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   Web Publication Date: August 2020 

Toxicological Summary for: Acetone 
CAS:  67-64-1 
Synonyms: 2-propanone, propan-2-one, β-ketopropane, dimethyl ketone, 

dimethylformaldehyde, DMK 

Acute Non-Cancer Health Based Value (nHBVAcute) = Not Derived (Insufficient Data) 

Short-term Non-Cancer Health Based Value (nHBVShort-term) =  5,000 μg/L 

(Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Short-term Intake Rate, L/kg-d) 

= (3.1 mg/kg-d) x (0.5)* x (1000 µg/mg) 
(0. 290 L/kg-d)** 

= 5,344 rounded to 5,000 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5 

 Reference Dose/Concentration: HED/Total UF = 312/100 = 3.1 mg/kg-d (F344N rats) 
 Source of toxicity value: Determined by MDH in 2017 
 Point of Departure (POD): 1485 mg/kg-d (NOAEL, (NTP, 1991) (Dietz, 1991)) 
 Dose Adjustment Factor (DAF):  0.21 (Body weight scaling, default) (USEPA, 2011) 

(MDH, 2017) 
 Human Equivalent Dose (HED): POD x DAF = 1485 mg/kg-d x 0.21 = 312 mg/kg-d 
 Total uncertainty factor (UF): 100 
 Uncertainty factor allocation: 10 for intraspecies variability, and 10 for database 

uncertainty (lack of adequate developmental 
studies, including multigeneration studies, and 
neurotoxicity studies). No interspecies UF for 
toxicodynamics differences was applied as acetone 
plays a role in normal human metabolism and it is 
not anticipated that humans will be more sensitive 
to acetone than laboratory animals.  

 Critical effect(s): Increased kidney weight (consistent with 
nephropathy seen in rats during the subchronic 
duration) 

 Co-critical effect(s): None 
 Additivity endpoint(s): Renal (kidney) system 



Subchronic Non-Cancer Health Based Value (nHBVSubchronic) = nHBVShort-term = 5,000 µg/L 

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Subchronic Intake Rate, L/kg-d) 

= (2.1 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.074 L/kg-d)** 

= 5,675 rounded to 6,000 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5 

 Reference Dose/Concentration: HED/Total UF = 207/100 = 2.1 mg/kg-d (F344N rat) 
 Source of toxicity value: Determined by MDH in 2017 
 Point of Departure (POD): 900 mg/kg-d (NOAEL (NTP, 1991) (Dietz, 1991)) 
 Dose Adjustment Factor (DAF):  0.23 (Body weight scaling, default) (USEPA, 2011) 

(MDH, 2017) 
 Human Equivalent Dose (HED): POD x DAF = 900 mg/kg-d x 0.23 = 207 mg/kg-d 
 Total uncertainty factor (UF): 100 
 Uncertainty factor allocation: 10 for intraspecies variability, and 10 for database 

uncertainty (lack of adequate developmental 
studies, including multigenerational studies, 
neurotoxicity studies, and hematological studies). 
No interspecies UF of toxicodynamics differences 
was applied as acetone plays a role in normal 
human metabolism and it is not anticipated that 
humans will be more sensitive than laboratory 
animals. 

 Critical effect(s): Nephropathy, increased relative kidney weight, 
changes in blood parameters (increased 
leukocytes, increased mean corpuscular 
hemoglobin, increased mean cell volume, 
decreased erythrocyte count, and decreased 
reticulocyte counts) 

 Co-critical effect(s): Increased relative kidney weight, increased relative 
liver weight, increased incidence of hepatocellular 
hypertrophy, tubular degeneration in the kidneys 

 Additivity endpoint(s): Hematological (blood) effects; Hepatic (liver) 
system; Renal (kidney) system 

The Subchronic nHBV must be protective of the acute and short-term exposures that occur 
within the subchronic period and therefore, the Subchronic nHBV is set equal to the Short-
term nHBV of 5000 µg/L. Additivity endpoints: Renal (kidney) system 



Chronic Non-Cancer Health Based Value (nHBVChronic) = 3,000 µg/L 

 (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Chronic Intake Rate, L/kg-d) 

= (0.69 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.045 L/kg-d)** 

= 3,066 rounded to 3,000 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5 

 Reference Dose/Concentration: HED/Total UF = 207/300= 0.69 mg/kg-d (F344N rat) 
 Source of toxicity value: Determined by MDH in 2017 
 Point of Departure (POD): 900 mg/kg-d (NOAEL, (NTP, 1991) (Dietz, 1991), 

subchronic exposure)  
 Dose Adjustment Factor (DAF):  0.23 (Body weight scaling, default) (USEPA, 2011) 

(MDH, 2017)  
 Human Equivalent Dose (HED): POD x DAF = 900 mg/kg-d x 0.23 = 207 mg/kg-d  
 Total uncertainty factor (UF): 300 
 Uncertainty factor allocation: 10 for intraspecies variability, and 10 for database 

uncertainty (lack of adequate developmental 
studies, including multigenerational studies, 
neurotoxicity studies, and hematological studies), 
and 3 for subchronic to chronic extrapolation. No 
interspecies UF of toxicodynamics differences was 
applied as acetone plays a role in normal human 
metabolism and it is not anticipated that humans 
will be more sensitive than laboratory animals. 

 Critical effect(s): Nephropathy, increased relative kidney weight, 
changes in blood parameters (increased 
leukocytes, increased mean corpuscular 
hemoglobin, increased mean cell volume, 
decreased erythrocyte count, and decreased 
reticulocyte counts) 

 Co-critical effect(s): Increased relative kidney weight, increased relative 
liver weight, increased incidence of hepatocellular 
hypertrophy, tubular degeneration in the kidneys 

 Additivity endpoint(s): Hematological (blood) effects; Hepatic (liver) 
system; Renal (kidney) system 

  



Cancer Health Based Value (cHBV) = Not Applicable 

 Cancer classification: Not classified 
 Slope factor (SF): Not Applicable 
 Source of cancer slope factor (SF): Not Applicable 
 Tumor site(s): Not Applicable 

Volatile: Yes (moderate) 

Summary of Guidance Value History: 
In 1993/1994, MDH derived a chronic noncancer Health Risk Limit (HRL) of 700 µg/L. In 2011, 
MDH derived short-term, subchronic, and chronic noncancer Health Based Values (HBV) of 
9,000, 8,000, and 4,000 µg/L, respectively. These HBVs were adopted as HRLs in 2011. In 2017, 
MDH re-evaluated the noncancer HRLs, resulting in new noncancer short-term, subchronic, and 
chronic HBVs of 5,000, 5,000, and 3,000 µg/L, respectively. The short-term, subchronic, and 
chronic values are lower as a result of 1) using MDH’s most recent risk assessment 
methodology, including Human Equivalence Doses (HED), and 2) rounding to one significant 
digit. In 2020 MDH incorporated updated intake rates (US EPA 2019). Use of the updated intake 
rates did not result in any changes to the guidance values. 

Summary of toxicity testing for health effects identified in the Health Standards Statute (144.0751): 
Even if testing for a specific health effect was not conducted for this chemical, information about that effect might 
be available from studies conducted for other purposes. MDH has considered the following information in 
developing health protective guidance. 

 Endocrine Immunotoxicity Development Reproductive Neurotoxicity 
Tested for 
specific effect? No Yes Yes Yes Yes 

Effects 
observed? - No1 Yes2 Yes 3 Yes4 

Comments on extent of testing or effects: 
 
1 No immunotoxicity effects were observed in drinking water studies of mice at doses more 
than 200 fold higher than the chronic reference dose. Changes in thymus weight were observed 
in rats at doses nearly 300 fold higher than the short-term reference dose, but were not 
accompanied by other immunotoxicity effects. 
 
2 Offspring exposed to acetone through inhalation during gestation experienced decreased fetal 
weight and increased incidence of fetal malformations. During another inhalation study in mice, 
no developmental effects were seen in the offspring. A database uncertainty factor was 
incorporated into the derivation of short-term, subchronic, and chronic reference doses due to 



lack of adequate multigenerational and developmental studies assessing developmental effects 
after oral exposure. 
 
3 Male rats exposed to acetone through drinking water for 13 weeks experienced an increase in 
relative testes weight, decreased caudal and epididymis weights, depressed sperm motility, and 
increased incidence of abnormal sperm at doses greater than 1000 fold higher than the chronic 
reference dose. No reproductive effects were seen when male rats were exposed to acetone in 
drinking water for six weeks prior to mating. A database uncertainty factor was incorporated 
into the derivation of short-term, subchronic, and chronic reference doses due to lack of an 
adequate multigenerational study assessing reproductive effects after oral exposure. 
 
4 A couple of neurotoxicity studies were conducted for oral exposure to acetone with only one 
reporting slightly altered vision in rats at a dose greater than 200 fold higher than the chronic 
reference dose. Excessive salivation was also observed in rats exposed to acetone in drinking 
water at a dose greater than 800 fold higher than the chronic reference dose, but it is unclear 
whether this is a neurological response or due to gavage administration. Narcotic-like effects 
have been reported after humans have inhaled or ingested acetone which include lethargy, 
minimal responsiveness, and comatose condition. A database uncertainty factor was 
incorporated into the derivation of short-term, subchronic, and chronic reference doses due to 
lack of adequate data addressing neurotoxic effects after oral exposure.  Neurotoxicity 
observed in animals following inhalation of acetone include: inhibition of avoidance behavior, 
effects on fixed ratio and fixed interval response rates, and central nervous system depression 
measured by tests of unconditioned performance and reflexes. 

Resources Consulted During Review: 
Agency for Toxic Substances and Disease Registry (ATSDR) (1994). "Toxicological profile for 
 acetone." from https://www.atsdr.cdc.gov/toxprofiles/tp21.pdf 
  
Agency for Toxic Substances and Disease Registry (ATSDR) (2011). "Addendum to the 
 Toxicological Profile  for Acetone." From 
 https://www.atsdr.cdc.gov/toxprofiles/acetone_addendum.pdf 
  
California Environmental Protection Agency. "OEHHA Toxicity Criteria Database." from  
 https://oehha.ca.gov/chemicals  
 
California State Water Resources Control Board (2011). "Compilation of Water Quality Goals." 
 from http://www.waterboards.ca.gov/water_issues/programs/water_quality_goals/ 
 
International Toxicity Estimates for Risk (ITER). from 
 https://toxnet.nlm.nih.gov/newtoxnet/iter.htm  
 
Minnesota Department of Health (MDH) (2008). " Statement of Need and Reasonableness 
 (SONAR), July 11, 2008. Support document relating to Health Risk Limits for 

https://www.atsdr.cdc.gov/toxprofiles/tp21.pdf
https://www.atsdr.cdc.gov/toxprofiles/acetone_addendum.pdf
https://oehha.ca.gov/chemicals
http://www.waterboards.ca.gov/water_issues/programs/water_quality_goals/
https://toxnet.nlm.nih.gov/newtoxnet/iter.htm


 Groundwater  Rules."  
             From  https://www.leg.state.mn.us/archive/sonar/SONAR-03733.pdf#page=2  
 
Minnesota Department of Health (MDH) (2017). "MDH Health Risk Assessment Methods to  

Incorporate Human Equivalent Dose Calculations into Derivation of Oral Reference 
Doses. (May 2011, revised 2017)." From 
https://www.health.state.mn.us/communities/environment/risk/docs/guidance/hedref
guide.pdf 

  
National Toxicology Program (NTP) (1988). Inhalation Developmental Toxicity Studies: Acetone  
 (CAS #67-64-1) in Mice and Rats (abstract only). 
  
National Toxicology Program (NTP) (Dietz, D. (1991). "NTP Report on the Toxicity Studies of 
 Acetone in F344/N Rats and B6C3F1 Mice (Drinking Water Studies)." from 
 https://ntp.niehs.nih.gov/ntp/htdocs/st_rpts/tox003.pdf 
 
Syracuse Research PhysProp Database. from http://www.syrres.com/esc/physdemo.htm  
 
U.S. Environmental Protection Agency (US EPA). "ACToR: Aggregated Computational Toxicology  
 Resource” from http://actor.epa.gov/ 
  
US Environmental Protection Agency (EPA). "Office of Drinking Water " Drinking Water 
Standards. from  
 http://www.epa.gov/waterscience/criteria/drinking/dwstandards.pdf 
 
US Environmental Protection Agency (US EPA) (1997). Health Effects Assessment Summary 
 Tables  (HEAST) 
  
U.S. Environmental Protection Agency (US EPA) (2011). "Recommended Use of Body Weight 3/4 
as the Default Method in Derivation of the Oral Reference Dose." from 
 http://www.epa.gov/raf/publications/pdfs/recommended-use-of-bw34.pdf 
 
U.S. Environmental Protection Agency (EPA). (2019). Exposure Factors Handbook Chapter 3  
 Update 2019.  Retrieved from  
             https://www.epa.gov/expobox/exposure-factors-handbook-chapter-3 
  
U.S. Environmental Protection Agency (US EPA) Integrated Risk Information System (IRIS) 
 (2003). "Toxicological review of Acetone (CAS No. 67-64-1)." from 
 https://cfpub.epa.gov/ncea/iris2/chemicalLanding.cfm?substance_nmbr=128. 

https://ntp.niehs.nih.gov/ntp/htdocs/st_rpts/tox003.pdf
http://www.syrres.com/esc/physdemo.htm
http://actor.epa.gov/
http://www.epa.gov/waterscience/criteria/drinking/dwstandards.pdf
http://www.epa.gov/raf/publications/pdfs/recommended-use-of-bw34.pdf
https://www.epa.gov/expobox/exposure-factors-handbook-chapter-3
https://cfpub.epa.gov/ncea/iris2/chemicalLanding.cfm?substance_nmbr=128
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Web Publication Date: March 2022 
 

Toxicological Summary for: Aminomethylphosphonic acid 
CAS:  1066-51-9 
Synonyms: AMPA, 1-Aminomethylphosphonic acid; 1-Aminomethylphosphonate 
NOTE: AMPA (CAS# 1066-51-9), the glyphosate metabolite/degradate, is not to be confused with AMPA, the neurotoxic agent, which is a 
different chemical with CAS# 74341-63-2 with the same acronym. The neurotoxic AMPA (alpha-amino-3-hydroxy-5-methyl-4-
isoxazolepropionate) is a specific agonist for the AMPA receptor where it mimics the effects of the neurotransmitter glutamate.   

Acute Non-Cancer Health Based Value (nHBVAcute) = Not Derived (Insufficient Data) 

Short-term Non-Cancer Health Based Value (nHBVShort-term) = Not Derived (Insufficient Data) 

Subchronic Non-Cancer Health Based Value (nHBVSubchronic) = 3,000 µg/L  

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Subchronic Intake Rate, L/kg-d) 

= (0.96 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.074 L/kg-d)** 

= 2,594 rounded to 3,000 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3, and 3-5 

 Reference Dose: HED/Total UF = 0.96 mg/kg-d (CD rats) 
 Source of toxicity value: Determined by MDH in 2017 
 Point of Departure (POD): 400 mg/kg-d (administered dose NOAEL, Estes et al. 1979, 

Monsanto unpublished test report, as cited in WHO 1997, 2005) 
 Dose Adjustment Factor (DAF):  0.24 (Body weight scaling, male rats (US EPA 2011, MDH 2017) 
 Human Equivalent Dose (HED): POD x DAF = 400 mg/kg-d x 0.24 = 96 mg/kg-d 
 Total uncertainty factor (UF): 100 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability, and 3 for database uncertainty (lack of 
multigenerational reproductive/developmental study) 

 Critical effect(s): Decreased body weight gain, bladder urothelial hyperplasia, 
increased serum lactate dehydrogenase 

 Co-critical effect(s): None 
 Additivity endpoint(s): Hepatic (liver) system, Renal (kidney) system 

Chronic Non-Cancer Health Based Value (nHBVChronic) = 1,000 µg/L 
  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 

(Chronic Intake Rate, L/kg-d) 
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= (0.32 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.045 L/kg-d)** 

= 1,422 rounded to 1,000 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3, and 3-5 

 Reference Dose: HED/Total UF = 0.32 mg/kg-d (CD rats) 
 Source of toxicity value: Determined by MDH in 2017 
 Point of Departure (POD): 400 mg/kg-d (administered dose NOAEL, Estes et al. 1979, 

Monsanto unpublished subchronic study, as cited in WHO 1997, 
2005) 

 Dose Adjustment Factor (DAF):  0.24 (Body weight scaling, male rats (US EPA 2011, MDH 2017)  
 Human Equivalent Dose (HED): POD x DAF = 400 mg/kg-d x 0.24 = 96 mg/kg 
 Total uncertainty factor (UF): 300 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability, and 3 for database uncertainty (lack of 
multigenerational reproductive/development study), 3 for 
subchronic-to-chronic extrapolation 

 Critical effect(s): Decreased body weight gain, bladder urothelial hyperplasia, 
increased serum lactate dehydrogenase 

 Co-critical effect(s): None 
 Additivity endpoint(s): Hepatic (liver) system, Renal (kidney) system 

Cancer Health Based Value (cHBV) = Not Applicable 
 Cancer classification: Not Classified 
 Slope factor (SF): Not Applicable 
 Source of cancer slope factor (SF): Not Applicable 
 Tumor site(s): Not Applicable 
 
Volatile: No  

Summary of Guidance Value History: 
There are no current MDH HBVs or HRLs for AMPA. MDH developed a non-cancer pesticide rapid 
assessment value of 2,000 µg/L in 2016. The 2017 nHBVSubchronic is higher than the 2016 Pesticide Rapid 
Assessment due to use of a different intake rate. The 2017 nHBVChronic is lower than the 2016 Pesticide 
Rapid Assessment Value due to use of a different relative source contribution and addition of a database 
uncertainty factor in the RfD derivation. In 2020, MDH incorporated updated intake rates (US EPA 2019). 
Use of the updated intake rates did not result in any changes to the guidance values. 

Summary of toxicity testing for health effects identified in the Health Standards Statute (144.0751): 
Even if testing for a specific health effect was not conducted for this chemical, information about that effect 
might be available from studies conducted for other purposes. MDH has considered the following 
information in developing health protective guidance. 
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 Endocrine Immunotoxicity Development Reproductive Neurotoxicity 
Tested for 
specific effect? No No Yes No No 

Effects 
observed? - - 1 Yes 2 - - 3 

Comments on extent of testing or effects: 
1AMPA has not been tested for immunotoxicity via oral ingestion. However, AMPA was negative for dermal 
sensitization in guinea pig tests. 
2Decreased fetal body weight was reported in a gestational exposure study in rats at a dose which also 
produced overt maternal toxicity (including decreased bw gain, food consumption, soft stools, hair loss). 
This dose was 230 times higher than the subchronic RfD and findings were inconsistent with another 
developmental study that reported no maternal or fetal effects at a dose approximately 240 times higher 
than the subchronic RfD. 
3AMPA has not been tested for neurotoxicity. However, there were no clinical signs of neurotoxicity in any 
of the short-term or subchronic tests in rats or dogs (i.e., no twitching, salivation or seizures, etc.).  

Resources Consulted During Review:    
California State Water Resources Control Board (2010). Monitoring Strategies for Chemicals of Emerging 

Concern (CECs) in Recycled Water. Recommendations of a Science Advisory Panel. 
European Chemicals Agency (ECHA). (2015). "Final Addendum to the Renewal Assessment Report. Public 

Version. Glyphosate. Risk Assessment provided by the rapporteur Member State Germany and co-
rapporteur Member State Slovakia. October 2015."   Retrieved 9/2/2016 

European Food Safety Authority (EFSA). (2015). "Conclusion on the Peer Review of the Pesticide Risk 
Assessment of the Active Substance Glyphosate. EFSA Journal 2015; 13(11): 4302 (107 pp)." from 
https://www.efsa.europa.eu/en/efsajournal/pub/4302. 

International Agency for Research on Cancer (IARC). (2015). "IARC Monographs, Volume 112. Some 
Organophosphate Insecticides and Herbicides: Diazinon, Glyphosate, Malathion, Parathion, and 
Tetrachlorvinphos." from http://monographs.iarc.fr/ENG/Monographs/vol112/index.php. 

Kolpin, D. W., E. M. Thurman, E. A. Lee, M. T. Meyer, E. T. Furlong and S. T. Glassmeyer (2006). Urban 
contributions of glyphosate and its degradate AMPA to streams in the United States. Sci Total 
Environ 354(2-3): 191-197. 

McGuire, M. K., M. A. McGuire, W. J. Price, B. Shafii, J. M. Carrothers, K. A. Lackey, et al. (2016). Glyphosate 
and aminomethylphosphonic acid are not detectable in human milk. Am J Clin Nutr 103(5): 1285-
1290. 

Minnesota Department of Health (MDH). (2008). "Statement of Need and Reasonableness (SONAR), July 
11, 2008. Support document relating to Health Risk Limits for Groundwater Rules.", from 
https://www.leg.mn.gov/archive/sonar/SONAR-03733.pdf#page=2. 

Minnesota Department of Health (MDH). (2017). "MDH Health Risk Assessment Methods to Incorporate 
Human Equivalent Dose Calculations into Derivation of Oral Reference Doses (May 2011, revised 
2017)." from 
https://www.health.state.mn.us/communities/environment/risk/docs/guidance/hedrefguide.pdf 

https://www.efsa.europa.eu/en/efsajournal/pub/4302
http://monographs.iarc.fr/ENG/Monographs/vol112/index.php
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Minnesota Department of Health (MDH). (2016). "Pesticide Rapid Assessment Results Table."   Retrieved 
9/1/2016, from 
https://www.health.state.mn.us/communities/environment/risk/guidance/dwec/rapidpest.html. 

Roustan, A., M. Aye, M. De Meo and C. Di Giorgio (2014). Genotoxicity of mixtures of glyphosate and 
atrazine and their environmental transformation products before and after photoactivation. 
Chemosphere 108: 93-100. 

U. S. Environmental Protection Agency (2000). Methodology for Deriving Ambient Water Quality Criteria for 
the Protection of Human Health. EPA-822-B-00-004. October 2000. 

U.S. Environmental Protection Agency - Office of Research and Development. (1988). "Recommendations 
for and Documentation of Biological Values for Use in Risk Assessment." from 
http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=34855. 

U.S. Environmental Protection Agency - Office of the Science Advisor. (2011). "Recommended Use of Body 
Weight¾ as the Default Method in Derivation of the Oral Reference Dose." from 
https://www.epa.gov/risk/recommended-use-body-weight-34-default-method-derivation-oral-
reference-dose. 

U.S. Environmental Protection Agency (EPA). (2019). Exposure Factors Handbook Chapter 3 Update 
2019.  Retrieved from https://www.epa.gov/expobox/exposure-factors-handbook-chapter-3 

U.S. Environmental Protection Agency (EPA). (1996). "Glyphosate; AMPA Toxicology Studies; ID#: 285984; 
Miscellaneous Toxicology Data; Metabolite of Glyphosate; P.C. Code: 103601. Memo dated Feb. 1, 
1996." 

U.S. Environmental Protection Agency (EPA). (2004). "Glyphosate; Notice of Filing a Pesticide Petition to 
Establish a Tolerance for a Certain Pesticide in or on Food. Federal Register. Volume 69 No. 159, 
August 18, 2004, p. 51304." from https://www.regulations.gov/document?D=EPA-HQ-OPP-2004-
0160-0001. 

U.S. National Library of Medicine. (2010). "TOXNET Chemical Carcinogenesis Research Information System 
(CCRIS). 1-Aminomethylphosphonic acid."   Retrieved 9/1/16, from https://toxnet.nlm.nih.gov/cgi-
bin/sis/search2. 

World Health Organization (WHO). (1997). "Pesticide Residues in Food - 1997. Aminomethylphosphonic 
Acid (AMPA). Joint Meeting of the FAO Panel of Experts on Pesticide Residues in Food and the 
Environment and the WHO Core Assessment Group. Lyon, France. September 22 to October 1, 
1997." from http://www.inchem.org/documents/jmpr/jmpmono/v097pr04.htm. 

World Health Organization (WHO). (2005). "Glyphosate and AMPA in Drinking Water. Background 
document for the development of WHO Guidelines for Drinking-water Quality. 
WHO/SDE/WSH/03.04/97. (updated June 2005)."   Retrieved 9/2/2016, from 
http://www.who.int/water_sanitation_health/dwq/chemicals/glyphosateampa290605.pdf 

World Health Organization (WHO). (2006). "Pesticide Residues in Food - 2004: Evaluations 2004, Part II - 
Toxicological. Joint Meeting of the FAO Panel of Experts on Pesticide Residues in Food and the 
Environment and the WHO Core Assessment Group.  Chapter on Glyphosate, pp. 95-169." from 
http://webcache.googleusercontent.com/search?q=cache:LBCdm7K4LUMJ:apps.who.int/pesticide-
residues-jmpr-database/Document/164+&cd=1&hl=en&ct=clnk&gl=us. 

http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=34855
https://gcc01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.epa.gov%2Fexpobox%2Fexposure-factors-handbook-chapter-3&data=02%7C01%7Cjames.jacobus%40state.mn.us%7C5a8c21d4bbb244ce627908d831b390dd%7Ceb14b04624c445198f26b89c2159828c%7C0%7C0%7C637313994594438799&sdata=5eHXP%2BkDoFH8SFxMpoq0znsy6GH1HjrWR1DK88If9Mo%3D&reserved=0
https://www.regulations.gov/document?D=EPA-HQ-OPP-2004-0160-0001
https://www.regulations.gov/document?D=EPA-HQ-OPP-2004-0160-0001
https://toxnet.nlm.nih.gov/cgi-bin/sis/search2
https://toxnet.nlm.nih.gov/cgi-bin/sis/search2
http://www.inchem.org/documents/jmpr/jmpmono/v097pr04.htm
http://www.who.int/water_sanitation_health/dwq/chemicals/glyphosateampa290605.pdf
http://webcache.googleusercontent.com/search?q=cache:LBCdm7K4LUMJ:apps.who.int/pesticide-residues-jmpr-database/Document/164+&cd=1&hl=en&ct=clnk&gl=us
http://webcache.googleusercontent.com/search?q=cache:LBCdm7K4LUMJ:apps.who.int/pesticide-residues-jmpr-database/Document/164+&cd=1&hl=en&ct=clnk&gl=us
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Health Based Guidance for Water 
Health Risk Assessment Unit, Environmental Health Division 
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Web Publication Date: August 2020 

Toxicological Summary for: Benzo[a]pyrene 
CAS:  50-32-8  
Synonyms: BaP, Benzo[pqr]tetraphene, 3,4-Benz[a]pyrene, Benzo(d,e,f)chrysene 

Acute Non-Cancer Health Based Value (nHBVAcute) = Not Derived  

Short-term Non-Cancer Health Based Value (nHBVShort-term) = 0.5 μg/L  

(Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Short-term Intake Rate, L/kg-d) 

= (0.00031 mg/kg-d) x (0.5)* x (1000 µg/mg) 
(0.290 L/kg-d)** 

= 0.53 rounded to 0.5 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5 

 Reference Dose/Concentration: Administered Dose/Total UF = 0.0917/300 =  
0.00031 mg/kg-d (SD rats) 

 Source of toxicity value: Determined by MDH in 2018 
 Point of Departure (POD): 0.0917 mg/kg-d (BMDL1SD, Chen, 2012) 
 Dose Adjustment Factor (DAF):  Not calculated due to temporal differences in human and 

rodent brain developmental stages 
 Human Equivalent Dose (HED): Not applicable  
 Total uncertainty factor (UF): 300 
 Uncertainty factor allocation: 10 for interspecies differences, 10 for intraspecies 

variability, and 3 for database uncertainty due to lack of 
adequate developmental and multigenerational studies 
that include exposure throughout gestation and early life. 

 Critical effect(s): Functional test of neurological changes in neonatal rats 
(elevated maze) 

 Co-critical effect(s): Functional test of neurological changes in neonatal rats 
(open field and water maze testing) 

 Additivity endpoint(s): Developmental, Nervous system 
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Subchronic Non-Cancer Health Based Value (nHBVSubchronic) = nHBVShort-term = 0.5 µg/L  

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Subchronic Intake Rate, L/kg-d) 

= (0.00031 mg/kg-d)# x (0.2)* x (1000 µg/mg) 
(0.074 L/kg-d)** 

= 0.83 rounded to 0.8 µg/L 

#No Subchronic RfD was calculated due to study limitations. Therefore, the developmental-based Short-term RfD was 
applied to the subchronic duration. 
*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5 

The Subchronic nHBV must be protective of the short-term exposures that occur within the 
subchronic period and therefore, the Subchronic nHBV is set equal to the Short-term nHBV of 0.5 
µg/L. Additivity endpoints: Developmental and Nervous system 

Chronic Non-Cancer Health Based Value (nHBVChronic) = nHBVShort-term = 0.5 µg/L  

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Chronic Intake Rate, L/kg-d) 

= (0.00031 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.045 L/kg-d)** 

= 1.37 rounded to 1 µg/L 

#No Chronic RfD was calculated due to study limitations. Therefore, the developmental-based Short-term RfD was applied 
to the chronic duration. 
*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5 

The Chronic nHBV must be protective of the short-term exposures that occur within the chronic 
period and therefore, the Chronic nHBV is set equal to the Short-term nHBV of 0.5 µg/L. Additivity 
endpoints: Developmental and Nervous system 

Cancer Health Based Value (cHBV) = 0.1 µg/L 

   (Additional Lifetime Cancer Risk) x (Conversion Factor)    
[(SF x ADAF<2 yr x IR<2yr x 2) + (SF x ADAF2-<16 yr x IR2-<16yr x 14) + (SF x ADAF16+ yr x IR16+yr x 54)] / 70 

 =            (1E-5) x (1000 µg/mg)            
[(1 x 10* x 0.155 L/kg-d**x 2) + (1 x 3* x 0.040 L/kg-d**x 14) + (1 x 1* x 0.042 L/kg-d**x 54)] / 70 

= 0.099 rounded to 0.1 µg/L   
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*ADAF (Age-dependent adjustment factor) and Lifetime Adjustment Factor: MDH 2008, Section IV.E.2. 
**Intake Rate: MDH 2008, Section IV.E.2. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5 

 Cancer classification: Carcinogenic to humans (US EPA, 2017a) 
 Slope factor (SF): 1 (mg/kg-d)-1 (Forestomach and oral cavity tumors in 

female mice, Beland and Culp, 1998 aci US EPA, 2017a) 
 Source of cancer slope factor (SF): US EPA, 2017a  
 Tumor site(s): Digestive tract, liver, skin, lung 

Volatile: Yes (low) 

Summary of Guidance Value History: 
A cancer HBV of 0.05 µg/L was derived in 1995. Acute, Short-term, Subchronic, and Chronic nHBVs of 2, 0.3, 0.3, 
and 0.3 µg/L were derived in 2012, along with a cancer HBV of 0.06 µg/L. In 2018, MDH derived nHBVs of 
0.5 µg/L for Short-term, Subchronic, and Chronic durations and a cHBV of 0.1 µg/L. The 2018 values changed as 
a result of: 1) using MDH’s most recent risk assessment methodology; 2) incorporating more recent toxicological 
information; and 3) rounding to one significant digit. In 2020 MDH incorporated updated intake rates (US EPA 
2019). Use of the updated intake rates did not result in any changes to the final 2018 HBVs. 

Summary of toxicity testing for health effects identified in the Health Standards Statute (144.0751): 
Even if testing for a specific health effect was not conducted for this chemical, information about that effect might be 
available from studies conducted for other purposes. MDH has considered the following information in developing health 
protective guidance. 

 Endocrine Immunotoxicity Development Reproductive Neurotoxicity 
Tested for 
specific effect? Yes Yes Yes Yes Yes 

Effects 
observed? Yes1 Yes2 Yes3 Yes4 Yes5 

Comments on extent of testing or effects: 
1 Endocrine effects were assessed following laboratory exposures to BaP. Changes in testosterone, 
estradiol, and estrous cycles were noted at doses far in excess (greater than1,800 times) of the Short-
term RfD. 
 
2 Immune system effects were seen at high doses in comparison to the short-term RfD. Changes in 
immune cell populations and decreased thymic weights were noted in multiple studies at doses greater 
than 5,000 times higher than the Short-term RfD. 
 
3 A developmental neurobehavioral effect forms the basis of the Short-term RfD. Altered blood 
pressure and heart rate following in utero exposure were reported at doses 400-800 times higher than 
the Short-term RfD. Other observed developmental toxicities include decreased weight gain in early 
life, stillbirth, and birth defects. These effects occurred at the lowest dose tested, however, these 
doses are greater than 30,000 times higher than the Short-term RfD. A database uncertainty factor of 3 
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was applied in deriving the Short-term RfD in order to address outstanding concerns regarding 
developmental effects. 
 
4 Most reproductive effects were noted at doses much higher than the Short-term RfD. 
Histopathological changes in the cervix and sperm alterations of mice were observed at the lowest 
doses tested in two studies (300-400 times higher than the Short-term RfD).  In other studies, reduced 
fertility, decreased ovary weights, and decreased follicle number were reported at doses over 1,800 
times higher than the Short-term RfD. A database uncertainty factor of 3 was applied in deriving the 
Short-term RfD in order to address concerns regarding reproductive effects that would be tested in a 
standard multigenerational study. 
 
5 Neurodevelopmental effects form the basis of the Short-term RfD. Neurotoxicity was also observed 
after high dose acute exposure. Three acute oral studies observed suppressed motor activity and other 
changes at doses nearly 2,000 times higher than the Short-term RfD. A study in adult animals reported 
alterations in mobility during tail suspension testing at a dose 10 times higher than the Short-term RfD, 
however this effect’s significance was unclear and did not display a dose response. Other studies 
examining neurotoxicity in adult laboratory animals noted effects at doses greater than 1,000 times 
higher than the Short-term RfD. 
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Web Publication Date: August 2020 

Toxicological Summary for: Benzophenone 
CAS:  119-61-9 
Synonyms: Diphenylmethanone; Methanone, diphenyl-, diphenyl ketone, benzoyl benzene, 

alpha-oxo-diphenyl methane, alpha oxoditane, phenyl ketone 

Acute Non-Cancer Health-Based Value (nHBVAcute) = Not Derived (Insufficient Data) 

Short-term Non-Cancer Health-Based Value (nHBVShort-term) = 900 μg/L 

(Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Short-term Intake Rate, L/kg-d) 

= (0.52 mg/kg-d) x (0.5)* x (1000 µg/mg) 
(0.290 L/kg-d)** 

= 896 rounded to 900 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5 

 Reference Dose/Concentration: HED/Total UF = 15.5/30 = 0.52 mg/kg-d (Sprague-Dawley 
rats) 

 Source of toxicity value: Determined by MDH in 2019 
 Point of Departure (POD): 67.4 mg/kg-d (administered dose NOAEL, Hoshino et al. 

2005) 
 Dose Adjustment Factor (DAF):  0.23, Body weight scaling, default (MDH 2017 and US EPA 

2011) 
 Human Equivalent Dose (HED): POD x DAF = 67.4 mg/kg-d x 0.23 = 15.5 mg/kg-d 
 Total uncertainty factor (UF): 30 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability 
 Critical effect(s): Decreased pup body weight 
 Co-critical effect(s): Decreased pup body weight 
 Additivity endpoint(s): Developmental 

 

Subchronic Non-Cancer Health-Based Value (nHBVSubchronic) = 100 µg/L 

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Subchronic Intake Rate, L/kg-d) 
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= (0.053 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.074 L/kg-d)** 

= 143 rounded to 100 µg/L  

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5 

 Reference Dose/Concentration: HED/Total UF = 1.6/30 = 0.053 mg/kg-d (Sprague-Dawley 
rats) 

 Source of toxicity value: Determined by MDH in 2019 
 Point of Departure (POD): 6.4 mg/kg-d (administered dose NOAEL, Hoshino et al., 

2005) 
 Dose Adjustment Factor (DAF):  0.25, Body weight scaling, default (MDH 2017 and US EPA 

2011) 
 Human Equivalent Dose (HED): POD x DAF = 6.4 mg/kg-d x 0.25 = 1.6 mg/kg-d 
 Total uncertainty factor (UF): 30 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability 
 Critical effect(s): Increased relative liver weight, relative kidney weight, 

proximal tubule regeneration, proximal tubule dilatation 
 Co-critical effect(s): Increased serum bile salts, relative liver weight, 

hepatocyte vacuolization, relative kidney weight, renal 
tubule protein casts 

 Additivity endpoint(s): Hepatic (liver) system, Renal (kidney) system 

Chronic Non-Cancer Health-Based Value (nHBVChronic) = nHBVSubchronic = 100 µg/L 

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Chronic Intake Rate, L/kg-d) 

= (0.053 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.045 L/kg-d)** 

= 235 rounded to 200 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5 

 Reference Dose/Concentration: HED/Total UF = 1.58/30 = 0.053 mg/kg-d (Fischer 344 rats) 
 Source of toxicity value: Determined by MDH in 2019 
 Point of Departure (POD): 5.86 mg/kg-d (administered dose BMDL calculated by 

MDH from (National Toxicology Program, 2006)) 
 Dose Adjustment Factor (DAF):  0.27, Body weight scaling, default (MDH 2017 and US EPA 

2011) 
 Human Equivalent Dose (HED): POD x DAF = 5.86 mg/kg-d x 0.27 = 1.58 mg/kg-d 
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 Total uncertainty factor (UF): 30 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability 
 Critical effect(s): Increased renal tubule hyperplasia 
 Co-critical effect(s): Increased renal pelvis transitional hyperplasia, severity of 

nephropathy, and bile duct hyperplasia 
 Additivity endpoint(s): Hepatic (liver) system, Renal (kidney) system 
 

The Chronic nHBV must be protective of the subchronic exposures that occur within the chronic 
period and therefore, the Chronic nHBV is set equal to the Subchronic nHBV of 100 µg/L. Additivity 
endpoints: Hepatic (liver) system, Renal (kidney) system 

Cancer Health-Based Value (cHBV) = Not Applicable 

 Cancer classification: 2B – Possibly carcinogenic to humans (IARC 2013) 
 Slope factor (SF): Not Applicable 
 Source of cancer slope factor (SF): Not Applicable 
 Tumor site(s): In male mice: hepatocellular adenoma, combined 

hepatocellular adenoma, carcinoma and hepatoblastoma.  
In female mice: histiocytic sarcoma.  In male rats: renal 
tubule adenoma. 

Statement for non-linear carcinogens:  
Benzophenone was reported to be neither mutagenic nor genotoxic in various in vivo and in vitro 
experiments, and is likely to be a nonlinear carcinogen. The chronic RfD is considered to be 
protective against cancer. 

Volatile: Yes (low) 

Summary of Guidance Value History: 

In 2020 MDH incorporated updated intake rates (US EPA 2019). Use of the updated intake rates 
resulted in changes to the subchronic and chronic duration water guidance values from 200 µg/L to 
100 µg/L. 

Summary of toxicity testing for health effects identified in the Health Standards Statute (144.0751): 
Even if testing for a specific health effect was not conducted for this chemical, information about that effect might be 
available from studies conducted for other purposes. MDH has considered the following information in developing health 
protective guidance. 

 Endocrine Immunotoxicity Development Reproductive Neurotoxicity 
Tested for 
specific effect? Yes No Yes Yes No 
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 Endocrine Immunotoxicity Development Reproductive Neurotoxicity 
Effects 
observed? Yes1 -2  Yes3 No 4 -5 

Comments on extent of testing or effects: 
1 One study identified estrogenic activity of orally-administered benzophenone based on increased 
uterine weight in ovariectomized rats at doses 200-fold higher than the Short-Term RfD.  In vivo studies 
based on other routes of exposure did not show estrogenic effects.  Based on in vitro studies, it 
appears that benzophenone and its main metabolite benzhydrol do not possess estrogenic activity, 
whereas a minor metabolite 4-hydroxybenzophenone is weakly estrogenic. 

2 There were no specific immunotoxicity studies available.  Subchronic and chronic studies in rodents 
did not note any abnormalities in immune cell blood parameters or immune organ histopathology after 
oral benzophenone exposure at levels up to 300-fold higher than the Short-Term RfD.  

