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ENVIRONMENTAL PROTECTION 
AGENCY 

40 CFR Part 50 

[APFRL 3141-9(a)1 

Revisions to the Natlonal Ambient Alr 
dualitv Standards for Paltlculate 
~ a t t e i  

AGENOI: Environmental Protection 
Agency (EPA]. 
ACTION: Final rule. 

SUMMARK In 1971, EPA promulgated 
primary and secondary national 
ambient air quality standards for 
particulate matter, measured a s  "total 
suspended particulate matter" or "TSP." 
The primary standards were set a t  260 
pg/ms, 24-hour average not to be 
exceeded more than once per year, and 
75 pg/ma, annual geomelric mean. The 
secondary standard. also measured a s  
TSP, was set a t  150 pg/ms, &hour 
average not to be exceeded more than 
once per year. In accordance with 
sections 108 and 109 of the Clean Air 
Act. EPA has reviewed and revised the 
health and welfare criteria upon which 
these primary and secondary particulate 
matter standards were based. 

On March 20,1984 (49 FR 1WO8), EPA 
proposed changes in the standards 
based on its review and revision of the 
criteria. Today's notice announces 
EPA's f i a l  decisions regarding these 
changes. The final decisions include: (1) 
replacing TSP as  the indicator for. 
particulate matter for the ambient 
standards wiib a new indicator that 
includes only those par.ticles with an 
aerodynamic diameter less than or equal 
to a nominal 10~micrometers (PM,a). (21 
replacing the 24-hour primary TSP 
standard withaa s h o w  PMlo standard 
of 150 pg/ms with no more than one 
expected exceedance per pear: (3) 
replacing the annual primaryiTSP 
standardwith avPM10 standard of 50,pgl 
ma, expected annual arithmetic mean; 
and (41, replacing the secondary TSP 
standardwith =-hourand annual PMto 
standards that are identicalin a11 
respects to the primary standards. 

Today's notice. also, announces a new. 
Federal Reference Method for 
measurement of PMIO in the ambient air. 
The method is contained in a new 
Appendix J to Part 50. This notice also 
announces a new Appendix K to Part 50, 
which provides rules for applying the 
statistical fonn of the revised standards. 
In addition, certain clarifying changes to 
Appendix B and Appendix G are set out. 

Related notices published elsewhere 
in today's Federal Register set out final 
regulations concerning Ambient Air 
Monitoring Reference and Equivalent 

Methods (40 CFR Part 53), Ambient Air 
Quality Surveillance [40 CFR Part 581, 
Regulations for Implementing Revised 
Particulate Matter Standards (40 GFR 
Part 51) with associated guidelines, 
Approval and Promulgation of 
Implementation Plans (40 CFR.Part 52), 
and Prevention of Significant 
Deterioration [Parts 51 and 52). 
EFFECTIVE DATE: This action is.effective 
July 31,1987. 
ADDRESSES: A docket (No. A-82-37) 
containing information related to EPA's 
review and revision of the particulate 
matter standards is available for public 
inspection between 8:W a.m. and 300 
p.m, on weekdays at EPA's Central 
Docket Section, South Conference 
Center, Room 4, 40r M St., SW., 
Washington, DC. A reasonable fee may 
be charged for copying. The information 
in the docket constitutes the complete 
basis for the decisions announced In this 
notice. For the availability of related 
information see SUPPLEMENTARY 
INFORMATION. 
FOR FURTHER INFORMATION CONTACT: 
Mr. John Haines. Strategies and  Air 
Standards Division [MD-121, U.S. 
Envimnmental Protection Agency, 
Research Triangle Park, N.C. 27711,. 
telephone [919) 541-5531 ( n S  6245531). 
SUPPLEMENTARY INFORMATION: 

Availability of Related Information 
The revised criteria document; Air 

Quality Criteria for Particulate Matter 
and Sulfur Oxides [three volumes, EPA- 
800/8-82~029af-cf, December, 1982: 
Volume I NTIS #PBB4-120Q01, $24.95 
paper copy and $8.50 microfiche; 
Volbme 11 NTIS #PBB4-120419,.$48.95 
papen copy and$6.50 microfiche: 
Volume 111 m S  #PE84-120427: $48.95 
paper copy and $13.50 microfiche, the 
Second Addendum to Air Quality 
Criteria for Particulate Matter and 
Sulfur Oxides (1982): Assessment of 
Newly AvailableHealth Effects 
Information, (E~~/800/888-02O-F; 
NTIS #PB8?-176574, $24.95 paper copy 
and $6.50 microfiche). the 1982 staff 
paper.Review af the National Ambient 
AirQuality Standards for Particulate 
Matter: Assessment of Scientific and 
Technical Information-OAQPS Staff 
Paper [EPA-450/582cOM, January, 1982; 
NTIS #PB-82-177874, $24.95 paper copy 
and $6.50 microfiche), and the staff 
paper addendum. Review of the 
National Ambient Air Quality Standards 
for Particulate Matter: Updated 
Assessment of Scientific and Technical 
Information (EPA--450/5-88-012, 
December 1988; NTIS #P8-87-17Wl, 
$18.95 paper copy and $13.50 microfiche] 
are available from: U.S. Department of 
Commerce. National Technical 

Information Service. 5285 Port Royal 
Road, Springfield, Virginia 22161 [add 
$3.00 handling charge per order]. A 
limited number of copies of other 
documents generated in connection with 
this standard review, such as  the control 
techniques document, can be obtained 
from: U.S. Environmental Protection 
Agency Library (MD-351, Research 
Triangl'e Park, N.C. 27711, telephone 
[919) 541-2777 (FTS 629-2777). 
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Addendum 11--CASAC Review and Closure infomation available at the time of Ti t le  I1 of the Act (42 U.S.C. 7501 to 
oi the 1982 OAQPS Staff Paper for standard setting. It was also intended to 7534),.which involves controls for Particulate Matter and the 198e Addendum provide a reasonable degree of to the Staff Paper automobile, truck, bus, motorcy.cle, and 

Addendum [I1-Executive Summary of the protection against hazards that research aircraft emissions, and through the 
la88 Addendum to the Staff Paper has not yet identified. Lead Industries development of New Source 

Part 50-National Primary and Secondary v. EPA* F.2d1130* 1154 Performance Standards under section 
Ambient Air Quality Standards (D.C. Cir. 1980). cert. denied, 1M S. Ct. 111 (42 U.S.C. 7411) and ~ ~ t i ~ ~ ~ l  

Appendix ]-Reference Method for the 621 (1980): American Petmieum Institute ~~i~~~~~ standards for ~~~~~d~~~ ~i~ Determination oi Particulate Matter as 
PMlo in the Atmosphere 

Cost'e* 665 F.2d 1178, Cir. Pollutants under section 112 142 U.S.C. 19811, cert. denied, 102 S. Ct. 1737 (1982). 7412), Appendix K-Interpretation of the National Both kinds of uncertajnties are 
Ambient Air Quality Statidards for 
Particulate Matter components of the risk associated with B. Particulate Matter and Origi~~al 

pollution at levels below those at which Stondads for ?p 
I. Background 

A. Legislative Requirements Affecting 
This Rule 
1. The Standards 

Two sectlons of the Clean Air Act 
govern the establishment and revision of 
national ambient air quality standards 
(NAAQS). Section 108 (42 U.S.C. 7408) 
directs the Administrator to identify 
pollutants which may reasonably be 
anticipated to endanger public health or 
welfare and to issue air quality criteria 
for them. These air quality criteria are to 
reflect the latest scientific information 
useful in indicating the kind and extent 
of all identifiable effects on public 
health or welfare that may be expected 
from the presence of a pollutant in the 
ambient air. 

Section 109 (42 U.S.C. 7409) directs the 
Administrator to propose and 
promulgate "primary" and "secondary" 
NAAQS for pollutants identified under 
section 108. Section 109(b](l] defines a 
primary standard as  one the attainment 
and maintenance of which, in the 
judgment of the Administrator. based on 
the criteria and allowing for an 
adequate margin of safety, is requisite to 
protect the public health. A secondary 
standard, as  defined in section 10g[b)(2), 
must specify a level of air quality the 
attainment and maintenance of which. 
in the judgment of the Administrator. 
based on the criteria, is requisite to 
protect Ule public welfare from any 
known or anticipated adverse effects 
associated with the presence of the 
pollutant in the ambient air. Welfare 
effects are defined in section 302(h] (42 
U.S.C. 7602(h)) to include effects on 
soils. water. crops. vegetation, man- 
made materials, animals, wildlife. 
weather. visibility, climate, damage to 
and deterioration of property, hazards to 
transportation, and effects on economic 
values and on personal comfort and 
well-being. 

The U.S. Court of Appeals for the D.C. 
Circuit has held that the requirement for 
a n  adequate margin of safety for 
primary standards was intended to 
address uncertainties associated with 
inconclusive scientific and technical 

human health effects can be said to 
occur with reasonable scientific 
certainty. Thus, by selecting primary 
standards that provide an adequate 
margin of safety, the Administrator is 
seeking not only to prevent pollution 
levels that have been demonstrated to 
be harmful, but also to prevent lower 
pollutant levels that he finds pose an 
unacceptable risk of harm, even if that 
risk is not precisely identified a s  to 
nature or degree. 

In selecting a margin of safety, EPA 
has considered such factors as  the 
nature and severity of the health effects 
involved, the size of the sensitive 
population(s) a t  risk, and the kind and 
degree of the uncertainties that must be 
addressed. Given that the "margin of 
safety" requirement by definition only 
comes into play where no conclusive 
showing of harm exists, such factors, 
which involve unknown or only partially 
quantified risks, have their inherent 
limits as  guides to action. The selection 
of any particular approach to providing 
an adequate margin of safety is a policy 
choice left specifically to the 
Administrator's judgment. Lead 
Industries Association v. EPA, supm, 
647 F.2d at  1161-02. 

Section 109(d) of the Act (42 U.S.C. 
7409(d]) requires periodic review and, if 
appropriate, revision of existing criteria 
and standards. The'process by which 
EPA has reviewed the original criteria 
and standards for particulate matter 
under section 109(d) is described in 
Sections I.C. and I.D. of this notice. 

2. Related Control Requirements 
States are primarily responsible for 

ensuring attainment and maintenance of 
ambient air quality standards once EPA 
has established them. Under section 110 
of the Act (42 U.S.C. 74101. States are to 
submit. for EPA approval, State 
implementation plans (SIPS) that 
provide for the attainment and 
maintenance of such standards through 
control programs directed to sources of 
the pollutants involved. Other Federal 
programs provide for nationwide 
reductions in emissions of these and 
other air pollutants through the Federal 
Motor Vehicle Control Program under 

, - -  

"Particulate matter" is the generic 
term for a broad class of chemically and 
physically diverse substances that exist 
a s  discrete particles (liquid droplets or 
~o l ids )  over a wide range of sizes. 
Particles originate from a variety of 
stationary and mobile sources. They 
may be emitted directly or formed in the. 
stmosphere by transformations of 
gaseous emissions such a s  sulfur oxides, 
nitrogen oxides, and volatile organic 
substances. The chemical and physical 
properties of particulate matter vary 
greatly with time, region, meteorology 
and source category, thus complicating 
the assessment of health and welfare 
effects. The characteristics, origins, 
concentrations, and potential effects of 
particulate matter are discussed in more 
detail in the staff paper [SP) (EPA. 
1982a}, in the revised criteria document 
(CD] [EPA, loazb], in the criteria 
document addendum [CDA) [EPA, 
19B6a) and in the staff paper addendum 
(SPA) (EPA, 1988b). The executive 
summary of the staff paper addendum is 
reprinted in Addendum 111 to this notice. 

On April 30.1971 (36 FR 8186), EPA 
promulgated the original primary and 
secondary NAAQS for particulate 
matter under section 109 of the Clean 
Air Act. The reference method for 
measuring attainment of these standards 
is the "high-volwne" sampler (40 CFR 
Part 50, Appendix B], which collects 
particulate matter up to a nominal size 
of 25 to 45 micrometers (pm) (so-called 
"total suspended particulate," or "TSP"]. 
Thus, TSP is the current indicator for the 
particulate matter standards. The 
existing primary standards for 
particulate matter (measured a s  TSP) 
are 260 pg/ms. 24-hour average not to be 
exceeded more than once per year, and 
75 pg/m? annual geometric mean. The 
secondary standard {measured as  TSP] 
is 150 pg/m3. 24-hour average not to be 
exceeded more than once per year. The 
scientific and technical bases for these 
standards are contained in the original 
criteria document, Air Quality Criteria 
for Particulate Matter (DHEW, 1969). 
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C. Development of Revised Air Quality 
Criteria for Particulate Matter 

In.1978, a s  a result of internal Agency 
review and the recommendations of a 
committee of EPA's Science Advisory 
Board, EPA decided to revise the 
existing criteria document for 
particulate matter. Because of competing 
priorities regarding revision of other 
criteria documents, and because of the 
need to complete additional research on 
particulate matter, the process was 
scheduled to commence in 1979, With 
the endorsement of the Clean Air 
Scientific Advisory Committee [CASAC) 
of EPA'e Science Advisory Board, EPA 
decided to review and revise the criteria 
document for particulate matter 
concurrently with that for sulfur oxides 
and to produce a combined particulate 
matterisulfur oxides (PMiSO J criteria 
document. On October 2.1879 (44 FR 
587311, EPA announced that it was in the 
process of revising the criteria document 
and reviewing the existing air quality 
standards for possible revisions. 

In developing the revised criteria 
document, EPA has provided a number 
of opportunities for review and comment 
by organizations and Individuals outside 
the Agency. Three drafts of the revised 
particulate matter/sulfur oxides criteria 
document, prepared by EPA's 
Environmental Criteria and Assessment 
Office (ECAO), were made available for 
external review on April 11,1980 (45 FR 
249131, January 29,1981 (48 FR 97481, 
and October 28,1981 (46 PR 53210). EPA . 
received and considered numerous and 
often extensive comments on each of 
these drafts. CASAC held three public 
meetings to review successive drafts of 
the document on August 20-22,lesO (45 
FR 5164, August 4,1980), July 74,1981 
(48 FR 31748, June 17,1981). and 
November lb18,1981(48 FR 53210, 
October 28,1981). These reetings were 
open lo the public and were attended by 
many individuals and representatives of 
organizations who provided critical 
reviews and new information for 
consideration. In accordance with 
CASAC recommendations made after 
the first review meeting, five additional 
public meetings were held at  which 
EPA, its consulting authors and 
reviewers, and other scientifically and 
technically qualified experts selected by 
EPA discussed the various chapters of 
the draft document and suggested ways 
of resolving outstanding issues (45 FR 
74047, November 7,1980; 45 FR 78224, 
November 25,1980; 45 FR 76790, 
November 20,1980; 45 FR 80350, 
December 4.1980: 48 FR 1775, January 7, 
Isel).  

The comments received on the 
successive drafts of the revised criteria 
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document were considered in the final 
document, issued simultaneously with 
the proposal of revisions to the 
standards. A summary of EPA's 
responses to the comments on the three 
external review drafts of the documents 
is in the public docket (Docket NO. A- 
82-37]. Transcripts of the three CASAC 
meetings are also in the docket. In 
accordance with its established 
procedures, CASAC prepared a 
"closure" memorandum to the 
Administrator indicating its satisfaction 
with the final draft (December, 19811 of 
the criteria document and outlining key 
issues and recommendations. The 
closure memorandum, dated January 29, 
1982, stated that the EPA office that 
prepared this document was 
"responsive to Committee advice as  
well as  to comments provided by the 
general public . . ." The closure 
memorandum further stated that the 
criteria document "fulfills the 
requirements set forth in section 108 of 
the Clean Air Act, which requires that 
the criteria document 'shall accurately 
reflect the latest scientific knowledge 
bseful in indicating the kind and extent 
of all identifiable effects on public 
health or welfare' from sulfur oxides 
and particulates in the ambient air." The 
CASAC closure memorandum on the 
criteria document is reprinted in its 
entirety in Addendum I to this notice. 
Following closure, minor technical and 
editorial refinements were made to the 
criteria document for printing (EPA, 
1982b). 

' A number of scientific and technical 
issues were raised during the public 
review process. With respect to the 
p a r t i d a t e  matter portions of the 
criteria document, the major issues 
included the relationship among various 
measures of particulate matter air 
quality, the implications of particle 
deposition and other studies for 
selecting a particulate matter Indicator, 
and the development and application of 
criteria for deciding which 
epidemiological studies are most 
appropriate for use in revising air 
quality standards. A summary of these 
and other major scientific issues, a s  well 
as  CASAC's conclusions, is included in 
the closure memorandum on the criteria 
document (Addendum I). 
D. Review of the Standards: 
Development of Staff Paper 

In the evolving process of revising the 
national ambient air quality standards, 
EPA has found it useful to prepare a 
document that helps bridge the gap 
between the scientific review of health 
and welfare effects contained in the 
criteria document and the judgments 
required of the Administrator in setting 

/ Rules a n d  Regulations 

ambient standards. This document, ' 

known as  the staff paper, has become 
an important element in the standards 
review process, providing an 
opportunity lor public comment on 
proposedbtaff recommendations before 
they are presented to the Administrator. 

In the spring of l9W, EPA's Office of 
Air Quality Planning and Standards 
(OAQPS) prepared the first draft of the 
staff paper, Review of the National 
Ambient Air Quality Standards for 
Particulate Matter: Assessment of 
Scientific and Technical Information. 
This draft staff paper, based on the then 
existent draft of the revised criteria 
document, evaluated and interpreted the 
available scientific and technical 
information most relevant to the review 
of the air quality standards for 
particulate matter and presented staff 
recommendations on alternative 
approaches to revising the standards. 
This and a second draft of the paper 
were reviewed at  two CASAC meetlnge 
on July 74,1981 (48 FR 31746, rune 17, 
198l), and November l b l &  1981 (46 FR 
53210, October 28,1981). Numerous 
written and oral comments were 
received on the drafts from CASAC, 
representatives of organizations, 
individual scientists, and other 
interested members of the public. A 
summary of major revisions made in 
response to comments on the first draft 
is contained in a n  October 31,1981 letter 
to CASAC (Padgett, 1981). Following the 
second CASAC meeting, the staff made 
further revisions in response to 
comments and prepared an executive 
summary that was reviewed by CASAC 
members before preparation of the 
closure memorandum on the staff paper. 
In lanuary, 1882, EPA released the final 
OAQPS staff paper (EPA, 1982a), which 
reflects the various suggestione made by 
CASAC and members of the public. The 
January 29,1982, CASAC closure 
memorandum states that the staff paper 
"has been modified In accordance with 
recommendations made by CASAC," is 
consistent with the criteria document, 
and provides the Administrator "with 
the kind and amount of technical 
guidance that will be needed to make 
appropriate revisions to the standard." 
This closure memorandum is reprinted 
In Addendum 11 to this notice. 

A number of major issues were raised 
during the public review process. The 
more important issues are outlined 
below. 
1. Substantial discussion concerned 

the maximum size of particles [or 
particle size fraction) to be used in 
measuring particulate matter for 
regulatory purposes. Some groups 
favored retaining TSP a s  a n  indicator; 
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others called for alternative size-specific 
standards with nominal "size cuts" 
("W'; see discussion in Sectlon 1II.A.) 
of 15 pm, 10 G e m ,  5-7 G6mm. and 2.5 
CBmm. After CASAC closure on the 
staff paper and criteria document, 
comments were received from one group 
favoring a so-called "a" of 10 pm 
(approximately equivalent to a nominal 
size cut [D~o) of 6 pm). 

2. Much attention was focused on 
selecting the level of the primary 
standards and on the question of which 
health effects studies were most 
appropriate for this purpose. Significant 
criticisms were received on the major 
epidemiological studies of particulate 
matter exposures, highlighiing their 
limitations for use in standard setting. In 
a number of comments, specific 
suggestions for standards were made. 

3. With respect to secondary 
standards, most attention focused on the 
possible need for a fine (S2.5 G6m) 
particle standard designed to protect 
visibility. 

These and other major issues are 
discussed mare Eully In the executive 
summary of the staff paper and in later 
sections of this notice. CASAC's 
discussion of these issnes and its 
recommendations are contained in the 
closure memorandum on the staff paper 
(Addendum 11). 

E. Proposed Revisions to the Standards 
On ~ a ' r c h  20.1984 (49 FR 10408] EPA 

proposed a number of revisions to the - 

primary and secondary particulate 
ma!ter standards. The pr.oposed 

' . . 
revisions. based on the revised criteria. 
included: 

(1) Replacing TSP a s  . i e  indicator for 
particulate matter for the primary . 
standards with a new indicator that 
includes only those particles with an 
aerodynamic diameter less than or equal 
to a nominal 10 micrometers (PMIo]; 

(2) Changing the level of the 24-hour 
primary standard to a value to be 
selected from a range of 150 to 250 pg l  
mS and repiacing the deterministic form 
of the standard, which per.mitted not. 
more than one observed- exceedance of 
the standard per year. with -a statistical 
form that would permit one expected 
exceedance per year; 

[a) Changing the level of the annual. 
primary standard to a value to be . 
selected from a range of 50 to 65 pglms. 
and changing the form from an annual 
geometric mean to an expected annual 
arithmetic mean: and 

(4) Replacing the current 24-hour 
secondary TSP standard by an annual 
TSP standard selectedfrom a range of ,. 
70 to W) tcglms. expected an+al , , . . : 
arithmetic.mean. 

The Administrator expressed an 
inclination to select the primary 
ntandards from the lower portions of the 
above ranges. With respect to the 
secondary standards, the Administrator 
was inclined to select the final standard 
from the upper portion of the range, but 
also called for comment on the 
alternative of using PMlo a s  the 
particulate matter indicator for the 
secondary standards and making the 
secondary standards identical in all 
respects to the primary standards. The 
proposal notice sets forth the rationale 
for these and other proposed revisions 
of the particulate matter NAAQS and 
background information related to the 
proposal. 

