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Statement of Barbara Boxer 
Hearing: Full Committee hearing entitled, "Oversight Hearing on the Environmental 

Protection Agency’s Implementation of the Safe Drinking Water Act’s Unregulated Drinking 
Water Contaminants Program." 

Tuesday, July 12, 2011 
 

(Remarks as prepared for delivery) 

I have called this hearing to examine one of the most important federal public health safeguards in 
our country, the Safe Drinking Water Act. Everyone has a right to clean and safe drinking water, and 
it is essential to the health of children and families that drinking water be free from harmful 
chemicals and pollutants.  

In order to ensure that enough is being done to protect our nation from emerging contaminants, I, 
along with Representatives Waxman and Markey, asked the Government Accountability Office (GAO) 
to investigate the unregulated contaminant program. This report is being released today.  

The Government Accountability Office investigation addresses the stunning fact that the 
Environmental Protection Agency (EPA) has not made a determination to regulate any new drinking 
water contaminants, with one very recent exception, since 1996 when the law was last amended. 
This failure has occurred despite mounting evidence of threats to public health from unregulated 
drinking water contaminants.  
 
In 1996, Congress amended the Safe Drinking Water Act and directed EPA to use the best available 
science to create drinking water safeguards that would protect the most vulnerable in society, 
including infants, children and pregnant women.  
 
As the GAO report shows the development of new standards for unregulated drinking water 
contaminants, such as perchlorate, were derailed in a process that failed to use the best available 
science and was driven by factors other than the protection of public health.  
 
Scientific information has shown that certain emerging contaminants in our drinking water, such as 
perchlorate and chromium-6, could be harmful to children and families across the nation.  
 
Perchlorate, which is used in rocket fuel, fireworks, and road flares, poses a threat to human health 
when found in drinking water. Specifically, perchlorate impairs the function of the thyroid gland, 
which harms child development and can result in decreased learning capability.  
 
EPA needs to have a process that vigorously addresses these contaminants to help ensure the safety 
of the nation’s drinking water.  
 
GAO’s report lays out a transparent and accountable framework that can help to ensure that EPA 
uses the best available science when creating drinking water protections for our communities and 
families.  
 
I am glad that EPA is here to testify about their implementation of the program and to hear GAO’s 
testimony on the Agency’s need to use science to ensure that the federal government provides strong 
public health protections against drinking water contaminants.  



Statement of James M. Inhofe 
Hearing: Full Committee hearing entitled, "Oversight Hearing on the Environmental 

Protection Agency’s Implementation of the Safe Drinking Water Act’s Unregulated Drinking 
Water Contaminants Program." 

Tuesday, July 12, 2011 
 

Thank you, Madam Chairman, for taking the time today to continue our discussions about federal 
drinking water programs. I know that everyone in this room agrees that providing clean, safe, 
affordable drinking water is essential, and should be a national priority.  
 
At the cornerstone of the Safe Drinking Water Act is the idea that we should be controlling those 
substances that pose risks to public health. Unfortunately, the system that EPA uses to determine 
health risks, the Integrated Risk Information System (IRIS), has a decade’s long issues in crafting risk 
assessments. The National Academy of Sciences (NAS) has recently pointed out that IRIS assessments 
have suffered from a lack of transparency, inconsistency, and problems with evaluating studies and 
the weight of evidence. These problems continue to persist in the face of NAS and Congress 
repeatedly imploring EPA to correct these issues. Without having a good foundation and sound 
science practices, all areas of EPA's regulatory system suffer, including drinking water.  
 
Unbiased, high-quality, scientific analyses are important foundations for making drinking water 
decisions. When the risk assessments that EPA is producing are unable to maintain the highest 
possible standards for scientific quality and integrity, every decision that follows is called into 
question. Sen. Vitter and I are trying to get EPA to explain how they plan to address the systematic 
concerns with IRIS that were raised in the recent NAS review of Formaldehyde, a chemical we have 
decades of experience and information to draw upon. If the IRIS review for a chemical that we have 
great history on is so fundamentally flawed, it is hard to imagine how we will end up with good 
science on chemicals of emerging concern. I am looking forward to hearing from EPA about how they 
plan to address these concerns soon.  
 
As analytical techniques continue to improve, we are able to detect constituents at increasingly lower 
levels. This ever increasing ability to detect will allow the numbers of chemicals in our water to 
increase infinitely. However, it is important that we do not associate any detection with risk. In 
nearly every case, the extremely low levels we are detecting are well below the dosage that would 
affect public health. To be perfectly clear, exposure does not mean there is risk. This is just one more 
example of the importance of getting robust science to guide our policy decisions and to help 
correctly communicate to the public what the risk associated with a particular contaminant is. It is no 
surprise that nearly half of Americans are concerned about the quality of their drinking water when 
headlines and talking points are filled with alarmist stories of chemical detection with no information 
about what that means to their health.  
 
Furthermore, it makes no sense to continue to tighten drinking water standards and send drinking 
water down an aging and failing infrastructure system. EPA estimates that just to keep up with the 
current drinking water requirements over the next twenty years, eligible drinking water systems will 
need over $300 billion in infrastructure investments. We need to improve our nation’s drinking 
water facilities by reauthorizing the State Revolving Loan Fund programs, both for drinking water 
and waste water.  
 
I was extremely disappointed by EPA’s cuts of almost $950 million to the SRF program. By making 
these cuts, EPA is increasing unfunded mandates on water providers throughout the country. We 
cannot expect our communities to continue to provide safe drinking water if they do not have the 
resources to meet their infrastructure needs. We have the responsibility to ensure clean, safe, and 



 

affordable water for our country by providing the necessary resources to our states and local 
governments.  
 
Finally, Madam Chairman, I would like to request that the record for this hearing be kept open for 
two weeks, so that both outside groups and our witnesses here today, have the opportunity to review 
this GAO report on Unregulated Contaminants, which has been unavailable to the public until now, 
and provide a more robust understanding of the recommendations and suggestions for the 
committee record.  
 
I look forward to hearing from all of our witnesses today, especially Dr. Patierno, who will share his 
expertise in chromium-6, something of interest to me and to my constituents in Norman, OK, Dr. 
Cotruvo, who can share his lengthy public health and drinking water experience, and Deputy 
Administrator Perciasepe. Thank you.  
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Madam Chairman Boxer, Ranking Member Inhofe, and Members of the 
Committee: 

I am pleased to be here today to discuss highlights of GAO’s report on 
the Environmental Protection Agency’s (EPA) implementation of 
requirements for determining whether additional drinking water 
contaminants warrant regulation. As you know, the number of potential 
drinking water contaminants is vast—as many as tens of thousands of 
chemicals may be used across the country, and EPA has identified more 
than 6,000 chemicals that it considers to be the most likely source of 
human or environmental exposure. The potential health effects of 
exposure to most of these chemicals, and the extent of their occurrence 
in drinking water, are unknown. Under 1996 amendments to the Safe 
Drinking Water Act, every 5 years EPA is to determine for at least five 
contaminants whether regulation is warranted, considering those that 
present the greatest public health concern. EPA issued final regulatory 
determinations in 2003 and 2008 on a total of 20 contaminants, deciding 
in each case not to regulate. In fact, EPA did not recommend any new 
contaminants for regulation until February 2011, when it reversed its 
controversial 2008 preliminary decision to not regulate perchlorate, an 
ingredient in rocket fuel and other products. 

This statement summarizes our report being released today that (1) 
evaluates the extent to which EPA’s implementation of the 1996 
amendments has helped assure the public of safe drinking water and (2) 
reviews the process and scientific analyses EPA used to develop the 
2008 preliminary decision to not regulate perchlorate.1 In preparing this 
testimony, we relied on our work supporting the accompanying report, 
which contains a detailed description of our scope and methodology. All 
of the work for this report was performed in accordance with generally 
accepted government auditing standards. 

 

                                                                                                                       
1GAO, Safe Drinking Water Act: EPA Should Improve Implementation of Requirements on 
Whether to Regulate Additional Contaminants, GAO-11-254 (Washington, D.C.: May 27, 
2011). 

http://www.gao.gov/products/GAO-11-254


 
  
 
 
 

As detailed in our report, we found the following concerning the extent to 
which EPA’s implementation of the 1996 amendments has helped assure 
the public of safe drinking water. 

 

 

 

 

 

 

 

Systemic Limitations 
in EPA’s 
Implementation of 
Requirements for 
Determining Whether 
to Regulate Additional 
Contaminants Have 
Impeded Progress in 
Helping Assure the 
Public of Safe 
Drinking Water 

 
EPA Has Neither Identified 
the Drinking Water 
Contaminants of Greatest 
Public Health Concern Nor 
Fully Used Its Authority to 
Obtain Data for Making 
Regulatory Determinations 

EPA has not effectively implemented the 1996 amendments’ requirement 
to consider, for regulatory determinations, contaminants that present the 
greatest public health concern. The contaminant candidate list2 that the 
amendments require EPA to develop every 5 years represents one level 
of prioritization as EPA selects from a larger universe those contaminants 
the agency believes warrant consideration for regulation. However, EPA 
officials told us that its Office of Water, which has primary responsibility 
for implementing the requirements of the Safe Drinking Water Act, has 
not (1) further ranked or otherwise prioritized the contaminants on the list 
on the basis of public health concern or (2) prioritized contaminants on 
the basis of public health concern when selecting them for regulatory 
determinations. In fact, for 16 of the 20 regulatory determinations made 
through January 2011, EPA based its decisions to not regulate on its 
assessment that public exposure to these drinking water contaminants 
was minimal—that is, there was limited or no occurrence of them in public 
drinking water systems. An EPA official described these determinations 
as addressing the “low hanging fruit”—rather than the contaminants of 
greatest public health concern. Overall, data availability—not 

                                                                                                                       
2The 1996 amendments require that EPA identify and publish a list every 5 years of 
unregulated contaminants that may require regulation; the list is called the contaminant 
candidate list. 
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consideration of greatest public health concern—has been the primary 
driver of EPA’s selection of contaminants for regulatory determinations. 

To assess unregulated contaminants against the statutory criteria, EPA 
needs sufficient information on both (1) the occurrence of these 
contaminants in drinking water—called occurrence data—to assess the 
population potentially being exposed and the levels of that exposure and 
(2) the human health effects that may result from exposure to the 
contaminants in drinking water. EPA has made some progress in 
developing the occurrence and health effects data it needs, but for many 
contaminants EPA lacks sufficient occurrence and health effects data to 
support regulatory determinations, which continues to limit its ability to 
make these decisions. Specifically, in finalizing its current candidate list 
comprising 116 contaminants, EPA indicated that the agency lacked 
sufficient occurrence or health effects data, or both, for making regulatory 
determinations for at least 100 of the contaminants. Moreover, in 2009 
EPA’s Science Advisory Board recommended that the agency further 
prioritize among the contaminants on the candidate list because the list 
was too large, noting that prioritizing the contaminants on the list would 
help the agency meet its goal of selecting contaminants for regulatory 
determinations that “have the greatest opportunity to improve the safety 
of drinking water and protect public health.” 

In addition, in its testing program for unregulated contaminants—which 
can provide key occurrence data to inform regulatory determinations—
EPA has fallen short in both the number of contaminants tested and the 
utility of the data provided because of management decisions and 
program delays. For example, despite having the authority to require 
testing for up to 30 drinking water contaminants in each 5-year cycle, in 
implementing the first two cycles of the testing program, EPA required 
that only 51 contaminants be tested—thereby not availing itself of its 
authority to obtain occurrence data for 9 additional contaminants. 
Moreover, in some cases, the occurrence data EPA used to support its 
regulatory determinations were based on testing (analytic) methods that 
were not sufficiently sensitive to identify the presence of contaminants at 
EPA’s health reference level—the level that EPA uses in assessing 
whether to regulate specific contaminants.3 For 9 of the 20 contaminants 

                                                                                                                       
3The health reference level is the estimated level of exposure to a contaminant in drinking 
water below which adverse health effects are not likely. 
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for which EPA made regulatory determinations in 2003 and 2008, the 
minimum reporting level—the lowest level of a contaminant at which 
detections can be reported under testing protocols—exceeded EPA’s 
health reference level. For example, for dieldrin—an insecticide banned 
by EPA for all uses in 1987 because of concerns about harm to human 
health and its ability to persist in the environment for decades—the 
agency relied on testing data obtained using minimum reporting levels 
ranging from 10 to 2,200 times higher than EPA’s health reference level.4 
EPA reported in its regulatory determination documents for dieldrin that it 
was detected in 0.06 percent of samples.5 However, in subsequent 
testing of source water for drinking water wells using more sensitive test
with minimum reporting levels near and below EPA’s health reference 
level, the U.S. Geological Survey (USGS) detected dieldrin in 3.1 perce
of public well samples. Importantly, nearly all of USGS’s detections were 
at levels above EPA’s health reference level. USGS was able to detec
dieldrin—and determine its presence above EPA’s level of public health 
concern—in these groundwater well samples because it used a lower 
minimum reporting level for its testing than EPA used for its regulatory 
determinations. This is significant because, as USGS has reported, when 
a reporting level exceeds a health benchmark, a contaminant may be 
present at a concentration greater than the health benchmark but remain 
undetected, resulting in greater uncertainty in evaluating the contaminant 
concentration in the context of public health. EPA’s testing program 
obtains data using minimum reporting levels that are often higher than 
those used by the USGS in its National Water Quality Assessment 
Program—ranging from 2 to more than 600 times higher. 

s 

nt 

t 

                                                                                                                      

In addition, the lack of timely health assessment data on drinking water 
contaminants continues to limit EPA’s ability to make regulatory 
determinations. As a result of long-standing productivity problems in 
EPA’s Integrated Risk Information System (IRIS) program—managed by 
the Office of Research and Development—EPA has not been able to 
keep its existing chemical toxicity assessments current or to complete 

 
4EPA did not disclose that the data presented were not sufficiently sensitive to detect 
occurrence at the agency’s health reference level. 

5In this testimony, as in our report, we refer to Federal Register notices regarding EPA’s 
regulatory determinations (notices) and EPA’s regulatory determination support 
documents individually and collectively, as appropriate. When referring to these 
documents collectively, we use the term “regulatory determination documents.” 
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assessments of the most important chemicals of concern.6, 7 For 
example, from 1998 through 2008, the Office of Water lacked cur
assessments

rent IRIS 

                                                                                                                      

8 or other sufficient health information for 24 chemical 
contaminants on the candidate lists, and the Office of Research and 
Development completed assessments for only 2 of the 24. Moreover, the 
Office of Water’s current needs for health effects information for 
contaminants on the current candidate list have roughly doubled—when 
publishing the third candidate list in 2009, EPA identified health effects 
information gaps for 44 of the 104 chemicals on the list. Importantly, most 
of these contaminants with information gaps (1) are not on the IRIS 
agenda (i.e., assessments are neither under way nor planned) and (2) 
have not been identified by the Office of Water as priorities for IRIS 
assessments. 

 
EPA Lacks Policies or 
Guidance on Applying the 
Broad Statutory Criteria 
for Selecting Contaminants 
for Regulatory 
Determinations and 
Making the Determinations 

The Safe Drinking Water Act requires EPA to select contaminants for 
regulatory determinations that present the greatest public health concern. 
However, EPA has not defined the characteristics of contaminants of 
greatest public health concern or developed a process for prioritizing the 
contaminants on its candidate list for regulatory determination on this 
basis. As a result, EPA lacks criteria and a process for identifying those 
contaminants on its candidate list that pose the greatest public health 
concern. 

Moreover, under the act, in selecting contaminants that present the 
greatest public health concern, EPA is to consider the effect of these 
contaminants on subpopulations at greater risk of adverse health effects 
from exposure to drinking water contaminants. In addition, EPA has 

 
6See GAO, Chemical Assessments: Low Productivity and New Interagency Review 
Process Limit the Usefulness and Credibility of EPA’s Integrated Risk Information System, 
GAO-08-440 (Washington, D.C.: Mar. 7, 2008). 

7In January 2009 we added transforming EPA’s processes for assessing and controlling 
toxic chemicals as a high-risk area in our report—updated in February 2011—on 
governmentwide high-risk areas requiring increased attention by executive agencies and 
Congress. See GAO, High-Risk Series: An Update, GAO-09-271 (Washington, D.C.: 
January 2009); and High Risk Series: An Update, GAO-11-278 (Washington, D.C.: 
February 2011). 

8IRIS assessments provide EPA’s toxicity assessments of contaminants that may cause 
cancer and those that may cause neurological or other noncancer effects, or both. EPA 
uses IRIS or comparable toxicity assessments to develop health reference levels for the 
drinking water contaminants. 
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stated that in making regulatory determinations, the act requires the 
agency to consider the effects the contaminants have on sensitive 
subpopulations, such as infants, children, those with kidney or liver 
diseases or weakened immune systems, and the elderly. Children, for 
example, represent a sensitive subpopulation because they may be more 
highly exposed to toxic substances in drinking water and at greater risk of 
adverse health effects than adults as a result of consuming more water 
per unit of body weight than adults. Children may also have increased 
susceptibility following exposure to drinking water contaminants because 
they continue to develop both behaviorally and physiologically throughout 
childhood. Furthermore, in 1995, EPA published its Policy on Evaluating 
Health Risks to Children, which states that the agency will “consider the 
risks to infants and children consistently and explicitly as a part of risk 
assessments generated during its decision making process,” and to “the 
degree permitted by available data in each case, the Agency will develop 
a separate assessment of risks to infants and children or state clearly why 
this is not done.” In 2006, EPA developed a general guidance document 
for all EPA program offices on implementing its 1995 children’s health 
policy, as well as several technical guidance documents that could help 
the Office of Water develop its own guidance specific to assessing the 
sensitivity of children to drinking water contaminants. 

Notwithstanding the requirements of the Safe Drinking Water Act and 
EPA’s 1995 children’s health policy, the Office of Water did not implement 
a specific approach for considering children’s health in developing its 
2003 and 2008 regulatory determinations. In addition, the Office of Water 
has not developed guidance for its staff on when and how to analyze the 
effects of drinking water contaminants on children—or other sensitive 
subpopulations—for the purposes of identifying the drinking water 
contaminants of greatest concern on which to make regulatory 
determinations and to ensure it consistently and explicitly considers risks 
to children in making these determinations, such as by developing 
separate health reference levels for children. While EPA identified 
children as a sensitive population in 11 of the 20 regulatory 
determinations it completed in 2003 and 2008, Office of Water officials 
confirmed that for these 20 determinations, EPA did not develop separate 
health reference levels for children or make adjustments to its health 
assessments. 

The 1996 amendments also provide three broad criteria for EPA to use in 
making regulatory determinations, all of which must be met for EPA to 
determine that regulation is warranted. Notably, two of the criteria are so 
broadly stated that they could potentially be interpreted so as to lead to 
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regulating all of the contaminants on candidate lists, some of them, or 
none of them. Specifically, the second statutory criterion—that a 
contaminant is “known to occur or there is a substantial likelihood that the 
contaminant will occur in public water systems with a frequency and at 
levels of public health concern”—is susceptible to varying interpretations. 
For example, different people may reasonably have differing views on the 
frequency and levels of occurrence that represent a public health 
concern. The third criterion—that regulation of the contaminant presents 
“in the sole judgment of the Administrator . . . a meaningful opportunity for 
health risk reduction”—is expressly discretionary, and similarly open to 
differing interpretations. 

Importantly, the Office of Water has not developed policies or guidance to 
help EPA staff apply these broad criteria. Guidance that might help EPA 
staff apply the criteria transparently and consistently could, among other 
things, (1) define or set thresholds or parameters for assessing whether a 
contaminant occurs, or is substantially likely to occur, in public water 
systems with a frequency and at levels of public health concern and (2) 
provide factors or characteristics of situations that would present 
meaningful opportunities for health risk reduction. We note that such 
guidance could also serve as the basis for an internal review mechanism 
to help EPA ensure consistent implementation of the statutory criteria. 
Office of Water officials could not describe examples of what would meet 
the three criteria beyond stating that “there are no bright lines” and that 
they would “know it when we see it.” Without clarifying guidance, EPA’s 
regulatory determinations lack transparency, and EPA is at risk of making 
inconsistent determinations, undermining the program’s credibility and the 
agency’s ability to assure the public of safe drinking water. 

In the absence of regulations or guidance for applying the broad statutory 
criteria, EPA appears to apply an informal policy that contaminants 
warranting regulation should occur in public water systems on a “national” 
scale. For example, documents supporting EPA’s 2003 regulatory 
determinations state that the consideration of geographic distribution “is 
important because the agency is charged with developing national 
regulations, and it may not be appropriate to develop [national primary 
drinking water regulations] for regional or local contamination problems.” 
In addition, some EPA officials serving on regulatory determination work 
groups told us that a contaminant must occur “nationally” to warrant a 
determination to regulate. Notably, however, the Safe Drinking Water Act 
does not require that contaminants be found in public water systems on a 
national basis for an Administrator to find a meaningful opportunity for 
health risk reduction. In fact, other parts of the statute provide for relief 
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from monitoring and flexibilities for instances in which a contaminant 
occurs in certain areas but not in others. Moreover, there is nothing in the 
act’s committee reports suggesting that a contaminant need occur 
nationally to support a decision to regulate. Without EPA guidance 
providing a definition or parameters, an informal “national occurrence” 
standard is open to shifting interpretations, potentially affecting the 
consistency and credibility of EPA’s decision making. To the extent EPA 
is informally applying an unspecified national occurrence requirement for 
contaminants to be evaluated as occurring “with a frequency and at levels 
of public health concern,” EPA is implementing a critical policy and 
interpretation of the Safe Drinking Water Act that has neither been 
defined nor subjected to public review. 

Further, regarding the third statutory criterion, EPA has not articulated 
guidelines or thresholds for how it is to assess whether regulating a 
specific contaminant would provide a meaningful opportunity for health 
risk reduction. The absence of guidelines on what scenario or scenarios 
might illustrate “a meaningful opportunity for health risk reduction” 
increases the potential for inconsistent decision making and reduces the 
decisions’ transparency. 

In addition, EPA has not developed any guidance on the circumstances 
that would trigger a re-evaluation of a prior decision to not regulate or the 
process the agency would use in conducting a re-evaluation. In at least 
one instance—1,1,2,2-tetrachloroethane—an updated IRIS assessment 
became available after EPA’s determination to not regulate, but the 
agency has not announced whether it will reconsider the determination. In 
addition, as discussed in the following section, the credibility of some of 
EPA’s regulatory determinations was limited. As we reported, we believe 
EPA should consider whether it needs to re-evaluate any of its past 
determinations to not regulate in light of the systemic and individual 
shortcomings we identified. In the absence of policies or guidance that 
identifies the circumstances that would trigger such re-evaluations and 
the process the agency would use in conducting them, it is not clear how 
and when such re-evaluations would occur. 
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The Safe Drinking Water Act requires EPA to ensure that, in its regulatory 
determinations, among other things, the presentation of information on 
public health effects is comprehensive, informative, and understandable. 
In addition, to the extent that EPA’s regulatory determination notices and 
key support documents are transparent, clear, and consistent regarding 
the occurrence and health effects data the agency relied on, the credibility 
of the determinations is enhanced. However, for the regulatory 
determinations that EPA has made to date, some of the notices and 
support documents lack these key qualities. For example, as reflected in 
the following excerpts from EPA’s regulatory determination documents for 
manganese and boron, EPA’s presentation of health effects information 
on some contaminants lacked clarity, consistency, and transparency. 

The Credibility of Some of 
EPA’s Regulatory 
Determinations As 
Presented in Federal 

Register Notices and 
Support Documents Is 
Limited by a Lack of 
Transparency, Clarity, and 
Consistency 

 EPA’s 2003 regulatory determination support document for 
manganese states unequivocally that there are “no data to indicate 
children are more sensitive to manganese than adults.” However, 
EPA’s 2003 health effects support document for manganese 
discusses studies that identify an association between exposure to 
manganese in drinking water and learning disabilities in children and 
concludes that additional studies are needed to investigate the 
possibility that children are more sensitive than adults. 

 
 EPA’s regulatory determination support document for manganese 

notes that infants and newborns may be potentially susceptible to 
manganese toxicity, but this key document does not disclose that 
newborns may be exposed to high levels of manganese from infant 
formula or that these high levels of manganese in formula can be 
magnified when it is reconstituted with manganese-contaminated 
water. 

 
 In its regulatory support document for boron, the Office of Water (1) 

identified the primary adverse effects identified from studies of 
animals after chronic exposure to low doses of boron as generally 
involving the testes and the developing fetus and (2) stated that 
animal studies identify the developing fetus as “potentially sensitive to 
boron” and concluded that boron concentrations greater than the 
health reference level “might” have an effect on prenatal development. 
In contrast, the Office of Water’s May 2008 Drinking Water Health 
Advisory for Boron—developed in conjunction with the regulatory 
determination and published just 2 months before the regulatory 
determination was issued—states that there are “compelling lines of 
evidence to suggest that the testicular morphological effects” reported 
in studies of animals are applicable to children. Also, the Office of 
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Water’s health advisory was not limited to prenatal exposure as it 
concluded that exposure to boron between birth and puberty may 
result in adverse cellular effects that would “affect testicular function.” 

 
 EPA’s Summary Document from the Health Advisory for Boron and 

Compounds provides an important warning regarding infants’ 
exposure to boron in drinking water that is not included in either EPA’s 
drinking water advisory for boron or its regulatory determination 
support document discussed above. Specifically, the summary 
document states that water containing boron “at levels above the HA 
[health advisory]” should not be used to prepare food or formula for 
infants. EPA does not identify which of the exposure duration health 
advisories it is referring to in this warning. 
 