3 A two-generation reproductive/developmental study in rats noted a decrease in pup body weight 
close to weaning; this effect served as the basis of the Short-Term RfD.  Other studies in rats and 
rabbits found that developmental toxicity only occurred at doses higher than those causing maternal 
toxicity. 

4 A two-generation reproductive/developmental study in rats did not note any reproductive 
abnormalities in the following tested parameters: reproductive serum hormones (testosterone, FSH, 
LH), estrous cycles, sperm morphology and motility and spermatid head count, mating behavior, 
conception, gestation, parturition, lactation, and weaning at doses up to 100-fold higher than the 
Short-Term RfD.  Additionally, organ weights and histopathology of the testes, epididymes, prostate, 
seminal vesical, ovary, and uterus were unchanged. 

5 No neurotoxicity studies were found.  A two-generation reproductive/developmental study in rats 
found no changes in reflex or pain response in pups at doses up to 100-fold higher than the Short-Term 
RfD. 
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 Web Publication Date: August 2020 

Toxicological Summary for: 1H-Benzotriazole 
CAS:  95-14-7 
Synonyms: 1,2,3-Benzotriazole, Benzotriazole, 1H-Benzo[d][1,2,3]triazole, 1H-1,2,3-

benzotriazole 
Note: 1H-benzotriazole is the surrogate for water guidance values for 5-methyl-1H-benzotriazole and 
Tolyltriazole (https://www.health.state.mn.us/communities/environment/risk/docs/guidance/gw/5mebtttr.pdf) 

Acute Non-Cancer Health-Based Value (nHBVAcute) Not Derived (Insufficient Data) 

Short-term Non-Cancer Health-Based Value (nHBVShort-term) = 20 μg/L  

(Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Short-term Intake Rate, L/kg-d) 

= (0.023 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.290 L/kg-d)** 

= 15.8 rounded to 20 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5 

 Reference Dose/Concentration: HED/Total UF = 6.9/300 = 0.023 mg/kg-d (SD rats) 
 Source of toxicity value: Determined by MDH in 2019 
 Point of Departure (POD): 30 mg/kg-d (administered dose NOAEL, JBRC, 2007) 
 Dose Adjustment Factor (DAF):  0.23, Body weight scaling, default (MDH 2017 and 

US EPA 2011) 
 Human Equivalent Dose (HED): POD x DAF = 30 mg/kg-d x 0.23 = 6.9 mg/kg-d 
 Total uncertainty factor (UF): 300 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 

10 for intraspecies variability, and 10 for database 
uncertainty due to the lack of 
reproductive/developmental studies of sufficient 
exposure duration  

 Critical effect(s): Reduced offspring body weight 
 Co-critical effect(s): None 
 Additivity endpoint(s): Developmental 
  

https://www.health.state.mn.us/communities/environment/risk/docs/guidance/gw/5mebtttr.pdf
https://www.health.state.mn.us/communities/environment/risk/docs/guidance/gw/5mebtttr.pdf


1H-Benzotriazole - 2 
 

Subchronic Non-Cancer Health-Based Value (nHBVSubchronic) = nHBVShort-term = 20 μg/L 

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Subchronic Intake Rate, L/kg-d) 

= (0.017 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.074 L/kg-d)** 

= 45.9 rounded to 50 µg/L  

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5 

 Reference Dose/Concentration: HED/Total UF = 5.15/300 = 0.017 mg/kg-d (SD rats) 
 Source of toxicity value: Determined by MDH in 2019 
 Point of Departure (POD): 22.4 mg/kg-d (administered dose BMDL10% , JBRC, 

2007) 
 Dose Adjustment Factor (DAF):  0.23, Body weight scaling, default (MDH 2017 and 

US EPA 2011) 
 Human Equivalent Dose (HED): POD x DAF = 22.4 mg/kg-d x 0.23 = 5.15 mg/kg-d 
 Total uncertainty factor (UF): 300 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 

10 for intraspecies variability, and 10 for database 
uncertainty due to the lack of adequate subchronic 
toxicity studies and lack of 
reproductive/developmental studies of sufficient 
exposure duration  

 Critical effect(s): Proximal tubule regeneration in kidney of female 
rats 

 Co-critical effect(s): None 
 Additivity endpoint(s): Renal (kidney) system 

The Subchronic nHBV must be protective of the short-term exposures that occur within the 
subchronic period and therefore, the Subchronic nHBV is set equal to the Short-term nHBV of 
20 µg/L. Additivity endpoints: Developmental 

Chronic Non-Cancer Health-Based Value (nHBVChronic) = nHBVShort-term = 20 μg/L  

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Chronic Intake Rate, L/kg-d) 

= (0.017 mg/kg-d)*** x (0.2)* x (1000 µg/mg) 
(0.045 L/kg-d)** 

= 75.5 rounded to 80 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 



1H-Benzotriazole - 3 
 

**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5 
*** The candidate Chronic RfD is significantly higher than the Subchronic RfD (0.017 mg/kg-d). Although, both 
identify kidney as the sensitive effect, the chronic study does not include information in the lower part of the dose-
response range. Given the significant limitations of the chronic database, MDH has selected the Subchronic RfD as 
the final Chronic RfD. 

The Chronic nHBV must be protective of the short-term exposures that occur within the 
chronic period and therefore, the Chronic nHBV is set equal to the Short-term nHBV of 
20 µg/L. Additivity endpoints: Developmental 

Cancer Health-Based Value (cHBV) = Not Applicable 

 Cancer classification: Not Classified 
 Slope factor (SF): Not Applicable 
 Source of cancer slope factor (SF): Not Applicable 
 Tumor site(s): Not Applicable 

Volatile: Yes (low) 

Summary of Guidance Value History: 
No previous guidance has been developed for 1H-Benzotriazole. In 2020 MDH incorporated 
updated intake rates (US EPA 2019). Use of the updated intake rates did not result in any 
changes to the guidance values. 

Summary of toxicity testing for health effects identified in the Health Standards Statute (144.0751): 
Even if testing for a specific health effect was not conducted for this chemical, information about that effect might 
be available from studies conducted for other purposes. MDH has considered the following information in 
developing health protective guidance. 

 Endocrine Immunotoxicity Development Reproductive Neurotoxicity 
Tested for 
specific effect? No No Yes Yes No 

Effects 
observed? -- -- Yes1 Yes2 -- 

Comments on extent of testing or effects: 
1 The short-term reference dose is based on developmental toxicity in offspring (decreased 
body weight). A lack reproductive/developmental studies of sufficient duration form a major 
part of the basis for the selection of a 10-fold database uncertainty factor. 
2 Changes in reproductive organs were noted in a two-year study in males (prostate 
inflammation) and females (uterus/endometrium inflammation and cystic hyperplasia) at doses 
over 8,000 times higher than the short-term and subchronic reference doses. A lack of 
reproductive/developmental studies of sufficient duration form a major part of the basis for the 
selection of a 10-fold database uncertainty factor. 
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 Web Publication Date: February 2021 

Toxicological Summary for: 1,1’-Biphenyl 
CAS:  92-52-4; DTXSID4020161 
Synonyms: Biphenyl; Phenylbenzene; Diphenyl 

Acute Non-Cancer Health-Based Value (nHBVAcute) = 400 μg/L 

(Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Acute Intake Rate, L/kg-d) 

= (0.58 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.290 L/kg-d)** 

= 400 µg/L 

*Relative Source Contribution: Because inhalation is the predominant route of exposure, and infant exposure does not 
appear to be significantly less than exposures to older children or adults, an RSC value of 0.2 was used for all exposure 
durations. MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1 and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5. 

 Reference Dose/Concentration: HED/Total UF = 57.5/100 = 0.58 mg/kg-d (F344 rats)  
 Source of toxicity value: Determined by MDH in 2020 
 Point of Departure (POD): 250 mg/kg-d (administered dose NOAEL, Kluwe et al 1982) 
 Dose Adjustment Factor (DAF):  0.23 subchronic male F344 rats, body weight scaling 

default (U.S. EPA 2011a and MDH 2017) 
 Human Equivalent Dose (HED):  POD x DAF = 250 mg/kg-d x 0.23 = 57.5 mg/kg-d 
 Total uncertainty factor (UF): 100 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability, and 3 for database limitations, 
including lack of neurotoxicity testing and inadequate 
developmental/reproductive testing 

 Critical effect(s): Increased urine volume (polyuria) accompanied by 
increased excretion of urinary protein, glucose, and 
several renal enzymes 

 Co-critical effect(s): None 
 Additivity endpoint(s): Renal (kidney) system 
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Short-term Non-Cancer Health-Based Value (nHBVShort-term) = 100 μg/L 

(Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Short-term Intake Rate, L/kg-d) 

= (0.18 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.290 L/kg-d)** 

= 124 rounded to 100 µg/L 

*Relative Source Contribution: Because inhalation is the predominant route of exposure, and infant exposure does not 
appear to be significantly less than exposures to older children or adults, an RSC value of 0.2 was used for all exposure 
durations. MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5. 

 Reference Dose/Concentration: HED/Total UF = 17.6/100 = 0.18 mg/kg-d (female F344 
rats) 

 Source of toxicity value: Determined by MDH in 2020 
 Point of Departure (POD): 83.7 mg/kg-d (administered dose NOAEL, Booth et al 1961. 

LOAEL based on Booth et al 1961 and Kluwe et al 1982.) 
 Dose Adjustment Factor (DAF):  0.21 female subchronic F344 rat based on body weight 

scaling, default (U.S. EPA 2011a and MDH 2017) 
 Human Equivalent Dose (HED): POD x DAF = 83.7 mg/kg-d x 0.21 = 17.6 mg/kg-d 
 Total uncertainty factor (UF): 100 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability, and 3 for database limitations, 
including lack of neurotoxicity testing and inadequate 
developmental/reproductive testing 

 Critical effect(s): Increased urine volume (polyuria), precipitable urinary 
sediment, and increased urinary glucose, protein, alkaline 
phosphatase (AP) and glutamic oxaloacetic transaminase 
(GOT) excretion 

 Co-critical effect(s): None 
 Additivity endpoint(s): Renal (kidney) system 

Subchronic Non-Cancer Health-Based Value (nHBVSubchronic) = nHBVShort-term = 100 µg/L 

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Subchronic Intake Rate, L/kg-d) 

= (0.18 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.074 L/kg-d)** 

= 486 rounded to 500 µg/L  

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5. 
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 Reference Dose/Concentration: HED/Total UF = 17.6/100 = 0.18 mg/kg-d (female F344 
rats) 

 Source of toxicity value: Determined by MDH in 2020 
 Point of Departure (POD): 83.7 mg/kg-d (administered dose NOAEL, Booth et al 1961) 
 Dose Adjustment Factor (DAF):  0.21 female subchronic F344 rats body weight scaling, 

default (U.S. EPA 2011a and MDH 2017) 
 Human Equivalent Dose (HED): POD x DAF = 83.7 mg/kg-d x 0.21 = 17.6 mg/kg-d 
 Total uncertainty factor (UF): 100 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability, and 3 for database limitations, 
including lack of neurotoxicity testing and inadequate 
developmental/reproductive testing 

 Critical effect(s): Increased urine volume and precipitable sediment 
accompanied by limited renal histological changes 

 Co-critical effect(s): None 
 Additivity endpoint(s): Renal (kidney) system 

The Subchronic nHBV must be protective of shorter duration exposures that occur within the 
subchronic period and therefore, the Subchronic nHBV is set equal to the Short-term nHBV of 100 
µg/L. Additivity endpoints: Renal (kidney) system. 

Chronic Non-Cancer Health-Based Value (nHBVChronic) = nHBVShort-term = 100 µg/L  

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Chronic Intake Rate, L/kg-d) 

= (0.073 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.045 L/kg-d)** 

= 324 rounded to 300 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5. 

 Reference Dose/Concentration: HED/Total UF = 7.31/100 = 0.073 mg/kg-d (female F344 
rats) 

 Source of toxicity value: Determined by MDH in 2020 
 Point of Departure (POD): 30.45 mg/kg-d (administered dose BMDL10%, Umeda et al 

2002) 
 Dose Adjustment Factor (DAF):  0.24 female chronic F344 rats body weight scaling, default 

(U.S. EPA 2011a and MDH 2017)  
 Human Equivalent Dose (HED): POD x DAF = 30.45 mg/kg-d x 0.24 = 7.31 mg/kg-d 
 Total uncertainty factor (UF): 100 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability, and 3 for database limitations, 
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including lack of neurotoxicity testing and inadequate 
developmental/reproductive testing 

 Critical effect(s): Renal transitional cell simple hyperplasia 
 Co-critical effect(s): Increased hemosiderin deposits in the kidney and 

mineralization of outer renal medulla and pelvis 
 Additivity endpoint(s): Renal (kidney) system 

The Chronic nHBV must be protective of shorter duration exposures that occur within the chronic 
period and therefore, the Chronic nHBV is set equal to the Short-term nHBV of 100 µg/L. Additivity 
endpoints: Renal (kidney) system. 

Cancer Health-Based Value (cHBV) = 10 µg/L 

                         (Additional Lifetime Cancer Risk) x (Conversion Factor)      
   [(SF x ADAF<2 yr x IR<2yr x 2) + (SF x ADAF2-<16 yr x IR2-<16yr x 14) + (SF x ADAF16+ yr x IR16+yr x 54)] / 70 

   =                        (1E-5) x (1000 µg/mg)            
 [(0.008 x 10* x 0.155 L/kg-d**x 2) + (0.008 x 3* x 0.040 L/kg-d**x 14) + (0.008 x 1* x 0.042 L/kg-d**x 54)] / 70 

= 12.4 rounded to 10 µg/L   

*ADAF (Age-dependent adjustment factor) and Lifetime Adjustment Factor: MDH 2008, Section IV.E.2. 
**Intake Rate: MDH 2008, Section IV.E.2. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5. 

 Cancer classification: Suggestive evidence of carcinogenic potential 
 Slope factor (SF): 0.008 per mg/kg-d (female BDF1 mice, Umeda et al 2005) 
 Source of cancer slope factor (SF): U.S. EPA 2013 
 Tumor site(s): Liver adenomas and carcinomas  

Volatile: No (moderate)  

Summary of Guidance Value History: 
MDH promulgated a chronic nHRL of 300 μg/L in 1993. In 2020 MDH conducted a full review and 
derived nHBVs of 400 μg/L for acute duration and 100 μg/L for short-term, subchronic and chronic 
durations as well as a cHBV of 10 μg/L for cancer. The 2020 chronic and cancer HBVs are lower than 
the 1993 HRL value due to the use of MDH’s multiduration methodology, more recent toxicological 
data, and updated water intake rates (U.S. EPA 2019).  

Summary of toxicity testing for health effects identified in the Health Standards Statute (144.0751): 
Even if testing for a specific health effect was not conducted for this chemical, information about that effect might be 
available from studies conducted for other purposes. MDH has considered the following information in developing health 
protective guidance. 
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Endocrine Immunotoxicity Development Reproductive Neurotoxicity 
Tested for 
specific effect? No No Yes Yes No 

Effects 
observed? -1 - Yes2 Yes3 -4

Comments on extent of testing or effects: 
1 Endocrine effects have not been specifically tested in animals. In vitro estrogenic assays indicate that 

biphenyl does not exhibit estrogenic activity, however, hydroxylated metabolites of biphenyl do exhibit 
estrogenic activity. This activity was mainly observed when cultures contained cells from induced rat 
livers as little effect was observed when cells from untreated rats were used.  

2 Decreased fetal or pup body weights, delayed ossification, and increased dead or resorbed fetuses have 
been reported at HED doses ~600-fold higher than the short-term and subchronic RfDs. The 
developmental studies are old and do not include the more extensive evaluation of current study 
protocols. A database uncertainty factor of 3 was incorporated into the RfD derivation, in part, to address 
the need for more comprehensive developmental and reproductive toxicity testing.  

3 Decreased fertility in laboratory animals has been reported at HED doses ~1000-fold higher than the 
short-term and subchronic RfDs. The reproductive studies are old and do not include the more extensive 
evaluation of current study protocols. A database uncertainty factor of 3 was incorporated into the RfD 
derivation, in part, to address the need for more comprehensive developmental and reproductive 
toxicity testing. 

4 Occupational studies in humans have reported neurological effects when exposed to air levels in excess of 
occupational exposure limits. No animal neurotoxicity testing has been conducted. A database 
uncertainty factor of 3 was incorporated into the RfD derivation, in part, to address this data gap. 
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 Web Publication Date: August 2020 

Toxicological Summary for: Bromodichloromethane 
CAS:  75-27-4 
Synonyms: Dichlorobromomethane, Monobromodichloromethane, BDCM 

Acute Non-Cancer Health Based Value (nHBVAcute) = 400 μg/L 

(Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Acute Intake Rate, L/kg-d) 

= (0.073 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.038 L/kg-d)** 

= 384 rounded to 400 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1 and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5. The RfD 
is based on full litter resorptions, which occurs in utero; therefore, the intake rate for a pregnant woman is used rather 
than the default infant intake rate as described in the 2008 SONAR (p. 46). 

 Reference Dose/Concentration: HED/Total UF = 2.18/30 = 0.073 mg/kg-d (F344 rat)  
 Source of toxicity value: Determined by MDH in 2018 
 Point of Departure (POD): 10.4 mg/kg-d (administered dose BMDL05, Narotsky 

1997 with support from Bielmeier 2001 as an acute 
effect) 

 Dose Adjustment Factor (DAF):  0.21, Body weight scaling, default (MDH 2017 and US 
EPA 2011)  

 Human Equivalent Dose (HED):  POD x DAF = 10.4 mg/kg-d x 0.21 = 2.18 mg/kg-d 
 Total uncertainty factor (UF): 30 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 

for intraspecies variability 
 Critical effect(s): Full litter resorptions, associated with changes in 

female hormones that maintain pregnancy 
 Co-critical effect(s): None 
 Additivity endpoint(s): Female Reproductive system (E) 

Short-term Non-Cancer Health Based Value (nHBVShort-term) = 30 μg/L  

(Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Short-term Intake Rate, L/kg-d) 
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= (0.039 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.290 L/kg-d)** 

= 26.8 rounded to 30 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5 

 Reference Dose/Concentration: HED/Total UF = 3.94/100 = 0.039 mg/kg-d (CD-1 
mouse) 

 Source of toxicity value: Determined by MDH in 2018 
 Point of Departure (POD): 30.3 mg/kg-d (administered dose BMDL10, Munson 

1982) 
 Dose Adjustment Factor (DAF):  0.13, Body weight scaling, default (US EPA 2011 and 

MDH 2017) 
 Human Equivalent Dose (HED): POD x DAF = 30.3 mg/kg-d x 0.13 = 3.94 mg/kg-d 
 Total uncertainty factor (UF): 100 
 Uncertainty factor allocation: e.g. 3 for interspecies differences (for toxicodynamics), 

10 for intraspecies variability, and 3 for database 
uncertainty (due to outstanding concerns related to 
BDCM-induced hormonal changes in females and 
immunotoxicity changes in a 2-generation study that is 
not confounded by vehicle, BDCM volatilization, water 
palatability, or animal dehydration issues) 

 Critical effect(s): Decreased spleen weight 
 Co-critical effect(s): Full litter resorptions*** 
 Additivity endpoint(s): Immune system, Spleen 

***Since an infant water ingestion rate exposure forms the basis of the Short-term HBV calculation, and full litter 
resorptions is relevant only to pregnant women and is based on a pregnant woman water ingestion rate exposure, an 
additivity endpoint for full litter resorptions is not necessary. 

Subchronic Non-Cancer Health Based Value (nHBVSubchronic) = nHBVShort-term = 30 µg/L  

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Subchronic Intake Rate, L/kg-d) 

= (0.039 mg/kg-d)# x (0.2)* x (1000 µg/mg) 
(0.074 L/kg-d)** 

= 105 rounded to 100 µg/L  

#No Subchronic RfD was calculated due to study limitations. Therefore, the Short-term RfD was applied to the 
subchronic duration. 
*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5 
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The Subchronic nHBV must be protective of the acute and short-term exposures that occur 
within the subchronic period and therefore, the Subchronic nHBV is set equal to the Short-term 
nHBV of 30 µg/L. Additivity endpoints: Immune system, Spleen 

Chronic Non-Cancer Health Based Value (nHBVChronic) = 30 µg/L  

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Chronic Intake Rate, L/kg-d) 

= (0.0075 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.045 L/kg-d)** 

= 33 rounded to 30 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5 

 Reference Dose/Concentration: HED/Total UF = 0.225/30 = 0.0075 mg/kg-d (Wistar rat) 
 Source of toxicity value: Determined by MDH in 2018 
 Point of Departure (POD): 0.776 mg/kg-d (administered dose BMDL10, Aida 1992)  
 Dose Adjustment Factor (DAF):  0.29, Body weight scaling, default (US EPA 2011 and 

MDH 2017)  
 Human Equivalent Dose (HED): POD x DAF = 0.776 mg/kg-d x 0.29 = 0.225 mg/kg-d 
 Total uncertainty factor (UF): 30 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 

for intraspecies variability 
 Critical effect(s): Fatty degeneration of the liver 
 Co-critical effect(s): None 
 Additivity endpoint(s): Hepatic (liver) system 

Cancer Health Based Value (cHBV) = 3 µg/L 

                        (Additional Lifetime Cancer Risk) x (Conversion Factor)      
[(SF x ADAF<2 yr x IR<2yr x 2) + (SF x ADAF2-<16 yr x IR2-<16yr x 14) + (SF x ADAF16+ yr x IR16+yr x 54)] / 70 

 =       (1E-5) x (1000 µg/mg)       
[(0.035 x 10* x 0.155 L/kg-d**x 2) + (0.035 x 3* x 0.040 L/kg-d**x 14) + (0.035 x 1* x 0.042 L/kg-d**x 54)] / 70 

= 2.8 rounded to 3 µg/L   

*ADAF (Age-dependent adjustment factor) and Lifetime Adjustment Factor: MDH 2008, Section IV.E.2. 
**Intake Rate: MDH 2008, Section IV.E.2. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3, and 3-5. 

 Cancer classification: Likely to be carcinogenic to humans 
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 Slope factor (SF): 0.035 per mg/kg-d, renal tumors in male B6C3F1 mice 
(NTP 1987) 

 Source of cancer slope factor (SF): (US EPA 1998) as cited in US EPA 2005 
 Tumor site(s): Kidney, Large intestine, Liver, Lymphatic system 

Volatile: Yes (high) 

Summary of Guidance Value History: In 1993, MDH promulgated a cancer HRL of 6 µg/L. The new 
2018 HBV for cancer (3 µg/L) is lower because of 1) the use of a more recent slope factor; 2) the 
use of MDH’s most recent risk assessment methodology; and 3) rounding to one significant digit. In 
2018 MDH also derived noncancer HBVs of 300 µg/L for Acute and 30 µg/L for Short-term, 
Subchronic, and Chronic durations. In 2020 MDH incorporated updated intake rates (US EPA 2019). Use of 
the updated intake rates resulted in an increase of the Acute duration HBV from 300 µg/L to 400 µg/L. 

Summary of toxicity testing for health effects identified in the Health Standards Statute (144.0751): 
Even if testing for a specific health effect was not conducted for this chemical, information about that effect might be 
available from studies conducted for other purposes. MDH has considered the following information in developing 
health protective guidance. 

 Endocrine Immunotoxicity Development Reproductive Neurotoxicity 
Tested for 
specific effect? Yes Yes Yes Yes Yes 

Effects 
observed? Yes1 Yes2 Yes3 Yes4 Yes5 

Comments on extent of testing or effects: 
1A hormone profile was conducted on pregnant rats exposed to BDCM during pregnancy that 

resulted in full litter resorptions (acute critical effect). Maternal hormone changes occurred at 
levels 200-300 times higher than the acute RfD and 400-500 times higher than the short-term 
RfD. 

2The short-term RfD is based on reduced spleen weights in mice exposed to BDCM. Altered 
immune cell levels and function occurred at doses 300-400 times higher than the RfD. Other 
studies in rodents demonstrated changes in thymus weights at levels 100 times higher than the 
short-term RfD and lymphoid atrophy of the thymus, spleen, and lymph nodes at levels 1,000 
times higher than the short-term RfD. 

3The acute-duration RfD is based on maternally-mediated full litter resorptions in rats, which was 
noted in a reproductive and developmental study. At doses 300 times higher than the short-
duration RfD, fetal skeletal anomalies were also reported in rats. However, there were no fetal 
or pup developmental effects noted in rabbits at doses between 50 to 900 times higher than 
the short-term RfD.  

4The acute RfD is based on maternally-mediated full litter resorptions in rats, and this effect is also 
identified as a co-critical effect for the short-term duration, occurring at a dose approximately 
200 times higher than the Short-term RfD. Ovarian abscesses were reported in mice at doses 
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200 times higher than the short-term RfD, and sperm velocity in rats was observed to decrease 
at BDCM doses 300 times higher than the short-term RfD, although with no supporting 
histology.  

5Neurotoxic effects appear to be minimal after BDCM exposure. At levels 400 times higher than the 
short-term RfD, rats in one study had slightly altered behavior. At BDCM doses 3,000 times 
higher than the short-term RfD, another study reported hyperactivity in rats. 
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Toxicological Summary for: 1,4-Dichlorobenzene 
CAS:  106-46-7 
Synonyms: p-Dichlorobenzene, paradichlorobenzene, para-Dichlorobenzene 

Acute Non-Cancer Health-Based Value (nHBVAcute) = Not Derived (Insufficient Data) 

Short-term Non-Cancer Health-Based Value (nHBVShort-term) = 50 μg/L  

(Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Short-term Intake Rate, L/kg-d) 

= (0.069 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.290 L/kg-d)** 

= 47.5 rounded to 50 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5 

 Reference Dose/Concentration: HED/Total UF = 6.9/100 = 0.069 mg/kg-d (Sprague-Dawley 
rat) 

 Source of toxicity value: Determined by MDH in 2019 
 Point of Departure (POD): 30 mg/kg-d (administered dose NOAEL, Bornatowicz 1994 

cited in US EPA 2006.) 
 Dose Adjustment Factor (DAF):  0.23 Body weight scaling, default for female Sprague-

Dawley rat, subchronic (US EPA 2011 and MDH 2017)  
 Human Equivalent Dose (HED): POD x DAF = 30 mg/kg-d x 0.23 = 6.9 mg/kg-d 
 Total uncertainty factor (UF): 100 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability, and 3 for database uncertainty for 
lack of neurotoxicity studies and limitations in study 
reporting.  

 Critical effect(s): Reduced pup body weight, increased pup mortality, 
increased incidence postnatal dry and scaly skin, increased 
postnatal tail constriction, and a reduction in the number 
of pups with a positive reaction in the neurobehavioral 
draw-up test. 

 Co-critical effect(s): Increased liver weight and hepatocyte proliferation 
 Additivity endpoint(s): Developmental, Hepatic (liver) system, Nervous system 
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Subchronic Non-Cancer Health-Based Value (nHBVSubchronic) = nHBVShort-term = 50 µg/L  

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Subchronic Intake Rate, L/kg-d) 

= (0.042 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.074 L/kg-d)** 

= 113 rounded to 100 µg/L  

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5 

 Reference Dose/Concentration: HED/Total UF = 4.21/100 = 0.042 mg/kg-d (Beagle) 
 Source of toxicity value: Determined by MDH in 2019 
 Point of Departure (POD): 7.14 mg/kg-d (administered time-weighted-average dose 

NOAEL, Naylor 1996, cited in EPA, 1996.) 
 Dose Adjustment Factor (DAF):  0.59 Body weight scaling, default for female beagle in 1-yr 

toxicity study (US EPA 2011 and MDH 2017) 
 Human Equivalent Dose (HED): POD x DAF = 7.14 mg/kg-d x 0.59 = 4.21 mg/kg-d 
 Total uncertainty factor (UF): 100 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability, and 3 for database uncertainty for 
lack of neurotoxicity studies and limitations in study 
reporting.  

 Critical effect(s): Increased liver weight, hepatocellular hypertrophy, 
hepatocyte pigment deposition, hepatic portal 
inflammation, increased serum alkaline phosphatase, and 
decreased serum albumin; increased kidney weight and 
incidence of collecting duct epithelial vacuolation; 
increased blood platelet count; and increased thyroid 
weight 

 Co-critical effect(s): Reduced pup body weight, increased pup mortality, 
increased incidence postnatal dry and scaly skin, increased 
postnatal tail constriction, and a reduction in the number 
of pups with a positive reaction in the neurobehavioral 
draw-up test; increased hepatocyte proliferation, 
increased bile duct/ductile hyperplasia, increased serum 
alanine aminotransaminase, and increased gamma-
glutamyl transferase; increased incidence of renal 
discoloration; increased incidence of anemia and 
hyperplastic changes in hematopoietic tissues; and 
increased adrenal gland weight 
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 Additivity endpoint(s): Adrenal, Developmental, Hematological (blood) system, 
Hepatic (liver) system, Nervous system, Renal (kidney) 
system, Thyroid 

The Subchronic nHBV must be protective of the short-term exposures that occur within the 
subchronic period and therefore, the Subchronic nHBV is set equal to the Short-term nHBV of 
50 µg/L. Additivity endpoints: Developmental, Hepatic (liver) system, Nervous system 

Chronic Non-Cancer Health-Based Value (nHBVChronic) = nHBVShort-term = 50 µg/L  

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Chronic Intake Rate, L/kg-d) 

= (0.032 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.045 L/kg-d)** 

= 142 rounded to 100 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5 

 Reference Dose/Concentration: HED/Total UF = 32.1/1000 = 0.032 mg/kg-d (B6C3F1 
mouse) 

 Source of toxicity value: Determined by MDH in 2019 
 Point of Departure (POD): 214 mg/kg-d (administered time-weighted-average dose 

LOAEL, NTP 1987)  
 Dose Adjustment Factor (DAF):  0.15 Body weight scaling, default for male and female 

B6C3F1 mouse, chronic (US EPA 2011 and MDH 2017)  
 Human Equivalent Dose (HED): POD x DAF = 214 mg/kg-d x 0.15 = 32.1 mg/kg-d  
 Total uncertainty factor (UF): 1000 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability, 10 for extrapolation from a LOAEL, 
and 3 for database uncertainty for lack of neurotoxicity 
studies and limitations in study reporting.  

 
 Critical effect(s): Hepatocellular degeneration; lymphoid hyperplasia; 

nephropathy and renal tubular regeneration; and adrenal 
gland hyperplasia 

 Co-critical effect(s): Reduced pup body weight, increased pup mortality, 
increased incidence postnatal dry and scaly skin, increased 
postnatal tail constriction, and a reduction in the number 
of pups with a positive reaction in the neurobehavioral 
draw-up test; increased liver weight, hepatocyte 
proliferation, hepatocyte hypertrophy, hepatocellular 
pigment deposition, hepatic portal inflammation, bile 
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duct/ductile hyperplasia, increased serum alanine 
aminotransaminase, increased gamma-glutamyl 
transferase, increased serum alkaline phosphatase, and 
decreased serum albumin; increased kidney weight, 
changes in renal proximal tubule cell proliferation,  
increased incidence collecting duct epithelial vacuolation, 
and renal discoloration; anemia, increased blood platelet 
count, and hyperplastic changes in hematopoietic tissues; 
increased adrenal weight; and increased thyroid weight 

 Additivity endpoint(s): Adrenal, Developmental, Hematological (blood) system, 
Hepatic (liver) system, Immune system, Nervous system, 
Renal (kidney system), Thyroid 

The Chronic nHBV must be protective of the short-term and subchronic exposures that occur within 
the chronic period and therefore, the Chronic nHBV is set equal to the Short-term nHBV of 50 µg/L. 
Additivity endpoints: Developmental, Hepatic (liver) system, Nervous system 

Cancer Health-Based Value (cHBV) = Not Applicable 
 Cancer classification: “Not likely to be carcinogenic to humans based on 

evidence that a non-mutagenic mode-of-action involving 
mitogenesis was established for p-dichlorobenzene-
induced liver tumors in mice, and that the carcinogenic 
effects are not likely below a defined dose that does not 
perturb normal liver homeostasis (e.g. increased liver cell 
proliferation)”.  (US EPA 2018) 

  Group 2B, possibly carcinogenic to humans (IARC 1999 
cited in IARC 2019) 

 Reasonably anticipated to be a human carcinogen (ATSDR 
2006; NTP 2016) 

 Slope factor (SF): Not applicable  
 Source of cancer slope factor (SF): Not applicable 
 Tumor site(s): Liver 

Statement for non-linear carcinogens:  
Based on the available information, MDH has determined that 1,4-dichlorobenzene is a nonlinear 
carcinogen. The MDH Short-term, Subchronic, and Chronic nHBVs of 50 µg/L are based on 
preventing hepatocellular proliferation, the key event in 1,4-dichlorobenzene carcinogenicity.  

Volatile: Yes (high) 

Summary of Guidance Value History: 
A cancer HRL of 10 µg/L was promulgated in 1994. A revised non-cancer HBV of 50 µg/L was derived in 
2019. This value is higher than the 1994 cancer HRL and is protective of cancer effects as the result of: 
1) the use of MDH’s most recent risk assessment methodology; 2) better understanding of the mode-
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of-action for 1,4-dichlorobenzene toxicity (hepatocellular proliferation); and 3) an updated cancer 
classification from EPA (not likely to be carcinogenic to humans at doses that do not perturb normal 
liver homeostasis). In 2020 MDH incorporated updated intake rates (US EPA 2019). Use of the updated 
intake rates did not result in any changes to the guidance values. 

Summary of toxicity testing for health effects identified in the Health Standards Statute (144.0751): 
Even if testing for a specific health effect was not conducted for this chemical, information about that effect might be 
available from studies conducted for other purposes. MDH has considered the following information in developing health 
protective guidance. 

 Endocrine Immunotoxicity Development Reproductive Neurotoxicity 
Tested for 
specific effect? No Yes Yes Yes Yes 

Effects 
observed? Yes1 Yes2 Yes3 Yes4 Yes5 

Comments on extent of testing or effects: 
1 Increased thyroid and adrenal gland weights were observed in exposed laboratory animals and were 
identified as critical and co-critical effects for the subchronic duration. The dose levels at which these 
effects were observed were 300 to 1,000-fold higher than the derived reference doses (RfDs). Adrenal 
gland hyperplasia was an effect of the chronic critical study and occurred at levels 500 to 1,000 times 
higher than the derived RfDs. Thyroid hyperplasia occurred at levels 900 to 2,000 times higher than the 
derived RfDs. 1,4-Dichlorobenzene is currently on the EPA Endocrine Disruptor Screening Program’s 
List 2 for endocrine activity testing. 
2 Although one short-term immunotoxicity study in male mice did not detect any immunological effects 
at doses greater than 2,000 to 4,000 times higher than the derived RfDs, other toxicity studies did note 
secondary immunological effects during longer exposures at lower doses. The chronic duration RfD is 
partly based on a secondary immune effect (lymphoid hyperplasia). This effect, along with hypoplasia 
of the bone marrow, reduced spleen weights, and lymphoid depletion of the spleen and thymus were 
observed at doses 250 to 2,000-fold higher than the derived RfDs. 
3 Developmental effects (reduced body weight at birth, increased mortality, dry and scaly skin, tail 
constriction, and a reduction in positive reactions in a neurodevelopmental test) in rat pups forms the 
basis of the short-term RfD. Additional developmental effects were also observed as dose levels 
increased, with increased incidence of delayed eye opening and ear erection, skeletal variations, and 
cyanosis occurring at doses greater than 900-fold higher than the short-term RfD. Reduced fetal weight 
was also reported at doses greater than 3,000 times higher than the short-term RfD. 
4 In developmental and 2-generational studies no reproductive effects were reported at doses greater 
than 900 fold higher than the short-term RfD. In subchronic and chronic studies, uterine hyperplasia 
and changes in female reproductive organ weights were reported at dose levels 700 to 2,000 times 
higher than the derived RfDs. 
5 The short-term RfD is based in part on a neurodevelopmental effect (positive reaction to the “draw-
up” test) in rat pups. The decision to apply a database uncertainty factor of “3” in part is due to the 
lack of any other neurotoxicity tests in the 1,4-dichlorobenzene database. 
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Toxicological Summary for: trans-1,2-Dichloroethene 
CAS:  156-60-5 
Synonyms: 1,2-Dichloroethylene (trans); 1,2-trans-dichloroethylene; (E)-1,2-dichloroethene; 

(E)-1,2-Dichloroethylene; trans-1,2-Dichloroethene; trans-1,2-dichloroethylene; 
trans-1,2-dichloroethylene ; trans-1,2-DCE; trans-acetylene dichloride; trans-
dichloroethylene 

Acute Non-Cancer Health-Based Value (nHBVAcute) = Not Derived (Insufficient Data) 

Short-term Non-Cancer Health-Based Value (nHBVShort-term) = Not Derived (Insufficient Data) 

Subchronic Non-Cancer Health-Based Value/Risk Assessment Advice (nHBVSubchronic) = 50 µg/L 

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Subchronic Intake Rate, L/kg-d) 

= (0.020 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.074 L/kg-d)** 

= 54 rounded to 50 µg/L  

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5 

 Reference Dose/Concentration: HED/Total UF = 2.03/100 = 0.020 mg/kg-d (CD-1 
mouse) 

 Source of toxicity value: Determined by MDH in 2019 
 Point of Departure (POD): 14.5 mg/kg-d (BMDLADM-1SD based on 2018 OEHHA 

modeling of immunotoxicity data from Shopp et al 
1985) 

 Dose Adjustment Factor (DAF):  0.14, Body weight scaling, default (USEPA, 2011) 
(MDH, 2017) 

 Human Equivalent Dose (HED): POD x DAF = 14.5 mg/kg-d x 0.14 = 2.03 mg/kg-d 
 Total uncertainty factor (UF): 100 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 

10 for intraspecies variability, and 3 for database 
uncertainty due to lack of a multigenerational 
study and supplementing database with inhalation 
studies 

 Critical effect(s): Decreased ability to produce antibodies against 
sheep RBCs in male spleen cells 
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 Co-critical effect(s): Decreased thymus weight, clinical chemistry effects 
 Additivity endpoint(s): Immune system 

Chronic Non-Cancer Health-Based Value (nHBVChronic) = 9 µg/L 

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Chronic Intake Rate, L/kg-d) 

= (0.0020 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.045 L/kg-d)** 

= 8.8 rounded to 9 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5 

 Reference Dose/Concentration: HED/Total UF = 2.03/1000 = 0.0020 mg/kg-d (CD-1 
mouse) 

 Source of toxicity value: Determined by MDH in 2019 
 Point of Departure (POD): 14.5 mg/kg-d (BMDLADM-1SD based on 2018 OEHHA 

modeling of immunotoxicity data from Shopp et al 
1985, subchronic exposure) 

 Dose Adjustment Factor (DAF):  0.14, Body weight scaling, default (USEPA, 2011) 
(MDH, 2017)  

 Human Equivalent Dose (HED): POD x DAF = 14.5 mg/kg-d x 0.14 = 2.03 mg/kg-d 
 Total uncertainty factor (UF): 1000 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 

10 for intraspecies variability, 10 for subchronic-to-
chronic extrapolation due to clear and significant 
immunotoxicity in the subchronic study, and 3 for 
database uncertainty due to lack of a 
multigenerational study and supplementing 
database with inhalation studies 

 Critical effect(s): Decreased ability to produce antibodies against 
sheep RBCs in male spleen cells 

 Co-critical effect(s): Decreased thymus weight, clinical chemistry effects 
 Additivity endpoint(s): Immune system 

Cancer Health-Based Value (cHBV) = Not Applicable 

 Cancer classification: “Inadequate information to assess the carcinogenic 
potential” of trans-1,2-DCE 

 Slope factor (SF): Not Applicable 
 Source of cancer slope factor (SF): EPA IRIS 2010 
 Tumor site(s): Not Applicable 

Volatile: Yes (High)  
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Summary of Guidance Value History: 

A chronic HRL of 100 µg/L was promulgated in 1993. In 2011, subchronic and chronic Health-
Based Values (HBVs) of 600 and 100 µg/L, respectively, were derived.  In 2012, MDH re-
evaluated the HBVs to incorporate HED methodology, resulting in subchronic and chronic HBVs 
of 200 and 40 µg/L, respectively. The 2012 HBVs were adopted as HRLs in 2013 and the 1993 
HRL was repealed.  In 2020, MDH re-evaluated the 2013 HRLs and derived subchronic and 
chronic HBVs of 60 and 9 µg/L, respectively. The re-evaluation resulted in values that were 3 to 
4-fold lower as the result of using the most recent risk assessment methodology (specifically, 
improvements in benchmark dose modeling for POD calculation). In 2020 MDH incorporated 
updated intake rates (US EPA 2019). Use of the updated intake rates resulted in a decrease in 
the Subchronic HBV from 60 µg/L to 50 µg/L. 