F. Supplemental Criteria Revisions and  
Standards Review Following Proposal 

Followuig publication of the proposal. 
EPA held a public meeting in 
Washington, D.C on April 30,1984 to 
receive comments on the proposed 
standards revisions. A transcript of the 
meeting has been placed in the public 
docket Docket No. A-82-37). After the 
close of the original public comment 
period (June 5.19851. the CASAC met on 
December 16-17,1985 to review the 
proposal and to discuss the relevance of 
certain new scientific studies on the 
health effects of particulate matter that 
had emerged since the Committee 
completed its review of the criteria , 

document and staff paper in January, 
1982. A transcript of this meeting is also 
available in the Docket. Based on its 
preliminary review of these new studies, 
the Committee recommended that the 
Agency prepare separate addenda to the 
criteria document and staff paper for the 
purpose of evaluating the relevant new 
studies and discussing their potential 
implications for standard-setting. The 
Agency announced its acceptance of 
these recommendations on April 1,1986 
(51 ,PR 11058). On July 3,1986, EPA 
announced (51 FR 24392) the availability 
of the external review draft document 
entitled: Second Addendum to Air 
Quality Criteria for Particulate Matter 
and Sulfur Oxides [1982): Assessment of 
Newly Available Health Effects 
Information. At the same time, the 
Agency announced a supplementary 
comment period on the March 20.19&4 
proposal to provide the public an 
opportunity to comment on the 
implicatlons of the new studies and 
addenda for the final standards. On 
September 16,1988. EPA announced (51 
FR 32878) the availability of the draft . 
staff paper addendum entitled Review of 
the National Amblent Air Quality 
Standards for Particulate Matter: - 
Updqted Assessment of Scientific and 
Technical Information. CASAC held a 

/ Rules and Regulations . , 24637 

public meeting on October 15-16,1986 to 
review both the criteria document 
addendum and the staff paper 
addendum. At this meeting, CASAC 
members a s  well a s  representatives of 
several organizations, provided critical 
review of both EPA documents. A 
transcript of the CASAC meeting has 
been placed in the public docket ( A 4 2  
37). 

The CASAC sent a closure letter on 
the criteria document addendum to the 
Administrator dated December 15,1986, 
which concludes "that this 1986 
Addendum along with the 1982 Criteria 
Document, previously reviewed by 
CASAC, represent a scientifically 
balanced and defensible summary of the 
extensive scientific literature on these 
pollutants" (Lippmann, 1986bl. The 
closure letter on the criteria document 
addendum is reprinted in Addendum I of 
this notice. The Committee sent their 
closure letter on the staff paper. 
addendum to the Administrator dated 
December 16,1986, stating "The 
Committee believes that this document 
provides you with the kind and amount 
of technical guidance that will be 
needed to make appropriate revisions to 
the standards" (Lippmann, 1988~). The 
closure letter on the staff paper 
addendum, which also discusses major 
issues addressed by the CASAC and the 
Committee's recommendations 
concerning these issues, is  reprinted in 
Addendum II to this notice. The final 
addenda lo the criteria document (EPA, 
1986a1 and the staff paper [EPA, 1986b], 
which inclbde revisions to reflect 
comments from CASAC and the public, 
are available from the address listed 
above. Where there are differences 
between the 1982 Criteria Document and 
staff paper and the more recent 
addenda, the addenda supersede the 
earlier document. The executive 
summary of the .staff paper addendum,is 
reprinted w, Addendwn Ill to this notice. 

11. Suminary of Public Comments 

The following discussion summarizes 
in general terms the comments received 
from the public,and from governmental 
agencies regarding the proposed 
revisions to the indicator, form, 
averaging times, and levels of the 
primary and s'econdary standards. Many 
of thebe.cominents had been made ' - 

previously by the,public. during, public, :'.. 
delibeytiqns on drafts of the criteria 
document and staff paper and were.: . 
reviewed and address8d.b~ EPA in . . 
revieions.,to thosi? documents. -Salient. ' , 

comments on.all aspects of the proposal 
and Agency responses to those , 
comments-are summarized by category 
inSection VI of this notice. A more-.. 
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detailed description of individual Industry commenters were virtually consulting scientists and analysts, 
comments and Agency responses has unanimous in opposing a TSP secondary generally found that the new studies 
been entered in the public docket [No. standard, while a majority (35 of 47) of suffered from deficiencies that preclude 
A-8237). government agency comments on this placing much weight on them in 

A. Comments on 1984 Proposal issued favored retaining the TSP standard setting. These commenters 
indicator. Some of the latter concluded that their original 

Extensive written comments were commenters, however, recommended recommendations [summarized above) 
received during the original comment testing attainment of the TSP standard with respect to the standards remained 
period on the proposal, which closed with PMlo monitors. Environmental valid. The two environmental groups felt 
June 5,1985. Of some 312 written groups commenting on this issue favored that the findings in these new studies 
submissions, 153 were provided by retaining the TSP indicator. necessitated standards below the lower 
individual industrial concerns or (4) Form of the Standards: A majority bounds of the proposed ranges. 
industry groups. 93 by State, local, and of the 52 comments received on this , 

Federal government agencies and subject supported some kind of III. Rationale for the Primary Standards 
organizations, 32 by environmental and statistical 24hour standard, but a In selecting primary standards for 
public interest groups, and 34 by number of industry and State and local particulate matter, the Administrator 
individual private citizens.' The agency commenters raised ~ ~ n c e r n s  must specify: [I) the particle size 
comments on the key elements of the with aspects of the specific form fraction that is to be used as  an 
proposed standards are summarized ~ r o ~ o s e d -  The principal c o ~ c e r n  was indicator of particulate pollution; (2) the 
below: that the proposed form in appropriate averaging times and form[s) 

(1) Indicator for the Prinlary misclassification of areas a s  non- of the standards; and (3) the numerical 
Standard The overwhelming majority of attainment. Some industry and levels of the standards. These 
the comments,received on this issue governmental commenters favored specifications must be considered 
favored a size-selective indicator for the alternative forms for the &hour collectively in evaluating the margin of 
PM standard. Of the 147 written standards including multiple safety afforded by particulate matter 
comments received on this issue, 108 exceedance [9 comments] and percentile standards. Based on the assessment of 
supported the PMlo indicator proposed [a comments1 forms. These forms would relevant scientific and technical 
by the Agency. Most of the remaining permit five or more exceedances Per idormation in the criteria document and 
comments were in support of alternative year of the 24hour standard. addendum, the staff paper and staff 
smaller particle size indicators including Environmental groups and other paper addendum (hereinafter "SP" and 
PI& (28 comments) and M a  (8 government agencies opposed "SPA," respectively) outline a number of 
comments]. The principal support for exceedance f ~ r m s .  Of 38 submissions key factors to be considered in making 
PMS came from mining and related from industry and government agencies, decisions in each of these areas (SP, 
industries. 26 favored a geometric mean for the Section V1: sPA, section q. Both the 

(21 Levels of the Primary Standards: annual standard over the proposed 
Comments on the proposed levels for arithmetic mean. staff and CASAC made 

recommendations to focus consideration 
the two primary standards were more (5) Fedem1 Reference Method While on a discrete range of options. I~ most 
polarized than those on the indicator. most of the COmnentS generally 

supported the performance-based respects, the Administrator has adopted 
Most industry comments favored 
selecting the level of the standards at approach to the Federal Reference the recommendations and supporting 

the upper end of the proposed ranges or Method* many COmmenters f ~ o r e d  reasons contained in the staff paper and 

above, while most of the remaining more stringent specifications for PMlo addendum and the CASAC closure 
commentere favored standard levels a t  samplers to ensure accurate and reliable statements lg8'' 

the lower bound of the ranges, and in ~erformance under all ambient sampling Uppmann 1980c1' Rather lhan 

some cases lower. Additional comments cOnditions. Other COmmentS and - reiterating those discussions at length, 
the following discussion of the from individual citizens, environmental recommendations addressed specific 

requirements of Appendix I such as flow standards revisions focuses primarily on 
groups, and government agencies urged 
that the level of protection afforded by calibration and measurement, flow those considerations that were most 

regulation, filter media, humidity control influential in the Administrator's 
the current particulate matter standards 

and sampler maintenance. selection of particular options, or that be maintained or strengthened. differ in some respect from 
(3) SecandaCYSt~ndards: Of the 105 B, Commenls on Subsequent Notice 

written comments received on the considerations that influenced the staff 

proposed secondary standard, M As discussed,earlier in this notice, and/or CASAC recommendations. 
EPA announced an additional public A, Indicator supported retaining TSP a s  the indicator comment period on July 3, to and 61 opposed the use of TSP. Most of address the implications of new Based on the staff assessment of the 

the latter commenters the scientific studies on the health effects of available scientific information. EPA proposed alternative of making the 
secondary standards equal in all particulate matter [51 FR 243921. concludes that (11 a separate particulate - 
respects to the primary standards. Approximately 20 additional written matter standard [as opposed to a 

submissions were received by the close combination standard for particulate 
of this comment period on November 17, matter and S G ]  remains a reasonable ' This numerical dislribution of comments in each 1980.17 of which were provided on category should be compared with caution. For public health policy choice, and [i?] 

Imn and and behalf of industry groups or companies, given current scientific knowledge and 
the American Pelroleurn Institute aubmftted 2 from environmental groups. and 1 from uncertainties, a size-specific [rather than, 
comments on behalf of 83 and 230 individual a state agency. Much of the material chemical-specific) indicator should be 

mspectively. in iieuothaving each of related to evaluations of specific studies used. In assessing the information in the thelt member companies aend separate comments. 
comments groups and their treatment in the staff paper criteria document, the staff reached 

NRDC represent the views of a numbar of addendum. The industry comments, several conclusions summarized here 
Indivkluols. which included eubmissions from (see SP. pp. 71-75): 
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(1) Health risks posed by inhaled 
particles are influenced both by the 
penetration and deposition of patticles 
in the various regions of the respiratory 
tract, and by the biological responses to 
these deposited materials. Smaller . 
oarticles oenetrate.furthest in the . 
iespiratory tract. The largest particles 
are de~osi ted in the extrathoracic bead1 
regionwith somewhat smaller pakti;iicles - 
depositing in the tracheobronchial 
region. Still smaller particles can reach 
the deepest portion of the lung, the 
alveolar region. 

(2) The risks of adverse health effects 
associated with deposition of typical 
ambient fine and coarse particles a in 
the thorax [tracheobronchial and 
alveolar regions of the respiratory tract) 
are markedly greater than those 
associated with deposition in the 
extrathoracic (head) region. Maximutn 
particle penetration to the thoracic 
region occurs during oronasal or mouth 
breathing. 

(3) The size-specific indicator for 
primary standards should represent 
those particles small enough to 
penetrate to the th~racic~region (both 
the tracheobronchial and alveolar 
regions]. The risks of adverse health 
effects from extrathoracic depogition of 
typical ambient particulate matter are 
sufficiently low that particles depositing 
only in that region can safely be . 
excluded from the indicator. 

, Considering these conclusions 
together with other informati~npn$ir 
quality composition, respiratory tract - ' - 
deposition and health effects, the need 
to provide protection for sensitive 
individuals who may breathe by mouth . 
andlor oronasally, and the similar 
convention on particles penetrating the 
thoracic region recently adopted by the 
International Standards Organization 
(ISO, 1981), the staff recommended that 
the size-specific indicator include 
particles of diameters less than or equal 
to a nominal 10 pm "cut p ~ i n t . " ~  The 

P Particles In ambient air usually occur in two 
somewhat overtapping 81r.e distributions, fine 
(diameter less than 25 pm) and coarse (diameter 
lerger than 2 5  pm). The two size fracliona tend to 
have different orixins and comwdlion (SP. - 
Appendix D). 

=The more preclae term ie  YH6 cut uoinl or 50% 
diameter (L) This is the aerodynamic particle 
diameter for which the efficiency of oarticle 
oo~lect io~ia  50%. h g e r . p a r ~ c l &  are not cxcluded 
altogether. but are wilecied.with substantially . . 
decreaslnn efficiency and smaller  articles are 
collected k t h  increasing (up to I&%) eIXclency. 
Ambient eamplen, with ihlecul point provide a 
rellable eotlmste of the total mans of sumended 
particulate matter of aerodynamic size lens than or 
equal lo 10 pm. See additional dlecussion regardfng 
the Federal Reference Meihcd in nectton V below 
and in the accompanylq notlce revising 40 CFR 
Part 53. . . 

factors considered in the original staff 
recommendations for a 10 pm cut point 
are outlined in the staff paper [SP, pp. 
75-79]. This indicator is referred to as  
"thoracic particles" [TP) in the 1982.staff 
paper; it is now.generally referred to a s  
"PM1o." Such an indicator is 
conservative with.respect to health 
protection in that it includes all of the 
particles small enough to penetrate to 
the sensitive alveolar region, and 
includes approximately The same 
proportion of larger particles as  would 
be expected to reach the 
tracheobronchial region. It places 
substantially greater emphasis on 
controlling smaller pariicles than does a 
TSP indicator, but does not completely 
exclude larger particles from all control. 

The assessment of more recent 
information on respiratory tract 
deposition in the criteria document and 
staff paper addenda reinforces the 
conclusions reached in the original staff 
assessment. In particular, the staff paper 
addendum found that: [I) the recent 
data do not provide support for an 
indicator that excludes all particles 
larger than 10 pm in diameter; ((2) the 
analysis used to support an alternative 
indicator with a nominal size cut of 6 
G6mm [Swift and Proctor, 18821 
significantly underestimated thoracic 
deposition of particles larger than 6 pm 
in diameter under natural breathing 
conditions; [3) the PMlo indicator 
generally includes a similar or larger 
fraction of the range of particles that can 
deposit in the tracheohronchial region, 

-dihough.it appears to be somewhat less 
conservative iii Wsreeard than . 
previously thought wi& respect to large 
(G6<10 pm] particle deposition under . 
conditions of natural mouthbreathing; 
and (41 the studies of tracheobronchial 
deposition generally involved adult 
subjects; recent information indicating 
even greater tracheobronchial 

- 

de~osition of oarticles In children than 
in'edults p ro ides  an additional reason 
for a n  indicator that includes particles 
capable of penetration to the 
tracheobronchial region (SPA, p. 381. 
Consideration of these and the earlier 
conclusions led the staff to reaffirm its 
recommendation for a PMIO indicator 
(SPA, pp. 3-7). The CASAC also 
restated its recommendation for PMIO in 
its review of the prbposal and tha- - 
closure letter to the.Administrator 
(Lip mann, 1988 a. c). 

d e  Administrator acceps the 
recommendations of the staff and . . 

CASAC and their underlying rationale 
. .  . . , . .  . .  . .  . .  

4 The ~ m e r i c ~ n  ~ h l &  C O & ~  ( W C .  1882) , 
had recommended s u l  an lndicalor, with a "R" of 
10 p. EPA estlmated that lha "Iho",of this , 

indicator would be.0 i r n  .- .. 

and has decided to replace TSP as  the 
particle indicator for the primary 
standards with a new indicator that 
includes only those particles less than a 
nominal lO.pm, in diameter, a s  specified 
in the Federal Reference Method 
[Appendix ] to 40 CFR Part 50) being 
promulgated today. In defining the 
standards lor particulate matter, this 
new indicator is termed PMLo. . 

8. Avemging ~irne'and ~ o r m  of the . 
Standards 

.Few comments on the proposed 
standards contested the need for both 
Whour and annual primary standards 
for particulate matter. EPA's assessment 
of more recent scientific information 
found that the new data confirm the 
need for both short- and long-term 
standards. The alternative of a single 
averaging time would not provide 
adequate protection against potential 
effects from both long- and short-term 
exposures without being unduly . 
restrictive. The forms for the 24-hour 

, 
and annual standards are discussed 
below. 

, EPA proposed that the &hour 
standard be stated in a statistical form 
that uses more than one year of data 
and accounts for variations in sampling 
frequency .in order to predict the actual 
nuinber of exceedances to be expected . 
in amaverage year2When uped with a n  
appropriate standard.leve1, the 
statistical form canprovide improved . ' 

health protectiod that is less sensitive to 
- changes-in sampling frequency than the 
'deterministic form, and also can 0ffer.a -.-- 
.more stable.target for contro1.programs. . 
Recognition of the limitations of the 
deterministic form has led'EPA to 
'promulgate a statisti'cal form for the 
ozone standard [44 FR 8202). ' 

.The interpretatiodof4he statistical 
form of.the particulate matter standard. 
is detailed in Appendix K of the . . , 
proposed regulation. The standard 
would,be attained when the expected 
number of exceedances of ,the 24-ho~ir 
(itandard- level is no more than one per  . 
year. The expected number.of. , . . ' , 

exceedances per year is equivalent to . 
the long-term,average number.of ... . 
exceedances.per year, assuming no . .. . . 
changes in underlying.emiqsioiis. : ' . .  
Generally,.the deteimination of the..  . . 
expected number of exceedance will be., 
based on three consecutive y e a h  of ' 

data. .. :.., ... , ,....,..., ,.. . . . .. , , .. .. ; , .  
&.a resuit o f . ~ P k ' s  eiralu~fions.of 

evidence submitted and commeritti 
received dtidng the public kv iew 

' 

process, the following changes have .. . 
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been made to Appendix K of the 
proposed rule regarding: 
(11 Data Capture Requirements- 

Appendix K to the proposed standards 
contained minimum data capture 
requirements for determining attainment 
of the standards. The amount of data 
required varies with the sampling 
frequency and the number of years of 
record. The Ambient Air Quality 
Surveillance regulations (40 CFR Part 581 
proposed in 1984 and being promulgated 
today require that sampling be 
performed every day or every other day 
in areas where there is a substantial 
probability of nonattainment of the 
standards. The proposed Appendix K to 
the standards, however, would have 
permitted states to demonstrate 
attainment of the standards with only 12 
samples per calendar quarter, even in 
those areas where everyday or every 
other day sampling is required. 
Commenters have argued that. for the 
same reasons that everyday or every 
other day sampling is required in areas 
with a substantial probability of 
nonattainment, 12 samples per quarter 
are not sufficient to establish attainment 
in those areas. These commenters also 
.argued thnt 25 percent data capture is 
achievable at  aU sampling frequencies. 
EPA agrees, and therefore theiinal 
requires that 75 percent of the required 
samples must be captured each calendar 
quarter to establish attainment of the 
NAAQS. 

Additional criteria for situations in 
which less than 3 years of 
representative data are available are 
also contained in the final ~ l e .  These 
criteria are intended to permit areas to 
determine their air quality status in a 
reasonable time frame during the period 
in which new PMLo monitoring is 
initiated, while minimizing the 
probability of errors in classification. 

calculations will be required on a 
quarterly basis, thereby taking into 
account possible seasonal differences in 
exceedance rates as  well as  differences 
in,sampling frequency or data capture. 
The estimated annual number of 
exceedances is defined as  the sum of the 
estimated exceedances for each 
calendar quarter. This change will 
accommodate situations in which 
sampling frequency has been increased 
to everyday according to the 
requirements of Part 58.13, and 
situations in which the Regional 
Administrator has grunted a waiver of 
increased sampling frequency 
requirements for part of the calendar 
year under provisions of those 
monitoring regulations. 
(31 Interpretation of the First ' 

Observed Exceedanc-EPA is 
additionally modi$ing Appendix K with 
respect to the treatment of the first 
observed exceedance in order to reduce 
the chance of misjudging attainment 
status. Under the aforementioned 
formulas which adjust for incomplete 
data, a single observed exceedance 
could cause a site to fail the test for 
attainment, even if the true expected 
number of exceedances is less than or 
equal to one. Such an occurrence is 
especially likely if sampling is 
performed less frequently than 
everyday. In order to reduce the chances 
of occurrence of this situation, the final 
rule contains a provision that the first 
observed exceedance shall not be 
adjusted for incomplete sampling if (1) 
everyday sampling had not been 
required previously by 40 CFR 58.13, (2) 
there was o n b  one observed 
exceedance in the calendar quarter, and 
(3) sampling frequency has been 
subsequently increased for the next 4 
calendar quartets in accordance with 40 
CFR 58.13. The associated reduction in 

Appendix-K specifies that the various misclassification errors is discussed in 
data reauirements do not auolv when "Revisinn the National Ambient Air 
the d a t i  available establisies" Q h l i t y  gtandards for Particulate 
nonattainment unambiguously. Matter--A Selective Sampling 
Furthermore.'data not meeting the Monitoring Strategy" which 6as been 
various criteria may also be sufficient to placed in the public docket. 
show attainment: however, such With this change, the first observed 
exceptions will have to be approved by exceedance can be interpreted a s  the 
the Regional Administrator in only true exceedance which has 
accordance with established guidance. occurred in the calendar quarter. This 

(2) Exceedance Calculations-EPA is  assumption is believed to be reasonable 
modi$ing the formulas used to account since incomplete sampling is permitted 
for incomplete data in the estimation of onIv in areas for which state 
the expecied number of exceedancesper implementation plans are not initially 
yeer. In the D ~ o D o S ~ ~ .  these calculations reauired and in areas in which 
were based in ihe assumption that the ma'ximum PMlo concentrations are 
fractiob of missing values that would estimated to be less than 80 percent of 
have exceeded the standard level is the level of the standard. If an area is 
identical to  the fraction of measured truly in nonattainment, additional 
values above that level for the entire exceedances would be expected during 
calendar year. In the final rule, these the subsequent year of everyday 

sampling. If, however, everyday 
sampling is not initiated a s  required by 
the monitoring regulations, all observed 
exceedances shall be adjusted for 
incomplete sampling and accordingly 
considered in the evaluation of PMIO air 
quality status. 

2. Annual Standard 

The Adminisbator has decided to 
change the form of the annua1 standard 
from the current annua1 geometric mean 
to a statistical form expressed a s  a n  
expected annual arithmetic mean. The 
expected annual arithmetic mean is 
equivalent to the long-term arithmetic 
average concentration level, assuming 
no changes in underlying emissions. The 
expected arithmetic mean is more 
directly related to the available health 
effects information than is the annual 
geometric mean, which is the current 
form of the standard. Because the 
arithmetic mean concentration is 
proportional to the sum of the daily 
means, it reflects the total cumulative 
dose of particulate matter to which a n  
individual is exposed. Therefore, it is a n  
appropriate indicator to protect againat 
any health effect that depends on total 
dose. It is also a reasonable indicator for 
protecting against health effects that 
depend on repeated short-term high 
concentrations; short-term peaks have 
an influence on the arithmetic mean that 
is proportional to their frequency, 
magnitude, and duration. The geometric 
mean, on the other hand, deemphasizes , 
the effect of short-term peak 
concentrations, and is  heavily 
influenced by days of relatively clean 
air. For these reasons, the staff and 
CASAC recommended the change to an 
arithmetic mean. 

