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Ref: 8WD-CWQ 
 
SENT VIA EMAIL 
 
Mike Weber, Chair 
Colorado Water Quality Control Commission 
cdphe.wqcc@state.co.us 
 
       Subject:  Proposed Changes to Molybdenum WQS 
 
Dear Mr. Weber: 
 
The purpose of this letter is to provide U.S. Environmental Protection Agency Region 8 comments on the 
changes to Colorado water quality standards (WQS) proposed by the Climax Molybdenum Company (Climax).  
 
Our review has addressed the proposed WQS rule changes and supporting analyses submitted by Climax with 
their March 6, 2024 proponent’s prehearing statement. Our comments are preliminary in nature. Prior to acting 
on any WQS revisions that may be adopted by the Water Quality Control Commission (WQCC or Commission), 
EPA would review all pertinent issues, including information/comments that are submitted and testimony at the 
public hearing. 
 
CWA § 303(c)(2) requires States and authorized Indian Tribes to submit new or revised WQS to EPA for review.1 
EPA is required to review and approve or disapprove the revisions. New or revised WQS do not become 
applicable WQS for CWA purposes until they are approved by EPA (40 C.F.R. § 131.21). Pursuant to CWA § 
303(c)(3), if EPA determines that any WQS is not consistent with the applicable requirements of the Act, the 
Agency shall, not later than the ninetieth day after the date of submission, notify the State or authorized Tribe 
and specify the changes to meet the requirements. If the changes are not adopted within ninety days after the 
date of notification, EPA is to propose and promulgate such WQS pursuant to CWA § 303(c)(4). The Region’s goal 
has been, and will continue to be, to work closely with States and authorized Tribes throughout the standards 
revision process so that submitted revisions can be approved by EPA.  
 
 


 
1   CWA § 518(e) specifically authorizes EPA to treat eligible Indian tribes in the same manner as states for purposes of CWA § 303. See 


also 40 C.F.R. § 131.8. 
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Proposed WQS Changes 
Climax proposes to revise 1) Regulation #33, specifically the molybdenum numeric standard for protection of 
the water supply use classification assigned to Blue River segment 14 (a portion of Tenmile Creek above Dillon 
Reservoir), and 2) the molybdenum table value standard (TVS) for the water supply use classification in 
Regulation #31. With regard to both regulations, the proposal is to delete the current value (210 µg/L) and 
adopt an updated value (1,600 µg/L).  
 
Summary of EPA Comments 
The proposed revision to the molybdenum TVS for the water supply use classification, with the reference dose 
(RfD) based upon the ATSDR intermediate oral minimum risk level (MRL) of 0.06 mg/kg-day, a relative source 
contribution (RSC) of 0.8, and updated exposure assumptions regarding adult body weight (80 kg) and daily 
water intake rate (2.4 L/day), appears to be appropriately protective based upon the most relevant and highest 
confidence toxicity and exposure information currently available. 
 
Conclusion 
EPA appreciates having an opportunity to provide comments on the proposed changes to the molybdenum 
WQS. Any questions about our comments may be directed to Dave Moon (moon.dave@epa.gov) and Jason Fritz 
(fritz.jason@epa.gov). 
 
       Sincerely, 
 
 
 
       Andrew S. Todd, Supervisor 
       Water Quality Section 
 
Enclosure 
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Enclosure 
EPA Region 8 Comments on Proposed Changes to Molybdenum WQS 


 
 
History of the Issue 
The molybdenum water supply standard was first assigned to Blue River segment 14 in 2014, along with a 
segment-specific temporary modification. The expiration date of the temporary modification was extended by 
three years in 2017 and again in 2020. EPA approved each of these WQS revisions. Today, the temporary 
modification is no longer in effect and has expired (EPA did not act on a six-month extension from 6/30/2023 to 
12/31/2023 and instead provided recommendations regarding extension proposals).2 Unlike the temporary 
modification, the 210 µg/L numeric standard remains in effect on Blue River segment 14 and would be revised 
by the Climax proposal, along with the Regulation #31 TVS for the water supply use classification.  
 
How was the Current Molybdenum Standard Calculated? 
The current molybdenum standard for the water supply use classification (adopted into Regulation #31 in 2010) 
was calculated using Equation 1-1 in WQCC Policy 96-2:   


 
where: 
RfD or Reference Dose = 0.03 mg/kg-day 
Body Weight = 70 kg 
RSC or Relative Source Contribution = 0.2 (20% of RfD is allocated to exposure via water intake) 
Water Intake = 2 liters/day 
Uncertainty Factor = 1X (default value) 


 
Which of the Variables Would be Changed? 
The Climax proposal would: 


• Increase the RSC by 4X to 0.8 (80% of RfD is allocated to exposure via water intake) 
• Increase the RfD by 2X to 0.06 mg/kg-day 
• Increase the Body Weight to 80 kg (consistent with the 2020 Colorado WQS revisions) 
• Increase the Water Intake to 2.4 liters/day (consistent with the 2020 Colorado WQS revisions) 


 
EPA Comments 
 


1. Regarding Colorado’s molybdenum WQS for protection of the water supply use classification, EPA 
appreciates the efforts made by Climax and the Division, as well as participating stakeholders that may 
be affected by the quality of ambient source waters such as Tenmile Creek. 
 
  


 
2    See EPA’s December 8, 2022 WQS action letter https://drive.google.com/file/d/15ia7w_b35RP8q4y3-CwVDijJy9mBZlU_/view 
 


TVS = RfD x Body Weight x RSC x 1000 µg/mg
Water Intake x UF


0.03 x 70 x 0.2 x 1000=
2 x 1


= 210 µg/L



https://drive.google.com/file/d/15ia7w_b35RP8q4y3-CwVDijJy9mBZlU_/view
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2. EPA has an oversight role whenever new or revised WQS are adopted. Pursuant to 40 C.F.R. Section 
131.20(c), states must submit WQS changes and supporting analyses to EPA for review and approval. 
 


3. When reviewing changes to ambient water quality criteria, EPA’s decisions must be consistent with its 
implementing regulation at 40 C.F.R. Part 131, which is explicit that states and authorized tribes must 
adopt criteria that are protective of the designated use based on sound scientific rationale (40 C.F.R. § 
131.11(a)(1)). Once a scientifically defensible WQS has been established, the CWA allows for the costs of 
compliance and other attainability factors to be considered (e.g., in an engineering alternatives analysis 
to support a discharger-specific WQS variance).  


 
4. The methodology used to derive table value standards should be appropriately conservative, such that 


the resulting values can be assigned to individual segments statewide with confidence that designated 
uses will be protected. 


 
5. The proposed approach appears to be approvable. However, EPA recognizes that the CWA gives States 


the lead role in determining appropriate water quality standards (CWA §§ 101(b), 303(c)), and that 
States have risk management discretion in deriving ambient water quality criteria (CWA § 510), provided 
the criteria will protect the designated use based on a sound scientific rationale (40 CFR § 131.11(a)(1)). 
Accordingly, EPA would have no objection if the Commission elects to utilize an approach that is more 
health-protective or conservative than the one proposed by Climax. 


 
Reference Dose (RfD) 
 


6. The choice of the intermediate duration oral minimal risk level (MRL) derived by the US Agency for Toxic 
Substances and Disease Registry (ATSDR, 2020) is the appropriate choice of RfD for use in the proposed 
molybdenum (Mo) WQS for the protection of the water supply use classification. The ATSDR (2020) 
Toxicological Profile for Molybdenum is a comprehensive, independent, assessment of the relevant 
experimental and epidemiological evidence by a Federal public health agency. While EPA’s methods for 
developing health assessments differ in some regards, including uncertainty factor selection, ATSDR 
Toxicological Profiles are developed by a Federal agency that is an authority in public health protection 
(e.g., USEPA, 2003).   
 


7. ATSDR (2020) chose the point of departure (POD) of 17 mg/kg-day as a no observed adverse effect level 
(NOAEL) based upon kidney effects (renal proximal tubule hyperplasia) from the 90-day subchronic 
dietary exposure study in rats reported by Murray et al., (2014a), as the most sensitive endpoint among 
the available evidence of sufficient quality and reliability.  


a. While USEPA and ATSDR methodologies differ in some regards when it comes to deriving RfDs 
(USEPA, 2012) or MRLs (ATSDR, 2020), ATSDR applied uncertainty factors (specifically, an 
intraspecies uncertainty factor of 10, and an interspecies uncertainty factor of 10) in a manner 
consistent with their methodology, and in consideration of recommendations from independent 
scientific review to account for various sources of uncertainty.  
 


