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– Risk if present standards enforced: not quantified 

– Probability that tightening standard will not 

decrease risk:  Not quantified 



Outline 

• Hazard identification  omitted 

• Exposure assessment  incorrect/irrelevant 

• Exposure-response relationship  omitted 

• Risk characterization  incorrect 

• Uncertainty characterization  omitted 

• Conclusions and recommendations 

– Effects of single-shift sampling on risks, 

exposure threshold exceedance frequencies, 

enforcement error rates: not quantified  



Hazard identification 

• Do current levels of RCMD create an excess 
risk of adverse human health effects? 
– What is the evidence, pro and con? 

• Toxicological, clinical, epidemiological 

– What is the weight of evidence? 



Hazard identification 

• Do current levels of RCMD create an excess 
risk of adverse human health effects? 
– What is the evidence, pro and con? 

• Toxicological, clinical, epidemiological 

– What is the weight of evidence? 

• MSHA’s QRA:  Assume yes 

• Supporting rationale/evidence/critical 
discussion:  None 

• QRA skips hazard identification 
– Proofiness: ―The art of using bogus mathematical 

arguments to prove something that you know in 
your heart is true — even when it’s not‖  

http://www.google.com/imgres?imgurl=http://ecx.images-amazon.com/images/I/41tLJ4JLZEL.jpg&imgrefurl=http://www.thebookcritics.net/8079/proofiness-the-dark-arts-of-mathematical-deception/&usg=__s2vzXPREvc8xYxkUH67IoohC_X0=&h=500&w=331&sz=23&hl=en&start=0&zoom=1&tbnid=7mK6Im9glwmtKM:&tbnh=173&tbnw=122&ei=7KlLTbyqA4ecgQf73dHcDw&prev=/images?q=proofiness&hl=en&sa=G&biw=1262&bih=656&gbv=2&tbs=isch:1&itbs=1&iact=hc&vpx=1036&vpy=17&dur=9984&hovh=276&hovw=183&tx=169&ty=289&oei=7KlLTbyqA4ecgQf73dHcDw&esq=1&page=1&ndsp=21&ved=1t:429,r:20,s:0


Regression of trends ≠ causation 

http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5215a3.htm  http://www.dol.gov/_sec/media/reports/annual2006/images/sg3-010.jpg  

Proofiness:  Attribute decline in lung diseases to tighter RCMD standards 

Exposure down  ?   ? Disease down 

http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5215a3.htm
http://www.dol.gov/_sec/media/reports/annual2006/images/sg3-010.jpg
http://www.dol.gov/_sec/media/reports/annual2006/images/sg3-010.jpg
http://www.dol.gov/_sec/media/reports/annual2006/images/sg3-010.jpg


Regression of trends ≠ causation 

http://imaging.ubmmedica.com/cancernetwork/journals/oncology/images/o9912df2.gif  http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5416a2.htm  

Proofiness:  Attribute decline in lung diseases to tighter RCMD standards 

Smoking down  ?   ? Disease down 

http://imaging.ubmmedica.com/cancernetwork/journals/oncology/images/o9912df2.gif
http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5416a2.htm


Regression: Wrong tool for the job 

http://www.econ.uiuc.edu/~econ472/tutorial10.html  

• Regressing trend variables against each 
other makes even independent variables 
(random walks) look ―significantly correlated‖! 

http://web.uvic.ca/~dgiles/  

 

http://www.econ.uiuc.edu/~econ472/tutorial10.html
http://web.uvic.ca/~dgiles/


Hazard identification 

• What would a sound hazard identification show? 

• Weight of evidence is that inflammation-
mediated lung diseases caused by poorly 
soluble particulates have exposure-response 
thresholds. 

– E.g., ―Tissues and cells respond to mild 
oxidative stress by increasing antioxidant 
defenses.  However, high levels of ROS/RNS 
may overwhelm antioxidant defenses, 
resulting in oxidant-mediated injury or cell 
death‖ (Comhair and Erzerum 2002) 



Hazard identification 

• What would a sound hazard identification show? 

• Weight of evidence is that inflammation-
mediated lung diseases caused by poorly 
soluble particulates have exposure-response 
thresholds. 

• A useful risk assessment should address how 
current and proposed future standards affect 
exposures compared to such exposure-
response thresholds (or steep nonlinearities). 
– Would tighter standards create incremental health benefits, 

beyond those from enforcing current standards? 

– MSHA’s QRA does not address thresholds  No answer 



Exposure assessment 

• Key question:  Do currently permitted levels of 
exposure increase risk of harm? 

http://www.popstoolkit.com/riskassessment/module/exposure+and+toxicity+analysis/toxicity/threshold+contaminants.aspx  
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Exposure assessment 

• Key question:  Do currently permitted levels of 
exposure increase risk of harm? 

http://www.popstoolkit.com/riskassessment/module/exposure+and+toxicity+analysis/toxicity/threshold+contaminants.aspx  

Past 

mean 

Past 

extreme 

Risks attributed to past 

mean exposures may 

have been caused by 

much higher extreme 

exposures. 

http://www.popstoolkit.com/riskassessment/module/exposure+and+toxicity+analysis/toxicity/threshold+contaminants.aspx


Exposure assessment 

• Key question:  Do currently permitted levels of 
exposure increase risk of harm? 