The interpretation of the statistical 
form of the standard is detalIed in 
Appendix K to the proposed regulation. 
Under the statistical form, the expected 
annual arithmetic average is  determined 
by averaging the annual arithmetic 
averages from three successive years of 
data. The current deterministic form of 
the standard does not adequately take 
Into account the random nature of 
meteorological variations. In general. 
annual mean particulate matter 
concentrations will vary from one year 
to the next, even if emissions remain 
constant, due to the random nature of 
meteorological conditions that affect the 
formation and dispersion of particles in 
the atmosphere. If only one year of data 
is considered. compliance with the 
standard and. consequently, emission 
control requirements, may be 
determined on the bash of a year with 
unusually adverse or unusuafiy 
favorable weather conditions. The 
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problem of year-to-year variability is, used to convert the various results to 
however, reduced by averaging three common (PMIo) units (SP, pp. 96-100; 
years of data. SPA DD. 9-11]. 

C. Level of the Standuds 

The original staff paper and CASAC 
recommendations set forth a framework 
for determining the levels for the 
proposed particulate matter standards 
that would protect public health with an 
adequate margin of safety. The 
discussion that follows relies heavily on 
that framework and on the supporting 
material in the staff paper and its 
addendum as well as  the CASAC 
closure letters. The essential steps in 
this framework are summarized here. 

1. Assessment of the quantitative 
epidemiological studies. 

The criteria document and its 
addendum identify a small number of 
community epidemiological studies that 
are useful in determining concentrations 
at which particulate matter is likely to 
affect public health. The staff used these 
quantitative studies to examine 
concentration-response relationships 
and to develop numerical "ranges of 
interest" for possible PMIO standards. 

A number of uncertainties associated 
with use of these studies must be 
considered in selecting an appropriate 
margin of safety. As discussed in the 
staff paper and the criteria document. 
and the addenda to those documents, 
epidemiological studies are generally 
limited in sensitivity and suhiect to 
inherent d i f f i cu l t i e~ involv i~  
confounding variables. Moreover, many 
of the quanstative studies were 
conducted in times and places where 
pollutant composition may have varied 
considerably from current U.S. 
atmospheres. Most also have used 
British Smoke or TSP a s  uarticle 
indicators. None of the published 
studies used the proposed PMIO 
indicator. Thus, assumptions must be 

British Smoke (BS) Is a pseudo-maas indicator 
related to small particle laemdynamic diameter less 
than a nominal 4.5 pm) darkness. This parliculate 
matter indicator was widely used In British and , 
other European eludies. See the criteria document 
for a mora detailed treatment oiBS (CD, pp. 1-88 tu 
1-80 and 14-8 to 14-11). 

2. identification of additional margin 
of safety considerations. 

The criteria document identifies an 
additional silbstantial body of scientific 
literature that, while not providing 
reliable concentration-response 
relationships for ambient exposures, 
does provide important qualitative 
insights into the health risks associated 
with human exposure to particles. This 
literature includes both quantitative and 
qualitative epidemiological studies, 
controlled human exposure experiments, 
and animal toxicological studies. The 
staff assessed this literature to identify 
additional factors and uncertainties that 
should be considered in selecting the 
most appropriate margin of safety (SP, 
pp. 100-101; 107-111, SPA pp. 52-53; 591. 

3. Selection of the levels that might be 
considered to provide an adequate , 

margin of safety. 
The intent of the margin of safety 

requirement was to direct the 
Administrator to set air quality 
standards at pollution levels below 
those at which adverse health effects 
have been found or might be expected to 
occur in sensitive groups. Experience 
with the requirement has shown that the 
scientific data are often so inconclusive 
that it is difficult to identify with 
confidence the lowest pollution level at 
which an adverse effect will occur. 
Moreover, in cases such as  the present 
one, the evidence suggests that there is a 
continuum of effects, with the risk. 
incidence, or severity of harm 
decreasing, but not necessarily 
vanishing, as  the level of pollution is 
decreased. 

In the absence of clearly identified 
thresholds for health effects, the ' 

selection of a standard that provides an 
adequate margin of safety requires an 
exercise of informed judgment by the 
Administrator. The level selected will 
depend on the expected incidence and 
severity of the potential effects and on 
the size of the population at  risk, a s  well 
a s  on the degree of scientific certainty 

that the effects will in fact occur at  any 
given level of pollution. For example, if a 
suspected but uncertain health effect is 
severe and the size of the populalion at  
risk is large, a more cautious approach 
will be appropriate than would be if the 
effect were less troubling or the exposed 
population smaller. 

EPA staff originally recommended a 
range of potential standards for the 
Administrator's consideration [SP, pp. 
111-114). The recommended range was 
below the levels a t  which the staff, with 
the concurrence of CASAC, had 
concluded from the available data that 
adverse health effects were "likely," but 
in the domain where the data suggested 
that such effects were "possible." The 
Administrator proposed refined ranges 
of standard levels that were based on 
the original staff and CASAC 
recommendations. After consideration 
of the new scientific evidence contained 
in the criteria document addendum, the 
staff revised its recommendations for 
ranges of standards (SPA. pp. 60-62). 
The Administrator has considered the 
revised a~sessments and the 
recommendations of CASAC [Lippmann, 
1986b) in making his final decision on 
the standard levels. The rationales for 
the levels of the &&hour and annual 
standards are presented below. 

1.24-Hour Standard 

The revised staff assessment of the 
short-term epidemiological data is 
summarized in Table 1; particulate 
matter levels are expressed in both the 
original [British Smoke ["BS"] or TSP) 
and PMlo units. The "effects likely" row 
in Table 1 denotes concentration ranges 
derived from the criteria document and 
its addendum at  or above which a 
consensus judgment suggests greatest 
certainty that the effects studied would 
occur, a t  least under the conditions that 
occurred in the original studies. In the 
"effects possible" range, the staff found 
credible scientific evidence suggesting 
the existence of adverse health effects 
in sensitive populations, but substantial 
uncertainty exists regarding the 
conclusions to be drawn from such 
evidence. 

TABLE 1 .-UPDATED STAFF ASSESSMENT OF SHORT-TERM EPIDEMIOLOGICAL STUDIES 

(After Table 4-1, SPA) 
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.................... Effects Likely ......... : 
......................... Effects Possible 

Equivalent PM-10 
Levels (pglm3) 

Combine range 

350400 
140-350 

Measured British smoke levels (as pg/ma) (24-hr. avg.) Measured TSP levels (pg/mS) (241 

MortaIiw in 
London 

1000 
? 

hr. avg.) 
A gravation Of 

&onchitis 8 

2q-*SOO* 
<250* 

Combined range 

250-500 
< 250 

Small, reversible declines in lung 
function in children 

................................................................ 
220'-420 3-200-250 4 
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TABLE 1 ..-UPDATED STAFF ASSESSMENT OF SHORT-TERM. EPIDEMIOLOGICAL S~uD~~s-Contin~~ed 

(After Table 4-1, SPA) 

Measured British smoke levels (as pglmS) (24-hr. avg.) 
I I 

No Significant Effects ~ o t e d  .... 1 ................................ ................................. ................................. 1 1 I 125' *--I60 [. < 125 

Measured TSP levels (pglm5) (241 
hr. ava.) 

EffectslStudy 

'Indicetes levels used for upper and lower bound of range. 
?Various analyses of daily mortality encompassing the London winter of 1958-59, 14 winters from 1956-72, in aggregate and Individual 

Ealh unters dom~nated by high smoke and SQ from coal combustion 11th he umt f s. From 1982 CD: Martin and Bradley (1960): Ware et $ 
(1981); Mazumdar et el. (1981). From 1986 CD Addendum: Mazumdar et al.ql982)~stro (1984); Schwartz and Marcus (1986). Later studres 
show association across entire ran e of m k e ,  with no clear delineation of "likely" eflects or threshold of response possible. 

Study of symptoms bronchitis patient? in London, mid-50's to early 7% Lawthw et al. (1970). 
a Study of pollution "episodes" lo Steubenville, Ohlo. 1978-80; Dockery et al. (1982). ' Study of 1985 pollution episode in Ijmond. The Netherlands; Dasssn et el. (1986)., . 
Val inversion of BS readings to Ph&a levels: Assumes f? London cond~bons and BS read!ngs in the range 10&500 pg/ma. 

BS<PMlo<TSP. Preclse conversions are not possible. Uncerlalnty In measurements of BS and conversion relationships preclude quantdabve 
esttmates of range for lower BS levels The upper bound assumption (PMlo=TSP=BS+ 100 pg/ma) overesbmates PMIO levels, whle the bwer 
bound assumphon (PMlo=BS) understates PMlo levels. 

(b) Gmvefsbn of TSP to PMlo rbr Dockey et a/. results: Based on analysis of particle size fraction relationships In Steubenville (Spengler et 
al. 1986): The lower bound TSP of 220 pg/mJ was the peak reported for the Spring 1980 study. A PMIs/TSP ran0 of aboul 0.0 occuned'at a 
nearb slte on da surroundtng this peak. Using lower bound of PMlo/PM!r ratio from later year (0.8). the PMIO to TSP ratio esmate used In 
0.64. !he 160 pgXa reflects peak level n Fall 1980 from spsode with no agnificant functions! declirm noted 

(c) COnvemon of Dassen et al results to PMa: Both PM indices (Respirable Suspended Particles LRSPI and TSP) reached similar levels 
ResulPs sugge? TSP levels, too low, but PMIO levels unlikely to be much higher e n  RSP. Thus ,RSP=PMIO assumed for wndiins of higher 
concentrations In this study. The 125 pg/m5 entry reflects an excursion occurring 2 days pnor to date on Mch no decrements noted. 

The data do not provide evidence of 
clear thresholds in expnsed populations. 
Instead, they suggest a continuum of 
response for a given number of exposed 
individuals with both the likelihood 
{risk) of any effects occurring and the 
extent (incidence and severity) of any 
potential effect decreasing with 
conceptrati~n. This is particularly true 
for thestatistical analyses of daily 
mortality in London. Substantial 
agreement exists that wintertime 

Morla'ity in 
[ondon 

pollution episodes produced premature 
mortality in elderlv and ill.~o~ulations. 
but the range and nature oiassociation 
provide no clear basis for distinguishing 
any particular lowest "effects likely" 
levels or for defining a concentration 
below which no. association remains. 
The recent lung function etudies in 
children also provide evidence of effects 
at concentrations in the range liated in 
Table 1, but the relationships are not 
certain enough to derive "effects likely" 
levels for PMlo. The lung function 
studies do, however, suggest levels 
below which detectable functional 
changes are unlikely to occur in exposed 
populations. Following CASAC 
recommendations, the steff used the 
combined range listed in the "effects 

, A gravation Of 
%ranchitis 

possible" row-as a starting point for 
develo~ina alternative standards. 

The briginal range proposed by the 
Administrator, drawn from the 1982 staff 

- analysis, was 150 to 250 p.g/ma PMlo, 24- 
hour average with no more than one 
expected exceedance per year. The 
lower bound of this range was derived 
From the original assessment of the 

Combined range 

London mortality studies. As a result of 
its updated assessment of reanalyses of 
the London mortality and more recent 
U.S. morbidity studies, the staff reduced 
the level of the lower bound of the range 
of interest to 140 Fg/ma {SPA, p. 511, 
while noting that the difference between 
it and original lower bound (150 Fg/mS] 
is within the range of uncertainty 
associated with converting the 
morbidity study results from TSP to 
PMIo. 

As indicated in Table 1, the study of 
Lawther et al. {I9701 judged to provide 
evidence that health effects are likely at 
particulate matter concentrations above 
250 &ma (as BS). The effects observed 
In this study {related to aggravation of 
bronchitis) are of concern both because 
of their immediate impact and because 
of the potential for inducing longer-term 
deterioration of health status in a 
significant sensitive group. There were 
approximately 8.5 million bronchitics in  
the U.S. in 1870 [DHEW, 1873). Based on 
the uncertain conversion between 
smoke and PMlo outlined In Table I, the 
lowest "effects likely" level derived 
from the Lawther study (250 pg/ma as 
BS] should be in the range of W) to 350 
pg/ma, in PMlo units. 

The assessment of this study formed 
the basis for the upper bound of the 
range of PMIO standards prupssed by the 
Administrator In 1984. Considering this 
study alone, a PMIQ standard of 250 kg/ 
mS might appear to contain some,margin 
of safety, even for the sensitive 
bronchitics studied. because it 
incorporates a conservative British 

SmokelPhilo conversion factor and 
because of differences between 
exposure conditions ip the British study 
and current U.S. air quality (SP, pp. lo& 
1011. Because bronchitics are identified 

-. 

Small, reversible declines in lung 
function in children ' 

as a group particularly sensitive to 
particulate p~llution, a standard of 250. 

. - 

&ma (as P M ~ ~ )  also might provide 
some magin of safety for other. less 
sensitive, groups. Nevertheless, this 
study of bronchitics in London haa 
Inherent limitations in sensitivity that 
preclude derivation of unequivocal 
"effects thresholds" at 250 bg/rng as BS, 
and by extension PMIo. The criteria 
document notes that associations 
between pollution and health status 
persisted at  lower BS concentrations in 
selected. more sensitive individuals. 
Although the lead author of the study 
objects to attaching any importance to 
these latter findings (Lawther, 1986). 
EPA, with CASAC concurrence, h d s  no 
basis for asserting that this study 
demonstrate8 a population threshold at 
250 Fg/mS. 

In evaluating the margin of safety for 
a 24-hour standard, it is also Important 
to consider the London mortality . 
studies. A standard at the upper portion 
of the proposed range (250 pg/m3) 
would he well below the levels (500 to 
1000 pg/ms as BS) of the historical 
London episodes in which the scientific 
con'serisus indicates that pollution was 
resoonsible for excess mortalitv fCD. 
~ a 6 l e  19-7). The portions of th; ' 
population-ab greatest risk of premature 
mortality associated with particulate 
matter ekposures in such episodes 

a .  . 
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include the elderly and persons with 
pre-existing respiratory or cardiac 
disease. Although the extent of life 
shortening [days, weeks. or years) 
cannot be specified. the seriousness of 
this effect strongly justifies a margin of 
safety for it (below the consensus 
effects levels) that is larger than that 
warranted for the effects on bronchitics. 

The staff assessment of the several 
reanalyses of London mortality suggests. 
however. that the risk of premature 
mortality to sensitive individuals 
extends to concentrations substantially 
lower than those which occurred in the 
"episodes." The more recent analyses 
(Mazumdar et a]., 1982: Ostro, 1984, 
Shumway et a]., 1983) provide no 
objective support for a papulation 
threshold below which such a risk no  
longer exists. Although the risk to 
individuals may be small at 
concentrations of 250 pg/mg and below, 
the number of people exposed to lower 
concentrations given c m n t  u.3. levels 
is substantially larger than the number 
exposed to higher levels [SPA, Table 2- 
1). The increased number of individuals 
exposed increases the risk that effects 
will occur in the total population 
exoosed. 

~ifferences in the composition of 
oarticles and gases amolln U.S. cities 
i n d  between &rent  con&tions in the 
U.S. and those in London at the time the 
mortality and morbidity data were 
gathered add to the complexity of 
assessing the risk associated with 
particulate matter in the U.S. in the case 
of the mortality studies, however, the 
staff found that a t  least one of the more 
recent studies (Ozkaynak and Spengler, 
1985) provldes qualitative support for an  
association between daily mortality and 
particle concentrations in nearly 
contemporary U.S. atmospheres (SPA. 
PP. 43-44]. 

The 1982 assessment of the mortality 
studies and related factors prompted the 
Administrator to consider standard 
levels that extended fmrn 250 pg/ms 
down to the lower bound of the original 
staff range of interest (150 pg/ms) and 
even lower. The more recent analyses of 
the London mortality data provide 
additional evidence that serious adverse 
health effects may occur at particulate 
concentrations below 250 pg/m3. These 
analyses have addressed a number of 
the uncertainties associated with the 
earlier studies, and have reinforced the 
Administrator's concern that a 24-hour 
standard at the upper end of the 
proposed range may not provide an 
adequate margin of safety. However. 
given the-uncertainties in converting 

. from RS to PMao measurements. 
particularly at lower concentrations, 

and the possible differences.in 
particulate composition between 
London at the time the date were 
gathered and the contemporary U.S., it 
is difficult to use these studies to set a 
precise level for a PM,o standard (SPA, 
pp. 49-51). 

Given these difficulties, it is Important 
to examine contemporary studies that 

'utilize gravimetric measkments  of 
 articulate concentrations. The staff 
iound the studies of Dockery et al. (1982) 
and Dassen et el. (1980) to be 
particularly useful. The Dockery study 
observed physiologicaUy small but 
statistically significant decreases in lung 
function in a group of children exposed 
to peak PM1o levels of 140-250 pglms. 
The decrements persisted for 23 weeks 
following the exposures. The study also 
suggested the possibility of larger 
responses in a subset of the children, 
including those with existing respiratory 
symptoms. The Dessen study recorded 
similar decrements in children in the 
Netherlands following exposure to 
levels estimated at 200 to 250 pg/m3, but. 
no observable effects two days after 
exposure to PMIO levels estimated a t  125 
pg/ma. The particle composition, at 
least m the Dockery study, is more 
representative of contemporary U.S. 
cities and the associated aemmetry 
provides a more reliable estimate of 
PMIO levels than do the measurements 
used in the London studies. It is . 
reasonable toexpect that the effects 
observed [small reversible reductions in 
lung function in chiIdren] are, in most 
cases, more sensitive to air pollution 
than those observed In the London 
studies. These effects are, of themselves, 
of uncertain significance to health, but 
might be associated with aggravation of 
respiratory eydptoms in children with 
preexisting illness (SPA, p. 47). Long- 
term examination of respiratory health 
in the same community studied by 
Dockery et aL [1982) suggests that the 
children in that community have a 
higher incidence of respiratory illness 
and symptoms than children in 
communities with lower particle levels. 
but the data show no evidence for any 
persistent reduction in lung function 
(Ware et a]., 1986). Uncertainties with 
respect to the effects of other pollutants 
(e.g., SG), the consistency of the 
changes, and exposures preclude 
specifying unequivocal "effects likely" 
levels based on this etudy. The staff 
assessment therefore euggeste that 
short-term lung functiomeffects in 
children are possible across a range of 
140-250 ~ ~ g g / m ~  or more as  PMIO (SPA, p. 
50). 

In making a decision on a final 
standard level, the Administrator also 

considered information from the more 
qualitative studies of PM assessed by 
the staff (SP. pp. 101-103: SPA. pp. 52- 
53). These suggest increased risks for 
sensitive groups [asthmatics) and risks 
of potential effects (morbidity Ln adults) 
not demonstrated in the more 
quantitative epidemiological literature. 
Tho qualitative studies do not provide 
clear information on effects levels, but 
do justify consideration of effects of 
particulate matter that have not been 
sufficiently investigated. 

Based on the scientific assessment a t  
the time, the Administrator in 1984 
expressed an inclination to select e 24- 
hour level from th'e lower portion of the 
proposed range of 150-250 pg/m3. The 
present Administrator finds that the 
updated scientific assessment supports 
the original inclination and. if anything, 
suggests on even wider margin of safety 
is warranted. The recent analyses of 
daily mortality'are of particular concern 
In this regard. The Administrator has, 
therefore, decided to set the final 
standard at the extreme lower bound of 
the range originally proposed; that is, at 
150 pglrna. This standard provides a 
substantial margin of safety below the 
levels a t  which there is e scientific 
consensus that  articulate matter causes 
premature mo&lity and aggravation of 
bronchitis. Such a margin is necessary 
because of the seriousness of these 

- 

effects and because of the recent 
analyses of daily mortality that suggest 
adverse effecte mav occur at oarticulate 
matter levels well gelow the consensus 
levels. The standard is fn the lower 
portion of the range where sensitive, 
reversible physiological responses or 
uncertain health significance are 
possibly, but not definitely, observed in 
children. Using a conservative 
assessment of~ung,fun~tion/~article 
relations hi^ from Dockerv et el.. a 
change in doncentration honf 
background levels (-U] pg/m3) to 150 
pg/m3 would produce lung function 
changes of at most 10 to 15% in less than 
5% of exposed children (SPA, p. 48). 
Based on the results of Dassen et a]. 
(1986), it appears unlikely that any 
functional changes would be detected 
one or two days following such 
exposures (SPA. p. 50). Thus. the 
maximum likely changes in lung 
function appear to present little risk of 
significant adverse responses. 

.Standards set at a somewhat higher 
level would, however, present an 
unacceptable risk of premature 
mortality and allow the possibility of 
more significant functi'onal changes. 
Furthermore, a sfanda* level of 150 pg/ 
m3 is fully consistent with the 
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.recommendations of CASAC on the 24- term epidemiological studies &!'subject can be identified for all effects .. . .  
hour standard (Llppm'ann,'l986c). t o  additional confounding variables that categories. Evidence exists of effects at 

, 2. Annual Standard. . ' , , 
. . ,reduce their sensitivity a n d  maketheir lower levels--the "effects possible. . ' 

. . interpretation more difficult than that of levels"-but the evidence is. . ' 

. . The updated staff assessment of . . ' short-term studies; The "effects likely" inconclusive and.effects are difficult to 
: important long-term.epidem.io1ogical . levels are derived from the criteria detect.ln the available epidemiological 

data is summarized inTable2. Long- document, but again, no clear thresholds studies; 
. . ! 

. . . . 

' I n d i e s  levels.ir6:eb for upper and iow& bound of range. 
. . ':study .conducted In 1963-85 in Sheffield, E land (Cunn' et id., 1967). BS levels (as pg/rn5) uncertain. . 

Studies cond~~ctedin 1981-73 in B m  ~ ~ T F e r r i s  et al.. 1973.1Q76). Effects likely level (1 80 pg/mq based on uncirtain 2-fnonth average. . Effects in lung functq were relavvely small. 
3 Study conducted in 1973 in tyo Connecticut towns. (Bouhuys i t  al.. 1078). ~w~os;re estimates reflect 1d65-73 data in Ansonla. Median 

value (1 10 gglrna) used to Indicate long-term concentration. No effects on lung function, but some suggestion of effects on respiratoiy symptoms. 
Study conducted in 19761980 in.6 U.S. cities (Ware et al., 1986). Exposure estimates reflect 4-year averages across cities. Comparable 

, pollutionleffects gradients not noted within cities. 
. sConversion of TSP to PMlo equivalents for Berlin. Ansonia studies based on .estimated ratio d PlolTSP for cuV7t U.S. atmospheres 

(Pace, 1983). The esbmated rauo ranged between 0.45 and 0.5. Conversion for SIX-c~ty study based on site-speclc analysis of partlde ske data' 
' (Spngler et'al., 1986). 

