January 11, 2000
EPA-SAB-CASAC-L TR-00-002

Honorable Carol M. Browner
Adminigtrator

U.S. Environmenta Protection Agency
401 M Street SW

Washington, DC 20460

Subject: Closure by CASAC on the Document, Air Quality Criteria for
Carbon Monoxide (EPA 600/P-99/001B)

Dear Ms. Browner:

The Clean Air Scientific Advisory Committee (CASAC) of EPA’s Science Advisory Board,
supplemented by expert consultants (together referred to as the “Pand”), met on November 18, 1999
to review the October 1999 draft document, Air Quality Criteria for Carbon Monoxide (EPA
600/P-99/001B), in a public meeting in Research Triangle Park, NC. Thiswas the second draft of the
new carbon monoxide (CO) Criteria Document, which is being prepared as part of the review of the
nationd Ambient Air Quadity Standard (NAAQS) for CO. Thefirg draft of the document had been
reviewed by the Pand on June 9, 1999.

1. CONCLUSION OF THE PANEL

The Pand reached closure on the document. At the end of the discusson, it was the unanimous
view of the Panel that, after incorporation of various fina changes discussed with EPA g&ff, the
document will congtitute an accurate representation of current scientific knowledge concerning the
hedlth effects of CO, and does not need to be reviewed by the Pand again. The scientific criteria
contained in the fina document will serve as an adequate foundation for completing the review of the
appropriateness of the NAAQS for CO.

2. COMMENTSBY CHAPTER

Only the key points raised by the Pand are summarized below, to give an indication of the
nature of the remaining concerns. Agreement with staff was reached during the meeting regarding the
nature of the concerns and approaches to addressing them to the satisfaction of the Panel. The
individua written comments of the Panel Members are attached as a part of this report (Appendix A).
Staff is encouraged to take dl of the attached comments into consideration and to review the transcript
of the discussion a the meeting in order to fully understand the issues summarized below, and to take
the complete advice of the Pand into congderation when making the find revisons to the document.



21  Chapter 1. Introduction
No mgor points were noted.

2.2  Chapter 22 Analytical Methods
The section on persona monitors needs strengthening. The distinction between persona
monitors and remote monitors cgpable of sensing microenvironments should be clarified.

2.3  Chapter 3: Sources, Emissons, and Concentrations

The relaive dlocation of detail between the descriptions of indoor and outdoor sourcesis il
questionable. 1t would seem appropriate to give more detail on contributions from motor vehicles and
concentrations in outdoor microenvironments.

The description of the contribution of CO to production of ozone needs clarification.

Information on differences between the meteorology in different cities should be added to the
sections describing results from the cities.

24  Chapter 4. Population Exposure

The relative importances of, and interactions between, genera outdoor, outdoor
microenvironmenta, and indoor exposures were discussed as an evolving issue, but few specific
recommendations were made. It was recommended that the discussion of the changing nature of CO
exposures be strengthened if possible. Thisfield was noted as aresearch need.

The potentia range of compounds in addition to methylene chloride that might cause internd
production of CO should be mentioned.

25  Chapter 5. Pharmacokineticsand Mechanisms

The lack of information on the rate of CO uptake by hemoglobin and equilibration a a given
exposure level was noted. Staff is encouraged to determine if additional information exigts, and if not,
to note thisas aresearch need. Thisinformation is especidly important in judging the impact of
exposures in microenvironments. A brief description of the current knowledge of comparative uptake
rates in humans and animals should be added.

Mention of the phenomenon of compensatory vasodilation during CO exposure, and its
implication in subjects with coronary artery disease, should be added to this chapter.

26  Chapter 6: Health Effects
A summary table of the epidemiology studies would help the reader more readily grasp the
scope and nature of the current data.



Discussion of the potentia contribution of the high spatid variability of CO to measurement
error in the epidemiologica studies should be strengthened.

The usefulness of “ED-10" (the point of 10% decrement) as a benchmark for a significant
decrement in behaviord function is questionable. Decrements of less than 10% in normd subjects
could have importance, and particularly for suggesting concern for subjects that are not young and well-
rested. Behaviord effects could be noted as an area needing further research. The heavy horizonta line
at 90% of basdline should be removed from figure 6-7. The ordinates of figures 6-6 and 6-7 are miss-
labeled; the units are fractions, not percentages.

2.7  Chapter 7: Integrative Summary and Conclusons
The individua points should be removed from figure 7-1, because the lines were generated
from modds, not individud data points.

3. SUMMARY

When revised taking into account the issues raised above and the numerous more minor points
contained in the attached individua comments, the document will provide a good foundation of scientific
criteriafor considering the appropriateness of the CO NAAQS.

The Pand complimented the NCEA aff for its responsveness in addressing the issues raised
by the Pand initsreview of thefirst draft. Marked improvements were noted in al sections of the
document. The Pand aso complimented staff for focusing primarily on knowledge gained since the last
review of the NAAQS for CO in order to develop a concise, high-qudity Criteria Document. The
Panel encourages staff to follow this modd in the development of future Criteria Documents. We look
forward to your response to the advice in this | etter.

Sincerdy,

Dr. Joe L. Mauderly, Chair
Clean Air Scientific Advisory Committee
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Joe L. Mauderly

Chapter 2
2-3,15. “Concentrations’ is misspelled.

2:3,20: “Has’ should be“having’.

2-20,9: “Recent” should be inserted before “dose’. Carboxyhemoglobin is only a measure of the
recent dose. It isnot, for example, ameasure of the integrated or total dose over time, or dose
received more than afew hours ago.

Chapter 3
3-23,10: Itisnot clear whether thisis 23% of totd, or only anthropogenic emissions.

Chapter 5
5-2, 1-3: | do not agree that no reference should be given for the interspecies difference in the rate of

CO uptake and COHb formation. The argument the Agency made during the ord discusson was not
convincing. | have conveyed references to staff for congderation.

5-6, 4-7: 1t does no good to note effects at “high” concentrations without giving the concentrations.
Without that information, the reader has no way to put the information in context.

5-8, 17: Define“Mb” thefirg timeitisused. It isdefined later, but do it here.

Chapter 6
6-49, Figure 6-5: Nothing in the figure legend indicates that these results are for goats and sheep.

That is stated in the text, but it should also be stated in the legend.
EvaJ. Pell
As per my assgnment | have reviewed Chapters 1,2,3 and 7 of the Air Quadlity Criteriafor Carbon

Monoxide. | found the chapters readable and thoroughly documented. | have no additiona comments
regarding these chapters.

Arthur Upton

Commentson Chapter 7. Integrative Summary and Conclusions

Generd Comments
This chapter satisfactorily remedies the deficiencies that were noted in the previous draft and, in
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my opinion, provides an adequate integration and summary of the materia presented in the preceding
chapters.

Although | have no substantive changes to recommend, the chapter would benefit from a
number of editoria improvements, as suggested below.

Specific Comments

Page 7-1, line 29: limit should be changed to limits.