8. In alignment with USEPA recommendations (USEPA, 2002), after a comprehensive evaluation of the 
available database, ATSDR (2020) also applied a modifying factor of 3 (combined with the uncertainty 
factors described above, for a total composite adjustment of 300) to account for additional uncertainty 
regarding the potential for increased susceptibility in sensitive populations where copper intake was a 
concern, potentially in developing humans.  
 


9. While molybdenum is essential for life, it is notable that the database is relatively limited, in that it 
appears to lack the quantity and quality of studies reporting adverse health outcomes in human 
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populations compared with other agents described in the proposal (collectively “essential elements”), 
and specifically a lack of information from exposures to potentially sensitive lifestages such as young 
children, pregnant women, the elderly and/or adults with pre-existing health conditions, such as kidney 
disease. The database also lacks studies on more subtle outcomes, such as neurological effects in 
children or adults. Furthermore, there are no identified human populations known to be experiencing 
molybdenum deficiency, so there are no data to suggest that regulation of molybdenum intake would 
decrease intake below a biologically necessary level. 


a. This lack of human studies of sufficient quality and confidence, which assessed health effects 
after chronic and/or developmental exposures, likely contributes to the increased level of 
uncertainty reflected in the uncertainty and modifying factors applied by ATSDR (2020), 
compared with previous assessments by ATSDR and USEPA. 
 


10. ATSDR determined that there was insufficient evidence to derive a chronic oral MRL. This suggests that 
there could be uncertainty regarding the potential for kidney effects observed after 90 days of exposure 
in adult rats (intermediate duration) to increase in severity, or emerge at lower doses, following chronic 
exposures. While ATSDR does not typically consider the application of an uncertainty factor to shorter-
duration exposure studies in the evaluation of chronic MRLs, USEPA does routinely consider this 
adjustment in hazard assessments (2002). 


a. However, there is evidence available from another study evaluating molybdenum effects which 
suggests that additional adjustment is unnecessary. 


b. ATSDR based a chronic inhalation MRL upon outcomes reported in a 2-year inhalation exposure 
bioassay conducted in rats by the National Toxicology Program (NTP, 1997; ATSDR, 2020). In this 
study NTP measured blood levels of molybdenum following chronic molybdenum trioxide 
inhalation exposure, and blood molybdenum levels were similar to those reported in rats 
following 90-days exposure at 17 mg/kg-day via diet by Murray et al., (2014a), which was the 
study and dose used by ATSDR as the basis for the intermediate duration oral MRL. 


c. As the kidney is a highly perfused organ, it is exposed to molybdenum primarily via blood 
circulation, following oral or inhalation exposures. Since the blood molybdenum levels were 
similar in the rats exposed for 90-days via diet (Murray et al., 2014a) and for 2-years via 
inhalation (NTP, 1997), the kidney outcomes reported after either 90 days or 2 years of 
exposure can be qualitatively compared to determine if they are also similar. 


d. Because NTP (1997) found no evidence of kidney effects in the rodents after 2 years of exposure 
to similar blood molybdenum levels as the 90-day study dose group which also reported no 
effects, this provides one line of evidence from studies of molybdenum exposure that the 
intermediate duration oral MRL (ATSDR, 2020) may be sufficiently protective of kidney effects 
after chronic exposure. 
 


11. The evidence available from molybdenum studies for kidney health effects, the most sensitive endpoint 
reported following repeated molybdenum exposure (ATSDR, 2020), supports the conclusion that 
application of an uncertainty factor to account for subchronic to chronic exposures is unnecessary for 
the intermediate duration oral MRL. However, it would not be constructive or appropriate to broadly 
apply this conclusion to evaluations of other agents as an a priori assumption; rather, the database for 
each compound should be evaluated appropriately according to current Agency guidance (e.g., USEPA 
2002; USEPA, 2012). 


 
Exposure Assumptions 
 


12. A relative source contribution (RSC) of 0.8 was derived using the subtraction method and is based upon 
available information to understand central tendencies and reasonable maximal exposures in the 
general population. While the “Exposure Decision Tree for Defining Proposed RfD (or POD/UF) 
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Apportionment” (USEPA, 2000) does include the subtraction method as one option to determine 
relative contributions from non-drinking water sources in the evaluation for the molybdenum WQS, it is 
also informative to evaluate potential contributions from all sources using the percentage approach, 
which is employed below (USEPA, 2015a; USEPA, 2015b). 
 


13. Contribution to daily molybdenum intake from sources other than drinking water should be estimated 
using average intake rates (USEPA, 2000), although at times, evaluating upper confidence limits of 
averages may provide a useful upper bound for consideration. However, the use of high-end intakes for 
every exposure source is not recommended, since the combination of a series of highest-estimate 
exposure scenarios may not be representative of any actually exposed individual or population (USEPA, 
2000). 
 


14. Using the ATSDR intermediate oral MRL as the RfD (ATSDR, 2020), as proposed, the total allowable daily 
intake would be: 0.06 mg Mo/kg body weight per day x 80 kg body weight = 4.8 mg Mo/day. 


a. Using the combination of average adult body weights and 90th-percentile water intake rates is 
appropriate, as the ambient water WQS is intended to be adequately protective of a human 
population over a lifetime of exposure (USEPA, 2000; USEPA, 2015a; USEPA, 2015b). 


b. These body weights and intake rates can be adjusted for specific lifestages which may be 
sensitive target populations, if desired by states and tribes, in which case, consideration of 
subchronic or acute toxicity would likely be recommended (USEPA, 2000; USEPA, 2015b). 


c. However, the RfD was based upon the most sensitive effect observed in reliable studies of 
sufficient quality, i.e., kidney effects in adult rats (ATSDR, 2020). The available animal toxicology 
evidence (primarily an OECD guideline developmental toxicity study (Murray et al., 2014b), an 
OECD supplemental prenatal developmental toxicity study (Aveyard et al., 2023), and a two-
generation reproductive toxicity study (Murray et al., 2019)) does not suggest that young or 
pregnant animals are more sensitive to molybdenum toxicity. 
 


15. Potential contribution from inhalation via ambient air: evidence from available national studies of 
ambient air levels of molybdenum in several states (ATSDR, 2020) suggests that inhalation would 
contribute < 0.001% towards an estimated daily molybdenum intake. 


a. The highest end of the range reported, 0.03 μg/m3, would equate to approximately 0.6 μg 
Mo/day, which is 0.0006 mg/4.8 mg or < 0.001%. 


b. However, there was no information available for Colorado specifically, or for areas which may 
have high ambient molybdenum air concentrations, e.g. areas with high molybdenum surface 
contents and/or in close proximity to molybdenum extraction or refining operations. While this 
is a data gap, the ambient air levels would have to be >100-times higher to even reach 1% of the 
allowable daily intake.  


i. Notably, one historical account of Colorado worker inhalation exposures to 
molybdenum in dust from roasting operations was higher (intake estimated at 0.15 
mg/kg-day in Walravens et al., 1979). However, the representativeness of this estimate 
to other workplace exposures is unknown, and estimates from modern operations were 
not described, so relative contributions from occupational inhalation exposures remains 
unclear. 


c. For ambient air, using the highest end of the reported range may be considered an upper 
estimate of average intake considering the uncertainty regarding the relationships between 
measured ambient air molybdenum concentrations in several US states to that in Colorado. 
 


16. Potential contribution from incidental ingestion of surface soils: Similarly, incidental soil ingestion (i.e., 
accidental ingestion, from hand-to-mouth activity) would also appear to likely be <0.01% of daily 
molybdenum intake. 
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a. Levels of molybdenum in the top layers of soils across the US were reported to average 0.78 
mg/kg, up to 2.27 mg/kg (95th percentile; ATSDR, 2020).  


b. Average incidental soil intake rates for adults vary upon activity, but can range from 50 – 100 
mg/day (USEPA, 2017) 


c. Average estimate of daily molybdenum intake from soil: 0.78 mg Mo/kg soil x 0.00005 kg soil = 
0.000039 mg Mo / 4.8 mg Mo = < 0.001% 


d. High end estimate of daily molybdenum intake from soil: 2.27 mg Mo/kg soil x 0.0001 kg soil = 
0.000227 mg Mo / 4.8 mg Mo = <0.005% 


e. Dermal absorption and uptake of molybdenum is likely negligible compared with incidental 
ingestion and was not considered further. 
 