. @Ranges- reflect gradients in which no significant effects were detected for categories at top. ~omblned range reflects all columns: . . .  
. :  ; . .  

', ~ a i e d  on a recent assessment of examination of six U.S. cities (Ware et a t  annual PMlo levels below 50 pg/m3 - 
PMlolTSP ratios in areas with elevated al., 19l) .  The study indicates the especially .when 24-hour levels are 
TSP levels, the updated staff assessment' possibility of increased respiratory maintained below 150 pg/mg-is quite 
revised the "effects likely" levels from symptoms and illnesses in children at limited and uncertain, 
the Ferris et,al. (1973) study to 80 to W) multi-year levels across a range of 40 to Because of the uncertainties in [SP, 

.. ~ ~ / m ?  a s  PMIO (SPA; p. 58). Because of . over 58 pg/m3 as  PMIo, but found no pp, 1 0 ~ 1 1 0 ;  SPA, 54-59), a s  well as the 
limitationsin sampling duration a s  well evidence of reduced lung function at limited scope and number of, these long- 
as  the conversion to PMlo, this estimate . such concentrations. This study did not term quantitative studies, it is 
is particularly uncertain. As indicated in find similar gradients in symptoms and particularly important to examine the 
the table, effects are possible a t  lower . -  illnees within some of the cities, which resulb of qualitative data from a 
concentrations, Of greatest concern is had somewhat smeller localized number of epidemiological, animal, and 
the possibility of long-term deterioration pollution gradients. The results of a . ambient composition studies 

: .of the respiratory system in exposed . separate series of studies of long and whenevaluating what an 
.. populations, the potential for which is intermediate term (2 to 6 weeks) adequate margin of safety for an annual indicated by lung function (mechanical exposures in a number of U.S. standard. These studies justify concern pulmonary] changes and increased metropolitan areas (Ostro. 1987; for serious effects not directly evaluated incidence of respiratory disease. One set Hausman et el., 1984) are more in the studies listed in Table 2. Such '., . of studies (Ferris et al.. 1973,1976) B, supportive of the possibility of effects damage tissues 

,provides some evidence for a "no . - within citiea [respiratory related activity contributing to chronic respiratory . observed effects" level for these effects restrictions in adults) a t  comparable disease, cancer, and premature at  or below 60 to 65 pg/m3 [I30 pg/mS . U.S. exposure levels. The results of mortality -(SP, pp. 1&111). Substantial a s  ISP) while another study (Bouhuys et these more recent studies are generally segments of popul~tion may be 'el., 19781, suggests some possibility of consistent with the earlier U.S. studies 
symptomatic responses in adults at long- listed in Table 2 [SPA, 57). In particular, to One Or of these 
:term median levels at or below about 50 ' the finding of symptomatic responses in effects (SP-.'p.d6). Atthough the 
to 55 ~ g / m ~  as  PMzo. The importance of children with no change in lung function , qualitative data do not provide evidence 
these symptomatic responses, which [Ware et al., 1988) is consistent with formaior.riskS of these effects at..current 
were unaccompanied by lung.function : similar findings in adulta ( ~ ~ ~ h ~ ~ ~  et al., m n ~ a l  parficulafe matter levels in most 
changes, to h g - t e r m  respiratory health 19731 at estimated long-term p ~ ) ~  levels U.S. cities, the Administrator believes - 
is unclear.: . . .  . . down to 50 pg/m3. However, the that the seriousness of.the potential. 
' .  The most importantrecent study of information available to support the effects and the large population at  risk 
long-term effects is an ongoing . ' . existence of significant adverse effects . warrant caution in setting the standard: 

. . 
TABU 8.-UPDATED STAFF ASSESSMENT OF LONG-TERM EPIDEMIOLOGICAL STUDIES (AFTER TABLE 4-2 SPA) 
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Equivalent 
Wk levels 

(pglm3) 

Combined. 
range 

. >80-90 
40-90 

. 

c* . 

' 

4 : . 

' . , ,~ffects.Shrdy ' 

. . 
. . 

. . .  . 
. ,  . 
. Enects likely ...................... 

Effecfs possible ................. 
No significant 6 effects . . noted ....... : ....................... 

r . .  

Measured BS 
leve$(as pgl 

. ,. m31 

. Increased . 

respiratory 
disease, 

reduced lung 
. function in 

. ,children 

230-300 
< a 0  

............................ 

. . 

Measured TSP levels (lrg/m3) ,' 
' 

. , 
. . 

. range 

. . 

'. >180 
60-180 

. 

<60. 

. Ihcreased 
-respiratory 
. disease. 
symptoms, 

small 
reduction in 
lung functifn 
in 8d~lts 

'180 
*130-100 

80-1 30 

~ 
Increased 
respiratory 

symptoms and 
illnesses in 
children 

..................................................................................... 
'60-1 14 

......................................... 

Increased 
respiratory 

symptoms in 
adults 3 

60-150(110) 

............... ; 

: .. 

Reduced lung 
funemn In . 
children . 

. . 

.................. ......... .. 
40-114 
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Based on the then current scientific 
assessment, the AdministF.ator.proposed 
in 1984 to select the annual standard 
level from a,range of 50 to,& ~gg/rnJ. In 
the proposal, tbe Administrator favored 
a standard ip the lower portion of the 
range. The more recent'eiridence, . 
although subject to substantial 
uncertainty, seryes to reinforce this 
inclination. In l i ~ h t  of the u~dated 
assessment and-in accordance with the 
recommendation of CASAC. the 
Administrator has decided io set the 
level of the annual standard at the lower 
bound of the original range, 50 pg/mS, 
expected annual arithmetic mean. This 
standard provideti a reasonable margin 
of safety against the serious effect of 
long-tenn degradation in lung function, 
which has been judged likely at 
estimated PMto levels above 80-90 pgl. 
ms and for which there is some evidence 
at PM,o levels above 60 to 65 pg/mJ. 
Such a standard also provides 
reasonable protectionagainst the less 
serious svm~tomatic effectsfor which 
some stu&& provide evidence at PM,o 
levels down to 50 pg/rnS. Although some 
small risk of increased respiratory 
symptom may exist at this 
concentration, the available data are 
currently inconclusive on this point. 
Moreover. the staff and CASAC have 
recommended that the combined 
protection afforded by both 24-hour and 
annual standards be considered in 
selecting the final standard level. In this 
regard analyses of air quality data 
show that implementation of the 24-hour 
standard will substantially reduce 
annual levels in a number of areae to 
below 50 pg/ma, adding to the 
protection afforded by the a n n d  
standard in areas with higher 24-hour 
peak to mean ratios (SP& p. 6% Freas, 
1986). Based on the present evidence 
with respect to risks associated with 
annual exposures, the Administrator 
finds that the annual and &hour 
standards announced today provide an 
adequate margin of safety. 
N. Rationale for the Secondary 
Standards 

Section 109[b)(2) of.the Ckan Air Act 
states that secondary NAAOS should be 
set at a level requisiie to protect the 
p.ublic welfare from any known or 
anticipated adverse effects associated 
with the presence of an air pollutant in 
the ambient air. The criteria document 
and staff paper examined the effects of 
particulate matter on such aspects of 
public welfare as visibility and climate, 
man-made materials, vegetation, and 
personal comfort and well beinn. Each 
aspect ia discussed in some &tail in 
those documents. The followinn 
discussion of the rationale for h e  

secondary etandards focuses primarily 
.on considerations that were most 
influential in the Administrator's 
decision or that. differ in some respect 
from, or expand upon:considerations 
that influenced.the staff andlor CASAC 

' recommendations. 

A. Soihhg ond Nuisonce 
At high enough concentrations, both 

large and small particles may soil 
household and other surfaces, or 
otherwise become a nuisance. Both 
effects can result in increased cleaning 
costs and decreased enjoyment of the 
environment (SP, p. 140). Efforts to 
control particulate matter in U.S. cities 
from 1970 to 1978 were estimated to 
have produced substantial economic 
benefits because of reduced soiling and 
nuisance (GD. p. 1-51). The staff paper 
therefore recommended consideration of 
soiling and nuisance generated by dust 
and other particles in aetting a 
secondary standard (SP, p. 141). 

.In proposing secondary standard(s) 
for particulate matter, the Administrator 
first examined whether the pollutant 
indicator ~ M I o ) ,  averaging times and 
form, and range of levels of the 
proposed primary standards would 
provide adequate protection against 
soiling and nuisance. This examination 
was complicated by uncertainties in the 
scientific data base that Iarg~ly preclude 
accurate quantification of the extent of 
effects associated with specific particle 
sizes and concentrations or deposition, 
and by the fact that the protection 
afforded by primary standards depends 
upon the particular combination of 
levels chosen within the ranges that 
were proposed for the primary 
standards. The Administrator proposed 
a separate indicator and range of 
secondary standards, while also 
solicitingcomment on the alternative of 
making the secondary standards 
identical in all respects to the proposed 
pFiinary standards for PMlo. In so doing, 
the Administrator noted that "depending 
on the exact levels of primary standards 
chosen, the combined requirements for 
meeting both 24-hour and annual 
primary standards for PMIO might be 
considered adequate to protect against 
possible adverse effects relating to 
soiling and nuisance from all relevant ' 

particle sizea" (49 FR 10418). 
The decision to adopt the specific 

revised primary standards discussed in 
section IV above permits a more . 
definitive assessment of the protection 
afforded by those standards anainst 
potential idverse welfare effects, In ' 

addition,infonnation submitted in the . 
public comments, the review of the . 
March 20,1984 peposal by the CASAC. 
and further analysis of the welfare 

-effects information by Agency staff have 
amended the basis for the final decisjon 
on the secondarx,~!andards.. The basis, 
for the original prbposal and the' 
implications of the more recent findings 
are summarized below. . . 

The Administrator originally proposed 
(1) to retain TSP as the indicator for the 
secondary standard and [2) to select the 
standard level from a range of 70-90 pg/ 
ms, expected a--ual arithmetic mean. 
Giventhe nature of the evidence 
available, the Administrator expressed 
an inclination to select the level for the 
standard from the upper portion of the 
range. 

The proposal noted that both PMla 
and TSP could be useful indicators for a 
secondary standard for soiling and 
nuisance. PMlo is usefulbecause in a 
qualitative sense: [I] Particles smaller 
$an 10 Cm in diameter are more qkely . 
than larger particles to penetrate ' 

iridoors; they are'also more likely than 
larger particles to soil vertical surfaces 
(SP, pp. 136-137) and (2) due to the 
.characteristic size distributions and 
origins of particles in the atmosphere' 
(SP, p'p. 14-19), control of particlee less 
than-10 pm in diameter would also limit 
the concentration of larger particles. The 
TSP indicator.wa.9 proposed, however, 
because of the lack of data'permitting 
.clear distinctions among size ranges 
with respect to soiling and nuisance, the 
more Inclusive nature of TSP, and the 
fact that most of the available 
information relating soiling and 
nuisance to air pollution used TSP as an 
indicator. 

Information submitted in the public 
comments expanded on some of the 
limitations of TSP as an indicator that 

' 

were noted in'the preamble, namely: (1) 
The collection efficiency of the high 
volume sampler, which measures TSP. 
decreases rapidy for particles with 
diameters in excess of 25-40 pm;,thus, 
the TSP measurement itself can omit a ,  
substantial fraction of the very large 
particles that can make a substantial 
contribution to soiling of horizontal 
surfaces; and [2) because the collection 
efficiency of the high volume sampler 
varies more with windspeed than do 
PM1o samplers. TSP niay be a less 
reliable indicator of elevated - 
concentrations of larger particles than 
PMso. 

In light of these considerations. the 
CASAC in reviewing the March 20 
proposal package concluded that it 
could find no convincing scientific 
support for maintaining TSP as an 
indicator-for the secondary standards. 
(Transqipt of Deeember'l6,1985 
CASAC meeting.. pp. 56-71; Docket No. 
A42-37). 
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.Indeveloping a range of levels for the U.S. cities (CD, p. 1G73). During the.. . today would permit few, if any; areas to : 
sewndary.standard,,EPA found that the. . public comment period: one of the sustainTSP levels above 90-100 pg/m3. ' , . 

available data base provides.,compelling authoia of the analysis that formed.the . On the basis of these determintitiona, . 
eviderrce,that elevated levels of , ; , basis for these estimates submitted a the Administrator concludes that a ' . ' ': 
particulate matter can produce adverse. ."mow recent analysis which called the secondary standard different from the ". 

welfare effects, but provides little . earlier analysis into question (Watson * primary standards is not-requisite to . 
quantitative information on . . , . and Jaksch, 1984). The author claimed protect the public welfare against soiling . 
concentration-effects relationships. : .. that estimates of benefits from reduced and nuisance. This conclusion is' ' , , 

Physical damage and.economic studies . TSP concentrations were significantly , supported by the CASAC'L ', 

tend to show no obvious welfare effects overstated because they did not take, determination that there is no scientific. 
' 

"thresholds" for soiling. With time, into account the extent to which the ; . support for a TSP-based.secondary ' 
particulate matter ma,y accumulate on public could perceive improvements standard. [Transcript of December18;. 

. surfaces even at low concentrations. At associated with reduced concentrations. 1985, CASAC meeting, p. 71;Docket No. . . ' 

' ,very low concentrations, however, the ' other commenters indicated that the. A-82-37). Therefore, the Administrator. 
amounts.of particulate matter may be underlyis experimental data suggested has decided to set 24-hour and annual 
virtually.invisible to the human ey.e:or a threshold for economic soiling effects . secondary PMIO standards that are equal. 
.be so slight as to be Ignored by most at an annual TSP level of about 150 pg/ in all respects to the primary standards. 

, 

' 

. - people (Carey. 1959: Hancock et.al.. . m3. . . '  . . B. other weffAre ~ffecls .: . . . 
1976):Up to a'point, the buildup of EPA staff examined the underlying . . 
particles on syrfaces may not'be experimental data used in the originel The other Gelfare effe& of . ' 

general!y.regarded as,a social problem analysis. This staff examination particulafe matter of principal interest 
because it is removed.by rain.oi routine . [Haines, 1987) has been placed in the 

' 

are impairment of visibility, potential. 
cleaning and maintenance before rulemaking docket. The staff found that. , modification of climate, and 
substantial accumulation can oqcur. , . , of 27 household cleaning activity contribution to acidic depositibn. ~ l l  
Moreo\;er, even if an accumulation is categories examined in the underlying three of these effects are believed to be . 
1a.qe enough to be noticed, it is not . experiment (Booz, Allen, Hamilton, . . related to regional-scale levels o f  f!ne 
neceisaiily cbnsidered to be aproblem. 1970), 6 (5 outdoor) weie statistically paflcles, And control programs designed 
Thus, ,the critical judgment for selecting . si@ficantly associated with particulate, to ameliorate them would likely involve 
a standard level is to determine a .. matter across some colicentration region-wide reductions in emissions of 

. particulate matter concentration at or, gradient. In further comparing areas sulfur oxide (SP, p. ,147; Friedlander,; . . 
above which the soiling effect becomes with differing concentrations of in TSP, 1982). . . 

important enough that it should be it p a s  found that the number of .Becaus~ of jhelikely overlap between: .' 
tegarded as an "adverse': effect under significant associations decreased with control measures designed to protect, . 
section 109(b)(2) of the Act. decreasingTSP levels. The staff visibility and pontml measures designed . . 

. .The available information suggests concluded fhat these data provide no 'to address addic depos,ition, EPA,-in its 
that the public does make a distinction convincing evidence to support March 20,1984, notice of proposed. .. . . 
between concentrations at which estimates of significant economic rulemaking on the particulate yatter ,. . . . 
particulate pollution, is merely benefits from reducing PM levels below . standards, did not propose a 8econda.g . . 
noticeable and higher levels at which it 90 to 100 pg/m3. standard designed to protect visibility. . . . 
is considered a nuisance. A study of the . Following the original inclination of Instead,.the Agency decided to defer , . . . 
response of a pane! of.human.subjects to. 'the Administrator and the mote recent action pending development of . . . 

dust on gurfaces ~oncluded that the . findings, an annual TSP level of g~ pg/ . .compatible strategies to address both of ;  
level of.dustin'ese that in found to be ma.was used as a benchmbk in an these related.regiona1 air quality 
objectionable'is higher then the level. . analysis to determine whethet the . . . problems. ' .  . . . 

that can be peiceived or discriminated ,- primary particulaie matter NAAQS Since publication of the notice of 
(Hancock et al., 1978). It is not, however, would protect against soiling and proposed rulemaking,,FPA has ... . . 
possible to derive unique. ambient nuisance [SP. Table 2-11. An earlier 

' 

' .. continued to gather information on - . . : 
concentration thresholds for adverse version of these results was presented at acidic deposition and on visibility, and. 
effects from this kind of study. A more the December 16,1985 CASAC meeting. to analyz(t the.potentia1 impact on. 

. direct study of. perception of air The analytical approach, assumptions, visibility of strategies designed to : I  

pollution as a nuisance (CD, p. 057) , and limitations of the methodology used coxi@Jl acidic deposition. In particular,. 
'suggested that people considered air . in the analysis are discussed in,a EPA has received the report of an 
pollution a nuiQnce in areas where ' 

. separate report, which has been'placed ' Interagency Task Force-on Visibility. In 
annual levels were at'or somewhat . in the rulemaking docket (Pace et al. light of the Task Foiceb .. . . ' above'the'level of the current annual . '1986). The results indicated that the . recoinmendationn as  well as.other 
primary.TSP standard (75 pglm3, annual combined implementation of the primary information gathered by the Agency, . - 
geometric mean). :?"heupper bound of: . .. 24-hour and annual PMIO standards . ' EPA is now feass:essing:its positipri with. - 

' 

the proposed'range of interest (90 pg/ma .announced above would substaxitially regard t'o'considtirationof a secondary . 
TSP), expected annual arithmetic mean, . reduce TSP levels to the extent that only fine particle stafidard for.visil$lity; In . .- 
was derived by taking that level and . 6 cbunties nationwide would experience particular, 'the,Agency is considering . . 

. 

making appropriate conversions to annual mean TSF! levels in excess of 90 ,whether, given the time that ytoirld be 
account foi the expected arithmetic. . . pglma ed 'none would exceed 109 pg/ . . req-ired to deCC1'op;propose;; . .. , 
mean form. ni3, promulgate, and implement a visibility . ' 

'The lower bound of the p;op&d . . In short. EPA him determined that'. based standard; it wou1,dnow:be , , . 
range(7.0 pg/m3) wasLsupported by a .. - there is.no~convl.ncing evidence of , appiopriate to:proceed with . . . . .. 
rough analysis of economic benefits of. . significant adverse soiling and nuisance . consideration of a visibility.based . . . 
reduced.outdoor soiling that, might be : at TSP levels below 9GlM) pglm3, arid .. stand~rd in parallel with work on acid' .. 
associated .with decreased TSP levels in . , that the.pdmary standards promulgated ' dep'osition, so that compatible strategies .! 
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for dealing with the two problems can 
be developed at the implementation 
stage.. : 

Accordingly, EPA is publishing 
elsewhere in today's Federal Register 
an advance notice of proposed 
rulemaking soliciting public comment on 
the approp;i'ateness-of a separate 
secondaw fine  article standard 
designedio proiect visibility, and on a 
number of issues that would have to be 
resolved in proposing such a standard. 

The Administrator also concurs with 
the staff suggestions that a separate 
secondary particle standard is not 
needed to protect vegetation or to 
prevent adverse effects on personal ' 

comfort and well-being (SP. pp. 143-144). 

V. Federal Reference Method 
The reference method for the 

measurement of atmospheric particulate 
matter as PM~o, promulgated today as 
Appendix J to 40 CFR Part 50, is based 
on selection of PMrc particles by inertial 
separation, followed by filtration and 
gravimetric determination of the PMlo 
mass on the filter substrate. The particle 
size discrimination characteristics of 
reference method samplers [or sampler 
Inlets) are prescribed a s  performance 
specifications in amendments to 40 CFR 
Part 53, promulgated elsewhere in 
today's Federal Register. 

The requirements In Appendix 1 are 

A. Specific Choiges to Appendix ] . ' 

section'3.0 has been revised to specify. 
that all samplers should be capable of 
measuring 24-hour PMlo,mass 
concentrations of at least 300 pg/m9 , 

while maintaining the operating flow 
rate within specified limits. 

In Section 4.0 the term 
'"reproducibility" has been changed to .', 
"precision" and the specification for 
PMIQ samplers has been changed from 
15 percent or better to 7 percent or 5 pg/ 
ma, whichever is higher. The particle 
size for 50 percent sampling 
effectiveness in Section 5.0 has been 
changed from 10+ 1 micrometers to ' 

lo+-0.5 micrometers, These changes are 
a result of corres~ondinn chanees in the 
PMIo sampler pe;forma<ce " 
specifications in 40 CFR Part 53, 
promulgated elsewhere in today's 
Federal Register. Refer to the Part 53 , 

action for further discussion of these 
changes. 

In Section 6.0 the subsection on 
nonsampled particulate matter has been 
removed. The design of particle size 
discriminating inlet systems for PMIO 
samplers essentially precludes the 
transport of windborne paiticulate 
matter to the  article collection filter - 
during when the sampler is idle. : . 
Although.windborne particles could 
potentially enter a PMIO sampler's air 

generally-prescribed as hnctionai or ' inlet opening during idle periods, they 
performance eoecifications in.order to would have to take a tortuoue path with 
allow samplehanufactwera flexibility 
in designing or configuring their ~ I O  

samplers. Sampler shape, inlet 
geometry, operational flow rate, degree 
of automation, and other sampler 
characteristics or features are specified 
only in terms of required function or 
performance. 

