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ENVIRONMENTAL PROTECTION 
AGENCY 

40 CFR Part III 

IFRL-355r-4l 

RIR 2060-AC47 

National Emission Standards for 
Hazardous Air Pollutants; 
Radionuclides 

AGENCY: Environmental Protection 
Agency [EPA]. 
Amcor Final rule and notice of 
reconsideration. 

aumwaitr: This final rule announces the 
Administrator's final decisions on 
National Emiasion Standards for 
Hazardous Air Pollutant. (NESHAPs) 
under section 112 of the Clean Air Act 
for emissions of radionuclides from the 
following source categories: DOE 
Facilities, Licensees of the Nuclear 
Regulatory Commission and Non-DOE 
Federal Facilities, Uranium Fuel Cycle 
Facilities, Elemental Phosphorus Plants. 
Coal-Fired Boilers, High-level Nuclear 
Waste Disposal Facilities. 
Phosphogypsum Stacks, Underground 
and Surface Uranium Mines, and the 
operation and disposal of Uranium Mill 
Tailings Piles. The final rule also 
responds to the major public commenta 
on the March 7, 1969 proposed decisions 
for these categories (54 FR 9612). EPA is 
conducting this rulemaking pursuant to a 
Voluntary remand and a schedule issued 
by the U.S. Court of Appeals for the D.C. 
Circuit which requires final action by 
October 31, 19119. In addition EPA Is 
granting a reconsideration of the 
standards of 40 CFR part at subpart 1 
concerning emissions from facilities 
licensed by the Nuclear Regulatory 
Commission, with respect to the issues 
of duplicative regulation and possible 
effects on medical treatment. 
DATE* Effective Date: December 15, 
1999. Subpart I is stayed until March 15. 
1000. Comments on subpart I may be 
submitted on or before February 13. 
1990. The incorporation by reference of 
certain publications listed in the 
regulations is approved by the Director 
of the Federal Register as of December 
15,1989. Under section 307(b)(1) of the 
CAA, judicial review of decisions under 
section 112 hi available only by riling a 
petition for review in the United States 
Court of Appeals for the District of 
Columbia Circuit within 00 days of 
today's publication of these rules. Under 
section 307(bX2) of the CAA. the  

requirements that are the subject of 
today's notice may not be challenged 
later in civil or criminal proceedings 
brought by EPA to enforce these 
requirements. 
ADDRE9 B: Comments on subpart I should 
be submitted (in duplicate if possible) 
to: Central Docket (A-130). 
Environmental Protection Agency, Attn: 
Docket No A-79-11, Washinglort, DC 
20460. 
FOR FURTHER INFORMATION CONTACT: 
James M. Hardin, F.nvironmental 
Standards Branch. Criteria and 
Standards Division (ANR-400), Office uf 
Radiation Programs. Environmental 
Protection Agency. Washington DC 
20400, (202) 475-9610. 

SUPPLEMENTARY INFORMATION; 

Motion for Reconsideration 

For any party who wishes to present 
new Information to EPA, regarding the 
appropriateness of these rules. a Petition 
for Reconsideration may be filed under 
seclion 307(d)(7)(B). 

Docket 

The rulemaking record Is contained in 
Docket No. A-79-11 and contains 
Information considered in determining 
health effects, listing radionuclides as 
hazardous air pollutants, and setting 
standards. It also contains all comments 
received from the public during the 
comment period. This docket is 
aeeilable for public inspection and 
copying between 8:00 a.m. and 3:00 p.m. 
on weekdays. A reasonable fee may be 
charged for copying. 

A single copy of the Background 
Information-Document and Economic 
Assessment (which, combined, form the 
final Environmental Impact Statement 
(EIS)) have been placed in the docket. 
Other documents available include: A 
Guide for Determining Compliance with 
the Clean Air Act Standards for 
Radionuclide Emissions from NRC-
Licenned and Non-DOE Federal 
Facilities (October 1989): Procedures 
Approved for Demonstrating 
Compliance with 40 CFR part 81. 
subpart I (October 1989): and User's 
Guide for the COMPLY Code (October 
1989). Copies of these documents may 
be obtained by writing to: Director. 
Criteria and Standards Division (ANR-
480), Office of Radiation Programs, 
Environmental Protection Agency, 
Weshinglon. DC 20400.  

Table of Contents 
I. Definitions 

A. Terms 
B. Acronyms 
EPA NESHAPs Policy 
A. Background 
B, (PMERII NESHAP Policy Considerations 

1. Selection of Approach 
2_ Fermat of Standards 

III. Historical Background of Radionuclide 
NESIIAPs 	 , 

IV. Characterization of the Rieke of Radi-
ation 
A. Sources of Radiation 
B. health Effects of Radiation 
C. Risk Assessment 

1. Risk Measures Considered in 
NESHAP Policy 

C. Uncertainties in Risk Measures 
3. Methodology 
4. Technology Availability and Plant 

Closure Considerations 
D. Effective Dose P.quivalent 
E. Science Advisory Board Review 

V. Decision to List Under Section sua 
VI. Discussion of Source Categoric* 

A. Department of Energy Facilities 
B. Nuclear Regulatory Commission IA-

ceased and Non-DOE Federal Facilities 
C. Uranium Fuel Cycle Facilities 
D. Elemental Phosphorus Plants 
E. Coal-Fired Utility and Industrial Boilers.  
F. High-level Nuclear Waste Dieposal Fa-

cilities 
G. Radon Releases From Department of 

Energy Facilities 	 • 
IL Phosphogypsum stack. 
I. Underground Uranium Mines 
). Surface Uranium Mines 
K. Operating Uranium Mill Tailings Piles 
I.. Disposal of Unsniens Tailings Hies 

via. Responses to Legal and Policy Cam. 
merits 

VIII. Miscellaneous 

L Definitions 
A. Terms 

Activity—The amount of a radioactive 
material. It is a measure of the 
transform than rate of radioactive nuclei 
at a given time. The customary unit of 
activity, the curie. Is 3.7X10u' nuclear 
transformations per second. 

Agreement State—Any state with 
which the Nuclear Regulatory 
Commission or the former Atomic 
Energy Commission has entered into an 
effective agreement under Pubsection 
274(b) of the Atomic Energy Act. 

Annualized Cost—A stream of annual 
payments for, determined time period, 
equal in value to a one-time payment 
based on a 'elected rate of interest, 

By-product Material—Any radioactive 
material (except source material and 
special nuclear material) yielded In or 
made radioactive by exposure to the 
radiation incident to the process of 
producing or utilizing special nuclear 
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material end wrieles from the processing 
of ores primarily to recover their source 
material content. 

Dose Sterulard—A regulatory 
standard that requires a regulated 
facility to limit its emissions to the level 
necessary to entere that no individual 
receives an effective dose equivalent 
greater than the specified level. 

Effective Dose Equivalent (EDF.)—The 
sum of the risk-weighted organ dose 
equivalent commitments. The effective 
dose equivalent has the same risk (for 
the model used to derive the weighting 
factors) as a uniform dose equivalent to 
all organs and tissues. For the purposes 
of then etendarde, "effective dose 
equivalent" means the result of the 
calculation used to determine the dean 
equivalent to the whole body. by taking 
Into account the specific organs 
receiving radiation, the dose each organ 
receives, and the leek per unit dose to 
that organ. A description of the 
weighting factors used ia the calculation 
of the EDE is described in detail in the 
International Commission on 
Radiological PrOtaclion's Publication 
No. 28. Pergarnon Press, New York 
(1982). 

Flux standard—A regulatory standard 
that limits the amount of radon that can 
emanate per square teeter of regulated 
material per second, averaged over a 
single suuree. 

Flalf-Life—The time in which half the 
atoms of a particular radioactive 
eubstance transform, or decay, to 
another nuclear form. 

ineidence—This term denotes the 
predicted number of fatal cerseete in a 
population from exposure to a pollute nt. 
Other health effects (nun-fatal caneere. 
genetic, and developmental) are noted 
separately. 

Maximum Individual Risk-1 he 
maximum additional cancer risk of a 
person due to exposure to an emitted 
pollutant for a 70-year lifetime. 

Pathway—A way that radionticlides 
might contareinete the environment or 
reach people. e.g. air, water, food. 

Radionuclide—A type of atom which 
spontaneously undergoes radioactive 
decay. 

Source Term—The amount of 
radioactive material emitted to the 
atmosphere from a source, either 
estimated, measured or reporterl, that is 
used in the risk assessment. 

Transuranic—An element with an 
atomic number greater than the atomic 
number of uranium. 

Uranium Fuel Cycle—The operations 
of milling of uranium ore. chemical 
conversion of urenium, Isotopic 
enrichment of uranium. fabrication of 
uranium fuel, generation of electricity by 
a light-water-cooled nuclear power plant 
using uranium fuel. and reprocessing of  

spent urnniuin fuel, to iho extent that 
these clitectly support the production or 
electrical power for public use utilizing 
nuclear energy.Thi definition does not 
include mining operations. operations at 
waste disposal tines, treinsportalion of 
any radioactive material in support of 
these operettons, or the reuse of 
recovered non-titanium special nuclear 
and by-product materials from the cycle. 

EL Acronyms 
AEA—Atomic Energy Act, 42 U.S.C., 

2011 et set). 
ALARA—As low as reasonably 

achieveble 
AMC—American Mining Congress 
ANPR—Advoncerl Notice of Proposed 

!Unmaking 
CAA—The Clean Air Act. 42 U.S.C. 7401 

at seq. 
CAP-OR--Clean Air Act Assessment 

Peckage-1988 
CF2CLA—Comprehensive 

Environmentel Response 
Compeneetion and Liability Act, 42 
U.S.C. eeen et stcv. 

CFR—Code of Federal Regulations 
111D—The Background Information 

Document prepared in support of this 
rulemeking (Voluree 1 of the EIS) 

E1A—The Economic Impact Assessment 
prepared in support of this rulemaking 
(Volume 2 of the DS) 

ELS—Environmental Impect Statement 
DOE—United States Department of 

Energy 
Elne—Environmentel Defense Fund 
FPA--United Stales Fnvironmental 

Protection Agency 
I ILIV—Iligh-Levet Radioactive WnSte 
Tat P—Intrr national COMMI$Sinll on 

Radiological Protretlen 
NMI/I.—Mine Safely and licalth 

Adivinistrntion 
nlrem—millirem, 1 x leo' rein 
NAAtere—National Ambient Air Quality 

Standards 
NF.SIIAP—Netional Emission Stenderd 

for I inzerdons Air Polito:nee 
NCRP—Nelional Council onTedlation 

Protection and Measurements 
NRC—United States Nueteer Regulatory 

Cnmrnitalon 
NRDc: —Natural Resourees Dr fenee 

Cnenctl. Inc, 
pCi— picoeurie, 1e( 10e" curie 
UFC—leraniten Fuel Cycle 
lehlTR(.:A--Urattium hiill Tailings 

Radiution Contrel Act of 1976, 42 
U.S.C. 7901, et seq. 