In addition, EPA’s regulatory determination documents lack transparency 
and clarity regarding how EPA determined its health reference levels 
were protective of children. In addressing seven of the contaminants in its 
2003 regulatory determination notice for which EPA identified children as 
a sensitive subpopulation, EPA did not explain the potential effect of not 
developing separate health reference levels for children (or not making 
adjustments to its health assessments to reflect increased sensitivity) on 
its ability to ensure that the health reference levels used in the regulatory 
determinations were protective of children. Instead, EPA stated that the 
agency had not yet determined a protocol for making a regulatory 
determination for a chemical for which body weight and drinking water 
intake of infants or a particular childhood age group would be the basis of 
a regulatory action. As discussed earlier, health assessments based on 
adult weight and drinking water intake may not fully account for the risks 
to children of exposure to drinking water because they consume more 
water per unit of body weight and may have other susceptibilities, as well. 
Regarding its 2008 notice that included four contaminants for which 
children were identified as a sensitive subpopulation, Office of Water 
officials told us they would have developed separate assessments for 
children if they had determined children were “particularly sensitive” to the 
adverse health effects of contaminants being considered for regulation. 
However, EPA did not explain in its regulatory determination notices or 
support documents the basis for its determinations that children were not 
particularly sensitive to the adverse health effects of the contaminants 
considered for regulation—even for those contaminants, such as 
manganese and boron, for which EPA had determined children were a 
sensitive subpopulation. EPA also did not explain how the sensitivity of 
children can be evaluated in the absence of a separate assessment 
based on the weight and drinking water intake of children. 
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Also, EPA’s regulatory determination notices lack transparency and clarity 
regarding the limitations of new or updated health advisories the agency 
issued in conjunction with 9 decisions to not regulate. According to EPA, 
the advisories are to provide, for example, “guidance to communities that 
might be exposed to elevated concentrations.” However, the regulatory 
determination notices do not acknowledge that when EPA determines 
regulation is not warranted but a health advisory is needed, it will 
generally be up to states, localities, and consumers to determine whether 
such contaminant levels are found in public water systems in their 
jurisdiction. Importantly, because public water systems are not typically 
required to test for the presence of unregulated contaminants, information 
on the levels of the contaminants in individual public water systems may 
be outdated or unavailable. While some states—such as California and 
Massachusetts—can promulgate their own drinking water regulations, 
others are statutorily prohibited from, or otherwise constrained in, 
enacting more stringent regulations than EPA has promulgated or 
promulgating their own drinking water regulations for contaminants that 
EPA does not regulate. In addition, individuals may have to have their 
water tested by a laboratory to determine how much of these unregulated 
contaminants are present in their drinking water to heed, for example, 
EPA’s warning in some cases to not use drinking water with contaminants 
in excess of certain levels to prepare infant food or formula. Moreover, 
EPA releases its drinking water advisories by posting them on its Web 
site and does not issue public notification of them, such as a press 
release, which potentially limits awareness of the health advisories. 

Our report provides information on the following limitations that also 
reduce the credibility of EPA’s completed regulatory determinations: (1) 
EPA’s explanations of the occurrence data EPA relied on to assess 
known and likely occurrence of contaminants in drinking water lack 
transparency, clarity, and consistency; (2) EPA’s regulatory 
determinations lack clarity regarding its reliance on outdated and limited 
occurrence data to support some determinations; (3) the regulatory 
determination documents lack transparency and clarity regarding EPA’s 
reliance on minimum reporting levels greater than its health reference 
levels; and (4) EPA lacked consistency and clarity in making 
determinations when IRIS assessments were either in process or needed 
to be updated. 

 

Page 11 GAO-11-803T   



 
  
 
 
 

As detailed in our report, we found the following concerning the process 
and scientific analyses EPA used to develop its 2008 preliminary 
determination to not regulate perchlorate. 

 

 

 

 

 

 

 

 

The Process and 
Analyses EPA Relied 
on to Support Its 
Preliminary 
Determination on 
Perchlorate Were 
Atypical, Lacked 
Transparency, and 
Limited the Agency’s 
Independence in 
Developing and 
Communicating Its 
Scientific Findings 

 
EPA Used a Less Inclusive, 
Less Transparent, and 
More Directive Process in 
Developing Its Preliminary 
Regulatory Determination 
on Perchlorate Than Its 
Usual Process 

In contrast to EPA’s usual regulatory determination process, which is 
managed by a work group of professional staff with relevant expertise 
from across the agency, EPA officials decided that the agency’s 
continuing deliberations on perchlorate would be managed by a less 
inclusive, small group of high-level officials, such as the Deputy 
Administrator and several Assistant Administrators. Notably, EPA did not 
include the Office of Children’s Health Protection in its small group 
despite EPA’s and the National Academies’ conclusion that iodide uptake 
inhibition from perchlorate exposure had been identified as a concern in 
connection with increasing the risk of neurodevelopmental impairment in 
fetuses of pregnant women with iodine deficiency and to developmental 
delays and decreased learning capability in infants and children. This 
group of high-level officials managed the regulatory determination 
process for perchlorate both within EPA and externally with the 
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Perchlorate Interagency Working Group,9 whose work was coordinated by 
the Council on Environmental Quality.10 According to an EPA briefing 
document, the Perchlorate Interagency Working Group was established in 
2002 “to identify and help resolve perchlorate science and science policy 
issues.” 

In contrast to the usual process EPA used for its regulatory 
determinations, in which EPA staff with relevant expertise develop and 
submit options to the Assistant Administrator for the Office of Water for 
review and selection, the Assistant Administrator directed the Office of 
Water staff in developing the preliminary determination for perchlorate to 
draft a preliminary determination that reflected the agency’s decision to 
not regulate perchlorate and to support it with a detailed and specific 
rationale that EPA and other members of the Perchlorate Interagency 
Working Group had agreed to, under the leadership and coordination of 
the Council on Environmental Quality.11 EPA Office of Water officials told 
us that they believed this agreement—which is not part of the record for 
the preliminary regulatory determination—was developed by senior 
officials from the Council on Environmental Quality, the Department of 
Health and Human Services (HHS), EPA, the Office of Management and 
Budget (OMB), and the U.S. Department of Agriculture. The agreement 
focused on how EPA should address the key science issues concerning 
perchlorate in its preliminary regulatory determination and specified (1) a 
health reference level of 15 parts per billion of perchlorate in drinking 
water and (2) the rationale for EPA to support the conclusion that this 
health reference level would be protective of pregnant women and their 
fetuses as well as of infants and children. 

                                                                                                                       
9The Perchlorate Interagency Working Group includes officials from the Office of 
Management and Budget (OMB) and the Office of Science and Technology Policy, both 
part of the Executive Office of the President; Department of Defense; National Aeronautics 
and Space Administration; Department of Energy; the Department of Health and Human 
Services’ Food and Drug Administration and the Agency for Toxic Substances and 
Disease Registry; Department of Agriculture; and Department of the Interior. 

10The Council on Environmental Quality, which is part of the Executive Office of the 
President, coordinates federal environmental efforts in the development of environmental 
policies and initiatives.   

11According to an EPA official, the agreement was documented in an unattributed two-
page white paper and faxed to EPA from the Council on Environmental Quality in early 
August 2008; EPA made some editorial changes to the document but did not alter the 
substance of the agreement. 
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In developing an IRIS assessment of perchlorate, EPA established a 
reference dose12 on the basis of the National Academies’ 
recommendations, but subjected it to a more limited review than the 
agency’s standard IRIS assessment review process.13 EPA’s 2002 draft 
IRIS assessment of perchlorate—from which EPA derived a drinking 
water equivalent level of 1 part per billion14—drew significant attention—
including from such federal agencies as the Department of Defense, the 
Department of Energy, and the National Aeronautics and Space 
Administration, because of the implications such a level could have on 
their operations if EPA were to develop a drinking water regulation for 
perchlorate. According to a senior EPA official, the controversy that arose 
over the draft IRIS assessment of perchlorate “was like nothing I had ever 
seen or have seen since.” As a result of the divergent views between 
EPA and the other federal agencies, the Administrator of OMB’s Office of 
Information and Regulatory Affairs urged the four interested agencies to 
convene a National Academies panel to review the draft IRIS 
assessment. Convened in October 2003, the panel conducted this review 
and issued its report in January 2005.15 

EPA Established a 
Reference Dose for 
Perchlorate but Subjected 
It to a More Limited 
Review Than the Agency’s 
Standard IRIS Assessment 
Review Process 

The National Academies 2005 perchlorate report made several key 
recommendations to EPA on the basis of a different study from those on 
which EPA had based its 2002 draft IRIS assessment on perchlorate. The 
National Academies’ recommended reference dose was more than 20 
times higher than the one proposed in EPA’s draft IRIS assessment. 
EPA’s final internal review of the revised IRIS assessment for 
perchlorate—termed a consensus review—differed from the agency’s 

                                                                                                                       
12A reference dose is an estimate of the total daily oral exposure to a contaminant—for 
example, from food and water—that is not likely to cause “appreciable risk of deleterious 
effects during a lifetime.” A reference dose is a key component of the calculation EPA 
uses to derive a health reference level for drinking water contaminants. 

13The National Academies consists of four private, nonprofit organizations that advise the 
federal government on scientific and technical matters: the National Academy of Sciences, 
National Academy of Engineering, Institute of Medicine, and National Research Council.  

14A drinking water equivalent level represents the estimated exposure to a contaminant 
that is assumed to be protective for noncarcinogenic health effects during a lifetime of 
exposure. EPA calculated this drinking water equivalent level using the reference dose 
that EPA proposed in its 2002 draft IRIS assessment and the agency’s default 
assumptions for adult weight and daily drinking water intake. 

15National Academies, Health Implications of Perchlorate Ingestion (Washington, D.C., 
2005). 
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usual consensus review process. For example, the scope of the internal 
review was limited in that the IRIS program did not seek input from 
consensus reviewers on the scientific basis for the assessment as it 
typically does; rather, it sought input only on the extent to which the 
science in the IRIS Summary was not inconsistent with the major 
conclusions of the National Academies’ report. At least two EPA offices 
essentially opted out of the consensus review process because of this 
limitation, which was a significant departure from the usual IRIS 
consensus practice. 

 
EPA Relied on an Estimate 
of the Relative Exposure 
to Perchlorate from 
Drinking Water and Food 
That It Derived from a 
Novel Analysis and Used a 
Nontraditional Method to 
Calculate the Relative 
Source Contribution 

In developing its regulatory determination on perchlorate, EPA conducted 
a novel analysis to develop estimates of exposure to perchlorate for 
various subpopulations, which the agency subsequently used to calculate 
the relative source contribution—the allocated exposure to perchlorate 
from drinking water alone.16 Independent scientists who reviewed EPA’s 
analysis noted that it had several limitations—in particular, uncertainties 
specific to the exposure estimate for pregnant women. Nonetheless, EPA 
relied on the exposure estimate for pregnant women to calculate the 
relative source contribution, stating that the National Academies had 
identified pregnant women and their fetuses as the most sensitive 
subpopulation.17 

In calculating the relative source contribution, EPA used a nontraditional 
method—called the subtraction method18—that was less conservative 
than the approach it had used for its other completed regulatory 

                                                                                                                       
16The relative source contribution is an allocation of the estimated oral exposure to the 
contaminant from drinking water alone; it has a significant impact on the health reference 
level that the agency derives for contaminants with noncancer adverse health effects. 

17The 2005 National Academies report on perchlorate contained varying characterizations 
of sensitive subpopulations, sometimes referring to pregnant women and their fetuses 
alone as the most sensitive subpopulation and other times including infants in this 
designation. In addition, the National Academies identified developing children as a 
sensitive population and people with compromised thyroid function and people who are 
iodide-deficient as potentially sensitive populations. 

18The subtraction method allocates the entire reference dose to the known sources of 
exposure by subtracting the known nontarget sources of exposure and allocating the 
remainder of the reference dose to the target—in this case, drinking water—even in cases 
where the total estimated exposure is less than the reference dose. This method has the 
effect of removing any cushion between the existing exposure levels and the reference 
dose. 
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determinations. While EPA identified some of the limitations of the 
exposure analysis in its preliminary regulatory determination notice for 
perchlorate, it did not discuss the effects of the limitations on EPA’s 
exposure analysis. Although the agency’s guidance for calculating the 
relative source contribution cautions against using the subtraction method 
in the absence of adequate data representative of at-risk populations—
and EPA lacked data to estimate exposure to perchlorate for certain 
populations—the agency did not explain that the method it used to 
calculate the relative source contribution for perchlorate was the 
subtraction method or its reasoning for selecting this method. 

 
According to Key EPA 
Scientists, the Agency 
Mischaracterized 
Important Scientific 
Findings That Emerged 
from Its Novel Analysis of 
the Sensitivity of Various 
Age Groups to Perchlorate 
in Drinking Water 

In early 2008, EPA used a physiologically based pharmacokinetic (PBPK) 
model19 to (1) evaluate the relative sensitivity of sensitive subpopulations 
to the health reference level the agency had developed based on 
pregnant women and their fetuses and (2) address concerns that some 
sensitive subpopulations, such as infants, exposed at the health 
reference level may receive concentrations of perchlorate above the 
reference dose. For its preliminary regulatory determination, the agency 
used the model in a novel way and, according to some key EPA 
scientists, mischaracterized the findings of the modeling analyses by 
selecting and presenting information in such a way as to support the 
agreed-upon conclusion that a health reference level of 15 parts per 
billion was protective of all sensitive subpopulations, including infants. 

While EPA’s Office of Research and Development conducted numerous 
sensitivity analyses with the PBPK model, EPA presented the results of a 
PBPK analysis in its October 2008 preliminary regulatory determination 
for perchlorate to support its conclusion that a health reference level of 15 
parts per billion was protective of all sensitive subpopulations, including 
infants, and stated that using the model in this way could reduce some of 
the uncertainty regarding the sensitivities of subpopulations other than 
pregnant women. However, Office of Research and Development officials 
disagreed with the way EPA presented the information in its preliminary 
regulatory determination notice, saying the agency did not sufficiently 
explain the uncertainties and limitations of the analysis, presenting the 
information more conclusively than was appropriate. 

                                                                                                                       
19PBPK models are complex and involve numerous underlying assumptions that are 
imbedded in mathematical representations of the processes associated with how a 
contaminant behaves within, and is eliminated from, the body. 
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Further, the table EPA published in the preliminary regulatory 
determination notice presenting the results of the PBPK analysis included 
data that may not be consistent with EPA’s conclusion that a health 
reference level of 15 parts per billion was protective of all subpopulations. 
That is, the table provided sufficient data for informed readers of the 
preliminary determination to calculate that infants and young children 
could be exposed to doses of perchlorate at levels as high as 5.5 times 
greater than the reference dose, supporting the concern that infants and 
young children may, in fact, be more vulnerable to perchlorate exposure. 
While EPA’s regulatory determination notice stated that the modeled 
exposure exceeds the reference dose for some subpopulations, the 
agency was not explicit about the extent to which the reference dose is 
exceeded—as calculated above—and did not explain the implications of 
this result on its conclusion that the health reference level of 15 parts per 
billion is protective of all subpopulations. In providing comments on the 
draft notice to the Office of Water, an Office of Research and 
Development scientist noted that the agency’s failure to present a 
comparison of the estimated daily exposure with the reference dose 
constituted a “serious omission,” and characterized the infants’ estimated 
exposure as “substantially higher” than the reference dose. 

EPA’s limited presentation of the PBPK analyses conducted by the Office 
of Research and Development in its preliminary regulatory determination 
notice validated the concern expressed at the time by Office of Research 
and Development scientists who conducted the analyses: that individual 
analyses could be used out of context in a way that could be misleading. 
Specifically, an Office of Research and Development official stated in 
September 2008 that while his office and the Office of Water had 
developed careful and sophisticated PBPK analyses to support the 
agency’s preliminary regulatory determination, “the use of these science 
results in [the] draft regulatory determination is seriously flawed and 
misleading.” As a result, Office of Research and Development officials 
and scientists that conducted the analyses concluded that the PBPK 
analysis done by the office did not support the draft preliminary regulatory 
determination’s suggested health reference level of 15 parts per billion as 
being health protective for all sensitive subpopulations of concern to EPA. 
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Compounding scientists’ concerns about the mischaracterization and lack 
of transparency regarding relevant scientific analyses, key language in 
EPA’s preliminary regulatory determination notice appears to have been 
drafted by OMB rather than EPA. In working to finalize the preliminary 
regulatory determination notice, EPA’s Office of Water worked with OMB, 
whose clearance of the notice was required per EPA’s policy 
implementing Executive Order 12866 before the Office of Water could 
provide it to the EPA Administrator for review, approval, and publication in 
the Federal Register.20 According to the Office of Water, in four iterations 
of review, OMB sent EPA a substantial number of comments on the 
notice; in response, EPA “clarified its description of the supporting 
analysis and strengthened the rationale for the determination.” The 
following example highlights OMB’s role in reviewing and approving the 
specific wording of EPA’s scientific analyses regarding perchlorate 
exposure in infants and children: 

EPA’s Independence in 
Developing and 
Communicating Its 
Scientific Findings Was 
Limited by Its Acceptance 
of External Input on the 
Preliminary Determination 
Notice 

Text EPA provided to OMB: “Because infants and children eat and drink more on 

a per body weight basis than adults, eating a normal diet and drinking water with 

15 [micrograms per liter] of perchlorate is likely to result in exposure that is 

greater than the reference dose in these groups.” 

Revised text provided to EPA by OMB: “Because infants and children eat and 

drink more on a per body weight basis than adults, eating a normal diet and 

drinking water with 15 [micrograms per liter] of perchlorate may result in 

exposure that is greater than the reference dose in these groups.” 

By changing three words, OMB downplayed EPA’s characterization of the 
health risks of perchlorate exposure. Importantly, the EPA scientist who 
wrote the text provided to OMB noted to EPA reviewers—before it was 
sent to OMB in August 2008—that the PBPK model actually showed 
exposures at levels “much higher” than the reference dose, but also said 
that he believed describing the exposure scenario as “likely” was the 
strongest characterization that might be retained through OMB review. In 
addition, in September 2008, during its review of the draft preliminary 
determination notice and before clearing it for publication, OMB reminded 

                                                                                                                       
20The objectives of this executive order are to enhance planning and coordination with 
respect to both new and existing regulations; to reaffirm the primacy of federal agencies in 
the regulatory decision-making process; to restore the integrity and legitimacy of 
regulatory review and oversight; and to make the process more accessible and open to 
the public. 
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EPA that it expected the notice to “state a clear conclusion that the HRL 
[health reference level] is protective of all subpopulations, as agreed to in 
the August framework”—and accordingly, this conclusion appeared in the 
agency’s October 2008 preliminary determination notice.21 

 
We provided a draft of this report to the Administrator of EPA for review 
and comment. In commenting on the draft report, EPA agreed with 2 of 
the 17 recommendations we made to improve its implementation of the 
Safe Drinking Water Act. Specifically, EPA agreed with our 
recommendations regarding its drinking water health advisories, stating 
that it would evaluate their utility and determine whether and how to 
revise the advisories to better serve states, localities, public water 
systems, and the public. However, EPA did not agree to implement the 
remaining 15 recommendations we made, including an overarching 
recommendation that EPA develop policies or guidance that clearly 
articulate the agency’s interpretation of the Safe Drinking Water Act’s 
broad statutory criteria—as well as eight additional recommendations 
identifying specific components of this guidance and calling for review of 
the draft guidance by one of EPA’s independent advisory committees and 
the establishment of an internal review mechanism to help ensure the 
determinations are consistent with the guidance. Another key 
recommendation with which EPA disagreed was for EPA to include in the 
public record OMB’s and other federal agencies’ comments on and 
revisions to regulatory determination notices and support documents to 
improve transparency and help EPA ensure that it maintains the fairness 
and openness of its operations. 

EPA’s Response to 
Our 
Recommendations 
Does Not Appear to 
Acknowledge the 
Scope and 
Significance of the 
Implementation 
Limitations We 
Identified 

We made these recommendations to support the development of 
regulatory determinations that are transparent, clear, and consistent and 
that follow applicable agency policy. However, EPA said it believed that 
establishing policies or guidance for regulatory determinations was not 
“practicable” because of the many combinations of health effects factors 
and potential ranges of frequencies and levels of contaminants measured 
in drinking water. We do not believe that the existence of variables or 
complexities is a basis for not developing guidance for EPA staff to 
implement the statutory requirements for regulatory determinations. In 

                                                                                                                       
21According to an EPA official, “August framework” refers to the agreement that was faxed 
to EPA from the Council on Environmental Quality that included this conclusion as a key 
component of the rationale EPA and other federal agencies agreed to in August 2008. 
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fact, the complexities cited would argue for, rather than against, the need 
to develop guidance for staff on applying the criteria. EPA also did not 
agree with these recommendations on the basis that policies or guidance 
could “inhibit its ability to continually improve its actions.” This perspective 
suggests that guidance per se lacks flexibility. We do not agree that 
guidance and flexibility are incompatible or that developing guidance 
would inhibit EPA’s ability to improve its actions. Rather, flexibility can 
and should be incorporated into guidance by establishing parameters or 
options for areas in which flexibility is deemed appropriate. 

Moreover, consistency and accountability are lacking in this important 
program because EPA has not developed guidance on the application of 
the broad statutory criteria, which are susceptible to varying 
interpretations. In its comments, EPA highlighted that, under these 
criteria, ultimately it is the Administrator’s judgment as to whether 
regulation of a contaminant in drinking water presents a meaningful 
opportunity for health risk reduction, after considering the information 
presented by agency staff. As stated in our report, the statutory criteria 
are so broadly stated that they could potentially be interpreted so as to 
lead to regulating all the contaminants on the candidate list, some of 
them, or none of them. It is precisely for these reasons that we believe it 
is essential for the staff to have sufficient guidance on applying the broad 
criteria consistently and transparently so that the Administrator’s 
judgment can be based on sound and consistent information. Without 
such guidance, the basis for EPA’s determinations and the quality of the 
documentation the staff use to support them can fluctuate over time as a 
result of, among other reasons, changes in agency leadership and staff. 
In addition, regarding our recommendation that EPA provide in the public 
record OMB’s and other federal agencies’ comments on and revisions to 
regulatory determination documents, EPA’s position is that unless 
required by law, it is not a good policy because, among other things, the 
documents may be confusing to the public and undermine the ultimate 
policy choice. We disagree and believe that to improve transparency of 
these determinations, which are by law committed to the Administrator’s 
judgment, EPA should consistently make these documents available in 
the public record, regardless of whether there is a specific legal 
requirement for disclosure. 

In large measure, EPA’s response to our recommendations essentially 
endorses conducting business as usual; a response that does not seem 
to acknowledge the scope and significance of the implementation 
limitations we identified. We are concerned that EPA’s lack of 
responsiveness to our recommendations may reflect a misplaced reliance 
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on the Office of Water to independently improve the management of this 
important program in the absence of (1) regulations, policies, or guidance 
that we believe are needed to provide a framework for current and future 
staff to apply in identifying and evaluating contaminants for regulation; (2) 
the identification of clear and specific actions needed to address our 
recommendations; and (3) an internal review mechanism to ensure 
identified actions are implemented effectively. We believe that EPA needs 
to adopt all of the recommendations in our report to better assure the 
public of safe drinking water. 

 
 Madam Chairman Boxer, Ranking Member Inhofe, and Members of the 

Committee, this concludes our prepared statement. I would be happy to 
respond to any questions that you or other Members of the Committee 
may have. 

 
For further information about this testimony, please contact me at (202) 
512-3841. Christine Fishkin, Jamie Meuwissen, Elizabeth Beardsley, Kiki 
Theodoropoulos, and Michael Derr also made key contributions to this 
statement. 
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Summary of Safe Drinking Water Act Criteria for 
Prioritizing Selection of Contaminants for Regulatory 

Determination 
 

 
 
The Administrator shall select contaminants that present the greatest public health concern.  
 
 
The Administrator is to consider, among other factors, the effect of such contaminants upon subgroups that (1) 

constitute a meaningful portion of the general population and (2) are identifiable as being at greater risk of 

adverse health effects from drinking water exposure, such as:  

• infants and children,  
• pregnant women,  
• the elderly, and 
• individuals with a history of serious illness. 
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Chairman Boxer, Ranking Member Inhofe, and Members of the Committee, thank 

you for inviting me to discuss how the EPA decides when to set new drinking water 

standards.  The public relies on EPA to ensure the safety of the water they drink every 

day, and EPA takes this responsibility very seriously. 

Strong science and the law are the foundation of our decision-making at EPA.  

Under the Safe Drinking Water Act (SDWA), EPA identifies priority contaminants that 

are known or anticipated to occur in public water systems and then evaluates whether 

new drinking water standards are warranted for these contaminants.  EPA appreciates the 

Government Accountability Office’s (GAO) attention to the important matter of setting 

drinking water regulations and we welcome GAO’s input about how to do this most 

effectively.  EPA has reviewed GAO’s draft report so my testimony reflects my 

consideration of the recommendations in that version. GAO’s draft recommendations 

address three key areas for EPA to improve implementation of requirements on whether 

to regulate additional contaminants:   

1. Development of criteria to identify contaminants that pose the greatest health 
risk; 



 
 

 2 of 9 

2. Improvement of EPA’s unregulated contaminants testing program, and 

3. Development of policies or guidance to interpret the broad statutory criteria. 

EPA agrees with GAO that consistency, transparency and clarity are essential in assuring 

the safety of public drinking water and our credibility with the public.  While we have 

made substantial progress in achieving this goal, we agree that there is room for 

improvement.  We are committed to actions to ensure that the public has confidence that 

the EPA’s decisions are protective of their health and based on a thorough consideration 

of the best available science and information. 

EPA is in the third cycle of evaluating unregulated contaminants as required by 

the 1996 SDWA amendments.  EPA has completed the third Contaminant Candidate List 

(CCL), proposed the third Unregulated Contaminant Monitoring Rule (UCMR3), is 

developing the third round of regulatory determinations, and also recently made the off-

cycle determination to regulate perchlorate.  We are continually learning from each 

iteration of this process and are currently applying lessons learned from previous 

determinations.   We believe the improvements we have made go a long way towards 

addressing GAO’s concerns.   