17. Potential contribution from diet: Diet is likely the main source of daily molybdenum intake in 
populations which do not have high molybdenum concentrations in drinking water, and thus the relative 
contribution of molybdenum in diet is important to estimate. Average daily molybdenum intake from 
diet has been reported to be 0.180 mg/day in US adults, ranging up to 0.240 mg/day (ATSDR, 2020), 
which likely constitutes 5%, and possibly up to 10% of the allowable daily intake. 


a. Average estimate of daily molybdenum intake from diet: 0.180 mg Mo/ 4.8 mg Mo = 3.75% 
b. High end estimate of daily molybdenum intake from diet: 0.240 mg Mo/ 4.8 mg Mo = 5% 
c. Dietary supplements (e.g., multivitamins) may often contain molybdenum, and at 0.024 mg 


Mo/day (ATSDR, 2020), this would be: 0.024 mg Mo/ 4.8 mg Mo = 0.5% 
d. Amongst food types, the highest molybdenum concentrations have been reported in legumes, 


grains, and nuts compared with animal-based products (ATSDR, 2020), which suggests that 
vegetarian and vegan diets may have higher molybdenum intake. While data specifically on 
molybdenum intake in people consuming vegetarian diets was not located, reasonable 
approximations of average molybdenum intakes could be around 130% of that from a meat-
containing diet, ranging up to a maximum of 200% (Neufingerl and Eilander, 2021). 


i. This suggests that the molybdenum dietary intake in vegetarian or vegan diets could 
range around 5% -7.5% of the allowable daily intake, with a maximum estimate of 10%, 
making the health-protective but likely assumption that vegetarian diets were not a 
substantial proportion of the population results reported in ATSDR (2020). 


e. Cooking grains and legumes in water with elevated molybdenum concentration may increase 
molybdenum content in the cooked food. While data is sparse, if rice is taken as a case for 
maximal water incorporation into food, cooking in water with molybdenum concentrations 
similar to the proposed TVS doubled the amount of molybdenum per serving of rice (Jaafar et 
al., 2018).  


i. The impact of this could be increasing daily dietary molybdenum intake by a small 
margin, i.e. possibly 0.5%. 
 


18. One remaining area of uncertainty regards the extent to which elevated molybdenum content in 
irrigation water may impact molybdenum content in agricultural crops or residential gardens, including 
specifically for Colorado communities, as no information was identified which clearly evaluated this.  
 


19. Despite some uncertainties which remain, the contribution from the exposure assumptions and 
calculations outlined above of all relevant non-water sources to daily molybdenum intake is likely 
around 5% of the allowable daily intake, and unlikely to be greater than 10%, which suggests that the 
80% ceiling RSC value calculated based on Box 13 of the Exposure Decision Tree (USEPA, 2000) applied 
to the proposed molybdenum drinking water source TVS will be appropriately protective of public 
health over a lifetime of exposure (USEPA, 2000).  


a. 0.06 mg Mo/kg body weight per day x 80 kg body weight x 0.8 RSC = 3.84 mg Mo/day from 
drinking water 
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Childhood Exposure Considerations 
 


20. The USEPA is committed protecting public health, including sensitive populations, and specifically to 
protecting “…children from environmental exposures by consistently and explicitly considering early life 
exposures and lifelong health in all human health decisions.” (USEPA, 2021). 
 


21. Because the molybdenum RfD was calculated based upon effects in adult rats from experimental 
studies, the average adult human is the target population for evaluation of RSC, based on the EPA’s 
2000 Methodology, as the ambient water WQS is intended to be adequately protective of a human 
population over a lifetime of exposure (USEPA, 2000; USEPA, 2015a; USEPA, 2015b). For molybdenum, it 
is illustrative to include some example exposure estimates for developmental life stages to understand 
the different relative molybdenum ingestion rates that may result, and to consider how the RSC 
calculated to protect the average adult over a lifetime of exposure relates to other life stages. As shown 
in Table-1, while TVS values calculated for different life stages change based upon the ratio of body 
weight to drinking water intake rate, the relative contribution of molybdenum estimated to come from 
the diet remains below 20% across all lifestages, and below 10% for all but potentially bottle-fed infants. 


 
Table 1 Evaluation of Lifestage-Specific Exposures and Molybdenum (Mo) Intake 


Lifestage Ages Body 
weight 


(average, 
kg)a 


Water 
intake 


(90%-ile, 
L/day)b 


BW / 
WI 


ratiod 


Lifestage-
specific-


TVSe (µg/L) 


Total 
allowable 


daily intake 
(ADI) (µg)f 


Amount of 
Mo intake 
from diet 


(µg)g 


Percent of 
Mo intake 
from diet 


in ADI 
Adult ≥ 21 


years 
80 2.4 33.3 1,600 4,800 180 – 360 3.8 – 7.5% 


Child 6 – 11  
years 


31.8 0.953 33.4 1,603 1,900 102 5.4% 


Child 3 – 6 
years 


18.6 0.683 27.2 1,306 1,100 66 6% 


Infant 
(breast-fed) 


3 – 6 
months 


7.4 1.037c 7.14 343 440 5 1.1% 


Infant 
(bottle-fed) 


3 – 6 
months 


7.4 1.3c 5.69 273 440 49 11% 


a From USEPA (2011); kilograms, kg 
b From USEPA (2019); liters per day, L/day; 90th percentile of the population, 90%-ile. 
c Estimates noted as less reliable 
d Ratio of body weight (BW) / water intake (WI) from TVS equation 1, as a measure of relative drinking water exposure 
e As shown in Equation 1-1 in WQCC Policy 96-2; with RfD = 0.06 mg/kg-day, RSC = 0.8, additional UF=1x, and all other parameters 
as noted in the table. 
f For molybdenum, based upon RfD of 0.06 mg/kg-day and body weight indicated in the table; allowable daily intake (ADI). 
g Little lifestage specific data available: for children 6-11 years, assumed dietary intake of 3x the recommended daily intake of 34 
µg/day for ages 9 – 13 years, and for children 3-6 years assumed dietary intake of 3x the recommended daily intake of 22 µg/day 
for ages 4 – 8 years (NIH, 2024); for breast-fed infants 3 – 6 months, assumed intake from human breast milk average of 5 µg/L; 
for bottle-fed infants 3 – 6 months assumed intake from infant formula average of 38 µg/L (Abramovich M et al., 2011) 
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ILLINOIS POLLUTION CONTROL BOARD 
July 18, 2024 


 
IN THE MATTER OF: 
 
PROPOSED AMENDMENTS TO 
GROUNDWATER QUALITY  
35 ILL. ADM. CODE 620 


) 
) 
) 
) 
) 


 
 
     R22-18 
     (Rulemaking – Public Water Supplies) 
  


 
HEARING OFFICER ORDER 


 
This order poses additional questions to the Illinois Environmental Protection Agency 


(IEPA).  Other participants in this rulemaking are welcome to provide comment regarding the 
questions as well.  All responses or comments are to be filed with the Board by August 9, 2024.  
 
Board Questions:  
 


1. In PC 62, the International Molybdenum Association cites an undated letter written 
by the United States Environmental Protection Agency (USEPA), Region 8 regarding 
a site-specific Colorado molybdenum water quality standard for protection of the 
water supply use classification.  PC 62 at 4.  The letter supports the choice of the 
2020 ATSDR intermediate oral minimal risk level (MRL) for the reference dose to 
use in the proposed molybdenum water quality standard at issue in that case.   
 
a. Please comment on whether the Board should consider  the USEPA Region 8’s 


finding concerning 2020 ATSDR molybdenum MRL in this rulemaking to revise 
the proposed molybdenum groundwater quality standards (GWQS).  Id. at 5. 
 


b. If so, propose revised molybdenum Class I and Class II GWQS based on the 2020 
ATSDR MRL of 0.06 mg/kg-day.  
 


2. In PC 63, the Illinois Environmental Regulatory Group questions whether Illinois 
“laboratories will have the capacity to process a sudden and unprecedented influx of 
Illinois groundwater PFAS tests.”  PC 63 at 3.   
 
a. Please comment on whether IEPA expects a sudden increase in number of PFAS 


tests performed by Illinois laboratories upon the adoption of the proposed rules as 
well as USEPA’s PFAS drinking water MCLs. 


 
b. If so, is IEPA aware of whether Illinois laboratories have adequate capacity to 


meet the increased demand to conduct the required PFAS analyses?   
 


c. If not, would it be possible for IEPA to contact Illinois laboratories regarding 
capacity issues for analyzing PFAS samples resulting from the potential adoption 
of  proposed groundwater quality standards as well as the recent USEPA drinking 
water MCLs and report back to the Board?  
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d. Please clarify whether Part 620 requires PFAS analyses to be performed by only 


Illinois laboratories.  
 