11. EPA NE5itAre Policy 
This section provides a deecription of 

the EPA's approach for the protection of 
public health under section 112. In 
protecting public health with on ample 
margin of safety under section 112, EPA 
strives to provide maximum feasible 
protection against rleke to heelth from  

haeerdous air polltitards by (1) 
protecties the greatest number of 
persons possible to an Individual 
lifetime risk level no higher than 
approximately 1 in I minim, and (2) 
limiting to no higher than approximate* 
1 in 10 thousand the maximum 
estimated risk that a person living near 
a plant would Inve if he or she were 
exposed to the emitted pollutant for 70 
years. Implementation of these goals is 
by means of a two-step standard-setting 
approach, with an analytical first step to 
determine an -acceptable risk" thal 	- 

considers all health Information, 
including risk estimation uncertainty. 
and includes a presumptive limit on,  
maximum individual lifetime risk (MIR) 
of approximately In 10 thousand. A 
second step follows in which the actual 
standard is sot at a level that provides 
-an ample margin of safety" in 
consideration of sU health information. 
Including the number' of persons et risk 
levels higher than approximately 1 in 1 
million, as well as other relevant factors 
Including wee and economic impacts, 
technological feasibility, end other 
factors relevant to each particular , 
decision. Applying this approach to the 
radionuclide source categories in 
today's notice results in controls that 
protect over 00 percent of the persons 
within 80 kilometers (km) of these 
sources el risk levels no higher than 
approximately 1 in 1 million. 

A principle that accompanies these 
numerical goals is that the state of the 
art of risk assessment does not enable 
menet ice) risk estimates to be made 
with comparable confide.nco. Therefore, 
judgment must be used in deciding how 
numerical risk estimates are considered 
with respent to these goals. AS 
discussed below. unrertainties arising 
from such factors as the lack of 
knowledge about the biology of cancer 
causation and gape in data must be 
weighed along with other public health 
considertelens. Many of the factors are 
not the same for different pollutants, or 
for different source categories. 

Background 

On March 7, 1989, EPA propose 
decisions on etandards under section 
112 for twelve source categories of 
radionuclide. A principal aspect of the 
proposal, and the basis for the proposed 
decisions on the source categories, Were 
firer proposed approaches for decisions 
under section 112 as mandated by the 
DC. Circuit's decision in NRDC v. EPA, 
824 F.2d at 1146 (1987) (the Vinyl 
Chloride decision). The Vinyl Chloride 
decision required the Arintintetrator to 
exercise his judgment under section 112 
In two steps: first, a determination eta 
"safe" or "acceptable" level of risk , 



Section 7 
The office of a director shall be vacated: 

a) if he or she become bankrupt or suspends payment or 
compounds with his or her creditors or makes an authorized 
assignment or is declared insolvent; 

b) if he or she becomes mentally incompetent; 

c) if he or she ceases to have the necessary qualifications for 
office; 

d) if he or she is absent without leave of the directors from 
three consecutive regular meetings of the directors; 

e) if by notice in writing to the Co-operative he or she 
resigns his or her office; 

f) if by resolution passed by a majority of the votes cast at a 
meeting of the members called for the purpose, her or she is 
removed from office; 

or, in the case of the staff representative, 
g) if by resolution passed by a majority of the votes cast at a 

meeting of staff called for the purpose, he or she is 
removed from office. 

Section 8 
Whenever any vacancy occurs on the Board of Directors the 
remaining members thereof, so long as there is a quorum in 
office, may fill a vacancy from among the persons having the 
necessary qualifications and the person so appointed shall hold 
office only until the next Annual General Meeting. Should the 
elected staff representative resign during his or her term, the 
staff will hold an election and give formal written notification 
to the Board of the election results within two months of the 
resignation. If the staff fail to elect a replacement, the Board 
may appoint a qualified person from the general membership until 
the next annual general meeting. 
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considering only health factors, followed 
by a second step to net a standard that 
provides an "ample margin of safely". in 
which coats. feasibility, and other 
relevant factors In addition to health 
may be considered. 

The four proposed approaches were 
designed to provide for consideration of 
a variety of health riak measures and 
Information in the first step analysis 
under the Vinyl Chloride decision—the 
determination of "acceptable risk." 
Included in the alternative approaches 
were three that consider only a single 
health risk measure in the first step: (1) 
Approach 0, which considers only total 
cancer Incidence with 1 case per year as 
the limit for acceptability: (2) Approach 
C. which considers only the maximum 
individual risk ("MIR") with a limit of 1 
in 10 thousand for acceptability; and (3) 
Approach D, which considers only the 
maximum individual risk with 1 in 1 
million as the limit. The fourth approach. 
Approach A. was a case-by-case 
approach that considers all health risk 
measures, the uncertainties associated 
with them, and other health information. 

In the second step, setting an "ample 
margin of safety", each of the four 
approaches considers all health risk and 
other information. uncertaintieu 
associated with the health estimates, as 
well as costs, feasibility, and other 
feet ors which may be relevant In 
particular cases. The proposal solicited 
comment on each of the approaches for 
Implementing the Vinyl Chloride 
decision. The Agency received many 
public comments on the approaches 
from citizen's groups. companies end 
industry trade groups. state and local 
governments, and individuals. 

B. General NESHAP Policy 
Considerations 

The purpose of this section is to 
discuas the appropriate criteria for 
determining an "acceptable risk" and art 
"ample margin of safety". In its 
determination, EPA will consider 
measures of health risk, and limitations 
and uncertainties of the risk estimation 
methods and basic data. A discuss Ion of 
these factors follows. The framework 
adepted in this proceeding has already 
been selected in the Benzene NESI1AP 
and will also become the policies for 
decisions on future NESIFIAPs but will 
not apply to other Agency programs or 
other sections of the Clean Air Act. 
1. Selection of Approach 

Based on the comments and the 
record developed in the rulernakIng. 
EPA selected an approach announced in 
the notice on benzene standards 
published an September 14. 1909 (59 FR 
38394), based on Approaches A and C  

but else incorporating consideration or 
Incidence from Approach 8 and 
conelderatIon of health protection for 
the general population on the order of 1 
in1 million from Approach D. Thus, in 
the first step of the Vinyl Chloride 
Inquiry. EPA will consider the extent of 
the  estimated risk were an individual 
exposed to the maximum level of a 
pollutant for a lifetime. The EPA will 
generally presume that if the risk to that 
individual is no higher than 
approximately I in 10 thousand, that 
risk level is considered acceptable end 
EPA then considers the other health and 
risk factors to complete an overall 
judgment on a eceptability. The 
presumptive level provides a benchmark 
for fudging the acceptability of 
maximum individual risk, but does not 
constitute a rigid line for making that 
determination. 

The Agency recognizes that 
consideration of maximum Individual 
risk —the maximum estimated rlek of 
contracting cancer following a lifetime 
of exposure to the emitted pollutant—
must take into account the strengths and 
weaknesses of this measure of risk. It is 
eslimated based on the assumption of 
continuous exposure for 24 hourS per 
day fer 70 yeart. An such, it does not 
necessarily reflect the true risk, but 
displays a conservative risk level which 
is an upperbound that Is unlikely to be 
exceeded. The Administrator believes 
that on MIR of approximately I in 10 
thousand should ordinarily be the upper 
end of the range of acceptability. As 
risks increase above this benchmark, 
they become presumptively less 
acceptable under section 112. They then 
would be weighed with the other health 
risk measures and information in 
making an overall judgment on 
acceptability. Or, the Agency may find, 
in a particular case, that a risk that 
Includes MIR less than the 
presumptively acceptable level is 
unacceptable in the light of other health 
risk factors. 

In establishing a presumption for MW. 
rather than R rigid line for acceptability. 
the Agency intends to weigh it with a 
series of other health measures sod 
factors. Those include the overall 
incidence of cancer or other serious 
health effects within the exported 
population, the numbers of persons 
exposed within each individual lifetime 
risk range and associated incidence 
within a radius around facilities, the 
fyr;if,trItt policy assumptions and 
estirrnolon uncertainties associated with 
the risk measures, weight of the 
scientific evidence for humen health 
effects, and other quantified or 
nnqaantified health effects. 

The EPA also considers incidence to 
be an important measure of the health 
risk to the exposed population. 
Incidence measures the extent of health 
risk to the exposed population as a 
whole, by providing an estimate of the 
occurrence of cancer or other serious 
health effects in the exposed population. 
The EPA believes that even If the tvIIR is 
low, the overall risk may be 
unacceptable if significant numbers of 
persons ere exposed to a hazardous air 
pollutant, resulting in a significant 
estimated incidence. Consideration of 
this factor would not be reduced to a 
specific limit or range, such as the 1 case 
per year limit included in proposed 
Approach B, but estimated Incidence 
would be weighed along with other 
health risk information in Judging 
acceptability. 

The limitation of MIR and Incidence 
ere put into perspective by considering 
how these risks are distributed within 
the exposed population. This 
Information includes both individual 
risk, including the number of persons 
exposed within each risk range, as well 
as the incidence associated with the 
persons exposed within each risk range. 
In this manner, the distribution provides 
an array of information on Individual 
risk and Incidence for the exposed 
population. 

Particular attention will also be 
accorded to the weight of evidence 
presented In the risk assessment of 
potential human carcinogenicity or other 
health effects of a pollutant. While the 
same numerical risk may be estimated 
for an exposure to a pollutant judged to 
be a known human carcinogen. and to a 
pollutant considered a possible human 
carcinogen based on limited animal test 
data, the seine weight cannot be 
amenied to both estimates. In 
considering the potential public health 
effects of the two pollutant's. the 
Agency's judgment on acceptability, 
including the MIR, will be influenced by 
the greater weight of evidence for the 
known human carcinogen. 

In the Vinyl Chloride decision. the 
Administrator is directed to determine a 
"safe" or 'acceptable" risk level, based 
on. judgment of "what risks are 
acceptable In the world in which we 
live." 824 F.2d at 1105. To aid in this 
inquiry, the Agency compiled and 
presented a "Survey of Societal Risk" in 
its March !gag proposal (54 FR 9021-24 
As described there, the survey 
developed Information to place risk 
estimates in perspective and to provide 
background end context for the 
Administrator's judgment on the 
acceptability of risks "in the world in 
which we live." Individual risk levels in 
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the survey ranged from 10I. to Ur'',  (that 
Is, the lifetime risk of premature death 
ranged from 1 in 10 to 1 in 20 million), 
and incidence levels ranged from less 
than 1 case per year to estimates as high 
as 5.000 to 20.000 casette/year. Everyday 
risks include risks from natural 
background radiation as well as risks 
from home accidents. Natural 
background radiation (excluding radon) 
at sea level creates individual lifetime 
cancer risks in the range of 3 in 1.003 
and an esttmated10,0o0 cancer cases 
per year. Naturally occurring radon in 
homes poles an additional source of 
radiation HA, and these risks can be as 
high sal In 100 to 1 in 10. EPA estimates 
that this causes an estimated 8.000 to 
40.000 cancer cases per year, In the U.S., 
accidents, natural disasters. and rare 	• 
diseases pose individual risks of death 
from 1 in 10,000 (e.g., tripping and falling 
which cause approximately 470 deaths 
per year) to 1 in 10.000,000 (e.g., rabies. 
which causes an average of 1.5 deaths 
per year). 

Judgments on risks have also spanned 
a broad range of risk levels. The NCRP. 
following recommendations Of the 
International Commission on 	• 
Radiological Prdtection, has 
recommended that maximum Individual 
exposures from non-medical, manmade 
radiation be limited to an amount 
corresponding to risks of 3 in 1.000. Ills 
important to note that the • 
recommendations of national and 
Internatiotud bodies are coupled with 
recommendations that radiation doses 
should be "as low as reasonably 
achievable" (ALARA). The 	• 
implementation of ALARA requires a 
alte-apecific consideration of the cost 
effectiveness of controls that could be 
added to reduce radiation doses. 

The EPA concluded from the survey 
that no specific factor in isolation could 
be identified as defining acceptability 
under all circumstances, and that the 
acceptability of a risk depends on 
consideration of a variety of factors and 
conditions. However, the presumptive 
level established for MIR of 
apprrodmately 1 in 10 thousand Is within 
the range for individual risk In the 
survey, and provides health protection 
at a level lower than many other risks 
common "la the world in which we 
live." And, thie presumptive level also 
comports with many previous health 
risk decisiond by EPA premised on 
controlling maximum individual Hoke to 
approximately 1 in 10 thousand end 
below. 