Administrator Jackson also announced last year a new vision for better protecting 

drinking water including changing the paradigm of evaluating individual contaminants 

for regulation.  Under the new drinking water strategy, EPA is committed to: 

1. Considering regulation of groups of contaminants to better protect public health 
by streamlining decision-making and in a way that is likely more cost-effective 
for water systems to implement 

2. Fostering development of new drinking water technologies 
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3. Leveraging other regulatory programs such as the Toxic Substances Control Act 
and the Federal Insecticide, Fungicide, and Rodenticide Act as appropriate to 
protect sources or drinking water 

4. Working with states to share more complete drinking water monitoring data to 
support evaluation of drinking water protection nationwide and make information 
accessible to the public. 

We are implementing this strategy as we conduct the ongoing cycle of regulatory 

determinations.  

 
Identifying Contaminants of Concern 

The first step of the evaluation is to identify the contaminants of greatest public 

health concern, which EPA does through the Contaminant Candidate List.  In the most 

recent CCL, published in October 2009, EPA used the advice from the National 

Academy of Sciences and the National Drinking Water Advisory Council to develop and 

usea significantly improved, more transparent and reproducible multi-step process to 

ensure more effective identification of public health threats. We cast a wide net in 

identifying possible drinking water contaminants including those nominated by the 

public. From an initial universe of 7,500 contaminants, EPA evaluated available 

occurrence and potential health effects data for this universe and incorporated public 

input and expert review.  Through this review, we selected from this universe a list of 116 

priority contaminants that we found to be of the greatest public health concern based on 

both the severity of the health effect and the anticipated occurrence.  EPA also improved 

transparency by making all data and criteria used to classify contaminants publicly 

available on the EPA’s website.  
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GAO’s report expresses concern that EPA’s past decisions have been driven not 

by considering the greatest health concern but by considering available data.  EPA agrees 

that we can improve our process to better focus on contaminants that may be of public 

health concern.  The improved approach in the most recent CCL was a substantial step 

forward in achieving this by using a rigorous scientific process to better ensure that the 

contaminants on the list are the ones that should be of highest priority for public health 

protection.  Because the new CCL selection process targeted candidates based on 

possible health effects or exposure rather than just on available data, the list includes 

emerging contaminants that are not currently well enough understood to discern whether 

regulation of drinking water could improve public health.  EPA cannot make a credible 

decision driven by science without sufficient understanding of the potential for impacts to 

the health of the American people. Therefore, EPA has since narrowed the CCL down to 

a “short list” of 32 contaminants that have sufficient data to make a determination within 

the statutory timeline.  This short list is being prioritized for regulatory decision making 

in this cycle based on the greatest public health concern.  Those determinations will be 

announced by next summer for public comment.  We believe this approach addresses 

GAO’s concerns with previous cycles of our process.  

 

Collect and Evaluate Information 

For the remaining candidates, obtaining robust data and information regarding 

potential impacts is essential.  For the current CCL, the evaluation of contaminants 

included a discussion of data gaps so that further information can be collected to support 
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future decisions.  The CCL classifies the contaminants based on the need for health 

effects data or occurrence data or analytical methods. 

To obtain occurrence data, EPA uses the Unregulated Contaminant Monitoring 

Rule (UCMR) and also looks to data collected by others such as the states and the U.S. 

Geological Survey.  GAO had a number of recommendations to improve the UCMR 

process.  We agree with the GAO recommendations regarding UCMR.  They are 

consistent with the most recent UCMR proposal, published in March, in which EPA 

looked at health effects information to target the contaminants of greatest concern.  We 

also proposed, as GAO has recommended, to use our full statutory authority to require 

testing for 30 contaminants and to conduct full assessment monitoring rather than more 

limited screening surveys.  Additionally, the proposed UCMR generally requires much 

lower minimum reporting levels than have been required in the past, making the data 

obtained more useful in determining the likelihood of health impacts when contaminants 

are detected.    

Good data about health effects are also essential, and EPA’s Office of Water 

identifies priority contaminants and health assessment information needs and coordinates 

with the EPA’s Office of Research and Development and external organizations.  The 

Agency searches the available literature and participates in scientific meetings to identify 

evolving science that may support evaluation of health effects.  EPA has also made 

substantial revisions to the Integrated Risk Information System (IRIS) process to provide 

assessments in a timely fashion to best support regulatory decisions.  EPA has reduced 

the IRIS backlog and shortened the risk assessment development time while ensuring 
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rigorous peer review.  Strengthening and streamlining the IRIS process is a continuing 

and ongoing priority for EPA. 

 
Regulatory Determination 

  According to SDWA, EPA must make determinations for at least five 

contaminants from each CCL.  SDWA defines three criteria to determine whether it is 

appropriate for EPA to regulate a potential drinking water contaminant: 

• The contaminant may have an adverse effect on the health of persons;  

• The contaminant is known to occur or there is a substantial likelihood the 

contaminant will occur in public water systems with a frequency and at levels 

of public health concern; and  

• In the sole judgment of the Administrator, regulation of the contaminant 

presents a meaningful opportunity for health risk reductions for persons 

served by public water systems.  

EPA determines whether an adverse health effect may occur, identifies what levels of 

exposure may result in public health concern and then evaluates how extensive potential 

exposure at those levels might be.  Finally, the Administrator must decide whether 

regulatory action taken by EPA would serve to reduce public health risk in a meaningful 

way.  A decision by the Administrator to regulate a contaminant is the beginning of the 

SDWA regulatory development process.  EPA has extensive further requirements 

regarding analyses of  health benefits, costs, and treatment technologies that must be 

conducted before a National Primary Drinking Water Regulation is proposed and made 

final. 
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In the first two cycles of regulatory determinations, EPA made negative 

determinations for 20 contaminants, in each case deciding that the occurrence of the 

contaminant was not at a frequency and level of public health concern to merit a new 

drinking water standard.  This February, EPA made the Agency’s first positive 

determination, when we announced that we will be developing a proposed drinking water 

standard for perchlorate by February 2013 at the latest.  

 

Strong science must be the foundation of decisions regarding the criteria defined 

by SDWA, but science alone cannot fully address the criteria.  As the GAO describes in 

their report, there are a large number of factors that can impact our understanding of what 

levels would be of concern and how likely those are to occur, such as the severity of 

health effects, the potency of the contaminant, the geographic distribution and levels of 

drinking water detections, or other possible sources of exposure.  In its regulatory 

determinations, EPA has sought out and evaluated available information on these factors 

and based our determinations on our best understanding of the existing information.   

Given the many possible combinations of factors and the constantly evolving 

science, it is essential that the bases for EPA’s decisions be clearly presented so that the 

public can have confidence in our actions.  For our regulatory determinations, our 

Federal Register notices and supporting documentation list the primary occurrence and 

health effects data, describe our evaluation of whether this information is sufficient, and 

explain our approach for deriving endpoints.   

The concerns that GAO raises indicate that we have not always done this 

effectively enough.  We will do a better job in the future.  EPA will work to improve the 
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transparency of regulatory determination so that the public can better understand how 

EPA came to its conclusions and most effectively comment or review.  EPA will make 

this information available when we publish our preliminary determination. 

In response to the GAO recommendations, EPA will also consult with an 

independent panel of scientists on the regulatory determinations, specifically on the 

evaluation of the contaminants against the first and second criteria defined by SDWA, the 

use of best available science to develop the determination, and whether the determination 

focuses on the greatest public health risk.  We will post the regulatory determination 

process publicly and review the process every five years as we conduct the regulatory 

determination cycle. 

 

Regulating Contaminants as Groups 

As I stated earlier, in parallel to these improvements to the standard regulatory 

determination process, EPA is changing the regulatory approach that has primarily 

addressed contaminants one at a time.  In February, Administrator Jackson announced 

that we are developing a single regulation to include up to 16 volatile organic compounds 

that may cause cancer.  Several of these contaminants are on the current CCL and others 

are currently regulated and need to be revised.  By considering them as part of a group 

rather than through individual regulatory determinations, we can address the public health 

concerns from a larger portion of our priority list at one time, achieving greater health 

protection more expeditiously and in a way that is likely to be more cost-effective for 

utilities to implement.   
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In the current round of regulatory determinations, EPA is also evaluating whether 

to regulate nitrosamines (currently on the CCL) as a group.  We have found these 

disinfection byproducts in a number of water systems and considering them as a group 

would allow us to take advantage of shared analytical methods and treatment or control 

processes, as well as making a greater impact on public health because nitrosamines 

sometimes co-occur, and because controlling nitrosamines also reduces exposure to 

related disinfection byproducts. 

 

Conclusion 

Clean and safe water is the foundation of healthy communities, healthy families, 

and a healthy economy.  EPA is committed to continuing to improve our methods in 

using science and the law to best protect public health.  I greatly appreciate the leadership 

of this Committee in helping to protect drinking water.  We look forward to coordinating 

with this Committee as we work to achieve these important goals. 
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Chairman Boxer, Ranking member Inhofe and members of the Committee, it is my pleasure to 

testify about the Environmental Protection Agency’s Implementation of the Safe Drinking Water 

Act’s Unregulated Drinking Water Contaminants Program on behalf of the American Public 

Health Association.   

 

My name is Lynn Goldman. I am Dean of the School of Public Health and Health Services at 

The George Washington University School of Public Health and Health Services.  I am a 

pediatrician and an epidemiologist.  I have done research on health impact of environmental 

contaminants and am a member of the Institute of Medicine.  From 1993-98, I served as 

Assistant Administrator for the Office of Chemical Safety and Pollution Prevention at the US 

Environmental Protection Agency (EPA).  Prior to joining the EPA I worked for eight years in 

public health with the California Department of Health Services.  I also am a member of the 

Board of Trustees of the Environmental Defense Fund.  I have been a member the American 

Public Health Association (APHA) for almost 20 years, and I am pleased to represent APHA at 

today’s hearing regarding the public health implications of the Safe Drinking Water Act 

(SDWA). APHA is the nation’s oldest and most diverse organization of public health 
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professionals in the world, dedicated to protecting all Americans and their communities from 

preventable, serious health threats and assuring community-based health promotion and disease 

prevention activities and preventive health services are universally accessible in the United 

States.  APHA has long advocated for strong environmental health laws that adequately protect 

the health of the public from environmental hazards and we appreciate the opportunity to testify 

today on the public health implications of our nation’s safe drinking water laws. 

 

The SDWA, last amended in 1996, is the nation’s primary law to protect the public’s health from 

harmful contaminants in the nation’s drinking water supply.  While the EPA administers the law 

and sets standards, the states have been delegated primary authority for enforcing drinking water 

programs.  Our nation’s state and local health departments also play a critical role in working 

with state drinking water regulators to ensure the safety of our drinking water.  

 

Safe drinking water is essential to public health.  According to the EPA, there are currently more 

than 170,000 public water systems that provide water to most Americans, and our nation's 

drinking water supply is one of the safest in the world.  Since its enactment, the SDWA has made 

significant improvements to the quality of the nation’s public water supplies. An overwhelming 

majority of Americans receive their drinking water from sources that do not violate EPA's 

standards for maximum contaminant levels.  At the same time, the public health community 

remains concerned over a number of issues that continue to provide risks to the public’s health, 

including unregulated contaminants and decreasing federal resources to states to improve 

drinking water infrastructure.  In fact, in the final 2011 continuing resolution cut more than $400 

million (or 30 percent) from the FY 2010 level for EPA’s Drinking Water State Revolving Fund.  
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In addition, APHA believes more must be done to protect vulnerable populations that are more 

susceptible to exposures, including infants/children, pregnant women, immune-suppressed 

individuals, and the elderly when setting drinking water standards.   

 

There are weaknesses in federal statutes and regulations governing the safety of drinking water, 

and a number of EPA standards are being currently being reviewed and revised.  In some 

instances, contaminants are not regulated, such as perchlorate and a number of pesticides.  EPA 

standards may protect the average adult but may not adequately protect infants and children, the 

frail elderly, and those with weakened immune systems.  Moreover, EPA standards are 

established to protect health while considering the water treatment costs and availability of 

clean-up technology.  

 

Numbers of Contaminants Unregulated 

 

At the time the SDWA was amended, APHA expected that this would result in an uptick in the 

numbers of chemicals regulated since SDWA gave EPA more flexibility to establish priorities 

for regulation of contaminants based on those that present the greatest public health concern, 

including for pregnant women, infants and children.  Unfortunately, this expectation was not 

fulfilled, and my review of EPA’s drinking water regulations at CFR 40 part 141 finds that EPA 

has not adopted any new drinking water safeguards for chemicals since enactment of the 1996 

law – neither to assure the safety of unregulated contaminants nor to change regulations for 

previously-regulated chemical contaminates.  Tens of thousands of chemicals are on the market 

but the vast majority of these will never appear in finished drinking water.  Those that are in 
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drinking water should be regulated by the EPA so that the public can be assured that levels are 

safe.  According to a December 2009 report issued by the Environmental Working Group, 

hundreds of additional unregulated contaminants have been found in our drinking water systems.  

Minus the establishment of clear Maximum Contaminant Levels (MCLs) and health-based MCL 

Goals, how are we to know that these chemicals in their water are “safe”?  A number of specific 

chemicals have been of concern to the APHA and the public health community in states, 

including: perchlorate, chromium VI, trichloroethylene (TCE) and other VOCs, and a number of 

pesticides and disinfection products that are found in drinking water across the nation.  

Unfortunately, this situation has caused several states to undertake drinking water standard 

setting on their own, ahead of EPA action, most notably, the State of California, which has 

established standards for perchlorate, chromium VI, TCE and several other VOCs, and, a number 

of pesticides.  While APHA believes that states are responsible for taking such steps to protect 

the public’s health, we would prefer to see national standards that can effectively assure safe 

drinking water for all of the country.  

 

SDWA and Children, Pregnant Women, and Other Vulnerable Populations 

 

In 1995, APHA developed a policy that recommended that all environmental policy, legislation, 

and regulation protect children and we have long advocated that environmental health standards 

need to protect vulnerable populations.  It is important to recognize that, as we state in that 

policy, “children are uniquely vulnerable to environmental exposures because they are in a 

dynamic state of growth, with many vital systems such as the nervous, immune, and respiratory 

systems not fully developed upon birth” and to understand “that children can have greater 
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exposures to environmental toxins”.  In the case of drinking water, children drink more water 

and consume more water indirectly through food, per body weight, than adults.  According to 

EPA estimates, considering all drinking water intake, infants less than 6 months of age 

consuming drinking water in infant formula, per body weight consume five times more drinking 

water than adults consume in both drinking water and food.  This means that they have greater 

exposure to any substance, microbial or chemical, that might be present in that drinking water.  

At various life stages – during pregnancy, in utero, in childhood, in old age, and during serious 

illnesses -- people may have different abilities to metabolize, detoxify, and excrete certain many 

toxic substances, thus rendering them more vulnerable to health effects.  Moreover, rapid growth 

and development in utero and in early childhood puts children at particular risk for exposure to 

environmental toxins that may disrupt normal developmental processes, and result in permanent 

irreversible damage.  Traditionally EPA’s environmental health regulations have been based on 

data primarily from research on healthy adult humans or animals and do not take into 

consideration the unique exposure patterns and sensitivities of children, pregnant women, the 

elderly and those with chronic diseases.   

 

In the 1996 SDWA amendments, Congress specifically directed the EPA to regulated 

unregulated contaminants that are at greater risk of adverse health effects due to exposures than 

the general population, including infants, children, pregnant women, the elderly, and individuals 

with a history of serious illness, or other subpopulations recognized to be of greater risk.  

Likewise, in establishing MCL goals, EPA was to protect the general population as well as these 

significant subpopulations.  This authority has been exercised by EPA to craft stronger 
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regulations for microbial contaminants like cryptosporidia in drinking water, but not for 

addressing unregulated chemical contaminants.  

 

Conclusions and Recommendations for Improvement 

 

APHA suggests a number of ways that EPA could strengthen the regulation of chemicals in 

drinking water: 

1. In all of its risk assessment efforts, EPA needs to implement the 2009 National Academy 

of Sciences report Science and Decisions: Advancing Risk Assessment.  This report 

recommended changes in how EPA designs risk assessments, models dose response for 

hazardous substances, and considers uncertainty in risk assessment.  In particular it 

concluded that EPA needs to address the issue of cumulative exposures.  Exposures to 

drinking water contaminants occur within a context of multiple exposures to other 

contaminants in drinking water, foods, household environments, and air.  They also occur 

within contexts such as significant subpopulations who have other health problems that 

may contribute such as poor nutrition and exposure to tobacco smoke.  All of these issues 

need to be considered in an overhaul of EPA’s risk assessment processes, including for 

drinking water. 

2. EPA needs to more strongly weigh evidence that chemicals and pesticides are present in 

drinking water.  Given that there are no mechanisms for systematic collection of 

information about levels of unregulated chemicals in drinking water, those toxic 

chemicals that are occurring frequently need MCLs so that they will be monitored and the 

public can be assured that levels are safe. 
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3. Each and every one of us was, at one time, a fetus or a child; have been or may become 

(if we are female) pregnant; has suffered from or may have a chronic illness; and (if we 

are lucky) may become elderly.  These aren’t “subpopulations”; they are life stages.  EPA 

needs to strengthen its efforts to assure that vulnerable populations are protected as 

required by law.   

 

Thank you for the opportunity to testify this morning and I am happy to answer any questions. 
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Chairman Boxer, Ranking Member Inhofe, and Members of this Committee, it is an honor to be 
asked to testify today about West Valley Water District's success in removing perchlorate from 
groundwater as part of our mission to deliver safe and affordable drinking water to residents of 
the Rialto-Colton area.  I am pleased to be able to share our experience with the Committee 
because we believe we have been part of the solution.

Before I introduce myself or explain what we've been doing, I would first like to communicate 
my profound thanks to Senator Boxer.  Over the years, you and your staff have been key in 
helping secure federal funding for our remediation efforts and helping encourage the 
Environmental Protection Agency and the Department of Defense to aid in the treatment of 
contaminated water in the region.  West Valley Water District's success is very much your 
success as well.  Thank you.

By way of introduction, I have been employed by the District for the past 48 years.  I worked my 
way up through the ranks to the position of General Manager nearly 16 years ago.  In 2002, I 
became the lead member of the Inland Empire Perchlorate Task Force, which is responsible for 
coordinating the investigation and response to the serious perchlorate water contamination crisis 
impacting approximately 22 drinking water wells and 500,000 people in the Inland Empire.  

Background on WVWD

When the predecessor to West Valley Water District started almost 60 years ago, it served a very 
rural area and few water customers.  Today we serve almost 20,000 homes and businesses, and
our service area encompasses more than 29 square miles.  Despite the many changes, our staff 
and Board of Directors have maintained a constant dedication to protect, safeguard, and deliver 
water to our customers at the lowest, reasonable price.  We serve as fiduciaries, for the public 
trust.  We do so not only by sticking to the tried-and-true, but also by looking for new 
innovations – for example, we recently re-vamped our  web site, developed a Facebook page and 
a started a Twitter feed to help ensure the very best service to our customers.  

Perchlorate

The necessity to innovate was presented clearly by our need to remediate the effects of 
widespread perchlorate pollution, which affects the groundwater aquifers on which the West 
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Valley Water District, the Cities of Colton and Rialto and the Fontana Water Company rely to 
provide drinking water to the citizens of the Inland Empire.  The source of that pollution is a 
160-acre industrial site in northern Rialto that used to be a U.S. Army munitions depot.  The 
State of California has set a limit for perchlorate of six parts per billion, but the plume migrating 
from this site has led to levels as high as 800 parts per billion.  Perchlorate contamination has 
forced the West Valley Water District and other water providers in the region to shut down or 
otherwise restrict the use of at least 22 groundwater production wells in the area, representing 
more than half of the region's water supply.  Additional groundwater production wells may need 
to be shut down in the near future as the pollution continues to migrate. 

We have no choice other than to remediate.  Groundwater is the main source of drinking water in 
the region, and the basin’s water levels are approaching an historic low. Alternative sources 
such as the  State Water Project are not reliable.  The estimated cost of cleaning up the whole 
problem  could be in the hundreds of millions of dollars and take up to 30 years.  The necessity 
for remediation in the region poses a significant burden for ratepayers in one of the most 
economically disadvantaged regions in the nation.

ESTCP

Facing this crisis, and lacking the vast resources required to solve it, West Valley Water District 
has looked for innovative solutions. We were extremely fortunate to find the Department of 
Defense's Environmental Security Technology Certification Program (ESTCP) and its extremely 
capable executive director, Dr. Jeffrey Marqusee.  ESTCP is DoD’s environmental technology 
demonstration and validation program, which promotes innovative technologies.  Under the 
leadership of Dr. Marqusee, the ESTCP program has succeeded in achieving its goal "to identify 
and demonstrate the most promising innovative and cost-effective technologies and methods that 
address DoD’s high-priority environmental requirements."  We work with ESTCP’s 
Environmental Restoration Program, which has been a win-win partnership.  The District and 
our customers benefit through cost-effective clean water, and the data collected helps the 
ESTCP's goal of advancing science and technology to provide the Department of Defense (DoD) 
with effective management and restoration of its contaminated assets.  Dr. Marqusee has been a 
problem solver who has helped significantly in moving forward with solutions.

Remediation

The first stage of the District's perchlorate remediation efforts have utilized a technology known 
as ion exchange.  We are currently running 5 ion-exchange systems, one of which is a cutting-
edge design that was made possible by the ESTCP.  Ion exchange systems work by trapping 
perchlorate in resin, and our experience has proven them to be safe and reliable.   

With encouragement and support from ESTCP and the State of California, we have entered a 
second stage of remediation by breaking ground on the first bio treatment facility to utilize a 
naturally occurring biological treatment process to treat contaminated drinking water supplies.  
Bioremediation allows natural processes to breakdown perchlorate and other harmful chemicals 
in the water. After this natural process occurs, the water is sent through a traditional water 
treatment process before it enters the drinking water system.  Bioremediation is proven safe and 
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effective, does not use harmful chemicals, and requires less annual maintenance than other 
methods.

The  system under construction will utilize a fluidized-bed reactor, and we hope to combine it 
with an additional treatment system which will feature a fixed-bed reactor.  Because the two 
systems will treat water from the same underground source, side by side, our partnership with the 
ESTCP will provide a unique opportunity to test the effectiveness, sustainability, and costs of 
each system – a tremendous benefit that will help future clean-up efforts throughout the country.  
In other words, our project will provide opportunities for the Department of Defense to save 
significant amounts of money at sites they may have liability for across the country.  We're proud 
to be a part of the solution and to provide a venue for demonstrating this pioneering "green" 
technology.  

I would be remiss if I did not acknowledge that these projects would not have gotten off the 
ground with out considerable help from others in addition to Senator Boxer and Dr. Marqusee.  
Senator Feinstein and Congressman Baca have been tremendous allies.  The State of California 
has provided $10 million in grants, and the State Water Resources Control Board has also 
contributed crucial resources.

Future

It should not surprise you that West Valley Water District is not going to stop working towards 
the future now that the fluidized bed reactor construction is underway.  As I just mentioned, we 
anticipate that this project will become a component of a much larger undertaking to fully restore 
the region's groundwater supplies. The District is currently working with the United States 
Environmental Protection Agency, the State of California and parties responsible for the 
contamination to develop plans for the final phase of groundwater cleanup.  There is a lot of 
work yet to be done, and we are looking for more innovative solutions – just as we have been 
doing for the last 60 years.

Summary 

The staff and Directors of West Valley Water District are fiduciaries for the public trust, 
dedicated to serving our 20,000 households clean water through efficient service.  We are 
focused on the future and we're looking for innovative solutions to the challenges that confront 
us.  Although the perchlorate crisis has presented a significant challenge in our region, we are 
working tirelessly to be part of the solution, not only for our ratepayers, but also – thanks to the 
ESTCP – for everyone else who is or may be affected by perchlorate in the future.  With the help 
of our elected representatives including Senator Boxer, we are providing new technologies that 
can remove perchlorate safely and cost efficiently.  This is a win-win collaboration for West 
Valley Water District, our customers, the DoD, and all Americans who rely on the delivery of 
clean, safe and affordable drinking water.  
Thank you.
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Good morning Senator Boxer and members of the committee. 

 

My name is Joseph Cotruvo. I have spent more than 35 years engaged in public health and 

environmental matters. My doctorate is in Physical Organic Chemistry. I was the first 

Director of EPA’s Office of Drinking Water Criteria and Standards Division after passage 

of the Safe Drinking Water Act, where I had a role in developing  many of the existing 

drinking water regulations and regulatory methodologies, and later in the Risk Assessment 

Division in Pollution Prevention and Toxics. Those regulations included comprehensive 

microbial protection, trihalomethanes, radionuclides, Surface Water Filtration, corrosion 

control, Volatile Synthetic Organic chemicals (VOCs) and numerous other organic and 

inorganic chemicals. Currently, I work internationally in water quality, health and 

technology including helping to establish a drinking water regulatory program in 

Singapore, and on desalination and health related issues and epidemiology  in the Middle 

East, and on development of small water treatment technologies for home and small 

systems applications, as well as on some basic toxicology studies. I serve on several 

independent advisory groups dealing with drinking water safety issues, including many 

years with the World Health Organization’s Drinking Water Quality Committee, which 

last week issued the 4th edition of the Guidelines for Drinking Water Quality. These are the 

benchmarks that most of the world outside of the US try to apply to define drinking water 

safety. I am also a member alternate of the Washington DC Water and Sewer Authority. 
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I am not here representing any organization or institution; these are my personal thoughts 

and conclusions, and I am not receiving any compensation for this presentation.   