Page 7-2, line 20: CO should be inserted before combined.

Page 7-2, line 22: their should be changed to its.

Page 7-8, line 29: large should be changed to much; have should be inserted before tested; and
work should be changed to research.

Page 7-9, line 9: higher than should be changed to above the; and the levels resulting from
should be inserted after people.

Page 7-9, line 26: A smdler sengtive group should be deleted.

Page 7-9, line 27: also should be inserted before experience.

Page 7-10, line 31: the data should be inserted after but.

Page 7-11, line 18: smdller and more specific should be deleted.

Page 7-11, line 22: heart disease exacerbation should be changed to exacerbation of heart
disease; and with should be inserted after than.

Page 7-11, line 27: more should be deleted.

Page 7-12, line 2: much greater should be changed to increased.

Page 7-12, line 3: at increasing ages should be changed to with increasing age.

Page 7-13, line 29: better should be deleted; and more precisay should be inserted after
determine,

Page 7-15, lines 15-16: dready may have should be changed to may have basdline.

Page 7-15, lines 16-17: have a progression should be changed to have CO cause a progression.

Page 7-15, lines 23-24: this sentence should be reworded, as follows. Epidemiological
observations on the relation between short-term ambient CO levels and the frequency of
respiratory disease cannot yet be interpreted with confidence.

Page 7-16, line 20: of should be changed to at.

Page 7-17, line 24. have should be inserted before raised.

Page 7-17, line 25: heart disease exacerbation should be changed to exacerbation of heart
disease.

Page 7-17, line 27: CO should be inserted after and.

Page 7-17, line 28: mix should be changed to mixture.

Sverre Vedal

Cardiovascular
Epidemiological studies



This chapter is markedly improved, takes a more baanced approach to presenting and
reviewing studies, and reflects an gppropriate level of responsveness to reviewer comments on the part
of the authors. Note should be made that this section addresses outcomes other than just
cardiovascular outcomes. The title may therefore need revison. The following comments are of a
relatively minor nature.

Introduction

6-4  -why use ddidicd sgnificance?

6-5 -“limited weight’? theissue hereislikdihood of confounding, not quditative difference in
Sudies.

6-6  -do the chronic studies redly provide a context for the acute studies?
-how about using the term “sengtivity” rather than ” proportiond differences’?
-1 would emphasize effects of smoothing rather than autocorrelation and overdisperson. The
latter two are relatively minor issues that affect the Sze of the sandard errors and are dmost
non-issues anyway when appropriate smoothing and other adjustments are performed. The
choice of smoothing “span” however can have substantiad impacts on the estimated effects.
-Encouraging multipollutant analyses ignores collinearity as abig problem in interpreting the
effect estimates. Some middle ground is appropriate, one that acknowledges resultant
ingability of estimates and the need to control for confounding.

6-7  -agan, useof “proportiond differences’.
-item (3)-this is sengtivity issue again.
-item (4)-prompted by NMMAPS harvesting work. A longer time scaeis problematic in
interpretation and raises issue of longer time trend confounding. Also, thisisnot redly a
datidticd issue and | would ignore it in this context.
-another unresolved datigtica issue, of more acute import for CO than for other pollutants, is
measurement error. Spatia variability is more sgnificant for CO, dthough CO outdoorsis
essentidly the same as CO indoors. What is needed isinformation on the correlation of CO
measured a afixed ambient Ste and persond CO over time, information that we now have for
PM. Perhapsthese datafor CO are available. If so, they would be critica for the
interpretation of the epidemiologicd findings.

6-9  -2nd pararepetitious of p 6-8.

Heart disease exacer bation
Generd: Improved and more complete and better balanced presentation. Good use of tables. An
overdl summary table would gtill be useful.

6-10 -Doesaveragelaglast day of lag O mean essentidly no averaging?
6-13 -1 would usethe full scalefor y-axisfig. 6-1.
-There istoo much detail presented on Schwartz and Morris relative to other studies.
6-17 -1 would drop the “PIA” abbreviation here.
6-18 -Were no confidence intervas included for fig. 6-2?

A-4



6-19 -Add“effect”.

-Note that the Poloniecki study had low CO concentrations.

6-20 -1 would not speculate in the Poloniecki study about the effect of usng 1-day lag, instead noting
that it may not be comparable to other studies.

6-21 -Devoting alarge and complex table such as this for Poloniecki study (which arguably isa
“negative’” study and with low CO levels) does not seen warranted.

6-25 -Poloniecki isaso a“negative’ study (confounded by SO2 and BS), not just Burnett, and in
winter. Pantaz. study did not assess 2-pollutant models. Why isthis para (the 1¥) here, asit
seems to be discusson?

-re Yagetd. - how does ARIMA handle 2 time series?
S noindependent effects of CO were tested.

6-26 -No seasona season dratification was done in Schwartz 1999.

6-27 -Better expressed as no CO effect in S. Paul, yet large effect in Minnegpolis.

6-30 -In Burnett 1999, what does “not measured directly” mean?

Daily mortality

Generd: Improved and more complete

6-33 -Note CO concentrations in Athens study were very high - is this the reason thisis a postive
Sudy?

6-35 -Note Burnett mortdity CO shows effects on dl types of mortality.
-Sadiva study should aso be included under generd mortdity given assessment in ederly.

L ow birth weight
Note these are not time series studies, so that spatia confounding is an issue (see p.398).

Respiratory illness
Generd: thisisagood addition, even though plausihility is questionable. The findings should give us
pause.

Warren H. White

Chapter 3
| gppreciate the authors generous efforts to address my comments on the first draft.

Overall balance

The section on indoor sources of CO has been sgnificantly shortened, but till dwarfsthe
cursory discussion of motor vehicles. Asthe summary notes (page 3-75/line 18), “Emissons from
transportation dominate other sources of CO within the United States” And yet thisisthe only thing
the summary deems worth noting about motor vehicle emissons. Meanwhile it goes on for two pages
on indoor appliances, differentiating between gas and kerosene, blue-flame and yd low-tipping,
convective and radiant, ranges and ovens, and so on and so on. | suggest adding two figures from
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Lawson (1993) to convey some of the same sort of detall for motor vehicles.

My comments below on pages 3-21,22 identify a number of 1990's findings that illuminate the
digtribution of CO emissions among the motor vehicle population. These obvioudy bear on
implementation sirategies, which | recognize are outside the scope of the CD. But they aso bear on
concerns relevant to risk assessment: How reliable are our emissons inventories? How have actua
emissions (as opposed to inventories) changed in recent years, and how much improvement is likely
from additional measures such as reformulated gas and I/M?