• QRA does not actually address this question 
– QRA estimates future cumulative mean exposures, but 

not past variances or response thresholds 
• Cumulative mean exposures have no known relevance to risk 

– QRA simply assumes that the answer is yes. 
• Attributes harm to RCMD, without showing any causation 

 

• Past harm may have resulted from higher-than-
currently-permitted exposures 
– Such exposures have not been estimated 



Exposure assessment 

• Estimates of mean cumulative exposures are 
inappropriate for risk assessment 
– Proposed measures that decrease exposure mean but increase 

variance could still increase risk 

– Need to quantify upper tail of exposure distribution 

http://www.popstoolkit.com/riskassessment/module/exposure+and+toxicity+analysis/toxicity/threshold+contaminants.aspx  

http://www.popstoolkit.com/riskassessment/module/exposure+and+toxicity+analysis/toxicity/threshold+contaminants.aspx


Exposure assessment 

• MSHA inflates its exposure estimates 
– One-way ―adjustments‖ 

– Why not two-way? 

– Neglects to counter-adjust exposure-response estimates 

– Ignores measurement errors in exposure estimates  biases 



Exposure-response modeling 

• Purpose:  Quantify the probability that each 

exposure level causes illness 

• Status:  Not done.   

– QRA uses statistical (descriptive) regression 

equations, not causal (predictive) models, to attribute 

risk to exposure 

– No exposure-response relation established 

– Exposure estimation uncertainty not accounted for 

• Treats estimated exposures as true exposures 

• Creates potentially large, unquantified biases 



Exposure-response modeling 

• This is not an exposure-response relation! 

Plotting predicted  

hypothetical responses 

against hypothetical mean 

exposures does not create 

(or provide evidence of) a 

valid exposure-response 

relation. 



Attribution vs. Causation 

• The risk ―attributable” to a source (in 

epidemiology) is not the risk caused by it 

(and is often much larger) 

– The QRA treats them as the same thing 

– Attributes a relative risk of 4.4 to coal even 

when exposure = 0 

• Use with caution (MSHA QRA) vs. Don’t use! 

– Assigns some risks from smoking to RCMD 

– Attributable risk can be positive even when 

exposure does no harm 



Risk characterization 

• Purpose:  Show the frequency and severity of 
health effects with and without proposed rule. 

 

• Status: MSHA has not performed a risk 
characterization for effects of proposed action 
– Estimates are provided only for hypothetical exposure 

scenarios and obsolete conditions (smoking, etc.). 

– No causal modeling  No accurate or validated 
predictions  



Risk characterization: Bogus claims 

Proofiness:  Hypothetical statistical relation presented as real causal relation. 

Thresholds? 

 

Confounding? 

• Smoking 

• SES 

 

High exposures? 

(Right tail) 

 

Variance? 

 

Uncertainties? 

• Confidence? 

• Model? 

 

 



Risk characterization 

• Recommendations:   

– Extend risk characterization to address 
realistic frequency distributions of exposure 
histories and smoking histories.  

–  Remove effects of confounders, estimation 
errors, etc.  

– Use validated causal models instead of 
attribution 



Uncertainty characterization 

• MSHA’s QRA omits this step. 

Proofiness:  Show a single answer – all exposure kills! – as the only possibility.  



Uncertainty characterization 

• MSHA’s QRA omits this step. 

Proofiness:  Show a single answer – all exposure kills! – as the only possibility.  

What is probability that 

the proposed measure 

would… 

•  Increase risk? 

•  Leave it unchanged? 

 

MSHA’s QRA does not 

show policy makers any 

uncertainties 

? 

? 



Single-Shift Sampling: A bad idea 

• QRA does not address sample variance 

around estimated means 

• QRA provides no basis for risk-informed 

decisions. 

– Type 1 vs. type 2 errors? 

– Frequency of exceeding threshold? 

– Sampling and decision rules not designed to 

minimize errors or total cost/harm 

• Basing enforcement criteria on less data is 

undesirable 

 



Single-Shift Sampling: A bad idea 

• Recommendation:  Replace proposed 

single-shift sampling with well-designed 

statistical sampling and decision rules that 

reduce errors, rather than increasing them. 

 

www.hsrmethods.org/Glossary/Terms/S/Sequential%20Probability%20Ratio%20Test.aspx  http://pmbook.ce.cmu.edu/13_Quality_Control_and_Safety_During_Construction.html  

http://www.hsrmethods.org/Glossary/Terms/S/Sequential Probability Ratio Test.aspx
http://pmbook.ce.cmu.edu/13_Quality_Control_and_Safety_During_Construction.html


Summary 

• Hazard identification  omitted 

• Exposure assessment  incorrect/irrelevant 

• Exposure-response relationship  omitted 

• Risk characterization  incorrect 

• Uncertainty characterization  omitted 



Conclusions and Recommendations 

• Correct or withdraw misleading claims and 
language.  MSHA’s QRA… 

– Does not obtain unbiased estimates 

– Does not assess risk from current exposures 

– Does not assess reduction in risk from 
reduction in exposure (causal effect) 

• Add missing hazard identification section 

• Add missing exposure-response modeling 

• Add missing uncertainty characterization 



Thanks! 



Additional Materials 



MSHA’s QRA biases exposure 

and risk estimates upward 

• Excludes post-abatement measurements 

• ―Adjusts‖ exposures upward, but not downward 

– Takes higher of two estimates 

– Creates an upward bias, even when current estimates 

are unbiased 

• Does not counter-adjust the estimated 

exposure-response relations to reflect 

adjustments on exposure inputs 

– Creates upward bias in risk estimates 

 



MSHA QRA’s models are not 

validated for use in QRA 

• Models produce conflicting predictions, so not all of 
them can be correct 

• Models attribute risks to coal even when exposure 
is zero, so not good causal models 

• Models use attribution formulas for *single* factors, 
but multiple factors (age, smoking, exposure, 
perhaps income and location) contribute to risk. 

• Models do not explain historical data; not validated 
– Historical declines in exposure, changes in smoking, 

recent increases in risk 