Summary of toxicity testing for health effects identified in the Health Standards Statute 
(144.0751): 
Even if testing for a specific health effect was not conducted for this chemical, information about that effect might 
be available from studies conducted for other purposes. MDH has considered the following information in 
developing health protective guidance. 

 Endocrine Immunotoxicity Development Reproductive Neurotoxicity 
Tested for 
specific effect? No Yes Yes No No 

Effects 
observed? No Yes1 Yes2 No3 Secondary 

observations4 

Comments on extent of testing or effects: 
1Shopp et al. (1985) measured depression in humoral immune status following 90 days of 
exposure via drinking water.  These effects form the basis of the subchronic and chronic HBVs. 
2A single inhalation developmental study exists.  Decreased fetal body weight was observed at 
doses estimated to be over 400-fold higher than the minimal short-term critical Human 
Equivalent Dose.  A database uncertainty factor has been applied, in part, due to the lack of oral 
developmental/reproductive studies. 
3Examination of the reproductive organs of animals in the 90-day study did not report any 
histological changes.  A database uncertainty factor has been applied, in part, due to the 
absence of a multigenerational study. 
4Neurological effects have not been adequately studied.  Acute exposures (e.g., a single high 
dose) have reported effects.  
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Toxicological Summary for: 1,1-Dichloroethylene 
CAS:  75-35-4   
Synonyms: Vinylidene chloride, 1,1-Dichloroethene 

Acute Non-Cancer Health Based Value (nHBVAcute) = Not Derived (Insufficient Data) 

Short-term Non-Cancer Health Based Value (nHBVShort-term) = Not Derived (Insufficient Data) 

Subchronic Non-Cancer Health Based Value (nHBVSubchronic) = 200 µg/L 

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Subchronic Intake Rate, L/kg-d) 

= (0.069 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.074 L/kg-d)** 

= 186 rounded to 200 µg/L  

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5 

 Reference Dose/Concentration: HED/Total UF = 2.07/30 = 0.069 mg/kg-d (Sprague Dawley 
Rat) 

 Source of toxicity value: Determined by MDH in 2019 
 Point of Departure (POD): 9 mg/kg-d (NOAEL, Nitschke et al. 1983 supported by 

Quast et al. 1977) 
 Dose Adjustment Factor (DAF):  0.23, Body weight scaling, default (USEPA, 2011) (MDH, 

2017)  
 Human Equivalent Dose (HED): POD x DAF = 9 mg/kg-d x 0.23 = 2.07 mg/kg-d 
 Total uncertainty factor (UF): 30 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability 
 Critical effect(s): Fatty changes in the liver 
 Co-critical effect(s): None 
 Additivity endpoint(s): Hepatic (liver) system 
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Chronic Non-Cancer Health Based Value (nHBVChronic) = 200 µg/L 

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Chronic Intake Rate, L/kg-d) 

= (0.040 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.045 L/kg-d)** 

= 177 rounded to 200 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5 

 Reference Dose/Concentration: HED/Total UF = 1.20/30 = 0.040 mg/kg-d (Sprague Dawley 
Rat) 

 Source of toxicity value: Determined by MDH in 2019 
 Point of Departure (POD): 4.6 mg/kg-d (BMDL10, Quast et al. 1983 as calculated by 

USEPA, 2002)  
 Dose Adjustment Factor (DAF):  0.26, Body weight scaling, default (USEPA, 2011) (MDH, 

2017)  
 Human Equivalent Dose (HED): POD x DAF = 4.6 mg/kg-d x 0.26 = 1.20 mg/kg-d  
 Total uncertainty factor (UF): 30 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability 
 Critical effect(s): Fatty changes in the liver  
 Co-critical effect(s): Fatty changes in the liver 
 Additivity endpoint(s): Hepatic (liver) system 

Cancer Health Based Value (cHBV) = Not Applicable 

 Cancer classification: Data are inadequate for an assessment of human 
carcinogenic potential (oral route); Suggestive evidence of 
carcinogenicity, but not sufficient to assess human 
carcinogenic potential (inhalation route) (USEPA, 2002) 

 Slope factor (SF): Not Applicable 
 Source of cancer slope factor (SF): Not Applicable 
 Tumor site(s): Not Applicable 

Volatile: Yes (high) 

Summary of Guidance Value History: 
 A non-cancer Health Risk Limit (HRL) of 6 µg/L was promulgated in 1993/1994. Subchronic and chronic 
health-based values (HBV) of 200 µg/L were derived in 2009 and were promulgated as Health Risk 
Limits (HRL) in 2011. In 2019, MDH re-evaluated the noncancer HRLs using the most recent risk 
assessment methodology, resulting in no changes to the subchronic and chronic guidance values. In 
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2020 MDH incorporated updated intake rates (US EPA 2019). Use of the updated intake rates did not 
result in any changes to the guidance values.  

Summary of toxicity testing for health effects identified in the Health Standards Statute (144.0751): 
Even if testing for a specific health effect was not conducted for this chemical, information about that effect might be 
available from studies conducted for other purposes. MDH has considered the following information in developing health 
protective guidance. 

 Endocrine Immunotoxicity Development Reproductive Neurotoxicity 
Tested for 
specific effect? No No Yes Yes No 

Effects 
observed? - - Yes1 Yes2 -3 

Comments on extent of testing or effects: 
1Two developmental studies with oral exposure have been conducted in laboratory animals. No 
developmental effects were observed at doses up to 100 times higher than the subchronic reference 
dose.  Developmental effects were tested and observed in inhalation studies, however, maternal 
toxicity was evident at levels that resulted in developmental toxicity.  
2One multi-generation reproductive study with oral exposure has been conducted in laboratory 
animals. No reproductive effects were observed at doses up to 100 times higher than the subchronic 
reference dose. No reproductive effects were observed in developmental inhalation studies in 
laboratory animals. 
3Neurotoxicity of 1,1-dichloroethylene has not been studied. However, neurotoxicity endpoints were 
included in a developmental inhalation study in laboratory animals. No evidence of developmental 
neurotoxicity was observed up to the highest dose tested.  
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  Web Publication Date: September 2021 

Toxicological Summary for: 1,2-Dichloropropane 
CAS:  78-87-5 
Synonyms: Propylene dichloride 

Individuals with inherited glucose-6-phosphate dehydrogenase (G6PDH) deficiency may be more 
susceptible to the negative health effects associated with 1,2-dichloropropane toxicity, particularly 
hemolytic anemia (ATSDR 2019). According to the g6pd Deficiency Foundation, the overall frequency of 
G6PDH deficiency is 4-7% in the US, almost exclusively in males, with higher rates (~12%) in African 
American males. Due to lack of data, a quantitative estimate of sensitivity associated with G6PDH 
deficiency could not be conducted. However, MDH has applied a 10-fold uncertainty factor to account 
for human variability in the response to 1,2-dichloropropane toxicity. People who have questions about 
G6PDH deficiency should contact their physician. 

Acute Non-Cancer Health-Based Value (nHBVAcute) = Not Derived (Insufficient Data) 

Short-term Non-Cancer Health-Based Value (nHBVShort-term) = 20 μg/L 

(Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Short-term Intake Rate, L/kg-d) 

= (0.029 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.290 L/kg-d)** 

= 20 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5. 

 Reference Dose/Concentration: HED/Total UF = 2.94/100 = 0.029 mg/kg-d (Sprague-
Dawley rat) 

 Source of toxicity value: Determined by MDH in 2021  
 Point of Departure (POD): 12.8 mg/kg-d (administered dose BMDL05, developmental 

toxicity study by Kirk 1995) 
 Dose Adjustment Factor (DAF):  0.23, body weight scaling, default (US EPA 2011 and MDH 

2017) 

 

https://g6pddf.org/g6pd-fast-facts-2/
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 Human Equivalent Dose (HED): POD x DAF = 12.8 mg/kg-d x 0.23 = 2.94 mg/kg-d 
 Total uncertainty factor (UF): 100 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability, and 3 for database uncertainty due 
to the absence of an adequate 2-generational study and a 
developmental neurotoxicity study in offspring  

 Critical effect(s): Delayed ossification of the fetal skull 
 Co-critical effect(s): None 
 Additivity endpoint(s): Developmental 

Subchronic Non-Cancer Health-Based Value (nHBVSubchronic) = nHBVShort-term = 20 µg/L 

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Subchronic Intake Rate, L/kg-d) 

= (0.029 mg/kg-d)*** x (0.2)* x (1000 µg/mg) 
(0.074 L/kg-d)** 

= 78 rounded to 80 µg/L  

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5. 
*** The calculated subchronic RfD (0.059 mg/kg-d) is higher than the Short-term RfD (0.029 mg/kg-d), which is based on 
developmental effects. The Subchronic RfD must be protective of all types of adverse effects that could occur as a result of 
subchronic exposure, including short-term effects (MDH 2008, page 34). Therefore, the Short-term RfD is used in place of 
the calculated Subchronic RfD. 

The Subchronic HBV must be protective of shorter duration exposures that occur within the 
subchronic period and therefore, the Subchronic HBV is set equal to the Short-term nHBV of 20 µg/L. 
Additivity endpoint: Developmental 

Chronic Non-Cancer Health-Based Value (nHBVChronic) = nHBVShort-term = 20 µg/L 

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Chronic Intake Rate, L/kg-d) 

= (0.018 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.045 L/kg-d)** 

= 80 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5. 

 Reference Dose/Concentration: HED/Total UF = 17.8/1000 = 0.018 mg/kg-d (Sprague-
Dawley rat) 
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 Source of toxicity value: Determined by MDH in 2021 
 Point of Departure (POD): 71 mg/kg-d (administered dose LOAEL; Bruckner 1989, 

subchronic exposure) 
 Dose Adjustment Factor (DAF):  0.25, Body weight scaling, default (US EPA 2011 and MDH 

2017) 
 Human Equivalent Dose (HED): POD x DAF = 71 mg/kg-d x 0.25= 17.8 mg/kg-d 
 Total uncertainty factor (UF): 1000 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability, 3 for database uncertainty due to 
the absence of an adequate 2-generational study and a 
developmental neurotoxicity study in offspring, 3 for using 
a LOAEL in place of a NOAEL, and 3 for using a subchronic 
study for a chronic duration 

 Critical effect(s): Hemolytic anemia (increased bilirubin and increased 
hemosiderosis and hyperplasia of erythropoietic elements 
of the spleen) 

 Co-critical effect(s): Increased absolute and relative liver weights, fatty change 
of the liver, hepatocytomegaly, increased cholesterol and 
glycerin, and liver necrosis; mammary gland hyperplasia; 
transient neurotoxicity in pregnant dams, and delayed 
ossification of the fetal skull.  

 Additivity endpoint(s): Developmental, Female Reproductive system, 
Hematological (blood) system, Hepatic (liver) system, and 
Nervous system 

The Chronic nHBV must be protective of shorter duration exposures that occur within the chronic 
period and therefore, the Chronic nHBV is set equal to the Short-term nHBV of 20 µg/L. Additivity 
endpoint: Developmental 

Cancer Health-Based Value (cHBV) = 3 µg/L  

 (Additional Lifetime Cancer Risk) x (Conversion Factor)  
   [(SF x ADAF<2 yr x IR<2yr x 2) + (SF x ADAF2-<16 yr x IR2-<16yr x 14) + (SF x ADAF16+ yr x IR16+yr x 54)] / 70 

=  1E-5) x (1000 µg/mg)  
[(0.037 x 10* x 0.155 L/kg-d**x 2) + (0.037 x 3* x 0.040 L/kg-d**x 14) + (0.037 x 1* x 0.042 L/kg-d**x 54)] / 70 

 
= 2.68 rounded to 3 µg/L   

*ADAF (Age-dependent adjustment factor) and Lifetime Adjustment Factor: MDH 2008, Section IV.E.2. 
**Intake Rate: MDH 2008, Section IV.E.2. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5. 

 Cancer classification: Carcinogenic to humans (WHO 2017) 
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 Slope factor (SF): 0.037 (mg/kg-d)-1 based on liver tumors in male mice (NTP 
1986) 

 Source of cancer slope factor (SF): (EPA 2016) 
 Tumor site(s): Liver 

Volatile: Yes (high) 

Summary of Guidance Value History: 
In 1994, MDH developed a cancer HRL (cHRL) of 5 µg/L. The 2021 cHBV (3 µg/L) is based on the same 
NTP 1986 study (liver tumors in male mice), however, MDH used an updated EPA slope factor (EPA 
2016) and incorporated age dependent adjustment factors (ADAFs) to determine the 2021 cHBV. 
Updated EPA water intake rates also contributed to a lower MDH 2021 cHBV.   
Noncancer guidance values previously did not exist, therefore, the short-term, subchronic, and chronic 
noncancer HBVs derived in 2021 represent new values. 

Summary of toxicity testing for health effects identified in the Health Standards Statute (144.0751): 
Even if testing for a specific health effect was not conducted for this chemical, information about that effect might be 
available from studies conducted for other purposes. MDH has considered the following information in developing health 
protective guidance. 

 Endocrine Immunotoxicity Development Reproductive Neurotoxicity 
Tested for 
specific effect? No No Yes Yes Yes 

Effects 
observed? -1 - Yes2 Yes3 Yes4 

Comments on extent of testing or effects: 
1 Thyroid follicular cell adenoma or carcinoma occurred in female mice (NTP 1986) at a dose 900 times 
higher than the short-term RfD. 
2 The short-term duration RfD is based on delayed skull ossification in fetal rats. This effect was also 
observed in rabbits at a dose approximately 2.4-fold higher than the dose in rats. A database UF of 3 
was applied due to the lack of a developmental neurotoxicity study in offspring. 
3 Reproductive effects include complete litter resorptions in rabbits at a level 4,000 times higher than 
the short-term duration RfD. Testicular degeneration and declines in sperm number in rats occurred at 
levels 3,000 to 5,000 times the short-term RfD. Mammary gland hyperplasia occurred in rats at a dose 
700 times higher than the short-term RfD. A database UF of 3 was added in part due to the absence of 
an adequate 2-generational study. A 2-generation study exists in rats, however, 1,2-dichloropropane 
was added to the drinking water and due to palatability issues as the dose increased, dams drank 
significantly less water. This obscured the results of the study, as effects could be attributed, in part, to 
dehydration from lower water ingestion. 
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4 Transient central nervous system (CNS) depression was a common occurrence in test animals after 
exposure to 1,2-dichloropropane and occurred at levels starting at 100 times higher than the short-
term RfD. Only one study was specifically designed to test neurotoxicity in adult animals and aside 
from transient CNS depression, found no other effects. However, neurodevelopmental data are 
lacking, especially for offspring of exposed parental animals, and therefore a database UF of 3 was 
applied to account for the uncertainty around developmental neurotoxicity.  
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Web Publication Date: August 2020 
 
 

Toxicological Summary for: 17α-Ethinylestradiol 
CAS: 57-63-6  
Synonyms: Ethinyl estradiol; Ethinylestradiol; 17-α ethinyl estradiol; 17-α EE; EE2; 17-

ethinylestradiol; ethynylestradiol; 17α-ethynyl-1,3,5(10)-estratriene-3,17β-diol;19-
nor-17α-pregna-1,3,5(10)-trien-20-yne-3,17-diol (IUPAC) 

 
 
Acute Non-Cancer Health Based Value (nHBVAcute) = Not Derived (Insufficient Data) 
 

 
Short-term Non-Cancer Health Based Value (nHBVShort-term) = 0.0005 μg/L  
 

(Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Short-term Intake Rate, L/kg-d) 

 
= (1.7 x 10-7 mg/kg-d) x (0.8*) x (1000 µg/mg) 

(0.290 L/kg-d)** 
 

= 0.000468 rounded to 0.0005 µg/L 
 

* Relative Source Contribution: MDH 2008, Section IV.E.1. MDH utilizes the EPA Exposure Decision Tree (EPA 2000) to 
select appropriate Relative Source Contributions (RSCs) (MDH 2008, Appendix K). Typically an RSC of 0.5 is utilized for 
nonvolatile contaminants for the acute and short-term durations and an RSC of 0.2 is used for subchronic and chronic 
durations. Given the limited potential for exposure from other sources, an RSC of 0.8 was selected rather than applying the 
default RSC value. For individuals who take 17α-ethinylestradiol by prescription, the additional exposure from drinking water 
will be negligible. 
** Intake Rate: MDH 2008, Section IV.E.1 and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3, and 3-5. 
 

 
 Reference Dose/Concentration: (POD x DAF)/Total UF = 1.7 x 10-7 mg/kg-d (Sprague-

Dawley rat) 
 Source of toxicity value: determined by MDH in 2016 
 Point of Departure (POD): 0.00050 mg/kg-d (LOAEL, Delclos et al. 2014) 
 Human Equivalent Dose (MDH, 2011): Not applied (doses directly given to neonatal animals were 

not adjusted due to interspecies and life-stage differences 
in toxicokinetics) 

 Total uncertainty factor: 3000 
 Uncertainty factor allocation: 10 for interspecies differences, 10 for intraspecies 

variability, and 10 for LOAEL-to-NOAEL, 3 for database 
uncertainty regarding potential latent effects 

 Critical effect(s): Male mammary gland hyperplasia, decreased ovary 
weight, increased uterine weight, delayed vaginal opening 

 Co-critical effect(s): In humans: reduced fertility (prevention of ovulation), 
increased sex hormone binding globulin, decreased 
corticosteroid-binding globulin, decreased follicle-
stimulating hormone, decreased luteinizing hormone, 
breast development (gynecomastia) in infants 
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In laboratory animals: Decreased body weight gain in 
adults, post-implantation loss, increased resorptions, 
decreased number of live pups/litter, decreased 
fetal/neonatal survival, reduced pup body weight and body 
weight gain, histopathology in female sex organs (uterus, 
ovaries and clitoral gland), latent uterine atypical focal 
hyperplasia, increased malformations in female external 
genitalia, increased number of female nipples, changes in 
sexually dimorphic behaviors, decreased fertility, early 
female pubertal onset, effects on estrous cyclicity, ovarian 
dysfunction, increased gestation length, changes in male 
reproductive organ weights and histopathology effects in 
various male reproductive organs, increased male 
mammary gland terminal end buds and density, decreased 
testosterone, decreased epididymal sperm counts, 
increased pituitary gland weight  

 Additivity endpoint(s): Developmental (E), Female reproductive system (E), Male 
reproductive system (E) 

 
Subchronic Non-Cancer Health Based Value (nHBVSubchronic) = 0.0002 µg/L  
 

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Subchronic Intake Rate, L/kg-d) 

 
= (1.4 x 10-8 mg/kg-d) x (0.8*) x (1000 µg/mg) 

(0.074 L/kg-d)** 
 

= 0.000151 rounded to 0.0002 µg/L  
 

*Rationale for selecting RSC of 0.8 – same explanation as that provided for the short-term duration (see above) 
**Intake Rate: MDH 2008, Section IV.E.1 and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5. 
 

 
 Reference Dose/Concentration: (POD x DAF)/Total UF = 1.4 x 10-8 mg/kg-d (Sprague-

Dawley rat) 
 Source of toxicity value: determined by MDH in 2016 
 Point of Departure (POD): 4.2 x 10-5 mg/kg-d (BMDL10, NTP 2010a) 
 Human Equivalent Dose (MDH, 2011): POD x DAF = 4.2 x 10-5 mg/kg-d x 0.01 = 4.2 x 10-7 mg/kg-

d (DAF chemical-specific basis) 
 Total uncertainty factor: 30 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability 
 Critical effect(s): Mammary gland hyperplasia in adult males 
 Co-critical effect(s): None   
 Additivity endpoint(s): Developmental 
 
Chronic Non-Cancer Health Based Value (nHBVChronic) = 0.0002 µg/L 
 

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Chronic Intake Rate, L/kg-d) 
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= (1.4 x 10-8 mg/kg-d**) x (0.8*) x (1000 µg/mg) 
(0.045 L/kg-d)*** 

 
= 0.000248, rounded to 0.0002 µg/L 

 
Additivity endpoint(s): Developmental 

  
*Rationale for selecting RSC of 0.8 – same explanation as that provided for the short-term duration (see above) 
**See the subchronic information above for details about the reference dose 
*** Intake Rate: MDH 2008, Section IV.E.1 and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5. 
 
Cancer Health Based Value (cHBV) = Not Derived 

 
After carefully reviewing the available data MDH concluded that the non-cancer HBVs are sufficiently 
protective for potential cancer effects.  
 
 Cancer classification: IARC Group 1, Carcinogenic to humans 
 Slope factor: Not available 
 Source of slope factor: Not Applicable 
 Tumor site(s): Endometrium, ovary, mammary 
 
Volatile: No   
 
Summary of Guidance Value History: 
The HBVs for 17α-ethinylestradiol are new. No previous values exist. In 2020 MDH incorporated 
updated intake rates (US EPA 2019). Use of the updated intake rates resulted in the Chronic 
duration HBV no longer being set to the Subchronic duration HBV. However, the Chronic duration 
HBV remains the same value. 
 
Summary of toxicity testing for health effects identified in the Health Standards Statute (144.0751): 
Even if testing for a specific health effect was not conducted for this chemical, information about that effect might be available 
from studies conducted for other purposes. MDH has considered the following information in developing health protective 
guidance. 

 Endocrine Immunotoxicity Development Reproductive Neurotoxicity 
Tested for 
specific effect? Yes Yes Yes Yes Yes 

Effects 
observed? Yes1 Yes2 Yes3 Yes4 Yes5 

 
Comments on extent of testing or effects: 
1Ethinylestradiol is used as a human contraceptive for its ability to disrupt the human endocrine system 

at human contraceptive doses over 260 times higher than the short-term RfD and over 9,000 times 
higher than the sub/chronic RfD. Endocrine-mediated effects on a variety of male and female 
endocrine-responsive tissues form the basis for all of the RfDs. In humans, hormonal effects including 
increased sex hormone binding globulin and angiotensinogen with decreased corticosteroid binding 
globulin and follicle-stimulating hormone were reported at doses more than 300 times higher than all 
of the RfDs. In laboratory animal studies, steroid hormonal effects including reduced testosterone, 
luteinizing hormone, follicle-stimulating hormone, prolactin, progesterone and increased serum 
estradiol have been reported at doses more than 100 times higher than all of the RfDs. Thyroid 
hormones were affected in adult rats at doses more than 350 times higher than the subchronic RfD. 
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No effects on thyroid hormones were found in neonatal animals. Increased pituitary gland weight was 
reported at doses more than 2,800 times higher than the subchronic RfD. 

2Ethinylestradiol produced decreased bone marrow DNA synthesis and blood cell progenitor cells in 
rats, indicating a potential impact on the immune system at doses over 2,000 times higher than all of 
the RfDs. Other immune system effects occurring at doses more than 1,000 times higher than the 
subchronic RfD included increased natural killer cell activity, increased spleen cell proliferation related 
to cell-mediated immunity, decreased spleen cell numbers (B, T, and NK cells), and increased relative 
spleen weight. Significant, but inconsistent increases in thymus weight were reported in adult rat 
offspring at doses over 140 times higher than the subchronic RfD. 

3The short-term RfD is based, in part, on male and female developmental effects reported in laboratory 
animal studies. The sub/chronic RfDs are based on male mammary gland hyperplasia, considered an 
aberrant developmental effect for males. Epidemiological studies have found no increased risk of birth 
defects in women who have used oral contraceptives prior to pregnancy and also do not suggest any 
overt birth defects effects when taken inadvertently during early pregnancy. However, potential for 
subtle, long-term effects from gestational exposure in humans has not been fully evaluated. In a 
clinical study of children whose mothers used oral contraceptives during lactation (starting at age 2 
months), no effects on intellectual or behavioral development were found when children were followed 
up to age 8 years. A few adverse effects in nursing infants whose mothers were taking ethinylestradiol 
have been reported, including jaundice and breast enlargement. These effects in nursing infants 
occurred at maternal doses more than 2,000 times higher than the short-term RfD and more than 
30,000 times higher than the subchronic RfD.  

4Ethinylestradiol is a human contraceptive drug that is used deliberately for its ability to disrupt human 
reproduction by inhibiting ovulation. Oral contraceptives given during nursing may also interfere with 
lactation by decreasing the quantity and quality of breast milk. The lowest human contraceptive dose 
is 260 times higher than the short-term RfD and over 9,000 times higher than the sub/chronic RfDs. 
The short-term RfD is based, in part, on female reproductive system effects in laboratory animals.  

5Neurobehavioral developmental effects related to feminization or masculinization of behaviors were 
reported in rats exposed to doses more than 100 times higher than the short-term RfD and 30,000 
higher than the subchronic RfD. Effects included changes in saccharin and sodium preferences and 
decreased female rearing behavior. Increased activity and startle responses were reported in rat 
offspring. In a clinical study of children whose mothers used oral contraceptives during lactation 
(starting at age 2 months), no effects on intellectual or behavioral development were found when 
children were followed up to age 8 years. 

 
Resources Consulted During Review:    
Actavis Pharma Inc. (2014). FDA-Approved Drug Label for Norinyl 1+50 - norethindrone and mestranol. 
Australian Natural Resource Management Ministerial Council; Environmental Protection and Heritage 

Council; and National Health and Medical Research Council. (2008). Australian Guidelines for Water 
Recycling. Augmentation of Drinking Water Supplies. from 
https://www.waterquality.gov.au/sites/default/files/documents/water-recycling-guidelines-
augmentation-drinking-22.pdf 

Borgert, C. J., LaKind, J. S., & Witorsch, R. J. (2003). A critical review of methods for comparing estrogenic 
activity of endogenous and exogenous chemicals in human milk and infant formula. Environ Health 
Perspect 111(8): 1020-1036. 

Brody, S. A., Turkes, A., & Goldzieher, J. W. (1989). Pharmacokinetics of three bioequivalent 
norethindrone/mestranol-50 micrograms and three norethindrone/ethinyl estradiol-35 micrograms 
OC formulations: are "low-dose" pills really lower? Contraception 40(3): 269-284. 



17α-Ethinylestradiol - 5 of 9 
 

Canadian Drug Products Monograph. (2011). Product Monograph. FEMHRT and FEMHRT LO. Estrogen-
progestin combination. Warner Chilcott Canada Co.,.  Toronto, Ontario. 

Cao, J., Rebuli, M. E., Rogers, J., Todd, K. L., Leyrer, S. M., Ferguson, S. A., & Patisaul, H. B. (2013). Prenatal 
bisphenol A exposure alters sex-specific estrogen receptor expression in the neonatal rat 
hypothalamus and amygdala. Toxicol Sci 133(1): 157-173. 

Capel-Edwards, K., D.E. Hall, A.G. Sansom, (1971). Hematological changes observed in female beagle dogs 
given ethynylestradiol. Toxicology and Applied Pharmacology 20: 319-326. 

Curtis, E. M. (1964). Oral-Contraceptive Feminization of a Normal Male Infant: Report of a Case. Obstet 
Gynecol 23: 295-296. 

Delclos, K. B., Camacho, L., Lewis, S. M., Vanlandingham, M. M., Latendresse, J. R., Olson, G. R., . . . Thorn, B. 
T. (2014). Toxicity evaluation of bisphenol A administered by gavage to Sprague Dawley rats from 
gestation day 6 through postnatal day 90. Toxicol Sci 139(1): 174-197. 

Delclos, K. B., Weis, C. C., Bucci, T. J., Olson, G., Mellick, P., Sadovova, N., . . . Newbold, R. R. (2009). 
Overlapping but distinct effects of genistein and ethinyl estradiol (EE(2)) in female Sprague-Dawley 
rats in multigenerational reproductive and chronic toxicity studies. Reprod Toxicol 27(2): 117-132. 

Ferguson, S. A., Delclos, K. B., Newbold, R. R., & Flynn, K. M. (2003). Dietary ethinyl estradiol exposure 
during development causes increased voluntary sodium intake and mild maternal and offspring 
toxicity in rats. Neurotoxicol Teratol 25(4): 491-501. 

Ferguson, S. A., Law, C. D., & Abshire, J. S. (2012). Developmental treatment with bisphenol A causes few 
alterations on measures of postweaning activity and learning. Neurotoxicol Teratol 34(6): 598-606. 

Ferguson, S. A., Law, C. D., Jr., & Abshire, J. S. (2011). Developmental treatment with bisphenol A or ethinyl 
estradiol causes few alterations on early preweaning measures. Toxicol Sci 124(1): 149-160. 

Ferguson, S. A., Law, C. D., & Kissling, G. E. (2014). Developmental treatment with ethinyl estradiol, but not 
bisphenol A, causes alterations in sexually dimorphic behaviors in male and female Sprague Dawley 
rats. Toxicol Sci 140(2): 374-392. 

Guo, T. L., Germolec, D. R., Musgrove, D. L., Delclos, K. B., Newbold, R. R., Weis, C., & White, K. L., Jr. (2005). 
Myelotoxicity in genistein-, nonylphenol-, methoxychlor-, vinclozolin- or ethinyl estradiol-exposed 
F1 generations of Sprague-Dawley rats following developmental and adult exposures. Toxicology 
211(3): 207-219. 

He, Z., Paule, M. G., & Ferguson, S. A. (2012). Low oral doses of bisphenol A increase volume of the sexually 
dimorphic nucleus of the preoptic area in male, but not female, rats at postnatal day 21. 
Neurotoxicol Teratol 34(3): 331-337. 

Hines, R. N. (2007). Ontogeny of human hepatic cytochromes P450. J Biochem Mol Toxicol 21(4): 169-175. 
Hines, R. N. (2008). The ontogeny of drug metabolism enzymes and implications for adverse drug events. 

Pharmacol Ther 118(2): 250-267. 
Hotchkiss, C. E., Weis, C., Blaydes, B., Newbold, R., & Delclos, K. B. (2008). Multigenerational exposure to 

ethinyl estradiol affects bone geometry, but not bone mineral density in rats. Bone 43(1): 110-118. 
Howdeshell, K. L., Furr, J., Lambright, C. R., Wilson, V. S., Ryan, B. C., & Gray, L. E., Jr. (2008). Gestational and 

lactational exposure to ethinyl estradiol, but not bisphenol A, decreases androgen-dependent 



17α-Ethinylestradiol - 6 of 9 
 

reproductive organ weights and epididymal sperm abundance in the male long evans hooded rat. 
Toxicol Sci 102(2): 371-382. 

HSDB. (2011). Hazardous Substances Database. U.S. National Library of Medicine, TOXNET. Mestranol.   
Retrieved February 2016, from http://toxnet.nlm.nih.gov/cgi-bin/sis/search2/f?./temp/~Ys45bR:1 

HSDB. (2012). Hazardous Substances Database. U.S. National Library of Medicine, TOXNET. Ethinylestradiol.   
Retrieved December, 2014, from http://toxnet.nlm.nih.gov/cgi-bin/sis/search2/f?./temp/~ecUdyv:1 

International Agency for Research on Cancer (IARC). (1979). IARC Monographs on the Evaluation of 
Carcinogenic Risk to Humans. Sex Hormones (II). Ethinyloestradiol. (Vol. Vol. 21). Lyon, France. 

International Agency for Research on Cancer (IARC) (1999). IARC Monographs on the Evaluation of 
Carcinogenic Risks to Humans. Postmenopausal Estrogen Therapy. Lyon, France, IARC. Vol. 72. 

International Agency for Research on Cancer (IARC). (2007). IARC Monographs on the Evaluation of 
Carcinogenic Risks to Humans. Combined Estrogen−Progestogen Contraceptives and Combined 
Estrogen−Progestogen Menopausal Therapy (Vol. Vol. 91). Lyon, France: IARC. 

International Agency for Research on Cancer (IARC). (2011a). IARC Monographs on the Evaluation of 
Carcinogenic Risks to Humans Part A: Pharmaceuticals. Estrogen-Only Menopausal Therapy (Vol. 
Vol. 100). Lyon, France: IARC. 

International Agency for Research on Cancer (IARC) (2011b). IARC Monographs on the Evaluation of 
Carcinogenic Risks to Humans Part A: Combined Estrogen-Progestogen Contraceptives. Lyon, 
France, IARC. Vol. 100. 

JECFA. (2000). Toxicological Evaluation of Certain Veterinary Drug Residues in Food: WHO Food Additives 
Series 43: Production Aids: Estradiol-17beta, Progesterone, and Testosterone. In Prepared by the 
fifty-second meeting of the Joint FAO/WHO Expert Committee on Food Additives (JECFA) (Ed.). 

Kendig, E. L., Buesing, D. R., Christie, S. M., Cookman, C. J., Gear, R. B., Hugo, E. R., . . . Belcher, S. M. (2012). 
Estrogen-like disruptive effects of dietary exposure to bisphenol A or 17alpha-ethinyl estradiol in 
CD1 mice. Int J Toxicol 31(6): 537-550. 

Koukouritaki, S. B., Manro, J. R., Marsh, S. A., Stevens, J. C., Rettie, A. E., McCarver, D. G., & Hines, R. N. 
(2004). Developmental expression of human hepatic CYP2C9 and CYP2C19. J Pharmacol Exp Ther 
308(3): 965-974. 

Latendresse, J. R., Bucci, T. J., Olson, G., Mellick, P., Weis, C. C., Thorn, B., . . . Delclos, K. B. (2009). Genistein 
and ethinyl estradiol dietary exposure in multigenerational and chronic studies induce similar 
proliferative lesions in mammary gland of male Sprague-Dawley rats. Reprod Toxicol 28(3): 342-353. 

Laurenzana, E. M., Weis, C. C., Bryant, C. W., Newbold, R., & Delclos, K. B. (2002). Effect of dietary 
administration of genistein, nonylphenol or ethinyl estradiol on hepatic testosterone metabolism, 
cytochrome P-450 enzymes, and estrogen receptor alpha expression. Food Chem Toxicol 40(1): 53-
63. 

Madhavapeddi, R., & Ramachandran, P. (1985). Side effects of oral contraceptive use in lactating women--
enlargement of breast in a breast-fed child. Contraception 32(5): 437-443. 

Mandrup, K. R., Hass, U., Christiansen, S., & Boberg, J. (2012). Perinatal ethinyl oestradiol alters mammary 
gland development in male and female Wistar rats. Int J Androl 35(3): 385-396. 

http://toxnet.nlm.nih.gov/cgi-bin/sis/search2/f?./temp/%7EYs45bR:1
http://toxnet.nlm.nih.gov/cgi-bin/sis/search2/f?./temp/%7EecUdyv:1


17α-Ethinylestradiol - 7 of 9 
 

Mandrup, K. R., Jacobsen, P. R., Isling, L. K., Axelstad, M., Dreisig, K., Hadrup, N., . . . Boberg, J. (2013). 
Effects of perinatal ethinyl estradiol exposure in male and female Wistar rats. Reprod Toxicol 42: 
180-191. 

Marriq, P., & Oddo, G. (1974, Nov 30-Dec 14). [Letter: Gynecomastia in the newborn induced by maternal 
milk? An unusual complication of oral contraceptives]; article in French. Nouv Presse Med. from as 
cited by Drugs.com, last updated 5/5/2015; http://www.drugs.com/breastfeeding/contraceptives-
oral-combined.html 

Mashchak, C. A., Lobo, R. A., Dozono-Takano, R., Eggena, P., Nakamura, R. M., Brenner, P. F., & Mishell, D. 
R., Jr. (1982). Comparison of pharmacodynamic properties of various estrogen formulations. Am J 
Obstet Gynecol 144(5): 511-518. 

Minnesota Department of Health (MDH). (2008). "Statement of Need and Reasonableness (SONAR), July 
11, 2008. Support document relating to Health Risk Limits for Groundwater Rules.", from 
https://www.leg.state.mn.us/archive/sonar/SONAR-03733.pdf#page=2. 

Minnesota Department of Health (MDH). (2011). MDH Health Risk Assessment Methods to Incorporate 
Human Equivalent Dose Calculations into Derivation of Oral Reference Doses. from 
https://www.health.state.mn.us/communities/environment/risk/docs/guidance/hedrefguide.pdf 

National Toxicology Program (NTP). (2004). Final Report. Pubertal Toxicity Study of Vinclozolin, Flutamide 
and Phenobarbital in Male Sprague Dawley Rats and Methoxychlor, Ethinyl Estradiol and 
Phenobarbital in Female Sprague Dawley Rats when Administered in Corn Oil by Oral Gavage. 
TherImmune Research Corporation No. 7244-600.   

National Toxicology Program (NTP). (2010a). Multigenerational Reproductive Toxicology Study Of Ethinyl 
Estradiol (Cas No. 57-63-6) In Sprague-Dawley Rats  Retrieved from 
http://ntp.niehs.nih.gov/ntp/htdocs/LT_rpts/TR547.pdf. 

National Toxicology Program (NTP). (2010b). NTP Technical Report on the Toxicology and Carcinogenesis 
Study of Ethinyl estradiol (CAS No. 57-63-6) in Sprague-Dawley Rats. .  Retrieved from 
https://ntp.niehs.nih.gov/ntp/htdocs/lt_rpts/tr548.pdf?utm_source=direct&utm_medium=prod&u
tm_campaign=ntpgolinks&utm_term=tr548.  . 

National Toxicology Program (NTP). (2011). Report on Carcinogens, Twelfth Edition. Estrogens, Steroidal.  
Retrieved from http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/EstrogensSteroidal.pdf. 

Nilsson, S., Mellbin, T., Hofvander, Y., Sundelin, C., Valentin, J., & Nygren, K. G. (1986). Long-term follow-up 
of children breast-fed by mothers using oral contraceptives (reviewed abstract only). Contraception 
34(5): 443-457. 

Nilsson, S., Nygren, K. G., & Johansson, E. D. (1978). Ethinyl estradiol in human milk and plasma after oral 
administration. Contraception 17(2): 131-139. 

Norgaard, M., Wogelius, P., Pedersen, L., Rothman, K. J., & Sorensen, H. T. (2009). Maternal use of oral 
contraceptives during early pregnancy and risk of hypospadias in male offspring (reviewed abstract 
only). Urology 74(3): 583-587. 

OEHHA. (1992). Expedited Cancer Potency Values and Proposed Regulatory Levels for Concern for Certain 
Proposition 65 Carcinogens. 

http://www.drugs.com/breastfeeding/contraceptives-oral-combined.html
http://www.drugs.com/breastfeeding/contraceptives-oral-combined.html
http://ntp.niehs.nih.gov/ntp/htdocs/LT_rpts/TR547.pdf
http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/EstrogensSteroidal.pdf


17α-Ethinylestradiol - 8 of 9 
 

OEHHA. (2001). No Significant Risk Level (NSRL) for the Proposition 65 Carcinogen Di(2-
ethylhexyl)phthalate. from http://www.oehha.ca.gov/prop65/law/pdf_zip/dehpnsrl.pdf 

Pillon, D., Cadiou, V., Angulo, L., & Duittoz, A. H. (2012). Maternal exposure to 17-alpha-ethinylestradiol 
alters embryonic development of GnRH-1 neurons in mouse. Brain Res 1433: 29-37. 

Rebuli, M. E., Cao, J., Sluzas, E., Delclos, K. B., Camacho, L., Lewis, S. M., . . . Patisaul, H. B. (2014). 
Investigation of the effects of subchronic low dose oral exposure to bisphenol A (BPA) and ethinyl 
estradiol (EE) on estrogen receptor expression in the juvenile and adult female rat hypothalamus. 
Toxicol Sci 140(1): 190-203. 