 

• Drinking Water Quality and Safety 

Almost all public community water systems in the United States provide safe drinking 

water --including Washington, DC-- contrary to what some believe, and that is no small 

accolade and accomplishment when dealing with the 60,000 entities providing drinking 

water, which range in population from as few as 25 persons to millions. The quality and 

safety of drinking water in the United States is very good and almost always more 

consistent and better than the limited number of nations that have substantial drinking 

water regulatory and enforcement programs in place. We always strive for improvement. 

US policies and processes for safe drinking water provision have clear leadership standing 

in the world and many if not most of the existing methodologies for assessing and 

regulating drinking water quality and safety were developed here first. 

 

The EPA’s and the states and water suppliers’ implementation of the Safe Drinking Water 

Act of 1974 and the later amendments has significantly improved the safety of drinking 

water in the United States. It is indeed a joint effort that is implemented 24/7 by the often 

underappreciated professionals in the national drinking water delivery community that we 

all rely on to actually produce and deliver safe water. The comprehensive protection  

program includes regulation, advice, monitoring and system assessments and operations, 

supported by an enforcement program, and significant financial support from the federal 

government. The underpinning of it all is that there is that cadre of dedicated water 

professionals who manage and operate those water systems. 

 

The record shows that reported waterborne infectious disease outbreaks have declined 

since implementation of the SDWA began, but the portion of outbreaks due to distribution 

system infrastructure deficiencies has been increasing. That is a clear indication that the 

water coming out at the tap isn’t always as good as the treated water leaving the plant. It is 

a symptom of our ageing infrastructure. Fixing and maintaining infrastructure and 

reducing leaks and contamination in distribution is where our priorities now belong. 
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• Current Regulations 

The 1986 amendments to the SDWA specified a long list of chemicals to be regulated, and 

also a requirement to regulate 25 additional substances every 3 years, which was physically 

impossible. As a result several MCLs were produced for substances that were unlikely to 

be present in significant amounts or nationally widespread or of significant concern. The 

compliance monitoring over the years has aptly demonstrated that, so there are actually 

more current regulations than needed to assure drinking water quality. The 1996 

amendments required EPA to produce a Contaminant Candidate List (CCL) every 5 years 

(3 produced to date), make a determination every 3 years whether up to 5 meet the criteria 

to warrant possible regulation, and also to periodically generate lists of unregulated 

contaminants to be analyzed (UCMR) in a number of locations to determine occurrence 

and exposure from water. In my opinion the CCLs and UCMRs have generally not been 

critically prepared to isolate high probability substances of potential concern in drinking 

water. Although systematic processes have been utilized to produce them, there must be a 

serious flaw in the decision logic as has been demonstrated by their results. 

 

The current regulations contain Maximum Contaminant Levels or Treatment 

Requirements for a broad spectrum of contaminants: 

 81 MCLs for Organics and Inorganics including: 

   27 pesticides and 9 DBPs (indicators) 

   21 Inorganics 

   24 VOCs and other synthetic organics 

 Microbial: 6 Treatment requirements, Total Coliforms, E. Coli =  all pathogens 

 5 ( 2 group) Radionclide MCLs + Uranium = All radionuclides 

 Lead and Copper corrosion control: Treatment Requirements 

 Acrylamide and Epichlorohydrin: Treatment Technique as product quality. 

 

The coverage is actually far greater than the numbers imply. Essentially all microbial 

pathogens are covered by the MCL and treatment requirements. All radionuclides are 

covered by those rules, and treatment requirements such as surface water filtration and 

disinfection address numerous contaminants simultaneously. Disinfection byproducts 
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(DBP) indicator MCLs are intended to trigger techniques that result in across the board 

reductions of many unmeasured DBPs.  

 

The existing regulations are very comprehensive as they cover almost all of the categories 

of potential drinking water contaminants including: microbial contamination in great 

detail, natural precursor products, inorganic chemicals, disinfection byproducts indicators, 

radionuclides, corrosion products, volatile and other synthetic organics, and pesticides.  

The potential for microbial contamination has been and will always be the greatest threat 

to health from drinking water. Although some outbreaks still occur, public water suppliers 

with Safe Drinking Water Act mandates have very successfully dealt with microbial threats, 

and no regulatory action should ever jeopardize our continued control over that threat.  

 

As they should be, the regulations are designed to be protective, and they are produced 

with very conservative health assessments that are generally designed to overestimate 

potential risks. They utilize conservative default assumptions in the absence of detailed 

data, e.g. on margins of safety for toxicity, linear non threshold extrapolation models, and 

on occurrence and exposure and relative source contributions. I look at conservative risk 

assessments and regulations as a sort of insurance policy that we pay for to assure that 

there are not now and will not be meaningful risks from drinking water. However, 

conservative assumptions must be rational and carry mainstream scientific credibility, 

because, in a way they can convert risk assessors into pseudo regulators. The issue is 

ultimately how large should the safety margins be, and how much insurance cost is 

appropriate. There is a price, and over regulation can also have negative consequences, 

such as by unnecessarily increasing costs to consumers, and by limiting use of some 

beneficial technologies. Also, excessively dwelling on hypothetical and negligible risk 

concerns by regulators and the press also drives some people to mistrust their public 

drinking water supply and pay the extra (perhaps 1000x) cost of bottled water. 

 

• Examples of Some Pending Issues 

When producing a national regulation,  EPA must, by law as well as common sense,  

determine that the contaminant is of national significance, is a risk to health, and also 
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demonstrate that the regulation will achieve meaningful health risk reduction. Here are 

several examples of current issues that are being debated and considered for regulation by 

EPA, including perchlorate, pharmaceuticals and nitrosamines. It is useful to put them into 

perspective relative to the context of the SDWA mandates. 

 

• Perchlorate 

Perchlorate in the environment, diet, and drinking water at low parts per billion levels, is 

potentially both of natural and anthropogenic origin. Perchlorate (as well as many other 

common anions) competes with iodine uptake by the thyroid and under some condition and 

dose could cause adverse consequences especially in infants. There has been much debate 

in the US, and some states have set standards or action levels at very low parts per billion 

(ppb) levels. EPA produced a guideline at 15 µg /L (15 ppb) in drinking water, and is now 

engaging in a regulatory development process. On the other hand in 2011, JECFA, the 

Joint Expert Committee on Food Additives, an independent multinational external 

toxicology/health science advisory committee of the UN Food and Agriculture Organization 

and World Health Organization released their analysis of the level of concern for 

perchlorate in Report 959. After reviewing the toxicology, epidemiological and clinical 

evidence, the NAS report from which EPA derived its current value, and dietary and water 

concentrations including much US data, they calculated a provisional maximum tolerable 

daily intake (PMTDI) of 10 µg/kg bw/day and drew the following conclusion:  

“The estimated dietary exposures of 0.7 µg/kg bw/day (highest) and the 0.1 µg/kg 
bw/day (mean), including both food and drinking water, are well below the PMTDI. 
The committee considered that these estimated dietary exposures were not of health 
concern.” 
 

 
• Pharmaceuticals 

 
In recent years there have been reports of detections of several pharmaceuticals in some 

drinking waters mostly at parts per trillion levels. Pharmaceuticals can reach drinking 

water from upstream wastewater discharges and runoff from some animal feed lots. They 

are attenuated to some degree partly by the wastewater treatment process, environmental 

passage (biodegradation, decomposition and dilution), and drinking water treatment. Most 

of the entry of pharmaceuticals into wastewater comes from human excretion of 
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pharmaceuticals and metabolites after therapeutic uses; some fairly small portion derives 

from improper disposal of unused drugs. One week ago the World Health Organization 

issued a report that included contributions from a 10 member Working Group on 

Pharmaceuticals in Drinking Water, of which I was a member, and which reviewed much 

US and other data. WHO concluded: 

“Trace quantities of pharmaceuticals in drinking water are very unlikely to pose 
risks to human health because of the substantial margin of exposure or margin of 
safety between the concentrations detected and the concentrations  likely to evoke a 
pharmacological effect.“ (i.e. the therapeutic dose) 
 
“The current levels of exposure to pharmaceuticals in drinking water also suggest 
that the development of formal guideline levels for pharmaceuticals in the WHO 
Guidelines for Drinking Water Quality is unwarranted.” 

 
Furthermore, WHO went on to say that routine monitoring and installation of specialized 

drinking water treatment was not deemed necessary. 

 
• Nitrosamines 

 
Nitrosamines are formed in some industrial processes, ubiquitous in foods, generated 

during cooking of proteins, and produced by humans endogenously from ingestion of 

precursor substances and oxynitrogen compounds. They are also found in some drinking 

waters at parts per trillion levels, especially those with upstream wastewater discharges, 

and also in some cases from disinfection with chloramine and from some polymers used as 

part of water treatment. Almost all nitrosamines are considered to be carcinogens. EPA 

has listed several nitrosamines in its Contaminant Candidate List (CCL 3) and in 

unregulated contaminant monitoring lists. 

 

The regulatory challenge is that the portion of daily exposure to nitrosamines due to 

drinking water in those locations is likely less than 1% of all the other sources. The 

monitoring costs are substantial, and water treatment possibilities are not completely 

defined. Because the relative source contribution from drinking water sources is so 

minimal, a low Maximum Contaminant Level that would impact some number of those 

water supplies that contain some nitrosamine would have a negligible, if any,  impact on 

risk and public health. 
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• Unregulated Contaminants 
 
In theory, addressing unregulated contaminants in a formal way is a reasonable concept to 

determine which substances may warrant further assessment and possible regulation 

because of exposure from water and potential health risk. However, my sense is that EPA’s 

approach to date has not been very efficient or effective. The process has been operating 

for more than 10 years and a huge amount of preparative and assessment work has been 

done, but there have not been any new regulations developed to date. In fact, that points to 

the obvious conclusion that there are not very many contaminants that demand national 

regulation to protect public health beyond those already on the books. On the other hand, I 

think EPA could have arrived at the same conclusion and identified perhaps a few 

candidates for regulatory consideration by a much more direct and efficient process. It 

should be said in EPA’s defense that they were partly driven to that process by advice from 

a National Academy of Sciences report and from their statutory National Drinking Water 

Advisory Council. 

 
• Recommendations 

 
Overall public drinking water quality in the US is very good and the drinking water is safe, 

and undoubtedly safer than it has ever been since the introduction of centralized water 

supplies more than 200 years ago, and introduction of collected wastewater discharges. The 

potential for microbial contamination has and will always be the greatest threat. Public 

water suppliers with Safe Drinking Water Act mandates have very successfully dealt with 

microbial threats, and no action should ever jeopardize our continued control over that 

threat.  

 

However, concerns are commonly raised because current and rapidly developing analytical 

technologies continually produce new detections at parts per billion, parts per trillion and 

even lower levels, and this trend will continue and expand, because analytical science 

becomes more sensitive. Those exposures are essentially always extremely unlikely, if not 

implausible, to have any meaningful risk. These amounts are many orders of magnitude 

below levels that can show a detectable effect from even high dose testing.  
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The number of substances in the water environment can be large, but the amounts are very 

small, and the likelihood for requiring national drinking water regulations to protect 

public health for many of them present at minute trace levels is not great. As a practical 

matter, it is simply physically and economically impossible, and also unnecessary to have a 

long list of regulated substances in drinking water. The resources and time required to 

produce regulations are great and the process is not responsive to the needs of water 

suppliers and public health officials to have access to a scientifically credible basis for rapid 

decision making when a substance is detected.  That is precisely why the EPA Office of 

Drinking Water initiated the Health Advisory program in ~ 1980, and about 200 Health 

Advisories currently exist.  

 

Risk assessments always utilize conservative default assumptions when detailed 

information is not available. Scientific knowledge progresses constantly and sometimes the 

risks may turn out to be less than previously estimated or assumed, so it is essential for 

credibility to always allow or require EPA to utilize the best mainstream scientific 

information when it is making regulatory decisions. It might be necessary to amend the 

“anti backsliding “ provision in the SDWA to allow that to occur. 

 

• Suggested Drinking Water Act Implementation Strategy 

We have accumulated a significant history of drinking water composition and quality in 
the US and causes of contamination have decreased, so it would be logical and appropriate 
to utilize that knowledge to revise our approach to assuring the safety of public water 
supplies. Following is a suggested more efficient strategy to cope with the realities of safe 
drinking water provision and assurance of continued safe and safer drinking water. 
 
1. Eliminate regulations that do not meet significant risk, national significance and 
meaningful risk reduction tests. Many regulations on the books have negligible occurrence 
near levels of concerns demonstrated by many years of compliance monitoring. Convert 
them into Health Advisories (see # 7). This might require legislation. 
 
2. There needs to be application of rational and faster prescreening and prioritization 
methodologies such as the Threshold of Toxicological Concern (TTC) that has been used 
for years by the FDA and other organizations to screen food additives.  
 
3. Add probably a small number of regulations that would meet the 1996 SDWA tests 
(national prevalence, health risk and meaningful risk reduction), and periodically update 
as needed.  
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4. When regulating, utilize individual MCLs, Treatment Technologies, or groupings as 
justified and technically appropriate. These have been traditionally utilized in 
implementation of the Safe Drinking Water Act, to date.  
 
5. Always utilize the best available mainstream science when performing risk assessments 
and making regulatory decisions. 
 
6. Emphasize addressing ageing distribution system infrastructure, because it is the likely 
greatest current and future drinking water health risk concern that requires correction. 
 
7. Periodically carry out national surveys of source and finished drinking water 
composition so as to be up to date on what is present and might warrant regulation. 
 
8. Greatly expand the number of peer reviewed Drinking Water Health Advisories 
(DWHAs) on substances that have been or would probably be in drinking waters. This is 
very cost effective and it would provide a compendium of substances in drinking water 
with authoritative guidance on health significance. It is responsive to the needs of water 
suppliers and public health officials for making rapid judgments in the event of a detection 
of a new substance. 
     e.g. DWHAs for most pesticides and pharmaceuticals can be readily produced from 
existing very robust registration and drug approval data bases.  
 
9. EPA should provide guidance and assistance to states to help them develop local need 
regulations-health advisory assessments, technology performance and cost, and analytical 
methods. 
 
10. EPA should facilitate applications of needed and new technologies developed by others, 
e.g. provide technical assistance to states and water suppliers by technology demonstrations, 
and via Technology Verification programs. 
 
11. More aggressively use Clean Water Act, Toxic Substances Control Act, and Pesticide 
authorities to reduce contaminant introduction and burdens on Public Water Supplies. 
 
12. Focus on preventing environmental and drinking water contamination. Industrial 
discharge controls have been successful. Manage pharmaceuticals by improved sewage 
treatment and controls on disposal, and pesticides by water basin management controls on 
applications. 
 
13. Focus CCLs and UCMRs on most likely candidates rather than as shopping lists 
containing only a few candidates of likely concern. 
 
14. Partner with states for sharing validated water monitoring data in a usable common 
electronic format so that information on national circumstances and trends is always 
readily available. 
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This proposed strategy is: 
 
 Comprehensive and forward looking, anticipatory and sustainable.  
 Provides coverage of many more contaminants, essential benchmarks, and 

nationally consistent advice. 
 Consistent with the SDWA mandate to protect public health.  
 Much more efficient and cost effective for EPA, the states and water suppliers. 
 Reduces wasteful compliance monitoring for public water suppliers 
 Further reduces source contamination. 
 Reduces uncertainties for water and state and local regulatory officials and the 

public. 
 An opportunity to get ahead of the curve on interpretations of significance of trace 

contaminant detections using margins of safety and margins of exposure (MOE) to 
provide officials and the public a better perspective on DW quality and “risk” e.g. 
pharmaceuticals. 

 It provides timely leadership and national consistency on water health related issues,   
(applications in Hazardous Waste Sites, Superfund…) 

 
Downsides—not many. 

• States might not always regulate their local need contaminants- EPA has 
supervisory oversight authorities under the SDWA implementation.  

• State regulations will not always be uniform---they aren’t always now. 
 

The bottom line is that this approach is responsive to the need, sustainable, credible, 
and efficient, and it provides more public health protection and much more bang for 
the buck! 
 

 
Thank you for the opportunity to present these comments and suggestions. 
 



 
Testimony of Dr. Steven R. Patierno, Ph.D. 

Executive Director, George Washington University Cancer Institute 
 

Before the U.S. Senate Subcommittee on Environment and Public Works: Full Committee Hearing 
Entitled “Oversight Hearing on the Environmental Protection Agency’s Implementation of the 

Safe Drinking Water Act’s Unregulated Drinking Water Contaminants Program”. 
 

Tuesday, July 12, 2011;  EPW Hearing Room – 406 Dirkson 

 

Chairman Boxer, Ranking Member Inhofe, and members of the committee, thank you for the 

opportunity to appear before you today to testify on EPA’s work on the Safe Drinking Water Act’s 

Unregulated Drinking Water Contaminants Program, specifically with respect to hexavalent 

chromium.  

My name is Steven Patierno and I am the Executive Director of The George Washington 

University Cancer Institute (GWCI) and the Vivian Gil Distinguished Professor of Oncology at the 

George Washington University.  I am also a Professor of Pharmacology and Physiology, and 

Genetics at The George Washington University School of Medicine and Health Sciences; a 

Professor of Environmental and Occupational Health at The George Washington University School 

of Public Health and Health Services; and the Founding Director of the Molecular and Cellular 

Oncology Program.  I am actively engaged in several areas of cancer research and intervention 

including drug discovery, cancer health disparities, patient navigation and cancer survivorship, but 

what is most relevant to today’s discussion is that I have been conducting research on hexavalent 

chromium for 31 years and my basic science laboratory has been funded by the National Institute of 

Environmental Health Science and/or the National Cancer Institute, continuously for 23 years, to 

study cellular and molecular mechanisms of hexavalent chromium toxicology and carcinogenesis.  I 

have published more than 120 peer-reviewed scientific papers and have served on numerous 

review panels for hexavalent chromium risk assessment including both the previous and the current 

EPA Toxicological Review of Hexavalent Chromium in support of the Summary Information on the 

Integrated Risk Information System (IRIS).  I would also like to disclose that although I have never 

worked or consulted directly with or for any company associated with the chromium production or 

use industries, over the course of 30 years working in chromium toxicology I have, on seven 

occasions, served as an expert for the defense in chromium litigation. 

A recent press release issued by the Environmental Working Group, entitled “Chromium-6 in 

U.S. Tap Water” reported that very low levels of hexavalent chromium were found in drinking water 

from 31 U.S. cities.  The average level reported was 0.18 ppb with a range of 0.03 to 13 ppb.  

Interestingly, most of the cities with the highest levels of ambient Cr(VI) have little or no proximity to 
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any chromium-related industry, indicating that these low levels constitute a natural background.  

Given that chromium is a natural component of the earth’s crust, these results were neither new nor 

unexpected.  The EWG report and the associated media coverage, which was purposeful in 

referring to Cr(VI) as the “Carcinogenic Erin Brockovich Chemical”, has caused unnecessary fear 

and alarm, as these levels constitute no health risk to humans.     

Before analyzing this low level exposure scenario it should be stated that there is a vast 

literature on occupational and industrial exposures to high doses of chromate compounds for long 

periods of time, as encountered in the chromate production and plating industries in the early to 

mid-1900s.  There is also a very large literature on the effects of chromate compounds in animals 

and in defined systems such as cell culture.  Valid conclusions are typically drawn when 

complementary data from different types of studies indicate that an observed effect is reproducible, 

dose-dependent, free from confounding variables and statistically significant.  Concepts which are 

fundamental to the principles and practice of pharmacology and toxicology, including dose, duration 

of exposure, route of exposure, metabolism, toxicokinetics and detoxification, must also be factored 

into an accurate analysis. 

Taken together, the consistent message is that only long-term, high dose exposures to 

moderately or highly insoluble particulate forms of either chromate dusts or concentrated chromic 

acid mists, (or in the words of the International Agency for Research on Cancer [IACR], “as 

encountered in the chromate production, pigment and plating industry”) have been associated with 

human cancer and even then, only for cancers of the respiratory tract.   These same studies, which 

consistently detected a positive correlation with respiratory cancer, also showed there is no 

consistent association with any increased risk for any other cancers.  This is attested to by every 

major government or international agency-related review ever written including the International 

Agency for Research on Cancer (IARC), the previous US EPA Toxicological Review, and the 

Agency for Toxic Substances and Disease Registry (ATSDR).   

Furthermore, all three major areas of risk-related study, (epidemiology, animal and cell 

culture) provide clear evidence for a very high threshold levels for both toxicity and carcinogenesis.  

For example, in an analysis of occupational risk in a cohort of more than 2300 workers in the 

chromate production plant by Gibb et al, widely cited as a reference paper for risk assessment, no 

increased risk for lung cancer was observed in long-term occupationally exposed workers exposed 

to concentrated mixtures of chromic acid mist and/or dusts of chromate particulates at a mean 

exposure level of 450 ng/m3-yr (Odds ratio of .96 factored over a 45 year work history).  These 

exposures were high enough to cause severe nasal tissue damage including perforation of the 

nasal septa.  At more than a 9-fold increase in mean exposure (4,200 ng/m3-yr), the Odds ratio for 
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risk was increased to 1.42 but the increase was still not statistically significant. Statistical 

significance must be achieved in order to validate that a given observation is real and not the result 

of chance.  Only when exposure was 7-fold higher again (30,000 ng/m3-yr), did the odds ratio for 

risk achieve statistical significance at 1.57. It should also be noted that 116 of 122 workers who 

developed lung cancer after long-term, high-dose exposure, were also smokers.   

 Likewise, a published Meta-Analysis investigated Gastrointestinal Tract cancers (oral, 

esophageal, stomach, small intestine, colon and rectal) in all epidemiology studies of Cr(VI) 

exposed workers published after 1950 (Gatto et al. 2010), including 32 studies from various 

industries wherein airborne concentrations were extremely high and resulted in oral exposure as 

evidenced by yellow stained teeth, tongues and GI distress showed no significant increased risk for 

malignancy at any GI site. 

An additional often-overlooked fact is that Dr. John Morgan, an excellent epidemiologist 

working for the State of California Cancer Registry, has been tracking cancer incidence in the town 

of Hinckley CA (the “Erin Brockovich” town) for the past 15 years.  He recently reported that not 

only is there no excess of total cancer or any specific type of cancer in Hinckley, there are actually 

fewer cancers than expected. 

 Further evidence for a very high threshold exposure level for Cr(VI) carcinogenesis is found 

in rodent carcinogenesis bioassays conducted by the National Toxicology Program (Stout et al, 

2009) and in a multi-center analysis of Cr(VI) Mechanism of Action by ToxStrategies (first paper just 

published by Thompson et al, 2011).  In the NTP study mice and rats were exposed to 

extraordinarily high concentrations of Cr(VI) (0, 14, 57, 172, or 516 ppm of sodium dichromate 

dihydrafte) in the drinking water continuously for two years.  In the NTP study, tumors were only 

observed in the small intestine of mice at the highest two dose groups, relative to concurrent 

controls, and at all the doses in the NTP study, the high concentration exposures resulted in long-

term tissue damage in these tissues.  Thompson et al. 2011 administered Cr(VI) in drinking water to 

mice at the same concentrations as NTP in the NTP study and at two lower concentrations, 

including the current Federal drinking water standard (the Maximum Contaminant Level or MCL).   

As shown below from Thompson et al. 2011, no toxicological effects were observed even at doses 

in the mouse small intestine that are nearly five orders of magnitude (100,000 times) higher than 

the average tap water concentration of Cr(VI) in that study, which was conduted in Birmingham, 

Alabama.  The drinking water concentrations of Cr(VI) for the control animals ((not dosed with 

Cr(VI)) in the Thompson et al. 2011 study, and the NTP study which was conducted by the same 

laboratory, are consistent with the levels reported across the US in the EWP report.  
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The following figure shows the NTP study doses relative to the current MCL and the 95th 

percentile drinking water concentration in the US and in California for which extensive drinking 

water monitoring data exists.  Note the break in scale for the highest dose. 

 
 

It is important to understand that despite Hollywood depictions, Cr(VI) is not “potent” as 

either a toxin or a carcinogen and in fact if anything should be recognized as a very weak potential 

carcinogen.  Enormous quantities of chromium(VI) are needed to evoke any kind of toxicity 

(demonstrated and documented by cases of accidental or suicidal poisonings) in humans or 

animals, and as mentioned above, respiratory carcinogenicity in humans is only associated with 

high-dose, long term occupational exposure to chromate dusts or concentrated chromic acid mists.  
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As stated by Paracelsus in the 16th century (who is widely recognized as the father of pharmacology 

and toxicology), “all substances are poisons and there is none which is not a poison, the right dose 

differentiates a poison from a remedy).  For example, over-the-counter drugs from a local pharmacy 

(like acetaminophen) have either no effect or a therapeutic effect at low doses, but at high doses 

even such widely available drugs can be toxic or even lethal.  In the same way humans have many-

tiered, innate mechanism of protection against chemical toxicities of any sort, including Cr(VI).  

To understand this, is it critical to understand that chromium compounds exist, for the most 

part, in two chemical forms called hexavalent and trivalent chromium.  Trivalent chromium ((Cr(III)) 

is chemically very stable and is actually an essential element that is required for normal human 

physiology.  We get large amounts of Cr(III) from our diet.  After ingestion, very little of it is 

absorbed and the part that is absorbed into the body does not easily get into cells.  Its essential 

activity as co-factor in insulin regulation seems to take place at the surface of cells but not inside.  

In contrast, hexavalent chromium is chemically similar to sulfate (another essential element) and it 

can slip inside of cells posing as sulfate.  However, Cr(VI) is chemically unstable and easily 

converted to Cr(III) by a large number of natural component of our saliva, gastric juice, lung fluids, 

and blood components.  Once Cr(VI) is converted to Cr(III) outside of our cells it behaves as an 

essential element and does not readily enter cells.   