The indoor sources section is an undigested mass of unrelated results, many of them predating
1991 and presumably carried over from the previous CD. What are the key points that OAR/OAQPS
should take away from their reading? Isit just that CO concentrations vary greetly from
microenvironment to microenvironment? If so, then why doesit take so much longer to say thisfor
stoves than for cars? Isit some genera ranking, like (page 3-59/lines 18-19) “Peak CO
concentrations from the use of unvented gas heaters were a'so generaly higher than unvented kerosene
heaters and gas cooking stoves’? That’'satune | can hum, but it doesn’t seem supported by the
subsequent Figures 3-31 and 3-32. If you must give us a basket of numbersin avariety of units, then
please don't leave before giving us clues on how to arrange them so as to make sense.

Lineby line

(pagelline)

3-5/1-4 Thisisarun-on sentence. Drop the run-on, “thisincrease presumably resulted from...”,
as lines 9-14 give a more substantive discussion of the same point.

3-5/23-26 Move the citation “Mahieu et d., 1997" from line 26 to sentence break on line 25, to
clarify where “ measurements obtained with a smilar technique over the Alps’ came
from.

3-9/7-8 It may be true that most wildfires today arise from human activities, but the reader
needs to be cautioned againg naively inferring that they are thereby unnatura. The
article by Fox et d. in the current (November 1999) EM discusses this point, and
probably should be cited here. Theissue of attributing fire so bears on satements at
3-10/9-12 and 3-74/25.

3-13/23-25  The meaning of “the lifetime of CO is much longer than typica resdencetimesof COin
urban areas (assuming adiurnally averaged CO leve of 3x10° in urban aress)...” is
unclear. Do you mean to assumethe level of OH rather than CO? If CO, then what
are the units of 3x10°?

3-16/28-29  ThetermsIM240 and FTP need introduction.

3-16/29-30  Theintended sense of “increass’” in this sentenceis unclear. | think you mean “This
change yidlded sgnificantly higher exhaugt emisson rates, ...”

3-21/13 | suggest “sampling in tunnels’ as a plain-language subgtitute for “roadsde tunne
sampling.”

3-21/21-22  OVER 50% of CO emissons are LESS THAN 10% of the vehicles, according to
Bishop and Stedman (1990) and Lawson (1993).
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3-21/23-29

3-22/1-3

3-24/22-24
3-29/Fig.5
3-32/16
3-34/12
3-51/3
3-52/25-26
3-56/1-10
3-56/24-25
3-68/Table
3-75/13
3-75/15

3-75/19-21

[suggested text] These “high emitters’ are typicaly older, poorly mantained vehicles
[insert Figure 3 from Lawson (1993), Quintile plot for CO emissiong]. High emitters
gppear anong al modd years, however, and the more numerous representatives from
recent modd years contribute much of the fleet tota [insert Figure 5 from Lawson
(1993), Quintile plot for percent of fleet total]. Observed causes of high emissons
include tampering with emissons control systems to improve milage or performance,
defects in untampered closed-loop emissions control systems, the use of contaminated
fudsthat interfere with the proper operation of emissions control systems, and the
remova or lack of maintenance of emissons control equipment (Lawson, 1993; Bishop
et a., 1996). In addition to the above activities, so-called off-cycle ...

[start new paragraph] Roadside remote sensing data have been used to evauate the
effectiveness of ingpection and maintenance programsin anumber of locations (Zhang
et a., 1996; Stedman et a., 1997; Stedman et a., 1998; Lawson, 1993; Bishop et d.,
1996). These sudies have generdly yidded disgppointing results, indicating
undetectable or smdler than expected effects of ingpection on vehicle emissons.
Detailed analyses implicate behaviora responses, such as shopping for a passing test
(Bishop et d., 1996) and re-registrating non-conforming vehicles in neighboring
counties (Stedman et d., 1997; Stedman et d., 1998). Roadside emissions data have
a0 been used to evaluate the effects of reformulated fuels on emissons. Remote
sensing (Bishop and Stedman, 1990) and tunnel measurements (Gertler et d., 1999)
both indicate fleet CO reductionsin the 15-20% range.

Move “In 1996" from the end to the beginning of this sentence to help readers
recognize the digtinction being drawn with the preceding sentence.

Thisfigure covers “dl stesin the United States REPORTING AT LEAST 8 YEARS
OF DATA, 1988 to 1997.”

Ddete ether “Only” or “however”.

“the four cities... HAVE been”.

Thisisabogus satidtic, as noted at the CASAC meeting. Moreover, it is unnecessary
—dl you redly need to motivate section 3.5 is the observation that “ The genera United
States population spends the mgjority of itstime indoors.”

| am skeptical that “ Emissons of CO from gas top ranges will depend on ... air
infiltration into the microenvironment.” | think you have concentrations in mind.

BTU should be converted to kJ (or vice versa).

This sentence on prototypes should start the next paragraph.

Change“FOR ALL HOMES'’ to “FOR CALIFORNIA HOMES' intitle.

CO can participate in the formation of 20 to 40% of background ozone without being
“respongble’ for it.

The earlier text mentions only 6 June 1988 in Atlanta, not “the few urban aress that
have been examined” claimed here, or the “severd urban air sheds’ cited on page E-3.
Dédete the unsupported clam that “a szable fraction of the CO observed in rurd air
may be produced by the photochemica oxidation of isoprene...”
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3-75/25+

3-76/24-31

3-77/26-30

3-78/3-6

3-78/9-10

This paragraph is agood modd for the summary section, digesting the facts given
earlier in the chapter and laying out their implications for air qudity management. |.e,
good job!

Thislist of numbers, most of them pre-1991, some of them with no source in the
previous text (e.g. 54 to 344 ug/kJ), and given in avariety of units, should be deleted.
Thered point of this paragraph is the qualitative rationae for the forecast of a continued
declinein emissons.

Déelete “The CO concentration from the use of a radiant-tile unit was 13.4 ppm, ... used
to supplement another heat source (<9.0 ppm).” Thisis more number junk that just
obscures the qualitative message: “ Catalytic gas and convective kerosene space heaters
emit the smdlest amount of CO. Radiant and infrared unvented space heaters emit
higher amounts of CO. The decreasing usage of unvented space heatersislikely to
result in decreased CO emissions from this source.”

“The average CO source strength for airtight stoves ranged from 0.08 to 0.27 g/h (10
to 140 cm?/h) versus 0.32 to 2.18 g/h (220 to 1,800 cm/h) for nonairtight stoves. ...” |
can't discern any relationship here between g/h and e/ if 0.08 g/h = 10 cmé/h, for
example, then how is 0.32 g/h = 220 cm?/h? And what are “wood heaters’, as distinct
from wood stoves and fireplaces? And why no mention of the fireplace emission rates
as high as 70 g/lh mentioned on page 3-577? More number junk, thistime lacking even a
qualitative message.

It's hard to see the value of knowing that “ An estimated 487 billion cigarettes were sold
during that year.”

