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Introduction of me and Mark Jackson MPH 
Lisa Bradley In May 2014, Dr. Bradley PhD from MIT was appointed to the National Coal Council (NCC) by the U.S. Secretary of Energy to provide risk assessment and toxicology expertise to the NCC.  In 2015 was recognized as one of the top women in mining by the non‐profit organization, Women in Mining UK, in its 100 Global Inspirational Women in Mining 2016 report.
Pleasure to be invited with the coal combustion product and beneficial use experts here.  My presentation today is focused on a review of the current toxicity data and information associated with some constituents to be regulated under the proposed NR 538 standards.  
Not a critique of the groundwater standards used to establish the NR 538 beneficial use categories or standards but rather a review of specific constituents of concern to identify any new data or information that may assist WDNR in the process of revising the water leach values for the beneficial use standards for coal combustion products.
WUA engaged H&A to review toxicity values for specific constituents found in coal combustion products to determine the appropriate toxicity values that could be used based on available data and the best available science and current methodologies




Focus of toxicological review 
• Leachate standards for Aluminum, Barium, Boron, Cobalt and Molybdenum 

• Reviewed existing toxicity values used in establishing the proposed NR 538 
standards based on the Chapter NR 140 Groundwater Enforcement Standards 
(ES) which will be compared to ASTM water leach test results to assign 
beneficial use categories 

• Conducted literature search of publically available toxicological data, reviews, 
and exposure factors to determine if more recent data has become available 
since WDHS ES derivations 
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Reviewed the Scientific Support Documentation for the revisions of NR 140.10 Groundwater Enforcement Standard & Preventive Action Limit Recommendations to determine the basis for the ES used for the beneficial use category standards.

This presentation is focused on the standards established based on the water leach test results and not the direct contact standards based on the total elemental analysis.

Evaluated sources such as the USEPA Integrated Risk Information System (IRIS) , Agency for Toxic Substances and Disease Registry (ATSDR) toxicological profiles, National Academy of Sciences Institute of Medicine reviews to establish daily intakes, World Health Organization (WHO) profiles and guidelines for drinking water quality, toxicity values associated with other standards such as USEPA Drinking Water Standards from 2012 including the USEPA Maximum Contaminant Level (MCL), USEPA Risk-based Screening Levels (RSL), other state evaluations and finally comprehensive reviews published by other scientists.




Rationale for alternate beneficial use baseline values 
• Provide health protective, alternate values based on most recent and applicable 

toxicity  and exposure factor information based on constituent review 

• Relevance of using groundwater standards for beneficial use standards 
considering the limitations already in place to mitigate exposures as required in 
NR 538  
– Prohibition for some uses in residential areas 
– Separation from groundwater tables, private and public wells 
– Setbacks and depth of fill 
– Volume limits 

• Less potential for exposures with beneficial use materials as compared to 
groundwater standards (groundwater = drinking water in WI) 
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So in some cases during this review, we found that there has been more recent evaluations or toxicity data developed for these constituents that could be used to develop a toxicity value that is more scientifically valid or robust than previous values used.  Thus, we developed alternate values that we considered to be baseline values that could be used to categorize beneficial uses.
These values are still considered to be health protective based on the standard exposure and risk assessment methodology used for selecting the critical study and application of uncertainty factors.
And there is thought that these alternate values may be more appropriate than using drinking water standards to categorize beneficial uses since the exposures are considerably different when looking at potential doses and frequency of exposure from drinking water every day as compared to limited contact expected when used in road applications or other limited exposure applications in light of all the limitations and restrictions already in place to mitigate exposures as part of the NR 538 rule.



Development of alternate beneficial use baseline values 
• Identified most scientifically valid toxicological study and endpoint in 

animals or humans with relevant health effects associated with 
subchronic/chronic oral exposure to constituent  

• Considered appropriate uncertainty factors to derive toxicity value             
[(i.e., reference dose (RfD)] 

• Utilized most recent exposure factors from 2014 USEPA Exposure Factors 
Handbook for body weights and human daily water consumption 

• Determined alternate beneficial use baseline values by adjusting toxicity 
values with current exposure factors and relative source contribution 
(RSC) adjustments 
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Using all of these sources, determined the most scientifically valid study selected by most sources or based on our professional judgment.  Considered the uncertainty factors used to adjust the no-observable or lowest observable effect levels in the studies.  These are based on interspecies variability-if going from animal study to human exposure, as well as intra species variability within humans and robustness of database, if any gaps are noted in the toxicological database, additional factors are added.