Recent studies using human gastric juice show that even large quantities of concentrated 

solutions of Cr(VI) are completely converted to Cr(III) in less than a minute.  At low concentrations 

the conversion is almost instantaneous.  This means that unless enormous concentrations of Cr(VI) 

employed, high enough to overwhelm the conversion capacity of our body fluids, little or no Cr(VI) 

will reach the surface of any cell.  In addition, any tiny amount Cr(VI) that temporarily escapes 

instantaneous reduction would encounter the mucous lining of the respiratory tract and GI tract and 

not have easy access to the actual surface of any cell. If by chance a massive dose is administered, 

high enough to saturate the conversion capacity of lung or gastric fluids, some Cr(VI) may be 

absorbed into the bloodstream.  There it will encounter an even greater capacity of our blood 

plasma to convert Cr(VI) to Cr(III) making it virtually impossible for Cr(VI) to arrive at other tissues 

as Cr(VI) except at massively toxic concentrations.  This conversion capacity serves as a powerful 

barrier to Cr(VI) toxicity and its existence creates a very high threshold for Cr(VI) toxicity: it must be 

overwhelmed before toxicity can occur.  The fact that all cells have a sulfate transport system that 

Cr(VI) can piggy-back on does mean that Cr(VI) can cause every type of cancer.  One cannot 

ignore all the many-tiered protective barriers that prevent Cr(VI) from getting to surface of cells 

distal to the point of entry.  Even at the massive doses administered in the NTP study, Cr(VI) did not 

cause cancer outside the GI tract. 
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Once Cr(VI) finally enters a cell it has to be converted to other forms of chromium inside the 

cell in order to become toxic.  It also encounters additional barriers to becoming toxic because 

these other forms of chromium are quickly bound up by protective molecules inside of cells and 

rendered inactive.  Only when an intracellular concentration of Cr(VI) is reached that overwhelms 

these protective barriers can it begin to interact with important macromolecules like DNA and 

protein.  The excess Cr(VI) may damage these molecules through a process of chemical oxidation, 

usually leading to the destruction of the cell.  Cr(III) formed inside of a cell by conversion from 

Cr(VI) is capable of binding to DNA and many studies, including from my own laboratory, have 

reported on what we thought was a mutagenic mechanism of action as result of DNA damage by 

Cr(III).  However, for many years we have been concerned about the fact that very high doses and 

highly contrived experimental conditions, high enough to kill most of the exposed cells, were 

necessary to detect mutagenesis.  Many of us, including eight of the nine current reviewers of the 

Draft Toxicological Review, have come to understand that what we thought was mutagenesis was 

in fact more likely a process of selection for chance survivors of the toxic treatment.  The ninth 

member abstained, but only out of concern that the EPA’s linear default model is a historical 

precedent that is not likely to be overruled.  Nevertheless, it more likely that the carcinogenic MOA 

of Cr(VI) under high dose, long term exposure conditions is due to chronic tissue damage, 

inflammation and chronic regenerative cell proliferation.  At doses lower than the threshold there 

simply is no MOA because there is no toxicity or carcinogenesis.  These important concepts need 

to be considered by the EPA.    

Before I conclude I need to address one other important issue.  As one can quickly discern 

from the EWG report there are some who have taken to espousing the opinion that even 

vanishingly small, short term exposures to Cr(VI) are capable of causing a plethora of human 

diseases and virtual every type of cancer known to mankind.  To support this premise reference is 

frequently made to two “opinion” articles in the literature, one in 1997 and one in 2006, published in 

the journal Critical Reviews in Toxicology.   These articles were written and published at a time 

when the senior author was actively engaged as an expert witness for the plaintiffs in high-profile 

chromium lawsuits, but this involvement was not disclosed in the 1997 article.  Production of the 

2006 article was paid for by the plaintiffs law firm but this was only partially disclosed.  These 

papers were cited by the Draft 2010 EPA Toxicological Review of Hexavalent Chromium, but 

premise of these papers is not accepted by the general scientific community and it was 

unanimously rejected by the current nine-member review panel of the Draft Toxicological Review 

because the methodology applied is severely flawed.   

It is well established that when large scale epidemiological studies examining many 
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endpoints are conducted, random fluxuation due to the breadth of the study will result in number of 

false positives (random, usually small and nonstatistically significant increases in risk rates for 

specific cancer).  Statistical significance is extremely critical in epidemiological studies because the 

number of comparisons in a typical epidemiological study make it inevitable that some increased 

SMRs or Odds Ratios would be arrived at by chance.  One must look for consistency across 

multiple studies to determine whether it is real.  In these articles whatever instances that could be 

found in any epidemiology study of chromium, of an elevated Standard Mortality Ratio (SMR) were 

picked and presented in tabular form with no consideration of the fact that most of these instances 

were small, non-statistically significant elevations that were ignored or discounted by the original 

authors because of confounding factors.  The paper also failed to show that many of these random 

non-significant elevations in some cancers in one selected study were counter-balanced by either 

no elevation or decreased SMRs in other studies.  This is incorrect scientific methodology but it 

illustrates the importance of critically evaluating epidemiological data from original journal articles 

and not relying on an opinion paper as the Draft EPA Toxicological Review apparently did.   

Thank you for the opportunity to address you today. 
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Further Background on Chromium and Chromium Carcinogenesis 
 

Examples of Additional Papers Incorrectly Cited to Suggest that Occupational Exposures to 
Cr(VI) can cause cancers other than Respiratory Cancer.  

 

 

 

Another published paper that is sometimes cited (including in the 2010 Draft EPA 

Toxicological Review of Chromium) in an attempt to link environmental chromium exposure to Non-

Hodgkin’s lymphoma is Bick  et at,  Int. J. Hematol. 64:257-262, 1996).  This paper should be retracted 

from the scientific literature.  Two of the authors were lead lawyers for the plaintiffs in several high-

profile chromium lawsuits, now immortalized by the Hollywood movie “Erin Brockovich”.   They listed 

their “academic” credentials as the Department of Hematology at the University of Tasmania in 

Australia.  The other three authors were paid expert witnesses for the plaintiffs in the same case, which 

was active at the time.  None of this was disclosed in the paper.  The two cases of Non-Hodgkin’s 

lymphoma discussed in this case report were plaintiffs in the active lawsuit and the information was 

supplied by the lawyers.  Moreover, at best this report is merely a case-report (not even a case-control 

study), merely reporting that two people in Hinckley CA, at that time, had been diagnosed with Non-

Hodgkin’s lymphoma. 

In contrast, for perspective it is important to look at historical occupational exposures that 

were associated with increased risk (summarized in the ATSDR Toxicological Profile for Chromium, by 

IARC, and by OSHA in the Federal Register).  The history of the recognition of certain chromium 

compounds in lung and other respiratory cancers traces back to Scotland in the late nineteenth century 

and to Germany in the 1920’s.  In the work environment of the 1920’s through 1950’s, the levels of dust 

in factories were so high that is was said to be difficult to see across the factory floor (hundreds of 

micrograms to milligrams of chromium per cubic meter of air).  Workers had no protective gear and they 

would leave work with chromate dust encrusted on their clothes and in their noses. Much of the dust 

would be inhaled and swallowed.  Worker safety protocols and health monitoring were non-existent. 

The increases in lung cancer provoked the application of modern industrial hygiene practices in these 

industries, and by the 1960’s most Western plants using chromium had instituted industrial hygiene 

practices that dramatically reduced exposure to airborne particulate chromates and virtually eliminated 

the adverse health outcomes associated with chromium exposure. 
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The consensus of scientific opinion, summarizing a very large number of epidemiological 

studies, animal studies and mechanistic studies, is that an increased risk of lung cancer can be 

associated with long-term, high dose exposure to either acid mists of soluble Cr(VI), or highly insoluble 

particulate dusts of calcium, lead or zinc chromate, as they were encountered in occupational settings 

such as mining or production industries.  Even under such heavy exposure conditions, there was no 

association of exposure with increased risk for cancer of any other organ system other than lung 

cancer, and most of the chromium-exposed workers were also smokers.  Among soluble chromates, 

only occupational inhalation exposure to concentrated mists of chromic acid in the chrome plating 

industry were associated with increased risk for respiratory cancer. 

For example, in risk-associated production industries (dichromate and chromium trioxide) 

and pigment industries, men were exposed to concentrated dusts of the low solubility particles of lead 

chromate and zinc chromate.  In some plants, exposure levels were found to range from 10,000 to 

190,000 ng/m3 for an average of 18 years.   In some plants, CrVI exposures averaged around 170,000 

ng/m3, often for more than 20 years.  Some risk was noted after a two year exposure in a plant with 

exposure levels above 400,000 ng/m3.  In other plants, multi-year exposures of 250,000-490,000 

ng/m3 were associated with lung cancer.  Among pigment workers, an SMR of 190 was determined for 

workers exposed for more than 2 years at 500,000-2,000,000 ng/m3.  Another plant yielded at risk 

workers with exposures of 500,000-1,500,000 ng/m3 for 6-9 years. 

In risk-associated chrome plating industries, men were exposed to mists of concentrated chromic acid.  

Risks were generally limited to men with greater than 15years work.  A three month exposure to 

chromic acid mist found no excess.  Only men working directly with or near the chromic acid baths were 

at risk.  In an Italian plant, increased risk was found for men working at least 1 year near the baths with 

airborne levels of the acid mist at 60,000 ng/m3.  In a Czech plant, air levels near the baths were above 

400,000 ng/m3. 

   

Basic Principles of Chromium Toxicology 
Chromium is used in many different industrial and commercial practices and products 

including stainless steel, chrome plating, leather tanning, as an anti-rust agent, and in various dyes, 

paints and alloys as a pigment.  Urban air concentrations from air pollution average 10-30 ng/m3 but 

can range up to 500 ng/m3.  Soil typically contains 40-400 ppm (ng/mg) of chromium.  Chromium in 

foods is present in the range of 20-520 ppb (ng/g) but varies widely with food type.  Chromium is also 

present in tobacco, and is found in cigarette smoke.  

There are two major “oxidation” states of chromium that are important for understanding the 

biology and chemistry of chromium, i.e., chromium(III) (Cr(III), Cr+3, trivalent chromium) and 
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chromium(VI) )Cr(VI), Cr+6, hexavalent chromium).  Other oxidation states exist, and with the 

exception of chromium(0), which is neutral as chromium metal and is inert, these other oxidation forms 

are transient. Chromium(III) is the form of chromium found in nature, usually complexed with several 

other elements in ores or soils.  It is also the form that is an essential trace element in humans and is 

found in virtually all plants and animals.  Chromium is ubiquitous in the environment (principally as 

chromium(III), and is found in water, air, soil and rock. 

Chromium(VI) forms many different types of compounds, such as highly insoluble titanium 

and lead chromate, moderately soluble calcium chromate and zinc chromate, and the highly soluble 

sodium dichromate.  Chromium(III) also forms many different types of compounds including “inorganic” 

forms such as chromium chloride, and “organic” or biological forms such as chromium picolinate and 

Low Molecular Weight Chromium complex (LMWCr).  Each form exhibits different physico-chemical 

and biological properties. 

The word “Chromate” or “chromate ion” or “chromate oxyanion” refers to chromium(VI) 

bound to four oxygen atoms (CrO4
-2), and is the fully “dissolved” form of chromium(VI) which is able to 

cross cell membranes.  The ability of chromate to dissolve is highly dependent on the initial form, i.e., 

the slightly soluble calcium, zinc and lead chromate releases chromate slowly, while the highly soluble 

sodium dichromate releases chromate readily in solution. 

A major discovery was made by Mertz and co-workers at the U.S. Department of Agriculture 

in the 1950s, which was later confirmed by Schroeder, indicating that Cr(III) is an essential trace 

element in animals.  Schroeder and colleagues showed that an absence of chromium in the diet led to 

glucose intolerance (a diabetic-like state) in animals.  This was confirmed in a number of other 

laboratories, and chromium joined selenium, iron, zinc, calcium and other metals on the list of elements 

that are essential in the diet for normal health. 

Later studies of total parenteral nutrition (TPN), receiving all nutrition from the artificial liquid 

diet in an intravenous bag, further confirmed that chromium is an essential element.  Lack of chromium 

produces progressive glucose intolerance, a diabetic-like state that was not responsive to the addition 

of insulin, but immediately reversed after adding Cr(III) to the TPN.  Cr(III) is now included in all TPN 

solutions.  Every major nutritional expert, society, organization, and government and international panel 

has concluded that chromium(III) is an essential trace element in humans.  Chromium(III) is added to 

many over-the-counter multi-vitamin and mineral supplements.  Only one or two papers have attempted 

to say otherwise, at least one of which was written under financial inducement by a law firm with a 

vested interest in characterizing all Cr, including CrIII, as a potential hazard (see preceding comments).  

Except for those few citations it is almost universally accepted that CrIII is an essential element. 

Chromium(VI) exists at low levels in nature, but is produced industrially for commercial 
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purposes by oxidizing the chromium(III) to chromium(VI) using a process called roasting (strong 

oxidizing conditions and very high temperatures).  Biological systems do not posses the oxidizing 

power needed to convert chromium(III) to chromium(VI) but chromium(VI) is readily chemically reduced 

to chromium(III) both in the environment and in humans and those of other animals and plants.  The 

rapid and ready reduction of chromium(VI) to chromium(III), and chromium(III)’s essentiality in humans, 

is critical for understanding how chromium interacts with the human body. 

As described above there is broad consensus that long-term occupational inhalation 

exposure to dusts of the intermediate soluble forms, calcium chromate, zinc chromate and lead 

chromate, or to concentrated chromic acid mists is associated with an increased risk of lung and other 

respiratory cancers.  These historic occupational exposures to chromium (VI) that were associated with 

respiratory cancer were also characterized by irritation of skin by direct contact with very high 

concentrations of chromium dusts or acidic solutions.  Nasal irritation has also been observed with high 

concentrations of airborne chromium(VI) and is a hallmark of occupational exposures. These overt 

dermal effects have not been observed below the current occupational thresholds.  It is well-

documented that these workers frequently had chromium-related skin lesions. Follow-up of these 

workers has demonstrated no increase in skin cancer or other cancers. 

Animal studies show that certain intermediate soluble forms of chromium(VI) (calcium in its 

sintered form, zinc and lead chromate) rather than the soluble forms (like sodium chromate) or the 

highly insoluble forms (such as barium chromate), are potentially carcinogenic at the site of exposure.  

These studies also indicate that these compounds are not carcinogenic at any sites distal to the route 

of exposure.  Even the compounds of intermediate solubility are only weakly carcinogenic in these 

tests, and only if the animals are exposed in a way that circumvents a normal exposure route.  These 

include directly injecting chromium(VI) compounds into muscles, lungs or trachea, or implanting caged 

cholesterol pellets of chromium compounds into the animals’ lungs.  Positive results were only seen 

with the highest, oftentimes overtly toxic doses, and even under such conditions the tumor incidence 

was low.   

The NTP toxicology studies on subchronic oral exposure are technically well done.  The 

principle issue that needs to not be lost in the detail is that even the lowest dose was 14.3 mg/L (ppm) 

of sodium dichromate dehydrate) (5ppm of CrVI), a ooncentration sufficient to overwhelm oral and 

gastric reductive capacity.  Despite these enormous doses most of the observations did not exhibit a 

consistent pattern of dose or duration dependence.  It is also important to recognize that these 

enormous doses of CrVI actually serve to deliver an enormous amount of CrIII to the organs and cells 

in question.  Remembering that CrIII is not without biological activity (acting as a co-factor in insulin 

action), it is entirely possible the some of the observed effects are due to the physiological effects of 
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massive CrIII overload. 

Even at these high doses a consistent relationship between severity and dose was not 

observed.  This implies the presence of effects caused by indirect mechanisms, likely chronic 

inflammation and/or tissue damage only observed at the highest doses.  Urinalysis shows effects due 

to decreased water intake due to poor palatability of the yellow water.  This dehydration alone is 

capable of rendering epithelial tissues more fragile.  Changes in organ weights were only observed at 

doses above 500ppm (180 ppm Cr(VI).   

The results of the NTP assays are described repeatedly as “without clear dose-response 

relationship”.  Indeed, minimal to mild histiocytic cellular infiltration was observed in all groups including 

the control animals.   Even less toxicity was observed in mice compared to rats; in fact even at 1000 

ppm for 3 months there was no evidence of any hepatotoxicity, only mild changes in some 

hematological indices that were attributed to changes in body weight (probably caused by massive CrIII 

overloading and its potential effects on insulin and glucose metabolism).  What needs to be appreciated 

is that the lowest dose used in any of these studies is at or above saturation of gastric reductive 

capacity and yet still very little toxicity was observed except at the two highest doses (and often only at 

the one highest dose).  At the lower end of these very high doses, only inconsistent observations were 

made and when “toxicity” was reported it was generally ranked minimal to mild.  Only the index of Liver 

(fatty change) was ranked as moderate, but that was identical to the ranking of that same index in the 

Controls.  The main point here is that these are massive doses and they are eliciting minimal effects.  

This important concept should not be lost in the mass of detailed results. 

The NTP carcinogenesis studies in rats and mice show that there is no carcinogenic 

response except at the two highest doses that also produce chronic tissue damage at the sites of 

carcinogenicity.  The dose-response is definitively non-linear, as is the absorption data described 

above.  Given that the lowest dose is already above the reductive capacity of the oral cavity and 

stomach, these data provide strong evidence of the protective effects of the reductive capacity of blood 

components.   

It should be noted that the NTP’s published report by Stout et al [Hexavalent Chromium is 

Carcinogenic to F344/N Rats and B6C3F1 Mice after Chronic Oral Exposure, Environmental Health 

Perspectives 117: 716, 2009] presents an inaccurate discussion of potential mechanism of action, 

drawn heavily from the 2006 Costa article, especially in criticizing the work of DeFlora.  In point of fact, 

the results of the NTP assay give nearly definitive proof that the work of DeFlora is correct.  Even the 

lowest dose of the NTP assay exceeds the reductive capacity of the oral cavity and upper digestive 

tract.  Yet little toxicity and no carcinogenicity is observed except at the two highest doses.   

The argument by Stout et al that the NTP doses were below gastric reduction-saturation, 
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based on a supra-linear (decreasing response with dose) rather than sub-linear (increasing response 

with dose) dose response is incorrect.  If the doses were below saturation of reductive capacity, as the 

dose increased the ratio of unreduced CrVI to reduced CrVI (CrIII) in the stomach would increase (due 

to depletion of reductive capacity), and absorption would show an increasing rate of response (opposite 

of what was observed) because of an increased percentage of the total Cr that would be in the 

unreduced hexavalent state.  Yet both absorption and toxicity exhibit a decreasing rate of response with 

dose in the NTP assay.  This would actually be expected at supra-saturation doses: once the reductive 

capacity of the oral, digestive and blood components is exceeded, the organs receiving the highest 

amount of CrVI will sustain inflammatory tissue damage provoking tissue regeneration.  It is unlikely 

that such tissue damage would display dose dependence since it only occurred at the two highest 

doses of the assay and it is a complex, disseminated biological response.  It is likely then that a 

combination of three factors contribute to the high dose carcinogenic response:  (i) tissue damage with 

regenerative cell profieration, (ii) regenerative cell proliferation in the presence of macromolecular 

damage, and (iii) regenerative cell proliferation occurring in the presence of massive CrIII loading, 

which may affect insulin-dependent proliferative signaling.   Thus, the scientific evidence does not 

support the conclusion that low level environmental exposure to chromium(VI) is associated with health 

effects of any kind.   

This is explained by the complex chemico-biological interactions and pharmacodynamics of 

chromium and the ability of the body to rapidly and effectively reduce chromium(VI), the potentially toxic 

form of chromium, to chromium(III), the biologically essential form of chromium.  At the physiological 

level, a broad scientific and governmental consensus has embraced the Physiological Reduction model 

first put forward by Dr. Silvio De Flora.  At the cellular level, a broad scientific and governmental 

consensus has embraced the Uptake-reduction model of Dr. Karen Wetterhahn. 

At the physiological level, De Flora and co-workers have produced a model of  chromium 

reductive metabolism that explains the highly selective toxicity of chromium(VI) to the respiratory 

system at high doses.  The extracellular components of tissues and body fluids possess tremendous 

capacity for reducing chromium(VI) to the essential element chromium(III).  This is true for all three 

routes of exposure that are relevant to humans, i.e., inhalation (breathing of dusts, mists, vapors, etc.), 

oral ingestion (swallowing of chromium from dusts, mists, etc. in mucous and saliva, food and water 

intake) and dermal exposure (dusts, solids, mists and liquids on the skin).  Dermal exposure to 

chromium(VI) does not yield significant absorption of chromium because the dermis acts as a physical 

barrier and also has high reduction potential.  Similarly, oral ingestion of chromium(VI), even at high 

doses, is expected to result in rapid and near-complete (depending on the dose) reduction of 

chromium(VI) to chromium(III) with little chance for absorption of chromium(VI).  Total absorption rarely 
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exceeds 10% by this route.  The reason for this is that the saliva, the gastric juices, and then the 

intestinal fluids all have enormous reductive capacity for chromium(VI). Recent studies have shown that 

even concentrated solutions of Cr(VI) (1mM) are almost completely reduced to Cr(III) by gastric juice in 

less than one minute.  Only very high doses of Cr(VI) will overwhelm this reductive capacity.  Small 

amounts of Cr(VI) that temporarily escape reduction (because the rapid reductive rate constant is not 

perfectly instantaneous) will encounter the mucous barrier lining the respiratory and gastrointestinal 

tract and not get ready access to the cell surface.  At extremely high doses some Cr(VI) may be 

absorbed as Cr(VI) (see below for further discussion), but will quickly be reduced to Cr(III) by 

interaction with huge quantities of reductive agents in the blood.  As shown in many studies, it is 

extremely difficult to deliver a genotoxic dose of Cr(VI) to a tissue distal to the point of injection: except 

under conditions of massive dose the administered Cr(VI) arrives at distal tissues as Cr(III).   

At the cellular level, the Wetterhahn uptake-reduction model describes the intracellular 

metabolism of chromium.  Chromium(III) crosses cell membranes very poorly due to its structure and 

charge.  Chromium(VI), on the other hand, is taken up by cells much better, since it has the same basic 

structure and charge as phosphate and sulfate.  It should be noted that although it is often stated in 

review articles that chromium “readily crosses cell membranes”, only a fraction of the available 

chromium(VI) outside the cell (2-10% in most cases, depending on the system) actually crosses into 

cells even under idealized cell culture conditions.  Once inside the cell, chromium(VI) is rapidly 

reduced, ultimately to chromium(III).  In the process of this reduction, it goes through various 

intermediates, including chromium(V) and chromium(IV).  It may also generate reactive oxygen species 

and other radical species but this is still under investigation, especially since it is now know that Cr(VI) 

is capable of direct oxidation of biological macromolecules.  Following chromium(VI) uptake and 

reduction by cells, various forms of DNA damage can be measured, and chromium(VI) treatment of 

cells can increase mutations.  Thus, the basic model for chromium carcinogenesis is that Cr(VI) 

reduction outside of cells is protective and Cr(VI) reduction inside the cell can lead to macromolecular 

binding, DNA damage and toxicity (explained in more detail below). 

Chromium(III) crosses cell membranes only poorly due to its chemistry, and functions 

outside the cell by forming an amino acid complex, which is called either Low Molecular Weight Cr 

complex (LMWCr) or Chromodulin.  This complex binds to the external surface of cells and enhances 

insulin signaling thereby helping  to control glucose tolerance of our bodies and this mechanism is now 

well-established.  A normal diet provides approximately 50-200 ug of Cr(III) per day and daily ingestion 

is required since Cr(III) is readily excreted from the blood into urine.  Only 0.5-2% of available 

chromium(III) is absorbed. 
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Summary of Principles Derived from My Own Chromium Research 
Not all chromium (VI) compounds are equally carcinogenic:   

Trivalent chromium (CrIII) is nearly completely negative in virtually every animal bioassay 

and every in vitro assay it has been tested in.  It is not recognized as a either a mutagen or a 

carcinogen and in fact there is strong evidence that it functions as an necessary dietary essential 

element.  Thus, this report will focus primarily on hexavalent chromium (CrVI) but will address trivalent 

chromium when necessary. 

It is extremely important to understand that Cr(VI) exists in many different forms.  There are 

completely soluble forms of Cr(VI), such as sodium and potassium chromate, which dissolve easily in 

water.  Cr(VI) also exists in the form of solid particles which exhibit varying degrees of solubility.  Some 

particulate forms are almost completely insoluble and can hardly dissolve in water at all (such as 

titanium chromate), some are mostly insoluble such that only a small amount dissolves in water (forms 

such as lead chromate), and there are moderately insoluble forms that dissolve to a moderate degree 

(forms such as calcium chromate and zinc chromate).   

Early on it was recognized that both the epidemiological studies on chromate-exposed 

workers, and the in vivo (in the living animal) carcinogenesis assays of Cr (VI)-exposed animals, 

revealed that not all Cr (VI) compounds could be implicated as carcinogens.  The epidemiological 

studies revealed that the site of action was almost exclusively limited to the respiratory tract and that 

the exposures were primarily through inhalation of either large quantities of particulate chromium (VI) 

compounds of limited solubility (moderately to highly insoluble) for long periods of time (as in chromium 

mining and chromate production), or chronic inhalation of a chromic acid mist (chrome platers).  This is 

why the International Agency for Research on Cancer (IARC) has classified Cr(VI) as a carcinogen, “as 

it is encountered in the chromate production, chromate pigment production and chromium plating 

industries”.   