Ryan, B. C., Hotchkiss, A. K., Crofton, K. M., & Gray, L. E., Jr. (2010). In utero and lactational exposure to 
bisphenol A, in contrast to ethinyl estradiol, does not alter sexually dimorphic behavior, puberty, 
fertility, and anatomy of female LE rats. Toxicol Sci 114(1): 133-148. 

Sandoz Inc. (2014). FDA-Approved Drug Label for Altavera - levonorgestrel and ethinyl estradiol. 
Sawaki, M., Noda, S., Muroi, T., Mitoma, H., Takakura, S., Sakamoto, S., & Yamasaki, K. (2003). In utero 

through lactational exposure to ethinyl estradiol induces cleft phallus and delayed ovarian 
dysfunction in the offspring. Toxicol Sci 75(2): 402-411. 

Schardein, J. L. (1980). Studies of the components of an oral contraceptive agent in albino rats. I. Estrogenic 
component. J Toxicol Environ Health 6(4): 885-894. 

Schmider, J., Greenblatt, D. J., von Moltke, L. L., Karsov, D., Vena, R., Friedman, H. L., & Shader, R. I. (1997). 
Biotransformation of mestranol to ethinyl estradiol in vitro: the role of cytochrome P-450 2C9 and 
metabolic inhibitors. J Clin Pharmacol 37(3): 193-200. 

Siddique, Y. H., Beg, T., & Afzal, M. (2005). Genotoxic potential of ethinylestradiol in cultured mammalian 
cells. Chem Biol Interact 151(2): 133-141. 

Snyder, S., RA Trenholm, EM Snyder, GM Bruce, RC Pleus, and JDC Hemming,. (2008). Toxicological 
Relevance of EDCs and Pharmaceuticals in Drinking Water. In AWWA Research Foundation (Ed.). 

Tavassoli, F. A., Casey, H. W., & Norris, H. J. (1988). The morphologic effects of synthetic reproductive 
steroids on the mammary gland of rhesus monkeys. Mestranol, ethynerone, mestranol-ethynerone, 
chloroethynyl norgestrel-mestranol, and anagestone acetate-mestranol combinations. Am J Pathol 
131(2): 213-234. 

Tennant, B. C., Balazs, T., Baldwin, B. H., Hornbuckle, W. E., Castleman, W. L., Boelsterli, U., & Kallfelz, F. A. 
(1981). Assessment of hepatic function in rabbits with steroid-induced cholestatic liver injury. 
Fundam Appl Toxicol 1(4): 329-333. 

Twaddle, N. C., Churchwell, M. I., Newbold, R. R., Delclos, K. B., & Doerge, D. R. (2003). Determination using 
liquid-chromatography-electrospray tandem mass spectroscopy of ethinylestradiol serum 
pharmacokinetics in adult Sprague-Dawley rats. J Chromatogr B Analyt Technol Biomed Life Sci 
793(2): 309-315. 

U. S. Environmental Protection Agency - Office of Water. (2009). Contaminant Information Sheets for the 
PCCL Chemicals Considered for CCL3. from http://www2.epa.gov/sites/production/files/2014-
05/documents/final-pccl-3-contaminant-information-sheets.pdf 

http://www.oehha.ca.gov/prop65/law/pdf_zip/dehpnsrl.pdf
http://www2.epa.gov/sites/production/files/2014-05/documents/final-pccl-3-contaminant-information-sheets.pdf
http://www2.epa.gov/sites/production/files/2014-05/documents/final-pccl-3-contaminant-information-sheets.pdf


17α-Ethinylestradiol - 9 of 9 
 

U.S. Environmental Protection Agency - Office of Research and Development. (1988). Recommendations for 
and Documentation of Biological Values for Use in Risk Assessment. from 
http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=34855 

U.S. Environmental Protection Agency - Office of the Science Advisor. (2011). Recommended Use of Body 
Weight¾ as the Default Method in Derivation of the Oral Reference Dose. from 
http://www.epa.gov/raf/publications/pdfs/recommended-use-of-bw34.pdf 

U.S. Environmental Protection Agency (EPA). (2019). Exposure Factors Handbook Chapter 3  
Update 2019.  Retrieved from https://www.epa.gov/expobox/exposure-factors-handbook-chapter-
3 

U.S. Food and Drug Administration (FDA). (2015). Drugs@FDA: FDA Approved Drug Products database; 
search for Estinyl, Lynoral, Feminone historical dosage information.   Retrieved June 26, 2015, from 
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm 

Vosges, M., Braguer, J. C., & Combarnous, Y. (2008). Long-term exposure of male rats to low-dose 
ethinylestradiol (EE2) in drinking water: effects on ponderal growth and on litter size of their 
progeny. Reprod Toxicol 25(2): 161-168. 

Warner Chilcott (US), L. (2012). Lo Loestrin Fe, approved drug label. from 
http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=c33072cf-625d-4b4a-981e-
ec049c5d78aa 

Wogelius, P., Horvath-Puho, E., Pedersen, L., Norgaard, M., Czeizel, A. E., & Sorensen, H. T. (2006). Maternal 
use of oral contraceptives and risk of hypospadias - a population-based case-control study 
(reviewed abstract only). Eur J Epidemiol 21(10): 777-781. 

Yadav, M., & Volkar, J. (2013). Female Contraception. Mechanism of Action of Hormonal Contraceptives. 
Cleveland Clinic Center for Continuing Education. Disease Management. Retrieved 3/17/2016, from 
http://www.clevelandclinicmeded.com/medicalpubs/diseasemanagement/womens-health/female-
contraception/ 

Yanagimachi, R., & Sato, A. (1968). Effects of a single oral administration of ethinyl estradiol on early 
pregnancy in the mouse. Fertil Steril 19(5): 787-801. 

Yasuda, Y., Kihara, T., & Nishimura, H. (1981). Effect of ethinyl estradiol on development of mouse fetuses. 
Teratology 23(2): 233-239. 

http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=34855
http://www.epa.gov/raf/publications/pdfs/recommended-use-of-bw34.pdf
https://www.epa.gov/expobox/exposure-factors-handbook-chapter-3
https://www.epa.gov/expobox/exposure-factors-handbook-chapter-3
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm
http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=c33072cf-625d-4b4a-981e-ec049c5d78aa
http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=c33072cf-625d-4b4a-981e-ec049c5d78aa
http://www.clevelandclinicmeded.com/medicalpubs/diseasemanagement/womens-health/female-contraception/
http://www.clevelandclinicmeded.com/medicalpubs/diseasemanagement/womens-health/female-contraception/


Health Based Guidance for Water 
Health Risk Assessment Unit, Environmental Health Division 

651-201-4899 
 

Ethylbenzene - 1 
 

  

Web Publication Date: August 2020 

Toxicological Summary for: Ethylbenzene 
CAS: 100-41-4 
Synonyms: Phenylethane, ethylbenzol, EB, 1-Ethylbenzene 

Acute Non-Cancer Health Based Value (nHBVAcute) = Not Derived (Insufficient Data) 

Short-term Non-Cancer Health Based Value (nHBVShort-term) = 40 μg/L  

(Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Short-term Intake Rate, L/kg-d) 

= (0.06 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.290 L/kg-d)** 

= 41 rounded to 40 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5 

 Reference Dose/Concentration: HED/Total UF = 18/300 = 0.06 mg/kg-d (Wistar rat) 
 Source of toxicity value: Determined by MDH in 2018 
 Point of Departure (POD): 75 mg/kg-d (administered dose NOAEL, Mellert 

2007) 
 Dose Adjustment Factor (DAF):  0.24, Body weight scaling, default (USEPA 2011) 

(MDH 2017) 
 Human Equivalent Dose (HED): POD x DAF = 75 mg/kg-d x 0.24 = 18 mg/kg-d 
 Total uncertainty factor (UF): 300 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 

10 for intraspecies variability, and 10 for database 
uncertainty (lack of studies via oral exposure 
including a lack of developmental and reproductive 
studies and toxicity data in multiple species) 

 Critical effect(s): Changes in liver and kidney weight in males with 
corresponding histological changes; and blood 
chemistry changes at higher doses  

 Co-critical effect(s): None 
 Additivity endpoint(s): Hepatic (liver) system, Renal (kidney) system 
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Subchronic Non-Cancer Health Based Value (nHBVSubchronic) = nHBVShort-term = 40 µg/L  

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Subchronic Intake Rate, L/kg-d) 

= (0.036 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.074 L/kg-d)** 

= 97 rounded to 100 µg/L  

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5 

 Reference Dose/Concentration: HED/Total UF = 10.68/300 = 0.036 mg/kg-d (Wistar 
rat) 

 Source of toxicity value: ATSDR 2010 
 Point of Departure (POD): 6.61 µmol/L (Liver serum concentration BMDL10, 

ATSDR 2010 analysis of Mellert 2007) 
 Dose Adjustment Factor (DAF):  Chemical-Specific PBPK model (ATSDR 2010) 
 Human Equivalent Dose (HED): 10.68 mg/kg-d HED from PBPK modelling 

conducted by ATSDR 2010 
 Total uncertainty factor (UF): 300 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 

10 for intraspecies variability, and 10 for database 
uncertainty (lack of studies via oral exposure 
including a lack of developmental and reproductive 
studies and toxicity data in multiple species) 

 Critical effect(s): Centrilobular hepatocyte hypertrophy 
 Co-critical effect(s): None 
 Additivity endpoint(s): Hepatic (liver) system 

The Subchronic nHBV must be protective of the short-term exposures that occur within the 
subchronic period and therefore, the Subchronic nHBV is set equal to the Short-term nHBV of 
40 µg/L. Additivity endpoints: Hepatic (liver) system, Renal (kidney) system 

Chronic Non-Cancer Health Based Value (nHBVChronic) = nHBVShort-term = 40 µg/L 

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Chronic Intake Rate, L/kg-d) 

= (0.011 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.045 L/kg-d)** 

= 48 rounded to 50 µg/L 
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*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5 

 Reference Dose/Concentration: HED/Total UF = 10.68/1000 = 0.011 mg/kg-d 
(Wistar rat) 

 Source of toxicity value: ATSDR 2010 
 Point of Departure (POD): 6.61 µmol/L (BMDL10 based on concentration of 

ethylbenzene in the liver, ATSDR 2010 analysis of 
Mellert 2007) (subchronic exposure) 

 Dose Adjustment Factor (DAF):  Chemical-Specific PBPK model (ATSDR 2010) 
 Human Equivalent Dose (HED): 10.68 mg/kg-d HED from PBPK modelling 

conducted by ATSDR 2010 
 Total uncertainty factor (UF): 1000 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 

10 for intraspecies variability, 10 for database 
uncertainty (lack of studies via oral exposure 
including a lack of developmental and reproductive 
studies and toxicity data in multiple species), and 3 
for extrapolation to a chronic duration from a 
subchronic duration study 

 Critical effect(s): Centrilobular hepatocyte hypertrophy 
 Co-critical effect(s): None 
 Additivity endpoint(s): Hepatic (liver) system 

The Chronic nHBV must be protective of the short-term and subchronic exposures that occur 
within the chronic period and therefore, the Chronic nHBV is set equal to the Short-term 
nHBV of 40 µg/L. Additivity endpoints: Hepatic (liver) system, Renal (kidney) system 

Cancer Health Based Value (cHBV) = Not Applicable 

 Cancer classification: 2B - possibly carcinogenic to humans (IARC 2000); 
D - not classifiable as to human carcinogenicity 
(USEPA 1991) 

 Slope factor (SF): Not Applicable 
 Source of cancer slope factor (SF): Not Applicable 
 Tumor site(s): liver and kidney 

Volatile: Yes (high) 

Summary of Guidance Value History: 
A noncancer chronic Health Risk Limit (HRL) of 700 µg/L was promulgated in 1993. In 2011, 
MDH derived short-term, subchronic, and chronic HRLs of 50 µg/L. In 2015, MDH evaluated the 
potential of incorporating an oral slope factor into the assessment. There was no new 
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information to support derivation of a cancer water guidance value. In 2018, MDH re-evaluated 
the existing HRLs, resulting in slightly lower Health Based Values (HBV). The 2018 HBVs are 
lower than the previous HRLs as a result of 1) use of MDH’s most recent risk assessment 
methodology and 2) rounding to one significant digit. In 2020 MDH incorporated updated 
intake rates (US EPA 2019). Use of the updated intake rates did not result in any changes to the 
guidance values. 

Summary of toxicity testing for health effects identified in the Health Standards Statute (144.0751): 
Even if testing for a specific health effect was not conducted for this chemical, information about that effect might 
be available from studies conducted for other purposes. MDH has considered the following information in 
developing health protective guidance. 

 Endocrine Immunotoxicity Development Reproductive Neurotoxicity 
Tested for 
specific effect? No No No Yes Yes 

Effects 
observed? -1 -2 -3 Yes4 Yes5 

Comments on extent of testing or effects: 
 
1 Endocrine activity of ethylbenzene has not been tested. However, an acute oral study noted 
decreases in peripheral hormone levels and possible effects on the estrus cycle in rats at doses 
2000 or more times higher than the short-term reference dose. Rats and mice exposed to 
ethylbenzene in an inhalation exposure study showed an increased incidence of follicular cell 
hyperplasia in the thyroid gland and hyperplasia in the pituitary gland over the two-year study 
period.  
 
2 Immunotoxicity of ethylbenzene has only been studied by inhalation in laboratory animals. 
Some studies noted changes in immune cell numbers and increased spleen weights, but these 
results were not consistently seen across all studies. One general toxicity oral study noted 
decreased thymus weights in rats exposed at doses over 900 times higher than the short-term 
reference dose.   
 
3 Developmental effects have not been studied in laboratory animals exposed through the oral 
route. Effects observed in rat inhalation exposure studies include reduced fetal weight and 
skeletal and urogenital anomalies observed in the presence of maternal toxicity.  
 
4 Very limited information is available on reproductive effects following oral exposures. 
Decreases in hormone levels affecting the estrus cycle and uterine effects were indicated in a 
single acute reproductive study in laboratory animals with oral exposure at doses 2000 or more 
times higher than the short-term reference dose. Adverse reproductive effects were not 
observed in laboratory animals studies with inhalation exposure.  
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5 Significant ototoxic effects have been reported, including loss of the outer hair cells in a part 
of the ear. This effect was observed in male rats at a single oral dose over 3000 times higher 
than the short-term reference dose. Ototoxicity has also been seen following inhalation 
exposure to ethylbenzene.  
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Web Publication Date: August 2020 

Toxicological Summary for: Ethylene Glycol 
CAS:  107-21-1 
Synonyms: Ethane-1,2-diol, Monoethylene glycol (MEG), 1,2-Ethanediol, Glycol 

Acute Non-Cancer Health Based Value (nHBVAcute) = Not Derived (Insufficient Data) 

Short-term Non-Cancer Health Based Value (nHBVShort-term) = 2000 μg/L  

(Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Short-term Intake Rate, L/kg-d) 

= (0.33 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.038 L/kg-d)** 

= 1,736 rounded to 2,000 µg/L 
 
* Relative Source Contribution: MDH 2008, Section IV.E.1. 
** The RfD is based on malformations that occur in utero, therefore, the intake rate for a pregnant woman is utilized rather 
than the default infant intake rate as described in the MDH 2008 SONAR (page 46). Effects relevant to post-natal 
development occurred at higher dose levels. As the short-term duration intake is based on pregnant women, not infants, a 
Relative Source Contribution of 0.2 is utilized. (Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors 
Handbook, Tables 3-1, 3-3, and 3-5.) 
 

 Reference Dose/Concentration: HED/Total UF = 9.83/30 = 0.33 mg/kg-d (CD-1 mice) 
 Source of toxicity value: Determined by MDH in 2017 
 Point of Departure (POD): 75.6 mg/kg-d (BMDL10; derived by ATSDR 2010, using data 

from Neeper-Bradley, 1995) 
 Dose Adjustment Factor (DAF):  0.13 (Body weight scaling, default) (MDH, 2017) (US EPA, 

2011) 
 Human Equivalent Dose (HED): POD x DAF = 75.6 mg/kg-d x 0.13 = 9.83 mg/kg-d 
 Total uncertainty factor (UF): 30 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability 
 Critical effect(s): Increased fetal skeletal malformations  
 Co-critical effect(s): None 
 Additivity endpoint(s): Developmental  
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Subchronic Non-Cancer Health Based Value (nHBVSubchronic) = 2000 µg/L  

 (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Subchronic Intake Rate, L/kg-d) 

= (0.33 mg/kg-d)** x (0.2)* x (1000 µg/mg) 
(0.038 L/kg-d)** 

= 1,736 rounded to 2,000 µg/L  
 

* Relative Source Contribution: MDH 2008, Section IV.E.1. 
** The calculated Subchronic RfD (0.57 mg/kg-d) is higher than the Short-term RfD (0.33 mg/kg-d), which is based on 
developmental effects. The Subchronic RfD must be protective of all types of adverse effects that could occur as a result of 
subchronic exposure, including short-term effects (MDH, 2008). Therefore, the Short-term RfD is used in place of the 
calculated subchronic RfD and the water intake rate for a pregnant woman is used. (Intake rate: MDH 2008, Section IV.E.1. 
and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3, and 3-5). 

The calculated Subchronic nHBV, before consideration of the Short-term RfD and HBV, resulted in the 
same water guidance value after rounding to one significant digit. Therefore, the subchronic duration 
additivity endpoint of Renal (kidney) system is added to Developmental. Additivity endpoints: 
Developmental, Renal (kidney) system 

Chronic Non-Cancer Health Based Value (nHBVChronic) = 2000 µg/L  

 (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Chronic Intake Rate, L/kg-d) 

= (0.33 mg/kg-d)** x (0.2)* x (1000 µg/mg) 
(0.038 L/kg-d)** 

= 1,736 rounded to 2,000 µg/L 
 

* Relative Source Contribution: MDH 2008, Section IV.E.1 

* *The calculated Chronic RfD (0.44 mg/kg-d) is higher than the Short-term RfD (0.33 mg/kg-d), which is based on 
developmental effects. The Chronic RfD must be protective of all types of adverse effects that could occur as a result of 
chronic exposure, including short-term effects (MDH, 2008). Therefore, the Short-term RfD is used in place of the calculated 
Chronic RfD and the water intake rate for a pregnant woman is used. (Intake rate: MDH 2008, Section IV.E.1. and US EPA 
2019, Exposure Factors Handbook, Tables 3-1, 3-3, and 3-5) 

The calculated Chronic nHBV, before consideration of the Short-term RfD and HBV, resulted in the 
same water guidance value after rounding to one significant digit. Therefore, the chronic duration 
additivity endpoints of Male Reproductive system and Renal (kidney) system are added to 
Developmental. Additivity endpoints: Developmental, Male Reproductive system, Renal (kidney) 
system 
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Cancer Health Based Value (cHBV) = Not Applicable 

 Cancer classification: Not Classified 
 Slope factor (SF): Not Applicable 
 Source of cancer slope factor (SF): Not Applicable 
 Tumor site(s): Not Applicable 

Volatile: No 

Summary of Guidance Value History: 
In 1993/1994, MDH promulgated a Health Risk Limit (HRL) of 10,000 µg/L. In 2011, MDH derived acute, 
short-term, subchronic, and chronic noncancer Health Based Values (HBV) of 4,000 µg/L, 4,000 µg/L, 
2,000 µg/L, and 2,000 µg/L, respectively. These HBVs were adopted as HRLs in 2011. In 2017, MDH re-
evaluated the noncancer HRLs, resulting in the removal of the acute guidance, and the derivation of 
new noncancer short-term, subchronic, and chronic HBVs of 2,000 µg/L. The revisions were a result of 
1) using MDH’s most recent risk assessment methodology including the application of Human 
Equivalent Doses (HED) and updated intake rates; and 2) rounding to one significant digit. In 2020, 
MDH incorporated updated intake rates (USEPA 2019). Use of the updated intake rates did not result 
in any changes to the guidance values. 
 

Summary of toxicity testing for health effects identified in the Health Standards Statute (144.0751): 
Even if testing for a specific health effect was not conducted for this chemical, information about that effect might be 
available from studies conducted for other purposes. MDH has considered the following information in developing health 
protective guidance. 

 Endocrine Immunotoxicity Development Reproductive Neurotoxicity 
Tested for 
specific effect? No No Yes Yes Yes 

Effects 
observed? -1 -2 Yes3 Yes4 Yes5 

Comments on extent of testing or effects: 
1 Studies assessing endocrine function have not been conducted, however, secondary observations 
from histological examinations of endocrine organs in existing studies of ethylene glycol showed no 
effects in rats or mice.  
 
2 Repeat-dose studies assessing immunotoxicity and immune function have not been conducted. 
However, one study reported decreased leukocyte levels in rats at a dose 400 times higher than the 
short-term RfD.  
 
3 The short-term RfD is based on skeletal malformations observed in mouse fetuses following in utero 
exposure. Numerous developmental studies have been conducted, and mice have been shown to be 



Ethylene Glycol -  4 

more sensitive than rats or rabbits regarding developmental effects. In addition to skeletal effects in 
mice, decreased fetal and pup body weights were observed at doses approximately 300 and 600 times 
higher than the short-term RfD.  
 
4 Reproductive and multi-generational studies have been conducted. Decreased reproductive success 
was observed at dose levels more than 600 times higher than the short-term RfD. Decreased sperm 
counts were observed at doses approximately 400 times higher than the short-term RfD, while sperm 
motility and morphology were altered at doses over 700 times higher than the short-term RfD.  
 

5 Following acute ingestion (poisoning incidents) of very high doses approximately 8000 times higher 
than the short-term RfD, ethylene glycol has a direct toxic effect on the nervous system with effects 
including ataxia, convulsion, and coma. In animal studies at doses 3000 times higher than the short-
term RfD, calcium oxalate crystals have been observed in brain and nervous system tissue.  
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Health Based Guidance for Water 
Health Risk Assessment Unit, Environmental Health Division 

651-201-4899 

Web Publication Date: August 2020 

Toxicological Summary for: Fluorene 
CAS:  86-73-7 
Synonyms: 9H-fluorene, 2,2’-methylenebiphenyl, diphenylenemethane, O-biphenylenemethane 

Acute Non-Cancer Health Based Value (nHBVAcute) = Not Derived (Insufficient Data) 

Short-term Non-Cancer Health Based Value (nHBVShort-term) = Not Derived (Insufficient Data) 

Subchronic Non-Cancer Health Based Value (nHBVSubchronic) = 200 µg/L  

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Subchronic Intake Rate, L/kg-d) 

= (0.058 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.074 L/kg-d)** 

= 156 rounded to 200 µg/L  

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3, and 3-5.  

 Reference Dose/Concentration: HED/Total UF = 17.5 / 300 = 0.058 mg/kg-d (CD-1 mouse)  
 Source of toxicity value: Determined by MDH in 2019 
 Point of Departure (POD): 125 mg/kg-d (administered dose NOAEL, US EPA, 1989) 
 Dose Adjustment Factor (DAF):  0.14 from body weight scaling, study specific (US EPA, 

2011 and MDH, 2017) 
 Human Equivalent Dose (HED): POD x DAF = 125 mg/kg-d x 0.14 = 17.5 mg/kg-d 
 Total uncertainty factor (UF): 300 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability, and 10 for database uncertainty to 
account for the absence of adequate developmental, 
reproductive, and neurotoxicity studies in the database. 

 Critical effect(s): Decreased red blood cells in female mice, decreased 
packed cell volume in female and male mice, and 
increased relative spleen weight in male and female mice 

 Co-critical effect(s): None identified 
 Additivity endpoint(s): Hematological (blood) system, Spleen 
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Chronic Non-Cancer Health Based Value (nHBVChronic) = 80 µg/L  

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Chronic Intake Rate, L/kg-d) 

= (0.018 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.045 L/kg-d)** 

=  80 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3, and 3-5.  

 Reference Dose/Concentration: HED/Total UF = 17.5/1000 = 0.018 mg/kg-d (CD-1 mouse) 
 Source of toxicity value: Determined by MDH in 2019 
 Point of Departure (POD): 125 mg/kg-d (administered dose NOAEL, US EPA, 1989 

subchronic exposure)  
 Dose Adjustment Factor (DAF):  0.14 from body weight scaling, study specific (US EPA, 

2011 and MDH, 2017) 
 Human Equivalent Dose (HED): POD x DAF = 125 mg/kg-d x 0.14 = 17.5 mg/kg-d (study 

specific body weight scaling basis)  
 Total uncertainty factor (UF): 1000 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability, 3 for subchronic-to-chronic 
extrapolation, and 10 for database uncertainty to account 
for the absence of adequate developmental, reproductive, 
and neurotoxicity studies in the database. 

 Critical effect(s): Decreased red blood cells in female mice, decreased 
packed cell volume in female and male mice, and 
increased relative spleen weight in male and female mice 

 Co-critical effect(s): None identified 
 Additivity endpoint(s): Hematological (blood) system, Spleen 

Cancer Health Based Value (cHBV) = Not Applicable 

Cancer classification: Not Classified 
 Slope factor (SF): Not Applicable 
 Source of cancer slope factor (SF): Not Applicable 
 Tumor site(s): Not Applicable 

Volatile: Yes (moderate) 

Summary of Guidance Value History: 
A non-cancer chronic HRL of 300 μg/L was promulgated in 1993. The 2019 chronic and subchronic 
nHBVs are lower than the previous HRL as a result of using MDH’s most recent risk assessment 
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methodology.  In 2020, MDH incorporated updated intake rates (US EPA 2019). Use of the updated 
intake rates did not result in any changes to the guidance values. 

Summary of toxicity testing for health effects identified in the Health Standards Statute (144.0751): 
Even if testing for a specific health effect was not conducted for this chemical, information about that effect might be 
available from studies conducted for other purposes. MDH has considered the following information in developing health 
protective guidance. 

 Endocrine Immunotoxicity Development Reproductive Neurotoxicity 
Tested for 
specific effect? No Yes No No Yes 

Effects 
observed? - No1 -  -  No2 

Comments on extent of testing or effects: 
 
1 Very little information relating to immunotoxicity is available.  One limited acute oral gavage study in 
male mice did not find any reduction in humoral or cell mediated immunity following exposure to 
fluorene.   
 
2 Results from a limited neurobehavioral gavage study in adult male rats did not indicate any adverse 
effects on locomotor activity or learning ability.  A slight, but significant, decrease in anxiety-related 
behavior was observed in rats exposed to fluorene at a dose approximately 13-fold higher than the 
current chronic reference dose when tested in the elevated plus maze, although there was no dose 
response and the biological significance of this finding is unknown.  In the subchronic/chronic critical 
study, increased incidence of salivation and hypoactivity were noted in the fluorene-exposed rats, 
however, there was no statistical analysis performed on these endpoints and they are not clear 
indicators of neurotoxicity but may point to central nervous system effects. No other neurotoxicity 
studies were available.  A database uncertainty factor of 10 was applied, in part, to account for 
possibility of neurotoxic effects.  
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Web Publication Date: August 2020 

Toxicological Summary for: Fomesafen 
CAS:  72178-02-0 
Synonyms: IUPAC 5-[2-chloro-4-(trifluoromethyl)phenoxy]-N-methanelsulfonyl-2-nitrobenzamide;  
5-(-2-chloro-α-α-α-trifluoro-4-tolyloxy)-N-methylsulphonyl-2-nitro benzamide; PP021  

Acute Noncancer Health-Based Value (nHBVAcute) = Not Derived  

Short-term Noncancer Health-Based Value (nHBVShort-term) = 200 μg/L  

(Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Short-term Intake Rate, L/kg-d) 

= (0.12 mg/kg-d) x (0.5)* x (1000 µg/mg) 
(0.290 L/kg-d)** 

= 206 rounded to 200 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3, and 3-5.  

 Reference Dose/Concentration: HED/Total UF = 3.50/30 = 0.12 mg/kg-d (Alderley Park 
Wistar rat) 

 Source of toxicity value: Determined by MDH in 2020 
 Point of Departure (POD): 12.5 mg/kg-d (administered dose NOAEL, 2-generation 

reproductive study, MRID 00144862, US EPA 1984a) 
 Dose Adjustment Factor (DAF):  0.28 study-specific, Body weight scaling, default (US EPA 

2011c and MDH 2017) 
 Human Equivalent Dose (HED): POD x DAF = 12.5 mg/kg-d x 0.28 = 3.50 mg/kg-d 
 Total uncertainty factor (UF): 30 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability 
 Critical effect(s): Decreased litter weight gain, decreased pup survival, and 

reduced number of pups born alive 
 Co-critical effect(s): Decreased plasma cholesterol and triglycerides, increased 

liver weight and hepatocyte hypertrophy; reduced IgM 
antibody and lymph node enlargement 

 Additivity endpoint(s): Developmental, Hepatic (liver) system, Immune system 
  



Fomesafen - 2  

Subchronic Noncancer Health-Based Value (nHBVSubchronic) = nHBVShort-term = 200 µg/L  

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Subchronic Intake Rate, L/kg-d) 

= (0.14 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.074 L/kg-d)** 

= 378 rounded to 400 µg/L  

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3, and 3-5.  

 Reference Dose/Concentration: HED/Total UF = 14/100 = 0.14 mg/kg-d (beagle) 
 Source of toxicity value: Determined by MDH in 2020 
 Point of Departure (POD): 25 mg/kg-d (administered dose LOAEL, 26-week toxicity 

study, MRID 00103014, US EPA 1981a) 
 Dose Adjustment Factor (DAF):  0.56, Body weight scaling, default (US EPA 2011c and MDH 

2017) 
 Human Equivalent Dose (HED): POD x DAF = 25 mg/kg-d x 0.56 = 14 mg/kg-d 
 Total uncertainty factor (UF): 100 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability, and 3 for using a LOAEL in place of 
a NOAEL because of wide dose spacing  

 Critical effect(s): Blood changes (decreased hemoglobin, hematocrit, red 
blood cell count accompanied by an increased number of 
platelets); Decreased plasma cholesterol and triglycerides 

 Co-critical effect(s): Reduced litter weight gain and pup survival, and a 
reduction in the number of pups born alive; Reduced 
plasma triglycerides and cholesterol, increased liver 
weight, hepatocyte hypertrophy, liver inflammation, and 
liver necrosis; Decreased IgM antibody and increased 
lymph node enlargement 

 Additivity endpoint(s): Developmental, Hematological (blood) system, Hepatic 
(liver) system, Immune system 

The Subchronic nHBV must be protective of the short-term exposures that occur within the 
subchronic period and therefore, the Subchronic nHBV is set equal to the Short-term nHBV of  
200 µg/L. Additivity endpoints: Developmental, Hepatic (liver) system, Immune system 

 

Chronic Noncancer Health-Based Value (nHBVChronic) = 20 µg/L  

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Chronic Intake Rate, L/kg-d) 
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= (0.005 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.045 L/kg-d)** 

= 22.2 rounded to 20 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3, and 3-5.  

 Reference Dose/Concentration: HED/Total UF = 0.15/30 = 0.005 mg/kg-d (CD-1 mouse) 
 Source of toxicity value: Determined by MDH in 2020 
 Point of Departure (POD): 0.96 mg/kg-d (administered dose NOAEL, 2-year toxicity 

study, MRID 00131491, US EPA 1983); 
 Dose Adjustment Factor (DAF):  0.16 study-specific, Body weight scaling, default (US EPA 

2011c and MDH 2017) 
 Human Equivalent Dose (HED): POD x DAF = 0.96 mg/kg-d x 0.16 = 0.15 mg/kg-d  
 Total uncertainty factor (UF): 30 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability 
 Critical effect(s): Increased liver weight, enlarged and discolored liver; the 

presence of pigmented macrophages and/or Kupffer cells 
in the liver (inflammation), liver masses, increased serum 
alkaline phosphatase activity, and increased glutamic 
pyruvic transaminase activity 

 Co-critical effect(s): None 
 Additivity endpoint(s): Hepatic (liver) system 

Cancer Health-Based Value (cHBV) = Not Applicable 

 Cancer classification: Not likely to be carcinogenic to humans (US EPA 2018) 
 Slope factor (SF): Not Applicable 
 Source of cancer slope factor (SF): Not Applicable 
 Tumor site(s): Not Applicable 

Volatile: No 

Summary of Guidance Value History: 
In 2018, MDH derived a Pesticide Rapid Assessment value of 3 µg/L, which used an infant water intake 
rate with a chronic RfD and an RSC of 0.5 (MDH Pesticide Rapid Assessment Results Table, updated 
2020). The 2020 nHBV is based on MDH’s duration-specific methodology, which matches the RfD and 
intake rate, resulting in a higher value of 20 µg/L. In 2020, MDH also incorporated updated intake rates 
(US EPA 2019). Use of the updated intake rates did not result in any changes to the guidance values. 
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Summary of toxicity testing for health effects identified in the Health Standards Statute (144.0751): 
Even if testing for a specific health effect was not conducted for this chemical, information about that effect might be 
available from studies conducted for other purposes. MDH has considered the following information in developing health 
protective guidance. 

 Endocrine Immunotoxicity Development Reproductive Neurotoxicity 
Tested for 
specific effect? No Yes Yes Yes Yes 

Effects 
observed? -1 Yes2 Yes3 Yes4 Yes5 

Comments on extent of testing or effects: 
1 Although, there are no in vivo toxicity studies that tested specifically for endocrine changes after 
fomesafen treatment, the EPA’s Endocrine Disruptor Screening Program tested fomesafen for 
endocrine activity in vitro. Fomesafen was found to have activity in a small fraction of in vitro tests 
(EPA Chemical Dashboard). 
 
2 The short duration co-critical effects of reduced antibody response and lymph node enlargement are 
based on an immunotoxicity assay in mice. 
 
3 The short-term duration critical study is based on developmental effects in rat pups whose mothers 
were exposed to fomesafen. The reference dose is based on decreased litter weight gain, decreased 
pup survival, and a reduction in the number of pups born alive. In another developmental study in rats, 
post-implantation loss and decreased litter weight occurred at a dose approximately 400 times higher 
than the short-term reference dose.  
 
4 A reduction in the number of rat pups born alive was a critical effect for the short-term duration 
study, and is also listed as a developmental effect. Additionally, in a separate experiment, increased 
post-implantation loss occurred in pregnant rats at a dose approximately 400 times higher than the 
short-term reference dose. Small uteri was observed in female mice at a dose 300 times higher than 
the short-term reference dose, and pale uteri occurred at a dose 1,000 times higher than the short-
term reference dose.   
 
5 Neurotoxicity was evaluated in an acute toxicity study in rats. Motor activity was briefly reduced 
beginning at a dose 500 times higher than the short-term duration reference dose. However, a 13-
week neurotoxicity study in rats found no neurotoxic effects at levels 400 times higher than the short-
term reference dose. 

Resources Consulted During Review:    
Corton, J. C., Peters, J. M., & Klaunig, J. E. (2018). The PPARalpha-dependent rodent liver tumor 

response is not relevant to humans: addressing misconceptions. Arch Toxicol, 92(1), 83-119.  
Hall, A. P., Elcombe, C. R., Foster, J. R., Harada, T., Kaufmann, W., Knippel, A., . . . York, M. J. (2012). 

Liver hypertrophy: a review of adaptive (adverse and non-adverse) changes--conclusions from 
the 3rd International ESTP Expert Workshop. Toxicol Pathol, 40(7), 971-994.  
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Web Publication Date: February 2022 

Toxicological Summary for: n-Hexane 
CAS:  110-54-3 
Synonyms: hexane 

Acute Non-Cancer Risk Assessment Advice (RAAAcute) = Not Derived (Insufficient Data) 

Short-term Non-Cancer Risk Assessment Advice (RAAShort-term) = 100 μg/L 

(Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Short-term Intake Rate, L/kg-d) 

= (0.19 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.290 L/kg-d)** 

= 131 rounded to 100 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5. 

 Reference Dose/Concentration: HED/Total UF = 188/1000 = 0.19 mg/kg-d (male Wistar rat) 
 Source of toxicity value: Determined by MDH in 2021 
 Point of Departure (POD): 785 mg/kg-d (administered dose LOAEL, neurotoxicity 

study by Ono et al. 1981) 
 Dose Adjustment Factor (DAF):  0.24, body weight scaling, default (US EPA 2011 and MDH 

2017) 
 Human Equivalent Dose (HED): POD x DAF = 785 mg/kg-d x 0.24 = 188 mg/kg-d 
 Total uncertainty factor (UF): 1000 
 Uncertainty factor allocation: 3 for toxicodynamic differences between species; 10 for 

intraspecies variation; 3 for use of a LOAEL; 10 for 
database limitations, including the lack of  
multigenerational and neurodevelopmental studies 

 Critical effect(s): Reduced motor nerve conduction velocity  
 Co-critical effect(s): None  
 Additivity endpoint(s): Nervous system  
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Subchronic Non-Cancer Risk Assessment Advice (RAASubchronic) = RAAShort-term = 100 μg/L  

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Subchronic Intake Rate, L/kg-d) 

= (0.063 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.074 L/kg-d)** 

= 170 rounded to 200 µg/L  

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5. 

 Reference Dose/Concentration: HED/Total UF = 188/3000 = 0.063 mg/kg-d (male Wistar 
rat) 

 Source of toxicity value: Determined by MDH in 2021 
 Point of Departure (POD): 785 mg/kg-d (administered dose LOAEL, neurotoxicity 

study by Ono et al., 1981) 
 Dose Adjustment Factor (DAF):  0.24 Body weight scaling, default (US EPA 2011 and MDH 

2017) 
 Human Equivalent Dose (HED): POD x DAF = 785 mg/kg-d x 0.24 = 188 mg/kg-d 
 Total uncertainty factor (UF): 3000 
 Uncertainty factor allocation: 3 for toxicodynamic differences between species; 10 for 

intraspecies variation; 3 for use of a LOAEL; 3 for 
extrapolation from a short-term duration study; 10 for 
database limitations, including lack of multigenerational 
and neurodevelopmental studies  

 Critical effect(s): Reduced motor nerve conduction velocity  
 Co-critical effect(s): None 
 Additivity endpoint(s): Nervous system 

The Subchronic RAA must be protective of shorter duration exposures that occur within the 
subchronic period and therefore, the Subchronic RAA is set equal to the Short-term RAA of 100 µg/L. 
Additivity endpoints: Nervous system 

Chronic Non-Cancer Risk Assessment Advice (RAAChronic) = 80 µg/L 

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Chronic Intake Rate, L/kg-d) 

= (0.019 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.045 L/kg-d)** 

= 84.4 rounded to 80 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5. 
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 Reference Dose/Concentration: HED/Total UF = 188/10000 = 0.019 mg/kg-d (male Wistar 
rat) 

 Source of toxicity value: Determined by MDH in 2021 
 Point of Departure (POD): 785 mg/kg-d (administered dose LOAEL, neurotoxicity 

study by Ono et al. 1981, short-term exposure) 
 Dose Adjustment Factor (DAF):  0.24 Body weight scaling, default (US EPA 2011 and MDH 

2017) 
 Human Equivalent Dose (HED): POD x DAF = 785 mg/kg-d x 0.24 = 188 mg/kg-d 
 Total uncertainty factor (UF): 10000 
 Uncertainty factor allocation: 3 for toxicodynamic differences between species; 10 for 

intraspecies variation; 3 for use of a LOAEL; 10 for the use 
of a shorter duration study.; 10 for database limitations, 
including lack of multigenerational and 
neurodevelopmental studies  

 Critical effect(s): Reduced motor nerve conduction velocity  
 Co-critical effect(s): None 
 Additivity endpoint(s): Nervous system 

Cancer Risk Assessment Advice (cRAA) = Not Applicable 

 Cancer classification: Not Classified—Inadequate information (EPA, 2005) 
 Slope factor (SF): Not Applicable 
 Source of cancer slope factor (SF): Not Applicable 
 Tumor site(s): Not Applicable 

Volatile: Yes (high)  

Summary of Guidance Value History: 
A noncancer chronic HRL of 400 µg/L was promulgated in 1994.  MDH derived short-term, subchronic 
and chronic noncancer RAAs in 2021 that are lower than the 1994 HRL as a result of: 1) using MDH’s 
most recent assessment methodology; and 2) incorporation of additional toxicological information.  

Summary of toxicity testing for health effects identified in the Health Standards Statute (144.0751): 
Even if testing for a specific health effect was not conducted for this chemical, information about that effect might be 
available from studies conducted for other purposes. MDH has considered the following information in developing health 
protective guidance. 

