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A little bit about who I am
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• Introduction to Risk Assessment
• ‘Blue Baby’ syndrome (methemoglobinemia)
• Epidemiology studies of long term effects
• Co-occurring contaminants
• Final thoughts and questions

INFORMATION COVERED
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Presenter
Presentation Notes
introduce some basic concepts from risk assessment 
walk you through the nitrate risk assessment for methemoglobinemia
recent literature on nitrate and cancer
briefly talk about private well testing and co-occurring contaminants
thoughts  on nitrate from a risk assessment perspective
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• Dose makes the poison
• How much for how long
• One chemical paradigm

• Additive or synergistic
• Cumulative assessment

• Ultimately: What concentration of a chemical has little 
or no risk, even for those highly exposed and for 
sensitive populations?

TOXICOLOGY AND RISK ASSESSMENT
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Presenter
Presentation Notes
10,000 foot view of toxicology and risk assessment
Pickle example
In general, the more a person is exposed to something the more likely there are health effects. No magic dose.
We are only able to deeply study one chemical at a time, however in real life we are all exposed to multiple chemicals at a time
These chemicals can be additive, or even make each other more potent
MDH cumulative risk assessments. When two or more chemicals all affect the same organ system, we add their risk
Example: Alachlor degradates and nitrate both affect the blood system, so we would look at the risk to the blood system with those chemicals together
Ultimately, risk assessors try to identify the concentration of a chemical that has little or no risk, including for highly exposed individuals and sensitive populations
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• Hazard ID
• Dose-Response
• Exposure Assessment
• Risk Characterization

CONDUCTING A HUMAN HEALTH RISK ASSESSMENT
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Presenter
Presentation Notes
MDH follows the EPA guidance for how to conduct a risk assessment
four steps of risk assessment, walk through, then basic nitrate example
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• Can an exposure cause a health effect?
• Does it happen in humans?
• What is already known?

HAZARD ID
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Presenter
Presentation Notes
First step is hazard identification
Research step
Find as many sources of information as possible
Ask these types of questions
Is it biologically plausible that this chemical could cause these health effects?
Is it a health effect that is seen only in other animals, but not in humans, ex. Leydig Cell tumors
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• Describes how likely an adverse effect is after a 
certain amount of exposure

• What is the lowest dose where these health effects 
are seen?

• What is the highest dose where these effects are 
not seen

• Uncertainty factors

DOSE-RESPONSE

9 / 1 6 / 2 0 1 9

Presenter
Presentation Notes
In the dose-response step, we analyze numerical data to identify ideally the dose at which there are no effects
Sometimes have to go with the lowest dose that causes the effect, and divide by UF
Uncertainty factors address extrapolating from other animals to humans and human variability (usually 30)
Can also have UF for lack of knowledge about the chemical
And for extrapolating from a shorter duration to a longer duration
Total UF can be from 1-10,000 (3,000 or less MDH) 
Build in a cushion of safety to address what we don’t know
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• The process of measuring or estimating the 
magnitude, frequency, and duration of human 
exposure to an agent in the environment.

EXPOSURE ASSESSMENT
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Presenter
Presentation Notes
Who is the population exposed
What age(s)
Through what route
To what concentration
For how long 
AND to what else that may also cause the effect

Describes the exposure to the chemical thoroughly
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• Summarize/integrate information from steps  1-3

RISK CHARACTERIZATION
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Presenter
Presentation Notes
Take all information known, describe it and present it in a logical way, plug in the dose response and exposure assessment
Review weight of evidence to calculate a safe level of exposure
The concentration of a chemical in water with little or no risk, even for highly exposed individuals and sensitive populations
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Nitrate Risk 
Assessment for 
Methemoglobinemia



• Step one Hazard ID: Methemoglobinemia 
diagnosed in infants drinking well water/formula
• Hunter (1949)
• Bosch (1950) and Walton (1951)
• 20 other documents

NITRATE RISK 
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Presenter
Presentation Notes
In 2007 Minnesota adopted the Maximum Contaminant Level for nitrate from the federal Safe Drinking Water Act (1986)
The MCL is based on an IRIS risk assessment (Integrated Risk Information System) done by EPA
Although Dr. Hunter Comely published the first article linking blue babies to nitrate in well water, the studies that followed in 1950 and 1951 were more comprehensive
Bosch-MN physician described 138 cases of methemoglobinemia in Minnesota
Walton-from the APHA described 278 cases from across the nation (214 with well water data)
IRIS mostly based their standard on these two cases, but also reviewed more than 20 documents as part of the hazard identification step
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STEP TWO: DOSE RESPONSE
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Presenter
Presentation Notes
This graph represents the dose response for methemoglobinemia from the Bosch study and the Walton study
Explain graph axis labels, explain how the data is shown
The graphs are almost identical, this is not usually seen in risk assessment, strong data
What is the highest dose where there is no effect
10 mg/L
The uncertainty factor in this case is 1 because the studies were done in humans
the value used for risk assessment is one where there is no effect seen
There is enough data to make a good decision
And duration effects are not an issue here
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• Who 
• What 
• For how long  
• How exposed 
• Other exposures - ???