While liging the quantitative factoids noted above, the indoor summary smultaneoudy disavows
them by emphasizing the dependence of emissions and concentrations on particular circumstances. This
latter point isin fact beaten to degth, in repetitious laundry lists of sdf-evident and redundant factors:
“Carbon monoxide concentrations in the indoor compartment is influenced by the CO emisson rate of
the unvented combustion source, the ambient CO concentration, infiltration through the building
envelope, building volume, AER, and air mixing within the indoor compartments.” [3-76/15-18]
“Carbon monoxide emissions from gas ranges vary from range to range for both the top burners and
the oven burners and are dependent on the type of pilot light, the fuel consumption rate, the frequency
of use, and the operating condition.” [3-76/20-23]

“Emissions from unvented space hegters are a function of the gppliance design, combustion efficiency,
length and frequency of use, and the fud type and consumption rate.” [3-77/16-17]

“Emissons will vary based on the type and brand of tobacco product. Concentrations ... will be
dependent on the CO emission rate of the tobacco product, number of cigarettes smoked, smoking
rate, size of the indoor compartment, ventilation rate, and ambient CO concentrations.” [3-78/11-15]

References
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1)

2)

3)

4)

5)

6)

Philip Hopke

Page 2-18, line 19 refers to a section 2.2.4 which does not exist in thisversion. There needsto
be some rewriting in this subsection to reflect changes between versons.

Although others suggested the need for more detail on eectrochemica methods on page 2-19,
| believe the references to the technique given are adequate and further description is not redly
needed. | aso do not think that remote sensing is persona monitoring SO it may be useful to
change the title of this subsection.

Page 3-3, line 14 The definition should be the “ concentration resulting from anthropogenic and
natura emissions outside North America, and natural sources within North America” The
second definition is the concentration that results from only naturd sources within and outside of
North America. Theterm “levels’ is used and should be replaced by “concentrations” On line
28, “mixing ratio” is used and again on line 30 and again on page 3-4, line 3. On page 3-5, line
5“levels’ isused. Againon line 18, etc so agood globa search is needed to at least replace
level with concentration. | am less concerned with the use of “mixing ratio” sncethat redly is
the gppropriate term. “Level” should not be used at dl.

Page 4-8, lines 3-4, Why is there specifics of “after corrections were made for instrumental
measurement drift”? Was there a second andysis before drift was discovered? Should there
be areference to these multiple analyses? Generally one expects data to be correted for any
known systematic biases so why isthis cadled out explicitly?

Although most of the data avalable is for methylene chloride as an in vitro producer of CO, it
seems likely that other compounds could aso produce the same results. There should be some
indication of the possibility that other compounds could behave in an analogous manner.

Please take the points out of figure 7.1 and just use 4 digtinct lines. The points give the

impression that these are measurements and not model results.

Thomas E. Dahms

The document in generd contains the information necessary to bring the user up to date in the

fidld aswdl as providing areview of the rdevant information that forms the background data base for
regulating CO in the environment. The following comments are offered in an attempt to make the
document clearer to the eventud reader. | my mind there are two mgjor problems that run throughout
the document that need to be remedied because when these issues are presented they are not stated
fully in the correct sequence so that the document is understandable from front to back. Without the
inclusion of these concepts (especidly concern #1) in the correct sequence the document is potentialy
mideading to the reader.
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Major Concerns,
1. Thefirg item dedls with the underlying assumptions regarding how CO exerts its physiologica
effects.

The current underlying physiologic principle that forms the conceptua basis for hedlth effects
sudiesto dateisthat exposure to CO results in areduction in the oxygen carried by each milliliter of
blood supplied to the tissuesin the body. Since the oxygen ddivered to atissue (oxygen content X the
blood flow) isregulated a a constant vaue relative to the oxygen demand of the tissue, the body
compensates for this reduced oxygen content by increasing the blood flow. It is only when this
increased blood flow cannot compensate for the reduced oxygen content, that decrementsin
performance have been observed. Reductions in performance have been reported in normal subjects at
maximal exercise (when blood flow to the muscle reachesits limit and therefore no compensation is
possible) and in individuas with coronary artery disease (where increases in blood flow are not
possible) at what would be expected submaximal levels of effort because the underlying diseased
vessal's can not dilate to increase blood flow to compensate. When compensatory changes can occur
asfollowing CO exposure with submaxima exercise in hedthy subjects, there is no decrement in
performance. The physiologic effects of CO can be observed only when a sufficient decrease in blood
oxygen content occurs and the compensatory increase in blood flow isinadequate to meet the tissue
need for oxygen.

If the effects of CO were only brought about be a reduction in oxygen transported in the blood
as currently described in the text, then effects of CO would be observable at low levels of exercise
dressin hedthy subjects. This may be the case if the findings of Thom et d can be demongtrated at low
levels of COHb. At this point we don't know what pathophysiologic endpoints to measure pending
further data from this area of research. At this point in time there is insufficient information regarding
specific effects of CO (unrelated to oxygen ddlivery problems caused by the formation of
carboxyhemoglobin) to provide substance for regulatory decisions.

2. The second concern relates to the descriptions in the document regarding relative rates of uptake and
elimination of CO. The description again is not precise enough to makeit clear in the reader's mind at
to why the uptake of a given mass of CO is much faster than the eimination of the same mass of CO.

In fact the physica and physiologicd mechaniams governing CO uptake and dimination are the
same. To explain the concept of changing effective doses the discussion is best put in terms of mass
transfer of CO under the two conditions. When a subject enters an environment containing elevated
CO, aninitid gradient exigts between the CO tension in the air in the lung and CO tenson in the blood
inthelung. Thisgradient remainsrelatively high during any exposure to CO because asthe CO enters
the blood it istightly, but reversibly, bound to the hemoglobin resulting in very little back pressure.
Under conditions of elimination which occurs when a person with eevated CO tenson in the blood
enters an environment with lower CO tensgon in theinhded air. This resultsin agradient from higher
CO in the blood into the dveolar air and aloss of CO from the body store of CO. However dueto the
avidity of the hemoglobin for the CO, this gradient is much less than the gradient for the uptake. Given
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the same physiologica status of the exposed person, this blood-dveolar air gradient for CO will be the
rate determining step in the mass transfer of CO under both conditions. The rate of uptake vstherate
of dimination for exchanging the same body burden of CO can be described by the ratio of the
gradients under these conditions. The uptake of CO can be shown to be severd fold faster than the
elimination in the regulated range and much higher with higher levels of exposure. The fagter relaive
mass trandfer during uptake with higher exposures is intuitive because the aveolar air to blood CO
gradient will be greater. Since the time required to eiminate a given body burden of CO is congtant,
the uptake to dimination transfer ratios will increase with higher exposures (of shorter duration) that
result in the same body burden of CO. It isthe dveolar air to blood gradient thetis the primary
determinate of CO trandfer.

Specific comments

Chapter 1.
Section 1.3.1

Page 1-6. Lines 7-9. | can not find abass for this statement in the text of the document. What doesthis
mean?

Lines 27-29. Is this supposed to be confusing?

Page 1-7. Lines 2-4. This sounds like a stab in the dark with poor underpinnings. Isthiswhat is meant
to be communicated ?