While most of the comments received 
on Appendix J generally supported the 
performance-based approach to 
specifying PMIO reference methods. 
many commentom felt that the sampler 
performance specifications in the 
proposed Appendix 1 and 40 CFR Part 53 
were not adequate to ensure accurate 
collection of PMIII under all conditions 
of ambient sampling. In response to such 
comments. the sampler performance 
specifications in Part 53 and the . . 
corresponding references to such 
requfrements in Appendix 1 have been 
revised. Other comments were received 
on various requirements of Appendix j 
such as flow calibration and 
measurement. flow regulation, filter 
media, filter equilibratfon, and sampler 
maintenance. Specific changes to 
Appendix J resulting from these 
comments and from review of other 
pertinent infomation are discussed 
below. 

several changes in direction tdreach the 
collection filter. 

References to "automatic flow 
controller" throughout Appendix J have 
been changed to "flow control device". 
The latter term is less restrictive and 
more clearly allows the use of any type 
of flow regulation device, provided that 
the other flow-related requirements of 
Appendix J are met. In particular, 
Section 7.1 has been chaneedto reauire 
that a PMro sampler have flow coitrol 
device capable of maintaining the 
sampler's operating flow rate within the 
limits specified for the sampler inlet. 
The requirement that the flow control 
device have a flow rate adjustment 
capability has been removed to allow 
for the use of certain types of flow . 
controllers (e.g., Venturi-type critical 
flow devices) that regulate flow at a 
constant but unadjustable rate2Flow 
controllers of this type generally employ 
a fixed-geometry orifice and control the 
sampler's flow rate without any moving 
parta or electmnic components. The 
requirement that the flow control device 
be disabled during calibration has also. 
been removed because it is only 
applicable to certain types of devices 
[e.g., electronic flow controllers). 
Sampler-specific operational 

requirements such, as this are better 
addressed in the sampler manufacturer's 
instniction manual. 

Subsection 7.1.6 has also been 
changed to explicitly require that the 
instruction manual associated with the 
sampler include detailed procedures for 
calibration, operation, and maintenance 
of the sampler. Since much emphasis is 
placed on the role of the sampler 
manufacturer's instruction manual in 
Appendix J, it is important that it . 
contain detailed Information on all 
aspects of sampler operation. The 
instruction manual for each designated 
reference method would be reviewed 
and approved as part of the Part 53 
reference method designation process. 

The filter alkalinity specification in 
Subsection 7.2.4 has heen changed from 
<0.005 milliequivalents/gram of filter to 
<25 microequivalents/gram of filter. In 
addition, the method used for the 
alkalinity determination has been 
changed to a newly developed, more 
sensitive, and more reliable method. The 
change in the magnitude of the 
spe&cation results from the change in 
procedures [alkalinity measurements 
are approximately 5 times higher with 
the new method), and from the change 
in the measurement units. 

Section 7.3 includes specifications and 
other requirements for the flow rate 
transfer standard used during sampler 
calibration. The specifications for the 
reproducibility and resolution of the 
flow rate transfer standard have heen 
removed and replaced with an accuracy 
specification. The revised Section 73'  
requires that the flow rate transfer 
stendard be  capable of measuring the 
sampler's operating flow rate with an 
accuracy of *2 percent. An accuracy 
specification. stated in this context, is 
more meaningful and useful than 
specifications for reproducibility and 
resolution. In addition, the requirement 
that the flow rate transfer standard 
include a means to vary the sampler's ' 

flow rate during calibration is not 
appropriate forell types of samplers 
andlor flow rate transfer standards and 
has been removed:- his is another 
example of a eampler-specific 
requiremefit that is better addressed in 
the sampler manufacturer's instruction 
manual. 

The humidity requirement for the filter 
conditioning environment in Section 7.4 
has been changed frum a e i ~ l e  
specification of 4 5 f  5 percent relative 

, huinidity (RH) to.separate epecifications, 
for humidity range [20 percent to 45 . . 
percent .RH) and humidity control (f 5 . 
percent- Rv). Under the revised,: . 
requiniments. filters may be equilibrated . 
at-any.preselected humiditybetiueen.m . . 

-- 
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and 45 percent RH. provided that the 
humidity is controlled to within 5 
percent RH. Language has also been 
added to Section 9.0 to require that the 
same temperature and humidity 
conditions be used for both pre- and 
post-sampling filter equilibration. 

The calibration and operational 
procedures for PMio samplers vary 
considerably depending on the type of 
sampler (e.g., high-volume, medium- 
volume, low-vo1ume)'and the type of 
flow control and flow measurement 
devices employed in the sampler. 
Accordingly. the calibration and . 
procedure sections of Appendix J 
(Sections 8.0-and 9.0) have been revised ' 
substantially to be more general in 
nature. The revised procedures serve to 
illustrate the'steps invo1ved:in the 
calibiation and operation of a PMIO , ' 

sampler, and-place more emphasi8 on , 

, 

the sampler manufacturei's instruction ' : 
mefiual and the Quality Aiurance , . 
Handbook for specific guidance. : ' 

A new eection,:on~~ampl'er ., . ' . 

maintenance has, been"hcorpoyated'into 
Appendix 1 to.explicitly~quire that . 
PMlo samplers be maintained In strict 
accordance with the protiedunes 
provided in the sampler manufacturer's 
instruction manual. The performance of- 
some PWO samplere may be adversely 
affected'by the buildup of 'substintial 
quantities of non-PMIO particulate 
matter within the sampler inlet Such 
samplers may require periodic cleaning. ' 
and othermaintenance to ensure ' ' . 
accurate collectiorqof PMo particulate 
matter.. This new section has.been " 

added as Section.lO.0, and the . . 
colculations and references sections . 
have been renumbered,accordingly. 

When temperature and pressure . . 
,corrections to sampler flow indicator ' .  

readings are required, corrections based 
on 'existing ternperature'and pressure at 
the time the readings are taken (or daily 
average values during. the,sampling 
period in some cases) are preferable. 
However, lncorpor,ation of site or 
seasonal average temperatures and. ' 

barometric pressuree into the sampler 
calibration to avoid dailv tem~erature 
and pressure correction; is also 
allowed. When temperature and 
pressure corrections to flow indicator 
readings are required, existing 
temperature and pressure at the time the 
readings are taken (or daily average 
values during the sampling period in 
some cases) must be used. Likewise, the 
calculations section has been changed. 
to require that the average barometric 
pressure and average ambient 
temperature during the sampling period 
be used to calculate aid. Site or . 
seasonal average values for temperature 

and barometric pressure may be 
required in the adjustment of the set- , 
point of certain types of flow control 
devices [e.g.. mass flow controllers]. Site 
or seasonal average values for 
temperature and pressure are used in 
these cases to ensure that the deviations 
in actual volumetric Row rates, resulting 
from daily changes in,temperature and 
prcssure a t  the monitoring site, are 
centered about the sampler inlet's 
design flow rate. 

Other minor wording changes haGe 
been made throughout Appendix J to 
clarify the requirements. 
B. Designation of Reference Methods for 
PM10 , . .  

Before a method for a 1 0  is approved 
as a PM~o reference method; it must . ' . 

meet .the requirementb of Appendix J 
and be tested add desighated as'a .. ' . : ' 
reference method in'accordance with 
the provisions of 40,CFR Part 53. TestiG , 
of candidate reference methods will , , 

generally be donducted by the sampler' ' 
manufacturers. A notice will be 
published in the Federal Register In' : 
accordance with Part 53 whenever an 
application for a PI& reference method' 
determination is received by EPA. 
Likewise, a notice of designation and 
other information pertinent to the 
designation will be published in the 
Federal Redeter each time a PMl0 
sference method is ,approved fot use. 
PMIO sampler manufacturers are 
required to provide samplerpurchasers 
with an operation or instruction manual . 
'containinp detailed procedures for the 
calibration, operation, and maintenance 
of the sampler. Additional guidance and 
recommendations re arding filter media, 
type of analytical ba 7 ance required for 
mass determinations, and other 
requirements of the method should also 
be provided in the manual. Part 53 
requires submission of the manual as 
part of a manufacturer's application for 
a reference method determination. The 
instruction manual will be reviewed for 
technical accuracy and consistency, with 
the requirements of Appendix J and 
must be approved as part of the 
requirements for designation of the 
method as a reference method. 

C. Technical Change lo Appendix C 
Because the high-volume method 

described in Appendix B will continue 
to be used in conjunction with Appendix 
G ('.'Reference Method for the 
Determlnatlon of Lend in Suspended 
Particulate Matter Collected from 
Ambient Air") and for other purposes 
thatmay be specified, EPA is 
promulgating the technical changes to 
Appendix G as proposed. Under the 
final rule the reference 10 in Appendix G 

has been deleted and section 5.1.1 of the 
Appendix has been revised . tp read . as 
follows: 

"High V o l e e  Sampler. Use and 
calibrate the sampler as described in 
Appendix B to this Part." The Appendix 
has also been revised to epecify more 
directly that the high-volume method 
described in Appendix B is to be used in 
conjunction with the feference method 
for lead. 

VI. Summary of Salient Public 
Comments and Agency Bespbnses 

An overview of public comments on : 

the majoraspectg of the March 20.1984 
proposil are presented in Section 11. The 
most important comments on specific 
issues are categorized and.summarized . . 
be10.w togethe<*th Agency responses. 
A more comprehensive compilation of 
comments and Agency responses' is 
contained in a separate.Resp,onse to 
Comments Document thgt has been . 
placed in the Docket,[No. A-8247). : . . . 
8. Healih effects k.rite&a bnd~elei.thn , 
of the P r i q a ~  Standads ' ', . ' " . . ,  . 

1. Indicator for the Primary Standards '. 

Comments: PMs rather'than PMio ' ., . 
should be.used as the indicator. for the 
primary standards because.P& more 
accqa'tely reflects particle deposition in 
the'thotadc regions, provides an ample : 

margin.of safety In pptecting health. : 
and $utg less emphasis on coaiee . 
paiticlea that are relatively inert t h e  
does PMIo. ;, , ' . 

, - Agency Response: EPA:co~idered the' 
major analysis [Swift and Proctor, 1982) 
and preliminary arguments [AMG 1982) 
in support 0f.a PMs indicator in . . .  
developing the 1984 proposal. Altho.%h . 
EPA deferred judgment pending . . 
additional analysis and review, the . 
decision to propose PMo and not PMa 
was,based in-part. on reservations 
concerning the P M ~  indicator. The . 
likelihood that the available data from 
mouthpiece studies overstated thoracic 
deposition during ''natural" breathing 
was recognized h a qualitative sense by 
CASAC fcf. lulv 1981 transcri~t, D. 581; 
Docket NO. ~&-37 )  and preienied as 
one reason for recommending PMIO 
rather than PMM or TSP as  an indicator. 
The 1982 staff paper reflected this 
argument in recommending 10 pm rather 
than 15 pm as the cutpoint for the 
indicator (SP, pp. 78-77). h e  criteria 
document addendum points out that 
assumptions used in the quantitative 
analyses used to support PMs (Swift and 
Proctor. 1882) appear to underestimate 
thoracic particle deposition; this 
underestimation would reduce any 
margin of safety associated with an 
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indicator derived from these data. 
Extension of the Swift and Proctor 
analysis itself suggests that 
approximately 10 to 20% of 10 pm 
particles could penetrate to the thoracic 
region, rather than the 0% penetration 
implied by some commenters who 
argued for a "Do" at 10 pm. 

The Swift and Proctor analysis as  well 
as several more recent analyses and 
experimental studies of particle 
deposition are reviewed in the criteria 
document and staff paper addendum. 
The more recent assessments tend to 
support the original proposal of PMIo. 
The criteria document addendum 
comperes the work of Miller et 81. [1986), 
using the more recent deposition data, 
with the Swift and Proctor analysis and 
c o n f i s  that the latter understates 
deposition of particles larger than 6 pm 

individuals who habitually breathe 
through the mouth. 

The more recent data also show some ' 
fraction of particles of 10 pm and larger 
can penetrate as  far as the alveolar 
region (CDA, F i  2-1). The risk 
associated with deposition of insoluble 
coarse particles in this region is of 
particular concern because of slow 
clearance time (CDA, p. 26). Although ' 

removal in the tracheobronchial region 
is more rapid, deposition of coarse 
particles in the tracheobronchial region 
may be associated with 
bronchoconstriction and alteration of 
clearance mechanisms (SP, Table 6-21. 
The 1982 staff paper took these factors 
into account In the original 
recommendation for a 10 p n  indicator 
that induded all of the fine and a 
portion of the coarse fraction. 

After considering these updated 
assessments, the EPA staff reaffirmed 
its original recommendation of PM1o as  
an indicator for the standards (SP, p. 32). 
In reviews of the March 20,1884 
proposal and of the criteria document 
and staff paper addenda, the CASAC 
also reaffirmed its recommendation for 
PMIO as an indicator (Lippmann 1986 
a,c). The majority of public comments on 
this issue also favored PMIo. 

In summary, EPA finds that the 
presently available record clearly favors 
the PMia indicator over the alternative 
P& indicator. 

Comments: Some commenters 
suggested that while PMIO represents an 
improvement over TSP, the fine fraction 
[<2.5 pm] is of relatively greater 
concern to health than the coarse 
fraction (2.5 to 10 pmJ. Such commentera 
suggest that a PMas standard Is 
needed-in addition to or, in some 
comments, instead of a PMIO standard. 

Agency Response: The possibility of a 
fine particle indicator for the primary 
standard was examined in the staff 
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paper (pp. 68-70). This suggestion is 
based in part on the recognition that 
ambient particle mass and volume are 
distributed such that a rough division 
"minimum" at about 1 to 3 p n  separates 
the "fine" (smaller] and "coarse" 
fractions. Each fraction has somewhat 
distinct chemical and physical 
properties and sources. The staff, 
however, noted a number of difficulties 
in using fine particles (less than a 
nominal 2.5 pm) alone instead of FMIO 
as the indicator for the primary 
standards. These include: 

[I) Substantial overlap can occur 
between the two modes and in some 
cases the division minimum can 
disappear. Moreover, despite the 
differing origins and chemistries of the 
modes, each is chemically 
heteorgeneous. The respiratory tract, in 
effect, alters the ambient distribution, 
with a mixture of h e  and coarse modes 
being deposited in both the 
tracheobronchial and alveolar regions. 
Indeed, the 2.5 pm "bt" is within the 
size range of maximum efficiency for 
alveolar deposition (2 to 4 F). The 
mixing of these size fractions In the 
respiratory tract and the heterogeneity ' 
within each fraction therefore blurs the 
distinction between the fractions In 
terms of health effects: 

(21 Coarse dusts have been associated 
with responses such as 
bronchoconstriction, altered clearance 
and alveolar tissue damage (SP, Table 
5-2). Given current infonnatlon, it would 
be premature to ascribe all of the effecta 
in the British, U.S., and other 
epidemiological studies to the fine 
fraction, or to any single chemical entity 
within that fmction. 

EPA believes that a separate fine 
particle standard in addition to the PMIO 
standard is not warranted for the 
following reasons: 

(1) F i e  mass typically cohprises on 
the order of 40 to 7056 of PMIo. 
Therefore, the PMIO standards provide 
substantial limits on fine mass, and 

(2) The limited epidemiological data 
presently available must provide the 
principal basis for any particulate 
matter standard. Because these data do 
not separate the effects of fine and 
coarse fractions, it is most reasonable to 
use these data to support a single set of 
standards. 
(3) To the extent that emerging 

information suggests additional 
protection may be necessary, it may be 
more appropriate to consider the 
addition of chemical-specific (e.g., acid 
aerosols] standards rather than a fine 
particle standard in future primary 
standard revisions. 
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2. Interpretation of Community 
Epidemiological ,Studies 

Comments: A number of commenters 
took issue with EPA's Interpretation of 
the various analyses of London 
mortality date. These commenters 
suggest that [a] the London data can be 
used to show only an association of 
excess mortality with high 
concentrations of pollution d d n g  . . 
unique episodes in which BS and SOz 
levels exceeded 500 to 1000 pg/mJ, (b] a 
number of the analyses suffer from 
methodological flaws precluding valid 
con clue ion^, (c) the conclusion that 
effects may be uoaaible at low vollution 
levels (eg.; <2M] 14~lrnJ) or that there h 
a continuum of association with no 
Identifiable threshold is not supportable, 
(dl the results of Mazumdar et al:[1882] 
and Ostro (1984) are more consistent; 
with the hwothesis that oarticulate 
matter is iEting as  a surrbgati for some 
other causal agent rather than as a 
causal agent itself, and (e) it is 
biologically implausible that mortaliQ . 

, could be affected by particulate ,matter 
at levels below those shown by Lawther 
etal. (1970) to produce morbid effects in 

.sensitive populations. 
: ~ g e n c ~  ~ e s ~ o n s e :  PAS 'assessment 
-of the various London mortalityanalj.sis 
is disi:ussed at length in the criteria , 

docbent, the staff paper, and the . 
addenda to these documents. The 19@ 
criteria document found that in the 
context of historical London eJiposurq3. 
these data indicate clear increases in 
daily mortality oixurred with BS and 
SO? concentrations in excess of lOOo 
pglms with some indications of likely 
increases in daily mortality at levels of 
both pollutants in the range of 600 pg/ 
mr ormore (CD. Table 14-7). These 
original conclusions on likely effects 
levels, based largely on the Martin and 
Bradley (1980) and Ware et el. {I8811 
analyses, appear reasonably consistent 
with the oriainal assessment of these 
data by theiriginal British investigators 
and the 1969 criteria document From the 
re-examination of these data by Ware et 
el. (1881] and the analysis of subsequent 
London winters by Mazumdar et al. 
(1981], the criteria document also 
concluded small increases in daily 
mortality might occur at levels below 
500 pg/ms. The more recent analyses of 
these data by Mazumdar et al. (198.21, 
Ostro (1984J, and Shumway et el. (19831 
all serve to reinforce the possibility that 
effects were assoaiated with particulate 
matter at concentrations below 500 pg/ 
ma. A number of commentere, however. 

. including some of the original British 
investigators (Holland et al., 1985). 
object to this latter suggeetion. 
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EPA has carefully examined these is not clearly consistent in the 
studies and the various criticisms of Mazumdar and Ostro regressions. The 
them submitted as  comments on the existence of higher coefficients in later 
proposal. In order to respond fully to years. however, prompted these authors 
these criticisms, EPA conducted more to suggest some plausible alternative to 
sophisticated reanalyses of the original non-pollution surrogates, including: [a] 
London data to further determine the The possibility that the composition of 
degree of reliance that can be placed on pollution changed with time, with an 
the published results [Schwartz and increase in more toxic components, and 
Marcus, lg86, CDA, Appendix A). Each [b) because the gravimetric mass of 
of these studies does suffer from particles in the range under 10 pm may 
limitations and uncertainties delineated not have declined a s  much as did the 
in EPA's updated assessment (SPA pp. black carbon content detected in the 
17-23: 3 w ) :  these limitations preclude smoke measurement (Lodge, 1986), 
definitive conclusions with respect to coefficients related only to smoke might 
causality as  well as  identification of be expected to increase. An additional 
clear "no observed effects" levels. possibility suggested by Schwartz and 
Nevertheless. EPA maintains its oridnal Marcus is that the effect of higher 
interpretation, supported by its external pollution episodes in earlier Gnters was 
science advisors. that these data at least blunted bv ~ubl ic  awareness (and hence 
suggest the possibility of effects i f  . 
particulate matter at BS levels as  low as 
150 pg/m3 and possibly even lower. 
None of the difficulties in statistical 
methodology or alternative mechanisms 
cited by commenters provide an 
adequate explanation-for the consistent 
f indh-of association between. 
part idate pollution and mortality at 
Ievels below 500 g/m33 [as BS). The 
association was Lund for the majority 
of 14 wintere [analyzed individually) 
spanning a period when pollution in 
London and indoor heat@ practices 
showed marked changes. and including 
wintera in which BS levels did not 
exceed 250 fig/ma. The relative 
consistency of the results from year-to- 
year despite these changes suggests that 
the observed,effect is not explained by 
indoor air pollution or by long-term 
demographic shifts in the population. 
The findings were consistent among 
different investigators, and persisted 
after taking SOz..temperature, and other 
weather variables into account. and 
after correcting for autocorrelation 
structure.. 

The principal argumenb for the 
suggestion by some (including 
Mazumdar et al.. 1882) that smoke may 
be acting as a surrogate for some more 
toxic pollutant or related non-pollution 
variable are: (1) The coefficients in the 
regression equations appear to increase 
with decreasing pollution across the 14 
winters. (2) surrogate behavior is 
conlmonly observed in statistical 
analyses. (3) the work of Lswther 
suggests a threshold for morbidity at 
around 250 )rg/m3 as  BS: hence 
mortality would not be expected at 
lower levels. While the possibility of 
surrogate behavior remains, the above 
arguments do not demonstrate that 
smoke acts as a surrosate for non- 
pollution variables.  he trend toward 
higher coefficients with lower pollution 

reduced &posure] or by a tendency for 
the most susceptible individuals to 
succumb on an early day of a multi-day 
pollution episode. 

The use of the Lawther morbidity data 
a s  a threshold for mortality is 
questionable. The London mortality data 
involve an unequivocal endpoint in a 
relatively large population [several 
hundred per day) over a 14 year period. 
As pointed out by Roth et al. [1986], 
although the bronchitic population 
studied was clearly susceptible, the 
effects indicator used by Lawther was a 
relatively insensitive one. Moreover, the 
threshold wae determined not by 
rigorous analysis, but by visual 
examination of strip chart data. 
Although the principal author strongly 
objects (Lawther, 1982), the criteria 
document points out that the data do not 
clearly indicate an effects threshold at 
250 )rglme. Furthermore, the simple 
correlation results provided by Lswther 
et el. (1070) suggest the possibility that a 
more sophisticated analysis jointly 
incorporating pollution and weather 
factors might. have found increased 
morbidity occurring at lower levels. The 
recent findings of small changes in 
pulmonary function at lower particulate 
matter levele in the U.S. and the 
Netherlands [See Table 11 support the 
notion that 250 pg/ms [in this case as  
PMIo] is not a reliable effects threshold. 

Comments: The derivation of the 
proposed range of levels for the annual 
primary standard is without scientific 
basis. lo particular, limitations in the 
two major series of studies used 
preclude finding effects of particulate 
matter at the lower TSP levels shown. In 
addition, the conversion of the results of 
these studies to P a 0  Uses an 
inappropriately low PMlo/TSP ratio. 