The early animal carcinogenesis data supported this concept.   Less than half of the total 

animal experiments yielded a positive result, and the vast majority of animal experiments using soluble 

hexavalent chromium compounds were negative; only rarely and inconsistently was an extremely weak 

response observed using multiple repeated high dose exposure regimens.  The early studies showed 

that only the particulate compounds of limited solubility were capable of tumor induction and only at the 

site of administration.  This strongly suggested that there was something unique about the chromium 

particles of limited solubility such that long term, high dose exposure to them was weakly, but 

measurably, carcinogenic.  It was this hypothesis that I first tested while still a postdoctoral fellow at 
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USC and then continued researching independently at GWUMC.  These studies have helped us 

understand the differential carcinogenic potential of different Cr(VI) compounds.   

The concepts emerging from my laboratory are summarized below.  Using lead chromate as 

a prototypical particulate of limited solubility, we found that these particles are negatively charged and 

approximately 1 micron in diameter in the shape of hexagonal rods.  Upon inhalation they are capable 

of deposition on any impact surface and most will adhere to the mucous lining of the respiratory tract.  

Most of the inhaled particles will be engulfed by specialized particle-scavenging cells called 

macrophages and removed through the mucous escalator to the mouth where they are spit out or 

swallowed.  Some of the particles may adhere to cells of respiratory tract, and although they exhibit 

only limited solubility in water, the particles in contact with the cell surface begin to dissolve in the 

immediate micro-environment of the cell.  Some of the particles are also internalized into lung 

fibroblasts or epithelial cells by a process of engulfment called phagocytosis.  Only doses and durations 

of exposure high enough and long enough to evoke marked amounts of cell killing are capable of 

inducing mutagenesis and carcinogenesis.  Most of the Cr(VI) oxyanions being dissolved from the 

particle outside the cell are quickly reduced to the trivalent form of chromium which is not readily 

absorbed by cells.  The capacity of the extracellular milieu to reduce Cr(VI) to Cr(III) is markedly 

increased by the presence of ascorbate (vitamin C).  In fact, the ability of ionic Cr(VI) produced by 

particle dissolution to get into cells and cause DNA damage can be nearly completely obviated by 

supplementing the cell growth medium with physiological concentrations of ascorbate.  Some of the 

Cr(VI) released from the particles onto the surface of the cells will enter the cells through the anion 

transport system and undergo reductive metabolism to form pentavalent, tetravalent and ultimately 

trivalent species inside the cell.  The principle intracellular reductants are ascorbate (vitamin C) and 

glutathione (GSH).  Oxidative intermediates may also be generated in the process, but whether they 

are produced in normal cells at non-lethal doses, and what their role is in cellular responses to 

chromium, has not yet been fully established.   

 
Modeling Particle Effects with Soluble Cr(VI): Evidence for a threshold:  We have modeled the 

release of Cr(VI) ions from particles of limited solubility, in vitro, using soluble Cr(VI) compounds such 

as sodium chromate.  Even in a cell culture medium, a completely “closed” system, which has a limited 

capacity to reduce Cr(VI) to Cr(III), we have found that continuous exposure for at least 18-24 hours 

was required to achieve intracellular levels of chromium comparable to what lead chromate particles 

could achieve.  Comparable intracellular levels could also be achieved using much higher doses for 

shorter periods of time (the concentration x time ratio) but it was found that at any given dose, no 

additional uptake or toxicity could be achieved by treatment times exceeding 24 hours.  Thus, no 
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cumulative uptake or damage would be expected for durations of exposure longer than 24 hours.  The 

uptake of soluble Cr(VI) is extremely sensitive to the addition of reducing components in the culture 

medium and is nearly completely blocked by the addition of vitamin C due to the nearly instantaneous 

reduction of Cr(VI) to Cr(III).  The amount of uptake in the presence of vitamin C is nearly identical to 

the low levels of uptake which occur when dosing with Cr(III).  Thus, there is clear evidence of a “no 

effect level” and a threshold for chromium toxicity, simply based on the composition of the extracellular 

medium and prevention of Cr(VI) uptake.   

We have also found clear evidence for an intracellular threshold for toxicity.  For example, 

treatment of human lung fibroblasts with less than 1 uM sodium chromate [approximately 50 ppb of 

Cr(VI), or 50,000 ng/L of culture solution], for 24 hours, had absolutely no effect on cell survival, 

whereas 2, 4, 6 and 8 uM for 24 hours dose-dependently decreased cell survival from 100% to <5%, in 

one of the steepest survival/dose curves that we have ever observed.  Thus, at the level of 50 ppb of 

pure hexavalent chromium in a closed system with limited reductive capacity (i.e. a petri dish), the 

chromium which enters the cell is effectively dealt with and completely detoxified.  Given the enormous 

reductive capacity of human body fluids, one would have to start with a massive dose of soluble Cr(VI) 

to deliver 50 ppb (1 uM) directly to a cell.   

We have proven that the DNA damaging, pseudo-mutagenic and neoplastic potential of 

Cr(VI) compounds occurs only at doses which overwhelm both the extracellular and intracellular 

protective mechanisms and cause forms of cell death known as apoptosis and terminal growth arrest.  

Over the past ten or so years, through research funded by the NIH, my laboratory has established the 

understanding that chromium carcinogenesis at the cellular level is likely to be a chronic process of 

selection of rare cells exhibiting gradually increasing resistance to cell death in the presence of chronic 

tissue damage due to long-term chronic exposure to toxic agents. Most recently, we have begun to 

identify the genes and molecular changes responsible for this rare conversion of lung cells to death 

resistance and my laboratory is at the forefront of elucidating the role of the ATM, AKT, ATR, PLK, 

ERK, p53 and other genes in the evolution of Cr(VI)-induced cancer. 

We have also conducted and published studies on the role of DNA repair in chromium 

carcinogenesis.  Contrary to the statements made by those who merely assume that inhibition of DNA 

will lead to increased mutagenesis, we and others have actually proven that the opposite is true of 

chromium.  Under certain circumstances of exposure of cells to significant doses of Cr(VI), we do 

indeed find that the treatment can inhibit DNA repair, but we have also found that the loss of DNA 

repair leads to decreased mutagenesis.  Chromium mutagenesis is actually suppressed in cell strains 

lacking specific DNA repair genes.  This does not support the theory that Cr(VI) is carcinogenic by 

inhibition of DNA repair.  Taken together, this indicates that at low dose exposures, no carcinogenic 
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response should be expected, and at high dose, long term exposure, at best only a weak carcinogenic 

response should be expected because the predominant effect of these doses is to induce cell death.  

This is entirely consistent with the epidemiological studies linking an increased incidence of lung cancer 

with high-dose, long-term exposure to highly insoluble chromate particulates or tissue-damaging 

chromic acid mists.   

Why then did occupational  chromium(VI) exposure increase risk of lung and other 

respiratory cancers?  Firstly, workers were breathing in large concentrations of chromium-laden dusts, 

particularly those that penetrate to the deep lung (PM2.5 or less).  Secondly, workers were chronically 

exposed to these dusts 8 hours per day, 5 days per week, 50 weeks per year, 15-40 years, such that 

there was a large daily and cumulative dose.  Thirdly, exposure was to the intermediate soluble forms 

of chromium(VI) such that the particles allow slow dissolution of chromium(VI) to the cells surrounding 

the particle slowly over time.  Studies of the lungs of chromium workers have shown massive 

accumulation of chromium(VI) dusts in these individuals, sometimes leading to chromium levels that 

could approach 10% of the weight of the lung.  Because these intermediate soluble chromium(VI) 

particles dissolve slowly and are poorly cleared, they remain for very long periods of time. 

It should be also be noted that although several epidemiological studies have suggested 

that the chromium-related risk of lung cancer in these workers may be distinguished over and above 

the risk from smoking, the vast majority of lung cancer cases were in chromium workers who were also 

smokers.  Obviously, smoking is an additional potential source of chronic tissue damage. 

 
Even particulate Cr(VI) compounds are weak transforming agents:  The prediction made above is 

borne out in experiments showing that at least moderately  toxic doses of Cr(VI) were required in order 

to cause a measurable mutagenic or neoplastic effect in several different types of cultured cells.  These 

experiments further demonstrated the uniqueness of some of the particulate forms of Cr(VI) since only 

the particles of limited solubility were able to induce morphological or neoplastic transformation.  These 

concepts have been further confirmed by other independent investigators as well.  Even highly 

cytotoxic doses of completely soluble chromates (sodium chromate) or moderately soluble chromates 

(calcium chromate administered in its particulate form), were unable to induce morphological or 

neoplastic transformation. Thus, independent of dose or relative toxicity, the soluble chromium 

compounds were exceedingly inefficient as transforming agents.  This is likely to be due, at least in 

part, to the extracellular and intracellular protective threshold mechanisms described above.  However, 

it is also important to note that the relative potency of even the particulate chromates in causing cell 

transformation is extremely weak relative to a classic organic polycyclic aromatic hydrocarbon such as 

3-methylcholanthrene.  In experiments where completely non-toxic doses of 3-methylcholanthrene 
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would cause multiple cell transforming events in every culture dish, the chromate particles would barely 

induce 1 or 2 transforming events total in 20 culture dishes, and only at highly toxic concentrations. 

Because a culture dish is a closed, non-dynamic system, it is relatively easy to overwhelm 

the extracellular reducing capacity of the culture medium and force the uptake of Cr(VI) by the cells.  It 

is important to recognize, however, that cells also have a number of intracellular barriers to chromium 

toxicity as well.  For example, during  the reduction of Cr(VI), the newly formed Cr(III) is bound 

extensively by and to free amino acids, glutathione and small peptides and in this “liganded” state is 

dramatically less available for binding to critical macromolecules such as DNA.  Also, many of the 

oxidative effects of Cr(VI) are reversed or blocked by antioxidants such as Vitamin E.  If the intracellular 

barriers are also overwhelmed, reductive intermediates of Cr(VI) can cause a spectrum of DNA 

damage including single strand breaks, chromium-DNA adducts, DNA-protein crosslinks, DNA-DNA 

crosslinks, and chromosomal aberrations.  Much of this genotoxicity can be prevented by pretreatment 

of cells with anti-oxidant vitamins such as ascorbate and tocopherol (Vitamin E).  My laboratory has 

identified the chromium-induced DNA-DNA crosslink as one of the most damaging genotoxic lesions.   

We published a study showing that the presence of glutathione (a key intracellular protectant found in 

mM concentrations inside of cells) prevents formation of DNA-DNA crosslinks during chromium 

exposure.  Another important consideration is that much of the DNA damage induced by chromium is 

repaired rapidly (for example all of the DNA breaks induced by toxic doses are repaired within 6 hours 

after treatment).  We and others have shown that DNA repair may itself be partially inhibited by toxic 

Cr(VI) exposures.  However, we have also shown that the loss of certain types of DNA repair leads to 

decreased chromium mutagenesis, not increased mutagenesis.  Thus, not only are there profound 

barriers to chromium toxicity outside of cells in the body fluids, there are also barriers to chromium 

toxicity inside of cells as well. 

Intersection of our work with Chromium Absorption and Distribution:  The extracelluar fluids of 

the human body possess enormous capacity to quickly reduce Cr(VI) to Cr(III), thus Cr(VI) is not 

considered a systemic toxicant except at extremely high doses administered as a single dose.  There is 

no oxidizing environment in the human body capable of re-oxidizing Cr(III) to Cr(VI), thus Cr(III) is the 

final stable product.  At doses which do not overwhelm the reductive capacity of a tissue or a system, 

the Cr(VI) is quickly reduced to Cr(III) with a half-life measured in seconds.  Cr(III) is most likely 

absorbed by either passive or facilitated diffusion through the interstitial spaces surrounding the 

mucosal cells lining the tissue.  After a single dose, absorbed Cr(III) will enter the bloodstream and 

transient increases in tissue chromium are followed by rapid elimination in the urine and accumulation 

of chromium in tissues cannot be detected.  Chronic intake of high doses of Cr(III) will result in 

sustained increases in tissue levels of Cr(III), which quickly decrease as soon as the ingestion is 
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ceased.  Human infants are born with high tissue levels of Cr(III) which decrease with aging, probably 

due to nutritional deficiencies. 

When Cr(VI) is administered, most of it will be quickly reduced to Cr(III) by fluids associated 

with the treated tissue.   Cr(VI) will apparently be absorbed better than Cr(III),  but even at high doses, 

on average, less than 10% of Cr(VI) is absorbed. Another barrier to absorption of any Cr(VI) that 

temporarily escapes reduction is the mucous lining of the respiratory and gastrointestinal track.  The 

mechanism of the increased absorption of the excess Cr(VI) is not known, but all of the possibilities 

would result in further reduction to Cr(III).  One possibility is that it would be taken up by mucosal cells 

as Cr(VI), then reduced to Cr(III) intracellularly (and probably bound to peptides), as it is being 

transported across the mucosal cells for release into the blood.  A second possibility is that the “excess” 

Cr(VI) is not really Cr(VI) at all, but a newly-formed type of Cr(III) which is absorbed better than free 

Cr(III).  Recent published reports add significant support to the growing understanding that newly 

formed Cr(III) is chemically and reactively different than “aged” Cr(III), thus it is possible that newly 

formed Cr(III), produced by reduction from Cr(VI), may be better absorbed from the GI tract than aged 

Cr(III).  This would further explain why total chromium absorption from the GI tract is greater with 

Cr(VI), but that the chromium arriving in the blood and distal tissues is Cr(III).   It is also possible that at 

high doses, very small amounts of the excess Cr(VI) could theoretically be carried through the mucosal 

lining with the passive diffusion (absorption) of water.  In this case the Cr(VI) would be absorbed by 

passing through the interstitial spaces and not by being transported into and across the cells of the 

mucosal lining.  Regardless of how or in what form it crosses the mucosal lining, the absorbed 

chromium will make it into the blood stream where it will immediately encounter the enormous reducing 

capacity of red blood cells and the enormous protein binding capacity of the blood plasma.  These 

principles are well established and recognized, having been reviewed by E.J O’Flaherty in 1995 in 

Toxicology of Metals: Biochemical Aspects. 

Absorption by inhalation is limited by particle size, solubility, and phagocytic elimination by 

the 23 billion pulmonary macrophages (particle scavenging cells).  The vast majority of inhaled 

particulates are efficiently removed by the muco-ciliary escalator.  Highly soluble particles and aqueous 

mists (droplets) are reduced to Cr(III) by ascorbate, glutathione and other reducing equivalents present 

in lung lavage fluid in high concentrations.  Highly insoluble particles, administered at high chonic 

exposure levels that overwhelm macrophage capacity, may persist in the respiratory tract and may 

contact the cells of the lung lining, leading to the events described above. 

It is clear that we are faced with a unique situation in assessing the MOA of Cr(VI) at it 

relates to low-dose risk assessment.  It is abundantly clear from all the science that the effects of Cr(VI) 

at the massive doses necessary to produce tissue toxicity and carcinogenesis in rodents, have no 
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bearing on the effects of low-dose, environmentally-relevant exposures.  This is consistently borne out 

by epidemiological, animal and cell experimentation. This is especially pertinent in relation to whether 

or not Cr(VI) should be considered with a mutagenic MOA.  I have spent more than 25 years studying 

the genotoxic properties of Cr(VI) and I have frequently contributed to the plethora of studies showing 

DNA damage and what we thought was associated mutagenesis.  There is no doubt that Cr(VI) can be 

forced to be genotoxic and “mutagenic” under experimentally contrived systems using high doses that 

evoke major amounts of cell death.  The question is, is Cr(VI) mutagenic at  environmentally-relevant 

exposure levels?  The growing consensus is that it is not.   

In hindsight many of us “DNA damage and repair” scientists have come to appreciate 

several important factors: (i) DNA damage is only observed at very high dose that kill a lot of cells, (ii) 

Cr(VI) is at best a very weak “mutagen”, requiring very high doses that kill most cells and experimental 

“backflips” to select for survivors, and (iii) what we thought was “mutagenesis” is actually selection for 

stochastic cell survivors of massive toxic insult.  Dr. Rossman’s group at NYU has shown that the base 

sequence of the genes used for mutation detection and selection is intact and that the changes in gene 

expression enabling selection are epigenetic, not mutagenic.  Our group has shown that what we really 

selected for at toxic exposures are cells that are resistant to apoptosis, and Dr. Zhitkovich’s group at 

Brown has shown that the “mutant” cells were actually surviving cells that were selected  for changes in 

specific forms of DNA repair.  Again, this only occurs at doses that kill a lot of cells, not dis-similar to the 

high-dose rodent assays wherein tumors were only observed at doses that produced chronic and fairly 

severe tissue damage.   

Regulatory agencies may be under certain historical precedents and pressures to deem 

Cr(VI) with a mutagenic mode of action simply because there are published studies that have “Cr(VI)” 

and “mutation” equated in the title (some of these papers are my own), but this decision would not be 

based on recent science.  At high, tissue damaging doses, one can get tumors to form and those 

tumors will have mutations in specific genes because that is the molecular history of how that particular 

type cancer develops. It will not have any relation to chemically-specific mutations caused by Cr(VI) 

because Cr(VI) is an exceedingly poor mutagen.  Even at the low end of the very high NTP doses there 

is no MOA because there is little or no toxicity, no mutagenecity, and no carcinogenesis.  Extrapolating 

linearly from events observed at the two highest doses of the NTP assay, to anything close to reality for 

environmental exposure, is simply not scientific.   

 
Summary: The carcinogenicity of Cr(VI) is limited to certain forms of Cr(VI) (highly insoluble particulates 

and mists of concentrated chromic acid) and require long-term exposure to high doses:  Taken 

together, the experimental observations provide a mechanistic basis for understanding why the 
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epidemiological data shows that the carcinogenicity of Cr(VI) is limited to occupational settings.  Only in 

occupational settings, and especially certain occupational settings prior to 1970, did the inhalation 

exposure reach sufficiently high levels of the intermediate soluble particles to induce a carcinogenic 

response.  Indeed, several studies have suggested that even the risks for occupational chromium-

related respiratory cancer decreased after simple industrial hygiene measures, such as wearing a 

mask, were implemented.  Animal carcinogenesis studies show that completely soluble Cr(VI) is not 

carcinogenic by inhalation or ingestion.   

It should be noted from the above discussion that Cr(VI) compounds are able to  to induce 

genotoxic damage in experimental animals when administered through routes that bypass or 

overwhelm the natural defense mechanisms, such as through intra-peritoneal injection, intra-tracheal 

instillation, or intra-gastric injection .  For example, the massive reductive capacity of blood, which 

normally prevents adverse effects of Cr(VI) at a distance from the portal of entry, can only be 

overwhelmed by intra-peritoneal doses that exceed 50 mg per kg body weight.   These protective 

mechanisms were acknowledged by the U.S. EPA when setting a maximum contaminant level goal 

(MCLG) of 100ug chromium/liter.  USEPA reported that “the reduction of chromium(VI) to chromium(III) 

occurs in mammals”.  The saliva and gastric juice in the upper alimentary tract of mammals, including 

humans, have a varied capability to reduce chromium(VI), with the gastric juice having notably high 

capacity.  Likewise, the tracheo-bronchial tract and lungs also display high reducing capacity capable of 

handling the inhalation of droplets of aqueous chromium(VI) as alleged in this case.  To the extent that 

chromium(VI) might survive these reduction environments, the blood plasma and red blood cells, as 

well as other organs/tissues such as the liver, are also reducing environments.  Thus, the body’s 

normal physiology provides detoxification for chromium(VI), which provides protection from the oral 

toxicity of chromium(VI).” 

These conclusions are illustrative of the fact that Cr(VI) is poorly toxic and poses no 

carcinogenic risk by the oral route or by inhalation of droplets of water containing chromium(VI) [not 

including concentrated chromic acid mist].  Regarding human lethality, most humans survive even 10-

15 grams of acute ingestion with the lethal oral dose of chromates is estimated at 50-70mg 

chromium(VI)/kg body weight.  Studies in mice, rats, dogs and rabbits, wherein Cr(VI) was administered 

in drinking water at doses far in excess of drinking water standards for long periods of time, revealed no 

adverse effects.   The USEPA cites that no adverse health effect was observed in a family drinking 

Cr(VI)-contaminated well water for 3 years.  Likewise, in a 24 year period of follow-up, there was no 

increase in cancer in residents of Southern Mexico drinking groundwater containing 0.9 mg/liter total 

chromium.   No increase of cancer was found in residents of Glascow drinking water contaminated with 

chromium(VI) from chromate slag in soil containing 10,000mg total chromium, followed for 30 years.   
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Chromium contamination of drinking water in Woburn Massachussets was put forward as working 

hypothesis to explain a purported excess of mortality to leukemia in children, but this hypothesis was 

shown to be incorrect by the same research group.    

The WHO concluded that “there is insufficient evidence to implicate chromium as a 

causative agent of cancer in any organ other than the lung”.  Likewise IARC concluded that “for cancers 

other than of the nasal and sinonasal cavity, no consistent pattern of cancer risk has been shown 

among workers exposed to chromium compounds”.   The ATSDR report reached the same conclusion.   

The IARC Working Group reviewed the animal and human studies that show the existence of threshold 

mechanisms of Cr(VI) toxicity and carcinogencity and “interpreted these findings as indicating 

mechanisms that limit the activity of chromium(VI) compound in vivo”.  Likewise, in its prior toxicological 

review the USEPA concluded that “the body’s normal physiology provides detoxification for 

chromium(VI)” and the US Department of Health and Human Services indicated that these 

“mechanisms limit the bioavailability and attenuate the potential effects of chromium(VI) in vivo”.    

 
Concluding Comments   
 There is a massive body of literature documenting what is referred to as the Uptake-Reduction 

model of chromium toxicity.  Simply stated, Cr(III) (an essential element) is incapable of crossing 

cellular membranes to any significant extent.  Its normal physiological function is to facilitate the 

interaction of insulin with insulin’s receptor on cell surface.  Thus, the Cr(III) that we normally receive in 

large quantities from our diet, does not enter into cells.  In contrast, the Cr(VI) oxyanion passes easily 

across cellular membranes because it is structurally similar to sulfate and phosphate and it piggybacks 

on the cell’s anion transport system.   Cr(VI) itself is relatively un-reactive with other cellular 

macromolecules (like DNA or proteins) but once inside of cells, Cr(VI) gets metabolically reduced (thus 

the Uptake-Reduction Model) by intracellular reductants (ascorbate, glutathione, cysteine, etc.) to form 

potentially reactive intermediates Cr(V), Cr(IV) and ultimately Cr(III).  Once it reaches its lowest energy 

state [Cr(III)] it cannot leave the cell as Cr(III) because it can’t cross the cell membrane.  If it gets 

completely liganded (bound) to small peptides or amino acids, it can presumably leave the cell by 

passive diffusion.  Under no circumstances would it be feasible or possible for Cr(III) inside of cells to 

be oxidized back to Cr(VI).   Although this reaction can be forced to take place in a chemistry lab, the 

oxidizing power required to catalyze this reaction is completely incompatible with life and would destroy 

any cell near it. 

It would be hard to exaggerate the importance of these fundamental concepts, which are 

uniformly accepted and embraced by both the scientific and regulatory communities.  They explain why 

Cr(III)-piccolinate can be a $200 million/year dietary supplement industry, whereas Cr(VI), in certain 
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forms and doses, can potentially be an occupational hazard.   These concepts also provide a 

foundation for the importance of the human body’s physiological extracellular reducing systems that 

mitigate the toxicologic potential of even large quantities of Cr(VI).  Once extracellular Cr(VI) is reduced 

to Cr(III) outside of the cell, it becomes an essential nutrient and is incapable of causing any damage.   

It should be recognized that there is a vast literature describing the genotoxic and mutagenic effects of 

supra-threshold doses of Cr(VI) in experimental systems.  There is also a vast literature on the effects 

of carcinogen doses of Cr(VI) on cell biology, gene expression and the process of malignant 

transformation.  To the philosophical extent that scientists can “know” anything, much is known about 

Cr(VI) as an occupational carcinogen and therefore much can be ascertained about doses and 

exposures that represent true risks.  It is not proper scientific methodology to ignore this knowledge and 

broadly state that the mechanism of chromium-induced lung cancer is either unknown or caused by 

oxidative stress or reactive oxygen species produced as a result of extracellular reduction of chromium.       

It should also be noted that compared to many organic mutagens (ie., certain specific PAH’s), Cr(VI) is 

only weakly mutagenic, if mutagenic at all, and only at markedly toxic doses.  It is inappropriate 

scientific methodology to simply state that Cr(VI) is mutagenic (without qualification) and therefore imply 

that any dose, no matter how small,  will be a carcinogenic risk. Moreover, in several in vitro assays for 

neoplastic transformation, soluble Cr(VI) is actually unable to induce neoplastic transformation, even 

though the dose was high enough to damage DNA, presumably because its mechanism of mutation 

induction does contribute very well to transformation. There is no foundation for the belief, or the 

conclusions drawn from it, that any dose (concentration) of hexavalent chromium may meaningfully 

contribute to both risk and causation.  This concept departs from accepted scientific methodology, 

which does not embrace a semantic or philosophic argument about whether a vanishingly small amount 

(down to a few atoms or molecules) of any substance can contribute to risk or causation.  What is 

important to science and society is whether that risk or causation is meaningful, and this where 

experimental data provides appropriate information.  The available data, much of which I have reviewed 

in this report, indicates that a very high dose is required for the carcinogenic effect of a limited number 

of forms of Cr(VI) as they can be encountered in the chromium industry.   

At a minimum, methodologies and conclusions regarding Cr(VI) risk and causation have to 

be qualified with the critical concept of dose and detoxification thresholds.  Most body compartments 

have enormous reductive power and rapidly reduce Cr(VI) to Cr(III), an essential nutritional element.  

Body fluids contain high concentrations of a number of reducing agents (including ascorbate), each of 

which will contribute independently and additively to Cr(VI) reduction to Cr(III).  Many of these biological 

reducing agents are present in great excess over the concentrations of chromium that could be 

delivered by environmental exposure.  It is not acceptable to not give adequate (or any) weight to the 
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extensive documentation of the reducing power of extracellular body fluids.  To overlook this is to have 

overlooked the most basic principles of toxicology regarding detoxification. 