USEPA published 2014 exposure factors handbook that updates drinking water and body weights based on more recent data; typically in past body weights for children have been 10 kg and drinking water consumption of 1 L per day but this has now been adjusted to 15 kg and 0.78 L/day.



Example-Barium 
• Current ES based on USEPA maximum contaminant level (MCL) of 2 mg/L 

based on USEPA Integrated Risk Information System (IRIS) oral reference 
dose (RfD) toxicity value of 0.07 mg/kg-day, assuming a body weight of 70 
kg, 2 liters of drinking water consumed per day, and an assumed relative 
source contribution of 80% 

• USEPA updated the oral RfD for barium in 2005 based on additional data 
to 0.2 mg/kg-day 

• Agency for Toxic Substances and Disease Registry (ATSDR) derived a 
chronic oral minimum risk level (MRL) of 0.2 mg/kg-day similar to USEPA 

• Current USEPA regional screening level (RSL) tables indicates that the RSL 
for barium is based on the updated USEPA IRIS oral RfD of 0.2 mg/kg-day 
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USEPA updated the oral RfD for barium in 2005 considering additional data published by the National Toxicology Program (NTP) (1994).  The USEPA (2005) indicated that “the change in the value of the RfD from the previous IRIS assessment is due to selection of a new principal study and critical effect, the use of benchmark dose modeling to determine the point of departure, and a new evaluation of both the literature and application of uncertainty factors. 

The updated oral RfD of 0.2 mg/kg-day is based on a lower 5 percent limit on the benchmark dose (BMDL05) of 63 mg/kg/day for nephropathy in male mice and an uncertainty factor of 300 (10 to account for animal to human extrapolation, 10 for human variability, and 3 for database deficiencies, particularly the lack of a two-generation reproductive toxicity study and an adequate investigation of developmental toxicity).




Example-Barium cont’d. 
• Using the updated USEPA IRIS RfD for barium of 0.2 mg/kg-day (USEPA, 2005) and the 

most recent USEPA exposure factors (USEPA, 2014) for human body weight and daily 
drinking water consumption, an alternate beneficial use baseline value for barium may 
be derived as follows: 

 

0.2 mg/kg-day X 15 kg body weight (bw) = 4 mg/L 
0.78 liters (L)/day  

 

• The alternate Category 1 beneficial use baseline value for barium could then be 
increased by an appropriate factor to determine the Category 2 standards  

• The current proposed Category 1 and Category 2 standards for barium are 2 mg/L and 
10 mg/L 
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Note that we have used the body weights and drinking water consumption rates for children as compared to adults as another worst case and protective measure built into the baseline values based on the methodology required in the Wisconsin Groundwater Protection Standards Chapter 160.  The difference is instead of the 10 kg and 1 L/day values we are using the updated USEPA Exposure Factor data which indicates body weight for child is 15 kg and 0.78 L/day.





Example-Boron 
• Toxicity value selected by WDHS for derivation of the ES of 0.2 mg/kg-day 

is consistent with that used by USEPA IRIS, ATSDR and other regulatory 
agencies and based on robust toxicological database for boron and new 
methodologies 

• However, WDHS recommended an ES of 1 mg/L in the review conducted 
in 2000 and references USEPA’s Lifetime Health Advisory (LHA) for the 
derivation 

• This is not consistent with the LHA for boron provided by USEPA in the 
2012 edition of the Drinking Water Standards and Health Advisories tables 
which lists a LHA of 6 mg/L based on the use of a 80% Relative Source 
Contribution (RSC) adjustment factor 
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Leachates will diminish over time so will not be around for 70 years of a lifetime exposure.
LHA is calculated from the Drinking Water Equivalent Level (DWEL) defined as a lifetime exposure concentration protective of adverse, non-cancer health effects that assumes all exposure to a chemical is from drinking water
The DWEL for boron was calculated based on the current USEPA RfD of 0.2 mg/kg-day and exposure of a 70 kg adult consuming 2 liters of water per day, resulting in a DWEL of 7 mg/L
The LHA is then determined from the DWEL by assuming a relative source contribution (RSC) of 80% which results in the current USEPA LHA for boron of 6 mg/L




Example-Boron cont’d 
• Although WDHS cites the same toxicity value as USEPA IRIS and other 

sources, it applies an outdated USEPA LHA to be used as the ES.  The 
WDHS citation of 1 mg/L appears to be derived by using a RSC of 20%; this 
is not consistent with the current USEPA 2012 drinking water standards 

• The current LHA of 6 mg/L as listed in the 2012 USEPA drinking water 
standards is proposed as the Category 1 alternate beneficial use baseline 
screening value for boron 

• An appropriate factor to determine Category 2 standards could then be 
applied 
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EPA’s default value of 20 percent RSC .  If appropriate scientific data demonstrating that other sources and routes of exposure besides water and freshwater/estuarine fish are not anticipated for the pollutant in question, then the RSC may be raised to the appropriate level, based on the data, but not to exceed 80 percent.