In today's decisions, EPA Is using this 
approach based on the judgment that 
the first step judgment on acceptability 
cannot be reduced to any single factor.  

The EPA believes thet the level of the 
MIR, the distribution of risks in the 
exposed population, incidence, the 
science policy assumptions and 
uncertainties associated with the risk 
measures, and the weight of evidence 
that a pollutant is harmful to health are 
all important factor* to be considered in 
the acceptability judgment. The EPA 
concluded that this epproech hest 
Incorporates all vital health information 
and enables the Agency to weigh it 
appropriately in making a judgment In 
contrast the single measure Approaches 
B. C, and D. while providing simple 
decisionmaking criteria, provide an 
Incomplete set of health information for 
decisions wider section 112. The 
Administrator believe* that the 
acceptability of risk under section 112 is 
best judged on the basis of a broad eet 
of health risk measures and information. 
As applied in practice. the EPA's 
approach is more protective of public 
health than any single factor approach. 
In the case of the tadioruclide source* 
regulated here, more than 90 percent of 
the population living within 80 Ian 
would he exposed to risk* no greater 
than approximately 1 in 1 minion and, 
the total number of cases of death or 
disease estimated to result would be 
kept low. 

Under the two-step process specified 
In the Vinyl Chloride decision, the 
second step determines an "ample 
margin of safety," the level at which the 
standard Is set. This is the important 
step of the standardarettIng process et 
which the actual level of public health 
protection is established. The first step 
consideration of acceptability is only a 
starting point for the analysis, in which 
a ceiling for the ultimata standard is set. 
The standard met at the second step is 
the legally enforceable limit that must 
be met by a regulated facility. 

Even though the risks judged 
"acceptable" by EPA in the first step of 
the Vinyl Chloride inquiry are already 
low, the second 'leo of the Inquiry. 
determining an "ample margin of 
safety," again Includes cunslderation of 
all of the health factors, and whether to 
reduce the risks even further. In the 
second step, EPA strives to provide 
protection to the greatest number of 
persons possible to an individual 
lifetime risk level no higher than 
spproxime ley 1 in 1 million. In the 
ample margin decision, the Agency 
again considers all of the health risk end 
other health information coneidered In 
the nrst step. Beyond that information, 
additional factors relating to the 

'appropriate level of control will also be 
considered, including costs and 
economic impacts of controls,  

technological feasibility. uncertainties, 
end any other relevant factors. After 
conôldering all of these factors, the 
Agency will establish the standard at a 
level that provides an ample margin of 
safety to protect the public health, as 
required by section 112. The Agency 
term, its approach the "Multifictor 
approach." 
2. Format of Standards 

The format of the standards for the 
various source categories varies 
because of the differing properties oldie 
sources and the radionuclides they emit 
Area emotes emitting radon are best 
monitored by flux measurements. Thus. 
flux standards are moat appropriate. For 
other categories, mixtures Of 
radionuclides are best related to public 
health through the use of the concept of - 
dome. EPA hat promulgated dose 
standards to limit emissions in those 
cases where tt I. appropriate. Where a 
single radionuclide is emitted or a single 
radionuclide emission limit would 1114rve 
to limit all others, EPA has promulgated 
an emission limit for that radionuclide. 
All standards include releases from 
accidents end accidental releases can 
result in a violation Of the standard. 
However, releases from tictidents shall 
not be considered when detervairdng 
whether or not a facility should be 
granted permission to construct or 
modify under 1 I 81-07 and 01.be, 
Releases that are not routine but are 
more likely than not to OCCUt 
included in determining whether such 
approval 'hall be granted. 

Plants are required to monitor their 
operations continuouely and keep 
records of the results of their monitoring 
onstte for five years. Plant owners will 	_ 
have to certify on • semiannual basis 	- 
that no changes In operation* that 
would require new testing have 
occurred. Although the report is based 
on a calendar year. the emission limit 
applies to any year, i.e. any period of 12 
consecutive months. 
Lit Historical Background of 
Radionuclide NES 

On December 27, 1079, EPA lialed 
rachonuclides as a hazardons air 
pollutant under section 112 of the CAA 
(44 FR 70/38, December 27. 1979). EPA 
determined that radionuclides are a 
known cause of cancer and genetic 
damage and that radionuclides cause or 
contribute to air pollution that may • 
reasonably be anticipated to result ill an 
Increase In mortality or an increase In 
serious irreversible or incapacitating 
reversible Illness, and therefore 
constitute a hazardous air pollutant 
within the meaning of section 112(01). 



UCC SUMMER CAMPS . 200 Lonsdale Road . Toronto, Ontario . M4V 1W6 

Mr. & Mrs. Tony Easty 
95 Hilton Ave. 
Toronto, Ont 
M5R 3E8 

September 26, 1994 

Dear Parent(s): 

In our efforts to constantly improve the program, staffing and the facilities at UCC Camps, 
we are sending you this questionnaire to invite your comments about the 1994 Summer 
Camps. 

Please show it to your children, and notice that certain sections invite comments from both 
you and your children, while other sections ask for comments from only you. 

If you would be kind enough to take the time to fill in this questionnaire, we will read and 
pay close attention to your comments. Your input will help us to learn not only how UCC 
Camps excel, but also where we can improve. 

Could you please return the questionnaire as soon as possible, as we are anxious to plan for 
next year using your input. 

Thank you very much for taking the time to help your camp. 

Yours truly, 

Kelly Harris 
Director of Summer Camps 

P.S. We will be mailing out receipts documenting your transactions with the 1994 Summer 
Camps towards the end of October. 
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EPA then determined that radionuclides 
presented a risk warrentins regulation 
under Section 112. and listed the 
pollutant under that section. Once listed, 
radionuclides became subject to the 
requirement of section 112(b)(1)(111) that 
EPA establish Nanette] Emission 
Standards for Hazardous Air Pollutants 
(NESHAPs) at a 'level which (Ln the 
judgment of the Administrator) provides 
an ample margin of safety to protect the 
public health from such hazardous air 
pollutant," or find that they ere not 
hazardous and dellst them 

On April 8. 1983, EPA proposed 
standards regulating radionuelide 
emissions from four source categories: 
(1) Elemental phosphorus plants. (2) 
DOE facilities. (S)NRC-licensed 
fecilitiee and non-DOE federal facilities 
(NRC-licensees), and (4) underground 
uranium mines. The Agency 
eimulteneously proposed decisions not 
to regulate several other categories: (1) 
Coal-fired boilers, (2) the phosphate 
industry, (3) other extraction industries. 
(4) uranium fuel cycle facilities. (3) 
uranium mill tailings, (8) Niih level 
radioactive waste facilities. and 17) low 
energy arlelerators 148 FR 15078. April 

1983). In February 1984. the Sierra • 
Club filed milt in the U.S. Distriet Court 
for the Northern District of California to 
compel EPA to take final action on the 
proposed standards. Sierra Club v. 
Ruckelshauk No. 84-01168. EPA was 
subsequently ordered by the Court to 
promulgate final standards or make a 
finding that radionuclides are not 
hazardous air pollutants and debit 
them. 

In October 1034, FliA withdrew the 
proposed emission standards for 
elemental phosphorus plants.  DOE 
facilities, and NRC licensees, finding 
that the control practices already in 
effect for those categories protected the 
public from exposure to radionuclides 
with an ample margin of safety. F2A, 
therefore, concluded that no additional 
requirements were necessary (49 FR 
43908, October 31,1984). In the notice. 
EPA also withdrew proposed °neuter& 
for underground uranium mines but 
stated its intention to promulgate a 
different standard for that category and 
simultaneously published an Advance 
Notice of Proposed Rulemaking (ANPR) 
for radon-222 emissions from 
underground uranium mines to solicit 
additional Information on control 
methods, EPA also publiehed an ANPR 
for radon-222 emissions from licensed 
uranium inffis. EPA affirmed its decision 
not to regulate the other categories: 
coal-fired boilers, the phosphate 
Industry, other extraction industries. 
uranium fuel cycle facilities, and high.  

level redloactiell waste. The Agency 
also decided to study further the 
category of phosphogypsum stacks to 
determirre the need for a standard. 

On December 11. 1984, the U.S. 
District Court for the Northern District 
-of California found EPA in contempt of 
Its order to promulgate final standards 
and again directed that EPA issue final 
radionuclide emission standards for the 
original four categories or make a 
finding that radionuclides are not 
hazardous air pollutants. EPA complied 
with the court order by promulgating 
standards for radionuclides emissions 
from elemental phosphorus planes. DOE 
facilities, and NRC-licensees (60 FR 
7280. February 9,1985) and a wink 
practice standard for radon-222 
emissions from underground uranium 
mines ($0 FR 15385, April 17, 1985). On 
September 24, 1988. EPA promulgated a 
final rule regulating radon-222 emissions 
from licensed uranium mill processing 
sites by establishing work practices for 
new tailings (51 FR 34058, September 24, 
1980). 

The Environmental Defense Fund 
(EMI. the Natural Resources Defense 
Council (NRDC)- and the Sierra Club 
filed petitions for review of the October 
1984 withdrewals and final decisions 
not to regulate. the February 1985 	- 
standards for the three source categories 
and the April 1985 standard for 
underground uranium mines. The April 
1985 standard for underground uranium 
mines was also challenged by the 
American Mining Congress (AMC). In 
November 1989.  AMC and EDF filed 
petitions challenging the standard for 
licensed uranium mill processing sites. 

On July 28. 1987. the U.S. Court of 
Appeals for the D.C. Circuit remanded 
to the Agency an emissions standard for 
vinyl chloride which had also been 
promulgated under Section 112 of the 
CAA, Natural Resources Defense 
Council. Inc. v. SPA. 824 F.2d 1148 (D.C. 
Cir. 1987) (Vinyl Chloride). The Court in 
Vinyl Chloride concluded that the 
Agency improperly considered cost and 
technological feaeibility without first 
making a deterinination based 
exclusively on risk to health. 

In light of that decision. EPA 
concluded that the standards for 
elemental phosphorus plants, DOE 
facilities. NRC-licensees, and 
underground uranium mines should be 
reconsidered and on November 19. 1987, 
moved the D.C. Circuit Court for a 
voluntary remand of the challenged 
decisions. EPA also agreed to reexamine 
all issues raised by the parties to the 
litigation. On December 84987. the 
Court granted EPA'. motion for 
voluntary remand and established a  

time schedule for EPA to propose 
regulatory decisions for all riedionuclide 
source categories within180 days end 
finalize them within nee days. On March 
17,1910, the Court granted • subsequent 
EPA motion and modified the order to 
require proposed regulatory decisions 

A
by

ugwt 
 February 

1980. 
 ry 28.10e9 and final action by 

On April 1, 1988, EPA also requested a 
remand for its etaiidausi for licensed 
uranium mill tailings. On August 3. 19118 
the Court granted EPA's motion and put 
the uranium min tailings NESHAP on 
the same schedule as the other 
radionuclide NESHAPs. 

On March 7.1900, EPA published a 
proposed NESHAP which described four 
possible policy epproaches for 
regulating emissions of radionuclides. 
Public hearings were bold on April 10. 
11. 13, and 14.1989. 

On july14. 1089, the court  granted 
EPA's request for an extension until 
October a 1, 19419 for final action. 
IV. Cherecierization of the Risks of 
Radiation 
A. Sources of Radiation 

Every day each person is exposed to 
radiation from a variety of natural and, 
manmade sources. Natural sources of • 
radiation Include cosmic rays, radon. 
and other terrestrial sources. Manmade 
radiation includes medical and dental X-
rays, fallout from above ground nuclear 
weapons testing and industrial sources. 