3. The City of Springfield (CWLP) and Dynegy again raise the issue of shifting the 
basis of the proposed  Class I and Class II standards for selenium from health-based 
USEPA MCL to a beneficial use criterion for irrigation of crops.  PC 65 at 8-9; PC 66 
at 4.  The participants ask the Board to look to more recent scientific data rather than 
the 1972 Water Quality Criteria relied upon in this rulemaking proposal.  Please 
comment on Dynegy’s concerns (below) regarding the reliance on the 1972 Water 
Quality Criteria as the basis of the proposed selenium and fluoride standards. 
 
a. The 1972 selenium criterion is based “on studies done in areas (Oregon, 


Wyoming, New Zealand and Denmark) with different agricultural conditions than 
Illinois.”  PC 66 at 4 citing Ex. 24 at 9. These studies “relate to livestock foraging 
on range plants, which do not typically serve as forage for livestock in Illinois.” 
Id. at 5 citing Ex. 24 at 6, 8-9.  Thus, "range plants typically require higher levels 
of irrigation than the types of forage crops that exist in Illinois.”  Id. citing Ex. 30 
at 3-4. 
 


b. The 1972 selenium criterion is based on three acre-feet water use per acre, per 
year.  PC 66 at 5 citing Ex. 24 at 7. The average irrigation in Illinois is estimated 
at 0.5 acre-foot of water use per acre, per year.  Id.  Dynegy argues that there is no 
evidence in the record or the Board’s order “refuting the fact that irrigation rates 
in Illinois are much lower than the irrigation rate that serves as a basis for the 0.02 
mg/L recommendation.”  Id.  


 
4. Dynegy notes that the proposed fluoride standards are intended afford protection for 


livestock from potential aesthetic dental impact and not any other harmful effects 
which are expected until concentrations are multiple times higher.  PC 66 at 5.   
 
a. Please comment on whether there are any harmful effects of fluoride on livestock 


other than “tooth mottling” that the Board should consider to support the proposed 
standards. 
  


b. If not, comment on whether the Board should withdraw the proposed fluoride 
standards and maintain the current Class I and Class II standards, as suggested by 
Dynegy.  


 
5. Dynegy claims that evidence in the record “clearly demonstrates that selenium 


deficiency is a problem for Illinois livestock and that supplements are recommended 
for livestock to protect against selenium deficiency.”  PC 66 at 5 citing Exh. 24,  
Dynegy’s Post-Hearing Comment at Exh. D and E (Mar. 3, 2023) (P.C. #57).  Please 
review the cited information and comment on whether the proposed selenium 
standard is necessary or detrimental for the protection of livestock.    
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6. Following the Board’s first notice order, many participants have again raised the issue 
of the economic reasonableness of the proposed rule amendments, specifically 
concerning the PFAS GWQS.  Some participants have pointed to other states that 
have performed an economic reasonableness evaluation of their own PFAS standards.  
See, PC 61 at 2, pointing to a Minnesota rulemaking.  Does IEPA have any additional 
information on economic reasonableness of the proposed PFAS GWQS that could be 
considered by the Board?   


 
IT IS SO ORDERED.  
 


 
Vanessa Horton  
Hearing Officer 
Illinois Pollution Control Board 
60 E. Van Buren, Suite 630 
Chicago, Illinois 60605 
(312) 814-5053 
Vanessa.Horton@illinois.gov 
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Subject: [External] RE: R2022-01 In the Matter of: Proposed Amendments to Groundwater Quality
(35 Ill. Adm. Code 620) - IMOA requests factual error correction
Importance: High

For the kind attention of Vanessa Horton, Hearing Officer, and for the record,

With reference to the attached Hearing Officer Order, dated 18 July 2024, attached and circulated
by Email (below) today, IMOA is responding immediately to you and the > 130 Email recipients
because Point 1 of your document contains a significant factual error about which we respectfully
request your immediate acknowledgement and correction. 

It states that IMOA provided an ‘undated’ letter from EPA, which is absolutely not the case.   The
phraseology of ‘undated’ could also feasibly be misconstrued or inferred as ‘outdated’ so for the
avoidance of doubt we similarly clarify that this is also absolutely not the case.  Whilst the date is not
perhaps as ordinarily expected on the first page, the date is very clearly stated on page two as
2024.04.03 in the digital signature, as per this screenshot:

Electronic Filing: Received, Clerk's Office 07/18/2024 P.C.#70



The EPA document, attached, is less than 4 months old and was part of a recent molybdenum water
quality standard hearing last month in Colorado.  You are welcome to contact the letter’s signatory,
John Todd, to check the veracity of this statement if you wish.
 
Kindly acknowledge receipt of this Email, and please promptly correct the one circulated today by
your offices, particularly ensuring that IEPA and all members of the Illinois Pollution Control Board
receive the corrected letter.
 
Kind regards.
Sandra Carey
 
Sandra Carey
HSE Executive

International Molybdenum Association (IMOA),
454-458 Chiswick High Road, London, W4 5TT, United Kingdom
Direct: +44 (0) 7778 813721  Fax: +44 20 87420128  
 
IMOA Website: www.imoa.info  MoCon Website: www.molybdenumconsortium.org

In providing consultation or other assistance with respect to technical issues, IMOA, its employees, consultants
and all IMOA members disclaim any and all liability for any claim whatsoever that arises from the provision of
technical advice and services rendered through IMOA.  All warranties and representations, express or implied, are
disclaimed. Neither IMOA, its employees, consultants, nor any member of IMOA makes any warranty whatsoever
with regard to the technical advice and/or service rendered.
 

From: Hedges, Lynn <Lynn.Hedges@Illinois.gov> 
Sent: Thursday, July 18, 2024 5:23 PM
To: Terranova, Sara <Sara.Terranova@Illinois.gov>; Hutchison, Kaitlyn
<Kaitlyn.Hutchison@Illinois.gov>; Brown, Don <Don.Brown@illinois.gov>; Horton, Vanessa
<Vanessa.Horton@Illinois.gov>; Salk, Chloe <Chloe.Salk@Illinois.gov>;
jorge.mihalopoulos@mwrd.org; morakaliss@mwrd.org; PowellJ@mwrd.org; EXT Andes, Frederic
<fandes@btlaw.com>; ian.surdell@btlaw.com; ssievers@bhslaw.com; llurkins@bhslaw.com;
cmeyer@bhslaw.com; ncoppinger@bdlaw.com; dschulson@bdlaw.com; Snow, Renee
<Renee.Snow@illinois.gov>; Ellen.Olaughlin@ilag.gov; Jason.James@ilag.gov; Sandra Carey
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frantzen@afslaw.com; nancy.burke@saul.com; agrell@nrmsolution.com;
chair.aeg.chicago@gmail.com; Emily.Kaemmer@aecom.com; jdjeep@enviroatty.com;
aaron.rydecki@wsp.com; Gary.Braun@AECOM.com; analyticalalchemist@gmail.com;
sbrady@consulttruenorth.com; jstoner@sg360.com; dhaddock@intera.com;
dpetersen@ramboll.com; lfrede@cicil.net; dgsoutter@burnsmcd.com; keith.fetzner@erm.com;
mroche@berkleyenvironmental.com; raymcelheny@gmail.com; jwolman@politico.com;
rick@rickdfox.com; cgreer@fnal.gov; Nick.Nigro@pacelabs.com; coxa@mwrd.org;
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koswald@v3co.com; scott.mcsorley@novagroupgbc.com; kconrad2@travelers.com;
bryon.banman@ghd.com; jshuptar@v3co.com; Pisula, Teresa I. <Teresa.Pisula@Illinois.gov>;
mcnamesl@naperville.il.us; brian.m.smith@aecom.com; bill@egsl.com; etreadway@scwrd.org;
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Subject: R2022-018 In the Matter of: Proposed Amendments to Groundwater Quality (35 Ill. Adm.
Code 620)
 
By this e-mail, the Illinois Pollution Control Board serves you with the attached Hearing Officer Order
of
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ILLINOIS POLLUTION CONTROL BOARD 
July 18, 2024 

 
IN THE MATTER OF: 
 
PROPOSED AMENDMENTS TO 
GROUNDWATER QUALITY  
35 ILL. ADM. CODE 620 

) 
) 
) 
) 
) 

 
 
     R22-18 
     (Rulemaking – Public Water Supplies) 
  

 
HEARING OFFICER ORDER 

 
This order poses additional questions to the Illinois Environmental Protection Agency 

(IEPA).  Other participants in this rulemaking are welcome to provide comment regarding the 
questions as well.  All responses or comments are to be filed with the Board by August 9, 2024.  
 