 Endocrine Immunotoxicity Development Reproductive Neurotoxicity 
Tested for 
specific effect? No Yes Yes Yes Yes 

Effects 
observed? - Yes1 Yes2 Yes3 Yes4 
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Comments on extent of testing or effects: 
1. In one rat study, animals had increased levels of white blood cells, lymphocytes, granulocytes, 

and eosinophils in the blood and inflammatory cells and macrophages in the lung following oral 
exposure to levels 380 times higher than the short-term RfD. 

2. One developmental mouse study reported decreased fetal body weight at doses more than 
5,400 times the short-term reference dose. Absence of multigenerational developmental and 
neurodevelopmental study data is addressed with the application of a database uncertainty 
factor.   

3. Oral rat studies reported decreased prostate weight and increased seminal vesicle weight at 
doses more than 13,000 and 26,000 times higher than the short-term reference dose, 
respectively. No histopathological changes were noted; however, testicular sperm count was 
decreased following a single exposure to a dose over 26,000 times higher than the short-term 
reference dose. Additionally, in a subchronic neurotoxicity study in rats, testicular atrophy was 
observed following exposure to doses more than 3,700 times the short-term reference dose. 
The absence of a multigenerational reproductive study contributed to the application of a 
database uncertainty factor. 

4. The reference dose for short-term, subchronic, and chronic durations is based on neurotoxicity 
(i.e., reduced motor nerve conduction velocity). Uncertainty regarding the effects of n-hexane 
on a developing organism’s nervous system are addressed with the addition of a database 
uncertainty factor.  
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Toxicological Summary for: Imidacloprid 
CAS:  138261-41-3 
Synonyms: N-[1-[(6-chloropyridin-3-yl)methyl]-4,5-dihydroimidazol-2-yl]nitramide; 1-((6-chloro-3-
pyridinyl)methyl)-N-nitro-2-imidazolidinimine; [N-(6-chloropyridin-3-ylmethyl)-2-
nitroiminoimidazolidine]; (E) -1-(6-Chloro-3-pyridinylmethyl)-N-nitroimidazolidin-2-ylideneamine; NTN; 
2-Imidazolidinimine 

Acute Non-Cancer Health Based Value (nHBVAcute) = 100 μg/L  

(Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Acute Intake Rate, L/kg-d) 

= (0.15 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.290 L/kg-d)** 

= 103 rounded to 100 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. MDH deviated from the default RSC of 0.5 based on assessments 
from California EPA (2006) and U.S. EPA (2017) indicating that infant dietary exposures and infant exposures from 
residential pesticide treatments, including pet treatments, are high enough to warrant allocation of only 20% of the RfD to 
drinking water.  

**Intake Rate: MDH 2008, Section IV.E.1 and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3, and 3-5. 

 Reference Dose/Concentration: HED/Total UF = 4.4/30 = 0.15 mg/kg-d (Beagle dogs)  
 Source of toxicity value: Determined by MDH in 2019 
 Point of Departure (POD): 8 mg/kg-d (administered dose NOAEL, Ruf 1990 cited in 

California EPA 2006) 
 Dose Adjustment Factor (DAF):  0.55, Body weight scaling based on dog body weights at 

start of study (MDH 2017 and US EPA 2011) 
 Human Equivalent Dose (HED):  POD x DAF = 8 mg/kg-d x 0.55 = 4.4 mg/kg-d 
 Total uncertainty factor (UF): 30 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability 
 Critical effect(s): Tremors 
 Co-critical effect(s): None 
 Additivity endpoint(s): Nervous system 
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Short-term Non-Cancer Health Based Value (nHBVShort-term) = 2 μg/L  

(Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Short-term Intake Rate, L/kg-d) 

= (0.0036 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.290 L/kg-d)** 

= 2.48 rounded to 2 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. MDH deviated from the default RSC of 0.5 based on assessments 
from California EPA (2006) and U.S. EPA (2017) indicating that infant dietary exposures and infant exposures from 
residential pesticide treatments, including pet treatments, are high enough to warrant allocation of only 20% of the RfD to 
drinking water. 

**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3, and 3-5. 

 Reference Dose/Concentration: HED/Total UF = 0.107/30 = 0.0036 mg/kg-d (BALB/c mice) 
 Source of toxicity value: Determined by MDH in 2019 
 Point of Departure (POD): 0.820 mg/kg-d (administered dose BMDL1SD, Badgujar 

2013) 
 Dose Adjustment Factor (DAF):  0.13, Body weight scaling, default (MDH 2017 and US EPA 

2011)  
 Human Equivalent Dose (HED): POD x DAF = 0.820 mg/kg-d x 0.13 = 0.107 mg/kg-d 
 Total uncertainty factor (UF): 30 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability 
 Critical effect(s): Reduced delayed-type hypersensitivity response 
 Co-critical effect(s): None 
 Additivity endpoint(s): Immune system 

Subchronic Non-Cancer Health Based Value (nHBVSubchronic) = nHBVShort-term = 2 µg/L  

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Subchronic Intake Rate, L/kg-d) 

= (0.0036 mg/kg-d)*** x (0.2)* x (1000 µg/mg) 
(0.074 L/kg-d)** 

= 9.72 rounded to 10 µg/L  

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3, and 3-5. 
***The calculated Subchronic RfD (0.073 mg/kg-d) is higher than the Short-term RfD (0.0036 mg/kg-d), which is based on 
immune effects. The Subchronic RfD must be protective of all types of adverse effects that could occur as a result of 
subchronic exposure, including short-term effects (MDH 2008, page 34). Therefore, the Short-term RfD is used in place of 
the calculated Subchronic RfD. 
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 The Subchronic nHBV must be protective of shorter duration exposures that occur within the 
subchronic period and therefore, the Subchronic nHBV is set equal to the Short-term nHBV of 2 µg/L. 
Additivity endpoints: Immune system 

Chronic Non-Cancer Health Based Value (nHBVChronic) = nHBVShort-term = 2 µg/L  

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Chronic Intake Rate, L/kg-d) 

= (0.0036 mg/kg-d)*** x (0.2)* x (1000 µg/mg) 
(0.045 L/kg-d)** 

= 16 rounded to 20 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3, and 3-5. 
***The calculated Chronic RfD (0.019 mg/kg-d) is higher than the Short-term RfD (0.0036 mg/kg-d), which is based on 
immune effects. The Chronic RfD must be protective of all types of adverse effects that could occur as a result of chronic 
exposure, including subchronic and short-term effects (MDH 2008, page 34). Therefore, the Short-term RfD is used in place 
of the calculated Chronic RfD. 

The Chronic HBV must be protective of shorter duration exposures that occur within the chronic 
period and therefore, the Chronic HBV is set equal to the Short-term HBV of 2 µg/L. Additivity 
endpoints: Immune system 

Cancer Health Based Value (cHBV) = “Not Applicable” 

 Cancer classification: Evidence of non-carcinogenicity for humans (U.S. EPA 
2017a) 

 Slope factor (SF): Not Applicable 
 Source of cancer slope factor (SF): Not Applicable 
 Tumor site(s): Not Applicable 

Volatile: No 

Summary of Guidance Value History: In 2014, MDH derived a pesticide rapid assessment value for imidacloprid 
(90 µg/L) based on a US EPA risk assessment from 2010 (US EPA 2010) and the thyroid as a critical health endpoint. 
The 2019 HBVs for short-term, subchronic, and chronic durations (this assessment) are lower than the pesticide 
rapid assessment due to the incorporation of a toxicologically more sensitive health endpoint that occurred in a 
shorter-duration study than the chronic thyroid effects. The 2019 MDH risk assessment methodology includes 
BMD modeling for the delayed-type hypersensitivity response in mice. In 2020, MDH incorporated updated intake 
rates (US EPA 2019). Use of the updated intake rates resulted in a change in the short-term duration water 
guidance value from 3 µg/L to 2 µg/L. As in the 2019 MDH risk assessment, the subchronic and chronic guidance 
values were set to equal the short-term guidance value (2 µg/L). 



Imidacloprid - 4 

Summary of toxicity testing for health effects identified in the Health Standards Statute (144.0751): 
Even if testing for a specific health effect was not conducted for this chemical, information about that effect might be 
available from studies conducted for other purposes. MDH has considered the following information in developing health 
protective guidance. 

 Endocrine Immunotoxicity Development Reproductive Neurotoxicity 
Tested for 
specific effect? Yes Yes Yes Yes Yes 

Effects 
observed? Yes1 Yes2 Yes 3 Yes 4 Yes5 

Comments on extent of testing or effects: 
1 At an imidacloprid exposure 1,000 times higher than the short-term RfD, reduced ovarian weight was 
associated with increased ovarian lipid peroxidation, decreased ovarian antioxidant activity, and 
changes in ovarian hormones and ovarian morphology in the female rat 90-days after exposure. At a 
dose 2,500 times higher than the short-term RfD, male rats had increased adrenal weight, increased 
adrenal cholesterol, and increased hypothalamic and pituitary acetylcholinesterase activity. Changes in 
male hormones were observed in two lower quality, single dose studies in both rat pups and adults at 
doses 25 – 70 times higher than the short-term RfD. Thyroid lesions were observed in male rats after 
2 years of exposure at doses 300 times higher than the short-term RfD. Thyroid changes occurred in 
female beagles at doses 4,000 times higher than the short-term RfD. 
 
2 The short-term RfD is based on immunotoxicity (decreased delayed-type hypersensitivity response) in 
female mice in a 28-day immunotoxicity study. In the same study, a five-fold higher dose resulted in 
reduced T-cell stimulation and a reduction in the number of lymphocytes. In a longer-duration study, 
the spleen weight in mice was reduced at a dose 17,000 times higher than the short-term RfD. 
Immunotoxicity was also observed in other study animals. Rat pups had a reduced hemagglutination 
titer and phagocytic index at a dose 150 times higher, and had a delayed-type hypersensitivity 
response at imidacloprid levels 400 times higher than the short-term RfD. At levels 1,000 times higher 
than the short-term RfD, rat pups had a decreased number of white blood cells. Beagles after a one-
month exposure, had atrophy of the bone marrow, involution of the thymus, and a drop in serum α-1 
globulin M at a dose 7,000 times higher than the short-term RfD. 
 
3 Skeletal abnormalities were observed in both rat and rabbit fetuses at doses 6,000 and 9,000 times 
higher than the short-term RfD, respectively. Reduced body weight in rat pups occurred at doses 2,000 
to 6,000 times higher than the short-term RfD. Some of these pups also had morphometric changes in 
the brain, learning delays, or changes in motor activity. A lower quality, single dose study using a 
commercial formulation in mice reported changes in neuronal branching and neuronal density in the 
brain at doses 25 times higher than the short-term RfD. 
 
4 Maternal death, abortion, total resorption, and post-implantation loss were only observed in rabbits; 
and at imidacloprid doses 10,000 times higher than the short-term RfD. Despite no apparent change in 
reproductive outcomes, female rats had reduced ovarian weight along with changes in ovarian 
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morphology, and increased lipid peroxidation and decreased anti-oxidant activity in the ovaries at 
doses 1,000 times higher than the short-term RfD. Male rats, at doses 70 to 500 times higher than the 
short-term RfD, had reduced seminal vesicle and testicular weight, testicular atrophy, reduced sperm 
concentration, reduced sperm mobility and viability, increased sperm abnormalities, and changes in 
male reproductive hormones. Conversely, increased testicular weight was noted in rats after one-year 
of exposure at imidacloprid levels 8,000 times higher than the short-term RfD, and increased ovarian 
weight was noted after two-years exposure at levels 10,000 times higher than the short-term RfD. 
Testicular degeneration was observed in the beagle at imidacloprid doses 7,500 times higher than the 
short-term RfD. 
 
5 The acute duration RfD is based on tremors in beagles after imidacloprid exposure. This occurred at 
imidacloprid concentrations 3,500 times higher than the short-term RfD. In the rat, tremors (at 
1,000 times higher than the short-term RfD), occurred in addition to uncoordinated gait, reduced 
motor and locomotor activity, reduced hindlimb grip strength, and the absence of response to human 
touch or a tail pinch at levels 5,000 to 10,000 times higher than the short-term RfD. Rat fetuses, at 
maternal doses 3,000 times higher than the short-term RfD, had changes in brain thickness. Rat pups 
had a delay in learning and a decrease in memory consolidation at imidacloprid levels 2,000 times 
higher than the short-term RfD, and adults were affected at levels 100 to 500 times higher than the 
short-term RfD in the same study. Chemical changes in the brain were measured in female rat at levels 
60 times higher than the short-term RfD. Tremors in mice occurred at levels 4,000 times higher than 
the short-term RfD. A lower quality, single dose study using a commercial formulation found that male 
mice had changes in brain thickness at levels 25 times higher than the short-term RfD.  
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Toxicological Summary for: Manganese 
CAS:  7439-96-5 

MDH has updated manganese guidance to a Health Based Value (HBV), and is removing the tiered Risk Assessment 
Advice. The Short-term Health-Based Value for Manganese is 100 ug/L. This value is protective of bottle-fed infants 
less than one year of age, the most sensitive population, as well as other populations.  

MDH continues to support the U.S. Environmental Protection Agency (EPA) Lifetime Health Advisory (HA) of 300 
µg/L for children older than one year of age and adults See Drinking Water Health Advisory for Manganese (PDF) 
(https://www.epa.gov/sites/production/files/2014-09/documents/support_cc1_magnese_dwreport_0.pdf) 

Acute Non-Cancer Health Based Value (nHBVAcute) = Not Derived (Insufficient Data) 

Short-term Non-Cancer Health-Based Value (nHBVShort-term) = 100 μg/L 

(Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Short-term Intake Rate, L/kg-d) 

= (0.083 mg/kg-d) x (0.5)* x (1000 µg/mg) 
(0.290 L/kg-d)** 

= 143 rounded to 100 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1 and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3, and 3-5.  

 Reference Dose/Concentration: HED/Total UF = 25/300 = 0.083 mg/kg-d (Sprague-Dawley 
rat)  

 Source of toxicity value: Determined by MDH in 2012 
 Point of Departure (POD): 25 mg/kg-d (LOAEL, Kern 2010) 
 Dose Adjustment Factor (DAF):  Not applicable (Insufficient data to support use of DAFs for 

neonatal period) (MDH, 2017) (U.S. EPA, 2011) 
 Human Equivalent Dose (HED):  Not applicable 
 Total uncertainty factor (UF): 300 
 Uncertainty factor allocation: 10 for interspecies differences, 10 for intraspecies 

variability, and 3 for LOAEL-to-NOAEL extrapolation (due 
to mild effects seen at LOAEL) 

 Critical effect(s): Neurological effects including increased distance traveled 
in open arena, decreased number of animals meeting 

https://www.epa.gov/sites/production/files/2014-09/documents/support_cc1_magnese_dwreport_0.pdf
https://www.epa.gov/sites/production/files/2014-09/documents/support_cc1_magnese_dwreport_0.pdf
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learning criteria, increased learning errors, shift in goal-
oriented behavior, altered dopamine receptor levels 

 Co-critical effect(s): Neurological effects including increased startle response  
 Additivity endpoint(s): Developmental, Nervous System 

Subchronic Non-Cancer Health Based Value (nHBVSubchronic) = Not Derived (Insufficient Information)* 

Chronic Non-Cancer Health Based Value (nHBVChronic) = Not Derived (Insufficient Information)* 

*MDH recommends the US Environmental Protection Agency’s (EPA) health advisory value of 300 μg/L for older children 
and adults experiencing subchronic or chronic duration exposures. The EPA health advisory value is based on a high end 
dietary intake level at which no health effects were observed. For additional information see: 
https://www.health.state.mn.us/communities/environment/water/docs/contaminants/mangnsefctsht.pdf.  

Cancer Health-Based Value (cHBV) = Not Applicable 

 Cancer classification: Group D – Not classifiable as to human carcinogenicity 
(U.S. EPA, 2011) 

 Slope factor (SF): Not Applicable 
 Source of cancer slope factor (SF): Not Applicable 
 Tumor site(s): Not Applicable 

Volatile: No 

Summary of Guidance Value History: 
A non-cancer Health Risk Limit (HRL) of 100 µg/L was promulgated in 1993. New guidance of 
1,000 µg/L based on an updated U.S. EPA assessment was developed in 1997. A Health Based Value 
(HBV) of 300 µg/L based on U.S. EPA’s Lifetime Health Advisory value of 300 µg/L was developed in 
2008. In 2011, based on new information and risk assessment methodology, MDH reverted to 
recommending the 1993 HRL value of 100 µg/L for infants until guidance could be re-evaluated. In 
2012, MDH again reviewed manganese and established Risk Assessment Advice (RAA) of 100 µg/L that 
used tiered guidance based on age instead of MDH’s typical duration-specific guidance. In 2017, MDH 
re-evaluated the available information and updated the risk assessment methodology, which resulted 
in no change to the existing RAAs. In 2018, the tiered guidance methodology was removed and the 
guidance value was converted from RAA of 100/300 μg/L to an HBV of 100 μg/L for the short-term 
duration. The toxicological information available supports guidance at the level of HBV. MDH also 
continues to support the U.S. EPA HA of 300 μg/L for adult, infants older than one year of age, and 
children. In 2020, MDH incorporated updated intake rates (US EPA 2019). Use of the updated intake 
rates did not result in any changes to the guidance values. 

Summary of toxicity testing for health effects identified in the Health Standards Statute (144.0751): 
Even if testing for a specific health effect was not conducted for this chemical, information about that effect might be 
available from studies conducted for other purposes. MDH has considered the following information in developing health 
protective guidance. 

https://www.health.state.mn.us/communities/environment/water/docs/contaminants/mangnsefctsht.pdf
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 Endocrine Immunotoxicity Development Reproductive Neurotoxicity 
Tested for 

specific effect? No No Yes Yes Yes 

Effects 
observed? No No Yes1 Yes2 Yes3 

Comments on extent of testing or effects: 
Note: Effects reported in dietary animal studies have limited relevance to humans because humans are 
known to have tightly regulated controls that limit absorption and excretion of manganese from the 
diet. 
1 There was some evidence of delayed fetal skeletal and organ development in offspring born to 
pregnant rats exposed to manganese by gavage at a dose of 33 mg/kg-day, which is similar to the 
critical short-term LOAEL of 25 mg/kg-day. However, these effects were not present in the same 
offspring when they were observed at 100 days old, so these effects may be transient. 
Neurodevelopmental effects are a concern following manganese exposure from drinking water during 
early life. Neurodevelopmental effects were selected as the basis of the short-term RfD in this 
assessment and are discussed in footnote 3. 
2 Some male and female reproductive effects were reported in subchronic duration rodent studies (and 
one developmental study) following oral exposures to manganese. The information available about 
these effects is very limited, which makes it difficult to establish a strong level of confidence in the 
results. Male reproductive effects (decreased testicular weight and increased testicular degeneration) 
were reported at doses 2 times to 5 times higher than the short-term critical LOAEL. Most toxicity 
studies did not report female reproductive toxicity. Post-implantation loss was observed in female rats 
as a dose slightly above the short-term critical LOAEL but this effect was not reported in other rodent 
studies. 
3 Neurodevelopmental effects in animals form the basis of the short-term RfD. Subtle 
neurodevelopmental effects (biochemical, behavioral, and cognitive changes) have been observed in 
neonatal rats and non-human primates following oral manganese exposure at exposure levels equal to 
and above the short-term critical LOAEL of 25 mg/kg-day. Manganese is well established as a 
neurotoxin following inhalation by humans in occupational settings with the central nervous system 
appearing to be the primary target for manganese toxicity. 

Several epidemiology studies have suggested there could be subtle IQ and memory effects in children 
exposed to manganese in drinking water at concentrations >200 µg/L. Manganese has also been 
associated with neurological effects in adults exposed to manganese in drinking water for over 10 
years at concentrations of 1,800 to 2,300 µg/L. 
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Web Publication Date: August 2020 

Toxicological Summary for: Metolachlor and s-Metolachlor 
CAS:  51218-45-2 and 87392-12-9 
Synonyms: Metolachlor: 2-Chloro-N-(2-ethyl-6-methylphenyl)-N-(1-methoxypropan-2-yl)acetamide) 

s-Metolachlor: 2-Chloro-N-(2-ethyl-6-methylphenyl)-N-[(2S)-1-methoxypropan-2-
yl]acetamide 

Acute Non-Cancer Health Based Value (nHBVAcute) = Not Derived (Insufficient Data) 

Short-term Non-Cancer Health Based Value (nHBVShort-term) = 300 μg/L  

(Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Short-term Intake Rate, L/kg-d) 

= (0.19 mg/kg-d) x (0.5)* x (1000 µg/mg) 
(0.290 L/kg-d)** 

= 327 rounded to 300 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1.  
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3, and 3-5. 

 Reference Dose/Concentration: HED/Total UF = 5.72/30 = 0.19 mg/kg-d (laboratory rat) 
 Source of toxicity value: Determined by MDH in 2017 
 Point of Departure (POD): 26 mg/kg-d (NOAEL, MRID 00080897 (Smith, 1981 (Ciba-

Geigy)) aci (EPA, 1995)) 
 Dose Adjustment Factor (DAF):  0.22 (Body weight scaling, default) (EPA, 2011) (MDH, 

2017) 
 Human Equivalent Dose (HED): POD x DAF = 26 mg/kg-d x 0.22 = 5.72 mg/kg-d 
 Total uncertainty factor (UF): 30 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability 
 Critical effect(s): Decreased body weight in pups 
 Co-critical effect(s): None 
 Additivity endpoint(s): Developmental 

Subchronic Non-Cancer Health Based Value (nHBVSubchronic) = nHBVShort-term = 300 µg/L 

 (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Subchronic Intake Rate, L/kg-d) 

= (0.19 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.074 L/kg-d)** 
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= 513 rounded to 500 µg/L  

*Relative Source Contribution: MDH 2008, Section IV.E.1.  
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3, and 3-5 

 Reference Dose/Concentration: HED/Total UF = 5.72/30= 0.19 mg/kg-d (beagle dog) 
 Source of toxicity value: Determined by MDH in 2017 
 Point of Departure (POD): 9.7 mg/kg-d (NOAEL, MRID 409807 (Hazelette, 1989) aci 

(USEPA, 1995)) 
 Dose Adjustment Factor (DAF):  0.59 (Body weight scaling, default) (EPA, 2011) (MDH, 

2017) 
 Human Equivalent Dose (HED): POD x DAF = 9.7 mg/kg-d x 0.59 = 5.72 mg/kg-d 
 Total uncertainty factor (UF): 30 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability 
 Critical effect(s): Decreased body weight gain in adults 
 Co-critical effect(s): Decreased body weight in pups 
 Additivity endpoint(s): Developmental 

The Subchronic nHBV must be protective of the acute and short-term exposures that occur within 
the subchronic period and therefore, the Subchronic nHBV is set equal to the Short-term nHBV of 
300 µg/L. Additivity endpoints: Developmental 

Chronic Non-Cancer Health Based Value (nHBVChronic) = nHBVShort-term = 300 µg/L 

 (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Chronic Intake Rate, L/kg-d) 

= (0.19 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.045 L/kg-d)** 

= 844 rounded to 800 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1.  
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3, and 3-5  

 Reference Dose/Concentration: HED/Total UF = 5.72/30 = 0.19 mg/kg-d (beagle dog) 
 Source of toxicity value: Determined by MDH in 2017 
 Point of Departure (POD): 9.7 mg/kg-d (NOAEL, MRID 409807 (Hazelette, 1989) aci 

(EPA, 1995)) (subchronic exposure) 
 Dose Adjustment Factor (DAF):  0.59 (Body weight scaling, default) (EPA, 2011) (MDH, 

2017)  
 Human Equivalent Dose (HED): POD x DAF = 9.7 mg/kg-d x 0.59 = 5.72 mg/kg-d 
 Total uncertainty factor (UF): 30 
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 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 
intraspecies variability (subchronic-to-chronic uncertainty 
factor not selected as toxicity did not increase with longer 
durations of related studies) 

 Critical effect(s): Decreased body weight gain in adults 
 Co-critical effect(s): Decreased body weight in pups 
 Additivity endpoint(s): Developmental 

The Chronic nHBV must be protective of the acute, short-term, and subchronic exposures that occur 
within the chronic period and therefore, the Chronic nHBV is set equal to the Short-term nHBV of 
300 µg/L. Additivity endpoints: Developmental 

Cancer Health Based Value (cHBV) = Not Applicable 

 Cancer classification: Group C (possible human carcinogen) (EPA, 2006) 
 Slope factor (SF): Non-linear approach recommended by US EPA 

0.0092 (mg/kg-d)-1 (EPA, 1995) (EPA, 2002) (EPA, 2006) 
 Source of cancer slope factor (SF): US EPA, 2006 
 Tumor site(s): liver tumors in rats 

Statement for non-linear carcinogens:  
At this time, MDH’s non-cancer health-based guidance values are considered to be protective for 
possible cancer risks associated with metolachlor in drinking water. Neither the International 
Agency for Research on Cancer (IARC) nor the National Toxicology Program (NTP) have classified 
metolachlor as a carcinogen. Metolachlor has been identified as a nonlinear carcinogen by the US 
Environmental Protection Agency (EPA). Three long-term animal studies have been conducted with 
metolachlor, and tumors were reported in only one of these studies at the highest dose level tested 
(over 200 times higher than the MDH Chronic RfD). Additionally, as part of the 2008 HRL revision, 
the MDH Group C review committee evaluated the weight of evidence regarding the 
carcinogenicity and determined that no Group C uncertainty factor was needed and agreed that 
the data do not support derivation of a cancer specific value. (MDH, 2008) 

Volatile: No 

Summary of Guidance Value History: 
A noncancer chronic Health Risk Limit (HRL) of 100 µg/L was promulgated in 1993. Acute, Short-term, 
Subchronic, and Chronic Health-Based Values (HBV) of 400, 400, 300, and 300 µg/L were derived in 
2009 and promulgated as HRLs in 2011. In 2017, MDH re-evaluated the non-cancer HRLs, resulting in 
the removal of the acute HRL, an updated short-term HBV of 300 µg/L, and updated subchronic and 
chronic HBVs set to the short-term HBV of 300 µg/L. The short-term, subchronic, and chronic values 
were updated and the acute guidance removed as a result of 1) using MDH’s most recent risk 
assessment methodology and 2) rounding to one significant digit. In 2020, MDH incorporated updated 
intake rates (US EPA 2019). Use of the updated intake rates did not result in any changes to the 
guidance values. 
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Summary of toxicity testing for health effects identified in the Health Standards Statute (144.0751): 
Even if testing for a specific health effect was not conducted for this chemical, information about that effect might be 
available from studies conducted for other purposes. MDH has considered the following information in developing health 
protective guidance. 

 Endocrine Immunotoxicity Development Reproductive Neurotoxicity 
Tested for 
specific effect? Yes No Yes Yes No 

Effects 
observed? Yes1 - Yes2 Yes3 -4 

Comments on extent of testing or effects: 
1 Serum levels of testosterone, estradiol, and other hormones were altered in rats after pubertal 
exposure (PND 23-53) at levels 60 times higher than the short-term RfD.  Increased relative thyroid 
weights were observed in F1 males in a multigenerational study in rats. A related compound, 
Acetochlor, caused thyroid effects in laboratory studies. 
2 The short-term reference dose is based on developmental effects (decreased body weight in pups) 
observed in the critical study.  
3 Decreased implantations, increased resorptions, decreased litter size, and  increased post-
implantation loss has been observed at doses ~1,000 higher than the short-term reference dose.  
4 Neurotoxicity of metolachlor has not be studied. However, a related compound, acetochlor, causes 
neurological effects.  

Resources Consulted During Review: 
Australian Natural Resource Management Ministerial Council; Environmental Protection and Heritage 
Council; and National Health and Medical Research Council (2008). "Australian Guidelines for Water 
Recycling. Augmentation of Drinking Water Supplies." from  
https://www.waterquality.gov.au/sites/default/files/documents/water-recycling-guidelines-
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Barr, D. B., Anath, C.V., Lashley, S., Smulian, J.C., Ledoux, T.A., Hore, P., Robson, M.G. (2010). "Pesticide 
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  Web Publication Date: August 2020 

Toxicological Summary for: Metolachlor ESA 
CAS:  171118-09-5 
Synonyms: Ethanesulfonate degradate of metolachlor; Metolachlor ethane sulfonic acid 

Acute Non-Cancer Health Based Value (nHBVAcute) = Not Derived (Insufficient Data) 

Short-term Non-Cancer Health Based Value (nHBVShort-term) = Not Derived (Insufficient Data) 

Subchronic Non-Cancer Health Based Value (nHBVSubchronic) = 7,000 µg/L  

 (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Subchronic Intake Rate, L/kg-d) 

= (2.7 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.074 L/kg-d)** 

= 7,297 rounded to 7,000 µg/L  

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3, and 3-5. 

 Reference Dose/Concentration: HED/Total UF = 265/100 = 2.7 mg/kg-d (beagle 
dog) 

 Source of toxicity value: Determined by MDH in 2009 
 Point of Departure (POD): 500 mg/kg-d (NOAEL, MRID 44931709 Data 

Evaluation Report, US EPA 2000) 
 Dose Adjustment Factor (DAF):  0.53 (Body weight scaling, default) (US EPA, 2011) 

(MDH, 2017) 
 Human Equivalent Dose (HED): POD x DAF = 500 mg/kg-d x 0.53 = 265 mg/kg-d 
 Total uncertainty factor (UF): 100 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 

10 for intraspecies variability, and 3 for database 
uncertainty (lack of two-generation study) 

 Critical effect(s): Increased liver weight and increased serum liver 
enzymes 

 Co-critical effect(s): None 
 Additivity endpoint(s): Hepatic (liver) system 
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Chronic Non-Cancer Health Based Value (nHBVChronic) = 1,000 µg/L  

 (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Chronic Intake Rate, L/kg-d) 

= (0.27 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.045 L/kg-d)** 

= 1,200 rounded to 1,000 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3, and 3-5. 

 Reference Dose/Concentration: HED/Total UF = 265/1000 = 0.27 mg/kg-d (beagle 
dog) 

 Source of toxicity value: Determined by MDH in 2009 
 Point of Departure (POD): 500 mg/kg-d (NOAEL, MRID 44931709 Data 

Evaluation Report, US EPA 2000, subchronic 
exposure) 

 Dose Adjustment Factor (DAF):  0.53 (Body weight scaling, default) (US EPA, 2011) 
(MDH, 2017)  

 Human Equivalent Dose (HED): POD x DAF = 500 mg/kg-d x 0.53 = 265 mg/kg-d  
 Total uncertainty factor (UF): 1000 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 

10 for intraspecies variability, 10 for subchronic-to-
chronic extrapolation, and 3 for database 
uncertainty (lack of two-generation study) 

 Critical effect(s): Increased liver weight and increased serum liver 
enzymes 

 Co-critical effect(s): None 
 Additivity endpoint(s): Hepatic (liver) system 

Cancer Health Based Value (cHBV) = Not Applicable 

 Cancer classification: Not Classified 
 Slope factor (SF): Not Applicable 
 Source of cancer slope factor (SF): Not Applicable 
 Tumor site(s): Not Applicable 

Volatile: No 
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Summary of Guidance Value History 
A noncancer Health Based Value (HBV) of 1,000 µg/L was derived in 2004. Updated noncancer 
subchronic and chronic Health Risk Limits (HRL) of 4,000 and 800 µg/L, respectively, were 
promulgated in 2011. In 2018, MDH re-evaluated the noncancer HRLs, resulting in updated 
values for the subchronic and chronic durations of 8,000 and 1,000 µg/L, respectively. The 
noncancer HBVs are higher as a result of 1) using MDH’s most recent risk assessment 
methodology, and 2) rounding to one significant digit. In 2020, MDH incorporated updated 
intake rates (US EPA 2019). Use of the updated intake rates resulted in a decrease in the 
subchronic duration water guidance value from 8,000 µg/L to 7,000 µg/L. The chronic water 
guidance value did not change. 

Summary of toxicity testing for health effects identified in the Health Standards Statute (144.0751): 
Even if testing for a specific health effect was not conducted for this chemical, information about that effect might 
be available from studies conducted for other purposes. MDH has considered the following information in 
developing health protective guidance. 

 Endocrine Immunotoxicity Development Reproductive Neurotoxicity 
Tested for 
specific effect? No No Yes No No 

Effects 
observed? - - No1 - - 

Comments on extent of testing or effects: 
1 The single available developmental study reported no treatment related effects to pregnant 
animals or fetuses at the highest dose tested, a dose 80 times higher than the subchronic RfD. 
However, the database for the parent compound demonstrated that developmental toxicity 
observed in the two-generation reproductive study occurred at lower doses than the standard 
developmental study. As no two-generation reproductive study has been conducted for 
metolachlor ESA, a database uncertainty factor was incorporated into the RfD derivation to 
address this data gap. 

Resources Consulted During Review:   
California Environmental Protection Agency Office of Environmental Health Hazard Assessment 
(OEHHA) (2017). "Metolachlor and Metolachlor Degradates Ethanesulfonic Acid and Oxanilic 
Acid in Groundwater." from 
https://oehha.ca.gov/media/downloads/pesticides/report/metolachlor05312017.pdf.  
 
Minnesota Department of Health (MDH). (2008). Statement of Need and Reasonableness 
(SONAR), July 11, 2008. https://www.leg.state.mn.us/archive/sonar/SONAR-03733.pdf#page=2 
 
U.S. Environmental Protection Agency (EPA) (2000). "Data Evaluation Report, Metolachlor ESA 
Developmental Toxicity - rat. MRID 44931711. January 2000." from 

https://oehha.ca.gov/media/downloads/pesticides/report/metolachlor05312017.pdf
https://www.leg.state.mn.us/archive/sonar/SONAR-03733.pdf#page=2
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https://archive.epa.gov/pesticides/chemicalsearch/chemical/foia/web/pdf/108801/108801-
227.pdf.  
 
U.S. Environmental Protection Agency (EPA) (2000). "Data Evaluation Report, Metolachlor ESA 
subchronic oral toxicity feeding - dog. MRID 44931709. January 2000." from 
https://archive.epa.gov/pesticides/chemicalsearch/chemical/foia/web/pdf/108801/108801-
229.pdf.  
 
U.S. Environmental Protection Agency (EPA) (2000). "Data Evaluation Report, Metolachlor ESA 
subchronic oral toxicity feeding - rat. MRID 44931710." from 
https://archive.epa.gov/pesticides/chemicalsearch/chemical/foia/web/pdf/108801/108801-
230.pdf.  
 
U.S. Environmental Protection Agency (EPA) (2001). Memo: Metolachlor and s-Metolachlor - 
Report of the Hazard Identification Assessment Review Committee. Memo from Virginia 
Debozy dated September 28, 2001. 
  
U.S. Environmental Protection Agency (EPA) (2001). Memo: Metolachlor and s-Metolachlor. 
Results of the Health Effects Division (HED) Metabolism Assessment Review Committee (MARC) 
Meeting held on 14-August-2001. Memo from Virginia Debozy dated August 14, 2001. 
  
U.S. Environmental Protection Agency (EPA) (2001). Memo: Review of toxicity studies with 
Metolachlor/S-Metolachlor metabolites updated executive summaries for metolachlor DERs. 
Memo from Virginia Debozy dated December 12, 2001. 
  
U.S. Environmental Protection Agency (EPA) (2002). Memo Revised Toxicology Chapter for 
Metolachlor/s-Metolachlor. PC Code 108801/108800. Memo from Virginia Debozy dated (May 
13, 2002). 
  
U.S. Environmental Protection Agency (EPA) (2002). Metolachlor: Revised HED Science 
Assessment for Tolerance Reassessment Eligibility Decision (RED). PC Code 108801. (May 23, 
2002). 
  
U.S. Environmental Protection Agency (EPA) (2003). Metolachlor. Revised HED Science 
Assessment for the Tolerance Reassessment Eligibility Decision, Including Various Pending 
Petitions. PC CODE 108801. Memo from Sherrie Kinard dated (February 12, 2003). 
 
U.S. Environmental Protection Agency (EPA) (2019). Exposure Factors Handbook Chapter 3, 
Update 2019. Retrieved from http://www.epa.gov/expobox/exposure-factors-handbook-
chapter-3 
 

https://archive.epa.gov/pesticides/chemicalsearch/chemical/foia/web/pdf/108801/108801-227.pdf
https://archive.epa.gov/pesticides/chemicalsearch/chemical/foia/web/pdf/108801/108801-227.pdf
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Web Publication Date: August 2020 

Toxicological Summary for: Metolachlor OXA 
CAS:  152019-73-3 
Synonyms: Oxanilic acid degradates of metolachlor, metolachlor OA, Metolachlor oxanilic acid 

Acute Non-Cancer Health Based Value (nHBVAcute) = Not Derived (Insufficient Data) 

Short-term Non-Cancer Health Based Value (nHBVShort-term) = 5,000 μg/L 

(Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Short-term Intake Rate, L/kg-d) 

= (2.7 mg/kg-d) x (0.5)* x (1000 µg/mg) 
(0.290 L/kg-d)** 

= 4,655 rounded to 5,000 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3, and 3-5.  

 Reference Dose/Concentration: HED/Total UF = 265/100 = 2.7 mg/kg-d (beagle dog) 
 Source of toxicity value: Determined by MDH in 2009 
 Point of Departure (POD): 500 mg/kg-d (NOAEL, Syngenta, 2004) 
 Dose Adjustment Factor (DAF):  0.53 (Body weight scaling, default) (US EPA, 2011) (MDH, 

2017)  
 Human Equivalent Dose (HED): POD x DAF = 500 mg/kg-d x 0.53 = 265 mg/kg-d 
 Total uncertainty factor (UF): 100 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability, and 3 for database uncertainty 
(lack of two generation study) 

 Critical effect(s): Changes in blood chemistry parameters without identified 
specific target organs  

 Co-critical effect(s): None 
 Additivity endpoint(s): None 

Subchronic Non-Cancer Health Based Value (nHBVSubchronic) = nHBVShort-term = 5,000 µg/L  

 (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Subchronic Intake Rate, L/kg-d) 

= (2.7 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.074 L/kg-d)** 
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= 7,297 rounded to 7,000 µg/L  

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3, and 3-5.  

 Reference Dose/Concentration: HED/Total UF = 265/100 = 2.7 mg/kg-d (beagle dog) 
 Source of toxicity value: Determined by MDH in 2009 
 Point of Departure (POD): 500 mg/kg-d (NOAEL, Syngenta, 2004) 
 Dose Adjustment Factor (DAF):  0.53 (Body weight scaling, default) (US EPA, 2011) (MDH, 

2017)  
 Human Equivalent Dose (HED): POD x DAF = 500 mg/kg-d x 0.53 = 265 mg/kg-d 
 Total uncertainty factor (UF): 100 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability, and 3 for database uncertainty 
(lack of a two-generation study) 

 Critical effect(s): Changes in blood chemistry parameters without identified 
specific target organs  

 Co-critical effect(s): None 
 Additivity endpoint(s): None 

The Subchronic nHBV must be protective of the acute, and short-term exposures that occur within 
the subchronic period and therefore, the Subchronic nHBV is set equal to the Short-term nHBV of 
5,000 µg/L. Additivity endpoints: None 

Chronic Non-Cancer Health Based Value (nHBVChronic) = 1,000 µg/L 

(Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Chronic Intake Rate, L/kg-d) 

= (0.27 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.045 L/kg-d)** 

= 1,200 rounded to 1,000 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3, and 3-5  

 Reference Dose/Concentration: HED/Total UF = 265/1000 = 0.27 mg/kg-d (beagle dog) 
 Source of toxicity value: Determined by MDH in 2009 
 Point of Departure (POD): 500 mg/kg-d (NOAEL, Syngenta, 2004 (subchronic 

exposure)) 
 Dose Adjustment Factor (DAF):  0.53 (Body weight scaling, default) (US EPA, 2011) (MDH, 

2017)  
 Human Equivalent Dose (HED): POD x DAF = 500 mg/kg-d x 0.53 = 265 mg/kg-d 
 Total uncertainty factor (UF): 1000 
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 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 
intraspecies variability, 10 for subchronic-to-chronic 
extrapolation, and 3 for database uncertainty (lack of two-
generation study) 

 Critical effect(s): Changes in blood chemistry parameters without identified 
specific target organs  

 Co-critical effect(s): None  
 Additivity endpoint(s): None 

Cancer Health Based Value (cHBV) = Not Applicable 

 Cancer classification: Not Classified 
 Slope factor (SF): Not Applicable 
 Source of cancer slope factor (SF): Not Applicable 
 Tumor site(s): Not Applicable 

Volatile: No 

Summary of Guidance Value History: 
A noncancer Health Based Value (HBV) of 1,000 µg/L was derived in 2004. Updated noncancer short-
term, subchronic and chronic Health Risk Limits (HRL) of 3,000, 3,000, and 800 µg/L, respectively, were 
promulgated in 2011. In 2018, MDH re-evaluated the noncancer HRLs, resulting in updated values for 
the short-term, subchronic, and chronic durations of 5,000, 5,000, and 1,000 µg/L, respectively. The 
noncancer HBVs are higher as a result of 1) using MDH’s most recent risk assessment methodology, 
and 2) rounding to one significant digit. In 2020, MDH incorporated updated intake rates (US EPA 
2019). Use of the updated intake rates did not result in any changes to the guidance values. 

