los Angeles County 
and detects perchlorate concentrations as high as 159 ppb 
associated with several possible industrial polluters in Asuza, 
Santa Clarita, and Pasadena. 

* Higher concentrations (100,000 ppb) are detected in water that had been treated for other 
contaminants and then re-injected into the ground. 
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2002 

Also in 1997	 The Metropolitan Water District of Southern California discovers 
perchlorate in the lower Colorado River. The source is determined 
to be the Kerr-McGee manufacturing plant in Henderson, Nevada 
(just outside Las Vegas), where tons of perchlorate wastes were 
dumped into unlined ponds over a period of nearly 25 years. At 
the time, over 870 pounds of perchlorate were entering Lake Mead 
each day. 

2001 The Department of Defense (DOD) conducts a survey of 
perchlorate contamination at DOD sites. DOD has not shared 
results of this survey. 

U.S. EPA submits for peer review a revised draft RfD 
corresponding to a perchlorate concentration of 1 ppb in drinking 
water. 

January 18, 2002 In response to EPA’s draft revision, DHS lowers the California 
action level to 4 ppb (corresponding to the low end of the original 
EPA RfD). 

March 2002 Perchlorate associated with an Olin Corp. site is found in a 
Morgan Hill well. Less than 18 months later, over 400 wells are 
found to be impacted. Plume stretches over eight miles and 
threatens the town of Gilroy. 

December 2002 The state Office of Environmental Health Hazard Assessment 
releases a revised draft perchlorate public health goal of 2 ppb to 6 
ppb. 

March 2003	 The White House Office of Management and Budget refers 
perchlorate to the National Academy of Sciences (NAS) for a 
further review of six to 18 months following an extensive peer-
review process. Release of EPA’s draft risk assessment of 
perchlorate is delayed. The EPA bans public discussion of 
perchlorate by its employees until the NAS delivers its opinion. 

January 1, 2004 By state statute, DHS must set a maximum contaminant level for 
perchlorate by the first of the year, 2004. 
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Website Sources 

The following Websites provided a wealth of information on perchlorate, especially given the 
rapid rate at which new data is becoming available on detections, research, and technology. 

United States Environmental Protection Agency (U.S. EPA) Technology Innovation Office: 
http://www.clu-in.org/ 

U.S. EPA: http://www.epa.gov/
 

California Department of Health Services: http://www.dhs.cahwnet.gov/
 

California Office of Environmental Health Hazard Assessment:
 
http://www.oehha.ca.gov/index.html 

California Environmental Protection Agency, State Water Resources Control Board:
 
http://www.swrcb.ca.gov/
 

Environmental Working Group: http://www.ewg.org/
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