The earth's atmosphere acts as a 
shield to cosmic rays. absorbing much of 
the radiation. People receive a higher 
dose of cosmic rays at higher altitudes 
because there is less anneephere to 
shield them from comic rays. For 
'example, people living in the mountains 
receive a higher dose than people living 
at sea level, and people are exposed to 
even higher levels when flying in an 
airplane. Terreftrial radiation comes 
from the small amount of radionuclides 
that are naturally present in all matter: 
soil, air, food, clothes, and even our 
bodies. 

Radon is a radionuclide that is 
produced se a radioactive decay product 
of the radium which is naturally found 
In soil. Radon is always present in the 
ambient air at levels which are 
estimated to pose some health risk. In 
addition, radon often gets trapped in 
homes, leading to even higher estimated 
health risks. EPA has issued 
recorrunendations te homeowners  for 
reducing these risks. 

This rulemeldng deals with sources of 
radionuclide emissions. Including radon, 
from industrial sources. Although the 
amount of radiation doss that most 



On Sunday, October 23rd, 1994, 
at 3:30 in the afternoon. 

Reception to follow: by request and donation. 
For ticket reservations, reception and 
other 	information, 
call 	532-5655. 

Adults $13.; Kids by donation. Donation 
if you can't afford it. 

or trade 

Sponsor: Innis Environmental Studies Program 

Fundraising 	for: 
Western Canada Wilderness Committee 
World Wildlife Fund 
The WEED (Women and Environments 
and Development) Foundation 

Education 

Hosted by Rose Marie Harrop & Associates. 
World Rainforest Week, October 17-23, 1994. 

GALA 
ENVIRONMENTAL 
FUNDRAISER 

Innis College Town Hall/University 

Accessible 	space. 

"It's so goad' - Raz Lerman 
KPPK rack 'Not many peo-
ple in the world can write 
songs that are fumy, informa-
tive and inspiring at the same 
time. Bassin can." - Pete 
Seeger- 'Bravo! Bravo! Bra-
vo!' - Dinah Christie - 'Won-
derful...wit, passion, and in-
sight" - Joe Blake, Victoria 
limes Colonist - "Bossh's 
best yet!" - Tom Paxton - 
'Bob Rmsin has the ear of a 
poet, a painter's eye and the 

of Toronto. wit of a of a true common 
sense phiosopher- Utah 
Phillips = "Joyous, rollicking, 
pointed, sly aid passionate" - 
Ken chard, Offbeat Maga- 

	

ne - 'Brilliant 	The Clint 
Eastwood of Canadian folk 
music.Bob still shoots straight 
and true." - Gary Cristall, Van-
couver Folk Music Festival - 
"It deserves to sell a million 
V

ss
p
dson
robably won't)." - Leon 

Bob Bossil is 
among the quirkiest, most un-
predictable, funriest and 
most respected of Canada's 
folk cormosers." - Verne 
IVIcDonald, the Georgia 
Straight - "A serious painterly 
muse with lopsided comic re-
lief....vvhen it works, it really 
works" Greg Potter, Toronto 
Star = 'Wonderful and 
catch/' - Follcrints = 71-e 
songs shovv a He being lived 
with both eyes open" - Marga-
ret Isaacs, Weekender, CBC 
Stereo = Wonderfd songs 
that linger in people's memo-
ries" - Peter Gzowski, Mar- 

'Fine musicianship 

	

and songwriting 	in the best 
tradition of feminist mi sir° - 
Bob Franke = "A wonderful 
alpum...hopelessly unmarket-
able." - Richard Fiohill. 

starring BOB BOSSIN 

graduate of Innis College, 
Moss Scholar 
and, dare we say it, "artsie" member 
of the LGMB. 

singer, 	songwriter, 	storyteller 	and 
environmentalist. Founder of the legendary 
Canadian folk group Stringband. Creator 
of the musical Bossin's Home Remedy 
for Nuclear War - 200 performances, 9000 
bottles of medicine sold! 

with songs from his latest release Gabriola VOR 1X0 
stories, slides, wit and the "Sulphur Passage" video. 



TEL: 

Federal Register / Vol. 54, No. 240 / Friday, December-  15. igeb [Rules anti 	 11109 

people receive as a result of these 
emissions is typically lower then their 
natural background dose, the resulting 
risk cao still be significant. A source 
does not present an acceptable risk 
simply by being less then natural 
background. It is important to note that 
total background radiation from all 
sources, including naturally occurring 
radon, revolts in • calculated individual 
lifetime risk of fatal cancer of 
approximately one in one hundred- in 
most canes, little can be done to reduce 
most of this radiation exposure which 
people receive from natural background. 

Industrial sources of to  
emissions in the air include a wide 
variety of facilities, ranging from nuclear 
power facilities to hospitals to uranium 
mill tailing piles. Industry uses hundreds 
of different redionuclides in solid, liquid. 
and gassoue forms, emitting different 
types of radiation (alpha, beta, gamma) 
at various energy levels. Industrial 
sources of radionuclide emissions fall 
Into two major categories. The first 
Include industries that use radioactive 
materials and have emissions as a result 
of an inability to completely contain the 
materials they use. For example, 
hospitals use radionuclides as part of 
their radiology departmephe Since many 
of the radionuclides they use are gases, 
liqoids capable of evaporation, or solid • 
capable of srublimation. some 
radionuclides Inevitably era released 
'nor the environment. The other type of 
pource is that which releases 
radionuclider (usually radon) as an 
unintended consequence of another 
activity, such as mining or milling. An 
example of this is phosphogypsum 
stacks (piles). These piles of waste 
material emit radon becauee radium 
(from which radon is produced by 
radioactive decay) is found naturally in 
the same soils that are the source of 
phosphate rock. 
B. Health Effects of Radiation 

The level and type of hazard posed by 
radionuclides vary, depending on truth 
characteristics as the radionuolide's 
radioactive half-life, the type of • 
radiation it emits, the energy level or the 
emission(a), and its ability to 
concentrate in the body. Different 
radionuclides will irradiate different 
parts of the body causing different types 
of cancers. 

There are three major types of long-
term health impacts from exposure to 
radiationt Cancer, hereditary effects, 
and developmental effects on fetuses 
such es mental retardation. Since there 
Is such a eteeng foundation for 
quantifying the risk of fetal cancer. • 
EPA's consideration of fatal cancers Is 
the principal health consideration in this  

rutemakIng. However, it is Important to 
note that other health effects have also 
been considered in the rulemeldng. The 
other effects are not specifically 
a ddreesed in this discussion because 
none of them pose a more severe risk to 
health. In addition, risk distribution of 
health effects from radiation from most 
of the sources considered for regulation 
show that fatal cancers occur much 
more frequently than non-fatal cancers 
and cancers generally occur more often 
than genetic or developmental effects. 
For sources that emit radon, no genetic 
or developmental effects, and very few 
non-fatal cancers are expected. 

Numerous studies have demonstrated 
that radiation Is a carcinogen. It is 
aseumed that there is no completely 
risk-free level of exposure to radiation 
to cause cancer. Health effects from 
radiation have been observed in studies 
of occupationally exposed workers and 
of the Burvivors of the I Itroshima and 
Nagasaki atomic bombs. This 
information has been verified with 
studies of animals In laboratories. 
I loweeer, the effects of radiation doses 
at low levels of exposure can only be 
predicted by extrapolating from the 
observed effects at higher doses eince 
we do not have direct evidence of 
cancer causation at low exposure levels. 
Some pollutants cause diseases that ere 
unique to the pollutant: for example. 
asbestos causes asbestosis. Radiation, 
however, wises some of the some types 
of cancers, e.g. leukemia end lung and 
liver canter, that are caused by other 
bettors. Since these cancers are not 
uniquely associated with radiation. it Is 
not poestlile to differentiate cancers 
caused by radiation from other cancers. 

The second type of effect is the 
induction of hereditary effects in 
descendants of exposed persons, which 
vary in degree and effect end may even 
be fetal. It is assumed that there is no 
completely risk-free level of exposure 
for hereditary effect!. Although 
hereditary effects have been obeerved in 
experimental animals at high doses, 
they have not been confirmed at low 
doses in atudies of humans. 

Based on extensive scientific 
evidence. EPA believes it prudent to 
assume that carcinogens, including 
radionuclides, pose a risk of health 
effects even at low levels of exposure. 
Based on this science policy judgment, 
EPA calculates health risk estimates 
assuming that the risk of incurring either 
cancer or hereditary effects is linearly 
proportional to the dose received in the 
relevant tistue. However, the severity of 
either effect is not related to the amount 
of dose received. That is, once a cancer 
or an beredltsry effect has been  

Induced. 'Ile severity Is Independent of • 
the doer. 

Regarding cancer, there continues to 
be divided opinion on how 'a Interpolate 
between the absence of radiation effect 
at zero dose and the observed effects of - 
radiation (mostly at high doses) in order 
to estimate the most probable effects at 
doses that represent small increases 
above natural background radiatign. 
Most scientists believe that Available 
data best support use of a linear model 
for estimating such effects. Otherst, 
however, believe that other models, 
whith usually predict somewhat lower 
risk, provide better estimates. These 
differences ef opinion have not been 
resolved to date by studies of the effects 
of radiation in humans, the most 
important of which are those of the 
• survivors of the Hiroshima and 
Nagasaki atomic bombs. 

Some studies have recently been 
completed. and others are now 
underway to reassess radiation dose 
calculations for the survivors of the 
Hiroshima and Nagasaki atomic bombs 
and to provide improved estimates of 
risk. These studies may reduce the 
uncertainty associated with 
extrapolation from high doses to low 
doses. These studies may also result in 
an increase of the estimated risk per 
unit dose. But they will not address the 
question of whether a threshold exists. 
EPA is monitoring the provesa of this 
work and will initiate reviews of the 
risks of exposure to low levels of 
radiation upon Rs completion. 

C. Risk Assesscutet 

1. Risk Measures Considered in 
NESIIAP Policy 

In decislons on cancer risks from 
stationary sources of hazardous air 
pollutants. the Agency has estimated 
three measures of health risk. These are 
termed "maxinnon individual risk". "risk 
distribution", and "incidence". Each of 
these combines an estimate of the dose/ "- 
response for a pollutant with estimates 
of exposure to the pollutant. The 
response estimated Is the pollutant- 
related increase In the probability that 
an individual will contract fatal cancer . 
In his or her lifetime. The exposure 
estimated is the average daily exposure 
assuming exposure for 70 years. 

a. Maximum Individual Risk 
Individual risk is expressed as an 
estimated probability. e.g., 1 in 100 
(10r2). 1 In 1.000 (to"), 1 in 10,000 (10). 
Thus, a 11X10-aindheiduel risk is an 
added 'chance" oft in ime) of 
contracting fatal cancer sometime in the 
individuars lifetime. 



M. Green 
hector of Education 

TORONTO BOARD 
OF EDUCATION 	 

155 COLLEGE STREET 
TORONTO, CANADA, 
M5T 1P6 
(416) 397-3000 

  

October 21,1994 

Dear Parents: 

As you may be aware, on Thursday October 20, 1994 a very serious situation occurred at 
Brockton High School in which two of our teachers suffered gunshot wounds. Thankfully both 
are recovering. Police arrested a suspect almost immediately and he has been charged. 

This is a tragic event for the students and staff at Brockton High School and for all  of our 
schools. All Toronto Board schools have been asked to develop appropriate ways of helping 
students and staff by providing opportunities for them to discuss concerns and express their 
feelings over the next few days. Our guidance staff, social workers and psychologists will be 
working to support them. 