Section 1.4.8.

Page 1-11. Lines 26-27. There is no documentation for this statement in the literature. In fact low levels
were studied by Wittenberg and Wittenberg and could not find any supportive evidence for this
speculation. It would make sense but it gpparently does not happen see section 5.6.2. | would suggest
including some form of the above mgor concern #1 a this point in the document.

Section 1.4.9.

Deveopmentd Toxicity P.1-13, line 7. These exposures were probably chronic and need to be stated
as such.

Line 20. Define high dtitude as being greeter than x ft.

Section 1.5

P.1-15 lines 2-3. | believe that the epidemiology data has far more implications at this time relative to
regulation of ambient levels of CO than do the cellular mechanism studies. Thisdistinction is not clear to
the reader.

Chapter 5
Section 5.2.1.2.

Lines 28-29 ...contribute little to ValQ inequdity. This confusing given the information preceding it.
Doesit mean that shunts are low or that VA/Q is anything other than shunt or dead space ?
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Section 5.2.1.3.
Page 5-4, lines 7-8. The word pass should be replaced by diffuse and enter should be diffuse into.

Page 5-5, line 1. ..by immediate and tight binding of CO to Hb. May not contribute anything to the rest
of this sentence,

Lines5-6. Thear-blood pressure gradient for CO is usualy much higher than the blood-air gradient;
thisistoo cryptic. Blood pressure has a confusing implication in this usage. See the generd statement
#2 above.

Lines 7-8. Therate of CO release dso will be affected by metabolic and endogenous production of
CO. Thisisnot clear to the reader that there is a distinction between metabolic and endogenous
sources of CO. | believe that the author is referring to back pressure from this source of CO.

Lines 13 and 18. Diffusion should be replaced with diffusion capacity.

Section 5.2.2.1

Page 5-5. Lines 29-30. This sentence seems to be confusing mass transfer into a tissue with diffuson
across the tissue.

Page 5-6. Lines 4-8. The issues are relative surface area and diffusion distance limiting uptake of CO in
the areas discussed. Stating this concept would make this section more understandable.

Section 5.2.2.2

Page 5-8. Lines 14-20. Thismateria has been inserted into the text but not integrated into the
document.

Line 16. The 77% figure does not agree with the statement on page 7-5, line 3.

Section 5.2.2.3.

Page 5-9. Lines 1-18. If CO affects myoglobin oxygen transfer, either skeleta or heart muscle function
should show some evidence at moderae if not low levels. Since thisis not evident what is the basis for
the statement on lines 15-16: consequent reductionin ... ?

Section 5.2.2.4.
Page 5-9. Lines 21-22. | don't understand the term concentration as used in this context. Isthe
difference due to the amount of blood present per volume of neurd tissue?

Section 5.2.3

Page 5-10. Lines 4-7. This sentence needs to be retrand ated.

Lines 19-31. It isdifficult to understand this materid in light of the CFK when it has yet to be
presented. Consider using the above concern #2 which does not invoke CFK.

Section 5.3.
Page 5-12. Lines 19-23. Condder gtarting this section with this paragraph.
Page 5-12. Lines 30-31. How does increasing enzyme concentration without increasing substrate

concentration increase CO production? What evidence is there that excess subgtrate is present for HO
?
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Page 5-13. Lines 29-31. This materia needs to be referenced.
Page 5-14. Lines 1-8. This material also needs to be appropriately referenced.

Section 5.4.1. The concepts provided in concern #2 above should be included in arewrite of this
section.

Section 5.4.4.

Page 5-19, Lines 17-22. This materia encompasses my above concern #1 but it is buried in this
section. It should appear in section 1.4.8. The materia in section 1.4.8 is too speculative regarding the
effects on myoglobin which have never been shown to exist at less than 40% COHDb (see Section
5.6.2). Inserting the failure of vasodilation to compensate under mechanism of action would be much
more appropriate. This would aso spur future research into looking into the mechanism of CO induced
vasodilatation at more reasonable levels of COHb.

Section 5.5.1.1.

Page 5-20. Lines 18-21. The back tension of dissolved CO that must occur at these high levels of
exposure, makes this materia not reevant to the discusson of exposure to expected/alowed ambient
levels. Eliminate this materid.

Section 5.5.1.3.

Page 5-24.Lines 25-31. This materia needs to be demonstrated to be relevant to ambient exposures or
eiminated.

Page 5-25. Lines 19-27. Provide references or eiminate this speculative discussion.

Section 5.6.
The previous sections of this Chapter contain information regarding the dose of CO or concentration of
CO that produces an effect, but this section does not do this rigoroudly.

Section 5.6.1.

Page 5-27. Lines 20-21. This statement is not correct please see concern #1 above.

Page 5-28. Lines 2-3. The study by Kimmell does not agree with many animal experimentsin awide
variety of speciestoo numerousto identify. So it seems hard to swalow that one investigator's findings
are presented as fact while ignoring dl of the previous animd exposure data.

Section 5.7.1
Page 5-33. Lines 1-14. This materia does not seem to be relevant to understanding health effects of
CO a more reasonable exposures.

Section 5.7.3.

Page 5-34. Lines 16-18. | don't know what thisistrying to say. Lines29-30. | don't think that this
materia has been subgtantiated, in fact | believe that it was refuted in materid cited in the previous
criteria document.
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Page 5-35. Lines 10-13. Did the indicator actudly 'leak’ or was it mere bound at a greater extent to the
tissue ? Theindicator |eft the system but where did it go?

Section 5.9
Page 5-37. Lines 2-4. Please see mgjor concern #1 above. What is written is mideading.

Chapter 6.
Table 6-7. 1 did not comment on this publicly because the issue involves a paper that | authored.

However any review of this materid regarding arrhythmogenic properties of CO would not reach the
concluson implied by the materid in this table. The data presented shows positive findings only when
less than sraight forward Statistica analyses were employed. In addition there is evidence in the
literature refuting these findings. At best thisis not a baanced representation of the field.

Chapter 7.
This chapter needs some editing by a cardiovascular physiologist to make sense of some the statements

scattered throughout the chapter. For example in Section 7.1 line 17-18 the formation of COHb during
exercise is dependent upon the dveolar ventilation but what is Sated is the "increases both the amount
of ar inhaled and exhded..." Another example is Section 7.5 lines 2-10. This mechanism does not
include the concepts included in the above concern #1 and is therefore mideading. In section 7.7.1
page 7-11 linesl1-14 . Whereis this information supposed to lead the reader?

Section 7.7.4.

This section is disproportionately represented in the summary relative to the data presented in the
various chapters. It should be reduced by 2/3.

Victor G. Laties

Generd comments. This revised document is much improved. Here are some further comments. The
main points concern (1) the sharp contrast between how the cardiovascular and behavioral studies are
treated; and(2) the ambiguous conclusions concerning the COHb levels associated with religble
behaviora changes.

