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Thank you for the opportunity to speak on behalf of the American Petroleum Institute on the first draft 
SOx Integrated Science Assessment (ISA).  Today, I'd like to discuss several areas I think CASAC should 
consider that would strengthen the ISA.  These cover causal determinations and their relevance to the 
NAAQS, the systemic evaluation of study quality, and proposed modes of action (MoAs) in relation to 
ambient SO2 levels.  
 
First, the ISA states, "judgments regarding causality are made by evaluating the evidence over the full 
range of exposures…defined in this ISA to be relevant to ambient exposure."  The ISA defines relevant 
SO2 exposures to be those up to 2,000 ppb, and there is little question that short-term, often transitory, 
respiratory effects can occur at this high concentration.  However, is this really the right question?  
Should the ISA also address whether the current NAAQS is adequate to protect public health?  Since the 
2008 ISA, there have been no studies that indicate new effects or sensitivities at or below the current 
NAAQS.  CASAC should consider whether the ISA should also incorporate analyses based on the level 
of the current NAAQS, in addition to exposures up to 2,000 ppb.   
 
Second, the ISA states that the quality of each individual study is evaluated using a set of specific study 
quality criteria, which are presented in Table A-1.  This set of criteria is a welcome addition to the SOx 
ISA because it details what must be considered when determining study quality.  These criteria most 
certainly should be used to perform systematic weight-of-evidence analyses.  Unfortunately, it appears 
that these criteria are used inconsistently throughout the ISA.  
 
It would be helpful for CASAC to discuss how the ISA considers these criteria when evaluating 
individual studies and how these criteria could be applied in a consistent and systematic manner.  I have 
included a table Gradient put together to show how one could evaluate studies systematically and 
transparently, using short-term SO2 exposure and hospital admissions (HAs) and emergency department 
(ED) visits for asthma as an example.  We present each of the 17 studies according to various study 
quality characteristics listed in Table A-1, and highlight in green the characteristics that the draft ISA 
considers to be are indicative of a higher quality study and pink for those that are considered limitations 
(i.e., not meeting the explicitly stated study quality criteria).  This is not the only way these characteristics 
can be laid out, but something like this should be considered to ensure consistent evaluations across 
studies. 
 
Third, as the ISA indicates, it is critical to evaluate MoAs when assessing causality.  The question at issue 
is whether the proposed MoAs are complete and indicate that effects are biologically plausible.  One 
challenge is to identify and discuss whether there are critical data gaps that impede a clear determination 
of plausibility.  This includes an evaluation of the impact of dosimetry, pharmacokinetics, and 
pharmacodynamics on the proposed key events, as well as a discussion of which experimental conditions 
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are relevant to humans.  For example, endogenous concentrations of SO2 products far exceed the minimal 
amount generated from SO2 inhalation, yet systemic effects from SO2 are considered by the ISA, and 
several MoAs are considered, but not fully evaluated.  CASAC is in a unique position to work through 
these issues and objectively decide whether all the mechanistic evidence (including that regarding 
homeostatic mechanisms) has been adequately integrated, and whether the ISA's causal determinations 
are supported by this evidence.  
 
Finally, I ask CASAC to consider whether evidence that was determined to be inadequate in 2008 is now 
truly suggestive of causation for several health effects.  The ISA acknowledges that the studies published 
since 2008 have many of the same uncertainties as those already considered.  As I have discussed at prior 
CASAC meetings, the language used to describe the ISA's causal determinations can easily be 
misinterpreted.  Even though definitions are provided, research demonstrates a descriptive word like 
"suggestive" can be interpreted to mean it is more likely than not that a causal effect occurs following SO2 
exposure.  It is clear that this is not the conclusion the ISA intends to convey.  As more focus is placed on 
communicating scientific results to the public, we should consider revising these categories.  Some 
options to consider are consolidating this category with "inadequate" (as the ISA does for at-risk factors), 
providing qualitative probability ranges, or changing the words used to define categories.  
 
I will expand on these points in my written comments, and welcome any questions you may have and 
look forward to your discussions at this meeting.  Thank you. 
 
 
 



 



 
  



 



 
  



 
  



 



Asthma HA/ED Visit Study Quality Characteristics

Statistical Methods

Design
Single vs . 
Multi‐city Size/Duration1

Central Site 
Monitoring

Spatial 
Variability 
Assessed

Comparison 
of Exposure 
Assessment 
Methods

Type of 
Outcome

Exclusion of 
Children 

< 2 Years Old

Co‐pollutants 
Assessed

Correlations 
Reported

Relative 
Measurement 

Error in 
Co‐pollutants 
Discussed

Meteorology Day of Week Season Allergens
Sensitivity Analysis: 
Alternate Model 
Specification