Summary of toxicity testing for health effects identified in the Health Standards Statute (144.0751): 
Even if testing for a specific health effect was not conducted for this chemical, information about that effect might be 
available from studies conducted for other purposes. MDH has considered the following information in developing health 
protective guidance. 

 Endocrine Immunotoxicity Development Reproductive Neurotoxicity 
Tested for 
specific effect? No No Yes No No 

Effects 
observed? - - No1 - - 

Comments on extent of testing or effects: 
1 The single available developmental study reported no treatment related effects to pregnant animals 
or fetuses at the highest dose tested, a dose 80 times higher than the short-term RfD. However, the 
database for the parent compound demonstrated that developmental toxicity observed in the two-
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generation reproductive/developmental study occurred at lower doses than the standard 
developmental study. As no two generation reproductive study has been conducted for metolachlor 
OXA, a database uncertainty factor was incorporated into the RfD derivation to address this data gap. 

Resources Consulted During Review:   
California Environmental Protection Agency Office of Environmental Health Hazard Assessment 
(OEHHA) (2017). "Metolachlor and Metolachlor Degradates Ethanesulfonic Acid and Oxanilic Acid in 
Groundwater." from 
https://oehha.ca.gov/media/downloads/pesticides/report/metolachlor05312017.pdf.  
 
Minnesota Department of Health (MDH). (2008). Statement of Need and Reasonableness (SONAR), July 
11, 2008. https://www.leg.state.mn.us/archive/sonar/SONAR-03733.pdf#page=2 
 
Syngenta (personal communication from Patrick McCain, J., 2004). (2004). Metolachlor metabolite - 
oxanilic acid 90-day oral toxicity study in dogs. Central Toxicology Laboratory 
CTL/PTD1240/Regulatory/Report. March 16, 2004. 
  
U.S. Environmental Protection Agency (EPA) (2000). "Data Evaluation Report, Metolachlor OA 
subchronic oral toxicity feeding - rat. MRID 44929509. January 2000. Reviewed by EPA in 2001.". from 
https://www3.epa.gov/pesticides/chem_search/cleared_reviews/csr_PC-108801_25-Apr-01_228.pdf.  
 
U.S. Environmental Protection Agency (EPA) (2000). "Data Evaluation Report: Metolachlor OA 
Developmental Toxicity - Rat. MRID 44929510. Prepared 2000, Reviewed 2001." from 
https://archive.epa.gov/pesticides/chemicalsearch/chemical/foia/web/pdf/108800/108800-019.pdf.  
 
U.S. Environmental Protection Agency (EPA) (2001). Memo: Metolachlor and s-Metolachlor - Report of 
the Hazard Identification Assessment Review Committee. Memo from Virginia Debozy dated 
September 28, 2001. 
  
U.S. Environmental Protection Agency (EPA) (2001). Memo: Metolachlor and s-Metolachlor. Results of 
the Health Effects Division (HED) Metabolism Assessment Review Committee (MARC) Meeting held on 
14-August-2001. Memo from Virginia Debozy dated August 14, 2001. 
  
U.S. Environmental Protection Agency (EPA) (2001). Memo: Review of toxicity studies with 
Metolachlor/S-Metolachlor metabolites updated executive summaries for metolachlor DERs. Memo 
from Virginia Debozy dated December 12, 2001. 
  
U.S. Environmental Protection Agency (EPA) (2002). Memo Revised Toxicology Chapter for 
Metolachlor/s-Metolachlor. PC Code 108801/108800. Memo from Virginia Debozy dated (May 13, 
2002). 
  
U.S. Environmental Protection Agency (EPA) (2002). Metolachlor: Revised HED Science Assessment for 
Tolerance Reassessment Eligibility Decision (RED). PC Code 108801. (May 23, 2002). 

https://oehha.ca.gov/media/downloads/pesticides/report/metolachlor05312017.pdf
https://www.leg.state.mn.us/archive/sonar/SONAR-03733.pdf#page=2
https://www3.epa.gov/pesticides/chem_search/cleared_reviews/csr_PC-108801_25-Apr-01_228.pdf
https://archive.epa.gov/pesticides/chemicalsearch/chemical/foia/web/pdf/108800/108800-019.pdf
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U.S. Environmental Protection Agency (EPA) (2003). Metolachlor. Revised HED Science Assessment for 
the Tolerance Reassessment Eligibility Decision, Including Various Pending Petitions. PC CODE 108801. 
Memo from Sherrie Kinard dated (February 12, 2003). 
 
U.S. Environmental Protection Agency (EPA) (2019). Exposure Factors Handbook Chapter 3, Update 
2019. Retrieved from http://www.epa.gov/expobox/exposure-factors-handbook-chapter-3 
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Toxicological Summary for: p-Nonylphenol, branched isomers 
CAS:  84852-15-3 
Synonyms: 4-Nonylphenol; Phenol, p-nonyl-; 4-p-Nonyl phenol; Phenol, 4-nonyl-; para Nonyl phenol, 

branched (mixed isomers) 

Acute Non-Cancer Health Based Value (nHBVAcute) = Not Derived (Insufficient Data) 

Short-term Non-Cancer Health Based Value (nHBVShort-term) = 100 µg/L 

(Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Short-term Intake Rate, L/kg-d) 

= (0.21 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.290 L/kg-d)** 

= 144 rounded to 100 µg/L 

*The available data indicate that infant exposures, from sources such as breast milk and baby food, are not lower than adult
exposures.  As infant exposures are equal to or exceed adult exposures based on the available exposure data, a relative
source contribution of 0.2 has been selected for all durations
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5.

Reference Dose/Concentration: HED/Total UF = 6.27/30 = 0.21 mg/kg-d (SD rats) 
Source of toxicity value: Determined by MDH in 2015 

Point of Departure (POD): 33 mg/kg-d (administered dose NOAEL; NTP 1997/Chapin 
1999) 

Dose Adjustment Factor (DAF): 0.19, Body weight scaling, study-specific (US EPA 2011 and 
MDH 2017) 

Human Equivalent Dose (HED): POD x DAF = 33 mg/kg-d x 0.19 = 6.27 mg/kg-d 
Total uncertainty factor (UF): 30 
Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics) and 10 

for intraspecies variability 
Critical effect(s): Accelerated vaginal opening 

Co-critical effect(s): Decreased pup body weight and increased duration of 
estrous cycle 

Additivity endpoint(s): Developmental, Female Reproductive system 

Subchronic Non-Cancer Health Based Value (nHBVSubchronic) = 40 µg/L 

 (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Subchronic Intake Rate, L/kg-d) 

= (0.016 mg/kg-d) x (0.2)* x (1000 µg/mg) 
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(0.074 L/kg-d)** 

= 43.2 rounded to 40 µg/L  

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5. 

 Reference Dose/Concentration: HED/Total UF = 0.485/30 = 0.016 mg/kg-d (SD rats) 
 Source of toxicity value: Determined by MDH in 2015 
 Point of Departure (POD): 1.94 mg/kg-d (administered dose BMDL10, NTP 

1997/Chapin 1999) 
 Dose Adjustment Factor (DAF):  0.25, Body weight scaling, default (US EPA 2011 and MDH 

2017) 
 Human Equivalent Dose (HED): POD x DAF = 1.94 mg/kg-d x 0.25 = 0.485 mg/kg-d 
 Total uncertainty factor (UF): 30 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability 
 Critical effect(s): Renal mineralization in male rats 
 Co-critical effect(s): None 
 Additivity endpoint(s): Renal (kidney) system 

Chronic Non-Cancer Health Based Value (nHBVChronic) = 20 µg/L 

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Chronic Intake Rate, L/kg-d) 

= (0.0049 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.045 L/kg-d)** 

= 21.7 rounded to 20 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5. 

 Reference Dose/Concentration: HED/Total UF = 0.485/100 = 0.0049 mg/kg-d (SD rats) 
 Source of toxicity value: Determined by MDH in 2015 
 Point of Departure (POD): 1.94 mg/kg-d (administered dose BMDL10, NTP 

1997/Chapin 1999, subchronic exposure) 
 Dose Adjustment Factor (DAF):  0.25, Body weight scaling, default (US EPA 2011 and MDH 

2017) 
 Human Equivalent Dose (HED): POD x DAF = 1.94 mg/kg-d x 0.25 = 0.485 mg/kg-d 
 Total uncertainty factor (UF): 100 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability and 3 for subchronic to chronic 
extrapolation 

 Critical effect(s): Renal mineralization in male rats 
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Co-critical effect(s): None 
Additivity endpoint(s): Renal (kidney) system 

Cancer Health-Based Value (cHBV) = Not Applicable 

Volatile: Yes (low) 

Summary of Guidance Value History: 
MDH developed non-cancer Health-Based Values for Short-term, Subchronic and Chronic durations of 
100, 40, and 20 ug/L, respectively, for p-nonylphenol in 2015. In 2020, MDH incorporated updated 
intake rates (US EPA 2019) and performed a re-evaluation of p-Nonylphenol. Use of the updated intake 
rates and results from the re-evaluation did not result in any changes to the 2015 guidance values. 
Recent detections of p-nonylphenol in Minnesota’s groundwater make it eligible for promulgation as a 
Health Risk Limit. 

Summary of toxicity testing for health effects identified in the Health Standards Statute (144.0751): 
Even if testing for a specific health effect was not conducted for this chemical, information about that effect might be 
available from studies conducted for other purposes. MDH has considered the following information in developing health 
protective guidance. 

Endocrine Immunotoxicity Development Reproductive Neurotoxicity 
Tested for 
specific effect? Yes Yes Yes Yes Yes 

Effects 
observed? Yes1 Yes2 Yes3 Yes4 Yes5 

Comments on extent of testing or effects: 
1The short-term reference dose (RfD) is based on a developmental and endocrine-mediated effect 

(accelerated vaginal opening). Endocrine effects have been well studied.  Hormone level changes 
in adult rats have been observed at approximately 60 times higher than the current short-term 
reference dose.  Endocrine-mediated alterations in development and reproduction were not 
observed, at doses up to 160 times the short-term reference dose, in three multiple generation 
studies.  

2Immunotoxicity has been evaluated in two studies.  Subtle alterations in immune cell populations 
were observed at a dose approximately 30 times higher than the current subchronic reference 
dose.  More overt effects on immune system organ weights and immune cellular parameters were 
not observed until doses reached over 2000 times the current subchronic reference dose. 

3Development effects have been well studied.  The critical effect for the short-term duration is 
accelerated vaginal opening, a developmental effect.  The only other consistent developmental 
effect seen was decreased pup body weight at weaning occurring at doses over 150 times higher 
than the current short-term reference dose. 

4Reproductive effects have been well studied.  Altered hormone levels in female rats, identified as a 
co-critical effect, was observed at 50 times higher than the short-term reference dose.  Male 
reproductive toxicity noted as altered sperm and decreased testes weight was observed at 800 
times up to 3500 times the subchronic reference dose. 
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5Both neurotoxicity and developmental neurotoxicity have been studied.  Small alterations in maze 
performance tests on rodents were noted at 800 times the subchronic reference dose.  At doses 
2000 times the subchronic reference dose, no effects were seen on neurobehavioral endpoints.  
Certain gender-specific behaviors may be altered by nonylphenol exposure, but not until doses 
reach over 900 times the subchronic reference dose.   
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Toxicological Summary for: 4-tert-Octylphenol  
CAS:  140-66-9 
Synonyms:  4-(1,1,3,3-Tetramethylbutyl)phenol, p-(1,1,3,3-Tetramethylbutyl)phenol, p-tert-
Octylphenol, 4-(2,4,4-trimethylpentan-2-yl)phenol 

Acute Non-Cancer Health Based Value (nHBVAcute) = Not Derived (Insufficient Data) 

Short-term Non-Cancer Health Based Value (nHBVShort-term) = 100 µg/L 
 (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 

(Short-term Intake Rate, L/kg-d) 
 

= (0.17 mg/kg-d) x (0.2*) x (1000 µg/mg) 
(0.290 L/kg-d)** 

 
= 117 rounded to 100 µg/L 

 
*The available data indicate that infant exposures, from sources such as breast milk and baby food, are not lower than adult 
exposures. As infant exposures are equal to or exceed adult exposures based on the available exposure data, a relative 
source contribution of 0.2 has been selected for all durations. 
** Intake rate: MDH 2008, Section IV.E.1 and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3, and 3-5. 

 Reference Dose/Concentration: HED/Total UF = 5.06/30 = 0.17 mg/kg-d (Sprague-Dawley 
rats) 

 Source of toxicity value: Determined by MDH in 2015 
 Point of Departure (POD): 22 mg/kg-d (administered dose NOAEL, 2-generation 

reproductive study, Tyl et al. 1999) 
 Dose Adjustment Factor (DAF):  0.23, Body weight scaling, default (US EPA 2011, MDH 

2017) 
 Human Equivalent Dose (HED): POD X DAF = 22 mg/kg-d x 0.23 = 5.06 mg/kg-d 
 Total uncertainty factor (UF): 30 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics) and 10 

for intraspecies variability 
 Critical effect(s): Decreased pup body weight and increased time to 

preputial separation 
 Co-critical effect(s): Decreased adult body weight 
 Additivity endpoint(s): Developmental 
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Subchronic Non-Cancer Health Based Value (nHBVSubchronic) = nHBVShort-term = 100 µg/L 
 

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Subchronic Intake Rate, L/kg-d) 

 
= (0.17 mg/kg-d) x (0.2) x (1000 µg/mg) 

(0.074 L/kg-d)** 
 

= 459 rounded to 500 µg/L 
 

** Intake rate: MDH 2008, Section IV.E.1 and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3, and 3-5. 

 Reference Dose/Concentration: HED/Total UF = 5.06/30 = 0.17 mg/kg-d (Sprague-Dawley 
rats) 

 Source of toxicity value: Determined by MDH in 2015 
 Point of Departure (POD): 22 mg/kg-d (administered dose NOAEL, 2-generation 

reproductive study, Tyl et al. 1999) 
 Dose Adjustment Factor (DAF):  0.23, Body weight scaling, default (US EPA 2011, MDH 

2017) 
 Human Equivalent Dose (HED): POD X DAF = 22 mg/kg-d x 0.23 = 5.06 mg/kg-d 
 Total uncertainty factor (UF): 30 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics) and 10 

for intraspecies variability 
 Critical effect(s): Decreased uterine weight 
 Co-critical effect(s): Decreased adult body weight 
 Additivity endpoint(s): Female Reproductive system 
 

 
The Subchronic nHBV must be protective of the short-term exposures that occur within the 
subchronic period and therefore, the Subchronic nHBV is set equal to the Short-term nHBV of 100 
µg/L. Additivity endpoints: Developmental 
 
Chronic Non-Cancer Health Based Value (nHBVChronic) = nHBVShort-term = 100 µg/L 
 

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Chronic Intake Rate, L/kg-d) 

 
= (0.051 mg/kg-d) x (0.2) x (1000 µg/mg) 

(0.045 L/kg-d)** 
 

= 226 rounded to 200 µg/L 
 

** Intake rate: MDH 2008, Section IV.E.1 and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3, and 3-5. 
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 Reference Dose/Concentration: HED/Total UF = 5.06/100 = 0.051 mg/kg-d (Sprague-
Dawley rats) 

 Source of toxicity value: Determined by MDH in 2015 
 Point of Departure (POD): 22 mg/kg-d (administered dose NOAEL, 2-generation 

reproductive study, Tyl et al. 1999, subchronic exposure) 
 Dose Adjustment Factor (DAF):  0.23, Body weight scaling, default (US EPA 2011, MDH 

2017) 
 Human Equivalent Dose (HED): POD x DAF = 22 mg/kg-d x 0.23 = 5.06 mg/kg-d 
 Total uncertainty factor (UF): 100 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability, and 3 for subchronic to chronic 
extrapolation 

 Critical effect(s): Decreased uterine weight 
 Co-critical effect(s): Decreased adult body weight 
 Additivity endpoint(s): Female Reproductive system 
 
 
The Chronic nHBV must be protective of the short-term and subchronic exposures that occur within 
the chronic period and therefore, the Chronic nHBV is set equal to the Short-term nHBV of 100 µg/L. 
Additivity endpoints: Developmental 
 
Cancer Health Based Value (cHBV) = Not Applicable 
 
Volatile: Yes (low) 
 
Summary of Guidance Value History:  
An HBV of 100 µg/L for all durations was developed in 2015. In 2020, MDH re-evaluated 4-tert-
octylphenol resulting in no changes to the guidance value, however, the recent detections of 4-tert-
octylphenol in Minnesota groundwater made it eligible for rule. Also in 2020, MDH incorporated 
updated intake rates (US EPA 2019). Use of the updated intake rates did not result in any changes to 
the guidance values. 
 
Summary of toxicity testing for health effects identified in the Health Standards Statute (144.0751): 
Even if testing for a specific health effect was not conducted for this chemical, information about that effect might be 
available from studies conducted for other purposes. MDH has considered the following information in developing health 
protective guidance. 

 Endocrine Immunotoxicity Development Reproductive Neurotoxicity 
Tested for specific 
effect? 

Yes No Yes Yes Yes 

Effects observed? Yes1 --2 Yes3 Yes4 Yes5 

 
Comments on extent of testing or effects: 
1Endocrine effects such as increased uterine weights, increased vaginal and uterine thickness, and 

changes in estrus cyclicity were reported in female rats receiving doses approximately 35-275 times 
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higher than the short-term RfD. In addition, male animals receiving doses approximately 225 times 
higher than the short-term RfD had increased prolactin levels.  

2 No oral studies specifically evaluating immunotoxicity have been conducted. Studies examining other 
endpoints reported reduced thymus and spleen weights at approximately 300 times higher than the 
short-term RfD, and increased white blood cell/platelet counts around 650-700 times higher than the 
short-term RfD.  

3The short-term RfD is based on reduced pup body weights and delayed preputial separation after rats 
were exposed to 4-tert-Octylphenol through their diet. Precocious vaginal patency was observed at 
doses more than 250 times the short-term RfD.  

4The subchronic and chronic reference doses are based on reduced uterine weights of rats exposed to 
4-tert-Octylphenol through their diet. In other studies, doses more than 650 times higher than the 
short-term RfD resulted in changes in epididymis and prostate weights. In addition, an increase in 
post-implantation loss and the reduction of number of live fetuses per litter were observed at doses 
41-160 times higher than the short-term RfD.  

5Neurobehavioral effects, including effects on a variety of sexually dimorphic behaviors and water 
maze performance, were evaluated in a single oral study. The effects occurred at an estimated dose 
approximately 150 times higher than the short-term RfD.  
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Web Publication Date: March 2022 

Toxicological Summary for: Perfluorobutane sulfonate 
CAS:  45187-15-3 [anion] 

375-73-5 [free acid] 
29420-49-3 [potassium salt] 
68259-10-9 [ammonium salt] 
60453-92-1 [sodium salt] 
 

Synonyms: PFBS ion; Perfluorobutanesulfonate; 1,1,2,2,3,3,4,4,4-nonafluorobutane-1-sulfonate (IUPAC 
name); Perfluorobutyl sulfonate 

Acute Non-Cancer Health-Based Value (nHBVAcute) = Not Derived (Insufficient Data) 

Short-term Non-Cancer Health-Based Value (nHBVShort-term) = 0.1 μg/L  

(Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Short-term Intake Rate, L/kg-d) 

= (0.000084 mg/kg-d) x (0.5)* x (1000 µg/mg) 
(0.290 L/kg-d)** 

= 0.14 rounded to 0.1 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5. 

 Reference Dose/Concentration: HED/Total UF = 0.0084/100 = 0.000084 mg/kg-d 
(Hsd:Sprague Dawley Rats) 

 Source of toxicity value: Determined by MDH in 2022 
 Point of Departure (POD): 6.97 mg/kg-d (administered dose BMDL1SD, (National 

Toxicology Program 2019)) 
 Dose Adjustment Factor (DAF):  Chemical- and Study-Specific Toxicokinetic Adjustment 

Half-lifeFemaleRat/Half-lifeHuman = 1.3 hr/1050 hr = 0.0012, 
based on MDH analysis of (Huang, Dzierlenga et al. 2019) 
for female rats and (Xu, Fletcher et al. 2020) for humans. 

 Human Equivalent Dose (HED): POD x DAF = 6.97 mg/kg-d x 0.0012 = 0.0084 mg/kg-d 
 Total uncertainty factor (UF): 100 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability, and 3 for database uncertainty due 
to a lack of available immunotoxicity and developmental 
neurotoxicity studies (known sensitive effects of other 
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PFAS) as well as lack of a 2-generation study in a more 
appropriate species 

 Critical effect(s): Decreased total T4 
 Co-critical effect(s): None 
 Additivity endpoint(s): Thyroid (E) 

Subchronic Non-Cancer Health-Based Value (nHBVSubchronic) = 0.1 µg/L 

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Subchronic Intake Rate, L/kg-d) 

= (0.000084 mg/kg-d)# x (0.2)* x (1000 µg/mg) 
(0.074 L/kg-d)** 

= 0.23 rounded to 0.2 µg/L  

#The calculated Subchronic RfD (0.00054 mg/kg-d) is higher than the Short-Term RfD (0.000084 mg/kg-d), which is based on 
thyroid effects.  The Subchronic RfD must be protective of all types of adverse effects that could occur as a result of 
subchronic exposure, including short-term effects (MDH 2008, page 34).  Therefore, the Short-Term RfD is used in place of 
the calculated Subchronic RfD when deriving subchronic water guidance. 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5. 

The Subchronic nHBV must be protective of shorter duration exposures that occur within the 
subchronic period and therefore, the Subchronic nHBV is set equal to the Short-term nHBV of 0.1 
µg/L. Additivity endpoints: Thyroid (E) 

Chronic Non-Cancer Health-Based Value (nHBVChronic) = 0.1 µg/L 

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Chronic Intake Rate, L/kg-d) 

= (0.000084 mg/kg-d)# x (0.2)* x (1000 µg/mg) 
(0.045 L/kg-d)** 

= 0.37 rounded to 0.4 µg/L 

#The calculated Chronic RfD (0.00018 mg/kg-d) is higher than the Short-Term RfD (0.000084 mg/kg-d), which is based on 
thyroid effects.  The Chronic RfD must be protective of all types of adverse effects that could occur as a result of shorter 
exposures, including short-term effects (MDH 2008, page 34).  Therefore, the Short-Term RfD is used in place of the 
calculated Chronic RfD when deriving chronic water guidance. 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5. 
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The Chronic nHBV must be protective of shorter duration exposures that occur within the chronic 
period and therefore, the Chronic nHBV is set equal to the Short-Term nHBV of 0.1 µg/L. Additivity 
endpoints: Thyroid (E) 

Cancer Health-Based Value (cHBV) = Not Applicable 

Chemical Mixtures: Exposure to chemicals in combination may cause adverse effects that would not 
be predicted based on separate exposures to individual chemicals.  When multiple 
contaminants occur as a mixture in water, the cumulative risk should be assessed (MDH 
2008, Section IV.E.3). To download the calculator, see 
MDH's Water Guidance and Additivity Calculator 
https://www.health.state.mn.us/communities/environment/risk/docs/guidance/gw/guid
ance.xlsx 

Volatile: No 

Summary of Guidance Value History: 
In 2009, Health-Based Values (HBVs) for PFBS were first derived: 9 µg/L for Subchronic durations and 7 
µg/L for Chronic durations.  These HBVs were adopted as HRLs in 2011.   
 
In 2017, MDH re-evaluated the 2011 guidance and derived new HBVs of 3 µg/L for Short-Term and 
Subchronic durations and 2 µg/L for Chronic durations based on new toxicokinetic information in mice, 
a reassessment of toxicokinetic information in rats, and a new developmental toxicity study in mice.  
 
In 2020, MDH updated the intake rates used in the calculation of water guidance values based on the 
most recent EPA Exposure Factors Handbook.  This update did not change the PFBS 2017 guidance 
values. 
 
In 2022, MDH re-evaluated the 2020 guidance and derived new HBVs of 0.1 µg/L for Short-Term, 
Subchronic, and Chronic durations.  The 2022 values are lower than the previous values as a result of: 
1) new toxicokinetic information in humans and rats, and 2) a new toxicity study in rats evaluating 
sensitive thyroid endpoints. 

Summary of toxicity testing for health effects identified in the Health Standards Statute (144.0751): 
Even if testing for a specific health effect was not conducted for this chemical, information about that effect might be 
available from studies conducted for other purposes. MDH has considered the following information in developing health 
protective guidance. 

 Endocrine Immunotoxicity Development Reproductive Neurotoxicity 
Tested for 
specific effect? Yes No Yes Yes Yes 

Effects 
observed? Yes1 -2 Yes3 Yes4 Yes5 

https://www.health.state.mn.us/communities/environment/risk/docs/guidance/gw/guidance.xlsx
https://www.health.state.mn.us/communities/environment/risk/docs/guidance/gw/guidance.xlsx
https://www.health.state.mn.us/communities/environment/risk/docs/guidance/gw/guidance.xlsx
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Comments on extent of testing or effects: 
1 Male and female rats exposed to PFBS orally had large decreases in various thyroid hormones at a 
dose 900-fold higher than the Short-Term RfD; the effect on one thyroid hormone (tT4) served as the 
basis for the Short-Term RfD. A decrease in serum thyroid hormones is an effect consistently observed 
in other PFAS compounds. 
 
An oral developmental study evaluated female mice exposed in utero to PFBS. Delays in vaginal 
opening and changes in estrus cycling as well as changes in uterine and ovarian size were reported. 
Pubertal and adult female offspring exhibited decreases in serum estrogen and progesterone levels 
with elevation of luteinizing hormone levels. Decreases in serum tT4 and T3 were observed in 
conjunction with slight increases in TSH in female offspring as well as their mothers.  These effects all 
occurred at doses at least 1400-fold higher than the Short-Term RfD. 
 

2An study evaluated the association between 11 PFAS chemicals and immunological markers in 
children from Taiwan. Associations of several PFAS chemicals, including PFBS, with asthma and asthma 
related biomarkers were found. Associations for PFBS were fewer and weaker than those for several 
other PFAS chemicals. Concentrations of individual PFAS were positively correlated, and therefore it is 
not possible to determine whether associations apply to multiple PFASs or to only a subset of 
individual PFAS. A more recent study following a cohort of several hundred children in Shanghai, China 
found an association between PFBS concentration in maternal cord blood with increased frequency of 
respiratory tract infections and decreased IgG concentration in 5-year-old children, suggesting that 
pre/perinatal exposures to PFBS impacts future immune function in children. 
 
No PFBS immunotoxicity studies have been conducted in laboratory animals. Immunotoxicity has been 
identified as a sensitive endpoint for several other PFAS.  A database uncertainty factor of 3 was 
incorporated, in part, to address the need for immunotoxicity testing.  
 
3 Two oral developmental studies (one in rats and one in mice) and a 2-generation study in rats have 
been conducted. The developmental effects reported in the mouse study included decreased pup body 
weight, decreased serum thyroid hormones, delayed eye opening, delayed vaginal opening and first 
estrus as well as smaller ovarian and uterine size in adult offspring. These effects were observed at 
doses 1400-fold higher than the Short-Term RfD.  The developmental study in rats reported decreased 
fetal body weight at doses >14000-fold higher than the Short-term RfD.  In the 2-generation study in 
rats, no developmental effects were identified at the highest dose tested (14000-fold higher than the 
Short-Term RfD).  However, female rats excrete PFBS much more quickly than humans, which may limit 
the applicability of this 2-generation study. A database uncertainty factor of 3 was incorporated, in 
part, to address the lack of a 2-generation study in a more appropriate species. 
 
4Researchers examined the association between PFAS chemicals and endometriosis-related infertility 
among Chinese reproductive-age women in a case-control study. Women with endometriosis-related 
infertility had significantly higher median levels of PFBS compared with those without the disease. PFBS 
was the only PFAS identified with a significant positive association, while several other PFAS chemicals 
exhibited an inverse association. Limitations of this study include no identification of the time course, 
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disease survey reported levels may not reflect actual exposure, and no physical exam data was 
measured for controls. 
 
An oral 2-generation study in rats has been conducted. No treatment related effects on female 
reproductive parameters were noted. Decreased number of spermatids per gram testes (P0) and 
increased incidence of abnormal sperm (F1) were noted at HED dose levels 37000-fold higher than the 
Short-term RfD. 
 
5Neurological alterations were reported in the 28-day but not the 90-day oral study in adult rats. The 
results of the study are difficult to interpret. The longer study did not report any treatment related 
effects. The effects in the 28-day study occurred at HED dose levels 1400-fold higher than the Short-
term RfD. 
 
A database UF was incorporated, in part, to address the need for additional neurological testing, 
particularly in developmental life stages. 
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Health Based Guidance for Water 
Health Risk Assessment Unit, Environmental Health Division 
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  Web Publication Date: August 2020 

Toxicological Summary for: Perfluorohexane sulfonate 
CAS:  108427-53-8 (anion)  

355-46-4 (acid) 
3871-99-6 (potassium salt) 

Synonyms: PFHxS; perfluorohexanesulfonic acid; 1,1,2,2,3,3,4,4,5,5,6,6,6-tridecafluorohexane-1-
sulfonate 

Short-term, Subchronic and Chronic* Non-Cancer Health Based Value (nHBV) = 0.047 µg/L** 
*Due to the highly bioaccumulative nature of PFHxS within the human body, serum concentrations are the most 
appropriate dose metric and the standard equation to derive the HBV is not appropriate. Short-term exposures have the 
potential to stay in the body for an extended period of time. In addition, accumulated maternal PFHxS is transferred to 
offspring (i.e., placental and breastmilk transfer). A single HBV has therefore been recommended for short-term, 
subchronic, and chronic durations. The HBV was derived using a toxicokinetic (TK) model previously developed by MDH 
(Goeden 2019). Model details and results are presented below.  
 
**Relative Source Contribution (RSC): Using the most recent published biomonitoring results (CDC, accessed February 2019) 
and USEPA’s Exposure Decision Tree (USEPA 2000) as outlined in MDH 2008, Section IV.E.1., an RSC of 0.5 (50%) was 
selected for the peak serum concentration during infancy. The RSC of 0.5 during infancy resulted in chronic (steady-state) 
serum concentrations at approximately 0.2 of the ‘reference’ serum concentration. 

Intake Rate: In keeping with MDH’s peer-reviewed and promulgated methodology, 95th percentile water intake rates (Table 
3-1, 3-3 and 3-5, USEPA 2019) or upper percentile breastmilk intake rates (Table 15-1, USEPA 2011) were used. Breastmilk 
concentrations were calculated by multiplying the maternal serum concentration by a PFHxS breastmilk transfer factor of 
1.4%.  For the breast-fed infant exposure scenario, a period of exclusive breastfeeding for one year was used as 
representative of a reasonable maximum exposure scenario. [Note: “exclusively breast-fed” intake rates refers to infants 
whose sole source of milk comes from human breastmilk, with no other milk substitutes (USEPA 2011, page 15-2).]  

A simple equation is typically used to calculate HBVs at the part per billion level with results rounded to one significant digit. 
However, the toxicokinetic model used to derive the HBV for PFHxS showed that serum concentrations are impacted by 
changes in water concentrations at the part per trillion level. As a result, the HBV contains two digits. 

 Reference Dose/Concentration: HED/Total UF = 0.00292/300 = 0.0000097 mg/kg-d (or 9.7 
ng/kg-d) (adult Sprague Dawley rats). [The corresponding 
serum concentration is 32.4/300 = 0.108 µg/mL. Note: this 
serum concentration is inappropriate to use for individual 
or clinical assessment.***] 

 Source of toxicity value: Determined by MDH in 2019 
 Point of Departure (POD): 32.4 µg/mL (or mg/L) serum concentration (male rats - 

NTP 2018, MDH modeled BMDL20%) 
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 Dose Adjustment Factor (DAF):  Toxicokinetic Adjustment based on Chemical-Specific 
Clearance Rate = Volume of Distribution (L/kg) x (Ln2/Half-
life, days) = 0.25 L/kg x (0.693/1935 days) = 0.000090 L/kg-
day. (Half-life from Li et al 2018)  

 Human Equivalent Dose (HED): POD x DAF = 32.4 mg/L x 0.000090 L/kg-d = 0.00292 
mg/kg-d 

 Total uncertainty factor (UF): 300 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability, and 10 for database uncertainty to 
address concerns regarding early life sensitivity to 
decreased thyroxine (T4) levels as well as lack of 2 
generation or immunotoxicity studies. 

 Critical effect(s): decreased free T4 
 Co-critical effect(s): decreased free and total T4, triiodothyronine (T3), and 

changes in cholesterol levels and increased hepatic focal 
necrosis  

 Additivity endpoint(s): Hepatic (Liver) System and Thyroid (E) 
***The serum concentration is useful for informing public health policy and interpreting population-based exposure 
potential. This value is based on population-based parameters and should not be used for clinical assessment or for 
interpreting serum levels in individuals.  

Toxicokinetic Model Description (Goeden 2019): 

PFHxS is well absorbed and is not metabolized. Serum concentrations can be calculated from the dose 
and clearance rate using the following equation. 

 
Where: 

Dose (mg/kg-day) = Water or Breastmilk Intake (L/kg-day) x Water or Breastmilk Concentration (mg/L) 
and 
Clearance (L/kg-day) = Volume of distribution (L/kg) x (Ln 2/human half-life, days) 

Two exposure scenarios were evaluated: 1) an infant fed formula reconstituted with contaminated 
water starting at birth and continuing ingestion of contaminated water through life; and 2) an infant 
exclusively breast-fed for 12 months, followed by drinking contaminated water. In both scenarios the 
simulated individuals began life with a pre-existing body burden through placental transfer of PFHxS 
(maternal serum concentration x 70%) based on median cord to maternal serum concentration ratios 
reported in the literature. The serum concentration of the mother at delivery was assumed to be at 
steady-state and was calculated by using the equation above with a time-weighted 95th percentile 
intake from birth to 30 years of age (0.048 L/kg-d). During lactation a 95th percentile water intake rate 
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of 47 mL/kg-d and a body weight of 65.1 kg ((USEPA 2019), Table 3-3) was used to calculate daily 
maternal serum concentrations. 

Consistent with MDH methodology, 95th percentile water intake and upper percentile breastmilk 
intake rates were used to simulate a reasonable maximum exposed individual. A PFHxS breastmilk 
transfer factor of 1.4%, based on average breastmilk to maternal serum concentration ratios reported 
in the literature, was used to calculate breastmilk concentration. According to the 2016 Breastfeeding 
Report Card (CDC, 2016), nearly 66 percent of mothers in Minnesota report breastfeeding at six 
months, dropping to 41% at twelve months. MDH chose to use the breastmilk intake rates for 
exclusively breastfed infants, as reported in USEPA 2011, for one year for the breast-fed infant 
scenario. 

Daily post-elimination serum concentration was calculated as:  

 

To maintain mass balance, daily maternal serum concentrations and loss-of-chemical via transfer to 
the infant as well as excretion represented by the clearance rate, were calculated. 

Summary of Reasonable Maximum Exposure (RME) Scenario Model Parameters 
Model Parameter Value Used 

Volume of distribution (Vd) 0.25 L/kg (average of male (0.287) and female (0.213) nonhuman 
primate Vd, Sundstrom, 2012) 

Vd Age Adjustment Factor 2.1 age 1-30 days decreasing to 1.2 age 5-10 years and 1.0 after age 10 
years (Friis-Hansen 1961) 

Half-life 1935 days (mean value for all ages, Li et al 2018) 
(5th to 95th percentile range: 1095 – 3358 days) 

Elimination rate constant (k)  Calculated from Ln 2/half-life 
Placental transfer factor  
(% of maternal serum level) 

70% (mean of median paired maternal:cord blood ratios reported in the 
literature. Range of mean values 43 – 95%.) 
(Mean 95th percentile value 110%, range 69 – 168%.) 

Breastmilk transfer factor 
(% of maternal serum level) 

1.4% (mean of mean paired maternal serum:breastmilk ratios reported 
in the literature. Range of mean values 0.8 – 2%.) 
(No 95th percentile values reported in literature.) 

Water Intake Rate (L/kg-d) 95th percentile consumers only (default values, MDH 2008) (Table 3-1 
(for ages > 2 yrs), 3-3 (for lactating women), and 3-5 (for ages < 2yr)) 
(USEPA 2019) 

Breastmilk Intake Rate (L-kg-d) Upper percentile exclusively breast-fed infants (Table 15-1, USEPA 2011) 
Body weight (kg) Calculated from water intake and breastmilk intake rate tables 
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A relative source contribution factor (RSC) is incorporated into the derivation of a health-based water 
guidance value to account for non-water exposures. MDH utilizes the Exposure Decision Tree process 
presented in USEPA 2000 to derive appropriate RSCs. Determination of an appropriate RSC must 
recognize the long elimination half-life of PFHxS, such that a person’s serum concentration at any given 
age is not only the result of his or her current or recent exposures within the duration of concern, but 
also from exposure from years past.  

Human biomonitoring data provide a quantitative description of the ongoing widespread exposure, but 
the serum data are not informative as to the specific pathways and exposure routes. The most recently 
reported 95th percentile serum concentrations from CDC (February 2019) range from 1.62 µg/L serum 
for young children to nearly 5 µg/L serum for older children and adults. This suggests that ‘background’ 
exposures, when compared to the ‘reference’ serum concentration (108 µg/L serum) would not 
represent significant sources of exposure. Using the most recent published biomonitoring results and 
USEPA’s Exposure Decision Tree (USEPA 2000) as outlined in MDH 2008, an RSC of 0.5 (50%) was 
selected.  

As mentioned above, two exposure scenarios were examined: 1) an infant fed formula reconstituted 
with PFHxS-contaminated water starting at birth and continuing ingestion of contaminated water 
throughout life; and 2) an infant exclusively breast-fed for 12 months, followed by drinking PFHxS-
contaminated water throughout life. For the first scenario, the formula-fed infant, the water 
concentration that maintains a serum concentration attributable to drinking water at or below an RSC 
of 50% is 0.099 µg/L (Figure 1).  

Figure 1. Exclusively formula-fed infant scenario serum concentrations over a lifetime, based on MDH’s 
RME and an RSC of 50%. 
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Applying this water concentration (0.099 µg/L) in the context of the breast-fed infant resulted in serum 
PFHxS concentrations exceeding the ‘reference’ serum concentration for nearly 2 years, and the 50% 
RSC threshold for nearly 14 years. See Figure 2. 

Figure 2. Breast-fed infant scenario serum concentrations over a lifetime, based on MDH’s RME and a 
water concentration of 0.099 µg/L. 

 
 

In order to maintain serum concentrations at or below an RSC of 50% for breast-fed infants, the water 
concentration should not exceed 0.047 µg/L; see Figure 3. This water concentration also produces 
steady state serum concentrations at approximately 20% of the ‘reference’ serum concentration. 
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Figure 3. Exclusively breast-fed infant scenario serum concentrations over a lifetime, based on MDH’s 
RME, and a water concentration of 0.047 µg/L. 