6.2.2 Controlled Laboratory Studies Page 6-46, Table 6-6.

* Thistable deds primarily with the cardiovascular effects of CO and the data supplied are discussed in
lines 3 to 13 on this page, immediately above the table. But why does the table also present data on
schedule-controlled behavior, developmentd effects, and lung morphology and function, al topics taken
up later in the chapter? Besides, the results for these three endpoints appear to be largely redundant,
dready being given in Figure 6-6 on page 6-52 (for the behaviord data), in text at lines4 to 6 on page
6-56 (developmenta data), and at lines 25ff. on page 6-57 (lung pathology data).

* |f this table is not modified because summarizing data on the LOEL for four CO endpointsin one
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place is thought to be important, shouldn't it be expanded to include data from the studies now named in
the text but otherwise ignored. For example, only one of the three developmenta studies cited on
page 6-56 is included in the table? Only one of the three lung studies cited on page 6-57 included in the
table.

* Findly, if such aninclusivetableis presented, shouldn't it be placed nearer the end of the chapter so
that it would serve as a summary?

6.3.1 Brain Oxygen Metabolism Page 6-49, Figure 6-5.

* Do you redly trust the curve-fitting program that you have used to ded with those very few---and
highly variable! ---data points below 20% COHb? Shouldn't the fit be made to reflect your belief that
the experimentd evidence indicates that there are different physologica phenomenaat work on two
sections of the curve?

6.3.2 Behaviord Effects of Carbon Monoxide Page 6-50, line 28.

* Putz et d., 1976 is an unpublished NIOSH report. Why not cite instead the 1979 Human Factors
paper by Putz done, which contains only the dua task performance results but has the virtue of having
appeared in a peer-reviewed journd? (In it, Putz refers on p. 18 to the NIOSH report.) ItsFig. 2
contains the tracking error data used in the Benignus (1994) analysis and in the current report.

Page 6-51, lines 11-12.

* | suggest cutting out the dependent clause("Because single-blind...dgnificant),”), smply sating that the
meta-anays's was confined to double-blind sudies. Isn't a Type | error a chance error, not one due to
the biases that may influence a result when the experimenter or subject is not blind as to the conditions
in force?

Page 6-51, lines 22ff.

* Choosing a 10% decrement as the criterion of change does not match what is done with every other
variable presented in this document. Why should such afigure be used soldly for the behaviord
experiments? The statement that "...human behaviord impairments of 10% (ED-10)should not be
expected until COHb exceeds 20%."is an hypothesis, not a conclusion based upon empiricd behaviord
data. (See below for more on this point.)

Pages 6-51, 6-53, 6-54, 6-55 and Figure 6-7. The description of this figure and the conclusions
drawn therefrom gtart on page 6-51, line 28 and runs to the end of the section on page 6-55. |
disagree with much of it:

1) If the low-level CO exposures were completely ineffective, would not one expect the points
to clugter nearer to the basdline leve, whichisa 1.0 onthisgraph? Infact, dmost al the curvesturn
down as COHb levelsincrease. Only one data point reaches as much as 4% above the basdline
whereas about ten are more than 4% below.
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2) | don't believe that this summary reflects the totdity of the evidence in the figure regarding
CO and behavior. For example, consider just the "good”compensatory tracking studies presented in
Figure 6-7, which are the two by Putz ($ and *), plus the two by Benignus (X and +). Both Putz sudies
and one Benignus study showed gatigticaly significant decrements at between 5 and 8% COHb. The
other Benignus study showed changes in the same direction. A meta-andys's of these four experiments
taken together could only lead to a conclusion that the effect is believable. The same argument applies
to dl the studies taken together, the dominant direction of the points being down, with much scatter
(See #13below). | have doubts about the propriety of throwing so many different types of behavior
together but won't go down that road now.

3) On Page 6-54, line 6. "...only afew levels of COHb...."But the four dashed curves on this
figure now each show only asingle CO level. However, Putz et d (1976)actudly used two exposure
levels, 35 and 70 ppm.

4) The next sentence, on Page 6-54, lines 6-8, says " Studiesin which more and higher COHb
levels..." didn't find Sgnificant effects. However, if the first sentence covers up to and including two
levels, there remains only a single study that used three levels. Benignus (1987) (I don't believe that
Stewart et d., 1973, which studied subjects in a group setting, should be herein thefirst place) The
sentence should be recast or omitted. Actudly, asingle multi dose instance (or even two) is not
aufficient to support the conclusion, athough there is merit to the prgudicein favor of multiple levels,
eg., having many exposure levels helps keep both experimenter and subjects truly blind.

5) The horizonta line on Figure 6-7. The decison made on page 6-51, lines 22ff., to report
behaviord measures dways in comparison to an arbitrary decrease in performance, rather than with
reference to rgjection of anull hypothes's, makes comparison with other endpoints difficult and
confusing. With regard to Figure 6-7, adding a horizontd line at 0.9,which serves to discount the
importance of any behavioral response decrement less than 10%, strikes me as unwarranted. It
depends upon the reader accepting the authors decision to demand behaviora impairments of 10%,
which stems from conclusions reached in the Benignus (1994) article regarding the lessened possibility
of any changes occurring if compensatory mechanisms play arole.(Cf., page 6-54, lines 16-18.)

Why not report the observed behavioral changesfirst be without comment about these
interesting physiologica results, then introduce them as a possible path to a deeper understanding of
what seems to be happening? The vdidity of any theories concerning cerebrd oxygen supply and
metabolism can be only be tested through comparisons with behaviord results. The behavior itsdf isthe
primary varigble; no amount of argument concerning the underlying mechanisms can overturn
trustworthy behaviora findings. Questions can be raised about how good the studies are but ultimate
physiologica and biochemica explanations must themsealves be verified with solid behaviord data.
Theory-derived argument must yield to empirically-derived data, not the reverse.

Let me make the argument againg use of an ED10in another way by using the data on the
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cardiovascular effects of CO, summarized afew pages earlier in Figure 6-4.0n Page 6-45, the
discusson mentions "awide digtribution of professona judgments on the dlinica significance of amall
performance decrements,”" as well as the fact that the time-to-angina changes ar€'within the range of
reproducibility of the test.” Suppose that the authors had decided, on the basis of that discussion, to
require a decrease of a least10% in time-to-angina before shouting an darm. Adding a horizontd line
a 10%, with a statement about how an increase of less than that wouldn't matter in red life Situations,
would affect our interpretation of al but the Anderson et d. articles, and thereby thus would force usto
base the current stlandard on Instead, al the relevant studies have been presented before their
importance isinterpreted in subsequent paragraphs. Why not follow the same procedure with the
behaviora data?

If you remove the horizontd line on the figure, | suggest that you aso remove the discussion of
the merits of various EDs on page 6-54, lines 18 through 24.

6) The behaviord studieswere of "hedthy young adult humans' who aso were usudly well
rested and likely to be highly motivated to perform well. Generdizations to other populations must done
with care. Note that the cardiovascular data used in this chapter were collected from individuals who
were both old and afflicted with coronary artery disease. For instance, the mean age of the Allredet d.
subjects was 62, with a SD of 8. Too bad some behavioral data couldn't have been collected from
them.