Even if one presumes that a high enough dose of Cr(VI) actually gets to the cells of a 

particular tissue, one must also consider that there are a number of intracellular protective mechanisms 

which generate an intracellular threshold which must be breached by a high enough dose, before 

genotoxic endpoints will be reached.  It is virtually inconceivable that such a high dose could be 

delivered to a cell with an environmental exposure, as is claimed by plaintiffs in this case.  First of all, 

the cell’s cytoplasm contains high (millimolar) concentrations of reducing agents, just like the 

extracellular environment.  Most of the Cr(VI) which is reduced inside of the cell is converted to Cr(III) 

with its binding capacities quickly saturated with small molecules such as cysteine (and other amino 

acids) and small peptides such as the tri-peptide glutathione.  In this liganded state, Cr(III) is virtually 

unreactive with additional macromolecules because its binding coefficient to protein is much higher 

than molecules such as DNA.  Indeed, it is well know that binding of Cr(III) to peptides such as 

glutathione, prevents binding of the Cr(III) to DNA and also prevents the formation of several other DNA 

lesions.   

Our current models for chromium genotoxicity require a dose of Cr(VI) high enough that 

some Cr(VI) can be reduced to its reactive intermediates in the immediate vicinity of the DNA, by a 

reductant which will not itself bind the intermediate and prevent it from interacting with the DNA.  If such 

a dose is received, damage to DNA can occur.  But that is not the end of the operative protective 

measures of the cell.  My laboratory was the first to show that low levels of Cr(VI)-induced DNA 

damage trigger a classic DNA damage response (p53 induction) which stops the cell from dividing until 

it repairs the damage.  This is now widely reproduced and accepted by the scientific community.  Most 

types of Cr(VI)-induced DNA damage are effectively repaired within 8-24 hours after occurring.  My 

laboratory was also the first to demonstrate that if the amount of DNA damage is too large to easily 

repair, the otherwise transient cell cycle arrest will convert to terminal growth arrest or apoptotic cell 

death.  These are generally accepted mechanisms whereby a damaged cell will be eliminated and will 

no longer be a target for mutagenesis or neoplastic transformation.  Thus, it is not appropriate for 

anyone to imply that if any dose, nor matter how small, of Cr(VI) reaches a cell, that cell is automatically 

a candidate for cancer initiation.  This methodology is not supported by the peer-reviewed scientific 

literature and not accepted by the expert scientific community.  It patently ignores the facts about the 

basic toxicology (physiological disposition and metabolism) of chromium and ventures into the realm of 

theoretical “biological plausibility”.  Likewise, it is also scientifically inappropriate to refer to 

mathematically-derived regulatory values as though they represent a biologically relevant threshold, 

above which genotoxic damage to a cell and development of cancer is nearly an inevitable outcome.   

 25



 

Selected Personal References 

PEER REVIEWED ARTICLES: MOLECULAR TOXICOLOGY AND CARCINOGENESIS 
 
1. Patierno, S.R., Costa, M., Lewis, V. and Peavy, D.:  "Inhibition of LPS toxicity for macrophages by 

metallothionein inducing agents".  J. of Immunology, 83:1924-1929 (1983). 
2. Patierno, S.R., Pellis, N.R., Evans, R.M. and Costa, M.:  "Application of a modified 203Hg binding assay 

for metallothionein".  Life Sciences, 32:1629-1636 (1983). 
3. Evans, R.M., Patierno, S.R., Wang, D.S., Cantoni, O. and Costa, M.:  "Growth inhibition and 

metallothionein induction in cadmium resistant cells by essential and non-essential metals".  
Molecular Pharmacology, 24:77-83 (1983). 

4. Patierno, S.R. and Costa, M.:  "DNA-protein crosslinks induced by nickel compounds in intact cultured 
mammalian cells".  Chem. Biol. Interactions, 55:75-91 (1985). 

5. Patierno, S.R., Sugiyama, M., Basilian, J.P. and Costa, M.:  "Preferential DNA-protein crosslinking 
induced by NiCl2 in magnesium-insoluble regions of fractionated Chinese hamster ovary cell 
chromatin".  Cancer Res., 45:5784-5794 (1985). 

6. Sugiyama, M., Patierno, S.R. and Costa, M.:  "Characterization of DNA lesions induced by CaCrO4 in 
synchronous and asynchronous cultured mammalian cells".  Molecular Pharmacology, 29:606-613 
(1986). 

7. Patierno, S.R. and Costa, M.:  "Characterization of nickel-induced binding of nuclear proteins to DNA in 
intact mammalian cells".  Cancer Biochem. Biophys., 9:113-126 (1987). 

8. Patierno, S.R., Sugiyama, M. and Costa, M.:  "Effects of nickel (II) on DNA-protein binding, thymidine 
incorporation and sedimentation pattern of chromatin fractions from intact mammalian cells".  
Biochemical Toxicology, 2:13-23 (1987). 

9. Sunderman, F.W. Jr., Hopfer, S.M., Knight, J.A., McCully, K.S., Cecutti, A.G., Thornhill, P.G., Conway, 
K., Miller, C., Patierno, S.R. and Costa, M.:  "Physicochemical characteristics and biological effects of 
nickel oxides in relationship to nickel oxides carcinogenesis".  Carcinogenesis, 8:305-313 (1987). 

10. Patierno, S.R. and Landolph, J.R.:  "Transformation of C3H/10T½ mouse embryo cells to focus 
formation and anchorage independence by insoluble lead chromate but not soluble calcium 
chromate:  Relationship to mutagenesis and internalization of lead chromate particles".  Cancer Res., 
48:  5280-5288 (1988).   

11. Patierno, S.R., Lehman, N. and Landolph, J.R.:  "Study of the ability of aspirin, phenacetin and 
acetaminophen to induce cytoxicity, mutation and neoplastic transformation in C3H/10T½ mouse 
embryo cells".  Cancer Res., 49:  1038-1044 (1989).  

12. Miura, T., Patierno, S.R. and Landolph, J.R.:  "Morphological and neoplastic transformation in 
C3H/10T½ mouse embryo cells by insoluble carcinogenic nickel compounds".  Environmental and 
Molecular Mutagenesis, 14:  65-78, 1989. 

13. Wise, J.P., Leonard, J., and Patierno, S.R.:  "Clastogenesis by particulate PbCrO4 in hamster and human 
cells". Mutation Research, 278:  69-79, 1992. 

14. Xu, J., Wise, J.P., and Patierno, S.R.:  "DNA damage induced by lead chromate in cultured mammalian 
cells".  Mutation Research, 280:  129-136, 1992. 

15. Manning, F.C.R., Xu, J., and Patierno, S.R.: "Transcriptional inhibition by carcinogenic chromate:  
Relationship to DNA damage.:" Molecular Carcinogenesis, 6: 270-279, 1992. 

16. Wise, J.P., Orenstein, J.M., and Patierno, S.R.:  "Inhibition of Lead Chromate Clastogenesis by Ascorbate: 
Relationship to Particle Dissolution and Uptake". Carcinogenesis, 14:  429-434, 1993. 

17. Patierno, S.R., Dirscherl, L., and Xu, J.:  "Transformation of rat tracheal epithelial cells to "immortal 
growth variants' by carcinogenic particulate and soluble nickel compounds". Mutation Research 300: 
179-193, 1993. 

18. Clawson, G.A., Norbeck, L.L., Isom, H.C., Wise, J.P., and Patierno, S.R.: "Nuclear scaffold protease 
inhibitor blocks chemically induced transformation of embryonic fibroblasts". Cell Growth and 
Differentiation, 4: 589-594, 1993. 

 26



19. Bridgewater, L.C., Manning, F.C.R., Woo, E.S., and Patierno, S.R.:  "DNA polymerase arrest by adducted 
trivalent chromium. Molecular Carcinogenesis, 9: 122-133, 1994. 

20. Blankenship, L.J., Manning, F.C.R., Orenstein, J., and Patierno, S.R.: "Apoptosis is the mode of cell death 
induced by carcinogenic chromate". Toxicology and Applied Pharmacology, 126: 75-83, 1994. 

21. Xu, J., Manning, F.C.R., and Patierno, S.R.: "Preferential formation and repair of chromium (VI)-induced 
DNA adducts and DNA-protein crosslinks in the nuclear matrix ".  Carcinogenesis,  15:1443-1450, 
1994. 

22. Wise, J.P., Stearns, D., Wetterhahn, K., and Patierno, S.R.: "Cell-mediated dissolution of carcinogenic 
Lead Chromate particles: role of individual dissolution products in clastogenesis".  Carcinogenesis, 
15:2249-2254, 1994. 

23. Bridgewater, LC., Manning, FCR., and Patierno, SR: "Base-specific arrest of in vitro DNA replication by 
carcinogenic chromium: relationship to DNA interstrand crosslinking".  Carcinogenesis, Vol 
15:2421-2427, 1994. 

24. Stearns, D.M., Wise, J.P.Sr., Patierno, S.R., and Wetterhahn, K.E., "Chromium(III) Picolinate produces 
chromosome damage in Chinese hamster ovary cells". The FASEB Journal, 9:16643-1648, 1995). 

25. Bubley, G.J., Xu, J., Kupiec, N., Sanders, D., Foss, F., O’Brien, M., Emi, Y., Teicher, B.A., and Patierno, 
S.R., “Effect of DNA conformation on Cisplatin adduct formation”. Biochemical Pharmacology 
51:717-721, 1996. 

26. Xu, J., Manning, F.C.R., Bubley, G., and Patierno, S.R.: "Chromium(VI) treatment of normal human lung 
cells results in guanine-specific DNA polymerase arrest, DNA-DNA crosslinks and S-phase blockade 
of cell cycle. Carcinogenesis 17:1511-1517, 1996. 

27. Costa, M. Zhitkovitch, A., Gargas, M., Paustenbach, D., Finley, B., Kuykendall,J., Billings, R., Carlson, 
T.J., Wetterhahn, K., Xu, J., Patierno, S.R., Bogdanffy, M.: “ Interlaboratory validation of a new assay 
for DNA-protein crosslinks. Mutation Research 369: 13-21, 1996. 

28. Mirsalis, J.C., Paustenbach, D.J., Kerger, B.D., and Patierno, S.R.: “Chromium (VI) at plausible drinking 
water concentrations is not genotoxic in vivo.” Environmental and Molecular Mutagenesis 28:60-63, 
1996. 

29. Blankenship, L.B., Carlisle, D.,L.,  Orenstein, J.M., Dye, L.E.III, Wise, J.P., and Patierno S.R.: "Induction 
of  apoptotic cell death by particulate lead chromate: differential effects of vitamins C and E on 
genotoxicity and survival. Toxicology and Applied Pharmacology, 146: 270-280 1997. 

30. Singh, J.T., Bridgewater, LC.,  and Patierno, SR: "Differential sensitivity of Chromium mediated DNA 
interstrand crosslinks and DNA-protein crosslinks to disruption by alkali and EDTA" (Toxicological 
Sciences, 45:72-76, 1998. 

31. Singh, J.T., McLean, J.A., Pritchard, D.E., Montaser, A., and Patierno, S.R.: “Sensitive quantitation of 
chromium-DNA adducts by Inductively Coupled Plama Mass Spectroscopy with a direct injection 
high efficiency nebulizer.” Toxicological Sciences, 46:260-265, 1998. 

32. Bridgewater, LC., Manning, FCR., and Patierno, SR: "Arrest of processivity of  mammalian DNA 
polymerases alpha and beta by carcinogenic chromium." (Molecular Carcinogenesis, 23:201-206, 
1998. 

33. Singh, J., Pritchard D., Carlilse, D.L., McLean, J.A., Montaser, A., Orenstein, J.M., and Patierno, S.R.  
Internalization of carcinogenic lead chromate particles by cultured normal human lung epithelial 
cells: formation of intracellular lead inclusion bodies and induction of apoptosis”. Toxicology and 
Applied Pharmacology, 161, 240-248, 1999). 

34. Carlisle, D.L., Blankenship, L.J., Orenstein, J., and Patierno, S.R.: "Apoptosis and p53 induction in 
human lung fibroblasts exposed to chromium(VI): effect ascorbate and tocopherol"   Toxicological 
Sciences 55:60-68, 2000. 

35. Carlisle, D.L., and Patierno, S.R.  “Chromium (VI) induces p53-dependent apoptosis in diploid 
human lung and mouse dermal fibroblasts”.  Molecular Carcinogenesis 28:111-118, 2000. 

36. Pritchard, D., and Patierno, S.R.  “Cyclosporin A inhibits chromium (VI)-induced apoptosis and 
mitochondrial cytochrome c release and restores clonogenic survival in CHO cells.” Carcinogenesis,  
21:2027-2033, 2000. 

37. O’Brien, T., Xu, J., and Patierno, S.R. “Effects of glutathione on chromium-induced DNA crosslinking and 

 27



DNA polymerase arrest.” Molecular and Cellular Biochemistry 222:173-182, 2001. 
38. Pritchard, D.E., Ceryak, S., Ha, L., Fornsaglio, J., Hartman, S., O’Brien, T.J. and Patierno, S. 

“Mechanism of Apoptosis and determination of cellular fate in  chromium (VI)-exposed populations 
of telemerase-immortalized  human fibroblasts.” Cell Growth and Differentiation 12: 487-496, 2001.  
Featured on journal cover. 

39. Vicheck, S.K., O’Brien, T., Pritchard, D., Ha, L., Ceryak, Fornsaglio, J., and S., Patierno, S. “Fanconi 
anemia complementation group A cells are hypersensitive to chromium (VI)-induced toxicity.” 
Environmental Health Perspectives 110:773-777,2002. 

40. O’Brien, T., Fornsaglio, J., Ceryak, S.,and Patierno, S. R.“Effects of hexavalent chromium on the 
survival and cell cycle distribution of DNA repair-deficient S. Cerevisae .”  DNA Repair, 1:617-
627,2002. 

41. Xu, J., Manning, F.C.R.,  O’Brien, T.J., Ceryak, S., and Patierno, S.R.:  "Mechanisms of chromium-
induced suppression of RNA synthesis in cellular and cell-free systems: relationship to RNA 
polymerase arrest"  Mol. Cell. Biochem 255:151-160, 2004. 

42. Ceryak, S., Zingariello, C., O’Brien, T. an Patierno, S.R. (2003) Induction of pro-apoptotic and cell-
cycle-inhibiting genes in chromium (VI)-treated human lung fibroblasts: lack of effect of ERK.  Mol. 
Cell. Biochem  255:139-149, 2004.   

43. O’Brien, T., Mandel, H., Pritchard, DE., and Patierno, S.R.  “Critical Role of chromium (Cr)-
DNA) interations in the formation of Cr-induced polymerase arresting lesions; a quantitative 
PCR (Q-PCR) approach.” Biochemistry, 41:12529-12537, 2002. 

44. Ha, L., Ceryak, S., and Patierno, S.R., “Ataxia telangiectasia mutated gene (ATM) is required for both 
apoptosis and recovery/escape from terminal growth arrest after genotoxic insult with chromium 
(VI)”.  Journal of Biological Chemistry:  278, 17,885-17,894, 2003. 

45. Ha, L., Ceryak, S., and Patierno, S.R., “Generation of S phase-dependent DNA double strand breaks by 
Cr(VI) exposure: Involvement of ATM in Cr(VI) induction induction of gamma-H2AX”. 
Carcinogenesis 25:2265-2274, 2004. 

46. O'Brien, T.J., Brooks, B and Patierno, S.R. Nucleotide excision repair functions in the removal of 
chromium-induced DNA damage in mammalian cells  Mol. Cell. Biochem. 279:85-95, 2005. 

47. Fornsaglio, J.L., O'Brien, T.J. and Patierno, S.R. Differential impact of ionic and coordinate covalent 
chromium (Cr)-DNA binding on DNA replication  Mol. Cell. Biochem. Molecular and Cellular 
Biochemistry: 279:149-155, 2005. 

48. Daryl E. Pritchard, Susan Ceryak, Keri P. Ramsey, Travis J. O’Brien, Linan Ha, Jamie L. Fornsaglio, 
Dietrich A. Stephan, and Steven R. Patierno., Resistance to apoptosis, increased growth potential, 
and altered gene expression in cells that survived genotoxic hexavalent chromium [Cr(VI)] exposure 
Molecular and Cellular Biochemistry: 279:169-181, 2005.   

49. Vicheck, S.K., Ceryak, S., O’Brien, TJ., and Patierno, S.R.:  FANCD2 monoubiquitination and activation 
by hexavalent chromium [Cr(VI)] exposure: activation is not required for repair of Cr-induced DSBs. 
Mutation Research 610:21-30: 2006. 

50. O’Brien, TJ., Jiang, GH., Mandel, HG., Westphal, CS., Kahen, K., Montaser, A., States, JC., and Patierno, 
S.R.: Incision of trivalent chromium ([Cr(III)]-induced DNA damage by Bacillus caldotenex UvrABC 
endonuclease.  Mutation Research: 610: 85-92, 2006. 

51. O’Brien, TJ., Mandel, HG., Sugden, KD., Komarov, AM., and Patierno, S.R.: Hypoxia impedes 
the formation of chromium-DNA adducts in a cell-free system.  Biochemical Pharmacology, 
70: 1814-22, 2005. 

52. Carlisle, D., and Patierno, SR.  “Carcinogenesis and Molecular Genetics”. In Cancer Risks and 
Biomarkers., Shields, P (ed).  Marcel Dekker, Inc. New York 2005. 

53. Pritchard, D., Ceryak,S., Ramsey, K., O’Brien, T., Ha, L., Fornsaglio, J., Stephan, D., and Patierno, S. 
Resistance to apoptosis, increased growth potential and altered gene expression in cells that survived 
genotoxic exposure.  Molecular and Cellular Biochemistry 279: 169-181, 2005. 

 
54. O’Brien, T.J., Jiang, G.H., Chun, G, Mandel, H.G., Westphal, C.S., Kahen, K., Montaser, A., 

 28



States, J.C., and Patierno, S.R.  (2006) Incision of trivalent chromium [Cr(III)]-induced DNA 
damage by Bacillus caldotenax UvrABC endonuclease.  Mutation. Research. 610(1-2):85-92 

55. Bae, D.B., Camilli, T.C., Chun, G., Lal, M., Wright, K., O’Brien, T.J., Patierno, S.R. and Ceryak, 
S., Bypass of hexavalent chromium-induced growth arrest by a protein tyrosine phosphatase 
inhibitor: enhanced survival and mutagenesis. Mutation Research. 660:40-46, 2009. 

56. Brooks, B., O’Brien, T.J., Ceryak, S., and Patierno, S.R..  Excision Repair is required for genotoxin-
induced mutagensis in mammalian cells.  Carcinogenesis: 29:1064-1069, 2008. 

57. Beaver, L.M., Stemmy, E.J., Constant, S.L., Schwartz, A, Little, L.G., Gigley, J.P., Chun, G., 
Sugden, K.D., Ceryak, S., and Patierno, S.R.  Lung injury, inflammation and AKT signaling 
following inhalation of particulate hexavalent chromium.  Toxicology and Applied 
Pharmacology 235:47-56, 2009.  

58. O’Brien, T.J.,  Preston Witcher, Bradford Brooks and Steven R. Patierno.  DNA Polymerase zeta 
is essential for hexavalent chromium-induced mutagenesis.  Mutation Research, 26:663, 77-
83, 2009.   

59. Lal, MA, Bae D, Camilli TC, Patierno SR, Ceryak S.  AKT1 mediates bypass of the G1-S 
checkpoint after genotoxic stress in normal human cells.  Cell Cycle 8:10, 1589-1602, 2009. 

60. Beaver, L.M., Stemmy, E.J., Constant, S.L., Schwartz, A, Damsker, JM., Chun, G., Sugden, K.D., 
Ceryak, S., and Patierno, S.R.  Lung inflammation, injury and Proliferative Response 
following repetitive  particulate hexavalent chromium exposure.  Environmental Health 
Perspectives: 117(12): 1896-1902, 2009. 

61. Chun G, Bae D, Nickens K, O'Brien TJ, Patierno SR, Ceryak S.  Polo-like kinase 1 enhances survival and 
mutagenesis after genotoxic stress in normal cells through cell cycle checkpoint bypass.  
Carcinogenesis. 2010 Jan 20. [Epub ahead of print]PMID: 20089605 [PubMed - as supplied by 
publisher]Related articles. 

62. Nickens KP, Patierno SR, Ceryak S.  Chromium genotoxicity: A double-edged sword.  Chem 
Biol Interact. 2010 Apr 27. [Epub ahead of print]. 

 
MOLECULAR TUMOR CELL BIOLOGY/ PHARMACOLOGY 

 
63. Shuin, T., Billings, P.C., Roy-Burman, P., Lillehaug, J.R., Patierno, S.R. and Landolph. J.R.:  

"Enhanced expression of c-myc and decreased expression of c-fos protooncogenes in 
chemically and radiation transformed C3H/10T½ C18 mouse embryo cell lines".  Cancer 
Res., 46:5302-5311 (1986). 

64. Patierno, S.R., Tuscano, J.M., Landolph, J.R. and Lee, A.S.:  "Increased expression of the glucose-
regulated gene encoding GRP78 in chemically and radiation transformed C3H/10T½ mouse embryo 
cell lines". Cancer Res., 47:6220-6224 (1987).  

65. Clawson, G.A., Norbeck, L.L., Hatem, C.L., Isom, H.C., Rhodes, C., Amiri, P., McKerrow, 
6J.H., Patierno, S.R., and Fiskum, G.: Ca 2+ -regulated serine protease associated with the 
nuclear scaffold". Cell Growth and Differentiation, 3:  827-838, 1992. 

66. Leyton, J., Manyak, M.J., Mukherjee, A.B., and Patierno, S.R.: "Recombinant Human Uteroglobin inhibits 
invasiveness of human metastatic prostate cells and the release of  arachidonic acid stimulated by 
fibroblast-conditioned medium". Cancer Research, Advances in Brief, 54: 3696-3700, 1994. 

67. Widra, E., Weeraratna, A., Stepp, M.A., Stillman, R.,  and Patierno, S.R., “Modulation of 
implantation-associated integrin expression but not uteroglobin by steroid hormones in an 
endometrial cell line.” Human Reproduction, 3:563-568,1997. 

68. Weeraratna, A., Cajigas, J.A., Schwartz, A., Manyak, M.J., and Patierno, S.R.: “Loss of 
uteroglobin expression in prostatic cancer:relationship to advancing grade.” Clinical Cancer 
Research, 3: 2295-2300, 1997. 

69. Lin, Z.P., Boller, Y.C., Amer, S.M., Russell, R.L., Pacelli, K.A., Patierno, S.R., and Kennedy, K.A.  

 29

http://www.ncbi.nlm.nih.gov/pubmed/20089605?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=1
http://www.ncbi.nlm.nih.gov/pubmed/20089605?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=1
http://www.ncbi.nlm.nih.gov/sites/entrez?db=pubmed&cmd=link&linkname=pubmed_pubmed&uid=20089605&ordinalpos=1


Prevention of Brefeldin A-induced resistance to teniposide (VM26) by the proteasome inhibitor MG-
132: Involvement of NF-kB activation in drug resistance.  Cancer Research, 58:3059-3065, 1998. 

70. Fernandez, P.M., Jacobs, L.K., A.T., Tsangaris, T.N., Tabbara, S., Manning, F.C.R.,  Schwartz, 
A., Kennedy, K.A., and Patierno, S.R.: “Differential transcriptional and translational 
overexpression of the glucose-regulated stress protein (GRP78) in malignant but not benign 
human breast lesions. Breast Cancer Research and Treatment, 59:15-26, 000. 

71. Attiga, FA., Fernandez, PM., Weeraratna, AT., Manyak, MJ., and Patierno, SR.  Inhibitors of 
prostaglandin synthesis inhibit prostate tumor cell invasiveness and reduce the release of 
matrix metalloproteinases.   Cancer Research 60, 4629-4637, 2000. 

72. Brandes, L.M., Lin, Z.P., Patierno, S.R., and Kennedy, K.A.  Reversal of physiologic stress-
induced resistance to Topoisomerase II inhibitors using an inducible phosphorylation site-
deficient dominant negative mutant of IkB-alpha.  Molecular Pharmacology 60:559-567, 
2001. 

73. Boller, Y.C., Brandes, L.M., Russell, R.L., Lin, Z.P., Patierno, S.R., and Kennedy, K.A.  
Prostaglandin A1 inhibits stress-induced NF-kB activation and reverses resistance to TopoII.  
Inhibitors.  Oncology Research 112:383-395, 2001. 

74. Lugassy, C., Haroun RI., Brem H., Tyler BM., Jones RV., Fernandez, PM., Patierno, SR., 
Kleinman, HK., and Barnhill, RL., Pericytic-like angiotropism of glioma and melanoma cells.  
American J. Dermatopathology 24:473-478, 2002. 

75. Lugassy, C., Kleinman, H.K., Fernandez, P.M., Patierno, S.R., Webber, M.M., Ghanem, G., 
Spatz, A., Barnhill, R.L.  Human melanoma cell migration along capillary-like structures in 
vitro:  A new dynamic model for studying extravascular migratory metastasis.  J. Invest. 
Dermatol. 119(3):703-704, 2002 

76. Patierno, SR., Manyak, MJ., Fernandez, PM., Baker, AB., Weeraratna, AT., Chou, D., Szlyk, G., Geib, 
KS., Walsh, C., and Patteras., J.   Uteroglobin: A potential novel tumor suppressor and molecular 
therapeutic for prostate cancer.  Clinical Prostate Cancer 1,2: 118-124, 2002. 