 
To ensure protection of all segments of the population, the final health-based value for PFHxS is set 
at 0.047 µg/L. 

Cancer Health Based Value (cHBV) = Not Applicable 

 Cancer classification: Not Classified 
 Slope factor (SF): Not Applicable 
 Source of cancer slope factor (SF): Not Applicable 
 Tumor site(s): Not Applicable 

Volatile: Yes (moderate)  

Summary of Guidance Value History: 
MDH first reviewed PFHxS in 2009 and determined that there was insufficient data to derive a value. In 
2013, MDH’s Site Assessment and Consultation Unit began using the guidance value for PFOS as a 
surrogate to assess potential risks from exposure to PFHxS, in the absence of adequate chemical 
specific data. In 2018 additional toxicokinetic and toxicity information became available. In 2019, MDH 
derived a noncancer HBV (applicable to short-term, subchronic, and chronic durations) of 0.047 µg/L. 
In 2020 MDH incorporated updated water intake rates (US EPA 2019). Use of the updated intake rates 
did not result in changes to the 2018 value. 
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Summary of toxicity testing for health effects identified in the Health Standards Statute (144.0751): 
Even if testing for a specific health effect was not conducted for this chemical, information about that effect might be 
available from studies conducted for other purposes. MDH has considered the following information in developing health 
protective guidance. 

 Endocrine Immunotoxicity Development Reproductive Neurotoxicity 
Tested for 
specific effect? Yes No Yes Yes Yes 

Effects 
observed? Yes1 -2 No3 Yes4 No5 

Comments on extent of testing or effects: 
1 Several human epidemiological studies have evaluated the possible association between serum 

PFHxS and alterations in thyroid hormone levels. Two studies found an association in women 
between serum PFHxS and thyroid hormone levels, however, other studies did not find this 
association. Two general population epidemiology studies have evaluated associations between 
PFHxS and reproductive hormones, finding no association. 

 
Based on studies in laboratory animals, alterations in serum thyroid hormone levels, in particular 
thyroxine (T4), appear to be a sensitive effect. The POD is based on decreased serum T4 levels in 
adult male rats however, decreased serum T4 levels have also been reported in pregnant and 
lactating rats and pups. Unfortunately, serum PFHxS levels were not measured in pregnant or 
lactating rats or pups at the NOAEL and LOAEL dose levels, however, study results suggest that pups 
may be more sensitive than adult nonpregnant animals. A database uncertainty factor (DB UF) has 
been incorporated into the RfD derivation, in part, due to concerns that early life stages may be more 
sensitive.  
Androgenic effects have also been evaluated in laboratory animals to a limited extent. No changes in 
adult male reproductive organ weights or sperm parameters were observed at serum levels up to 
~600-fold higher than the ‘reference’ serum concentration. Androgenic activity was also evaluated in 
pups exposed in utero and through lactation. No significant effects were observed on anogenital 
distance, nipple retention, or reproductive organ weights at serum levels ~1300-fold higher than the 
‘reference’ serum concentration. 
 

2 Several epidemiology studies have examined the potential association between PFHxS and 
suppression of the immune system. Inverse or no associations were observed in these studies. In 
general, available studies have not found an association between PFHxS and infectious disease 
resistance or with hypersensitivity outcomes.  

 
Immunotoxicity has not been studied in laboratory animals. A DB UF has been incorporated into the 
RfD derivation, in part, to address this data gap. 
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3 General population epidemiology studies have evaluated potential associations between maternal 
PFHxS and a variety of birth outcomes. A couple of studies have reported associations with birth 
weight or neurobehavioral outcome but others found no association.  

 
Reproductive/developmental screening studies in rats and mice have not found treatment related 
changes in development outcome, including neurobehavioral effects, at serum levels > ~900-fold 
higher than the ‘reference’ serum concentration. Neurobehavioral outcomes were also evaluated in 
a study using a single oral exposure to neonatal mice on postnatal day 10. No serum levels were 
measured and therefore, the results could not be quantitatively incorporated into MDH’s 
assessment.  No 2-generation study has been conducted. A DB UF has been incorporated into the RfD 
derivation, in part, to address this data gap.  
 

4 In general, epidemiology studies evaluating potential associations between PFHxS and reproductive 
measures have not found any associations. A small number of studies have reported associations 
with earlier menopause or time to pregnancy. However, since menstruation, childbirth, and lactation 
are potential elimination routes for women this could confound the associations.  

 
Laboratory studies in rats did not find changes in reproductive parameters at serum levels > ~1600-
fold higher than the ‘reference’ serum concentration. A decrease in the number of pups per litter has 
been reported in mice, however the dose-response curve was flat and there was no difference in the 
number of pups born to the implant ratio.  The ‘reference’ serum concentration is ~500-fold lower 
than the serum concentrations at which this effect occurs in mice, therefore the RfD is protective for 
this potential effect.  
 

5 Two epidemiology studies have evaluated association between PFHxS serum levels and self-reported 
memory loss or periods of confusion. One study reported a decrease in risk at the fifth quintile 
whereas the second study found no association.  

 
Laboratory animal studies have evaluated neurotoxicity using the functional observation battery 
(FOB) and motor activity assessment. No effects were observed on adult rats and mice at serum 
concentrations >~600-fold higher than the ‘reference’ serum concentration. Potential neurological 
effects have also been evaluated in rat pups using these same evaluation tools. No effects were 
observed at serum concentrations up to ~800-fold higher than the ‘reference’ serum concentration. 
A neurotoxicity evaluation following a single oral dose to neonatal animals has also been conducted. 
See footnote #3 above.  
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 Perfluorohexanoate (PFHxA) - 1 

 
Web Publication Date: December 2021 

Toxicological Summary for: Perfluorohexanoate 
CAS:  92612-52-7 (anion)  
 307-24-4 (free acid) 

21615-47-4 (ammonium salt) 
2923-26-4 (sodium salt) 

Synonyms: PFHxA; Perfluorohexanoic acid 

Acute Non-Cancer Health-Based Value (nHBVAcute) = Not Derived (Insufficient Data) 

Short-term Non-Cancer Health-Based Value (nHBVShort-term) = 0.2 μg/L 

(Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Short-term Intake Rate, L/kg-d) 

= (0.00032 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.290 L/kg-d)** 

= 0.22 rounded to 0.2 µg/L 

*MDH utilizes the EPA Exposure Decision Tree (EPA, 2000) to select appropriate RSCs. For PFHxA, an RSC of 0.2 was used for 
all exposure durations due to concerns about infant exposures from house dust and diet, potential exposures from the 
breakdown of precursor chemicals, and uncertainty about infant exposure levels. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5. 

 Reference Dose/Concentration: HED/Total UF = 0.0958/300 = 0.00032 mg/kg-d (laboratory 
animal – SD rats) 

 Source of toxicity value: Determined by MDH in 2021 
 Point of Departure (POD): 25.9 mg/kg-d (administered dose BMDL1SD, NTP 2019) 
 Dose Adjustment Factor (DAF):  Chemical and Study-Specific Toxicokinetic Adjustment  

Half-lifeMaleRat/Half-lifeHuman = 2.87 hrs/ 768 hrs = 0.0037 
(based on Dzierlenga et al 2020, for male rats, and Russell 
et al 2013, for humans) 

 Human Equivalent Dose (HED): POD x DAF = 25.9 mg/kg-d x 0.0037 = 0.0958 mg/kg-d 
 Total uncertainty factor (UF): 300 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability, and 10 for database uncertainty 
(e.g., lack of a 2-generation study, lack of thyroid hormone 
measurements or neurodevelopmental toxicity in young 
offspring in a development/reproductive study, and lack of 
immunotoxicity studies as well as evidence of pup body 
weight effects near the selected POD) 



 
Perfluorohexanoate (PFHxA) - 2  

 Critical effect(s): Decreased total T4 
 Co-critical effect(s): Decreased pup body weight 
 Additivity endpoint(s): Developmental, Thyroid [E] 

Subchronic Non-Cancer Health-Based Value (nHBVSubchronic) = nHBVShort-term = 0.2 µg/L 

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Subchronic Intake Rate, L/kg-d) 

= (0.00015 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.074 L/kg-d)** 

= 0.405 rounded to 0.4 µg/L  

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5. 

 Reference Dose/Concentration: HED/Total UF = 0.045/300 = 0.00015 mg/kg-d (laboratory 
animal – SD rats) 

 Source of toxicity value: Determined by MDH in 2021 
 Point of Departure (POD): 22.5 mg/kg-d (administered dose BMDL10%, Loveless et al 

2009) 
 Dose Adjustment Factor (DAF):  Chemical and Study-Specific Toxicokinetic Adjustment  

Half-lifeMaleRat/Half-lifeHuman = 1.5 hrs/ 768 hrs = 0.0020 
(based on Gannon et al 2011, for male rats, and Russell et 
al 2013, for humans) 

 Human Equivalent Dose (HED): POD x DAF = 22.5 mg/kg-d x 0.0020 = 0.045 mg/kg-d 
 Total uncertainty factor (UF): 300 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability, and 10 for database uncertainty 
(e.g., lack of a 2-generation study, lack of thyroid hormone 
measurements or neurodevelopmental toxicity in young 
offspring in a development/reproductive study, and lack of 
immunotoxicity studies as well as evidence of pup body 
weight effects near the selected POD) 

 Critical effect(s): Nasal epithelium degeneration 
 Co-critical effect(s): Decreased bilirubin 
 Additivity endpoint(s): Hepatic (liver) system, Respiratory system 

The Subchronic nHBV must be protective of shorter duration exposures that occur within the 
subchronic period and therefore, the Subchronic nHBV is set equal to the Short-term nHBV of 0.2 
µg/L. Additivity endpoints: Developmental, Thyroid [E]  

Chronic Non-Cancer Health-Based Value (nHBVChronic) = nHBVShort-term = 0.2 µg/L  
  



 
Perfluorohexanoate (PFHxA) - 3  

(Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Chronic Intake Rate, L/kg-d) 

= (0.00015 mg/kg-d)*** x (0.2)* x (1000 µg/mg) 
(0.045 L/kg-d)** 

= 0.67 rounded to 0.7 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5. 

 ***Reference Dose/Concentration: The calculated Chronic RfD was higher in magnitude than 
the Subchronic RfD. Therefore, the Chronic RfD is set to 
the Subchronic RfD, see information above for details on 
the RfD derivation.  

The Chronic nHBV must be protective of shorter duration exposures that occur within the chronic 
period and therefore, the Chronic nHBV is set equal to the Short-term nHBV of 0.2 µg/L. Additivity 
endpoints: Developmental, Thyroid [E] 

Cancer Health-Based Value (cHBV) = Not Applicable 

Volatile: Nonvolatile 

Summary of Guidance Value History: 
There are no previous guidance values for PFHxA. The 2021 derived values represent new guidance.  

Additional Information on the MDH TK model (Goeden et al., 2019): 
PFHxA water guidance was calculated using MDH’s standard equations shown above. The Goeden et 
al. (2019) toxicokinetic model previously used to calculate guidance for PFOA, PFOS, and PFHxS was 
evaluated during this review because PFHxA crosses the placenta and is found in breastmilk. The 
toxicokinetic data that the model requires are quite limited for PFHxA (e.g., no information on 
breastmilk:maternal serum ratio, limited information on half-life). As a result, the model was not used 
quantitatively to derive PFHxA water guidance. However, the PFHxA modelling results, using the best 
available information for model parameters, indicate that water guidance of 0.2 μg/L developed using 
the standard equation is adequately protective. 

Summary of toxicity testing for health effects identified in the Health Standards Statute (144.0751): 
Even if testing for a specific health effect was not conducted for this chemical, information about that effect might be 
available from studies conducted for other purposes. MDH has considered the following information in developing health 
protective guidance. 

 Endocrine Immunotoxicity Development Reproductive Neurotoxicity 
Tested for 
specific effect? Yes No Yes Yes Yes 
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 Endocrine Immunotoxicity Development Reproductive Neurotoxicity 
Effects 
observed? Yes1 -2 Yes3 Yes4 Yes5 

Comments on extent of testing or effects: 
1A significant positive correlation between PFHxA exposure and TGAb (thyroglobin antibodies) and 

TMAb (thyroid microsomal antibody) was reported in an epidemiological study. Short-term studies 
in adult laboratory animals identified decreased serum thyroid hormone levels. These effects form 
the basis of the short-term RfD. A database uncertainty factor (DB UF) was incorporated into the 
RfD derivation, in part, to address the lack of thyroid evaluations in developing animals. Thyroid 
cellular hypertrophy in adult animals was also reported, but at doses ~3,000-fold higher than the 
Subchronic/Chronic RfD. 

2 No immunotoxicity studies have been conducted. Three general toxicity studies reported decreased 
thymus weight at dose levels >5800-fold higher than the Subchronic/Chronic RfD. At slightly higher 
dose levels atrophy and necrosis in spleen and thymus as well as a depletion of lymph nodes were 
observed.  

3Decreases in pup body weight and increased pup mortality have been reported. These effects were 
observed at levels ~1500-fold higher than the Subchronic/Chronic RfD. A database uncertainty 
factor (DB UF) was incorporated into the RfD derivation, in part, to address the lack of a two-
generation study. 

4 Significant decreases in maternal body weight gain during gestation and complete litter loss were 
reported at doses >3,000-fold higher than the Subchronic/Chronic RfD. Decreases in sperm count 
and seminiferous tubule spermatid retention were reported at doses 25,000-fold higher than the 
Subchronic/Chronic RfD. 

5 Acute studies reported ataxia and abnormal gait at dose levels ~1,000-fold higher than the 
Subchronic/Chronic RfD. No neurological changes, based on functional observation battery and 
locomotor activity evaluations, were reported in adult rats following 90 days of exposure at levels 
up to ~5,000-fold higher than the Subchronic/Chronic RfD. 
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Toxicological Summary for: Quinoline 
CAS:  91-22-5 
Synonyms: Leukol, quinoleine, 1-Azanaphthalene, benzo[b]pyridine 

Acute Non-Cancer Health Based Value (nHBVAcute) = Not Derived (Insufficient Data) 

Short-term Non-Cancer Health Based Value (nHBVShort-term) = Not Derived (Insufficient Data) 

Subchronic Non-Cancer Health Based Value (nHBVSubchronic) = Not Derived (Insufficient Data) 

Chronic Non-Cancer Health Based Value (nHBVChronic) = 4 µg/L  

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Chronic Intake Rate, L/kg-d) 

= (0.00079 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.045 L/kg-d)** 

= 3.51 rounded to 4 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5. 

 Reference Dose/Concentration: HED/Total UF = 2.38/3000 = 0.00079 mg/kg-d (F344 rats) 
 Source of toxicity value: Determined by MDH in 2019 
 Point of Departure (POD): 8.8 mg/kg-d (LOAEL, Matsumoto, 2018)  
 Dose Adjustment Factor (DAF):  Body weight scaling, default MDH 2017 and US EPA 2011  
 Human Equivalent Dose (HED): POD x DAF = 8.8 mg/kg-d x 0.27 = 2.38 mg/kg-d  
 Total uncertainty factor (UF): 3000 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability, 10 for LOAEL to NOAEL, and 10 for 
database uncertainty (lack of reproductive, 
developmental, immunotoxicity, and neurotoxicity 
studies) 

 Critical effect(s): Increased cellular changes in the liver and kidney including 
necrosis, increased hematopoiesis in the bone marrow of 
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both sexes, increased extramedullary hematopoiesis in the 
spleen of male rats. 

 Co-critical effect(s): Central degeneration of the liver, increased immature 
blood cells in the liver and lungs, increased 
erythropoiesis/hematopoiesis in the bone marrow, spleen, 
and liver, increased inflammatory infiltration in the lungs, 
and hemosiderin deposits in the kidney in both male and 
female mice; increased eosinophilic changes in the 
respiratory epithelium and increased Kupffer cell 
mobilization in the liver of female mice.  

 Additivity endpoint(s): Hematological (blood) system, Hepatic (liver) system, 
Renal (kidney) system, Respiratory system, Spleen  

Cancer Health Based Value cHBV= 0.03 µg/L  

                         (Additional Lifetime Cancer Risk) x (Conversion Factor)      
   [(SF x ADAF<2 yr x IR<2yr x 2) + (SF x ADAF2-<16 yr x IR2-<16yr x 14) + (SF x ADAF16+ yr x IR16+yr x 54)] / 70 

   =                        (1E-5) x (1000 µg/mg)            
 [(3 x 10* x 0.155 L/kg-d**x 2) + (3 x 3* x 0.040 L/kg-d**x 14) + (3 x 1* x 0.042 L/kg-d**x 54)] / 70 

= 0.033 rounded to 0.03 µg/L 

  *ADAF (Age-dependent adjustment factor): MDH 2008, Section IV.E.2. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5. 
 
 

 Cancer classification: Likely to be carcinogenic in humans EPA, 2001 
 Slope factor (SF): 3 (mg/kg-day)-1 (hepatic hemangioendotheliomas or 

hemangiosarcomas in SD rats, Hirao, 1976) 
 Source of cancer slope factor (SF): EPA (2001) 
 Tumor site(s): Liver 

Volatile: Yes (low) 

Summary of Guidance Value History:  
In 2019 MDH derived chronic noncancer and cancer guidance values for quinolone. Quinolone had not 
been evaluated by MDH previously. In 2020 MDH incorporated updated intake rates (US EPA 2019). 
Use of the updated intake rates lowered the cHBV to 0.03 from 0.04 μg/L but did not change the 
chronic noncancer value. 

Summary of toxicity testing for health effects identified in the Health Standards Statute (144.0751): 
Even if testing for a specific health effect was not conducted for this chemical, information about that effect might be 
available from studies conducted for other purposes. MDH has considered the following information in developing health 
protective guidance. 
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 Endocrine Immunotoxicity Development Reproductive Neurotoxicity 
Tested for 
specific effect? No No No No Yes 

Effects 
observed? _ _1 _ _ No2 

 
1 No studies directly testing immunotoxicity have been conducted, however, one study did note 
endpoints associated with immune system activation in the liver and respiratory system. While these 
effects did not indicate immune system toxicity, little information is currently available.  The lack of 
available information on how quinoline may impact the immune system is part of the rationale for 
selecting a 10-fold database uncertainty factor.   
 
2 One aspect of neurotoxicity has been investigated in a limited study, which reported that quinoline 
was not a dopaminergic neurotoxicant. Lack of more complete neurotoxicity testing also contributed 
to the selection of a database uncertainty factor of 10.  
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Toxicological Summary for: Tetrachloroethylene  
CAS:  127-18-4  
Synonyms: Perchloroethene; Perchloroethylene; PERC; PCE 
 
 
Acute Non-Cancer Health Based Value (nHBVAcute) = Not Derived (Insufficient Data) 
 
Short-term Non-Cancer Health Based Value (nHBVShort-term) = Not Derived (Insufficient Data) 

Subchronic Non-Cancer Health Based Value (nHBVSubchronic) = 7 µg/L  
 

  (Reference Dose, mg/kg/d) x (Relative Source Contribution) x (Conversion Factor) 
(Subchronic intake rate, L/kg-d) 

 
= (0.0026 mg/kg/d) x (0.2)* x (1000 µg/mg) 

(0.074 L/kg-d)** 
 

= 7.0 rounded to 7 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3, and 3-5. 
 

  
Reference Dose/Concentration: 0.0026 mg/kg-d (human) 

Source of toxicity value: MDH, 2014 
Point of Departure (POD): 2.6 mg/kg-d (EPA calculated the LOAEL based on route-to-route 

extrapolation of Cavalleri et al. 1994) 
Human Equivalent Dose (MDH, 2011): NA 

Total uncertainty factor: 1000 
Uncertainty factor allocation: 10 for intraspecies variability, 10 for LOAEL-to-NOAEL because 

results from residential studies suggest points of departure 3 to 
15 times lower than the current LOAEL, and 10 for database 
uncertainty due to lack of data regarding immune, 
hematological, and developmental neurotoxicity 

Critical effect(s): Impacts on visual color domain – dyschromatopsia 
Co-critical effect(s): None 

Additivity endpoint(s): Nervous system 
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Chronic Non-Cancer Health Based Value (nHBVChronic) = nHBVSubchronic = 7 µg/L 
 

(Reference Dose, mg/kg/d) x (Relative Source Contribution) x (Conversion Factor) 
(Chronic intake rate, L/kg-d) 

 
= (0.0026 mg/kg/d) x (0.2)* x (1000 µg/mg) 

(0.045 L/kg-d)** 
 

= 11.5 rounded to 10 µg/L 
 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3, and 3-5. 

 
  

Reference Dose/Concentration: 0.0026mg/kg-d (human) 
Source of toxicity value: MDH, 2014 

Point of Departure (POD): 2.6 mg/kg-d (EPA calculated the LOAEL based on route-to-route 
extrapolation of Cavalleri et al. 1994) 

Human Equivalent Dose (MDH, 2011): NA 
Total uncertainty factor: 1000 

Uncertainty factor allocation: 10 for intraspecies variability, 10 for LOAEL-to-NOAEL because 
results from residential studies suggest points of departure 3 to 
15 times lower than the current LOAEL, and 10 for database 
uncertainty due to lack of data regarding immune and 
hematological effects and concerns about early life sensitivity 

Critical effect(s): Impacts on visual color domain – dyschromatopsia 
Co-critical effect(s): None 

Additivity endpoint(s): Nervous system 
 

The Chronic nHBV must be protective of the shorter duration exposures that occur within the chronic period 
and therefore, the Chronic nHBV is set equal to the Subchronic nHBV of 7 µg/L. Additivity endpoint: Nervous 
system. 

 
Cancer Health Based Value (cHBV) = 4 µg/L  

 
 

                         (Additional Lifetime Cancer Risk) x (Conversion Factor)      
    [(SF x ADAF<2 yr x IR<2yr x 2) + (SF x ADAF2-<16 yr x IR2-<16yr x 14) + (SF x ADAF16+ yr x IR16+yr x 54)] / 70 

 
 

 =                              (1E-5) x (1000 µg/mg)            
             [(0.025 x 10* x 0.155 L/kg-d** x 2) + (0.025 x 3* x 0.040 L/kg-d** x 14) + (0.025 x 1* x 0.042 L/kg-d** x 54)] / 70 

 
= 4 µg/L   
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*ADAF (Age-dependent adjustment factor) and Lifetime Adjustment Factor: MDH 2008, Section IV.E.2. 
**Intake Rate: MDH 2008, Section IV.E.2. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3, and 3-5. 

 
  Cancer classification: Likely to be carcinogenic in humans by all routes of exposure (EPA, 

2012)  
Slope factor: 2.49 x 10-2 (laboratory animal) (Japan Industrial Safety Association 

(JISA), 1993) 
Source of slope factor: Massachusetts Department of Environmental Protection 2014 

Tumor site(s): Leukemia    
 
Volatile: Yes (high) 
 
Summary of Guidance Value History: 
The 2014 subchronic and chronic noncancer HBVs (7 µg/L) are new guidance. The 2014 cancer HBV (4 µg/L) is 
slightly lower than the 2009 Maximum Contaminant Level (MCL) based HRL of 5 µg/L due to: 1) new toxicity 
data, 2) application of age-dependent early life cancer sensitivity adjustment factors, 3) water intake rates that 
incorporate higher intakes during early life, and 4) rounding to one significant digit.  
 
In 2021 MDH incorporated updated intake rates (US EPA 2019). Use of the updated intake rates did not result in 
any changes to the guidance values. 
 
Summary of toxicity testing for health effects identified in the Health Standards Statute: 

 Endocrine Immunotoxicity Development Reproductive Neurotoxicity 
Tested? Yes Yes Yes Yes Yes 

Effects? No1 Yes2 Yes3 Yes4 Yes5 

Note: Even if testing for a specific health effect was not conducted for this chemical, information about that effect might be available 
from studies conducted for other purposes. Most chemicals have been subject to multiple studies in which researchers identify a dose 
where no effects were observed, and the lowest dose that caused one or more effects. A toxicity value based on the effect observed at 
the lowest dose across all available studies is considered protective of all other effects that occur at higher doses. 
 
Comments on extent of testing or effects: 
1 Few studies in humans or animals have examined altered hormones, and those that did generally found no 
adverse effects or were inconsistent.  
2 There have been reports indicating potential associations between tetrachloroethylene exposure and immune 
suppression, allergy/hypersensitivity, and autoimmune disease in humans. Several occupational and 
environmental studies in humans have reported a statistically significant association with exposure to 
tetrachloroethylene and leukemia. The most sensitive target for tetrachloroethylene-induced cancer is an 
immune cell type, mononuclear cell leukemia.  Other immune effects, such as increases in white blood cells, 
lymphocytes, and natural killer cells, have been reported in studies that evaluated dry cleaning worker 
exposures. Effects on T-cells, natural killer cells, IgE and interleukin-4 suggest a potential for hypersensitivity but 
limited studies in children do not support associations between tetrachloroethylene and allergy or asthma. 
However, there have been limited case reports of occupational hypersensitivity. One residential study reported 
increased incidence of kidney/urinary tract and respiratory infections associated with drinking well water 
containing tetrachloroethylene. There have been a few occupational case reports and a few case-control studies 
reporting non-significant associations with sclerosis, an autoimmune disease. There is some evidence suggesting 
the developing immune system could be susceptible from exposure to tetrachloroethylene. There are very 
limited data for the evaluation of immune effects in animal studies, but mice exposed via inhalation had 
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increased susceptibility to respiratory infections and greater mortality from infection. The noncancer immune 
effects generally occur at high doses greater than 200-fold above the RfD, while the cancer effect of induction of 
mononuclear cell leukemia is the basis of the cancer HBV.   
3 There is not conclusive evidence from human studies that tetrachloroethylene exposure is linked to 
developmental effects. Many human studies that have evaluated the association between tetrachloroethylene 
and developmental effects have confounders and the evaluation of effects is complicated by exposures to 
solvent mixtures. Most animal studies that evaluated developmental effects did not show specific adverse 
effects on offspring. Developmental effects have been reported in animal inhalation toxicity studies at high 
levels of exposure (at 1500 mg/m3 or higher). The effects include impacts on the developing nervous system 
(impacts on behavior, impacts on motor activity, and developmental delays) as well as decreased fetal body 
weight at exposures greater than 4500 mg/m3 and increased malformations in pups at exposures greater than 
1500 mg/m3. 
4The evidence of reproductive effects from exposure to tetrachloroethylene is limited from both human and 
animal studies. Human studies in dry cleaning and laundry workers evaluated reproductive outcomes and 
showed evidence of impacts on menstrual cycles, altered sperm quality, and longer time to pregnancy in 
workers exposed to tetrachloroethylene through inhalation. Decreased sperm quality and reduced fertilization 
of extracted oocytes was also reported in an animal inhalation study at high levels of exposure (12,000 mg/m3). 
5 The nervous system is the most sensitive target following exposure to tetrachloroethylene. The visual and 
cognitive domains are the most sensitive neurological endpoints and impacts on vision and cognition have been 
reported in several human occupational and environmental studies. Subtle visual effects including impacts on 
visual color domain – dyschromatopsia; impacts on visual cognitive domain and reaction times - decrements in 
visual reproduction, pattern memory, and pattern recognition, were identified as critical endpoints and are the 
basis of the non-cancer reference dose (0.0026 mg/kg-d) derived in MDH’s evaluation of tetrachloroethylene. 
Acute CNS depression has been reported in children and adults following inhalation and ingestion of high levels 
of tetrachloroethylene. 
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Toxicological Summary for: Toluene 
CAS:  108-88-3 
Synonyms: methyl-Benzene, methylbenzol, monomethyl benzene, phenylmethane, Tol, Toluol, tolu-sol 

Acute Non-Cancer Health-Based Value (nHBVAcute) = Not Derived (Insufficient Data) 

Short-term Non-Cancer Health-Based Value (nHBVShort-term) = 70 μg/L   

(Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Short-term Intake Rate, L/kg-d) 

= (0.10 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.290 L/kg-d)** 

= 68.9 rounded to 70 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5. 

 Reference Dose/Concentration: HED/Total UF = 3.08/30 = 0.10 mg/kg-d (CD-1 mice) 
 Source of toxicity value: Determined by MDH in 2019 
 Point of Departure (POD): 22 mg/kg-d (NOAEL; Hsieh, 1989)  
 Dose Adjustment Factor (DAF):  0.14, Body weight scaling, default (USEPA, 2011b) (MDH, 

2017) 
 Human Equivalent Dose (HED): POD x DAF = 22 mg/kg-d x 0.14 = 3.08 mg/kg-d 
 Total uncertainty factor (UF): 30 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics) and 10 

for intraspecies variability 
 Critical effect(s): Immunosuppression 
 Co-critical effect(s): behavior changes due to nervous system effects, 

neurotransmitter level changes in the brain, changes in 
immune response 

 Additivity endpoint(s): Immune system, Nervous system 

Subchronic Non-Cancer Health-Based Value (nHBVSubchronic) = nHBVShort-term = 70 µg/L 

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Subchronic Intake Rate, L/kg-d) 
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= (0.18 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.074 L/kg-d)** 

= 486 rounded to 500 µg/L  

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5. 

 Reference Dose/Concentration: HED/Total UF = 54.7/300 = 0.18 mg/kg-d (F344 rats) 
 Source of toxicity value: Determined by MDH in 2019 
 Point of Departure (POD): 238 mg/kg-d (BMDL10; USEPA, 2005 using NTP, 1990) 
 Dose Adjustment Factor (DAF):  0.23, Body weight scaling, default (USEPA, 2011b) (MDH, 

2017)  
 Human Equivalent Dose (HED): POD x DAF = 238 mg/kg-d x 0.23 = 54.7 mg/kg-d 
 Total uncertainty factor (UF): 300 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability, and 10 for database uncertainty 
(concerns regarding lack of evaluation of immunological 
and neurotoxicity endpoints. Alterations in immune 
response and in behavior were reported in shorter-term 
studies at doses lower than the subchronic and chronic 
PODs.) 

 Critical effect(s): Increased liver and kidney weights (with histological 
changes in higher doses) 

 Co-critical effect(s): Increased liver weight, behavior changes due to nervous 
system effects, neurotransmitter level changes in the 
brain, changes in immune response and 
immunosuppression 

 Additivity endpoint(s): Hepatic (liver) system, Immune system, Nervous system, 
Renal (kidney) system 

The Subchronic nHBV must be protective of the short-term exposures that occur within the 
subchronic period and therefore, the Subchronic nHBV is set equal to the Short-term nHBV of 
70 µg/L. Additivity endpoints: Immune system, Nervous system. 

Chronic Non-Cancer Health-Based Value (nHBVChronic) = nHBVShort-term = 70 µg/L 

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Chronic Intake Rate, L/kg-d) 

= (0.055 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.045 L/kg-d)** 

= 244 rounded to 200 µg/L 
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*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5. 

 Reference Dose/Concentration: HED/Total UF = 54.7/1000 = 0.055 mg/kg-d (F344 Rat) 
 Source of toxicity value: Determined by MDH in 2019 
 Point of Departure (POD): 238 mg/kg-d (BMDL; NTP, 1990; subchronic exposure) 
 Dose Adjustment Factor (DAF):  0.23, Body weight scaling, default (USEPA, 2011b)(MDH, 

2017) 
 Human Equivalent Dose (HED): POD x DAF = 238 mg/kg-d x 0.23 = 54.7 mg/kg-d 
 Total uncertainty factor (UF): 1000 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability, 10 for database uncertainty (For 
concerns regarding lack of evaluation of immunological 
and neurotoxicity endpoints. Alterations in immune 
response and in behavior were reported in shorter-term 
studies at doses lower than the subchronic and chronic 
PODs), and 3 for subchronic to chronic extrapolation  

 Critical effect(s): Increased liver and kidney weights (with histological 
changes in higher doses) 

 Co-critical effect(s): Increased liver weight, behavior changes due to nervous 
system effects, neurotransmitter level changes in the 
brain, changes in immune response and 
immunosuppression 

 Additivity endpoint(s): Hepatic (liver) system, Immune system, Nervous system, 
Renal (kidney) system 

The Chronic nHBV must be protective of the short-term exposures that occur within the chronic 
period and therefore, the Chronic nHBV is set equal to the Short-term nHBV of 70 µg/L. Additivity 
endpoints: Immune system, Nervous system. 

Cancer Health-Based Value (cHBV) = Not Applicable 

 Cancer classification: Inadequate information to assess the carcinogenic 
potential in humans (USEPA, 2005) 

 Slope factor (SF): Not Applicable 
 Source of cancer slope factor (SF): Not Applicable 
 Tumor site(s): Not Applicable 

Volatile:  Yes (high) 

Summary of Guidance Value History: 
A non-cancer health risk limit (HRL) of 1000 µg/L was promulgated in 1993/1994. Short-term, 
subchronic, and chronic health-based values (HBV) of 200 µg/L were derived in 2009 and were 
promulgated as HRLs in 2011. In 2019, MDH re-evaluated the non-cancer HRLs, resulting in lower 



Toluene - 4 

water guidance values of 70 µg/L for the short-term, subchronic, and chronic durations. The changes to 
existing guidance were the result of 1) using MDH’s most recent risk assessment methodology and 2) 
rounding to one significant digit. In 2020 MDH updated intake rates (US EPA 2019). Use of the updated 
intake rates did not result in changes to the 2019 values.  

Summary of toxicity testing for health effects identified in the Health Standards Statute (144.0751): 
Even if testing for a specific health effect was not conducted for this chemical, information about that effect might be 
available from studies conducted for other purposes. MDH has considered the following information in developing health 
protective guidance. 

 Endocrine Immunotoxicity Development Reproductive Neurotoxicity 
Tested for 
specific effect? No Yes Yes No Yes 

Effects 
observed? - 1 Yes2 Yes3 - 4 Yes5 

Comments on extent of testing or effects: 
1Endocrine activity of toluene has not been studied. However, increased adrenocorticotropic hormone 
(ACTH) was observed at the highest dose tested in a short-term drinking water study in mice. The 
biological significance of this limited data is uncertain.  
2The short-term reference dose is based on immunosuppression (decreased lymphocyte culture 
responses and decreased antibody PFC responses) in male mice. The immunological effect of 
decreased IL-2 production was seen at similar doses in other studies, and was included as co-critical 
effect for the subchronic and chronic durations. In a single dose study, additional immunological 
effects were seen at doses approximately 800 times higher than the short-term RfD. A database 
uncertainty factor was added to the subchronic and chronic RfDs to account for a lack of 
immunological studies at longer durations.  
3Neurodevelopmental behavioral effects as well as other developmental effects (fetal body weight and 
organ weight decreases, kidney pelvis dilation) have been seen at doses 1,000 (fetal body weight and 
organ weight decreases) and up to 3,000 (kidney pelvis dilation) times higher than the short-term RfD.  
4Oral exposure multigenerational or reproductive studies have not been conducted. No functional 
reproductive effects were observed in single dose developmental studies at doses up to 3,000 times 
the short-term RfD. Increased testicular weights were observed at high doses in a systemic subchronic 
study, but reproductive performance was not evaluated. 
5Several short-term and subchronic studies have reported changes in brain neurotransmitter levels, 
histological changes in the brain, and mild behavioral changes in rodents. Changes in neurotransmitter 
levels as well as mild behavior changes were observed at similar doses to the critical effects dose 
ranges, and were included as co-critical effects for the short-term, subchronic, and chronic durations. A 
database uncertainly factor was added to the subchronic and chronic RfDs to account for a lack of 
neurological studies at longer durations.  
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Toxicological Summary for: 1,2,4-Trimethylbenzene;  
1,3,5- Trimethylbenzene; and 1,2,3-Trimethylbenzene 
CAS:  95-63-6; 108-67-8; 526-73-8 
1,2,4-Trimethylbenzene Synonyms: 1,2,4-TMB; pseudocumene; asymmetrical trimethylbenzene 
1,3,5-Trimethylbenzene Synonyms: 1,3,5-TMB; mesitylene; symmetrical trimethylbenzene 
1,2,3-Trimethylbenzene Synonyms: 1,2,3-TMB; hemimellitene; hemellitol; pseudocumol 
 
The trimethylbenzene (TMB) isomers, 1,2,4-TMB, 1,2,3-TMB, and 1,3,5-TMB, have similar 
chemical structures and properties. Toxicological studies in laboratory animals demonstrate 
similar health effects at similar dose levels and durations (USEPA 2016). Based on these 
similarities, the Minnesota Department of Health (MDH) used the information provided in the 
2016 USEPA IRIS review to derive HBVs for the short-term, subchronic, and chronic durations 
that are applicable for all three isomers.  

Acute Non-Cancer Health Based Value (nHBVAcute) = Not Derived (Insufficient Data) 

Short-term Non-Cancer Health Based Value (nHBVShort-term) = 30 μg/L 

(Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Short-term Intake Rate, L/kg-d) 

= (0.042 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.290 L/kg-d)** 

= 28.9 rounded to 30 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5. 

 Reference Dose/Concentration: HED/Total UF = 4.2/100 = 0.042 mg/kg-d (Wistar 
rat) 

 Source of toxicity value: Determined by MDH in 2018 
 Point of Departure (POD): 22.0 mg/m3 (MDH calculated continuous inhalation 

exposure based on Gralewicz et al 1997 for NOAEL 
of 123 mg/m3 identified in USEPA, 2016) 

 Dose Adjustment Factor (DAF):  0.19 mg/kg-d per mg/m3 (ratio of subchronic oral 
PODHED (3.5 mg/kg-d) to inhalation PODHEC (18.15 
mg/m3) from (USEPA, 2016). Chemical-Specific 
PBPK model-based route-to-route extrapolation.)  



 Human Equivalent Dose (HED): POD x DAF = 22.0 mg/m3 x 0.19 mg/kg-d per mg/m3 
= 4.2 mg/kg-d 

 Total uncertainty factor (UF): 100 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 

10 for intraspecies variability, and 3 for database 
uncertainty (lack of a multi-generation 
developmental/reproductive study and lack of a 
neurodevelopmental study) 

 Critical effect(s): Central nervous system changes (increased open 
field grooming), decreased pain sensitivity 
(lowered step down latency and paw lick latency) 

 Co-critical effect(s): Central nervous system changes (impaired learning 
of passive avoidance and deleterious effects on 
locomotor activity), decreased pain sensitivity (paw 
lick latency) 

 Additivity endpoint(s): Nervous system 

Subchronic Non-Cancer Health Based Value (nHBVSubchronic) = nHBVShort-term = 30 µg/L 

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Subchronic Intake Rate, L/kg-d) 

= (0.035 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.074 L/kg-d)** 

= 94.5 rounded to 90 µg/L  

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5. 

 Reference Dose/Concentration: HED/Total UF = 3.5/100 = 0.035 mg/kg-d (Wistar 
rat) 

 Source of toxicity value: USEPA, 2016 
 Point of Departure (POD): PODADJ (0.099 mg/L) weekly average blood 

concentration resulting from an inhalation PODHEC 
of 18.15 mg/m3 (dose metric from Korsak and 
Rydzynski, 1996 calculated by EPA, Table 2-5, 
USEPA, 2016)  

 Dose Adjustment Factor (DAF):  Chemical-Specific PBPK model as calculated by 
USEPA, 2016 (USEPA, 2016) 

 Human Equivalent Dose (HED): 3.5 mg/kg-d (PBPK basis as calculated by USEPA, 
2016 (page 2-34)) 

 Total uncertainty factor (UF): 100 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 

10 for intraspecies variability, and 3 for database 



uncertainty (lack of a multi-generation 
developmental/reproductive study and lack of a 
neurodevelopmental study) 

 Critical effect(s): Decreased pain sensitivity (paw lick latency) 
 Co-critical effect(s): Central nervous system changes (impaired learning 

of passive avoidance and deleterious effects on 
locomotor activity), decreased pain sensitivity (paw 
lick latency) 

 Additivity endpoint(s): Nervous system 

The Subchronic nHBV must be protective of short-term exposures that occur within the 
subchronic period and therefore, the Subchronic nHBV is set equal to the Short-term nHBV 
of 30 µg/L. Additivity endpoints: Nervous system 

Chronic Non-Cancer Health Based Value (nHBVChronic) = (nHBVShort-term) = 30 μg/L 

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Chronic Intake Rate, L/kg-d) 

= (0.012 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.045 L/kg-d)** 

= 53.3 rounded to 50 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5. 