7) Has there been any work on cerebra oxygen consumption in aged humans? Would the
argument about compensatory mechanisms hold for them aswell?

8) Discounting the vaidity of gatistically significant decrements because other sudies didn't
report sgnificant changesis adicey busness, especidly if technica flaws can't be cited while rgecting
the positive studies. Negative studies offer little when not accompanied by internd evidence that the
measurements would have detected atrue change if it had been present. No study in this collection
yielded a dose-€effect curve encompassing exposure leves high enough to produce both a significant
effect plus sufficient intermediate levels to rdiably determine the entire functiond relaionship. Almogt dll
sudies that provide negetive data a the lower COHb levels do not aso provide positive data at higher
levels or, faling that, postive data on some other trestment that would assure us that the measures used
were adequately sensitive. Since human subjects committees would probably frown on collecting data
on COHDb levels much above 20%, other substances or procedures should be included as positive
controls.

9) Note that this report contain no modern, double-blind behaviora work that demonstrates
sgnificant changes a 20 to 30% COHb levels! One consequence isthat we can't afford to limit our
assessment of the evidence to studies done during the past few decades. Even Haldane, sniffing CO a
hundred years ago, can tdl us something.
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10) Incidentdly, | know of no evidence that investigators are publishing sdectively in thisareg,
failing to publish their negative studies. (Are there any such in EPA files? What about OSHA?) Perhaps
thisis because dmos dl work on CO and behavior is done within governmentd agenciesthat are
highly likely to mandate publication. In fact, the only unpublished studies whose data are used in this
section report positive results: eg., Weir et d.,1973; Putz, 1976.

11) Page 6-%4, lines 25 to 30. | suggest recasting this argument dightly, moving the thought in
the first sentence to later in the paragraph o that it reads as follows(l am gtarting & line 28, rewriting
dighty):

"Behaviord work should be encouraged, in an effort to determine whether reliable decrements
in behavior are truly associated with low levels of COHb. However, any new experiments should
involve saverd CO exposure leves, including one high enough to produce changes. In addition,
inclusion of some other procedure or a reference dose of some other active substance would serve to
verify the sengtivity of the behavior under study, thereby facilitating interpretation of any negative data
collected at the chosen COHDb levels. Studies that do not satisfy these specifications would most likely
be unfruitful and only further confuse the literature. In addition, other experiments should be designed to
contribute to our understanding of how CMRO2 relates to COHb eevation and behaviora changes.”

12) Other comments on Figure 6-7. There are severd errorsin the legend and on the figure
itdf:

* There are typos in the verticd labels on both this figure and on Figure 6-6: They should read
"Behaviord"rather than "Behavora.”

* Thereisonly one curve labeled "P' in the figure whereas both Roche and Waelr articles are labeled
"P'in the legend; is one of these "&" ? The ampersand gppears on the figure but not in the legend.

* Thewords "and=Ramsey (1973)" should be removed from the last line of the legend. Ramseyis
dready listed eaxrlier.

* Also, is Groll-Knapp et d. supposed to be "KC'"asin the legend or "K" asin the Figure? This
study (which | have not seen) is of word recall, according to Benignus (1994). Should it be included on
thisgraph? A meta-anays's should encompass results from a homogeneous group of experiments.

* Putz (1979) included data on exposure to methylene chloride, which produced a COHb level and
abehaviord effect amilar to produced by CO exposure. | am unaware of an attempt to replicate this
finding; has there been one? On the other hand, does the finding increase confidence in Putz's CO data?

13) Thefirgt complete paragraph on page 6-55is confusing, initidly talking of behaviors that
have been"implicated by research findings [as adversdly affected by CO] and then questioning whether
"these behaviors should be cited as effects’ because of their "unrdiability.” However, we are left with
the task of interpreting what we have. This dways includes a certain amount of speculation about how
the experiments were actualy carried out and the believaility of the results. Shouldn't the find sentence
read: "Until better evidence of rdiable behaviord effects are published, preferably in sudies that
demonstrate dose-related changes, we are |eft with the current record and must form conclusions that
emerge from that set of experimentd data.”
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The 1991 CO criteria document concluded:" Effects on behavior of COHb elevation above
20% have been unambiguoudy demondrated in both human and anima studies. Below thisleve, results
are less conggtent. It seems unwise, however, to ignore frequent evidence in favor of effects on human
performance at COHb levelsaslow as5%. " [p. 10-143, CO Criteria Document fina report, 1991]

Because Figure 6-7 presents data from studies that considered to have been done with some
care(at least, they were double-blind), the conclusion for the current document must reflect what is
shown there. Placing the data points from al these studies effectively weights them equaly and permits
only asmplefitting by eyeto the points. | can't see how the current re-examination of the same
database---no new studies at al!---can lead to a change in the 1991conclusions. Compensatory
mechanisms were thoroughly considered in that document and even the physiological database has
been enriched only dightly by new experimental work since then. Now argumentation is being made to
carry the burden that rightly belongs to empirica studies; interpretation can't substitute for data.
However, interpretation can suggest that alinear relaionship may not be most likely, given the probable
presence of compensatory mechanisms.

14) Thefind paragraph in the section, which concern show COHb-induced elevated brain
blood flow could affect brain toxicants, stresses the importance of “physiological smulation using
whole-body physiologica modds that are currently under development.” Again, | would stress the
equa need for hard data, without putting down the importance of theory and modding.

6.4 Developmental Toxicity Page 6-56, line 6.
The reference to "Table 6-6"adds nothing because no further information is added in the table.

6.7 Physiologica Responses to Carbon Monoxide Exposure

The view of compensatory mechanisms expressed in this section gppears to be quite different from that
in Section 6.3.1 (page 6-47, line 24), where at least some aspects of the organism show effects that
are'...documented amply in the literature....”

7.6 Hedlth Effects of Carbon Monoxide Page 7-8, lines 29 though line 1 on the following page. This
conclusion concerning "work conducted since the last criteria document review" should be revised to
reflect any changes made to Chapter 6. Regardless of any modeling and interpretation of possibly
important physiologica mechaniams, the governing principle remains that no change should be made in
the 1991 CO criteria document conclusions, given the absence of new experimenta work---and, to our
shame, none has appeared since 1990.

L awrence Longo

Strengths. Ingenerd, this document represents awell organized, coherent, understandable synthesis of
the literature and thinking in thisfield Snce the last such review. JamesA. Raub and hisfelow contributors
are to be congratulated for producing such afine piece of work.
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Possible Weaknesses
Chapter 5, Pharmacokinetics ...

p 5-27ff | gppreciate the work that has gone into this section, particularly in regard to
cdlular/molecular mechaniams. The past three years have seen agreat increase in the literature in this
area. Although this can not contain an exhaugtive andys's, the authors might consider afew new
referencesin regard to the effects of CO relating to free radicals, cdl cycle regulation, enzyme function
and hypoxia-inducible genes. HIF, heme oxygenase, vascular endothelia growth factor (VEGF),
glucose transport and so forth. Thisisahot areal As| mentioned at the meeting, a recent PubMed
search on "CO Hypoxia and Molecular Mechanisms' came up with about 90 citations.