Board Questions:  
 

1. In PC 62, the International Molybdenum Association cites an undated letter written 
by the United States Environmental Protection Agency (USEPA), Region 8 regarding 
a site-specific Colorado molybdenum water quality standard for protection of the 
water supply use classification.  PC 62 at 4.  The letter supports the choice of the 
2020 ATSDR intermediate oral minimal risk level (MRL) for the reference dose to 
use in the proposed molybdenum water quality standard at issue in that case.   
 
a. Please comment on whether the Board should consider  the USEPA Region 8’s 

finding concerning 2020 ATSDR molybdenum MRL in this rulemaking to revise 
the proposed molybdenum groundwater quality standards (GWQS).  Id. at 5. 
 

b. If so, propose revised molybdenum Class I and Class II GWQS based on the 2020 
ATSDR MRL of 0.06 mg/kg-day.  
 

2. In PC 63, the Illinois Environmental Regulatory Group questions whether Illinois 
“laboratories will have the capacity to process a sudden and unprecedented influx of 
Illinois groundwater PFAS tests.”  PC 63 at 3.   
 
a. Please comment on whether IEPA expects a sudden increase in number of PFAS 

tests performed by Illinois laboratories upon the adoption of the proposed rules as 
well as USEPA’s PFAS drinking water MCLs. 

 
b. If so, is IEPA aware of whether Illinois laboratories have adequate capacity to 

meet the increased demand to conduct the required PFAS analyses?   
 

c. If not, would it be possible for IEPA to contact Illinois laboratories regarding 
capacity issues for analyzing PFAS samples resulting from the potential adoption 
of  proposed groundwater quality standards as well as the recent USEPA drinking 
water MCLs and report back to the Board?  
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d. Please clarify whether Part 620 requires PFAS analyses to be performed by only 

Illinois laboratories.  
 

3. The City of Springfield (CWLP) and Dynegy again raise the issue of shifting the 
basis of the proposed  Class I and Class II standards for selenium from health-based 
USEPA MCL to a beneficial use criterion for irrigation of crops.  PC 65 at 8-9; PC 66 
at 4.  The participants ask the Board to look to more recent scientific data rather than 
the 1972 Water Quality Criteria relied upon in this rulemaking proposal.  Please 
comment on Dynegy’s concerns (below) regarding the reliance on the 1972 Water 
Quality Criteria as the basis of the proposed selenium and fluoride standards. 
 
a. The 1972 selenium criterion is based “on studies done in areas (Oregon, 

Wyoming, New Zealand and Denmark) with different agricultural conditions than 
Illinois.”  PC 66 at 4 citing Ex. 24 at 9. These studies “relate to livestock foraging 
on range plants, which do not typically serve as forage for livestock in Illinois.” 
Id. at 5 citing Ex. 24 at 6, 8-9.  Thus, "range plants typically require higher levels 
of irrigation than the types of forage crops that exist in Illinois.”  Id. citing Ex. 30 
at 3-4. 
 

b. The 1972 selenium criterion is based on three acre-feet water use per acre, per 
year.  PC 66 at 5 citing Ex. 24 at 7. The average irrigation in Illinois is estimated 
at 0.5 acre-foot of water use per acre, per year.  Id.  Dynegy argues that there is no 
evidence in the record or the Board’s order “refuting the fact that irrigation rates 
in Illinois are much lower than the irrigation rate that serves as a basis for the 0.02 
mg/L recommendation.”  Id.  

 
4. Dynegy notes that the proposed fluoride standards are intended afford protection for 

livestock from potential aesthetic dental impact and not any other harmful effects 
which are expected until concentrations are multiple times higher.  PC 66 at 5.   
 
a. Please comment on whether there are any harmful effects of fluoride on livestock 

other than “tooth mottling” that the Board should consider to support the proposed 
standards. 
  

b. If not, comment on whether the Board should withdraw the proposed fluoride 
standards and maintain the current Class I and Class II standards, as suggested by 
Dynegy.  

 
5. Dynegy claims that evidence in the record “clearly demonstrates that selenium 

deficiency is a problem for Illinois livestock and that supplements are recommended 
for livestock to protect against selenium deficiency.”  PC 66 at 5 citing Exh. 24,  
Dynegy’s Post-Hearing Comment at Exh. D and E (Mar. 3, 2023) (P.C. #57).  Please 
review the cited information and comment on whether the proposed selenium 
standard is necessary or detrimental for the protection of livestock.    
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6. Following the Board’s first notice order, many participants have again raised the issue 
of the economic reasonableness of the proposed rule amendments, specifically 
concerning the PFAS GWQS.  Some participants have pointed to other states that 
have performed an economic reasonableness evaluation of their own PFAS standards.  
See, PC 61 at 2, pointing to a Minnesota rulemaking.  Does IEPA have any additional 
information on economic reasonableness of the proposed PFAS GWQS that could be 
considered by the Board?   

 
IT IS SO ORDERED.  
 

 
Vanessa Horton  
Hearing Officer 
Illinois Pollution Control Board 
60 E. Van Buren, Suite 630 
Chicago, Illinois 60605 
(312) 814-5053 
Vanessa.Horton@illinois.gov 

 
 



 

 
 
 
 
 
 
 
 
 
 
Ref: 8WD-CWQ 
 
SENT VIA EMAIL 
 
Mike Weber, Chair 
Colorado Water Quality Control Commission 
cdphe.wqcc@state.co.us 
 
       Subject:  Proposed Changes to Molybdenum WQS 
 
Dear Mr. Weber: 
 
The purpose of this letter is to provide U.S. Environmental Protection Agency Region 8 comments on the 
changes to Colorado water quality standards (WQS) proposed by the Climax Molybdenum Company (Climax).  
 
Our review has addressed the proposed WQS rule changes and supporting analyses submitted by Climax with 
their March 6, 2024 proponent’s prehearing statement. Our comments are preliminary in nature. Prior to acting 
on any WQS revisions that may be adopted by the Water Quality Control Commission (WQCC or Commission), 
EPA would review all pertinent issues, including information/comments that are submitted and testimony at the 
public hearing. 
 
CWA § 303(c)(2) requires States and authorized Indian Tribes to submit new or revised WQS to EPA for review.1 
EPA is required to review and approve or disapprove the revisions. New or revised WQS do not become 
applicable WQS for CWA purposes until they are approved by EPA (40 C.F.R. § 131.21). Pursuant to CWA § 
303(c)(3), if EPA determines that any WQS is not consistent with the applicable requirements of the Act, the 
Agency shall, not later than the ninetieth day after the date of submission, notify the State or authorized Tribe 
and specify the changes to meet the requirements. If the changes are not adopted within ninety days after the 
date of notification, EPA is to propose and promulgate such WQS pursuant to CWA § 303(c)(4). The Region’s goal 
has been, and will continue to be, to work closely with States and authorized Tribes throughout the standards 
revision process so that submitted revisions can be approved by EPA.  
 
 

 
1   CWA § 518(e) specifically authorizes EPA to treat eligible Indian tribes in the same manner as states for purposes of CWA § 303. See 

also 40 C.F.R. § 131.8. 

mailto:cdphe.wqcc@state.co.us
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Proposed WQS Changes 
Climax proposes to revise 1) Regulation #33, specifically the molybdenum numeric standard for protection of 
the water supply use classification assigned to Blue River segment 14 (a portion of Tenmile Creek above Dillon 
Reservoir), and 2) the molybdenum table value standard (TVS) for the water supply use classification in 
Regulation #31. With regard to both regulations, the proposal is to delete the current value (210 µg/L) and 
adopt an updated value (1,600 µg/L).  
 
Summary of EPA Comments 
The proposed revision to the molybdenum TVS for the water supply use classification, with the reference dose 
(RfD) based upon the ATSDR intermediate oral minimum risk level (MRL) of 0.06 mg/kg-day, a relative source 
contribution (RSC) of 0.8, and updated exposure assumptions regarding adult body weight (80 kg) and daily 
water intake rate (2.4 L/day), appears to be appropriately protective based upon the most relevant and highest 
confidence toxicity and exposure information currently available. 
 
Conclusion 
EPA appreciates having an opportunity to provide comments on the proposed changes to the molybdenum 
WQS. Any questions about our comments may be directed to Dave Moon (moon.dave@epa.gov) and Jason Fritz 
(fritz.jason@epa.gov). 
 