 Reference Dose/Concentration: HED/Total UF = 3.5/300 = 0.012 mg/kg-d (Wistar 
rat) 

 Source of toxicity value: USEPA, 2016  
 Point of Departure (POD): PODADJ (0.099 mg/L) weekly average blood 

concentration resulting from an inhalation PODHEC 
of 18.15 mg/m3 (dose metric from Korsak and 
Rydzynski, 1996 calculated by EPA, Table 2-5, 
USEPA, 2016) (subchronic exposure) 

 Dose Adjustment Factor (DAF):  Chemical-Specific PBPK model as calculated by 
USEPA, 2016 (USEPA, 2016) 

 Human Equivalent Dose (HED): 3.5 mg/kg-d (PBPK basis as calculated by USEPA, 
2016 (page 2-34)) 

 Total uncertainty factor (UF): 300 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 

10 for intraspecies variability, 3 for database 
uncertainty (lack of a multi-generation 
developmental/reproductive study and lack of a 
neurodevelopmental study), and 3 for subchronic 



to chronic extrapolation (use of subchronic study 
and slight potential for an increased severity of 
effects with increasing duration) 

 Critical effect(s): Decreased pain sensitivity (paw lick latency) 
 Co-critical effect(s): Central nervous system changes (impaired learning 

of passive avoidance and deleterious effects on 
locomotor activity), decreased pain sensitivity (paw 
lick latency) 

 Additivity endpoint(s): Nervous system 

The Chronic nHBV must be protective of the short-term and subchronic exposures that occur 
within the chronic period and therefore, the Chronic nHBV is set equal to the Short-term 
nHBV of 30 µg/L. Additivity endpoints: Nervous system 

Cancer Health Based Value (cHBV) = Not Applicable 

 Cancer classification: Not Classified 
 Slope factor (SF): Not Applicable 
 Source of cancer slope factor (SF): Not Applicable 
 Tumor site(s): Not Applicable 

Volatile: Yes (high) 

Summary of Guidance Value History: 
Short-term, subchronic, and chronic duration health-based values (HBV) of 100 µg/L were 
derived for 1,3,5-TMB in 2008 and promulgated as health-risk limits (HRL) in 2009. Short-term, 
subchronic, and chronic duration risk assessment advice (RAA) of 100 µg/L was derived for 
1,2,4-TMB in 2010, and was based on the  MDH guidance values for 1,3,5-TMB. The derived 
guidance values for 1,3,5-TMB and 1,2,4-TMB were re-evaluated in 2018. The re-evaluation 
included one additional TMB isomer, 1,2,3-TMB. All three isomers were evaluated together for 
the purposes of updating and deriving guidance values. As a result of the 2018 re-evaluation, 
short-term, subchronic, and chronic HBVs of 30 µg/L were derived for all three TMB isomers 
(1,2,3-; 1,2,4-; and 1,3,5-). The values are lower than previous MDH guidance as a result of 1) 
incorporation of more recent toxicological information, 2) route-to-route extrapolation using 
US EPA PBPK results, and 3) rounding to one significant digit. In 2020 MDH incorporated 
updated intake rates (US EPA 2019). Using the updated intake rates did not result in changes to 
the 2018 values. 

Summary of toxicity testing for health effects identified in the Health Standards Statute (144.0751): 
Even if testing for a specific health effect was not conducted for this chemical, information about that effect might 
be available from studies conducted for other purposes. MDH has considered the following information in 
developing health protective guidance. 



 Endocrine Immunotoxicity Development Reproductive Neurotoxicity 
Tested for 
specific effect? No No Yes Yes Yes 

Effects 
observed? -1 -2 Yes3 Yes4 Yes5 

Comments on extent of testing or effects: 
1Endocrine activity of the trimethylbenzene isomers has not been tested. There is some 
evidence that other alkylbenzenes may modulate endocrine function and signaling. 
Alkylbenzene alterations of hormone concentrations may be tied to alterations in fetal growth 
and the development of inflammatory responses.  
2Immunotoxicity was not directly tested with trimethylbenzene isomers. Studies examining 
nonimmune endpoints reported increases in immune and inflammatory cells and alveolar 
macrophages in lung lavage fluid. The increased macrophages could potentially indicate 
immune suppression activity at high doses in laboratory animals.  
3Limited information is available on the developmental effects of the trimethylbenzene 
isomers. Decreased fetal body weight in decreased maternal body weight was observed in 
laboratory animals at doses over 3000 times higher than the reference dose for the short-term 
duration. The lack of a multigenerational study is addressed with a database uncertainty factor 
for all three durations.  
4 Limited information is available on the reproductive effects of the trimethylbenzene isomers. 
Decreased maternal body weight in addition to decreased fetal body weight was observed in 
laboratory animals at doses over 3000 times higher than the reference dose for the short-term 
duration. The lack of a multi-generational study is addressed with a database uncertainty factor 
for all three durations.  
5The reference doses for the short-term, subchronic, and chronic durations are based on 
neurotoxicity endpoints (central nervous system disturbances and decreased pain sensitivity) 
observed in inhalation studies. Co-critical effects are also based on the same nervous system 
effects at doses up to the non-PBPK adjusted dose associated with the reference dose.  
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Toxicological Summary for: Tris(2-butoxyethyl) Phosphate 
CAS:  78-51-3 
Synonyms: TBEP, Tributoxyethyl phosphate 

Acute Noncancer Health-Based Value (nHBVAcute) = Not Derived (Insufficient Data) 

Short-term Noncancer Health-Based Value (nHBVShort-term) = 30 μg/L  

(Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Short-term Intake Rate, L/kg-d) 

= (0.043 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.290 L/kg-d)** 

= 29.6 rounded to 30 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. Based on the potential for infants to be exposed at levels equal to 
a significant fraction of the short-term MDH RfD value from house dust (Fromme, 2014), an RSC of 0.2 has been used. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5. 

 Reference Dose/Concentration: HED/Total UF = 4.34 / 100 = 0.043 mg/kg-d (SD rats) 
 Source of toxicity value: Determined by MDH in 2020 
 Point of Departure (POD): 18.08 mg/kg-d (administered dose BMDL10, HRI, 1996) 
 Dose Adjustment Factor (DAF):  0.24 sex averaged body weight scaling, default (US EPA 

2011 and MDH 2017) 
 Human Equivalent Dose (HED): POD x DAF = 18.08 mg/kg-d x 0.24 = 4.34 mg/kg-d 
 Total uncertainty factor (UF): 100 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability, and 3 for database uncertainty due 
to a lack of any 2-generational study and additional studies 
in a second test species 

 Critical effect(s): Liver cell vacuolization 
 Co-critical effect(s): None 
 Additivity endpoint(s): Hepatic (liver) system 
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Subchronic Noncancer Health-Based Value (nHBVSubchronic) = nHBVShort-term = 30 µg/L  

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Subchronic Intake Rate, L/kg-d) 

= (0.022 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.074 L/kg-d)** 

= 59.4 rounded to 60 µg/L  

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5. 

 Reference Dose/Concentration: HED/Total UF = 2.23 / 100 = 0.022 mg/kg-d (SD rats) 
 Source of toxicity value: Determined by MDH in 2020 
 Point of Departure (POD): 8.92 mg/kg-d (administered dose BMDL10, Reyna & Thake, 

1987) 
 Dose Adjustment Factor (DAF):  Body weight scaling, default (US EPA 2011 and MDH 2017) 
 Human Equivalent Dose (HED): POD x DAF = 8.92 mg/kg-d x 0.25 = 2.23 mg/kg-d 
 Total uncertainty factor (UF): 100 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability, and 3 for database uncertainty due 
to a lack of any 2-generational study and additional studies 
in a second test species 

 Critical effect(s): Liver cell vacuolization 
 Co-critical effect(s): None 
 Additivity endpoint(s): Hepatic (liver) system 

The Subchronic nHBV must be protective of the short-term exposures that occur within the 
subchronic period and therefore, the Subchronic nHBV is set equal to the Short-term nHBV of 30 
µg/L. Additivity endpoints: Hepatic (liver) system 

Chronic Noncancer Health-Based Value (nHBVChronic) = 30 µg/L 

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Chronic Intake Rate, L/kg-d) 

= (0.0074 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.045 L/kg-d)** 

= 32.8 rounded to 30 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5. 

 Reference Dose/Concentration: HED/Total UF = 2.23 / 300 = 0.0074 mg/kg-d (SD rats) 
 Source of toxicity value: Determined by MDH in 2020 
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 Point of Departure (POD): 8.92 mg/kg-d (administered dose BMDL10, Reyna & Thake, 
1987, subchronic exposure) 

 Dose Adjustment Factor (DAF):  Body weight scaling, default (US EPA 2011 and MDH 2017)  
 Human Equivalent Dose (HED): POD x DAF = 8.92 mg/kg-d x 0.25 = 2.23 mg/kg-d 
 Total uncertainty factor (UF): 300 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability, and 3 for database uncertainty due 
to a lack of any 2-generational study and additional studies 
in a second test species, and 3 for use of a subchronic 
study for chronic guidance 

 Critical effect(s): Liver cell vacuolization 
 Co-critical effect(s): None 
 Additivity endpoint(s): Hepatic (liver) system 

Cancer Health-Based Value (cHBV) = Not Applicable 

 Cancer classification: Not Classified 
 Slope factor (SF): Not Applicable 
 Source of cancer slope factor (SF): Not Applicable 
 Tumor site(s): Not Applicable 

Volatile: No 

Summary of Guidance Value History: 
In 2020 MDH derived guidance for TBEP. Previously no MDH guidance existed. Later in 2020 MDH 
incorporated updated intake rates (US EPA 2019). Use of the updated intake rates did not result in any 
changes to the guidance values.  

Summary of toxicity testing for health effects identified in the Health Standards Statute (144.0751): 
Even if testing for a specific health effect was not conducted for this chemical, information about that effect might be 
available from studies conducted for other purposes. MDH has considered the following information in developing health 
protective guidance. 

 Endocrine Immunotoxicity Development Reproductive Neurotoxicity 
Tested for 
specific effect? No No Yes Yes Yes 

Effects 
observed? -1 -2 No3 Yes4 Yes5 

Comments on extent of testing or effects: 
1 No specific animal studies are available. A general toxicity study in rats noted a slight endocrine 
system organ weight change (thyroid) at a dose approximately 2,000 times higher than the subchronic 
reference dose. In cell culture studies, a small number of tests have been positive for endocrine 
activity. 
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2 No specific animal studies are available. A general toxicity study in rats noted a slight decrease in 
spleen weight after five weeks of exposure at a dose over 10,000 times higher than the short-term 
reference dose. A small reduction in white blood cells has also been reported in two studies at doses 
over 6,000 times higher than the subchronic reference dose. 

3 Two studies have examined developmental effects in rats, and neither reported developmental 
effects at doses 1,700 and 8,000 times higher than the short-term reference dose. However, due to the 
lack of specific developmental studies and the lack of a second test species, a database uncertainty 
factor was applied. 

4 Male reproductive toxicity in adult rats was reported at a dose 1,700 times higher than the short-
term reference dose. A slight increase in testis weight and a slight decrease in ovary weight has been 
reported at doses over 10,000 times higher than the subchronic reference dose. A database 
uncertainty factor has been applied due to the overall lack of reproductive studies. 

5 Neurotoxicity has been examined in two dated studies where effects were not seen until 
approximately 5,000 – 10,000 times higher than the short-term reference dose. Serum cholinesterase 
decreases have also been observed at doses 1,000 – 10,000 times higher than the subchronic reference 
dose.  
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Toxicological Summary for: Tris - (1,3 - dicholorisopropyl) phosphate 
CAS:  13674-87-8 
Synonyms: Tris(1,3-dichloro-2-propyl)phosphate; Tri[2-chloro-1-(chloromethyl)ethyl] phosphate;  

Fyrol FR 2; TDCPP; TDCP 

Acute Non-Cancer Health Based Value (nHBVAcute) = Not Derived (Insufficient Data) 

Short-term Non-Cancer Health Based Value (nHBVShort-term) = Not Derived (Insufficient Data) 

Subchronic Non-Cancer Health Based Value (nHBVSubchronic) = 20 µg/L 

= (Reference Dose, mg/kg/d) x (Relative Source Contribution) x (Conversion Factor) 
(Subchronic intake rate, L/kg-d) 

= (0.0067 mg/kg/d) x (0.2)* x (1000 µg/mg) 
(0.074 L/kg-d)** 

= 18 rounded to 20 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3, and 3-5. 

Reference Dose/Concentration: 0.0067 mg/kg-d (mice) 
Source of toxicity value: MDH, 2013 

Point of Departure: 15 mg/kg-d (NOAEL from 3 month dietary study by Kamata 
et al 1989) 

Human Equivalent Dose (MDH, 2011): 15 x 0.13 = 2.0 mg/kg-d (MDH 2011) 
Total uncertainty factor: 300 

Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 
intraspecies variability, and 10 for database uncertainty (to 
address no or inadequate information regarding 
developmental/reproductive function, neurological, 
immune and endocrine effects) 

Critical effect(s): Increased liver and kidney weights 
Co-critical effect(s): None 
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Additivity endpoint(s): Hepatic (liver) system, Renal (kidney) system 

Chronic Non-Cancer Health Based Value (nHBVChronic) = 8 µg/L 

= (Reference Dose, mg/kg/d) x (Relative Source Contribution) x (Conversion Factor) 
(Chronic intake rate, L/kg-d) 

= (0.0019 mg/kg/d) x (0.2)* x (1000 µg/mg) 
(0.045 L/kg-d)** 

= 8.4 rounded to 8 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3, and 3-5. 

Reference Dose/Concentration: 0.0019 mg/kg-d (rats) 
Source of toxicity value: MDH, 2013 

Point of Departure: 1.94 mg/kg-d (BMDL10% calculated by ATSDR 2012 based on 
renal tubule epithelial hyperplasia reported in 
Bio/dynamics 1981) 

Human Equivalent Dose (MDH, 2011): 1.94 x 0.29 = 0.56 mg/kg-d (MDH 2011) 
Total uncertainty factor: 300 

Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 
intraspecies variability, and 10 for database uncertainty (to 
address no or inadequate information regarding 
developmental/reproductive function, neurological, 
immune and endocrine effects) 

Critical effect(s): Renal tubule epithelial hyperplasia and seminal vesicle 
atrophy 

Co-critical effect(s): None 
Additivity endpoint(s): Renal (kidney) system; Male reproductive system 

Cancer Health Based Value (cHBV) =  0.8 µg/L 

=  (Additional Lifetime Cancer Risk) x (Conversion Factor)  
    [(SF x ADAF<2 yr x IR<2yr x 2) + (SF x ADAF2-<16 yr x IR2-<16yr x 14) + (SF x ADAF16+ yr x IR16+yr x 54)] / 70 

= (1E-5) x (1000 µg/mg)  
   [(0.13 x 10* x 0.155 L/kg-d** x 2) + (0.13 x 3* x 0.040 L/kg-d** x 14) + (0.13 x 1* x 0.042 L/kg-d** x 54)] / 70 

= 0.764 rounded to 0.8 µg/L   

*ADAF (Age-dependent adjustment factor) and Lifetime Adjustment Factor: MDH 2008, Section IV.E.2. 
**Intake Rate: MDH 2008, Section IV.E.2. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3, and 3-5. 
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Cancer classification: Has not been classified by US EPA 
Probable human carcinogen (Consumer Product Safety 
Commission 2006) 
Identified under Proposition 65 as a chemical known to cause 
cancer (CalEPA 2012)   

Slope factor: 0.13 per mg/kg-d (2 year dietary study in rats, Freudenthal and 
Henrich 2000) 

Source of slope factor: CalEPA 2012 
Tumor site(s): Liver, kidney and testes 

Volatile: No 

Summary of Guidance Value History: 
Guidance values for TDCPP were developed in 2013. In 2021 MDH incorporated updated intake rates 
(US EPA 2019). Use of the updated intake rates resulted in a change in the chronic duration water 
guidance value from 9 µg/L to 8 µg/L. 

Summary of toxicity testing for health effects identified in the Health Standards Statute: 
 Endocrine Immunotoxicity Development Reproductive Neurotoxicity 
Tested? Yes Yes Yes Yes Yes 

Effects? Yes1 Yes2  Yes3 Yes4 Yes5  
Note: Even if testing for a specific health effect was not conducted for this chemical, information about that effect might be 
available from studies conducted for other purposes. Most chemicals have been subject to multiple studies in which 
researchers identify a dose where no effects were observed, and the lowest dose that caused one or more effects. A 
toxicity value based on the effect observed at the lowest dose across all available studies is considered protective of all 
other effects that occur at higher doses. 

Comments on extent of testing or effects: 
1 A recent epidemiological study reported significant associations between serum prolactin and free T4 levels 

and TDCPP levels in household dust. However, study limitations preclude drawing conclusions from these 
observations. Oral toxicity studies in laboratory animals have mainly been limited to organ weights and 
histological assessments. Chronic exposure resulted in effects on male reproductive organs and increased 
thyroid weights at higher doses (> 2,600-fold higher than the chronic RfD). Hormonal measurements, 
however, were not taken. Studies conducted in vitro and in zebrafish demonstrate that TDCPP affects 
steroidogenesis, acts as an estrogen receptor antagonist and alters thyroid hormone concentrations. A 
database uncertainty factor has been incorporated into the derivation of the RfD to address the inadequate 
dataset regarding endocrine activity. 

2 Oral studies of immunological effects have been limited to measurements of thymus and spleen organ weights 
which do not appear to be sensitive endpoints.  However, a 4 day subcutaneous injection study reported 
changes in immune function. In addition immune effects have been observed following exposure to other 
triphosphate flame retardants. A database uncertainty factor has been incorporated into the derivation of the 
RfD to address the inadequate oral toxicity dataset regarding immunological assessment. 

3 Oral mammalian developmental studies are limited. No multigeneration studies have been conducted. Two 
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developmental studies reported increased incidence of fetal death as dose levels resulting in maternal 
toxicity. These dose levels were more than 3000-fold higher than the subchronic and chronic RfDs. 

4 Male reproductive organ effects were observed at the lowest dose tested in a 2 year dietary study in rats. 
These effects, in part, form the basis of the chronic RfD. Oral studies regarding functional reproductive effects 
are limited. No multigeneration studies have been conducted. Female reproductive effects have not been 
adequately assessed. Effects on male reproductive ability were not observed in a 12 week study in rabbits. A 
database uncertainty factor has been incorporated into the derivation of the RfD to address the inadequate 
dataset regarding reproductive toxicity. 

5 Oral studies regarding neurotoxicity are limited. A 2 year dietary study did not report clinical signs or 
morphological changes in the brain. Changes in red blood cell cholinesterase were measured but were 
inconsistent throughout the study. No developmental neurobehavioral effects were reported following in 
utero exposure but data reporting in that particular study were limited. Studies on other structurally related 
chemicals suggest the need for additional studies. A database uncertainty factor has been incorporated into 
the derivation of the RfD to address the inadequate dataset regarding neurological assessment. 
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Toxicological Summary for: Venlafaxine 
CAS: 93413-69-5 (free base) 
  99300-78-4 (HCl salt, Effexor XR) 
Synonyms: Venlafaxine-HCl (Effexor XR); 1-[2-(dimethylamino)-1-(4-methoxyphenyl) ethyl] 
cyclohexanol (IUPAC) 

Acute Non-Cancer Health Based Value (nHBVAcute) = Not Derived (Insufficient Data) 
 

Short-term Non-Cancer Health Based Value (nHBVShort-term) = 10 ug/L  
 

(Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Short-term intake rate, L/kg-d) 

 
= (0.0054 mg/kg-d) x (0.8*) x (1000 µg/mg) 

(0.290 L/kg-d)** 
 

= 14.9 rounded to 10 µg/L 
 
 

 * MDH utilizes the U.S. EPA Exposure Decision Tree (U.S. EPA 2000) to select appropriate RSCs, ranging from 0.2 to 0.8. An 
RSC greater than 0.8 may be warranted for those who have no other route of exposure besides drinking water because of 
the unlikelihood of exposure from any other sources. However, without additional information a specific value cannot be 
determined at this time. Therefore, the recommended upper limit default of 0.8 was utilized. For those who take 
venlafaxine according to prescription the additional drinking water exposure will be negligible.  For nursing infants whose 
mothers are taking venlafaxine, the drinking water exposure from supplemental bottle-feeding will also be negligible.  
** Intake Rate: MDH, 2008, Section IV.E.1 and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5 

  
Reference Dose/Concentration: 0.0054 mg/kg-d (human) 

Source of toxicity value: MDH, 2014 
Point of Departure (POD): 0.54 mg/kg-d (LOAEL, lowest starting dose of 37.5 mg/d from 

Wyeth Pharmaceuticals, 2014a) 
Human Equivalent Dose (MDH, 2011): n/a 

Total uncertainty factor: 100 
Uncertainty factor allocation: 10 for intraspecies variability and 10 for use of LOAEL  

Critical effect(s): Developmental (persistent pulmonary hypertension and nervous 
system effects), gastrointestinal system (nausea, constipation), 
male reproductive effects (decreased libido, abnormal orgasm, 
erectile dysfunction, ejaculation failure/disorder), and nervous 
system effects (effects on serotonin hormone receptor 
interaction, sweating, abnormal dreams, and dizziness, and 
neuroendocrine-mediated increases in blood pressure) 

Co-critical effect(s): None 
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Additivity endpoint(s): Developmental, Gastrointestinal system, Male reproductive 
system, Nervous system (E) 

Subchronic Non-Cancer Health Based Value (nHBVSubchronic) = Short-term HBV = 10 µg/L 

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Subchronic intake rate, L/kg-d) 

= (0.0054 mg/kg-d) x (0.8*) x (1000 µg/mg) 
(0.074 L/kg-d)** 

= 58 rounded to 60 µg/L 

*Refer to RSC explanation provided for the short-term non-cancer health risk limit.
** Intake Rate: MDH, 2008, Section IV.E.1 and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5

Reference Dose/Concentration: 0.0054 mg/kg-d (human) 
Source of toxicity value: MDH, 2014 

Point of Departure (POD): 0.54 mg/kg-d (LOAEL, lowest starting dose of 37.5 mg/d and 
lowest dose tested in a 6-month clinical trial, Cobalt 
Pharmaceutical Co. 2014, Emslie et al. 2007a, Emslie et al. 
2007b) 

Human Equivalent Dose (MDH, 2011): n/a 
Total uncertainty factor: 100 

Uncertainty factor allocation: 10 for intraspecies variability and 10 for use of LOAEL 
Critical effect(s): Cardiovascular system (neuroendocrine-mediated increases in 

blood pressure), developmental (persistent pulmonary 
hypertension and nervous system effects), gastrointestinal 
system (constipation), male reproductive effects (effects on 
orgasm, ejaculation failure, decreased libido), and nervous 
system (effects on serotonin hormone receptor interaction, 
abnormal dreams, sweating, and neuroendocrine-mediated 
increases in blood pressure)  

Co-critical effect(s): Nervous system (mydriasis or dilation of pupils) 
Additivity endpoint(s): Cardiovascular system, Developmental, Gastrointestinal system, 

Male reproductive system, Nervous system (E) 

The Subchronic nHBV must be protective of the acute, and short-term exposures that occur within the 
subchronic period and therefore, the Subchronic nHBV is set equal to the Short-term nHBV of 10 µg/L. 
Additivity endpoints: Developmental, Gastrointestinal system, Male reproductive system, Nervous system (E) 
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Chronic Non-Cancer Health Based Value (nHBVChronic) = Short-term HBV = 10 µg/L 

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Chronic intake rate, L/kg-d) 

= (0.0054 mg/kg-d) x (0.8*) x (1000 µg/mg) 
(0.045 L/kg-d)** 

= 96 rounded to 100 µg/L 

*Refer to RSC explanation provided for the short-term non-cancer health risk limit.
** Intake Rate: MDH, 2008, Section IV.E.1 and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5

Reference Dose/Concentration: 0.0054 mg/kg-d (human) 
Source of toxicity value: MDH, 2014 

Point of Departure (POD): 0.54 mg/kg-d (LOAEL, lowest starting dose of 37.5 mg/d, and 
lowest dose tested in a 6-month clinical trial Cobalt 
Pharmaceutical Co. 2014, Emslie et al. 2007a, Emslie et al. 
2007b) 

Human Equivalent Dose (MDH, 2011): n/a 
Total uncertainty factor: 100 

Uncertainty factor allocation: 10 for intraspecies variability and 10 for use of LOAEL 
Critical effect(s): Cardiovascular system (neuroendocrine-mediated increases in 

blood pressure), developmental (persistent pulmonary 
hypertension in newborns and nervous system effects), 
gastrointestinal system (constipation), male reproductive effects 
(effects on orgasm, ejaculation failure, decreased libido), and 
nervous system (effects on serotonin hormone receptor 
interaction, abnormal dreams, sweating, and neuroendocrine-
mediated increases in blood pressure)  

Co-critical effect(s): Nervous system (mydriasis or dilation of pupils) 
Additivity endpoint(s): Cardiovascular system, Developmental, Gastrointestinal system, 

Male reproductive system, Nervous system (E) 

The Chronic nHBV must be protective of the acute, short-term, and subchronic exposures that occur within 
the chronic period and therefore, the Chronic nHBV is set equal to the Short-term nHBV of 10 µg/L. Additivity 
endpoints: Developmental, Gastrointestinal system, Male reproductive system, Nervous system (E) 

Cancer Health Based Value (cHBV) =    Not Applicable 

Volatile: No  

Summary of Guidance Value History:  
There are no previous drinking water guidance values for venlafaxine. All values are new. In 2020, MDH 
incorporated updated intake rates (US EPA 2019). Use of the updated intake rates did not result in any changes 
to the guidance values. 
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Summary of toxicity testing for health effects identified in the Health Standards Statute: 
 Endocrine Immunotoxicity Development Reproductive Neurotoxicity 
Tested? Yes Yes Yes Yes Yes 

Effects? Yes1 Yes2 Yes3 Yes4 Yes5 

Note: Even if testing for a specific health effect was not conducted for this chemical, information about that effect might be available 
from studies conducted for other purposes. Most chemicals have been subject to multiple studies in which researchers identify a dose 
where no effects were observed, and the lowest dose that caused one or more effects. A toxicity value based on the effect observed at 
the lowest dose across all available studies is considered protective of all other effects that occur at higher doses. 
 
Comments on extent of testing or effects: 
 
1Neuroendocrine effects related to serotonin and norepinephrine are identified as critical effects. Serotonin 
receptor interactions are the basis for the intended pharmacological action of venlafaxine and many of the 
adverse effects. Significant neuroendocrine-mediated increases in systolic blood pressure related to 
norepinephrine have been reported in some clinical trials and are considered as a critical effect. Doses more 
than 200 times higher than the RfD have been associated with sustained hypertension (defined as supine 
diastolic blood pressure (SDBP) ≥90 mm Hg and ≥10 mm Hg above baseline for 3 consecutive therapy visits). 
Other endocrine system effects have been described as “limited” and have generally occurred only at doses 
greater than those required for antidepressant therapeutic effects. Menstrual disorders in humans have been 
identified at doses over 200 times higher than the RfD. Inappropriate antidiuretic hormone secretion (SIADH) in 
the kidney has been reported as an adverse event in dehydrated patients. Rare reports of endocrine effects at 
therapeutic doses over 200 times higher than the RfD include galactorrhea, goiter, hyper- and hypothyroidism, 
thyroid nodule, thyroiditis, and increased prolactin.  
2Venlafaxine has been reported to have only limited effects on the immune system that generally occur at doses 
greater than those required for therapeutic antidepressant effects (more than 200 times higher than the RfD). 
Since depression is associated with alterations in immune function, the effects of antidepressants on the 
immune system have been of interest, primarily from the perspective of restoring immune function in depressed 
patients. Some reports suggest that antidepressant treatment, including venlafaxine, may have a beneficial anti-
inflammatory effect. In laboratory mice, effects on various pro-inflammatory cytokines were reported when 
mice were exposed to venlafaxine at HED doses more than 150 times higher than the RfD. 
3Developmental toxicity in humans is identified as a critical endpoint with effects in newborns exposed during 
the third trimester of pregnancy as a result of maternal antidepressant therapy. Effects on newborns exposed to 
therapeutic doses during the third trimester can be life-threatening and require hospitalization. Effects may 
include respiratory distress at birth and/or tachypnea, persistent pulmonary hypertension, cyanosis, apnea, 
seizures, tremor, irritability, temperature instability, vomiting, hypoglycemia, and changes in muscle tone. 
Exposure during pregnancy at doses more than 200 times higher than the RfD did not adversely affect behavior 
or IQ of children at age 3 to 6 years. In laboratory animals, developmental toxicity including decreased fetal size 
and pup weight, increased stillborn pups, and increased pup deaths during early lactation were reported at 
doses over 1,400 times higher than the RfD. 
4Male reproductive toxicity effects in humans are identified as critical effects for all durations. Female 
reproductive toxicity, including amenorrhea, dysmenorrhea or other menstrual disorders have been reported in 
humans at doses over 200 times higher than the RfD. 
5Nervous system effects are identified as critical effects for all durations. Venlafaxine is a neurologically-active 
drug with intended pharmacological effects on the nervous system. 
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Toxicological Summary for: Xylenes 
CAS:  1330-20-7 
Synonyms: xylene; xylene mixture; o-,m-,p-xylene; xylenes mixed isomers; xylol; dimethylbenzene 

Xylenes are a mixture of three isomers: meta-xylene (m-xylene), ortho-xylene (o-xylene), and para-
xylene (p-xylene) with the meta-isomer usually being the dominant part of the mixture at 40-70%. The 
exact composition of the commercial xylene grade depends on the source but a typical mixture will 
also contain ethylbenzene at 6 - 20% in addition to the three isomers. The environmental fate 
(transport, partitioning, transformation, and degradation) is expected to be similar for each of the 
xylene isomers based on the similarities of their physical and chemical properties (ATSDR, 2007). The 
metabolism of each individual isomer is thought to be similar, and the U.S. Environmental Protection 
Agency, 2003 IRIS Toxicological Review states that, “although differences in the toxicity of the xylene 
isomers have been detected, no consistent pattern following oral or inhalation exposure has been 
identified” (USEPA, 2003). 

Acute Non-Cancer Health Based Value (nHBVAcute) =700 μg/L  

(Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Acute Intake Rate, L/kg-d) 

= (1.0 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.290 L/kg-d)** 

= 689 rounded to 700 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1. 
**Intake Rate: MDH 2008, Section IV.E.1 and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5. 

 Reference Dose/Concentration: HED/Total UF = 30/30 = 1.0 mg/kg-d (Long Evans Rat)  
 Source of toxicity value: Determined by MDH in 2019 
 Point of Departure (POD): 125 mg/kg-d (NOAEL; Dyer, 1988 aci ATSDR 2007) 
 Dose Adjustment Factor (DAF):  0.24, Body weight scaling, default (MDH, 2017)(USEPA, 

2011)  
 Human Equivalent Dose (HED):  POD x DAF = 125 mg/kg-d x 0.24 = 30 mg/kg-d 
 Total uncertainty factor (UF): 30 
 Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability 
 Critical effect(s): Altered visual evoked potentials 
 Co-critical effect(s): None 
 Additivity endpoint(s): Nervous system 
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Short-term Non-Cancer Health Based Value (nHBVShort-term) = 300 μg/L  

(Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Short-term Intake Rate, L/kg-d) 

= (0.38 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.290 L/kg-d)** 

= 262 rounded to 300 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1.
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5.

Reference Dose/Concentration: HED/Total UF = 115/300 = 0.38 mg/kg-d (F344/N Rat) 
Source of toxicity value: Determined by MDH in 2019 

Point of Departure (POD): 500 mg/kg-d (NOAEL; NTP, 1986 (14 day study)) 
Dose Adjustment Factor (DAF): 0.23, Body weight scaling, default (MDH, 2017) (USEPA, 

2011) 
Human Equivalent Dose (HED): POD x DAF = 500 mg/kg-d x 0.23 = 115 mg/kg-d 

Total uncertainty factor (UF): 300 
Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability, and 10 for database uncertainty 
(lack of multigenerational reproductive study as well as 
adequate ototoxicity and neurotoxicity studies. 
Neurotoxicity was identified as a sensitive endpoint from 
inhalation studies.) 

Critical effect(s): Decreased body weight gain 
Co-critical effect(s): Altered visual evoked potentials, decreased fetal body 

weight, increased fetal malformations 
Additivity endpoint(s): Developmental, Nervous System 

Subchronic Non-Cancer Health Based Value (nHBVSubchronic) = 300 µg/L  

 (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Subchronic Intake Rate, L/kg-d) 

= (0.12 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.074 L/kg-d)** 

= 324 rounded to 300 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1.
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5.

Reference Dose/Concentration: HED/Total UF = 34.5/300 = 0.12 mg/kg-d (SD Rat) 
Source of toxicity value: Determined by MDH in 2019 

Point of Departure (POD): 150 mg/kg-d (NOAEL; Condie, 1988) 
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Dose Adjustment Factor (DAF): 0.23, Body weight scaling, default (MDH, 2017) (USEPA, 
2011) 

Human Equivalent Dose (HED): POD x DAF = 150 mg/kg-d x 0.23 = 34.5 mg/kg-d 
Total uncertainty factor (UF): 300 
Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability, and 10 for database uncertainty 
(lack of multigenerational reproductive study as well as 
adequate ototoxicity and neurotoxicity studies. 
Neurotoxicity was identified as a sensitive endpoint from 
inhalation studies.) 

Critical effect(s): Increased kidney weights, minimal chronic nephropathy 
Co-critical effect(s): Altered visual evoked potentials, decreased fetal body 

weight, decreased adult body weight gain, increased fetal 
malformations, hyperactivity  

Additivity endpoint(s): Developmental, Nervous system, Renal (kidney) system 

Chronic Non-Cancer Health Based Value (nHBVChronic) = nHBVSubchronic = 300 µg/L 

  (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Chronic Intake Rate, L/kg-d) 

= (0.16 mg/kg-d) x (0.2)* x (1000 µg/mg) 
(0.045 L/kg-d)** 

= 711 rounded to 700 µg/L 

*Relative Source Contribution: MDH 2008, Section IV.E.1.
**Intake Rate: MDH 2008, Section IV.E.1. and US EPA 2019, Exposure Factors Handbook, Tables 3-1, 3-3 and 3-5.

Reference Dose/Concentration: HED/Total UF = 48.3/300 = 0.16 mg/kg-d (F344/N rat) 
Source of toxicity value: Determined by MDH in 2019 

Point of Departure (POD): 179 mg/kg-d (NOAEL; NTP, 1986 (2 year study)) 
Dose Adjustment Factor (DAF): 0.27, Body weight scaling, default (MDH, 2017) (USEPA, 

2011) 
Human Equivalent Dose (HED): POD x DAF = 179 mg/kg-d x 0.27 = 48.3 mg/kg-d 

Total uncertainty factor (UF): 300 
Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for 

intraspecies variability, and 10 for database uncertainty 
(lack of multigenerational reproductive study as well as 
adequate ototoxicity and neurotoxicity studies. 
Neurotoxicity was identified as a sensitive endpoint from 
inhalation studies.) 

Critical effect(s): Decreased body weight gain 
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 Co-critical effect(s): Altered evoked visual potentials, decreased body weight 
gain, hyperactivity, minimal chronic nephropathy and 
increased kidney weights  

 Additivity endpoint(s): Nervous system, Renal (kidney) system 

The Chronic nHBV must be protective of the acute, short-term, and subchronic exposures that occur 
within the chronic period and therefore, the Chronic nHBV is set equal to the Subchronic nHBV of 
300 µg/L. Additivity endpoints: Developmental, Nervous system, Renal (kidney) system.  

Cancer Health Based Value (cHBV) = Not Applicable 

 Cancer classification: Not Classified 
 Slope factor (SF): Not Applicable 
 Source of cancer slope factor (SF): Not Applicable 
 Tumor site(s): Not Applicable 

Volatile:  Yes (high) 

Summary of Guidance Value History: 
A non-cancer Health Risk Limit (HRL) of 10,000 µg/L was promulgated in 1993/1994. Acute, short-term, 
subchronic, and chronic health-based values (HBV) of 800, 300, 300, and 300 µg/L, respectively, were 
derived in 2010 and were promulgated as HRLs in 2011. In 2019, MDH re-evaluated the non-cancer 
HRLs, resulting in a lower acute duration value of 700 µg/L and no changes to the values for short-
term, subchronic, and chronic durations. The changes to existing guidance were due to 1) using MDH’s 
most recent risk assessment methodology and 2) rounding to one significant digit. In 2020 MDH 
incorporated updated intake rates (US EPA 2019). Use of the updated intake rates did not result in 
changes to the 2019 guidance values.  
 

Summary of toxicity testing for health effects identified in the Health Standards Statute (144.0751): 
Even if testing for a specific health effect was not conducted for this chemical, information about that effect might be 
available from studies conducted for other purposes. MDH has considered the following information in developing health 
protective guidance. 

 Endocrine Immunotoxicity Development Reproductive Neurotoxicity 
Tested for 
specific effect? No Yes Yes Yes Yes 

Effects 
observed? - Yes1 Yes2 Yes3 Yes4 

Comments on extent of testing or effects: 
1Decreased thymus and spleen weights have been reported in laboratory animals at doses over 1,000 
times higher than the current short-term reference dose.  
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2Developmental effects are included as co-critical effects for the short-term, subchronic, and chronic 
durations. Increased fetal malformations, mostly cleft palate malformations, were observed in 
laboratory animals in the absence of maternal toxicity at doses less than one fold higher than doses 
that caused increased kidney weights and mild nephropathy and decrease body weight gain in short-
term, subchronic, and chronic duration studies.   
3Decreased uterine weight and increased resorptions have been reported in laboratory animals at 
doses approximately 700 times higher than the current short-term reference dose. Other studies in 
laboratory animals at similar doses reported no adverse reproductive effects.  
4The acute reference dose is based on neurotoxicity in male rats with observed effects of altered visual 
evoked potentials. Transient hyperactivity was observed in laboratory animals at doses at or less than 
one fold difference than doses observed to cause increased kidney weights and mild nephropathy in 
laboratory animals.  Nervous system effects of altered visual evoked potentials and transient 
hyperactivity were listed as co-critical effects for the short-term, subchronic, and chronic durations. 
The nervous system was identified as a sensitive endpoint following inhalation exposure.  
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An equal opportunity employer. 

P r o t e c t i n g ,  M a i n t a i n i n g  a n d  I m p r o v i n g  t h e  H e a l t h  o f  A l l M i n n e s o t a n s

November 22, 2022 

Mr. Thomas Carr  
Executive Budget Officer  
Minnesota Management and Budget 
658 Cedar St., Ste. 400  
St. Paul, MN 55155 

Re: Proposed Amendments to Rules Governing Health Risk Limits, Minnesota Rules, 
Parts 4717.7500, .7850, .7860; Revisor’s ID Number RD4587 

Dear Mr. Carr: 

Minnesota Statutes, section 14.131, requires that an agency engaged in rulemaking consult with 
the Commissioner of Minnesota Management and Budget “to help evaluate the fiscal impact and 
fiscal benefits of the proposed rule on units of local government.” 

Enclosed for your review are copies of the following documents on the above-referenced rule 
revisions:  

1. November 1, 2022, Revisor’s draft of the proposed rule; and
2. November 17, 2022, draft SONAR.

If you or any other representative of the Commissioner of Minnesota Management & Budget has 
questions about the proposed rule revisions, please email me at josh.skaar@state.mn.us. If 
necessary, you can also call me at 651-368-0751.  

Sincerely, 

  /s/ Josh Skaar 

Josh Skaar 
Senior Associate General Counsel 
Rulemaking Coordinator 
Minnesota Department of Health 
PO Box 64975 
St. Paul, MN 55164 
www.health.state.mn.us 

Enclosures: 

mailto:josh.skaar@state.mn.us
http://www.health.state.mn.us/
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