A.ge~cyResponse: EPA's assessment 
of-studies used to derive the range of 
levels for the primary standard (Ferris et 

. . . . .  
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el., 1973,1978;) and Bouhuys et al., 1978) 
[CD, pp. 14-44 to 46 and SP, pages 61-62 
and 104 -107) was reviewed by CASAC 
and found to be an appropriate basis for 
developing revised standard levels 
IFrledlander, 19821. The assessment 
clearly points out h e  limitations and 
strengths associated with the uses of 
these-studies. 

The Ferris et el. work (See Table 2 
above) involved a "longitudinal" 
tracking of lung function and respiratory 
illness in adults vs. pollution over a 12 
year period in Berlin. NH, a small town 
in which a pulp mill was a major 
pollution source. As commenters note, 
the "effects likely" level drawn from the 
first year of this study is particularly 
uncertain, as it is based on very limited 
aerometry. This level, however, was not 
important in developing the range for 
the proposed standard. Because of the 
seriousness of the effect (a prolonged 
decrement in lung function], the by then 
decreased concentration observed in the 
first followup study [I30 )rg/ms as mP) ,  
was used in developing the upper bound 
of the range of proposed annual 
standards. This concentration was 
based on a full year of monitoring. 
Based on the historical record, there can 
be little doubt that pollution declined in 
this community from 1961 to 1967, the 
year of the first follow-up. The nature of 
the particular pollution source [a pulp 
mill) in this-studjr, together with a 
finding of very low British smoke level. 
indicates that a variety of particles, not 
just products of combustion, may be. 
associated with adverse effects. 
Although commenters have suggested 
that other p u l ~  mill emissions may have 

been responsible for the effects, imbient 
levels of the gaseous effluent3 from such 
sources [reduced sulfur compounds and 
SG]  have not been shorn to cause 
reduced lung function. 

Estimating PMIO levels from this stud 
by using typical national average PAAtOf 
TSP ratios does not -as  some 
comrnenters argued--clearly understate 
PMlo levels. These commenters argued 
that high PMlo/TSP ratios [e-g., 0.8) 
should be used because sites in the 
eastern U.S. tend to have higher ratios. 
The data on M1o/TSP ratios, however, 
also show a general tendency for lower 
ratios to occur in industrialized areas 
with high TSP concentrations [Pollack, 
et el.. 1985). Moreover. air quality 
measurements taken in the 1980's 
document the presence of substantial 
quantities of larger size particles, as  
evidenced by high dust fall levels and 
low soiling indexes [Kenline, 1962). The 
latter author concludes that this would 
be expected "if the majority of particles 
present had diameters of 10 microns or 
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greater . . . ." EPA therefore believes staff rejected use of the limited (15 days) 
that the use of ratios characteristic of particle size data for Ansonia as 
industrialized areas with high particle . unrepresentative because of questions 
concentrations Is justified and does not concerning their quality and because 
contribute to any excess margin of they were taken in 1973, after 
safety in the estimated effects levels. particulate matter concentrations had 

The Bouhuys et al. (1978) study (see been reduced to lower levels (SP, p. 62). 
Table 2 above] was used to set the Absent reliable site-specific particle size 
lower bound for the proposed standard date, the staff used the median PMw/ 
range, which is the level at which the TSP ratio seen at other sites the 
final standard is being promulgated. The eastern U.S. with higher than average 
study found a difference in three of five PM~o levels, Because the long-term ratio 
respiratory symptoms but no differences can vary between 0.3 and 0.65 among 
in lung functions between two such sites, such estimates are 
Connecticut towns (Ansonia and admittedly uncertain. Nevertheless, the 
Lebanon) that had a hiqtorically large staff examination of historical air 
(but currently small] difference in levels qualtty and source data associated with 
of particulate matter. Although the the Bouhuys et al. study found no 
authors believed that air pollution did factors that would make the ratio 
not play a role in the observed unusually hlgh or low relative to other 
differences in symptoms, the data high concentration sites in the eastern 
presented do not demonstrate that the U.S. The analysis by Spengler et al. 
differences were due soIely to other (1986) of trends in particle size ratios 
factors associated with the conduct of from the 1970's to the present In six 
the study. Moreover, the finding of eastern cities suggests that the ratio of 
excess respiratory symptom8 PM1o to TSP In early years with higher 
unaccompanied by a persistent change TSP levels tends to be comparable to or 
in lung function is not unique. Similar somewhat lower then the current ratios. 
findings were also obtained in the Ferris The basis for the finel ambient 
(1973) follow up etudy and the more standard is considerably etrengthened 
recent six city study results (Ware et al., by the recent results from the six-cities ' 

1986). study (Ware et el., 1988). This work also 
Some commenters argued that the suggests an inaeased risk of respiratory 

estimated TSP levels derived for the ' illness and smutoms, but no differences 
Bouhuys study were too low. EPA 
diuagrees. The staff took the median 
TSP values reported by Bouhuys et el. 
over the previous several years as the 
relevant exposure level for this study 
because (1) the current gradient in 
pollution appeared ta be too emall to 
result in such effects, and (2) it is 
unreasonable to attribute all of the 
observed gradient in effects among 
urban and rural residentn, as measured 
in 1973, to the maximum historical 
concentrations reported 8 to 10 year8 
prior to that time. EPA's position in 

fn lung function, in children across a 
gradient of pollution that extends to 
concentrations below. those observed in 
the previous studies. The results are 
therefore qualitatively consistent with 
both of the earlier studies. In addition, 
the associated aerometry pennits . 
substantially better estimates of 
historical PMIO data. Taken together, 
these studies provide substantial 
support for an annual standard of 50 pg/ 
ma. 

3. Margin of Safety . 
supported by the observations of Ferris Comments: The Agency hae 
et al. 11973.19701. which show an incorporated an unrecomized three-fold 
apparent measurable reduction in 
symptoms and improved lung function 
after only a five to six year decline in 
pollution. This decline suggest8 that any 
gradient in effects due to pollution eight 
to ten years ago would be diminished 
relative to effects that may be 
associated with the more recent past. 
The median value used by EPA for the 
Bouhuys study is, in fact, also relatively 
close to the weighted average of all TSP 
observations reported for Ansonia for 
the seven years preceding the Bouhuys 
et al., (1978) measurements, which were 
taken h 1973 (Lounsbury, 1988). 

The approach used to convert the TSP 
measurements in this study to PMto 
equivalents was also questioned. The 

margin of safety in the ih-hour 
standards through the means used to 
convert British Smoke measurements 
into PMlo. 

Agency Response: British Smoke 
measurements collect particles smaller 
than about 4.5 microns in diameter 
m.6) on a substrate and then measure 
their absorption of light. Because the 
measurement depends on light' 
absorption, it is sensitive only to the * 
dark. "sooty" component of the 
particulate matter. EPA has relied on 
gravimetric calibrations, performed 
during the earlier years of the mortality 
and morbidity studies, that related the 
British Smoke measurements to 
partidulate mass concentrations that - 
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included light-colored a s  well as dark 
particles. 

The commenters note that the dark, 
sooty component of the particulate . 
matter in London today constitutes only 
40% as large e fraction of the total 
particulate mass as it did during the 
period of the studies on which EPA has 
relied. They argue that the use of those 
studies to set standards for 
contemporary particulate pollution 
therefore introduces an error of a fector 
of 2.5 (110.4). Multiplying this by a 
typical ratio of F'MIo to PMts of 1.2 
(Lodge, 1986). the commenters arrive at 
an alleged error of a factor of three 
arising from the Agency's use of the 
British Smoke measurements. 

The commepters rely on the unstated 
assumption that it is only the dark 
fraction of particulate pollution that 
affects human health, and that, since the 
dark fraction has declined since the time 
of the studies, the particulate matter in 
the atmosphere .today is  less dangerous . 
than that present at the time of the 
studies. EPA disagrees with this 
assumption and believes that a more 
plausible and prudent assumption is that 
effects on health depend on tho mass 
concentration of partlcles and not on 
their color. 

Although it is possible that dark, 
carbonaciok particles were primarily 
resuonsible for the observed effects on 
humen health in the London studies, this 
has not been documented, and there is 
no evidence to support the assumption 
that lightcolored particles have no 
significant effect on human health. EPA 
staff has compared the composition of 
particulate matter in historical London 
and in the current U.S. and has 
concluded that, given the variety of 
particle types present in the U.S., there 
is no clear basis for imputing higher 
acute toxicity to the historical London 
particles (SP pp. 21-22100). 

The comrnenters support their 
argument with the avsertions that the 
decrease in the dark, sooty fraction of 

.particulate matter in London has been 
accompanied by the elimination of 
pollution-related health effects, and that 
current excureions of fine particle mass 
in excess of 250 pg/mJ have not been 
associated with health effects in London 
or elsewhere. EPA finds these assertions 
to be unsupported. The studies of 
mortality in London over a 14year 
period of declining pollution from 1958 
through 197l found that the reIationship 

. between oollution and mortalitv 
persistedsthroughout.the periodand that, 
in fact, the regression coefficients 
assigned to mortality appeared to 
increase over the period. Wazumdar et 
al.. 1982; Ostro, 1984). Moreover, 
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continuing studies in the contemporary revlsed form, In particular. makes direct 
U.S. and Europe have suggested health - comparison of the relative stringency of 
effects at PMIO levels below 250 pglms . proposed range with the current TSP 
(Dockery et al., 1982: Ozkaynak and standard inappropriate. 
Spengler, 1985; Dassen et al., 1986). EPA agrees that the analyses of 

For these reasons, EPA concludes that mortality in London justify caution in 
it is reasonable and prudent to use the selecting a 24-hour standard level, and 
mass concentration estimates derived that therecent studies of lung function 
from historical British Smoke orovide a useful basis for selectinn the 
measurements to set ambient standards ievel. EPA does not, however, belreve 
for current U.S. atmospheres under the that these, studies compel a standard 
assumption that current U.S. particles more stringent than the one chosen, As 
are equal in toxicity to those found in discussed in Section ItI.C.1 above, 
London at the time of those uncertainties in estimating P&o 
measurements. Any margin of safety equivalents of low ~ritish-smoke 
inherent in the British SmokelPMla concentrations in the later veara of the 
conversicin for the 'earlier ye& w1;en 
gravimetric calibrations were.avai1able 
is more likely to be on the order of e 
factor of 1.2 (the ratio of F%&s to PMlo 
estiniated by Lodge, 1w) rather than 
the factor of three sMested by the 
commenters. ~orparticulate,lev'els lower 
than'those observed In the earlier years, 
EPA has supplemented the London 
studies with the more contemporary 
American and European studies using 
direct gravi,me,titc measurements. . 
' Cubments: Several commentera 
expressed concerns that the margin of 

' safety for the rdnge of levels proposed 
for the 24-hour a'tandard is insufficient. 
Commenters based these concerns on: 
(a] Calculations suggesting that even the 

.. lower-bound may be lean stringent than 
the current standards, [b] evidence from 
thb more recent studies of lung function 
decrements iri children and the analyses 
of London mortality data. and [c) 
variods studies found to be mainly of' 
qualitative.value. In general, such 
commenfers felt that, in view of the. 
avail'able evidence, the standard should 
be set at levels at or below the lower 
bound of the proposed ranges. 

London studies make it difficult to use 
the studies to set a precise level for a 
PMto standard. Therefore, it le important 
to examine the more contemporary 
studies of 1- function that permit a 
more direct estimation of PMIO effects 
levels. In considering these studies in 
conjunction with the London mortality 
and other relevant health studies, EPA 
finds that a 24-hour standard of 150 pg/ 
nis provides an adequate margin of 
safety. EPA does not a p e  with 
hmmenters suggestions that it is 
necessary to prevent any detectable 
changes in lung function. As discussed 
in Section IU.C;I, a standard of 150 pg/ 
ms will clearly prevent lung function 
decrements that might be considered to 
be Indicative of adverse effects in well 
over 95% of children exposed; in fact the 
evidence suggests that even reversible 
lung function changes (FEVO.TS) in excess 
of 10% are unlikely at this level. EPA 
therefore believes that the standard 
provldes an adequate margin of safety. 

Some commentera favoring standarde 
below the lower bounds of the proposed 
ranges relied on studies or analyses 
found by EPA and CASAC to be of little 

Agency Response: The overriding . quantitative value for establishing 
consideration in selectinn a etandard is rannes of concern. EPA considered a 
how well it protects pbbfic health, not- n 6 b e r  of such studies in selecting a 
its relative stringency as compared to margin of safety (eg., SPA 52-53: SP 
the previous standard. EPA believes that 1OQ-Ill], but in EPA's judgment they do 
standards chosen provide an adequate not provide a sufficient basis for 
margin of safety irrespective of the establiehine standards at levels below 
relaGonship to ihe former TSP . those derived from the more 
standards. Nevertheless. EPA has quantitative studies summarized in 
compared the stringency of the t&ised ', 

standard6 with that of the existing 
standards by estimating the number of 

, . areas that would be expected not to 
attain each set of standards. By this 
measure, the new PMIO standards are 
equivalent to or somewhat more 
stringent than the TSP standards (SP, 
Table 2-1). Commenters who calculated 
or asserted otherwise often did not take 
all of the aspects of the'standards into 

. .. .. 'account. The margin of safety is a . 
. function no1 only of.level,.bu! also of the 

indicator and form of the standards. The - 

~ a b l e s  1 and 2 above. 
Comments: Some commenters argued 

that in selecting annual standards much 
greater weight be given to the result8 of 
Ware et al. ( lW],  which suggest a 
possible gradient of effects at 
concentrations extending to the lowest 
levels observed in the six cities studied 
(25 ~18im~I .  

Agency Response: EPA disagrees. 
EPA staff found that the pollution and 
effects gradient in the three cleanest 
cilies to be too small to provide any 

-strong suggesti~n of effects at such 

levels. Moreover, the lack of consistency 
for "within city" effects in this study 
argue against placing undue reliance on 
the suggestion of effects at levels 
outside of the range suggested by the 
other long-term studies of interest 
[Penis et al., 1873,1978, Bouhuys et el., 
1878). In addition, the zChour standard 
provides an increased margin of safety 
against annual exposures at levels 
below 50 pglrns, in areas where long- 
term exposures are dominated by 
repeated short-term peaks (Freas, 1888). 

8. Secondary Stondads 
1. Soiling and Nuisance 

Comments: The Agency should 
maintain a secondary TSP standard. 
Some commentere felt that the proposed 
secondary annual TSP standard is 
inadequate, and that the current 24h0ur 
TSP standard should be retained 

Agency Response: As discussed in 
Section 1V.R above, the CASAC found 
little scientific support for maintaining a 
secondary TSP standard, It follows that 
little data exist to support maintaining 
the present level or an altemative level 
for a 24-hour standard designed to 
protect against soiling and nuisance. 
Nevertheless, the changes made in the 
final standard result in both a %hour 
and annual secondary PMto standard. 
Analysis of the relative protection 
afforded by the 24-hour PMIO standard 
indicate that it la relatively more 
strinnent than the uouer oortion of the .- - 
propGsed range for an annual TSP 
standard. Thus, the final standards 
should provide more protection than 
that afforded bv the orooosed TSP. 
alternative toward whiih the 
Administrator was initially inclined. As 
detailed above, the data do not provide 
convincing evidence of significant 
soiling and nuisance effects at 
concentrations below that permitted by 
the primary standards. . 

2. Visibility 

Comment: A secondary fme particle 
standard is needed to protect against 
visibility impairment and related effects. 

Agency Response: The Administrator 
deferred judgment with respect to a ' 

secondary fine particle standard in 
order to examine the relationship 
between control programs for regional 
visibility and the related problems of 
acid deposition. The initial phase of that 
examination has now been completed 
(EPA, 1885). Based on the available 
information, the Administrator has 
decided to iesue an Advance Notice of 
Proposed Rulemaking on a secondary 
fine particle standard in a separate 
notice in today's Federa1,Register. 
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.C. Averaging Time and Fo? of the 
- .  . two exceedances.h order to fail the test neceesari!y increase,the stringency of , , Standards ,. , ' , . . . . ' for .ttainment.'Sites sampling evev, . the,etandard level; the stringency 

1. kpected Exceeda.nces for 24-hour Or eve@ day in.ust.recOrd depend0 at the combinat/on of the'form, 
Standard three or four exceedarices over a three- indicator, and level. Holding all. else 

yea; period in order to fail the test. This equal,.howkver, the arithmetic form is ., 

Comment. Several commentere were' change educes'the chances for relatively more protective in area? 
opposed to the proposed.atatisttda1 fonn misclassifying a site aenonattainment. subject to multiple elevations in 24-hdur 
and either favored the current simpler AIiho~gh a multiple exceedande form cop cent ration^. EPA views this as a . , 
d 'e tednl t ic  form or preferred a of the 24-hour'standard could reduce desirable characteristic: ' 

mdtiple exceedance or percentile forin sampling requirements, such a fom 
of the %-hour standard. Othera.. would reduce the level of health VII. Regulatory and Eh~hnmenta l  
supported the proposal to ddopt a single protection by allowing particulate levels Impacts 
expected exceedance statistical form. to exceed, on multiple days, the levels At Regu~otoryhpact Anal,,sjs Meny of the opposing commentere were that *e Administrator has determined 
concerned that the adjustment for to pose an unacceptable health risk. An Under Executive Order 12283, EPA 
hcomplete sampling could cause area6 analysis of alternative numbers of must judge whether a regulation is e 
with lees than one ectual exceedance exceedances found that, in the long run, "major" regulation for which a 
per year to be misclaesified an the single exceedance form provided Regulatory Impact .Analysis [RIA] is 
nonattainment and that the method is' much more consistent health protection required. At the time of the proposal, the 
sensitive to spurious high ' . thah did the percentile form Agency judged the proposed revisions to 
concentrations. Those in favor of .- recommended by eoine commentere the particulate matter NAAQS to be a 
adopting a single scceedace statistical [Biller, 1984; 1986). . . mafoi'action, @d made available ta the 
form recognized the need to account for In responee to comment8 regardingi ' public a' draft apelygis eniilled:, 

. 

missing data and a w e d  that this form thepotential for seasonal variation fri Re&Iatory Impact Analyeie bf the 
provides proper health protection. particdate matter mcentratione. as National Ambient Air Quality Standards 

Agency Response: EPA has carefully well as  possible intrayear changes in for Partikulate Matte-Draft (EPA, 
reviewed these comment6 and has sampling frequency as  described In Part 19831, The draffRm wae.baaed on 
decided to maintain the badc proposed . 58 of this Chapter, the Agency has , 

information developed by several P A '  
statistical form for4he ~ e h o u r  atandard decided to require that adjustments fop (inter alia., Argonne, 1983; ' 
but has made some technical changee Incomplete sampling.-be performed on a Mathtech, 10831 rnd provided estimates and clarifications in response to quarterly basis instead of a yearly basis. of costs, benefits, and net benefit9 reviewere comments. The Agency 
believes that a single excoodance fOm 2. Expected Arithmetic Mean for the associated with altmative shndards. 

for the primary standards and the . Annual Standard In announcing the availability of the 
proposed adjustments for incomplete Comment: Many co-entem favored draft the Agency stated lhat 
sampling appropriately reflect the health retaining the geometric mean to describe neither the RIA the 
basis for the etandard. When sainpling . annual average particulate matter reports were considered in developing 
is performed lees frequently than every concentrations but several eupported the proposed to 
day, the number of observed . the proposed use of the arithmetic mean. the of the draft the public 
exceedances of the atandard level will Those opposed to the proposed method and other governmental 'genciea 
obviously be, in general. fewer than the noted that the geometric mean is a more a number of questions regarding the 
actual number of exceedances, If, for . stable statistic and is less sensitive to u"dedying data and 
example. sampling is performed only . occasional high readings. In addition, in-the In 
every sixth day. as is permitted by the . opposing commentere were concerned to question% the Agency 
Air Quality Surveillance regulations (40 that a change to an arithmetic mean the used and made 
CPR Part 58) being promulgated today, increases the stringency of the.ann"a1 to the . . 
then, on average. the number of standard and that the mean analyses. The number and extent of the . 
observed exceedancee will only be one- does not properly relate to health chaligis were constrained, however, by 
eixth of the actual number of effects. the .uhderlying model etructure and th.e 
exceedances. To fail to correct for this Response: As discussed above, EPA avtiiTable 'dab- The Agency has 
effect would be irrational and would has decided to adopt annual primary carefully evaluated the revised anal~sie 
seriously degrade the health protection and secondary standards in terms of and concluded that the 
afforded by the standards. The Agency expected annual arithmetic mean PMIo. e i~i f icant  improvement made* 
believes that adequate procedures' for The Agency believes that the annual fundmnental question8 remain with 
handling spurious high concentrations arithmetic mean ie a more appropriate regard to certain aspect8 of the 
are provided in the "Guideline on the indicator for a long-term primary air methodology used, particularly with 
Identification and (Use of Air Quality quality standard,than is the geometric respect to the:emiasion reductionlair . 
Data'Affected by ,&ceptional Events". mean. It provide8 a better estimate of - quality improvement relationship which 
EPA-450~446407. Moreover, single tottil e i b o a u ~  and, with it# multiple- affects the subsequent cost and benefit 
high coiicentrations will not necessarily year averagtng, more appropriately calculations. Consistent with its past 
cause a locetion to fail the test for . , takes into account year-to-year practice. the Agency hae not considered 
attainment. Appendix K has been fluctuations in meteorology. As the final Regulatory Impact Analysis of 
modified SO that the first obeerved diecuseed in the rationale, h e  e f f e ~ t , ~ f  . . National Ambient Air Quality Standards 
exceedance isnot adjusted for ' averaging multiple years of data in order for Particulate' Matter (EPA, 1988clin 
incomplete sampling, if the sampling to estimate the expected annual value reachi" decisjontl on the final 
frequency is promptly increased to as wellas the ue'e of the arithmetic standards. 
eve'iy d ly  in accordance with 40 C F  mean were both ponsideied in setting The fina1,RIA has been submitted to.:. 
Part 58.13. Accordingly, sites vampling . the concentrgtioii ley4 of the~tandard. . +e Office of Management and ~u%et; ,  :; 
once in six days must ob@ve at least The use,of the arithmetic mean doe'b not [ O F ]  for review a d e r  Executive ' , . . , . . . ,  . . . . . . . ,  . . 
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Order 12291. Comments from OMB and Usl of Subjects In 40 CFR Part 50 
EPA's responses to those comments 
have been placedein the docket. Air pollution control, Carbon . 

monoxide. Ozone. Sulfur oxides. 
Reporting Requirements , . ' particulate matter, ~ i t r o ~ e n d l d x i d e ,  ' 

Lead. .- . . 