Please be assured that the Toronto Board is committed to ensuring that our schools are as safe as 
we can make them. Our new safety and security policy is being implemented throughout the 
Board. This policy is built on the principles of: 

• mandatory response to incidents of violence 
• continued commitment to prevention programs, and 
• working in partnerships with students, parents and the wider community 

One of our priorities is the establishment of Safe School Committees in each school which will be 
charged with conducting a safety and security audit and the development of a School Safety Plan. 
You can help us by becoming involved in your local school safety initiatives. 

Sadly, acts of violence can occur anywhere and, yesterday, Brockton High School faced an 
enormously difficult situation. I am proud of the way the staff and students worked to respond so 
well to this tragic event 

Toronto 
Board of 

' Education 

' 	 A I cfl tnn.t:1 
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In this discueslon, the maximum 
• Individual lifetime risk is the maximum 
additional cancer risk of any person due 
to expoiure to an emitted pollutant for a 
70-year lifetime. The Maximum 
individual risk Is sometimes called the 
maximal; exposed individual riak. This 
estimate is based on the fact that the 
concentration of en emission. and the 
consequent risk, diminishes with 
distance from its inure*. For 
radionuclide MISHAP decisions, the 
practice has been to estimate exposure 
according to comma data on residence 
locations. It has also been estimated in 
some other Agency decisions as the 
maximum at the source perimeter. 

The maximum individual lifetime risk 
Is different from average individual risk 
which is sometimes estimated for 
sources like public drinking water 
systems or food in which the 
concentration of a pollutant and other 
factors are assumed to be equal at all 
distribution locations. This distinction is 
particularly relevant when considering 
the maximum risk one might find 
acceptable frOm different sources. In 
using the maximum individual risk in 
acceptable risk decisions for hazardous • 
air pollutants, its, limitations should be 
considered. Used alone, the measure 
does not tell how many people may be 
so affected r It relates only to the risk to 
the most e3ceolied Individual(s). 

b. Risk Matribution..A risk 
distribution 'estimates how many 
persons within a certain distance leg. 80 
ion) of a 'murex of pollutant emissions 
are at what level Of individual risk. 
Typically, the distributionts given for 
10-fold increments of individual risk. .. 
Suph a distribution provides the 
decielomnaket with information on both 
the individual risk leveller those 
exposed. and the number of persons 
exposed at each level. For IN,SHAll and 
other decisions. the Agency his 
examined rk distributions both as 
measures desk and to compare the 
effects of various strategies for risk 
reductions across a *mires campy. 	• 

In making an acceptable risk Olsten, 
one relevant considersUon is how many 
people era exposed at each risk level, 
e.g. a With& Might be acceptable if 
only one person were at that level. but 
not if 1 WM people were %Abject to it. 
Similarly, the numbers of persons 
exposed at various individual risk levels 
could he im.important elentent in 	, 
deciding on acceptable rig*, The risk 
dietribr Ilion ceuld qe treed in similar . . 
ways to consider whether enemphs . 
margin of safety exists... • . 	. 

c.locklanixe Incidence. Is an.estlemie 
of neptalalion. tither;thanindividueL 
risk. It is derived by remit-4)644 . 	• 
Mai/ideal risk by the istiznite of the  

number of persons at that level of risk 
and summing the results over all risk 
levels. This number, which provides a 
lifetime population risk figure. is then 
divided by 70 (years) to give an annual 
fatal cancerincidence estimate. The 
Incidence parameter can be used as an 
estimate of impact on the entire exposed 
population within a given area by 
totalling the incidence associated with 
each increment of individual risk. 
Incidence can also be portrayed along 
with individual risk and population 
numbers in a risk distribution. Typically. 
the Agency weighs Incidence estimatee 
In conjunction with mexhatun individual 
risk or average individual risk estimates. 
Estimated incidence generally is a 
particularly informative parameter when 
looking at aggregate risk from a category 
of like sources. One feature to take into 
account whenever it It used is its 
dependence on the size or the source 
category. 
2. Uncertainties in Riek Measures 

Each of the three risk parameters 
defined above heti three elements. Pleae 
are the estimated 'response per unit of 
pollutant Concentration (e.g. pCifi In 
air), he estimated exposure 
concentration, and the estimation of the 
number and location of the populatIon, 
residing in the area of the sources 
(usually taken from census date). 

Uncertainties exist in estimating each 
of these elements for a variety of 
reasons Including the fact that the 
relevant data and our understanding of 
the biological events involved are not 
complete. Where data gaps exist 
qualitative and quantitative 
assumptions are made based on our 
present understanding or the biological 
mechanisms of cancer causation, 
estimates of air dispersion, engineering 
estimates; and other factors. Selection of 
eertain assumption, to be used If a 
policy decision. The Agency has 
published guidelines Covering many of 
these for both cancer risk assessment 
end exposure assessment ("Final 
Guidelines for Carcinogen Risk . 	. 
Assessment" (51 FR 33992. September ' 
N, 1956) and "Final Guidelines for 
Estimating Exposures," (51 FR 33042, 
September 24, 1936)). 

The following is a discussion of 
methods used to calculate the three 
parameters. togetherwith a few 
examples of the uncertainties. . 

Risk eseessment, under VA 
guidelines, takes into account the nature 
and amount or evidence that the agent . 
will Canso lire egent of concern In, 
humane as Well alibi uncertainties of .. 
interpretation et data and Its 	. : . 	, 
cleantilication. When the tnklolty data 
from human studies are evsilable. as in  

the case of radionuclides (which is s 
known human carcinogen). there Is less 
uncertainty about the hazard of dose/. 
response than when the data is solely 
from animal studies. Nevertheless, 
Important uncertainties enter into the 
analysis even when human data is 	\ 
available, Examples include the fact that 
human epidemiological studies are often 
retrospective and measure effects of. 
exposure that occurred many years in 
the past. The level of exposure to the 
agent at that time neually must be 
estimated arid cannot be verified. Also, 
In certain categories of human studies. 
the ;Audios are often of workers exposed 
to the pollutant. Worker populations are 
not representative of the general 
population with respect to age or sex. , 
Workers ere'also'generally the healthier 
segment of the population. These factors 
can lead to over- Or underestimation of 
risk. 

When data from animal studies ere 
used, uncerta Mlle* about exposure can 
be experimentally controlled, but other 
uncertainties arise:Many of these 	, 
concern the extretthlithm fromdita 
collecte.d In animal tests to estimate 
effects On hemans. The extrapolation '. 
has to try to accothiffor matryTticteire. ' 
such as the emilvalerit dose for hareems 
and laboratory animals given the sin 
differences and the 'potential differences 
In metabolism and excretion of e 
chemical pollutant. 

In additioe, uncertainties arise in 
extrapolating the observed dose/ 
response relationship from either 
workplace or animal tell exposures to. 
the usually !ewer dose levels of the 
general Population. 	, 

In etitimating exposure, the dispersion 
of a pollutant from a source is UStukily. 
quantified hy'a predictive mathematical' 
model piing a known or model Source • 
emission rate, temperature and velocity 
characteristics, and weather patterns at ' 

nearby recording weather station. The 
model predicts the canceptration of the . 
dispersed pollutant at various distances. 
from: the source. Standard assumptions 
are that the population around the. . 
source resides there for a 70-year 
lifetime and is continuously exposed to 
the modeled concentrations. The amount 
of emissions can be derived from 
sampling and analysis of emissions at, • 
the source or from engineering 
estimates, with more or less uncertainty.... 
associated with each nwihadeacilrdlnit: 
to the type of imitation. tlieriatir' 
%retiring de4jeas.g e.ec.ureFY 	.•es• . 
precision in'eaMisllAS. 	 ••.••••'; 
estimate. of eniissinns. Therefore. the 
uncertainties involved in the methed 
estimating indiehinel expeiturti and the 
number of indlinduale exporied are 



) 
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numerous. Thus. it is evident that 
uncertainty is difficult to quantify. 
lowever, the Agency hos completed a 

preliminary uncertainty analysis of risk 
From radionuclide emissions from a 
limited number of facilities using 11 /4•10n6  
Carlo simulation techniques. Instead of 
discreet values, distributions were used 
for factors having a significant effect on 
outcome. The results' suggest that the 
risks calculated represent essentially 
median values if the receptor remains a 

that location for 70 years. 

3. Methodology 

To lake into account the buildup of 
radioactivity in the body mid the 
environment, the risk assessment 
models incorporate the concepts of 
committed dose and the dose committed 
by en animal release into the 
enverOnment or. equivalently, the annual 
dose received at equilibrium as a result 
of cxmetant annual releases over long 
periods of time, 

in attempting to make these estimates, 
EPA has bled trt all times to jglve "best 
esamater of the radionuclide 
concentrations in the Imviroviniard and 
individual Ind population flake. 
Wherever pói.lbk. meepured.or 
'reported date of einissions. meteorology 

" and population were used. Where 
• setimetee•were used, EPA has tried to 
nee the meetaikely.riumbete14 its 
enestaments: When model facilities • 

• were used, they were designed to be 
'representative of actual facilities. EPA's 
risk assaisinenht are hand on A current 
"inapshor of each industrial source 
category as It no* stands. EPA has not 

.estimated the maximum conceivable 
rinks that may result from the facilities 
enatyzed at some point In the future. 
Future Maks may be higher or lower 
depending on whether people move 
Closer to, or further away from, the 
facilities studied. and whether the 
emission' from those facilities increase 
or deorisaa. This is not to say that there 
Is little or rat uncertainty WO' vivid 
moos. An In All ench Alltitt_el‘bentil. the 
analyses hays considerable uncertainty. 
EPA's analides are not &Aimed to • 
.conelatently overestimate or . • 
underesiltnete risks. - • • • 

the teV4i ófsistyligreatcr iii  
the estimate Of thOmakimurri 
risk thin br the eatiniste.of Imputation . 
rick 1.14iny possible razors lathe • 
analysts can cancel out In aseceiments 

• alto:Mutations. Pi* example. local 
MeteortiogiCal tottdithinimey Cause • 
'morirectionticlidei to to in one. 
dime-don thert.atiether. This effect May 
mien Mt ovireatioiele Ofundereatlmata 
'Of th&MaxlMinti indhtidintil risk, 

depending on where the most exposed 
Individual Is located. However, this 
source of error tends to be less 
Important in population estimates. since 
the eitelysis integrates Individual doses 
to a large number of people. If one 
person gets a larger risk due to local 
dispersion effects. It means that another 
person Is getting less. Consequently, 
when the individual risks are summed, 
local conditions will not cause. srriOne 
error In the value for total population 
risk. 

In estimating the radiation exposure 
to the most exposed Individual, EPA 
assumes that the person remdving the 
maximum individual risk lives for a 70-
year lifetime at the same site. F.PA then 
makes Its best estimate of the risks to 
that individual. 	' 	• 

EPA recognizes that most people will 
nut actually live their entire life in the 
same location. Nevertheless, EPA makee 
this assumption as a matter of policy 
and does not believe that it diminishes 
the validity of its risk assessments. EPA 
has made this Maumption rot several 
reasons.: First, N.% is attempting to 
estimate the maximturi Individual risk, 
and It Is completely possible that an 
individual could live in the an ins place 
for his or her entire life. Use of different 
assumptions could lead, in some roles, 
to underestimating tbe actual maxlmunt 
risk. 