EXPOSURE ASSESSMENT
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Presenter
Presentation Notes
Infants
Nitrate
Sometimes one bottle was enough, in other situations it may have been a few months of exposure
Depended on the dose
Exposed orally, through drinking well water
Were there other exposures that might have caused this effect? Not likely.
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• Infants exposed through well water
• Exposure could be one-time or short term
• When nitrate was removed, the methemoglobinemia 

often spontaneously resolved
• More cases at higher nitrate concentrations
• No cases at 10 mg/L and below
• Nitrate alone was sufficient to cause 

methemoglobinemia 

STEP FOUR-RISK CHARACTERIZATION 
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Presenter
Presentation Notes
In the risk characterization step, we bring everything we know up to this point together and look at the weight of evidence
What are the data and literature telling us
Can we draw conclusions?
Based on what information we have, we know that nitrate can cause Blue Baby syndrome
We know infants exposed to high levels of nitrate have sometimes developed methemoglobinemia
We also know that the percentage of cases increased as the nitrate concentration increased
There were no cases reported that had well water with 10 mg/L or less nitrate, there were very few between 10-20 mg/L
For public health protection, 10 is the concentration that has little or no risk of methemoglobinemia, even in sensitive populations

Change gears, look at chronic affects
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Nitrate and Chronic Health Risks

Presenter
Presentation Notes
Changing gears…
Since 2004, there have been more than 30 epidemiologic studies published on health effects other than methemoglobinemia and nitrates. 
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Colon cancer
Thyroid disease
Neural Tube Defects
Nonhodgkins
Lymphoma 
Breast Cancer

POTENTIALLY LINKED DISEASES/DEFECTS (EPI STUDIES)

Presenter
Presentation Notes
Out of these, the first three have the best evidence
4-5 Studies showed positive associations of nitrate to colorectal or colon cancer (mostly below 10 mg/L)
4-5 Studies showed increased risk to thyroid disease from nitrate exposure (at or above MCL)
5-6 Studies showed a correlation between nitrate exposure and neural tube defects (below MCL)

Evidence continues to mount, BUT>>> The exposure reviews in these studies are poorly done
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• There are potential links to cancer, neural tube 
defects at or below 10 mg/L

• Potential thyroid disease from drinking water at or 
above 10 mg/L nitrate.

• The studies need better exposure assessments.

CONCLUSIONS
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Presenter
Presentation Notes
The exposure assessments are very poor quality, and do not give confidence to the findings
Examples: In one study they asked women to remember how much water they drank before pregnancy, and in each trimester of pregnancy
In several studies they did not account for anything else that may cause cancer (smoking, diet, alcohol, sedentary lifestyle, etc.) making it unclear whether nitrate could even be the causative agent
In several of the studies the estimated how much people drank or how much nitrate was in the water
There are several types of cancer that have both negative and positive findings
All of these things introduce so much uncertainty that it is really unclear what the studies were measuring
For this reason, MDH says that there may be a link, but at this time there is not enough evidence to say with certainty
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Other exposures—Very important
Red meat
Pesticides
Disinfection byproducts (city water)
Smoking
Drinking alcohol
Sedentary lifestyle

CONFOUNDERS IN THE CASE OF NITRATE STUDIES
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Presenter
Presentation Notes
These are examples of confounding factors in cancer studies. 
All of these are known factors for cancer. 
If you do not take them into account, you can’t say for certain what is causing the cancer in the study

Want to change gears one more time



• Dakota County
• MN Dept. of Ag

Nitrate
Coliform bacteria
Pesticides

• EDC (WI)

OTHER CONTAMINANTS FOUND WITH NITRATES
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Presenter
Presentation Notes
Mentioned before, cumulative risk assessments
We do them for Dakota County and Ag, both are doing private well sampling for nitrates and pesticides
70-75% of samples that test high for nitrates also have at least one pesticide detected
In some cases there have been 13 or more pesticides and/or their degradates detected
Dakota County is finding a lot of Cyanazine and its degs, not registered for twenty years
Now that Ag is looking for cyanazine, they are finding it as well
In study done in Wisconsin karts areas they also found endocrine disrupting chemicals  (phthalates)
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Thank you

Contact info:
Sarah.Fossen.Johnson@

state.mn.us

651-201-4080

mailto:sarah.fossen.Johnson@state.mn.us


AVAILABLE FROM PUBMED CENTRAL FOR FREE 
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Presenter
Presentation Notes
If you google the title, it will show a copy that you can print and read for free, if you are so interested
Little technical at times, but a lot of good information
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