, Thie final &I; does n h  contain any 
informa tion collection requirements . Dated: junk z 1987. 
subject f o  OMB revlew under the Lee M. Thomas, . 
Paperwork Reduction Act of 1980 U.S.C. . Administrotor. 
35M st seq. RaEerencee 
B. Impact on Small.Entities 

., 
. AMC [~rnedcan ~ i n i n g  dongreas] 11982). 

American Mining Congress Position Paper Under the Regulatory ~ l e x i b i l i t ~  Act! 5 ' . on p ~ t i c l e  Size Issue. American Mining 
U.S.C. 6-12; EPA must prepak init1.d. Congress, Washington, DC. June 17,1982 
and fmal jegulatory flexibility analyses Docket #A179-20,11-D4la. 
that assess the impact a proposed or , h o m e  (1883). Costs and Air Quality 

. . final.nile will have on small entities. , . lmnacts of Alternative National Ambient 
~ ~ ---. - -  - - - ~ -  

which include small businesses, small 
not-for-profit enterprises, and 
governmental entities with Jurisdiction ' 

over populations of less than 50,000. The 
requirement of prepaciq such a n  
analysis is waived, however,, if the - . 
Administrator certifies that the rule will 
not have a significant economic impact 
on a substantial number of small . 
entities. . . . 

' The national ambient air quality 
standards do not have a,direct impact 
on small businesses or.ente.rprises 
because the standards themselves do 
not contain emission limits or other . 

: pollution controls. Rather, such controle 
are contained in State implementation 
plans promulgated under-section 110 of 
the;Act, 42 U.S.C. 11 7410. The States are 
given considerible discretion in 
selecting a mix of controls. to attain and 
maintain the a m b i i t  standards, and.the 
impact on small entities depends on 
how the Statee.choose to exercise their - . 
discretion. . 

. . Nonetheless, EPA conducted a n  , 

:analysis of the impact of a hypothetical 
control strategy, designed to minimize ' . 
costs, on entities in the industries'that 
would be most affected under that 
.hypothetical control strategy. That 
. analysis, discussed In the notice. of 

. proposed rulemaking, 49 FR at 10422, 
indicated that less than 20% of ,the , . 

' 

entities in those industiies would be 
affected by the proposed standar*. 

During ,$e.public comment period, 
EPA received nocomments.on the . ' 

... regulatory flexibility analysis. On the - 
basis of that analysis, the Administrator 
certifies that the revisions being .. 

: promulgated today will not have a . . 
significant impact o n  a substantial 
number of smallentlties. , . .. .' - . . 

. Thie filial rule w i e  iabmitted td the ' . 
Office of Management arid,Budget , .:. 

(OMB) for review. Comments'frbm OMB . 
and.E;P,A"s respoiaee to.these comments 
:have beenplaced In the.docket, . . .  ' . , :. . . 
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. Subject CASAC Review and CIosm of the 

Criteria Document for Sulfur Oxides/ 
Particulate Matter, 

From: Sheldon K. Medlander, ~hairnian. . 

Clean Air Sdentific Advieory Committee 
. [CASAC). 
To: Anne M. ~orsuch.'~dministrator 
; On November 1&i881, the Clean Air 

. 

Scientific Advisory Committee of the Science 
Advieory Board completed its third review of : 

.. the atr quality criteria document for.sulfur A 

oxidee/pariiculate matter (SOx/PME The 
Conukittee.notes wlth satisfaction the 
.imp&vements niade.in the quallty of the ' 

document during the cornea of previous ' 

CASAC reviews on August 20-22,1880 and. 
July 74,1981. The.staff of the Environmental 
Criteria and Aesessment Office, directed .by 
Dr..Lester Grant have proven responeiva to . 
Committie advice aa well as  to comments . 
provided by the general public, and deserve ., 
to be commended for the high quality of the . 
documerit.:: 

The purpose'ln writing you is to summarize 
the Committee's major conclusions to assist 
vou itireviewinn the scientific data and 
:associated stud%e relevant to the 
establishment of revised ambient air quality 
standards for aulfur dioxide and particulate ' 

matter err equired by law. This letter further 
a'dvises you of the Committee's conclusion " 

that the criteria document fulfills the 
requirements set forth in Section.108 of the . . 
Clean Air Act as  amended. which require6 . 
that the document "ehall accurately reflect 
the latest scientific knowledge useful in 
indicatiq.the kind and extent of.all 
identifiable effects onpublic health o r .  . 

.. welfare" from sulfur oxidea and particulates, 
in the ambient air.' : 

The C0mmittee.i~ preparing a. separate 
letter tb'y0.u eummari@q the conclusions of, 
ite reviewe ofthe h a l l  Staffpaper for : . 
Parti'dula'ii! Maitei. In'eddition. CASAC will ' 

. prepare a.6imilar repoc on'the:Draft Staff ' "!., 
Paper for Sulfui Oxides on& .hat  documedt . 
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becomes available end its review is the capabilities of the various present criteria document. Chapter 7 
completed. measurement techniques and the profile provides an abbreviated but adequate 
Major Scientific Issues and CASAC of pollutants in the ambient air which summary of the contribution of sulfur 
Conclusions in the SOJPM Criteria these measurements yield. The chapter oxides and particulates to the formation, 
Document Review correctly notes that British Smoke (BS), transport and effects of acidic 

Coefficient of Haze (COHS), and Total deposition. The Committee has 
Chapter 1: Executive Summary. Suspended Particulate.(TSP) concluded that Chapter 7 is a 
In general1 the draft Executive measurements do not adequately reflect scientifically adequate summary with 

Summary 'ynthesize8 the key key physical or chemical properties of the conditional understanding that EPA 
points discussed at length particulate matter in the contemporary is preparing a Critical Assessment 
in the individual chaptere. Its ambient air. Precise interconversion Document for Acidic Deposition for its 
conclusions and interpretations of among units of BS, COHS, and TSP is review that recognizes and incorporates 
scientific data, studies, and issues are not possible. ln the context of a information on causes. effects, and data 
consistent with those presented in each particulate standard, ~ ~ i ~ i ~ h  smoke is bases for all of the various pollutants chapter. Relationships among individual applicable only to a u~~~~~~ smoke 
chapters are clearly defined: relevant to acidic deposition. CASAC 

aemsoL It may not be a valid health 
redundancies that do appear are has been briefed several times by 

effects indicator for the aeroaol Agency officials regarding the status of reasonable given the complexity of the composi~ons observed in recent 
subject. this document. The Committee looks 

summertie episodes in the United forward to the submission of this The quality of the Executive Summary States and Europe. Thus, it is unlikely integrated assessment for its critical would be further improved if more that BS can provide a sensitive index of review. specific statements and/or tables were hazard for todayes air pollution added to clarify certain important Chapter 8: Effects on Vegetation 
Chapter Q: Sources and Emissions 

interrelationships. These include the Ia response to CASAC 
Both and man-made recommendations and public comments, differences in chemical composition ,,it sulfur diodde particulate 

associated with each of the several matter into the ambient air. Given the this been chapter greatly on improved vegetation effects to has 

lignificant rangee particulate limitations of our abilityto derive . ewEer drahslaviewed by 
matter; and the health effects associated reliable estimates from both types of Committee. It now includes a more with the r r s ~ i r a t o ~  tract source& the criteria document present. concise and interpretive patterns of particulate matter in the an adequate discussion of current 
several size ranges and different knowledge. evaluation of those few key studies 
chemical compositions. Quantitative Chapter 5: Environmental yielding quantitative doseeffect or 
health effects information useful in Concentrations and Exposure. dose-response information of most use 
defining specific concentrations or chapter la largely acceptable in for criteria development and standard- 
ranges of concentrations of size-specific its present form, Most of the c o w e n &  setti"g purposes. It also reasonably 
and/or chemical specific PM associated and suggestione which we,= made for includes tables in b e  appendices which 
with the occurrence of health effects previous drafts have been effectively a m a d z e  studfee particulates and 
should also be highlighted In view of incoqiorated The most important sulfur dioxide related vegetation effects 
evidence that total thoracic omission from the chapter is information that of less uaty for *teria 
(tracheobronchial and alveolar) partide related to composition w i h  development and standard Setm8- 
deposition is of public health concern, it respect to partide size. Abundant The Committee concura with Chapter 
would also be helpful to include a idormation of this m e  is available for 8 evaluations which point to the lack of 
discussion of the likely equivalency sulfates and some trace metals. Given d0serrsponse 
among British Smokeshade (BS), Total the strong dependence of deposition quantitative evidence of deletarlous 
Suspended Particles (TSP), and size . rates and light on article effects on vegetation from particulates 
selective particle aemmetric size. it might have been wort%while to at P ~ ~ U Y  enc0wtered U-S- ambient 
measuremenb that would sample or refer to this literature in Chapter 5 or to BU concentrations. contrast to 
index atmospheric concentrations of direct attention to other document much clearer evidence 
those dzed particles identified with chaptera [e.g., Chapter 2) where such exists by which to define quantiktive 
tracheobmnchial or alveolar deposition. relationships are discussed. exposure-effect relationships for sulfur 

Chapter E Physical and Chemical Chapter 0: Atmospheric Transport, dioxide effects on vegetation. 
Properties of SOJPM. Transformation and Deposition. Laboratory experiments in particular 

This chapter is well written and This chapter Is concise, well-written, have demonstrated the greater relative 
addresses the important issues relevant and effective in communicating toxicity to vegetation from high short- 
to a criteria document. It presents a information related to the current status term exposures of sulfur dioxide. This is 
good summary of current knowledge of of mathematical models for air pollution especially important in view of the fact 
the factors affecting the physics and The utility of varloua models is clearly that ambient air concentrations of sulfur 
chemistry of sulfur dioxide and the discussed and the inadequacy of dioxide from point sources often 
pathways and kinetics of its current models for quantitative fluctuate widely and result in high 
transformation into sulfuric acid. It also extrapolation is pointed out Topics intermittent short-term exposures of 
provides a good summary of particle which had been omitted from the plants to sulfur dioxide concentrations 
characteristics, dynamics, and previous draft of this chapter have been against a background of longer-tern but 
hygroscopic growth. added to other chapters with much lower annual average sulfur 

Chapter 3: Techniques for the overlapping content. The chapter is now dioxide levels. Also of much importance 
Collection and Analysis of SO JPU acceptable as written. are differences in the relative sensitivity 

The revised chapter provides an Chapter 7: Acidic Deposition of varioua plant species to sulfur dioxide 
excellent summary of the measurement The Committee has recognized the exposures. The degree of sensitivity 
of sulfur oxidea and particulates. deeirability of incorporating existing depends in part on factors such as phase 
Especially important is the discussion of information on acidic deposition in the of growth at time of exposure, ambient 
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temperature and humidity levels, and existing knowledge relevant to a criteria 
plant water content. Among studies document. The existinn knowledge in 
judged to be most useful foi quantitative 
criteria development and standard 
setting are those of Dreisinger (1965, 
1967) and Dreisinger and McCovern 
(1970) which demonstrate visible injury 
to white pine (a commercially important 
species in some U.S. areas] when 
natural stands of the tree in southern 
Canada were exposed for 4 hours to 0.30 
ppm or for 8 hours to 0.25 ppm sulfur 
dioxide emitted from a nearby smelter. 
Roughly similar exposure-effect 
relationships were observed in studies 
reported by Jones et al. (1974) end 

. McLaughlin (1981) on the effects of 
sulfur dioxide from a southeastern U.S. 
power plant on a wide variety of natural 
species in the vicinity of the point 
source. In these studies some crop and 
garden species showed visible injury 
effects with 3 hour exposure8 to 0.04.8 
ppm sulfur dioxide; while certain other 
crop species (potato, cotton, corn. 
peach) did not show visible injury at 
levels below 0.8 ppm. In contrast, a 
chamber study by Hill et el. (1974) 
suggests that plants common to the 
eouthwestern U.S., with markedly lower 
moisture content and under generally 
lower ambient air humidity levels, may 
be able to withstand much higher 
ambient sulfur dioxide concentration8 
(up to 11 ppm for two hours) without 
visible injury. 

Chapter 9: Effects on Visibility and 
Climate. 

The technical aspects of this difficult 
problem are well characterized. The 
chapter does a good job of discussing 
the physics and public awareness of 
visibility. The relationship between fine 
particle mass concentrations and 
visibility has been well established. The 

- criteria document thus provides an 
excellent technical basis for Agency 
decision-making on these issues. 

Chapter 10: Effects on Materials. 
This chapter adequately discusses the 

currently available scientific 
information concerning the effect of 
particulate matter and sulfur oxides on 
man-made materials. This includes 
critical assessments of available data 

this area is, in many cases, incoGplete. 
For example, a potentially very 
important factor is the influence of the 
integrity of lung epithelial barriers [both 
airway and alveolar) on deposition and 
clearance. To enhance the chapter's 
comprehensiveness, this issue should be 
discussed more sufficiently in the 
criteria document, despite the paucity of 
available data. 

Chapter 12: Toxicological Studies. 
This chapter is quite comprehensive 

as it describes essentially all 
toxicological studies relevant.to a 
criteria document on sulfur oxides and 
particulates. Aleo, it provides 
commentary on many studies and the 
Significance of their findings to potential 
human health effects. In addition, the 
presentation of the information is more 
polished than the previous draft because 
of improved editing. 

Chapter 13: Controlled Human 
  hi die's. 

This is a chapter which thoroughly 
discusses the published material on 
controlled human experiments. The 

scientific criteria forgood studies 
discussed at  the beginninn of the . , 

chapter cannot be &eremphasized. 
While not all studies meet these criteria. 

' the Committee recognizes that EPA must 
take account of the available literature * 

and believes the studies cited in the 
chapter have been appropriately 
selected and discussed. Overall the 
chapter is well-written and directed 
toward addressing those questions to 
which answers are needed. One of the 
most important criteria for good h h a n  
clinical studies is that they be double- 
blind. Unfortunately, most of the studies 
in the literature were not so performed. 
This factor Is especially significant 
when sensitive population groups, such 
as asthmatics, are under study. 

The chapter is also improved by the 
discussion of expoeures administered 
thmugh the nose and mouth during 
controlled studies. It appropriately notes 
that caution should be used in any 
attempted extrapolation of observed 
quantitative exposure/effects resulting 

concerning pertinent materials damage from such protocols, particularly when 
functions, uncertainties associated with compared to results that might be 
existing characterizations of such expected under ambient exposure 
functions, and limitations regarding conditions. The chapter identifies .. 
estimation of monetary costs andlor additional research results from studies 
benefits associated with the occurrence using either face mask or open chamber 
or control of such damage. om&sal breathing that would better 

Chapter 11: Respiratory Deposition resolve this issue, and it discusses 
and Biological Fate of Inhaled Aerosols existing studies in a balanced and 
and Sulfur Dioxide. thorough fashion. 

This chapter is very much improved Chapter 14: Epidemiological Studies. 
compared to earlier drafts reviewed by The current draft of this chapter 
CASAC and is now ,a comprehensive - represents considerable change and 
and more informative summary of improvement over previous drafts . ' . 

reviewed by CASAC. Following 
discussion with the Committee. EPA has 
applied a set of guidelines for deciding 
which epidemiological studies are most 
appropriate for use in revising ambient 
air quality standards. 

More specific comments on the 
chapter include the following: (1) the 
integration of Chapter 14 with Chapter 3 
has advanced the "real world" . 
underatanding concerning the 
application of epidemiological methods; 
(21, the epidemiological studies providing 
the niost useful quantitative 
.concentfation/r'esponse information for 
revising the 24-hour ambient particulate 
standard include: Lawther'et el, 1958 
and 1970;'Martin and Bradley 1960; 
Martin 19BQ; Ware et al, 198i; and 
Mazumdar et al, 1981: 131 the 
epidemiological'stud~e~ providing the 
most useful quantitative concentration1 
response inforination for revising the 
annual ambient particulate standard . 
include: Ferris and Anderson 1982; Lunn 
et al, 1967; Ferris et al. 1971 and 1978; , 

and Bouhuys et al, 1978; and [4] the . 
8tudies.b~ Lave and Seskin, ,1070. and ; 
Mendelsohn and Orcutt. 1979 suggest an 
'association between chronic exposure, 
to high concentrations of sulfates and . 
increases in the level of mortality, but : 

they do not indicate any thresholdor 
safe level from such exposures, and they 

a re ,  not refined enough to provide . , . 
estimates of the quantitative effect of 
sulfate concentrations on mortality. 

Summary 
The Committee made numerous 

, comments of an editorial nature. These 
remarks, a s  well as a more detailed 
discussion of the recommendations and 
review provided above, are included in . 
the transcripts of the three CASAC 
,meetings held to review this,document. 
With the understanding that.the advised 
changes will be incorporated in the final 
criteria document, the Committee is 
satisfied that the'air quality criteria 
document for sulfur oxideslparticulate~' 
matter is scientifically adequate for use 
in standard setting. 
December 15,lViM. 
The Honorable Lee M.'Thomas, 
Administmtor. U.S. EnvimnmentalProtection 

Agency, Woshi~lgton, DC 2W60 
Dear Mr. Thomas: The Clean Air Scientific 

Advisdry Committee (CASAC] has completed 
its review of two documents related to the 
development of National Ambient Air . 
Quality Standards (NAAQS) for Particulate 

I Matter and Sulfur Oxides. These two , 

documents are the 1982 Air Quality Crileria . 
for Particulate Matter and Sulfur Oxides, and 
the 1988 Second Addendum lo Air Quolity 
Criteria /or Particulate Matter and Sulfur 
-Oxides (1882), both prepared by the &ency'a 
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Environmental Criteria and Assessment 
Ofrim IECAOI. .-- --, 

The Committee was impressed with the 
efforts of the staff of ECAO in preparing a 
well written Integrated and thorough review 
of recent relevant scientific studies. The 
Committee unanimously concluded that this 
1986 Addendum. along with the 1eBZ Criteria 
Document previousiy reviewed by CASAC. 
represent a scientifimlly balanced and 
defensible summary of the extensive 
scientific literature on lhese pollutants. 

Several important issues are discussed in 
the 1986 Addendum which the Committee 
believes should be emphasized. These issues 
were raised during our review of recent 
studies which relate primarily to guidance st 
the lower bounds of the ranges for the 
standards. These studies include the recent 
reanalyses of the London mortality data, two 
episodic lung function studies in the Unites 
States and the Netherlands, and the 
comparison of respiratory symptoms and 
pulmonary function lwets of children iivim 
in six U.S: cities. Further discussion of theie 
studies and reanalyees, as well as a mom 
detailed discussion of the basis for the 
Committee's conclusiona.are contained in 
the attached report , 

The Committee also reviewed the Staff 
Papers for particulate matter and for sulfur 
oxides at the October 15-16.1985 meeting, 
and is preparina separate reports reflecting 
its conclusions and recommendations on 
each of these two documents. 

Thank you for the opportunity to present 
the CommEttee's views on these important 
public health issues. 

Sincerely, 
Morton Lippmann, Ph.D.. . 
Chairman. Clean Air Scientific Advisory 
Committee. 

cc: A. lames Barnes, Lester Grant. Vaun 
Newill, Craig Potter, Teny Yosie. 

Summary of Major Scientific Issues and 
CASAC Conclusions on the 1906 
Addendum to the 1982 Particulate 
MatterlSulfui Oxides (PM/S03 Oiteria 
Document 

The Committee concentrated its 
review on newer studies and analyses 
which relate primarily to guidance on 
the tower limit of the proposed ranges 
for the standards. In general, the 
Committee believes the Criteria 
Document Addendum has appropriately 
summarized and interpreted the designs, 
analyses and conclusions of studies that 
should be considered in the standard 
setting process. The following is a brief 
chapter by chapter summary of issues 
that the Committee wishes to 
emphasize, or which require further 
clarification. 

- 

may be the dominant measurement 
techniques in the States in the future. 
This was discussed at the December 
1985 CASAC rneeling, with emphasis on 
the need to move to automated and 
continuous monitoring for particles. 

Chop&r 2: Respirolory Tmct Deposition 
and Fate 

The presentation in this chapter could 
be expanded by clarifying the 
discussion concerning lhe concept of 
impaired lungs and the deposition that 
would occur there a s  opposed to thatln 
normal subjects. Further, the discussion 
of broncho-constriction being protective 
(Svartengren et al.. 1984) and the 
discussion of other types of altered 
breathing patterns could be made 
clearer, perhaps by reorganizing this 
information by specific points. 

Chapter 3: Epidemiology Studies 
We wish to emphasize several studies 

and analyses discussed a t  the October 
1986 CASAC meeting. One of these 
studies (Dassen et ai.) should be 
integrated into this chapter, as  was 
recognized by Agency staff in their 
remarks at the October 1986 meeting. 
.(I) The two episodic lung function . 

studies show a consistency of results in 
Steubenviile, Ohio [Dockery el al.) and 
ljmond. Netherlands [Dassen et al.), . 
lending credence to reported effects of a 
mixture of PM and sulfur oxides (SO,] 
on respiratory function in children. This 
is consistent with the earlier work of 
Stebbings. These studies provide a 

. relatively sensitive indication of 
possible short term physiological 
responses of uncertain health 
significance to PM. The roles of 
exposure times and duration of 
functional decrement need better 
definition. 

(21 The London mortality studies. 
including recent analysis by Agency 
stafl provide strong evidence that 
particulate matter is more closely 
associated with daily mortality than 
sulfur dioxide concentrations. The 
criteria document should recharacterize 
distinctions made between "likely" and 
"possible" effecb levels for establishing 
upper bounds. 

(31 The Six-Cities study has reported 
that cough and bronchitis are twice a s  
prevalent in children living in cities with 
PMIO in the range of 40-60 ~cgjm3, in 
comparison to cities with a range of 20- 
30 pg/ms. 