Some sdlected references are as follows:

Acevedo, CH and A Ahmed. Hemeoxygenase-1 inhibits human myometrid contractility via
carbon monoxide and is upregulated by progesterone during pregnancy. J Clin Invest
101:949-955, 1998.

Bunn HF and RO Poyton. Oxygen sensing and molecular adaptation to hypoxia. Physiol.
Rev. 76:839-885, 1996.

Glabe, A, Y Chung, D Xu, and T Jue. Carbon monoxide inhibition of regulatory pathwaysin
myocardium. Am. J. Physiol. 274:H2143-H2151, 1998.

Haddad, GG and C Jiang. O, sendng mechaniamsin excitable cels role of plasma membrane
K* channels. Annu. Rev. Physiol. 59:23-43, 1997.

Kourembanas S, T Morita, Y Liu and H Christou. Mechanisms by which oxygen regulates
gene expression and cdll-cell interaction in the vasculature. Kidney Int. 51:438-443, 1997.

Ogtadd B, | Ogtaddlova, and NS Dhdla. Development of cardiac senditivity to oxgyen
deficinecy: comparative and ontogenetic aspects. Physiol. Rev. 79:635-659, 1999.

Wenger RH and M Gassmann. Oxygen(es) and the hypoxia-inducible factor-1. Biol. Chem.
378:609-616, 1997.

Wenger RH, | Kvietikova, A Rolfs, M Gassmann, and HH Marti. Hypoxia-inducible factor-
1" isregulated at the post-mRNA leved. Kidney Int. 51:560-563. 1997.



Yan SF, SOgawa, DM Stern, and DJ Pinsky. Hypoxiainduced modulation of endothelia cell
properties. regulation of barrier function and expression of interleukin-6. Kidney Int. 51:419-
425, 1997.
Chapter 6, Health Effects....
p 6-36 As| mentioned at our recent meeting, an important new idea is the so-called "Barker
Hypothesis', e.g. that adult hypertension, coronary artery disease, type |l digbetes, and so forth may be
a consequence of prenatal programming as aresult of intrauterine hypoxia or other stress. The
epidemiologic evidence amassed by Barker and histeam a the Medical Research Council Unit in the
United Kingdom is compelling, and includes results from studies, not only in the U.K., but in Chile,
China, India, Scandinavia, et cetera. Severd references are asfollows.

Barker, DJP. Mothers, Babies and Health in Later Life 2™ Ed., London, Churchill
Livingston, 1998. (Firgt edition, 1994)

Barker, DJP. Fetal and Infant Origins of Adult Disease. London, BMJ Publishing, 1992.
Barker, DJP. Fetd origins of coronary heart disease. Brit. Med. J. 311:171-174, 1995.
Campbell, DM, MH Hal, DJP Barker, J Cross, AW Shidll, and KM Godfrey. Diet in
pregnancy and the offspring's blood pressure 40 years later. Br. J. Obstet. Gynaecol.
103:273-280, 1996.

Seckl, JR. Physiologic programming of thefetus. Clin. Perinatol. 25:939-962, 1998.

p 6-55 Inregards to developmentd toxicity, the authors might also include references to CO
interactions with drugs and "dternative medicines'.

Chapter 7, Integrative Summary ...

Asl| read this section, | was struck that some facts were presented which | did not recal from the main
text. Severd examplesfollow.

p7-1.11 First sentence"COisacolorless..."
pr-2 94 Firgt few sentences, "About haf ... "
p7-3, 12 Some of the specific concentrations in this paragraph.

p7-4, 912 The sentence "For example, commute exposure ... fell from ahigh of 37 ppmin Los
Angdes... toalow of 3 ppm for New Jersey” doesn't make sense. Shouldn't you compare the fall
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from ahigh vaue to alow onein both Los Angees and New Jersey?
p7-5 13 The COHb data on chain smokers did not appear earlier.
p7-12, 11 "Almog 14 million Americans ..." should be given in Chapter 6 on Hedlth Effects.

p7-13, 14 It would seem to me that Figures 7-2 and 7-3 should be given in Chapter 6 on Hedlth
Effects. Then the data could be referred to here.

p 7-15 Again, Figure 7-3 and the details on COHb in sickle cdll disease and in subjects with Hb Zurich
should be given exrlier.

p7-16. 15 Same as above regarding smokers a high dtitude.
Appendix A
p A-1 Include BSfor black smoke (p 6-19).

For each chapter | would conclude with a short section on gapsin the data base, research needs, and
areas to be explored.

Other Specific Comments

p E-8 Subpopulations at risk - Pregnant women, children.

p 4-34 "Methyl chloride’ or "methylene’ chloride

p 5-13 Evidence of HO induction

p 5-14 Exercise CO uptake vs dimination (Kimker, 1992)

p 5-18 Physology hemodilution in pregnancy - anemia- 9 [Hb]
P 5-27 Intracdlular

p5-29 Lig of key equationsfor freeradicas

p 6-19 BS = Black Smoke

p 6-52, Fig. 6-6 "Behaviord" misspdled

p 6-53, Fig. 6-7 "Behaviord" misspdled




Conclusion

Again, | wish to compliment you and your staff for producing an excdlent synthesis on which EPA can
base its recommendations to the Secretary and to Congress.

Steven Ayres

| was very pleased with the content and format of the Air Quality Criteriafor Carbon
Monoxide document we recently reviewed. There are two additions | would like to suggest be added
to the document. The first dedl's with the unique ability of carbon monoxide to produce ischemiain
dtates where vasodilation is limited because of vascular disease.

Add 6.2 Cardiovascular Effects

Carbon monoxide is unique among ar pollutants, snceit is harmful in smal quantities only in individuas
with impaired vascular systems. Personswith anormal cardiovascular system can tolerate substantialy
concentrations of carbon monoxide they vasodilate in response to hypoxemia produced by carbon
monoxide. In contragt, individuas unable to vasodilate in response to carbon monoxide exposure may
show evidence of ischemiaat low concentrations of carboxyhemoglobin. For this reason, experiments
on hedlth animds are unlikely to show effects a low concentrations of exposure.

Add Action of Carbon Monoxide 5.7

Add immediatdy after Haldan equation 5-1

Hadane and Lorrain-Smith in 1895 showed that "partiad saturation of a hemoglobin solution with CO
causes oxygen to bind to the remaining hemes with a higher affinity and resultsin aless sgmoid curve.”

(Hadanel, and Lorrain Smith,J J Physiol) 20,497-520). The velocity of the association reaction is
greater than that of the dissociation reaction.