Second, a large fraction of the risk can 
occur In lee. than the same fraction of 
the 70 years. Rialt is not Independent of 
ago. Children appear to be more 	• 
susceptible to the effects of radiation 
than adults. In eddition..due to their 
• youth, they generally have a longer thee 
In which to develop the cancer caused 
by the radiation (end they are less likely 
Lo die bf something else before they 
Contract and die of the cancer). nue to 
these two factors, younger people treat 
a greater risk from the same dose than 
older people. [See Table 1). if EPA were 
to reduce the flambee of years of 
gemmed exposure to less than a 

it!. unclear what number of 
yours Should he used or where to place . 
those years within a lifetime. For 
example, should EPA enures that a. 
person lives In the Same place from birth 
et age 19 or from age 05 to 	, • : 
Generally; In the Mit Case. the risk is 	' 
times greater than to the second case. 
Finally, the difference that *mild be 
caused by assuming a 'shorter period of 
exposure Is not very significant. For an 
ermined constant fete of espasur06 
pelvis receive over elYa 'of.their total • • 
lifetime risk during their first nineteen 
years. To Change the imriod of expemni.  

frame 70 years to the first 19 rime of life 
would change the final result by less 
than a factor of 2. 

Many commenters, including the SAIL 
disagreed with EPA's decision to use 70 
year exposures in calculating maximurts 
Individual risk. However. as stated 
above. EM believes that thls is the 
correct method for doing risk 
assessments for NESIIAPs. Ilad EPA 
used another method of calculating the 
maximum individual risk, it might have 
found it necessary to find a different. 
possibly more strhigent benchmark for 
determining acceptable risk. 

Third. the conservatism of this 
assumption counters two important and 
unknown uncertainties that min lead to 
en underestimation of risk. The first Is 
the susoeptibility of some members of 
the population to radiation. Scientific 
studies have shown that not all People 
respond In the same Way to the same . 
biological Insult; some members of the 
population are more susceptible than the 
population as i whole. This problem  Is 
especially scuts for the radon ionreee. 
Estimates of she risk of exposure to • 

. radon are largely based on 
epidemiological studies of miners, Le. 
adult males. It Is known that children 
seem to be mom susceptible to radiation 
than adults, In additink for *OM 	• 
Vincent. women are more susceptible 
thanniten; this may be true kir lung: 

The second Newt that FPA has been .• 
unableto qaintify, but which would 
lead to en underestimation of the tisk, le 
the synergistic effects of radiation with 
other pollutants. Radiation IS not the • 
only carcinogen In the 'environment. 
There ire large numbers Of carCinogeni 
and potential carcinogens in the . 
eravironinent.EadionualideS are not the 
only carernoseni that cause amiss by 
first causing gene* dainae. In. 
addition. some &emir:ale may diampt or • 
stop the body's natural repair 
mechanisms. It is possible that some of . 
these pollutants work synergistically • 
with radiation to IlittOOSO 'he effect Of... 

'radiation above what It would be . 
•otheredae. While EPA'. relativerisk 
model takes into account ibe effect or_ • . 
chemicals that ere widely.dfstribetedki 
the anstroranant. there are hundreds of 
chemicals that are concentrated In local 
areas. and It, effects of theie r.healicals • 
Me not Mid can not be taken into 
eicount.HoweittrAPAI hiebilitY 10 • • 
quantify this potential increede hi rlsk: • • 
den not mean that this *Net dossitot 

..exiefeethet ft isitottld net beitanodderadt.: 
s 	• • . 	, 	. 	' 

• 
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 University Affairs  

Affaires Universitaires 

1990 READERSHIP SURVEY 

Dear University Affairs Reader 

University Affairs is conducting a cross-Canada survey of our readers. The 
purpose of this survey is to provide information that will help us to serve you 
better and to build a profile of our readership. 

Your name was chosen randomly from our mailing list. The questionnaire should 
take you about 15 minutes to complete. We are enclosing a pre-paid return 
envelope for your convenience. 

The questionnaire was designed by Optima Consultants in Applied Research Inc., 
an Ottawa-based research group. All of the returned questionnaires will be 
analyzed by Spectra Marketing, also an independent research company. The 
questionnaires are anonymous and the information you provide will be 
confidential. 

Thank you for taking the time out of your busy schedule to complete this 
questionnaire. 

Gloria Pierre 
Editor, University Affairs 
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TABLE 1— AGE bEPENDENCE OF RISK 
Doe TO WHOLE BOOT RADIATION 

Assumed Potomac& et Toas Lilellare Risk As A 
funneon 01 Ages At whim neoseheit expoeuer. 
°mem 
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used In this rulemaking. EPA has 
worked closely with the BAB with 
respect to their comments and findings 
and believes it has been responsive to 
then'. 

In left, the SAI3 recommended that 
aveitable scientific information be 
Integrated into an assessment document 
that would lead from identification of 
emission sources through calculation of 
radiation dose and healthrisk and the 
associated degrees of uncertainty. This 

010 9 
10 Kr 19 	 
20 to 24 .... 	 
sS to So 	..... 

Peed et seposere 
. tarsi 

Poroaftlair 
Of Mein* 

risk 

30 
30 
20 

cumulate, 
esreiesele 
of lif•tiM0 

risk 

so 
so 
so 
so 

I00 

Exposure is at a 30nsinu.rsp kr • Illathros. 

4. Technology Availability arid Plant 
Closure Considerations 

hi  the benzene NESHAP, as well 99 in 
this NESHAP for radionuclides. EPA has 
considered 011 factors relating to risks 
to public heal in deriving alternative 

• -acceptable" levels of risk. However. in 
evaluating whetherto further reduce the 
risk to provide For en ample margin of 
'safety, EPA has also contidered the 
extent to which plants would be forced 
to: (a) Install control technologies which 
are not COO affective 05  fully . 
demonstrated and/or (b) curtail or stop 
production. These considers liana are.  
reflected in today's proposal to the 
extent that they Apply to affected 
radionuclide source*. 

With regard to the availability of 
technology to control air pollutant!. EPA 
has in this cow considered a technology 
available if it has been Installed on a 
commercial wale In the United States 
end adequate data have been collected 
on plant and control equipment 
characteristics and performance. 
However, at various times in the past, 
EPA has considered emission standards 
which forte plants to install 
technologies which do not meet these 
current "availability" .s.tleel —II Or cause 
facilely* to curtail production or shut 
down. For routtnple, EPA has In the peel 
considered a technology "available" if it 
has been commercially demonstrated in 
other countries, even if no units have 
been installed in the United States. 
Also, EPA has considered bench- or 
pilot-scale demonstrations in order to 
judge reasonableness of expenditures 
for cornmerciel demonetration of a given 
technology. 
D. Effective Dose Equivalent 

Since 1985. when EPA proposed dose 
standards regulating NRC-licensees and 
DOE facilities. a different methodology 
for calculating dose has come into 
widespread use, the effective dose 
equivalent (EDE). In190, EPA, in 
recommending to the President new 

guidance for workers occupationally 
exposed to radiation, accepted this 
methodology for the regulation of risks 
from radiation. This method, which wee 
originally developed by the 
International Commission on 
Radiological Protection, will be used in 
all the'slose standard' promulgated by 
EPA in die notice. In the past. EPA dose 
standards were specified in terms of 
limits for specific organ doses end the 
"whole body dose", a methodoloSY 

The EDE is simple. Is more closely 
related to risk, and is recommended by 
the leading national and international 
advisory bodies. By changing to thil 
new methodology. EPA will be 
converting to the commonly accepted 
international method for calculating 
dose. This will make It easier for the 
regulated community to understand and 
comply with our starklards. 

The 'EDE is the weighted sum of the 
doses to the individual organs of the • 
body. The dose to each organ is 
weighted according to the risk that doer, 
represents. These organ doses are then 
added together, and that total is the 
effective dose equivalent. In this 
manner, the risk from different sources, 
of radiation can be controlled by a 
single standard. The weighting factor, 
for the Individual organa are listed in 
Table 2. 

TABLE 2—WEIGHTING FACMITS FON 
INDIVIDUAL ORGANS 

Organ Factor 

two ,,,,, .12 
Breast .15 
Thyrotd. 	 D3 
Gervais .25 
Bona Surfeoe 	 on 
Red Bone Mem* .12 
Rarnadrodar... .30 

EPA's risk models differ from those 
underlying the !CRP recommendations, 
primarily due to advances in the field of 
radiation risk estimation since the ICPP 
recommendations were published. As a 
result, the risks calculated by ETA are 
not strictly proportional to the EDE 
derived using 1CRP quality factors and 
organ weighting rectors. While the risk 
methodology underlying the 1CRP FDE 
differ* from that used by EPA, the 
widespread acceptance of the EDE 
approach make it a reasonable basis for 
regulation under the CAA. 
B. Sciance Advisory Board Review 

Beginning in 1984. EPA's Science 
Advisory Board (SAB) has conducted 
reviews or the risk astesament methods 

EPA Response: A simple stowing 
procedure has been made part of the 
final rule. 

BAB Comment: EPA !should be certain 
that the date used to derive its estimates 
of risk are the most current available, 
and wherever practicable to base their 
assessments on consensus documents. 

EPA Response EPA egrets. The SAS 
has given specific advice on risk factors 
for low-LET radiation and for radon. 
The SAB approaches to these tisk 
factors have been used in the flak 
assessments supporting this rulemaking. 
The Agency acknowledges that the 
BEIR411 report on which some of the 
risk factor* are based may become out 
of date due to new data that are 
becoming available. EPA's risk factors 
will be revised to reflect these recent 
developments end to incorporate this 
newer data as soon as it it practical to 
do so„ preliminary information indicates 
that the most probable effect of this new 
information will be to increase 
somewhat the estimate of the number of 
health effects due to a unit does of 
radiation. The size of this increase is not 
likely to be large enough to affect the 
decisions made under this rulemaking. 

£4,8 Comment The actual objective 
of the risk asaassment should be made 
clear. 

to 	 has been done in the Environmental 
to 	 Impact Statement accompanying this 

rulemaking. 
In igee and .gain In 29139, the SAB 

considered the scientific merits of the 
EIS prepared by the Agency in support 
of this rulemaking. Estimates of health 
risk factors were found to be acceptable. 
Given below are some important 
specific SAE{ comments end the 
Agency's responses. 

SAB Comment EPA should use the 
effective dose equivalent concept for 
regulations protecting people from 
exposure to radiation. 

e: This has been done in 
theEPriAnaRI errer.  

SAB Cominent EPA shoeld use simple 
screening methods in Implementation 
procedures such that only the largest 
users of radicnuclides are required to 
report annually to EPA. 

which Is no longer consiatent with 
current practices of radiation protection. 

?/- 



March 4: Scientific and social dimensions of medical research 
readings: 
Brandt, No Magic Bullet, Chapters 3 & 4 

Erwin Ackerknecht "Anticontagionism between 1821 and 1867"  Bull. Hist. 
of Med, 22 (1948), 562-593 

Lloyd Stevenson "Science Down the Drain" Bull. Hist. Ned.(1955) 79: 1-2:7, 

March 11: Health policy and the health of society 
readings: 
Brandt, No Magic Bullett, conclusion 

Suzanne Buckley, "The Failure to resolve the Problem of VD Among Troops in 
Britain During World War I" in  War and Society 

Neil Sutherland "'To Create a Strong and Healthy Race': School Children 
in the Public Health Movement, 1880-1914." History of Education 
Quarterly (1972) 12:304-33. 

Suzanne Buckley and Janice McGinnis, "VD and Public Health 
Reform in Canada" CHR (1982) 63:3- 

March 18: Science and the Woman Question, 
readings: 
Carroll Smith-Rosenberg and Charles Rosenberg, "The Female Animal: Medical 

and Biological Views of Woman and Her Role in Nineteenth-Century 
America" J. Am. Hist. (1973) 60:332-56. 

Herbert Spencer, "Psychology of the Sexes" Popluar Science 
Monthly (1873) 4: 30-38. 