       Sincerely, 
 
 
 
       Andrew S. Todd, Supervisor 
       Water Quality Section 
 
Enclosure 
  

mailto:moon.dave@epa.gov
mailto:fritz.jason@epa.gov


 

3 
 

Enclosure 
EPA Region 8 Comments on Proposed Changes to Molybdenum WQS 

 
 
History of the Issue 
The molybdenum water supply standard was first assigned to Blue River segment 14 in 2014, along with a 
segment-specific temporary modification. The expiration date of the temporary modification was extended by 
three years in 2017 and again in 2020. EPA approved each of these WQS revisions. Today, the temporary 
modification is no longer in effect and has expired (EPA did not act on a six-month extension from 6/30/2023 to 
12/31/2023 and instead provided recommendations regarding extension proposals).2 Unlike the temporary 
modification, the 210 µg/L numeric standard remains in effect on Blue River segment 14 and would be revised 
by the Climax proposal, along with the Regulation #31 TVS for the water supply use classification.  
 
How was the Current Molybdenum Standard Calculated? 
The current molybdenum standard for the water supply use classification (adopted into Regulation #31 in 2010) 
was calculated using Equation 1-1 in WQCC Policy 96-2:   

 
where: 
RfD or Reference Dose = 0.03 mg/kg-day 
Body Weight = 70 kg 
RSC or Relative Source Contribution = 0.2 (20% of RfD is allocated to exposure via water intake) 
Water Intake = 2 liters/day 
Uncertainty Factor = 1X (default value) 

 
Which of the Variables Would be Changed? 
The Climax proposal would: 

• Increase the RSC by 4X to 0.8 (80% of RfD is allocated to exposure via water intake) 
• Increase the RfD by 2X to 0.06 mg/kg-day 
• Increase the Body Weight to 80 kg (consistent with the 2020 Colorado WQS revisions) 
• Increase the Water Intake to 2.4 liters/day (consistent with the 2020 Colorado WQS revisions) 

 
EPA Comments 
 

1. Regarding Colorado’s molybdenum WQS for protection of the water supply use classification, EPA 
appreciates the efforts made by Climax and the Division, as well as participating stakeholders that may 
be affected by the quality of ambient source waters such as Tenmile Creek. 
 
  

 
2    See EPA’s December 8, 2022 WQS action letter https://drive.google.com/file/d/15ia7w_b35RP8q4y3-CwVDijJy9mBZlU_/view 
 

TVS = RfD x Body Weight x RSC x 1000 µg/mg
Water Intake x UF

0.03 x 70 x 0.2 x 1000=
2 x 1

= 210 µg/L

https://drive.google.com/file/d/15ia7w_b35RP8q4y3-CwVDijJy9mBZlU_/view
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2. EPA has an oversight role whenever new or revised WQS are adopted. Pursuant to 40 C.F.R. Section 
131.20(c), states must submit WQS changes and supporting analyses to EPA for review and approval. 
 

3. When reviewing changes to ambient water quality criteria, EPA’s decisions must be consistent with its 
implementing regulation at 40 C.F.R. Part 131, which is explicit that states and authorized tribes must 
adopt criteria that are protective of the designated use based on sound scientific rationale (40 C.F.R. § 
131.11(a)(1)). Once a scientifically defensible WQS has been established, the CWA allows for the costs of 
compliance and other attainability factors to be considered (e.g., in an engineering alternatives analysis 
to support a discharger-specific WQS variance).  

 
4. The methodology used to derive table value standards should be appropriately conservative, such that 

the resulting values can be assigned to individual segments statewide with confidence that designated 
uses will be protected. 

 
5. The proposed approach appears to be approvable. However, EPA recognizes that the CWA gives States 

the lead role in determining appropriate water quality standards (CWA §§ 101(b), 303(c)), and that 
States have risk management discretion in deriving ambient water quality criteria (CWA § 510), provided 
the criteria will protect the designated use based on a sound scientific rationale (40 CFR § 131.11(a)(1)). 
Accordingly, EPA would have no objection if the Commission elects to utilize an approach that is more 
health-protective or conservative than the one proposed by Climax. 

 
Reference Dose (RfD) 
 

6. The choice of the intermediate duration oral minimal risk level (MRL) derived by the US Agency for Toxic 
Substances and Disease Registry (ATSDR, 2020) is the appropriate choice of RfD for use in the proposed 
molybdenum (Mo) WQS for the protection of the water supply use classification. The ATSDR (2020) 
Toxicological Profile for Molybdenum is a comprehensive, independent, assessment of the relevant 
experimental and epidemiological evidence by a Federal public health agency. While EPA’s methods for 
developing health assessments differ in some regards, including uncertainty factor selection, ATSDR 
Toxicological Profiles are developed by a Federal agency that is an authority in public health protection 
(e.g., USEPA, 2003).   
 

7. ATSDR (2020) chose the point of departure (POD) of 17 mg/kg-day as a no observed adverse effect level 
(NOAEL) based upon kidney effects (renal proximal tubule hyperplasia) from the 90-day subchronic 
dietary exposure study in rats reported by Murray et al., (2014a), as the most sensitive endpoint among 
the available evidence of sufficient quality and reliability.  

a. While USEPA and ATSDR methodologies differ in some regards when it comes to deriving RfDs 
(USEPA, 2012) or MRLs (ATSDR, 2020), ATSDR applied uncertainty factors (specifically, an 
intraspecies uncertainty factor of 10, and an interspecies uncertainty factor of 10) in a manner 
consistent with their methodology, and in consideration of recommendations from independent 
scientific review to account for various sources of uncertainty.  
 

8. In alignment with USEPA recommendations (USEPA, 2002), after a comprehensive evaluation of the 
available database, ATSDR (2020) also applied a modifying factor of 3 (combined with the uncertainty 
factors described above, for a total composite adjustment of 300) to account for additional uncertainty 
regarding the potential for increased susceptibility in sensitive populations where copper intake was a 
concern, potentially in developing humans.  
 

9. While molybdenum is essential for life, it is notable that the database is relatively limited, in that it 
appears to lack the quantity and quality of studies reporting adverse health outcomes in human 
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populations compared with other agents described in the proposal (collectively “essential elements”), 
and specifically a lack of information from exposures to potentially sensitive lifestages such as young 
children, pregnant women, the elderly and/or adults with pre-existing health conditions, such as kidney 
disease. The database also lacks studies on more subtle outcomes, such as neurological effects in 
children or adults. Furthermore, there are no identified human populations known to be experiencing 
molybdenum deficiency, so there are no data to suggest that regulation of molybdenum intake would 
decrease intake below a biologically necessary level. 

a. This lack of human studies of sufficient quality and confidence, which assessed health effects 
after chronic and/or developmental exposures, likely contributes to the increased level of 
uncertainty reflected in the uncertainty and modifying factors applied by ATSDR (2020), 
compared with previous assessments by ATSDR and USEPA. 
 

10. ATSDR determined that there was insufficient evidence to derive a chronic oral MRL. This suggests that 
there could be uncertainty regarding the potential for kidney effects observed after 90 days of exposure 
in adult rats (intermediate duration) to increase in severity, or emerge at lower doses, following chronic 
exposures. While ATSDR does not typically consider the application of an uncertainty factor to shorter-
duration exposure studies in the evaluation of chronic MRLs, USEPA does routinely consider this 
adjustment in hazard assessments (2002). 

a. However, there is evidence available from another study evaluating molybdenum effects which 
suggests that additional adjustment is unnecessary. 

b. ATSDR based a chronic inhalation MRL upon outcomes reported in a 2-year inhalation exposure 
bioassay conducted in rats by the National Toxicology Program (NTP, 1997; ATSDR, 2020). In this 
study NTP measured blood levels of molybdenum following chronic molybdenum trioxide 
inhalation exposure, and blood molybdenum levels were similar to those reported in rats 
following 90-days exposure at 17 mg/kg-day via diet by Murray et al., (2014a), which was the 
study and dose used by ATSDR as the basis for the intermediate duration oral MRL. 

c. As the kidney is a highly perfused organ, it is exposed to molybdenum primarily via blood 
circulation, following oral or inhalation exposures. Since the blood molybdenum levels were 
similar in the rats exposed for 90-days via diet (Murray et al., 2014a) and for 2-years via 
inhalation (NTP, 1997), the kidney outcomes reported after either 90 days or 2 years of 
exposure can be qualitatively compared to determine if they are also similar. 

d. Because NTP (1997) found no evidence of kidney effects in the rodents after 2 years of exposure 
to similar blood molybdenum levels as the 90-day study dose group which also reported no 
effects, this provides one line of evidence from studies of molybdenum exposure that the 
intermediate duration oral MRL (ATSDR, 2020) may be sufficiently protective of kidney effects 
after chronic exposure. 
 