Relative Source Contribution (RSC) = 
 The Relative Source Contribution (RSC) is meant to account for non-water sources of exposure to non-carcinogens. 

If you remember for Barium, USEPA also used 80% for the MCL derivation and this was used by WDHS as the ES so they have accepted the use of 80% RSC before instead of the 20% default.
allows a percentage of the reference dose’s exposure to be attributed to ambient water when there are other potential exposure sources. to ensure that an individual’s total exposure from all sources does not exceed that threshold level. The RSC includes, but is not limited to, exposure to a particular pollutant from dietary exposure, dermal exposure, and exposure to air.

In the absence of scientific data, the application of the The 80 percent ceiling accounts for the fact that some sources of exposure may be unknown. In cases where an 80 percent RSC is used, 20 percent of the exposure is reserved for unknown sources. 
Many other states will also default to 20% unless USEPA has determined a different RSC.  Such is the case with boron due to the robust dataset evaluated.  Although not as conservative as a 20% factor, USEPA has determined that exposure by other pathways in the diet, air etc in addition to water, will still not exceed thresholds established and thus applied the 80% criteria instead.  



Example-Molybdenum 
• Proposed Category 1 standard is the ES, which was established in 2005 

based on the current USEPA IRIS RfD of 0.005 mg/kg-day and the USEPA 
LHA 

• USEPA calculated a LHA of 0.04 mg/L based on a 70-kg adult consuming 2 
liters of water per day and a 20% RSC (80% of exposure to chemical could 
come from sources other than drinking water) 

• However, the human study from 1961 used to derive the oral RfD has 
come under scrutiny due to analytical methodological concerns, small 
control group and co-exposure to other environmental factors 

• No other human studies show same effects noted 
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The National Academy of Science’s Institute of Medicine (IOM) notes that other human studies of exposure to molybdenum do not support these results.  IOM identified additional human studies in which uric acid excretion was not affected by molybdenum intakes of up to 1.5 mg/day (0.021 mg/kg-day assuming a 70 kg adult); an intake greater than the current USEPA RfD of 0.005 mg/kg-day.  Another criticism of the study is that there were serious methodological problems, including possible analytical difficulties in the assessment of blood and urinary copper levels, and the very small size of the control group (n=5) compared to the group exposed to molybdenum (n=52)

The US National Research Council (NRC) also concluded that the involvement of molybdenum in this study was “speculative” (Vyskocil and Viau, 1999).




Example-Molybdenum cont’d 
• Institute of Medicine (2001); European Commission Scientific Committee 

on Food (2000) and other researchers identified a different animal study 
that is more scientifically valid to assess effects with molybdenum 

• Based on the application of various uncertainty factors, these sources cite 
more appropriate toxicity values using the endpoint of the animal study 
from 0.009-0.03 mg/kg-day 

• WDHS also re-evaluated the basis for the ES in 2013 and states:              
“Although the association between molybdenum exposure and human gout-like symptoms or increased 
serum uric acid levels is biologically plausible, after our literature review, we found that the concerns with the 
analytical protocols used in the Koval’skiy study significantly reduced our confidence in the reliability of using 
it as the critical study for establishing health guidelines.”  
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IOM (2001) used the same critical study as Vyskocil and Viau (1999) and SCF (2000) as summarized above but both used a higher uncertainty factor (100 instead of 30) to account for potential interactions with copper.  
More recent data identified by IOM (2001) indicate that impaired copper utilization effects from molybdenum exposures are only relevant for ruminant animals and doses of up to 1.5 mg/day of molybdenum do not have any effect on copper metabolism in humans (Turnland and Keyes, 2000 as referenced in IOM, 2001).  Therefore, IOM reduced the intraspecies factor from 10 to 3 based on these newer findings.  Using the IOM uncertainty factor of 30, the adjusted TDI derived by Vyskocil and Viau (1999) and the UL determined by SCF would increase to 0.03 mg/kg-day to be the same as the IOM (2001) UL.