I Rules and Regulations 

Conclusion 
The 1986 Addendum to the 1982 Air 

Quality Criteria Document on PMISO. 
was prepared by EPA a t  the request of 
CASAC.for the purpose of updating the 
knowledge of recent scientific studies 
and analyses. The Committee 
commends the Agency staff for its 
efforts in preparing a concise and well 
written document The Addendum 
summarizes key findings from the earlier 
documents and provides a reasonably 
com~le te  sumrnarv of newly available 
infoimation conceking ~afi iculate  
matter and sulfur oxides, with major 
emphasis on evaluation of human health 
studies published since 1981. The 
Committee unanimously concludes that 
this 1980 Addendum, with the 
incorporation of the changes noted 
above, represents a scientifically 
balanced and defensible summary of the 
extensive scientific literature on these 
pollutants. These documents fulfill the 
requirements under section 108 of the 
Clean Air Act as amended. which 
requires that the document[s] ". . . shall 
accurately reflect the latest scientific 
knowledge useful in indicating the kind 
and extent of all identifiable effects on 
public health or welfare . . . " from 
particulate matter and sulfur oxides in 
the ambient air. 

Addendum II-4ASAC Review and 
Closure of the 1582 OAQPS Staff Paper 
for Particulate Matter and the 1986 
Addendum to the Staff Paper 

January 29,1982. 

Subject: CASAC Review and Closure of the 
OAQPS Staff Paper for Particulale 
~a tter 

From: Sheldon K. Friedlander, Chairman 
Clean Air Scientific Advisory Committee 

To: Anne M. Gorsuch. Administrator 
The Clean Air Scientific Advisory 

Committee (CASAC] recently completed its 
second and final review of the document 
entitled Review of the Nolionof Ambient Air 
Quality Stondam's for Particuiate Matler: 
Assessmen1 ofScienfific and Technical 
Information 0 ~ Q P S ~ t a f f  paper. The 
Committee notes with satisfaction the 
improvements made in the scientific quality 
and the completeness of the staff paper. It 
has been modified in accordance with the 
recommendations made bv CASAC in lulv 
and November 1981. This hocument is ;I& 
consistent in all significant respects with the 
scientific evidencipresented and interpreted 
in the combined criteria domment for sulfur 
oxides and particulate matter. It hbs 
organized the data relevant to the 
establishment of aarticulate orimarv and 

Chapter I: Introduction chapter ~ ~ ~ ~ ~ , , ~ d ~ ~ ~ ~ ~  secondary ambient air qualiiy standards in a 
logical and compelling way, and the 

In general, this chapter provides an Studies ofso2 Health Effeck Committee believes that it provides you with 
excellent summary of the physical and Althoueh this chanter was well done. the kind and amount of technical guidance 

~~ - - -. - -. . - 
chemical properties and ambient . the sugggis that it be. . 'ha1 wlil be'needed to make appG~riate 
measurement methods for PM and SO.. strengthened by modifying its existing. r e ~ ~ ~ d ~ ~ ~ ~ ~ ~ ~ ~ ~ d ~ i s  c,d8ure However, the chapter could be discussions addition of further memorandum to inform you more specifically 
strengthened by inclusion of a discussion and tabular material of its major findings and conclusions discussion of direct reading monitors.for concerning short term exposure effects the various scientific issues and particulate mass concentrations presented by Drs. Horstman and studies discussed in the staff paper. In 
.including beta ettenuatlon, light Folinsbee at  the October 1988 CASAC .addition, the Committee's revlew of the 
Scattering, O r  other techniques which m e e r t i a ~ n l  ine  - - s 2 Fed. Reg. -24 6s 8 ~Sientific evidence leading to the perticuhte 
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standard revision leads to a discussion of its 
own role in the process for setting the 
standard. 

CASAC Conclusions and 
Recommendations on Major Scientific 
Issues andstudies Associated Wilh the 
Development of Revised NAAQS for 
Particulates 
1. Based upon the review of available 

scientific evidence, a separate general 
particulate standard remains a 
reasonable public health policy choice. 

2. CASAC reaffirms its initial 
recommendation of July 1981 to 
establish a 10 micrometer cut point for a 
revised primary particulate standard. 
This recommendation is based upon a 
recognition of the periodic, and 
sometimes frequent. tendency of both 
healthy and sensitive populations to 
breathe through their mouths andlor 
oronasally. This practice increases the 
amount of particulate matter that can 
penetrate into the thorax because the 
larger particles are not filtered in the 
oronasal passages. Deposition of 
particulates into this region is of special 
concern to those individuals with ore- 
existing respiiatory problems and' 
children. In addition, the collection of 
particles of less than 10 micrometer 
diameter size more closelv resembles 
particles passing into the ihoracic region 
of the human body than the collection of 
larger sized particles. Furthermore. 
monitors equipped for a 10 micrometer 
cut are less wind dependent and can 
provide a more accurate profile of the 
contemporary ambient air than samplers 
which measure total suspended 
particles. 

CASAC's recommended size cut is 
also similar to proposals of other 
scientific associations. For example. 86% 
of the national members of the Air 
Quality Committee of the International 
Standards Organization recently voted 
for a particulate cut point a t  10 
micrometers for sampling particles 
which can deposit in the lungs. 

The CASAC recommendation is based 
upon available scientific data. Other 
individuals and groups have discussed 
the possibility of establishing a revised 
particulate standard a t  a size cut 
considerably less than 10 micrometers. 
However, for the current revision of the 
standard, the scientific data more 
readily support a 10 micrometer size cut. 

3. CASAC reached several major . 

conclusions concerning the revision of 
the 24-hour and annual particulate 
standards. At the upper bound of the 
proposed ranges of 150-350 pg/ms for 
fhe 24-hour and 55410 pg/m3 for the 
annual averages. detectable health . 
effects occur in the populations 
evaluated in the epidemiological studies. 

Since the upper end of these ranges . 

contain little or no margin of safety, it 
would be appropriate to consider lower 
values for revising the 24-hour and 
annual standards. In addition, the stated 
ranges are based solely on quantitative 
evidence reported in epidemiological 
studies. A final decision on a revised 
standard should also incorporate 
information generated through 
controlled human, animal toxicology, 
and from other less quantitative 
epidemiological studies discussed In the 
criteria document. 

There is an absence of a clearly 
definable exposure-response 
relationship for particles, as  amply 
discussed.in the criteria document and 
the staff paper. In addition, because 
airborne.particles are heterogeneous in 
composition, the potential to& effects 
of individual constituents should be  
considered in setting the standard: Thus, 
compared to margins of safety set for 
oollutants such a s  ozone and carbon 
monoxide, where exposure-response 
relationships are better established and 
small margins of safety are more 
justifiable, CASAC believes you should 
consider a revised standard with a 
wider margin of safety. 

4. The Committee reached general 
agreement that the annual particulate 
standard should consist of an arithmetic 
mean. It is recommended that the 24- 
hour standard include a statistical form 
and that the number of exceedances is 
set in relation to the revised standard 
level. 
5. During the past decade, the link . 

between visibility and fine particle mass 
concentrations has-been convincingly 
documented. Visibility is a sensitive 
indicator of accumulated man-made 
pollutants in the ambient air. The public 
cares about visibility and is willing to 
pay something for clean air. However, 
the quantitative basis for establishing a 
psychological. economic. transportation 
or any other welfare cost associated 
with visibility impairment has not been 
established. In addition, controls 
reauired to achieve a niven visibilitv 
s t k d a r d  are not known due to the - . 
complexities of pollutant transport and 
transformation. 

Defining acceptable level6 of visibility 
is a social/policy judgment as  well a s  a 
scientific decision, but science can 
provide some idance. The upper end 
of the b 2 ~  p g K s  range for fine . 
particles (those particles with a 
diameter size of less than 2.5 
micrometers] would tend to maintain the 
status quo for the eastern United Statea 
and some western urban areas, but 
would permit air quality degradation for 
large areas in the west including 
national parks. Also, it is highly 

uncertain that the recommended 
thoracic particle ranges for the primary 
standard will protect visibility. The EL25 
pg/ma range for fine particles suggested 
for visibility protection is  a seasonal 
and spatial average, unlike peak values 
which will be recommended for the 
primary standard. 

The strongest case for a visibility 
related standard is one that links 
emissions of nitrogen oxides and sulfur 
dioxide with the interrelated aspects of 
acidic deposition, possible 
climatological effects, and visibility. 
Each of these three air quality issues is 
related to the fine particles which 
originate both a s  primary particulate 
emissions and a s  secondary aerosols 
from atmospheric conversions of sulfur 
dioxide and nitrogen oxides emitted a s  
vapora:In terms of a control strategy to 
protect public welfare, it may be more 
efficient to consider a common standard 
linked to fine particles than to establish 
a separate set of controls for each of 
these problems and pollutants. 

6. The Committee's evaluation of 
scientific data and studies in the criteria 
document and the staff paper lead it to 
conclude that there is no scientific 
justification for the establishment of a 
particulate standard for the specific 
protection of vegetation. 

7. The Committee discussed what 
effect elimination of a Total Suspended 
Particulate (TSP] standard would have 
on the environment. The soiling and 
nuisance aspects of TSP are essentially 
local air quality problems because such 
coarse particles are not transported 
great distances. This contrasts with 
visibility or oxidant related problems 
which are distinctly issues of long range 
pollution transport. Individuals who 
serve on the Committee made various 
recommendations regarding retention or 
elimination of a secondary standard for 
TSP. but no clear consensus evolved. 

The Process for Setting the Ambient 
Particulate Stundard . 

In its report of September 21.1981. 
CASAC made several major 
recommendations relating to the process 
for setting ambient air standards. The 
Committee is aware that your staR is 
analyzing its report and is awaiting a 
response. 

A major underlying assumption of the 
Committee's recommendations was the 
need to make more explicit the 
relationship between the scientific 
evidence in the criteria document and 
the staff paper and the eventual 
selection of a numerical level for 
individual standards. The Committee 
strongly believes in the need to clarify 
the standard setting process by 

. . 
, .. * : :: . . , . < ;; .,, i ;, 
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identifying the key studies that will Addendum are contained in the attached episodic lung function studies (Dockery 
shape the determination of a standard. report. et al., 1986; Dassen et al., 19861 are 
Intensive evaluation of such, studies by Thank You for the opportunity to present consistent with each other and the 
CASAC and the public considerably the Committee's views on this important 

public health issue. , 
earlier work of Stebbings. They provide 

increase your ability to set a a relatively sensitive indication of 
scientifically supportable standard. Sincerely. possible short term physiological 

The Committee is greatly encouraged uppmanna Ph*D.* responses. Given the difficulty in 
by your decision to improve the format Chairman. C h n  AirScientificAdvisor~ . deriving a lower limit from the mortality 
and content of OAQPS scientific issue studies, these lung functjon studies cali . 

staff papers. In the, Draft Staff Paper for . CC: A. James Barnes. Gereld b i s o n .  Vaun be useful in determining lower bounds 
Particulate Matter key studies are . - Newill* John O'COnnOr, Craig Potter* for a =hour PMlo standard. 
identified and their implications for Yoeie. 

~nteriretation of the Six Cities Study for 
' setting primary and secondary Summary of Major scientific Issues and Annual st an^ 
standards are discussed. More CASAC Conclusions on the 1986 Draft 
importantly, the inclusion of numerical Addendum to the 1982 Particulate . In general, the Committee felt that the 
ranges and their supporting rationale . Matter Staff Paper . '  six cities data are useful in establishing 

the lower bound of the range for the enable the Committee and the public to . me committee found the technical annual standard. In addition, the *tically thestaffe pmposed discussions contained in the Staff Paper following arb sweited by data: 
use of the studies. This led to a marked ~ d d ~ ~ d ~ ~  to be acceptable with ,,,inor 
improvement in the quality of the public revisions, (1) Cough and bronchitis. as defined in 
dialogue concerning the scientific basis this itudy, are a b u t  twice a's,prevalent 
'for revising the standard. CASAC Particle Size Indicator in children living in cities with PMlo in 
commends y o u  effort and recommends ' me CASAC its January 29, the r m e  of 4 0 4 0  kg/m in comparison , ' 

that all staff papers developed for , 1982 recommendation that a particle to cities with - dm '; 
ambient air standards contain numerical size indicator that includes only those (2) Because factors other than 
ranges. particles less than or equal to a nominal , 

particulate matter may affect the 
CASAC recognizes that statutory a 10 um aerodynamic diameter, termed ' city differences, it is difficult . 

responsibility to set standards requires PM,,, is appropriate for regulation of . . determine whether these associatio*s 
public health policy judgments in ,.' . ' particulate concentrations. This should be designated as "likely" health 
addition to,determination of a strictly judgment is ba'sed on analysis of the . effects; 
scientific nature. While the Cdmmittee is earlier data, and the analysis - (31 The results are consistent with the 
willing to,further advise you.on the of the recent scientific studies discussed 0 s m  studies in terms of.morbidity 
particulate standard, weaee no need, in i,n the 1988 Addendum to the:Air Quality responses at long-term Werage ' . . 
view,of the already extensive comments Criteria for Particulati Matter/Sulfur . particulate matter expos&es within. . 
provided,,to review the proposed Oxides ind  the 1986 Addendum to the - . current particulate ambient air quality 

standards; and : . particulate standards .prior to their Particulate Matter Staff Paper. ' . .. 
publication in the Federal Register. In (4) The results are consistent with, the 
this instance. the public comment.period ' Implications London Mortality . Bouhuys study in terms of symptoms . . 
will provide sufficient opportunity for without.changes In pulmonary function, . . .  
'the Committee to provide any additional Further analyses of the London 
comment or review that may be mortality studies, including recent 

~ a n ~ e s  fir 24-hour and Annual 
Standoes for PMo necessary. . analysis by Agency staff, suggest that: 

December 16.1988. (1) the data provide no evidence for a In its January 2,1986 letter to the. 
The Honorable Lee Thomas, . threshold for the association between. Administrator, the CASAC noted that its 
Administmtor, U.S. Environmental ~roteclion, airborne particles and daily mortality or preliminary analyses of the more recent ' . . 

Agency, Washihgton, DC2W80. . a change of coefficient with changes in data do not indicate~the need for 
Dear Mr. Thomae: The Clem Air Scientific particle composition; fundamental changes in the s t ~ c t u r e  of 

Advisory Committee (CASAC] has completed [z] mortality effects can be associated the proposed particle standards; 
it8 review of the 1980 ~ d d e d u m  to the lmz with PM alone (with or without +fur however, the Committee pointed out ' 
Staff Paper on Particulate Matter (&view of oxides); that these new data suggest the need to 
the NAA& for Particulate Matter: (3) there is no reliable quantitative focus consideration on standards at or Assessment of Scientific and Technical 
Informalionl bjr the Agency.e . basis for converting British Smoke [BS] perhaps below the low ends of the 
of Aii Quality Planning and Standards readings to PMIo gravimetric mass at ranges proposed in the March 20,19? 
(OAQPS]. low (<100-200 pg/mJ) BS levels, and Federal Register Notice. The ranges of , ' . 

The Committee unanimoudy concludes hence the mortality data are not readily * interest then proposed were 150-250 p / 
that this document is consistent in all useful for establishing a lower bound for m8 for *hour standard, and 5 6 6  pgf 

' 

significant respects with the scientific - 24-hour PMlo NAAQSA, although the m for annual standard. 
evidence presented and interpreted in the suggestion of mortality at relatively low Since then. EPA staff have proposed .. combined Air Quality Criteria Document for p~ levels must be given serious updated ranges of interest for both the 

Matter/Su1fur Oxidessand its lga8 consideration in selecting a margin of 24-hour standard (140-250 pg/m 5).  and , Addendum, on which the CASAC recently safety, Issued its closure letter. The Committee the annual standard (4045 pg/m 3), 
believes that this document provides you based on short-term and long-term ' . 

with the kind and amount of technical 
for lnLerpretation 24-hour Standard of LungFunction ' Studies epidemiological data, respectively. The 

guidance that will be needed to make Committee finds these ranges .of interest 
appropriate revisions to the standards. The Although the lung function reasonable, given the scientific:data anc! 
Committee's niajor findings and concIusiona decrements observed in children during related uncertainties; however,.a final 
concerning the various scientific issues and and after air pollution episodes a& of . decision should glso weigh evig$n)e 
.studies discussed in the Staff Paper 

. . uncertain health significance, the.two . . from clinlcal add toxicologica~ studfes 
, . .  . . .  
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a s  well. The Committee agrees with EPA Particulate matter represents a broad deposition for children relative to adults 
staff that selection of final standards class of chemically and physically provides an additional reason for an 
must include consideration of the diverse substances that exist as  discrete indicator that includes particles capable 
combined protection afforded by the 24- particles (liquid droplets or solids) of such penetration. Given these 
hour and annual standards taken ranging in size from molecular clusters considerations and its earlier 
together. of 0.005 micrometers (pm] to coarse conclusions, the staff reaffirms its 

The Committee recommends that you particles on the order of 1000 pm. The recommendation to replace TSP a s  the 
consider setting the revised standards a t  major chemical and physical properties particle indicator for the primary 
the lower ends of the proposed ranges of particulate matter vary greatly with standards with a new indicator that 
for both the 24-hour and annual time, region, meteorology and source includes only those particles smaller 
standards. The Committee recognizes category, complicating the assessment than a nominal 10 q In aerodynamic 
that the exact levels to be chosen for the of health and welfare effects a s  related diameter (PMlo). The previously 
24-hour and annual standards represent to various indicators of particulate developed effectivenees criteria for 
a policy choice, influenced by the need pollution. The original measurement samplers are acceptable for regulatory 
to include a margin of safety. Given the method for the particulate matter purposes. 
uncertainty in the supporting scientific NAAQS was the "hi volume" sampler, 
data, the Committee cannot distinguish which collects particles of sizes up to a ofStandards 
the health effects that may be observed nominal 25-45 pm (so-called 'Total The major scientific basis for selecting 
a t  different levels near the lower bound, Suspended ParHcuIate" or TSP]. EPA pM standards that have an  adequate 
such as  the health significance of setting has proposed to replace this particdate margin of safety remains community 
the 24-hour standard a t  140 pglm matter indicator with one that includes , epidemiofogical research, with 
compared to 150 pg/m 3, only particles with aerodynamic mechanistic support from toxicological 
Addendum XI!-Executive Summary of diameters smaller than a nominal 10 pm, and cbnmllea human investigations. 
ba 1986 ~ d d ~ ~ d ~  to be staff paper krmed "PMy". Although f! large mmber The timitations of epidemiological 

of PMIO monitors are now m place, studies for these purposes must, 
Review of the National Ambient Air reliable and consistent data are, at however, be recognized. Suchstudies. 

Quality Standards for Particulate present, limited. Data from 39 sites in while representing real world 
Matter: Updated Assessment of EPA's IP network show long-term urban conditions, can only provide 
Scientific and Technical Inf~rmatfon- PMIo levels range between 25 and 75 pg/ associations between a complex 
Addendum to the 1982 OAQPS Staff mSand maximum 24hourvaluesrange ppllutant mix measured a t  specific 
Paper (EPA, X368b). from to 175 pgIrn? Higher are locations and times and a particular set 

E x e c ~ t i ~ t ~  s~mmary likely as more data become available. of obsemable health points. Difficulties 
Both f i e  (<2.5 pm) and coarse I X . 5  I, conducting and interpreting This Paper evaluates and interprets -) particles are substantial 

the updated scientific and technical epidemiological studies limit the 
components of PMlo mass, with a reliance that can be placed.on the hf~rmat ion  that the EPA staff believes tendency for higher coarse contributions resldta of any study. rqone of the 

is most relevant to decision making On in western U.S. locations with higher available have used P M ~ ~  a 
revised primary Ihealth) national concentrations. National estimates of direct measure of pollution, requiring-- ambient air quality stc~ndada (NAAQSJ PMlo level8 are derived from applying ,here a p p m p ~ a t ~ ~ r ~ o n v e r ~ ~ o n  for particulate matter and is an measured PMloITSP ratios to the wider ofre8ults to eathated p w 0  unit8. addendum to the 1962 particulate matter ~ s p  data ma analysis (for 1983-85 
staff paper. The paper assesses the data) estimated that 193 counties The 1982 criteria document and the 
factors tha staff believes should be criteria document addendum identify a 
considered in selecting the pollutant 

exceeded the lower bound of the ra e8 limited set of epidemiological atudies 
indicator and level for the primary proposed 24 hour, 50 pg/ms annual) standads(150 while 136 ~ 2 ~ '  most useful for developing guantltative 
particulate matter standards, updating counties had that exceeded the C O ~ C ~ U ~ ~ O ~ S  regarding the effects of 
and supplementing previous staff current primary TSP standards. particulate matter. This updated staff 
conclusions and recommendations in assessment incorporates the previous 
these areas to incorporate more recent Particle Indicator evaluation of the earlier studies a s  well 
information This assessment is  Based on an examination of air a s  the present assessment of more 
intended to help brldge the gap between quality composition, respiratory tract recent studies- 
the scientific review contained in the deposition, and health effects and The updated staff assessment of the 
EPA criteria document addendum related considerations, the 1982 staff short-term epidemiological data 
"Second Addendum to Air Quality paper recommended adoption of the size summarized in Table 1; levels are 
Criteria for Particulate Matter and specific indicator [ a l o )  proposed in expressed in both the original (British 
Sulfur Oxides (1%2]: Assessment of 1984. The present staff assessment of the smoke9'BS" or TSP) and PM~O units. 
Newly Available Health Effects more recent information on respiratory The "effects likely" row denotes 
Information" and the judgments tract deposition contained in the criteria concentration ranges derived from the 
required of the Administrator In making document addendum reinforces the criteria document and its addendum a t  
final decisions on revisions to the conclusions reached in the original staff or above which a consensus judgment 
primary NAAQS for particulate matter assessment in 1962. The staff finds that suggests @eateat certainty that some 
that were proposed in March 1964 (49 FR the recent data do not support - effects would occur, at least under the 
IWOB). The staff paper and thls alternative indicators that have been conditions that obtained in the original 
addendum are, therefore. important suggested, which exclude all particles studies. The data do not, however, show 
elements in the standards review , larger than 10 pm. The PMIo indicator is evidence of clear population thresholds 
process and provide an opportunity for generally conservative over the range of but suggest a continuum of response 
public comment on proposed staff tracheobronchial deposition. with both the risk of effects occurring 
recommendations before they are Recent information suggesting and the magnitude of any potential 
presented to the Administrator. enhanced tracheobronchial particle effect decreasing with concentration. 
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