Edward L. Thorndike "Sex in Education," The Bookman (1906) 
23:211-14. 

Veronica Strong-Boag "Canada's Women Doctors: Feminism Constrained" 
in Linde Kealey,ed., A Not Unreasonable Claim: Women and 
Reform in Canada, 1880-1920 (Toronto, 1979) pp.109-29. 

March 25: The Case of Barbara McKlintock - - is there a female science? 
readings: 
Evelyn Fox Keller, A Feeling For the Organism: The Life and Work of 

Barbara McKlintock (New York: Freeman, 1983) 

Elizabeth Fee, "Science and the Woman Problem: Historical 
Perspectives" in M. Teitelbaum,,ed. Sex Differences: Social 
and Biological Perspectives (New York, 1976)pp.175-22 

April 1: Barbara McKlintock continued; conclusion 
readings: 
Keller, A Feeling for the Organism 

April 8: no class; test is due on Friday, April 10 at 12:00 noon 
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EPA Respond& EPA has improved the 
presentation of risk in the EIS by more 
clearly stating overall assessment 
objectives. In particular assessment 
objectives are carefully defined in terms 
of the individual and populations at risk. 
The number of people at risk and 
Incidence is presented by range or risk. 
Radiation tisks are compared with other 
risks and other radiation control 
recommendations. The objective of 
obtaining a best estimate of the dose 
and health implications for real persons 
and for populations is now explained in 
more detail together with explanations 
of how these groups are to be defined. 

SAB Cornmen& EPA. should use best 
estimates and naves in the specification 
of risk and provide a detailed 
eaplaruction of the uncertainties in the 
estimates themselves. 

EPA Response: EPA agrees, but this is 
a large task. For the short term, we have 
performed a sensitivity analysis of the 
most important parameters using 
simplifying assumptions and have 

'perforated preliminary uncertainty 
analyses using a Monts Carlo 
airnulation. These analyses have been 
presented in support of the final rule. 
For the long term. an  Agency task group 
has been formed to plan and conduct 
more complete studies of the uncertainty 
question. This longer term effort will 
take a number of years to complete and 
will be dependent cm the resources 
evadable. 

EPA acknowledges the uncertainty io 
risk estimates, considers them when 

• making riek management decisions and 
recognize* that a more complete 	• 
quantitative analysis of uncertainty 

• would be'int improvement. However, it 
does not believe that such a complete 
analysis would change the decisions 
made in this rulentaking. A more 	, 
complete discussion of unoerleinty is to 
be found in chapter 7, volume I of the 
EIS. 	 • 
V. Decision to LIst Under Section 112 

Section 122(a) of the CAA required 
EPA to determine whether or not 
semismons of radioactive 
pollutants " • will cause, or 
contribute to, eh pollution which may 
reasonably be anticipated to endanger 
public health." Once an affirmative 
determination la made, that section • 
requires EPA to list the substance under 
section 108(a)(1), governing National 
Ambient Air Quality Standards 
(NAAQS). 111(b)(1XAj. governing New 
Source Performance Standards, or 
112(b)(1X/1.), governing NESE lAris.'rhe 

decision to list a substance does 
not constitute a decision to regulate any 
particular source category. EPA 
analyzed numerous studies which  

indicated that exposure to radlormelides 
can cause three major types of health 
effects: cancer, genetic damage. and 
developmental effects. After considering 
these health effects. EPA judged that 
radionuelides cause or contribute to air 
pollution which "may reasonably be 
anticipated to endanger public health" 
and that they should be listed under 
section 1,12(b)(1XA) (44 FR 78738. Dec 
27,19714). That decision was the first 
step in the regulatory process. and it 
was challenged In the current litigation 
As a result, EPA has reevaluated the 
decision and the comments Irons the 
public during thierulemalcing end has 
come to the concluelon that the original 
listing under section 1121. comet. 

The first part of the listing decision. 
the "hazardousness" of radionuclides, is 
unchallenged. The evidence that 
radionuclide can cause cancer has, if 
anything. increased since I79 see 
Volume 1 of the BID. The evidence now 
suggests that the risk* from radiation 
exposure are higher than was believed 
at that time. While some people have • 
expressed the view that, even though 
radiation can cause cancer, the amount 
of radionuclides that are released from a 
given source or industry is insignificant 
and do not present a risk. EPA believes 
that the results of the risk assessments 
for the source categorlue demonstrate 
the risk to public health that results from 
radionuclide emissions from industriel 
sources. Furthermore, as already 
discussed. EPA aseumes radiation to be 
a non-threshold pollutant. This 
assumption. and EPA's risk 
assurettnents, etemort the listing 
decision. 

Section112(b)(1)(A) applies not 
merely to any "air pollutant" as do 
secnone lea and 111, but to a ' 
"hatardous air pollutant" that is defined 
as a pollutant that "causes or 
contributes to air pollution which may 
reasonably he anticipated to result in an 
increase in mortality or an increacte in 
serious irreversible or incapacitating 
reversible illness." 0045 a pollutant is 
determined to he a haeardous air 
pollulent, this only remaining step is for 
the Administrator to determine whether 
emissions of the pollutant present a risk 
warranting regulation under section 
112—that in, whether 1( 1, • hazardous 
air pollutant "for which he intends to 
establish an emission standard" under 
that section. EPA has determined that 
radionuclides not only pose a risk of 
carcinogenicity and mutagenicity when 
emitted into the air (see. National 
Academy of Sciences. Commission on 
Biological Effects of Ionizing Radiation, 
Reporls Number 3 and 4) but also are 
emitted in eufficient quantities at to 
create a rink warranting listing under  

section 111e. Therefore, EPA reaffirms its 
prior conclusion that radionuclides , 
should be listed for regulation under' 
section 112. 

EPA notes that several sources 
included among the source categories 
addressed by ibis rulemaking present 
very small risks when viewed 
individually. Several are predicted to 
emit a level resulting In an incidence of 
leas than one case of cancer every 1000 
years, and an sseociated MIR well 
below 1.X 10 4: or even I X 10-g. Based 
on this. it has been suggested that EPA 
should apply • significance teat to these 
sources, and determine that they do not 
warrant regulation based on the 	• 
insignificance of the deka presented. 

EPA considers it unnecessary to reach 
that argument here. EPA applied.the 
significance test of the Supreme Court's 
OSHA benzene opinion in its prior 
Met:malting' on radionuclides to 
determine whether each source category 
warranted regulation. See Ineludirial 
Union Dept, An-CIO v. American 
Petroleum Institute. 448 U.S. 807 ogeol 
(interpreting the Occupational Safely ' 
and Health Act or 1070 as requiring that 
benzene Deemer be regulated only if 
they present "significant" risks); see 
also 60 FR 5189-5194 (Fah. a. 1080). 49 
FR 4390543015 (Oct. 31,1984) 
(discussing the requirement that risks 
from radionuclide air emission sources 
be significant hi order to be regulated 
under Clean Mr Act Section 112); 
Memorandum of A. James Barnes, 
General Counsel; to the Administrator of 
EPA entitled "Final Action on 	̀ 
Radionuclides" (Oct. 23, 1964) (same); 
but see Sierra Club v. Ruckeishaus, 002  
F. Supp 8o2 (N.D. Cal. 1984). However. '-
EPA believes it is unnecessary to reach 
this issue at this time since EPA believes 
that its standards should have no • 
practical effect on the facilities to which 
ouch a test might have applicability. But 
see CAA section 307(d)(7)(B). Based on 
the record, EPA judges that the facilities 
that might be deemed to pose 
triaignifleant risks Individually already 
emit radtonuclides at levels well below ' 
the final standard. And, Implementation 
of a significance test to each individual,, 
source would, for some source 
categories such as the NRC licensee 
category which contains several ' 
thousand sources, present huge 
implementa00o and resource problems 
for the Agency to examine each source 

• individually. 
The standards would have no 

practical impact on operations of 
sources that might be deemed to pose .ay.  
Insignificant risks, other than to assure ' 
that emissions from these sources could 
not increase So as to exceed the 



Tentative Schedule of Topics for Discussion: 
Jan. 	7: Introduction 

Jan. 14: Lmperial Science: Science, God and Nature in Victorian Canada 
readings: 
Carl Berger, Science God and Nature in Victorian Canaria  

(Toronto: U of T. Press, 1983) 
Richard Jarrell, "Science as Culture in Victorian Toronto" 

Atkinson Review of Canadian Studies (1983) 1:5-12 

Jan. 21: Imperial Science and the question of Race 
readings: 
H. Aleyne Nicholson, "Man's Place in Nature," The Canadian Monthly and 

National Review, (1872) 1:35-45 

David Mills, "The Missing Link in the Hypothesis of Evolution, or 
Derivative Creation" 'Canadian Magazine (1894) 3: 297-308. 

David Mills, "Saxon or Slav, England or Russia?" Canadian Magazine 
(1898) 7:519-30. 

Ramsay Cook, "The Roots of Modernsim, Darwinism and the 
Higher Critics" in The Regenerators: Social  

Criticism in Inte Victorian Canada (Toronto: U of T. 
Press, 1985) pp.7-26. 

Angus McLaren, "The Creation of a Haven for 'Human Thoroughbreds': 
The Sterilization of the Feeble Minded and Menatlly Ili in 
British Columbia" Canadian Historical Review (1986) 67:127-50. 

recommended:  
Carl Berger, "Race and Liberty: The Historical Ideas of Sir 

John George Burinot" Cl-IA Report of the Annual Meeting 
(1965) 87-104. 

Jan. 28: Agriculture, Science and Empire 
readings: 
T. H. Levere and R. Jarrell, "The Social Role of Victorian Science" 

and "The Diffusion of Useful Knowledge - - Science and Agriculture 
in A Curious Field Book: Science and Society in Canadian history 
(Toronto: Oxford, 1974) pp, 107-111; 159-77. 

Charles Rosenberg, "Science Pure and Science Applied: Two Studies in the 
Social Origin of Scientific Research" in No Other Gods pp.185-95. 

Rosenberg "The Social Environment of Scientific Innovation: 
Factors in the Development of Genetics in the United 
States" in No Other Gods, pp.196-209. 

R. Lewontin and R. Levins, "The Problem of Lysenkoism" in 
Hilary and Steven Rose, eds. Ideology of/in the Natural Sciences 
(Cambridge, MA: Schenkman, 1979) pp.173-206. 
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standard. Meisel-ter; impositiam of 
standards assure that EPA would be 
notified of significant increases in 
emissions at these sources, or other 
relevant changes in circumstances, such 
as Changes in the location or exposure 
of the most exposed individual, that 
might require additional regulatory 
attention. 
VL Discussion el Source Categories 

The regulatory decisions reached 
today are based on the risk assessments 
and other factors evadable in the 
rulemaking record. This rule is also 
based on conilderation of Information 
received during the comment period to 
the nalemaldng. 
A. Department of lenergy Facilities 
1, Introduction 	 • 
• The DOE administers many facilities. 
Including government-owned. 
contractor-operated facilitiee across the 
country. Some facilities conduct nuclear 
energy and weapons research and 
development, some enrich uranium and 
produce plutonium for nuclear weepona 
and reactors, and some process. store 
and dispeee of radioactive wastes. 
These facilities contain significant 
amounts of radioactive material and 
emit redionuclidet into the air. Other 
facilities contain large stockpiles of 
weenier, which emit large quantities of 
radon. A dlecussion of those DOE 
facilities appears as a smut-ate 'section 
later in this Preamble. EPA is 

. considering the two categolies 
separately in this tulemakIng because 
the two categories employ different 
control methods. Soma of the DOE • 
facilities emitting radionuclides are on 
large lane.* coVering hundreds of square 
MOSS In remote locations. Some of the 
smaller sites resemble typical industrial 
facilities and are located in suburban 
areas. 