The State of Colorado Department of Public Health and Environment Water Quality Control Commission revised the ground water standard for molybdenum from 35 ug/L to 210 ug/L effective February 1, 2013 on the basis of a re-evaluation of toxicity studies for molybdenum with consideration to potential limitations. On the basis of the review of these studies, WQCD supported the 210 ug/L criterion based on the IOM UL derived from the Fungwe et al. (1990) study.




Example-Molybdenum cont’d 
Source Year Non-Cancer Value 

mg/kg-day 
Value Descriptor Basis for Value 

USEPA IRIS 1993 0.005 RfD Gout-like effects 

Wisconsin Scientific 
Support Document (SSD) 
RfD for ES and PAL 
  

2005 0.005 RfD Gout-like effects; Adopted 
USEPA RfD in accordance with 
Chapter 160 

WDHS Interim Advisory 
Level for Individual 
Drinking Water Advisories  

2013 0.009a RfD Reproductive and fetal effects 

Vyskocil and Viau  1999 0.009 TDI Reproductive and fetal effects 

EC SCF Opinion  2000 0.01  UL Reproductive and fetal effects 

NAS IOM  2001 0.03 RfD Reproductive and fetal effects 
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Because of the potential concerns associated with the Koval’skiy et al., 1961 study used by USEPA IRIS and its selection as the key study for derivation of the ES, other available reputable sources, comprehensive toxicological evaluations, and scientifically valid studies on molybdenum have been summarized below to highlight some potential alternative sources of toxicological data that may be considered by WDNR in the development of baseline values for molybdenum under NR538.

From the comparison, it is clear that the WDHS value is 2 to 6 times lower than other toxicity values that have been developed using a different critical study.  As noted previously, the study on which the ES was derived had some significant flaws, including the analytical method used for determining the molybdenum exposures.  Considering that these later assessments have toxicity values that are greater than the current USEPA IRIS value of 0.005 mg/kg-day, the current value appears to overestimate the potential risks to molybdenum following oral exposure.  




Example-Molybdenum cont’d 
• If the 0.03 mg/kg-day toxicity value is selected based on the National Academy 

of Science’s IOM review, an alternate beneficial use baseline value for     
Category 1 uses could be determined using the current USEPA exposure factors 
as follows: 

0.03 mg/kg-day x 15 kg bw x 100% = 0.58 mg/L 
0.78 L/day 

• It appears that WDHS used the same study and endpoint of 0.9 mg/kg-day as 
the other sources, but applied an uncertainty factor of 100 and adjusted the 
value for a 10 kg child drinking 1 liter of water a day to derive the 90 ug/L    
(0.09 mg/L) advisory level; this could be modified even further using a different 
uncertainty factor (30 instead of 100) and updated exposure factors above 
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Even though the 90 ug/L is close to the USEPA RSL, the USEPA value uses the toxicity value from a 
deficient study.  
The Colorado value would more closely represent a Category 1 standard.

it is appropriate to consider the 90 ug/L advisory level or toxicity values with appropriate 
adjustments for modification of the ES to be more reflective of actual risks of beneficial use materials. 



Other Examples 
• Cobalt 

– WDHS Scientific Support Documentation (1997) selected a toxicity study identified by ATSDR in its 
1992 Toxicological Profile of Cobalt which was since updated in 2004 by ATSDR noting that the 
previous study used was not appropriate.   

– Other more recent reviews and data provide different studies that are more applicable for the 
derivation of a toxicity value 

• Aluminum 
– The study selected for the derivation of the ES has been determined to be significantly flawed and 

other researchers (even USEPA itself in its Provisional Peer-Reviewed Toxicity Value (PPRTV) 
document) have used other toxicity studies to develop a toxicity value that results in a higher 
standard than the NR 538 Appendix 1 value 

– Listed by USEPA as a nuisance chemical subject to secondary drinking water standards only as 
guidelines for aesthetic considerations 

– WDNR did not find evidence that aluminum should be included as required sampling parameter 
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Al-In December 8th, 2016 responses to proposed revisions



Conclusion 
• More scientifically valid toxicological studies and assessments are 

available for some constituents since the original ES were established 

• Updated USEPA exposure factors and more applicable relative source 
contributions may be considered in the derivation of alternate beneficial 
use baseline values 

• Constituent-specific adjustment factors to establish Category 2 standards 
may be considered based on the available data rather than using a 5 fold 
factor across all constituents 
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Like for Boron using a 80% RSC rather than 20% RSC
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