77. Fernandez, P.M., Patierno SR and Rickles FR.  Tumor angiogenesis and blood coagulation.  In: Lugassy 
G, Falanga A, Kakkar AJ, Rickles FR (eds):  Thrombosis and Cancer, Martin Dunitz Ltd, London, pg 
69-99, 2004. 

78. Rickles, F.R., Patierno, S.R., and Fernandez, P.M.  Targeting the endothelium in cancer- the importance 
of the interaction of hemostatic mechanisms and the vascular wall for tumor growth and 
angiogenesis.  Pathophysiology of Haemostasis and Thrombosis 33: 1-10, 2003. 

79. Lugassy, C., Kleinman, H.K., Engbring, JA,  Welch, D.R., Harms, J.F., Rufner, R., Ghanem, G., Barnhill, 
R.L. and Patierno, Pericyte-like location of GFP-tagged melanoma cells.  Ex vivo and in vivo studies 
of  extravascular migratory metastasis.  A. Journal Pathology. 164(4):1191-1198, 2004. 

80. Fernandez, P.M., Patierno, S.R. and Rickles, F.R.  Tissue factor and fibrin in tumor angiogenesis.  Sem 
Thromb Hemost,  2004). 

81. Bianco FJ Jr, McHone BR, Wagner K, King A, Burgess J, Patierno S, Jarrett TW Prevalence of Erectile 
Dysfunction in Men Screened for Prostate Cancer. Urology. Urology. 2009 Jul;74(1):89-93. Epub 2009 
May 9.PMID: 19428072 [PubMed - indexed for MEDLINE]Related articles. 

82. Wang BD, Kline CL, Pastor DM, Olson TL, Frank B, Luu T, Sharma AK, Robertson G, Weirauch MT, 
Patierno SR, Stuart JM, Irby RB, Lee NH.  Prostate apoptosis response protein 4 sensitizes human 
colon cancer cells to chemotherapeutic 5-FU through mediation of an NF kappaB and microRNA 
network. Mol Cancer. 2010 Apr 30;9:98. 

 
DISPARITIES, PATIENT NAVIGATION, OUTREACH, SURVIVORSHIP, POLICY 
 

83. Henson, D., and Patierno, S.R.  Breast cancer aggressiveness and racial disparity.  Breast Cancer Research 
and Treatment, Breast Cancer Research and Treatment, 87-291-296, 2004. 

84.   Freund KM, Battaglia TA, Calhoun E, Dudley DJ, Fiscella K, Paskett E, Raich PC, Roetzheim RG, 

 30

http://www.ncbi.nlm.nih.gov/pubmed/19428072?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/19428072?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?db=pubmed&cmd=link&linkname=pubmed_pubmed&uid=19428072&ordinalpos=5


Patient Navigation Research Program Group. National Cancer Institute Patient Navigation Research 
Program: methods, protocol, and measures. Cancer. 2008 Dec 15;113(12):3391-9. 

85. Wells KJ, Battaglia TA, Dudley DJ, Garcia R, Greene A, Calhoun E, Mandelblatt JS, Paskett ED, Raich 
PC, Patient Navigation Research Program Group. Patient navigation: state of the art or is it science? 
Cancer. 2008 Oct 15;113(8):1999-2010. 

86. Steven R. Patierno, Nancy L. LaVerda, Lisa M. Alexander,  Paul H. Levine, Heather A. Young.  
Longitudinal Network Patient Navigation: Development of An Integrative Model to Reduce Breast 
Cancer Disparities in Washington, DC.  Oncology Issues, March, 2010. 

87. Hossain, S., Batich, K, Henson, DE., Schwartz, AM, and Patierno, SR.  Cancer Disparities between 
African-Americans and Caucasions:  A Review of the Entire SEER Program.  Submitted by editorial 
request: Cancer Epidemiology and Biomarkers, 2010. 

88. Ramsey S, Whitley E, Mears VW, McKoy JM, Everhart RM, Caswell RJ, Fiscella K, Hurd TC, Battaglia 
T, Mandelblatt, J; Patient Navigation Research Program Group.  Evaluating the cost-effectiveness of 
cancer patient navigation programs: conceptual and practical issues.  Cancer. 2009 Dec 
1;115(23):5394-403. Review.PMID: 19685528 [PubMed - indexed for MEDLINE]Related rticles. 

89. Wang, B, Bianco, FJ, Tall, J. Andrawis, R, Frazier H, Patierno SR, Lee NH:  Genomic studies on prostate 
cancer disparities associated with the African American population.  Submitted, Mol Cancer 
Research, 2010. 

90. Kwabi-Addo B, Wang S, Chung W, Jelinek J, Patierno SR, Wang BD, Andrawis R, Lee, NH, Apprey V, 
Issa JP, Ittmann M. Identification of differentially methylated genes in normal prostate tissues from 
African American and caucasian men.  Clin Cancer Res. 2010 Jul 15;16(14):3539-47. Epub 2010 Jul 6. 

91. Jean-Pierre P, Fiscella K, Freund KM, Clark J, Darnell J, Holden A, Post D, Patierno SR, Winters PC; the 
Patient Navigation Research Program Group. Structural and reliability analysis of a patient 
satisfaction with cancer-relatedcare measure: A Multisite patient navigation research program study. 
Cancer. 2011 Feb 15;117(4):854-861. doi: 10.1002/cncr.25501. Epub 2010 Oct 4. 

92. Rosenbaum,S, Leonard J., Chapman, M., and Patierno S.  Cancer Survivorship and National Health Care 
Reform, In Press, Quality Health Care for Cancer Survivors, Feurerstein and Gatz Ed, Springer.  
Available February, 2011 

 
Chapters in Books and Invited Articles 

93. Costa, M., Kraker, A.J. and Patierno, S.R.:  "Toxicity and carcinogenicity of essential and non-essential 
metals".  Progress in Clinical Biochemistry, Vol. 1, pp.1-49 Springer-Verlag, 1984. 

94. Patierno, S.R.:  "Role of chemical delivery modes in toxicological studies".  Hazard Assessment of 
chemicals - Current Developments. Vol.7, J. Saxena, U.S., EPA (Ed.) Hemisphere Publishing 
Corporation, Washington, 1990. 

95. Manning, F.C.R., and Patierno, S.R.:  "Potential role of apoptosis in carcinogenesis".  Current Topics in 
Molecular Pharmacology, J. Menon (Ed.), Council of Scientific Research Integration, Trivardrum, 
India (1994). 

96. Patierno, S.R. and Peavy, D.L.:  "Induction of metallothionein in macrophages:  A molecular mechanism 
for protection against LPS-mediated autolysis", Immunopharmacology of Endotoxicosis, M.K. 
Agarwal, M. Yoshida (Eds.) Walter De Gruyter and Co., Berlin - New York (1984). 

97. Patierno, S.R. and Landolph, J.R.:  "Soluble verses insoluble hexavalent chromate:  Relationship of 
mutation to in vitro transformation and particle uptake".  Biological Trace Element Research, 
Humana Press.  Volume 21, Number 1-3, 1989. 

98. Manning, F.C.R., Blankenship, L.J., Wise, J.P., Xu, J., Bridgewater, L.C., and Patierno, S.R.: "Induction of 
apoptosis by carcinogenic chromate: Relationship to genotoxicity, cell cycle delay , and inhibition of 
macromolecular synthesis."  Environmental Health Perspectives, 102 (Suppl 3): 159-167, 1994. 

99. Patierno, S.R., Blankenship, L.J., Wise, J.P., Xu, J., Bridgewater, L.C., and Manning, F.C.R.:  "Genotoxin-
induced apoptosis:  Implications for Carcinogenesis".  The Cell Cycle:  Regulators, Targets and 
Clinical Applications, Hu, V.W. (ed). Plenum Press, 1994, pp 331. 

100.  Manning, F.C.R., and Patierno, S.R.:  "Role of apoptosis in carcinogenesis".  Cancer Investigation. 
Hirshaut (Ed.), Marcel Dekker, Inc. New York,  1996.  

 31

http://www.ncbi.nlm.nih.gov/pubmed/18780320?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?db=pubmed&cmd=link&linkname=pubmed_pubmed&uid=19685528&ordinalpos=3


101.   Singh, J., Carlisle, D.L., Pritchard, D., and Patierno, S.R. “Chromium-induced genotoxicity and 
apoptosis: relationship to chromium carcinogenesis”.  Invited review, Oncology Reports, 5:1307-
1318, 1998. 

102. Carlisle, D., and Patierno, SR.  “Carcinogenesis and Molecular Genetics”. In Cancer Risks and 
Biomarkers., Shields, P (ed).  Marcel Dekker, Inc. New York (2005)  

103. O’Brien, T., Ceryak, S., and Patierno, SR., “Complexities of chromium carcinogenesis: role of cellular 
response, repair and recovery mechanisms”.  Special Metals issue of Mutation Research, 533:3-36, 
2003. 

104. Nickens KP, Patierno SR, Ceryak S.  Chromium genotoxicity: A double-edged sword.  Chem Biol 
Interact. 2010 Apr 27. [Epub ahead of print]. 

105. Rosenbaum,S, Leonard J., Chapman, M., and Patierno S.  Cancer Survivorship and National Health Care 
Reform, In Press, Quality Health Care for Cancer Survivors, Feurerstein and Gatz Ed, Springer.  
Available February, 2011. 

 
Selected Additional References 
 

1. DeFlora, S., Camoriano, A., Bagnasco, M., Bennicelli, C., Corbitt, G.E., and Kerger, B. Estimates of the 
chromium(VI) reducing capacity in human body compartments as a mechanism for attentuating its 
potential toxicity and carcinogenicity.  Carcinogenesis, 18:531-537, 1997. 

2. International Agency for Research on Cancer.  Chromium, nickel and welding. IARC Monographs on the 
Evaluation of Carcinogenic Risks to Humans., Vo. 49: IARC, Lyon France, 1990.   

3. U.S.E.P.A Toxicological Review of Hexavalent Chromium (CAS No. 18540-29-9); In support of 
summary information on the Integrated Risk Information System (IRIS), 1997. 

4. U.S. E.P.A Draft Toxicological Review of Hexavalent Chromium, September 2010. 
5. Toxicological Profile for Chromium. U.S. Department of Health and Human Services, Public Health 

Service, Agency for Toxic Substances and Disease Registry (ATSDR), 2000. 
6. National Toxicology Program.  Technical report on the toxicology and carcinogenesis studies of sodium 

dichromate dehydrate in F344N rats and B6C3F1 mice (drinking water studies).  NTP TR 546, NIH 
Publication No. 07-5887. US DHHS, 2008. 

7. Stout, MD, Hebert, RA, Kissling, GE et al. Hexavalent chromium is carcinogenic to F344/N rats and 
B6C3F1 mice after chronic exposure. Environmental Health Perspectives 117 (5):716-722, 2009. 

8. De Flora, S., Threshold mechanisms and site specificity in chromium (VI) carcinogenesis. Carcinogenesis 
21:533-541, 2000. 

9. Borneff et al., Mouse drinking study with 3,4-benzpyrene and potassium chromate.  Arch. Hyg. 152:45-
65, 1968. 

10. Hansen, M., Johanson, J.and Menne, T., Chromium allergy: significance of both Cr(III) and Cr(VI).  
Contact Dermatitis 49:206-212, 2003. 

11. Crump et al., “Dose-response and risk assessement of airborne hexavalent chromium and lung cancer 
mortality”  Risk Analysis 23:1147, 2003. 

12. Luippold, R.S., et al., “Lung cancer mortality among chromate production workers”  Occup Environ 
Med 60: 451-457, 2003 

13. Park et al., “Hevalent Chromium and lung cancer in the chromate industry: a quantitative risk 
assessment”.  Risk Analysis 24:1099, 2004. 

14. National Toxicology Program, Report on Carcinogens, 10th Edition, Department of Health and Human 
Services, 2002. 

15. Paustenbach, D.J., Sheehan, P.J., Paull, J.M., Wisser, L.M., and Finley, B.L.  Review of the allergic contact 
dermatitis hazard posed by chromium-contaminated soil:  identifying a “safe” concentration.  J. Toxicol. 
Environ. Health., 37:177-207, 1992. 

16. Costa, M Toxicity and Carcinogenecity of Cr(VI) in animal models and humans. Critical Reviews in 
Toxicology (27(5): 431-442, 1997. 

17. Costa, M., Klein C.B. Toxicity and Carcinogenecity of Chromium Compounds in Humans. Critical 
Reviews in Toxicology 36(2): 155-163, 2006. 

 32



18. Bick, R.L., Girardi TV.,  Lack, W.J., Costa, M., Titelbaum, D.  Hodgkin’s disease in association with 
hexavalent chromium exposure.  Int. J. Hematol. 64:257-262, 1996. 

19. Mack, T.  Cancers in the Urban Environment: Patterns of Malignant Disease in Los Angeles County and 
its Neighborhoods. Elsevier Inc.  2004. 

20. WHO. Chromium. Environmental Health Criteria 61. Geneva: IPCS International Programme on 
Chemical Safety, World Health Organization; 1988. 

21. IARC. Chromium, Nickel and Welding.  IARC Monograph on the Evaluation of Carcinogenic Risks to 
Humans, Volume 49.  Lyon: International Agency for Research on Cancer, WHO; 1990. 

22. ATSDR. Toxicological Profile for Chromium (Update).  Washington D.C.: Agency for Toxic Substances 
and Disease Registry, USDHHS, PHSSS; 1999. 

23. Hamilton JW, Wetterhahn KE.  Chapter 19: Chromium In: Seiler HG, Sigel H, editors.  Handbook on 
Toxicity of Inorganic Compounds.  1 ed. New York: Marcel Dekker, Inc.; 1987. P239-250. 

24. De Flora S, Wetterhahn KE.  Mechanisms of chromium metabolism and genotoxicity. Life Chem Rep 
1989; 7:169-244. 

25. Mertz W.  Chromium in human nutrition: a review. J Nutr 1993; 123:626-633. 
26. Anderson RA.  Chromium as an essential nutrient for humans.  Reg Toxicol Pharmacol 1997; 26:S35-

S41. 
27. Lukaski HC.  Chromium as a supplement.  Annu Rev Nutr 1999; 19:179-302. 
28. Mertz W.  Risk assessment of essential trace elements: new approaches to setting recommended dietary 

allowances and safety limits.  Nutr Rev 1995; 53:179-185. 
29. Vincent JB.  Mechanisms of chromium action: low-molecular-weight chromium-binding substance.  J 

Am College Nutr 1999; 18:6-12. 
30. EPA US.  Toxicological review of trivalent chromium.  In support of summary information on the 

Integrated Risk Information System (IRIS).  U.S. Environmental Protection Agency, Washington D.C.; 
1998. 

31. EPAA US. Toxicological review of hexavent chromium.  In support of summary information on the 
Integrated Risk Information System (IRIS).  U.S. Environmental Protection Agency, Washington D.C.; 
1998. 

32. De Flora S, Camoirano A, Bagnasco M, Bennicelli C, Corbett GE, Kerger BD.  Estimates of the 
chromium(VI) reducing capacity in human body compartments as a mechanism for attenuating its 
potential toxicity and carcinogenicity.  Carcinogenesis 1997; 18:531-537. 

33. De Flora S. Threshold mechanisms and site specificity in chromium(VI) carcinogenesis.  Carcinogenesis 
2000; 21:533-541. 

34. Jones RE.  Hexavalent chrome: threshold concept for carcinogenicity.  Biomed Environ Sci 1990; 3:20-
34. 

35. Cohen MD, Kargacin B, Klein CB, Costa M.  Mechanisms of chromium carcinogenicity and toxicity.  
Crit Rev Toxicol 1993; 23:255-281. 

36. NTP. Tenth Report on Carcinogens, Research Triangle Park NC: National Toxicology Program, NIEHS-
NIH, U.S. Public Health Service; 2002. 

37. Kimbrough DE, Cohen Y, Winer AM, Creelman L, Mabuni C.  A critical assessesment of chromium in 
the environment. Crit Rev Environ Sci Technol 1999; 291:1-46. 

38. Wetterhahn KE, Hamilton JW.  Molecular basis of hexavalent chromium carcinogenicity: effect on gene 
expression.  Sci Total Environ 1989; 86:113-129. 

39. Davis CM, Sumrall KH, Vincent JB.  A biologically active form of chromium may activate a membrane 
phosphotyrosine phoshatase (PTP).  Biochemistry 1996; 35:12963-12969. 

40. Finley BL, Kerger BD, Katona MW, Gargas ML, Corbett GC, Paustenbach DJ. Human ingestion of 
chromium(VI) in drinking water: pharmacokinetics following repeated exposure.  Toxicol Appl 
Pharmacol 1997; 142:161-159. 

41. Kerger BD, Finley BL, Corbett GE, Dodge DG, Paustenbach DJ.  Ingestion of chromium(VI) in 
drinking water by human volunteers: absorption, distribution, and excretion of single and repeated doses.  
J Toxicol Environ Hlth 1997; 50:67-95. 

42. Kerger BD, Richter RO, Chute SM et al.  Refined exposure assessment for ingestion of tapwater 

 33



 34

contaminated with hexavalent chromium: consideration of exogenous and endogenous reducing agents.   
J Expos Anal Environ Epidemiol 1996; 6:163-179. 

43. Kishi R, Tarumi T, Uchino E, Miyake H.  Chromium content of organs of chromate workers with lung 
cancer.  Am J Indust Med 1987; 11:67-74. 

44. Dalager NA, Mason TJ, Fraumeni JF Jr, Hoover R, Payne WW.  J Occup Med. 1980 Jan;22(1):25-9. 
Cancer mortality among workers exposed to zinc chromate paints. 

45. Veyalkin I, Gerein V.  Retrospective cohort study of cancer mortality at the Minsk Leather Tannery.  Ind 
Health. 2006 Jan;44(1):69-74. 

46. Becker N, Claude J, Frentzel-Beyme R. Cancer risk of arc welders exposed to fumes containing 
chromium and nickel. Scand J Work Environ Health. 1985 Apr;11(2):75-82. 

47. Garland M, Morris JS, Colditz GA, Stampfer MJ, Spate VL, Baskett CK, Rosner B, Speizer FE, Willett 
WC, Hunter DJ.  Toenail trace element levels and breast cancer: a prospective study.  Am J Epidemiol. 
1996 Oct 1;144(7):653-60. 

48. Kilic E, Saraymen R, Demiroglu A, Ok E.Chromium and manganese levels in the scalp hair of normals 
and patients with breast cancer. Biol Trace Elem Res. 2004 Winter;102(1-3):19-25. 

49. Pukkala E.  Cancer incidence among Finnish oil refinery workers, 1971-1994.  J Occup Environ Med. 
1998 Aug;40(8):675-9. 

50. Stang A, Ahrens W, Baumgardt-Elms C, Bromen K, Stegmaier C, Jockel KH.Carpenters, cabinetmakers, 
and risk of testicular germ cell cancer.  Occup Environ Med. 2005 Mar;47(3):299-305. 

51. Knight JA, Marrett LD.  Parental occupational exposure and the risk of testicular cancer in Ontario.  J 
Occup Environ Med. 1997 Apr;39(4):333-8. 

52. Cheuk W, Chan AC, Chan JK, Lau GT, Chan VN, Yiu HH. Metallic implant-associated lymphoma: a 
distinct subgroup of large B-cell lymphoma related to pyothorax-associated lymphoma? Am J Surg 
Pathol. 2005 Jun;29(6):832-6. 

53. Briggs NC, Levine RS, Hall HI, Cosby O, Brann EA, Hennekens CH.  Occupational risk factors for 
selected cancers among African American and White men in the United States.  Am J Public Health. 
2003 Oct;93(10):1748-52. 

54. Tesfai Y, Davis D, Reinhold D. Chromium can reduce the mutagenic effects of benzo[a]pyrene 
diolepoxide in normal human fibroblasts via an oxidative stress mechanism.  Mutat Res. 1998 Aug 
14;416(3):159-68. 

55. Bagchi D, Balmoori J, Bagchi M, Ye X, Williams CB, Stohs SJ. Comparative effects of TCDD, endrin, 
naphthalene and chromium (VI) on oxidative stress and tissue damage in the liver and brain tissues of 
mice. Toxicology. 2002 Jun 14;175(1-3):73-82. 



Oral Testimony of Jeffrey K. Griffiths, MD MPH&TM 

Chair, Drinking Water Committee, Science Advisory Board of the US EPA 

Professor of Public Health and of Medicine, Tufts University School of Medicine 

 

Senate Committee on Environment and Public Works 

Oversight Hearing on the Environmental Protection Agency’s Implementation of the Safe 

Drinking Water Act’s Unregulated Drinking Water Contaminants Program 

July 12, 2011



Chairman Boxer, ranking Member Senator Inhofe, and Members of the Committee, good 

morning. Thank you for this opportunity to testify today before the Committee on Environment 

and Public Works regarding the implementation of the Safe Drinking Water Act’s unregulated 

drinking water contaminants (UDWC) program.   

 

I am Jeffrey K. Griffiths, MD MPH&TM, a Professor of Public Health and of Medicine at Tufts 

University School of Medicine, and Chair of the Drinking Water Committee of the US EPA’s 

Science Advisory Board. [My professional training has been as a pediatrician, internist, and 

infectious diseases epidemiologist. I was the Director of the public health program at Tufts 

University for five years, and have studied waterborne diseases for over twenty years. I have 

been involved in the national regulation of drinking water contaminants for approximately 15 

years, and served on the National Drinking Water Advisory Council for over a decade]. I was a 

member of both the 2001 National Academy of Sciences’ National Research panel, and the 2004 

National Drinking Water Advisory Council committee, which recommended a significant sea 

change in the way the US EPA it assesses unregulated drinking water contaminants. We 

recommended that contaminants be selected for regulation using a systematic, scientifically 

sound, and transparent process. Please allow me to elaborate as this relates to today’s hearing.   

 

An increasing number of contaminants and our capacity to understand their health effects 

In order to implement the UDWC program, both water occurrence and health impact information 

is needed. Many challenges exist. Factually, ever more contaminants are being found in water as 

our detection capacities improve. However health effects information can be expensive and time 

consuming to acquire, and is currently available for only a small number of contaminants. The 



number of known unregulated contaminants has now outstripped our capacity to analyze them all 

on an individual basis using traditional approaches. Furthermore, health effects differ for people 

at different life stages; what may be safe for one group may not be safe for another. These 

challenges must be acknowledged and overcome - but cannot serve as an excuse for inaction.  

 

Transparency, public participation, and confidence in the process  

A transparent and public process promotes a robust scientific basis for decision making, and 

confidence with acceptance by the public. The 1998 candidate contaminant list determination 

was quite murky and extensively relied on expert opinion. As well we know, experts can differ in 

their opinions. Implementation of the UDWC program should be transparent, welcome 

stakeholders and the public, and be mindful of social equity issues. 

 

The perchlorate story illustrates the importance of these points.  

 

Perchlorate was unexpectedly discovered in ground water when water testing improved in the 

1990s, and was found to be present in groundwater throughout the country. This demonstrates 

the benefits of continuously improving the monitoring of our water supply.  

 

In the 1990s, perchlorate was already known to interfere with the thyroid gland’s uptake of 

iodine. Since then, new animal data1 suggests that perchlorate’s adverse effects on the thyroid 

are found at unexpectedly low levels of exposure. Similarly, work by the Centers for Diseases 

Control (CDC) has shown that thyroid hormone levels were significantly lower in women who 

were exposed to low levels of perchlorate which had not been thought to affect thyroid function.2 



This data, and data from many other studies, suggests that perchlorate is of public health 

concern. It demonstrates the value of appropriately focusing resources so that new health 

information can be generated which may dispel, or increase, concerns about a contaminant.  

 

Perchlorate has now been found to be concentrated in breast milk. It may replace iodine which is 

essential for babies. Breast-feeding mothers may provide their infants with inadequate iodine and 

perversely feed them excessive perchlorate. A 2007 study 3 concluded that 90% of the babies of 

women who drank water containing perchlorate at the 2006 preliminary groundwater 

remediation goal set by the EPA of 24.5 micrograms per liter would receive a daily dose nearly 

three times the maximum amount established for infants. [This information was used by 

Massachusetts to set a drinking water standard of 2 micrograms per liter,4

 

 currently the most 

stringent standard in the United States]. The point is that breast fed babies get all of their 

nutrition from Mom. They are fed breast milk which concentrates perchlorate, and so their 

mothers have to drink low levels of perchlorate to protect their infants from perchlorate enriched 

milk. This information about a specific susceptible population provides a key insight into the 

potential health effects of perchlorate which would have been missed otherwise.  

It was surprising to many, including me, when in the face of this information, the EPA did not 

target perchlorate for regulation in 2008. This decision was controversial and used by many as an 

example of a lack of transparency in the UDWC evaluation process. Indeed, the fact that not one 

new chemical compound has been identified for regulation since the adoptions of the 1996 Safe 

Drinking Water Amendments suggests that implementation has been hampered by a lack of 



scientific resources, a lack of data, or inadequate transparency. Many of the decisions to not 

regulate contaminants have been driven by a lack of information.  

 

In sum,  

Drinking water contaminants continue to be high on the burner of public discourse. In addition to 

perchlorate, unregulated compounds such as chromium VI, volatile organic compounds (VOCs) 

such as trichloroethylene and its chemical relatives, and a variety of agricultural and 

pharmaceutical compounds are of public health concern. The EPA has the opportunity to re-

invigorate the implementation of the unregulated drinking water implementation process by:  

 

(1) analyzing groups of similar compounds for regulation when appropriate;   

(2) devoting sufficient resources so that worrisome compounds are adequately monitored on a 

national basis;  

(3) studying health effects in both the general population and in sensitive subpopulations; and 

(4) using an open and transparent process, which will maximize scientific credibility and build 

public confidence.   

 

Thank you for this opportunity to comment and I welcome any questions.  
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