In total, DOE lute approximately 30 
major sites that emit radlomaclides. 
flees facilities emit • wide variety of 
radionuclides in various physical and 
chemical states. Emissions from various 
POE facilities represent many types of 
radionuclides and both internal and 
external dose pathways (although 
specific facilities May emit only one or 
two radionuclides affecting only one 
litthway). 

DOE facilities are presently covered 
by a radionuclide NESHAP which limits 
emisaioni such that no Individual 
receives a whole body dose of 25 =ern/ 
y or receives a dose of 75 nwern/y to any 
organ. DOE also control& releases from  

these facilities under DOE orders which 
limit calculated doses to the general 
public to lese than1.00 ineem/Y from all 
sources and pathways. By Incorporating 
the ALMA concept into its Orders, 
DOE has kept the dose to the public well 
below 100 were/tr. The NESHAP also 
mandates that DM send annual reports 
of emissions to EPA. The information 
gathered from these reports contributed 
to EPA's risk assessment of DOE 
facilities. 
2. Estimates of Exposure and Risk 

EPA's risk assessment of DOE 
fautlities Is a site-by.site assessment. • 
Emissions are based on DOE's 1988 
report of emissions, meteorological data 
ere front on-site towers or from nearby 
weather stations, and population 
distributions within 80 km are based on 
U.S. census tract data. EPA be. updated 
its risk assessment with information 
received during the comment period. 
EPAhas a high degree of confidence in 
the results of this risk assessment 

According to EPA's analysis, all DOB 
facilities are in compliance with the 
current NES1LAP. The risk tri the most 
exposed individual is approximately 
2,0x lir! DOE facilities are estimated 
to cause 0.28 fatal cancers per year to 
the exposed populations within 80 km of 
all DOE facilities. Most or this exposed 
population has a lifetime fatal cancer 
risk of less than 1X10-11. 

Table 3 presents example scenarios to 
show how different emission levels 
would result In different health risk 
profilet. The table preeents the risk 
estimates at baseline in terms of 
estimated annual fatal cancer incidence, 
maximum individual'Ilfetime risk, total 
population exposed at or above 
particular risk levels (I.e.. risk 
distribution), and annual incidence 
attributable to the population exposed 
at each risk level. The table also 
presents available estimates of annual 
Incidence and rnaximurn individual 
lifetime risk fore lower emission' level. 
3. Application of Decision Methodology 
to the DOE Facilities Source Category 

The decision that meals  from  the 
application Of the multifactor policy 
approach to the DOE source category is 
described below. 

Decision an Acceptable Risk As 
slated earlier, the maximum individual 
riak to any individual is 2.0X10". in 
establishing the policy for setting 
NESHAPs in the context of benzene. the 
Agency determined that emissions 	, 
resulting in a lifetime MIR no greeter 
than opera win* tely 1 x10-4  *re  

presumptively acceptable. In light of the, 
numerous uncertainties in both 
establishing the parameters for the risk 
assessment and in modelling actual 
emissions end exposure, as well es-the' 
recognition that in achieving . 	• • 
compliance, sources will generally 
control so as to ensure that a buffer 
exists below the actual level of a 
standard. EPA judges that the MLR of 
2.ox ur.lo essentially equivalent to the : 
presumptively safe level of 
approximately ixlirs. EPA then 
considered the other risk factors in 
order to determine whether the beieline 
level la acceptable. 

The estimated annual incidence is 0.28 
fatal cancers per year, or I case every 4 
years: in addition, there would be an 
approximately equal number of non- - 
fatal cancers per year. Very few people 
ere at risks greater than 113x 10- 4!  sad 
approximately 98% of people within 00 
kin of DOE facilities receive risks of less 
than 1x11:1. 

After examining these factors, the 
Administrator has determined that the • 
baseline emission levelli and risks from 
DOE facilities are acceptable. 

' 	Decision on Ample Matzen Of Safety.' 
In addition to reexamining all the 
health-related factors discussed above. 
EPA has also examMed,the cost, 
scientific certainty, and technological 
feasibility of control technology 
necessary to lower eanisaions from DOE 
facilities. The results of this analyst* • 	• 
may be Wean in Table 4. Alternative!, a 
standard of 10 nuesn/y, representing the • .,"". 
current beseline emissions, wee 
compared with alternative IL a stendard 
of 3 =mash a standeed equivalent to 
-1x10-4  

A comparison of the two alternatives 
Indicates that only a very small . 
reduction in incidence would occur, 
from 0.28 to 0.25, or 1 case every as 
year, with a concommitant reduction in 
MIR from Ex10-4  to ix 1O' Based on • 
this very small reduction In incidence. 
the small decree* in Individual risk that 
would result, and on the coats of 	• ' • • 
achieving Alternative 11. EPA hes  
determined that a 10 tavern *Willard 
provides en ample margin of safety by 
continuing regulation of tins category to 
insure that the current levels of 
emissions are not increared. 
Requirements of the rule, such as the 
submission of Yen* reports and 
obtaining prior approval of new 	. . 
construction or modification, assure that 
DOE !welling,* will keep emissions at or, • • 
below an acceptable level insuring sit 

. ample margin of safety. Moreover, 



9. Nov 3 Measuring intelligence (Gould, The Mismeasure of Man, pp. 146-192) 

5 Measuring intelligence (Gould, The Mismeasure of Man, pp. 192-233; 
321-336) 

10. 10 Science as Metaphor (Rifkin, Algeny, I & II) 

12 Passing of Darwinism (Rifkin, Algeny, III & IV) 

11. 17 Nature in the Age of Biotechnology (Rifkin, Algeny, V) 

19 The New Cosmology & its Implications (Rifkin, Algeny, VI & VII) 

12. 24 Proposal due; Bronowski, Science and Human Values, 1 & 2 

26 Bronowski, Science and Human Values, 3 & 4 

13. Dec 1 3rd exercise due; Snow, The Two Cultures, pp. 1-51 

2 	Snow, The Two Cultures pp. 53-100 

5 FINAL EXAMINATION: 2-4 PM 
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become eeth facility subject tO this rule 
must demonstrate compliance with the 
10 neenth ede emissions etandard. It is 
likely that molt. If not alL exposed 	• 
Individuals will receive a dose 
significantly less than to nuem/y ede. 
Therefore. EPA believes that limiting 
emissions to their eurrent level by 
imposition of a standard of 10 mrem/y 
EDE to replace the preview' standard, 
will protect public health with an ample 
margin of safety. EPA in promulgating a 
NESHAP mandating that radionuclide 
emissions front DOE facilities shall not 
cause key tedieldual to receive a dose 
of greater *ante tnrem/y ede. 
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4. Implementation 

a. Introduction. ORPs experience in 
implementieg the existing radionuclide 
NESHAP Covering DOE facilities has 
shown that ireplextrentation of the 	• 
current standard has several probtems. 
EPA has develeped a new system for 
implementing the NESHAP designed to 
overcorne the limititions In the present 
standard.. 	. 	• 	. 	• 

b. Yearly Reports. The 
implementation iyetem for the NESHAP 
is designed to provide EPA wiat yearly 
reports on the levels of emissions from 
regulated facilities end resulting closet. 
Presently, DOE facilities monitor their 
emissions and make annual reports to 
EPA. These reports shall continue under 
the new NESHAP. Although the report is 
based on a calendar year the doee 
standard applies to any year, i.e. any 
period of 12 consecutive months. Since 
these reports provide EPA with the 
inform,stion it needs, DOE facilities am 
exempted from the requirements of • 
01.10. 

a. Methods at Measurement. /Incense 
the thresholds for ineeisuretierint are 
much lower than the stanclard,iunder 
certain circumstances the concentration 
and potential clesse associated with 
release.points' that are above the 
threshold they be so low that direct 
measurturtint may not be practical. With 
prior EPA approval. DOE may determine  

these emissions through alternate 
procedures. 

d. Definition of a Facility. A problem 
In implementing the current standard. 
the ambiguity associated with the 
present definition of a facility. To 
resolve this ambiguity, the new rule 
specifies that all the buildings. 
etruetures and operatioriewithin one 
contiguous site shall be considered a 
single facility. For example, the entire 
DOE facility at Oak Ridge, Tennessee 
must meet the current standard of 10 
nuem/y elle, instead of each Individual 
building meeting the ruirem/y ode 
standard. 

e. Disiinction Between Construction 
and Modification. A potential problem 
resulting front EPA's definition of a 
facility as all the buildings, structures 
end operatimut within a given plant site. 
Is confusion over whether the 
construction Of a new building is part of 
an existing facility, is new construction, 
or Is a modification of an existing 
facility. This rule sPecifies that the 
conetruction of a new building is new 
cortstruction at the facility and not a 
modification of the facility, This 
distinction is important because all new 
construction needs tabs checked to see 
whether or not it needs prior approval 
but modifications which do not Cause a 
net Increase in the rate of emissions 
from the facility do not need prior 
epprovaL 

L Prior Amoral of New Construction 
or hitadificatio.a. EPA will not change 
the basic definition of modification that 
exists at 40 CFR111.15. A change that 
will result b2 any Increase Ln the rate of 
eodssions is a modification, no matter 
how email that increase in. This includes ' 
cases where the modificatioir has the 
potential to increase emissions above 
prior actual emlseions. However, to • 
reduce unnecessary paperwork. it is 
appropriate to alfOld epplicatione for 
approval in cases of meall changes: 
, Therefore. EPA is promulgating a. 

system under which DOE facilities will 
use CAP-ea to determine the dose to the 
most exposed individual doe to the 
modification or new construction. If the 
estimated maximum individual doe, 
added by the new construction or 
modification Is less !haute& of the 
standard, then the modification or new 
construction does not need prior 
approval. 

In maldeg the detennimetion of dose 
for this purpose. DOE mud use the.' 
entissiort factors and Sperm term 
determination from "BID; Procedures 
Approved for Demonstrating 
Compliance with the Dose Limit* 
Established by 40 CFR part et, subpart 
L" (BID: Compliance) cc ether 
procedures for which EPA has granted 
prior approval. 

ellna111111112110117enrir 
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SCIENCE AND SOCIAL RESPONSIBILITY 

TEXTS (available at the Victoria CO1108e Bookstore):  

Bronowski, Jacob. Science ansi Human Values. Rev. ed. New York: 
Harper & Row, 1972. Paper. 

Drake, Stillman. Discoveries and Opinions of Galileo Gglilei. New 
York: Doubleday, 1957. Paper. 

Dyson, Freeman. Disturbing the Universe. New York: Harper & Row, 
1981. Paper. 

Gould, Stephen Jay. The Mis measure of Man. New York & London: 
W. W. Norton, 1981. Paper. 

	. Hen's Teeth and Horse's Toes. New York & London: W. W. 
Norton, 1983. Rpt. 1984. Paper. 

Rifkin, Jeremy. Algeny. New York: Viking, 1983. Paper. 

Snow, C. P. The Two Cultures. Cambridge: Cambridge Univ. Press. 
Paper. 

COURSE REQUIREMENTS:  

Term work will consist of three assignments, each requiring a writ-
ten submission of two or three typed pages. Each assignment will be 
worth 15% of the final grade, for a total of 45%. There will be a pe-
nalty of 1 lc per day for late assignments. The tutorials are meant, in 
part, to allow for discussion of these assignments and to assist with 
their completion, and are therefore to be considered an essential part 
of the course. Attendance and participation in the tutorials is worth 
another 15% of the final grade. Finally, a three-hour final examina-
tion, consisting of questions based on or similar to the assignments, 
will make up the remaining 40%. 
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