11. The evidence available from molybdenum studies for kidney health effects, the most sensitive endpoint 
reported following repeated molybdenum exposure (ATSDR, 2020), supports the conclusion that 
application of an uncertainty factor to account for subchronic to chronic exposures is unnecessary for 
the intermediate duration oral MRL. However, it would not be constructive or appropriate to broadly 
apply this conclusion to evaluations of other agents as an a priori assumption; rather, the database for 
each compound should be evaluated appropriately according to current Agency guidance (e.g., USEPA 
2002; USEPA, 2012). 

 
Exposure Assumptions 
 

12. A relative source contribution (RSC) of 0.8 was derived using the subtraction method and is based upon 
available information to understand central tendencies and reasonable maximal exposures in the 
general population. While the “Exposure Decision Tree for Defining Proposed RfD (or POD/UF) 
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Apportionment” (USEPA, 2000) does include the subtraction method as one option to determine 
relative contributions from non-drinking water sources in the evaluation for the molybdenum WQS, it is 
also informative to evaluate potential contributions from all sources using the percentage approach, 
which is employed below (USEPA, 2015a; USEPA, 2015b). 
 

13. Contribution to daily molybdenum intake from sources other than drinking water should be estimated 
using average intake rates (USEPA, 2000), although at times, evaluating upper confidence limits of 
averages may provide a useful upper bound for consideration. However, the use of high-end intakes for 
every exposure source is not recommended, since the combination of a series of highest-estimate 
exposure scenarios may not be representative of any actually exposed individual or population (USEPA, 
2000). 
 

14. Using the ATSDR intermediate oral MRL as the RfD (ATSDR, 2020), as proposed, the total allowable daily 
intake would be: 0.06 mg Mo/kg body weight per day x 80 kg body weight = 4.8 mg Mo/day. 

a. Using the combination of average adult body weights and 90th-percentile water intake rates is 
appropriate, as the ambient water WQS is intended to be adequately protective of a human 
population over a lifetime of exposure (USEPA, 2000; USEPA, 2015a; USEPA, 2015b). 

b. These body weights and intake rates can be adjusted for specific lifestages which may be 
sensitive target populations, if desired by states and tribes, in which case, consideration of 
subchronic or acute toxicity would likely be recommended (USEPA, 2000; USEPA, 2015b). 

c. However, the RfD was based upon the most sensitive effect observed in reliable studies of 
sufficient quality, i.e., kidney effects in adult rats (ATSDR, 2020). The available animal toxicology 
evidence (primarily an OECD guideline developmental toxicity study (Murray et al., 2014b), an 
OECD supplemental prenatal developmental toxicity study (Aveyard et al., 2023), and a two-
generation reproductive toxicity study (Murray et al., 2019)) does not suggest that young or 
pregnant animals are more sensitive to molybdenum toxicity. 
 

15. Potential contribution from inhalation via ambient air: evidence from available national studies of 
ambient air levels of molybdenum in several states (ATSDR, 2020) suggests that inhalation would 
contribute < 0.001% towards an estimated daily molybdenum intake. 

a. The highest end of the range reported, 0.03 μg/m3, would equate to approximately 0.6 μg 
Mo/day, which is 0.0006 mg/4.8 mg or < 0.001%. 

b. However, there was no information available for Colorado specifically, or for areas which may 
have high ambient molybdenum air concentrations, e.g. areas with high molybdenum surface 
contents and/or in close proximity to molybdenum extraction or refining operations. While this 
is a data gap, the ambient air levels would have to be >100-times higher to even reach 1% of the 
allowable daily intake.  

i. Notably, one historical account of Colorado worker inhalation exposures to 
molybdenum in dust from roasting operations was higher (intake estimated at 0.15 
mg/kg-day in Walravens et al., 1979). However, the representativeness of this estimate 
to other workplace exposures is unknown, and estimates from modern operations were 
not described, so relative contributions from occupational inhalation exposures remains 
unclear. 

c. For ambient air, using the highest end of the reported range may be considered an upper 
estimate of average intake considering the uncertainty regarding the relationships between 
measured ambient air molybdenum concentrations in several US states to that in Colorado. 
 

16. Potential contribution from incidental ingestion of surface soils: Similarly, incidental soil ingestion (i.e., 
accidental ingestion, from hand-to-mouth activity) would also appear to likely be <0.01% of daily 
molybdenum intake. 
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a. Levels of molybdenum in the top layers of soils across the US were reported to average 0.78 
mg/kg, up to 2.27 mg/kg (95th percentile; ATSDR, 2020).  

b. Average incidental soil intake rates for adults vary upon activity, but can range from 50 – 100 
mg/day (USEPA, 2017) 

c. Average estimate of daily molybdenum intake from soil: 0.78 mg Mo/kg soil x 0.00005 kg soil = 
0.000039 mg Mo / 4.8 mg Mo = < 0.001% 

d. High end estimate of daily molybdenum intake from soil: 2.27 mg Mo/kg soil x 0.0001 kg soil = 
0.000227 mg Mo / 4.8 mg Mo = <0.005% 

e. Dermal absorption and uptake of molybdenum is likely negligible compared with incidental 
ingestion and was not considered further. 
 

17. Potential contribution from diet: Diet is likely the main source of daily molybdenum intake in 
populations which do not have high molybdenum concentrations in drinking water, and thus the relative 
contribution of molybdenum in diet is important to estimate. Average daily molybdenum intake from 
diet has been reported to be 0.180 mg/day in US adults, ranging up to 0.240 mg/day (ATSDR, 2020), 
which likely constitutes 5%, and possibly up to 10% of the allowable daily intake. 

a. Average estimate of daily molybdenum intake from diet: 0.180 mg Mo/ 4.8 mg Mo = 3.75% 
b. High end estimate of daily molybdenum intake from diet: 0.240 mg Mo/ 4.8 mg Mo = 5% 
c. Dietary supplements (e.g., multivitamins) may often contain molybdenum, and at 0.024 mg 

Mo/day (ATSDR, 2020), this would be: 0.024 mg Mo/ 4.8 mg Mo = 0.5% 
d. Amongst food types, the highest molybdenum concentrations have been reported in legumes, 

grains, and nuts compared with animal-based products (ATSDR, 2020), which suggests that 
vegetarian and vegan diets may have higher molybdenum intake. While data specifically on 
molybdenum intake in people consuming vegetarian diets was not located, reasonable 
approximations of average molybdenum intakes could be around 130% of that from a meat-
containing diet, ranging up to a maximum of 200% (Neufingerl and Eilander, 2021). 

i. This suggests that the molybdenum dietary intake in vegetarian or vegan diets could 
range around 5% -7.5% of the allowable daily intake, with a maximum estimate of 10%, 
making the health-protective but likely assumption that vegetarian diets were not a 
substantial proportion of the population results reported in ATSDR (2020). 

e. Cooking grains and legumes in water with elevated molybdenum concentration may increase 
molybdenum content in the cooked food. While data is sparse, if rice is taken as a case for 
maximal water incorporation into food, cooking in water with molybdenum concentrations 
similar to the proposed TVS doubled the amount of molybdenum per serving of rice (Jaafar et 
al., 2018).  

i. The impact of this could be increasing daily dietary molybdenum intake by a small 
margin, i.e. possibly 0.5%. 
 

18. One remaining area of uncertainty regards the extent to which elevated molybdenum content in 
irrigation water may impact molybdenum content in agricultural crops or residential gardens, including 
specifically for Colorado communities, as no information was identified which clearly evaluated this.  
 

19. Despite some uncertainties which remain, the contribution from the exposure assumptions and 
calculations outlined above of all relevant non-water sources to daily molybdenum intake is likely 
around 5% of the allowable daily intake, and unlikely to be greater than 10%, which suggests that the 
80% ceiling RSC value calculated based on Box 13 of the Exposure Decision Tree (USEPA, 2000) applied 
to the proposed molybdenum drinking water source TVS will be appropriately protective of public 
health over a lifetime of exposure (USEPA, 2000).  

a. 0.06 mg Mo/kg body weight per day x 80 kg body weight x 0.8 RSC = 3.84 mg Mo/day from 
drinking water 
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Childhood Exposure Considerations 
 

20. The USEPA is committed protecting public health, including sensitive populations, and specifically to 
protecting “…children from environmental exposures by consistently and explicitly considering early life 
exposures and lifelong health in all human health decisions.” (USEPA, 2021). 
 