Strickland et al.  (2010) Time series and 

case cross‐over

Single 91,386 ED visits/ 

12 years

Yes No No ED visits Yes No2 Yes Yes Yes Yes Yes Yes Yes

Villeneuve et al.  (2007) Case 

cross‐over

Single 57,912 ED visits/

10 years

Yes No No ED visits Yes No2 Yes Yes Yes Yes Yes Yes No

Jalaludin et al.  (2008) Case 

cross‐over

Single

5 years

Yes No No ED visits No3 CO, PM2.5, PM10, 

NO2, O3

Yes No Yes Yes Yes No No

Ito et al.  (2007) Time series Single 4 years Yes Yes No ED visits No CO, PM2.5, NO2, O3,  No Yes Yes Yes Yes No Yes

Stieb et al.  (2009) Time series Multi‐city 4‐10 years4 Yes No No ED visits No No2 Yes No Yes Yes Yes No Yes

Samoli et al.  (2011) Time series Single 4 years Yes Yes No HAs No PM10, NO2, O3  Yes No Yes Yes Yes No5 Yes

Peel et al . (2005) Time series Single 8 years  Yes Yes Yes6 ED visits No7 No8 Yes No Yes Yes Yes Yes Yes

ATSDR and NYSDOH (2006) Time series Single 2 years Yes Yes No ED visits No9 PM2.5, NO2, O3 Yes No Yes Yes Yes No10 Yes

Son et al.  (2013) Time series Multi‐city 6 years Yes No No HAs No No2 Yes No Yes Yes Yes No Yes

Orazzo et al.  (2009) Case 

cross‐over

Multi‐city 53,272 ED visits/

7 years

Yes Yes No ED visits No No2 No No Yes Yes Yes No10 Yes

Li et al.  (2011) Time series and 

case cross‐over

Single 12,933 asthma 

events/

3 years

Yes No No ED visits and 

HAs

Yes No2 Yes No Yes Yes Yes No Yes

Winquist et al.  (2014) Time series Single 6 years Yes No No ED visits Yes NO2, O3, SO4
2‐, CO, 

PM2.5

Yes Yes Yes Yes Yes No Yes

Jaffe et al.  (2003) Time series Multi‐city 6 summers Yes No11 No ED visits Yes No2 Yes No Yes Yes Yes No No

Lin et al.  (2004) Case‐control Single 2,629 asthma 

HAs/2.5 years

Yes No No HAs No No NA NA Yes Yes Yes No No

Sheppard (2003) and 

Sheppard et al.  (1999)12
Time series Single 8 years Yes No No HAs No No2 Yes No Yes Yes Yes No Yes

Wilson et al.  (2005) Time series Multi‐city 3‐5 years8 Yes No No ED visits No No2 No No Yes Yes Yes No Yes

Smargiassi et al.  (2009) Case cross‐over Single 9 years No13  Yes Yes ED visits and 

HAs

Yes O3, NO2, SO2, 

PM2.5
14 

No No Yes Yes Yes No No

(8) The authors conducted several multi‐pollutant analyses, but did not present any results for models that included SOx.

(2)  Several co‐pollutants were measured and examined in single‐pollutant models. SO2 was not included in any two‐pollutant models.   (9)  Included additional diagnostic criteria for children < 1 year old to mitigate outcome misclassification.

(3)  < 1‐year‐old subjects excluded.

(4)  Duration varied by city. (11)  Spatial variability of other pollutants (e.g.,  PM) was assessed, but spatial variability of SO2 was not.

(5)  Desert dust, which includes bio‐allergens. (12) Sheppard (2003) is a reanalysis of data from Sheppard et al. ( 1999).
(6)  Compared monitoring systems. (13) In addition to two central‐site monitors, resident‐level exposure estimates were calculated using the AERMOD dispersion model.  

(7)  0‐ to 1‐year‐old subjects analyzed separately. (14) Authors controlled for regional background concentrations. 

Citation

Study Design Outcome AssessmentExposure Assessment Confounding by Co‐pollutants Other Confounders

CO = Carbon Monoxide; ED = Emergency Department; HA = Hospital Admission; ISA = Integrated Science Assessment; NO2 = Nitrogen Dioxide;  O3 = Ozone; PM = Particulate Matter; PM10 = particulate matter less than 10 µm in diameter; PM2.5 = particulate matter less than 2.5 µm in diameter; 

SO4
2‐ = sulfate; SO2 = Sulfur Dioxode; SOx = Oxides of Sulfur.

(1)  In Table A‐1, US EPA did not indicate what sample size and duration are required for a study to be considered "large" and, therefore, more reliable.

(10)  Aeroallergens measured but not included in statistical models.

Notes: Green shading indicates characteristics that the ISA states are indicative of a higher quality study. Pink indicates characteristics that are considered limitations (i.e. , not meeting the study quality criteria). 


	Appendix A
	Table_SOx_Study_Quality