21. Because the molybdenum RfD was calculated based upon effects in adult rats from experimental 
studies, the average adult human is the target population for evaluation of RSC, based on the EPA’s 
2000 Methodology, as the ambient water WQS is intended to be adequately protective of a human 
population over a lifetime of exposure (USEPA, 2000; USEPA, 2015a; USEPA, 2015b). For molybdenum, it 
is illustrative to include some example exposure estimates for developmental life stages to understand 
the different relative molybdenum ingestion rates that may result, and to consider how the RSC 
calculated to protect the average adult over a lifetime of exposure relates to other life stages. As shown 
in Table-1, while TVS values calculated for different life stages change based upon the ratio of body 
weight to drinking water intake rate, the relative contribution of molybdenum estimated to come from 
the diet remains below 20% across all lifestages, and below 10% for all but potentially bottle-fed infants. 

 
Table 1 Evaluation of Lifestage-Specific Exposures and Molybdenum (Mo) Intake 

Lifestage Ages Body 
weight 

(average, 
kg)a 

Water 
intake 

(90%-ile, 
L/day)b 

BW / 
WI 

ratiod 

Lifestage-
specific-

TVSe (µg/L) 

Total 
allowable 

daily intake 
(ADI) (µg)f 

Amount of 
Mo intake 
from diet 

(µg)g 

Percent of 
Mo intake 
from diet 

in ADI 
Adult ≥ 21 

years 
80 2.4 33.3 1,600 4,800 180 – 360 3.8 – 7.5% 

Child 6 – 11  
years 

31.8 0.953 33.4 1,603 1,900 102 5.4% 

Child 3 – 6 
years 

18.6 0.683 27.2 1,306 1,100 66 6% 

Infant 
(breast-fed) 

3 – 6 
months 

7.4 1.037c 7.14 343 440 5 1.1% 

Infant 
(bottle-fed) 

3 – 6 
months 

7.4 1.3c 5.69 273 440 49 11% 

a From USEPA (2011); kilograms, kg 
b From USEPA (2019); liters per day, L/day; 90th percentile of the population, 90%-ile. 
c Estimates noted as less reliable 
d Ratio of body weight (BW) / water intake (WI) from TVS equation 1, as a measure of relative drinking water exposure 
e As shown in Equation 1-1 in WQCC Policy 96-2; with RfD = 0.06 mg/kg-day, RSC = 0.8, additional UF=1x, and all other parameters 
as noted in the table. 
f For molybdenum, based upon RfD of 0.06 mg/kg-day and body weight indicated in the table; allowable daily intake (ADI). 
g Little lifestage specific data available: for children 6-11 years, assumed dietary intake of 3x the recommended daily intake of 34 
µg/day for ages 9 – 13 years, and for children 3-6 years assumed dietary intake of 3x the recommended daily intake of 22 µg/day 
for ages 4 – 8 years (NIH, 2024); for breast-fed infants 3 – 6 months, assumed intake from human breast milk average of 5 µg/L; 
for bottle-fed infants 3 – 6 months assumed intake from infant formula average of 38 µg/L (Abramovich M et al., 2011) 

 

  



 

9 
 

References: 
 
Abramovich M, ea. (2011). Molybdenum content of Canadian and US infant formulas. Biol Trace Elem Res. 

Nov;143(2):844-53. doi: 10.1007/s12011-010-8950-4. Epub 2011 Jan 29. PMID: 21279467. 
Agency for Toxic Substances and Disease Registry (ATSDR) (2020). Toxicological Profile for Molybdenum, TP212. 

May 2020. 
Aveyard L, Murray FJ, Hubbard SA, Hoberman AM, Allen BC, Carey S. (2023) OECD 414 supplementary prenatal 

developmental toxicity study of sodium molybdate dihydrate in the rat and benchmark dose evaluation. 
Reprod Toxicol. Sep;120:108443. doi: 10.1016/j.reprotox.2023.108443. Epub 2023 Jul 19. PMID: 37473931. 

Jaafar M, Marcilla AL, Felipe-Sotelo M, Ward NI. (2018). Effect of food preparation using naturally-contaminated 
groundwater from La Pampa, Argentina: Estimation of elemental dietary intake from rice and drinking 
water. Food Chem. Apr 25;246:258-265. doi: 10.1016/j.foodchem.2017.11.019. Epub 2017 Nov 7. PMID: 
29291847.Chem 246:258-265. 

Murray FJ, Sullivan FM, Tiwary AK, Carey S. (2014a). 90-Day subchronic toxicity study of sodium molybdate 
dihydrate in rats. Regul Toxicol Pharmacol. Dec;70(3):579-88. doi: 10.1016/j.yrtph.2013.09.003. Epub 2013 
Sep 13. PMID: 24041747. 

Murray FJ, Tyl RW, Sullivan FM, Tiwary AK, Carey S. (2014b) Developmental toxicity study of sodium molybdate 
dihydrate administered in the diet to Sprague Dawley rats. Reprod Toxicol. Nov;49:202-8. doi: 
10.1016/j.reprotox.2014.09.001. Epub 2014 Sep 16. PMID: 25236591. 

Murray FJ, Sullivan FM, Hubbard SA, Hoberman AM, Carey S. (2019) A two-generation reproductive toxicity 
study of sodium molybdate dihydrate administered in drinking water or diet to Sprague-Dawley rats. Reprod 
Toxicol. Mar;84:75-92. doi: 10.1016/j.reprotox.2018.11.004. Epub 2018 Nov 29. PMID: 30503857. 

Neufingerl N, Eilander A. (2021). Nutrient Intake and Status in Adults Consuming Plant-Based Diets Compared to 
Meat-Eaters: A Systematic Review. Nutrients. Dec 23;14(1):29. doi: 10.3390/nu14010029. PMID: 35010904; 
PMCID: PMC8746448.  

NIH (2024). Molybdenum, Fact Sheet for Health Professionals. Accessed March, 2024. 
https://ods.od.nih.gov/factsheets/Molybdenum-HealthProfessional/#h2  

NTP (1997). NTP Technical Report on the Toxicology and Carcinogenesis Studies of Molybdenum Trioxide in 
F344/N Rats and B6C3F/1 Mice (Inhalation Studies). National Toxicology Program. NTP TR 462. NIH 
Publication No. 97-3378. 

USEPA (2000). Methodology for Deriving Ambient Water Quality Criteria for the Protection of Human Health. 
Office of Water, Office of Science and Technology. October 2000, EPA-822-B-00-004. 

USEPA (2002). A Review of the Reference Dose and Reference Concentration Process. Risk Assessment Forum. 
December, 2002. EPA/630/P-02/002F.  

USEPA (2003). Human Health Toxicity Values in Superfund Risk Assessments. Office of Solid Waste and 
Emergency Response. December, 2003. OSWER Directive 9285.7-53 

USEPA (2011). Exposure Factors Handbook: 2011 Edition. National Center for Environmental Assessment, Office 
of Research and Development. September, 2011. EPA/600/R-09/052F. 

USEPA (2012). Benchmark Dose Technical Guidance. Risk Assessment Forum. June, 2012. EPA/100/R-12/001. 
USEPA (2015a). Human Health Ambient Water Quality Criteria: 2015 Update. Office of Water EPA 820-F-15-001. 
USEPA (2015b). EPA Response to Scientific Views from the Public on Draft Updated National Recommended 

Water Quality Criteria for the Protection of Human Health. Office of Water, Office of Science and 
Technology. June 2015. EPA 822-R-15-001. 

https://ods.od.nih.gov/factsheets/Molybdenum-HealthProfessional/#h2


 

10 
 

USEPA (2017). Update for Chapter 5 of the Exposure Factors Handbook: Soil and Dust Ingestion. National Center 
for Environmental Assessment, Office of Research and Development. September 2017. EPA/600/R-17/384F. 

USEPA (2019). Update for Chapter 3 of the Exposure Factors Handbook: Ingestion of Water and Other Select 
Liquids. National Center for Environmental Assessment, Office of Research and Development. February, 
2019. EPA/600/R-18/259F. 

USEPA (2021). Issuance of U.S. Environmental Protection Agency's 2021 Policy on Children's Health. 
Administrator, USEPA. October, 2021.  

Walravens PA, Moure-Eraso R, Solomons CC, Chappell WR, Bentley G. (1979) Biochemical abnormalities in 
workers exposed to molybdenum dust. Arch Environ Health. 1979 Sep-Oct;34(5):302-8. doi: 
10.1080/00039896.1979.10667421. PMID: 496425. 

 




